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O001

Microbes inside

W.M. de Vos

Wageningen University/Helsinki University

Exposure to harsh surfactants, ruthless proteases and pH values

as low as 1, are extreme conditions that are endured by the

microbes colonizing the largest microbial ecosystem that is

closest to our heart: our microbes inside. Since birth, these

intestinal microbes dominate our body and outnumber our own

cells by one or more orders of magnitude. Hence, the collective

genome of these microbes, also know as the microbiome,

contributes considerably to the coding capacity of our system.

However, unlike our own genome, the microbiome is not, or not

only, vertically inherited and moreover, this personalized organ

can be modified by diet, life style and antimicrobials. Hence,

there is great interest in relating the intestinal microbiome to

health and disease. This requires a quantitative description of

the main microbial community members, their genomes and

functions. Moreover, as the intestinal microbes have developed

intimate relations with the host, their dynamics and interactions

should be analyzed. This contribution aims to summarize the

recent state of the art in this area with specific attention for

describing the microbial diversity in time and space, studying

the microbe by functional metagenomics, and understanding the

interaction of intestinal bacteria with the host.

O002

Genetic diversity of nematodes in Arctic and Antarctic
ecosystems

S. Mattiucci

Department of Public Health Sciences, Section of

Parasitology, ‘‘Sapienza-University of Rome’’, Rome, Italy

The transmission pathways of parasites, such as anisakid

nematodes with indirect life-cycles, are fully included in

food webs of aquatic ecosystems. The transmission routes of

these nematodes follow closely the trophic relationships

among their successive hosts, and thus they are parasites

embedded in food webs. As a consequence, the completion

of their life-cycles requires a stable trophic web. As a result,

the life-cycle of anisakid nematodes in marine ecosystems

with various degrees of habitat disturbance could be affected

by changes in host population size. Indeed, when the

population size of the hosts participating in the life-cycle

of these parasites is reduced due to different causes

(pollution, by-catch of marine mammals, viral diseases of

marine mammals, overfishing, etc.), the population size of

their anisakid endoparasites could also be reduced. This

would result in a higher probability of genetic drift in the

parasite gene pools and, consequently, a decrease in their

genetic diversity values. It has recently been shown that

the distribution of the genetic variability of anisakid

nematode populations belonging to several species of

Anisakis, Pseudoterranova and Contracaecum from different

hosts, in geographical areas with various levels of environ-

mental stress in the Boreal and Austral regions, is likely to

reflect the influence of a range of factors that could promote

their genetic diversity. Austral populations of species

belonging to these three genera exhibited significantly higher

genetic variability values than those from the Boreal regions

at both allozyme and mitochondrial gene level. A more

remarkable difference in their genetic variability values was

observed when only Antarctic and sub-Antarctic popula-

tions were compared directly with Arctic and sub-Arctic

populations The data are consistent with biotic factors, such

as host density of those suitable definitive and intermediate

hosts for the anisakid nematodes in the Antarctic and sub-

Antarctic areas, maintaining the high genetic diversity in the

anisakid gene pools. Such difference can be explained by the

lower habitat disturbance of the Antarctic region, which

permits the maintenance of more stable trophic webs in this

ecosystem.
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Fungal virulence, vertebrate endothermy, and dinosaur
extinction: is there a connection?

A. Casadevall

Albert Einstein College of Medicine, Bronx, NY USA

A fundamental question in microbial pathogenesis is the

origin of virulence in pathogenic microbes. Virulence is a

microbial property that is peculiar in that it is expressed only

when the microbe encounters a susceptible host. When

considering the enormous diversity of host-microbial interac-

tions that result in the disease state it is insightful to divide

pathogenic microbes by whether they were acquired from

other hosts or directly from the environment. Many microbes

acquired from other hosts usually cause disease only in situ-

ations where there is an alteration in the host-microbe

relationship. However, the origin of virulence for microbes

acquired directly from the environment is less clear since

most of these organisms have no need for animal habitation

in their life cycle. When considering these questions the

pathogenic fungi, as a group can provide major insights that

may be applicable to other organisms.

The most common human pathogenic fungi are Candida

spp. and the causative agents of superficial mycoses. Both these

groups of organisms are acquired from other hosts and disease

almost always follows a disruption of the host-microbe

relationship that results in fungal proliferation and damage.

In contrast, most of the other systemic fungal diseases such as

Aspergillosis, Histoplasmosis, Cryptococcosis, Blastomycoses,

etc. are caused by organisms that are acquired directly from the

environment and cause disease usually in situations of immune

impairment or infection with large innocula. Studies with C.
neoformans and other fungi have led to the hypothesis that

selection pressures in the environment, such as predation by

amoebae, led to the emergence of microbial traits that could

also function in virulence for human hosts. With these thoughts

and ideas at hand, combined with combined with some findings

from the Cretaceous-Tertiary boundary it is possible to imagine

that fungi could have contributed to past extinction events

including the demise of the dinosaurs.
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O005

Antimicrobial susceptibility testing through EUCAST

G. Kahlmeter

European Committee on Antimicrobial Susceptibility

Testing (EUCAST)

In order to categorise a bacterium as sensitive to an antibiotic,

it is necessary to perform a phenotypic antimicrobial suscep-

tibility test. To categorise it as resistant, it may be sufficient to

detect a specific resistance gene. Phenotypic antimicrobial

susceptibility testing (AST) is based on the determination of

the minimum inhibitory concentration (MIC, mg/L) or a

surrogate of the MIC (inhibition zone diameter in an agar

diffusion system) and the use of breakpoints. The breakpoints

will determine the categorisation of the bacterium to the

antibiotic as S (susceptible), I (intermediate) or resistant (R) to

provide information on the likelihood of clinical successshould

the drug be used for treatment. Breakpoints may be expressed

as S B X and R [ Y, as in the EUCAST, or S B X and R C Y,

as in the CLSI, where X and Y are concentrations correspond-

ing to MIC-values.

Clinical breakpoints are best determined by breakpoint

committees consisting of experts in the fields of clinical

microbiology and infectious diseases. Both CLSI (formerly

NCCLS in the USA) and EUCAST (the European Committee

on Antimicrobial Susceptibility Testing) are well known

breakpoint committees. The former is a commercial enterprise

engaging the pharmaceutical industry and the profession

whereas the EUCAST is organised by the European Centre

for Disease Control and the European Society for Clinical

Microbiology and Infectious Diseases and in close coopera-

tion with European Medicines Evaluation Agency. EUCAST

has harmonised breakpoints for Europe and acts as the EMEA

breakpoint committee during the process of approval of new

drugs.

EUCAST breakpoints are currently being introduced in

automated systems for AST. The Phoenix from Becton

Dickinson is already validated with EUCAST breakpoints

and the Vitek2 from BioMerieux is to follow. A disk test based

on Mueller Hinton agar and 108 cfu/mL inoculum is currently

being developed by EUCAST.

New therapeutic traditions, dosage practices, new tools for

setting breakpoints and most importantly new resistance

mechanisms necessitates an evolutionary process for clinical

breakpoints. EUCAST has an active process for reviewing and

revising breakpoints.

EUCAST offers free documents on breakpoints, methods

and interpretive criteria on its website (www.eucast.org) which

also displays MIC- (and eventually zone diameter-) distribu-

tions of wild type bacteria on the website. These can be used

for calibration of methods.

What is EUCAST’s mission?

– To harmonise and regularly review European breakpoints

for phenotypic susceptibility testing of bacteria and fungi.
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– To act as a European breakpoint committee for setting

breakpoints for new agents as part of the regulatory

approval process through EMEA.

– To standardise European susceptibility testing methods for

bacteria and fungi.

– To liaise with European authorities involved in issues

related to new antimicrobials, resistance development and

surveillance, disease prevention, food and feed safety and

clinical microbiology and infectious diseases throughout

Europe.

How is EUCAST organised?
EUCAST was instituted by ESCMID. It is now the responsi-

bility of ESCMID and the national breakpoint committees of

six European countries (France. Germany, Great Britain,

Norway, Sweden and The Netherlands). It is supported by

EU and ECDC. All European countries (not only EU countries)

have one representative on the EUCAST General Committee.

The General Committee has two representatives on the

EUCAST Steering Committee. The Steering committee other-

wise consists of a representative from each of the six national

breakpoint committees and a chairman, a scientific secretary

and a clinical data coordinator. The latter three are appointed

by ESCMID. The Steering Committee meets 4–5 times per

year, the General Committee once a year.

Who finances EUCAST
ESCMID and the National breakpoint Committees have

financed EUCAST to varying degrees since it was formed in

1996. During 4 years, DG Sanco of EU and ECDC financed

60% of EUCAST’s activity.

What is ‘‘harmonisation of European breakpoints’’
and ‘‘when is it finished’’?
Six national breakpoint committees published six different sets

of breakpoints used in the countries of respective breakpoint

committee. European countries without national committees

often subscribed to CLSI breakpoints and CLSI AST method-

ology. Only rarely was the result of national strategies—more

often it evolved as a tradition among colleagues and because

there was no obvious alternative. Thus there are seven systems

in Europe. With the gradual harmonisation of European

breakpoints (only oral cephalosporins to go) this is now

reduced to two-European breakpoints used in France, Ger-

many, Norway, Sweden, The Netherlands and The United

Kingdom and CLSI breakpoints in most other European

countries.

What are the relationship between EUCAST
and EMEA?
An SOP drawn up by EMEA (the European Medicines

Agency), EUCAST and the Pharmaceutical Industry regu-

lates the role of EUCAST for setting breakpoints as part of

the regulatory process for the approval of new drugs

through EMEA. In collaboration with EMEA breakpoints

for daptomycin, tigecycline and doripenem have been

determined and several more drugs are presently being

addressed. EUCAST breakpoints are now the only break-

points in the SPC.

Who can take the initiative to review and revise
breakpoints?
Breakpoints need to be reviewed at regular intervals. The use

of drugs evolve, new indications are granted, dosages change

and new resistance mechanisms sometimes prove old break-

points defunct. National and European medicines agencies, a

pharmaceutical company or EUCAST can initiate a process of

review which may or may not result in a change of breakpoints.

EUCAST will typically review a whole class of antibiotics

rather than a single drug.

When will EUCAST breakpoints be available
in automated AST?
All major manufacturers of automated AST have started the

process of developing their technical and software platforms to

accommodate EUCAST breakpoints. Becton-Dickinson will

have the Phoenix ready during the first quarter of 2009.

Disk testing with EUCAST breakpoints
There are currently three systems available for disk diffusion

AST with EUCAST clinical breakpoints; CA-SFM (France)

using MH-medium and an inoculum which yields semi-

confluent growth and the BSAC (UK) and SRGA (Sweden)

systems using Isosensitest medium and semiconfluent growth.

EUCAST will during 2008/2009 develop a European disk test

based on MH-medium and an inoculum corresponding to a 0.5

McFarland standard.

We would advise against using different breakpoints for

MIC- and disk diffusion AST.

EUCAST wild type MIC distributions.
These are freely available on the EUCAST website (www.

eucast.org). There are more than 17,000 MIC distributions

submitted from all over the world. The distributions include

MICs from national and international surveillance programs

such as the BSAC sepsis surveillance program (UK), the

NORM surveillance program (NORM), SENTRY, EARSS,

MYSTIC and others, as well as MIC distributions from arti-

cles, pharmaceutical industry, veterinary programs, individual

laboratories etc. etc. Below is a typical graph from the

website. It shows the part of the distribution which EUCAST

(based on 8162 MIC-values aggregated from 54 different

sources) considers to represent the ‘‘E. coli wild type cefo-

taxime MIC distribution’’. It implies that an E.coli isolate

with an MIC inside this distribution should not have a

resistance mechanism phenotypically detectable using cefo-

taxime. On the basis of this distribution EUCAST has

determined the epidemiological cut-off value (ECOFF

0.25 mg/L) for cefotaxime in E.coli. An isolate with an MIC

above the ECOFF should be suspected of having a resistance

mechanism, clinically relevant or not, which affects cefotax-

ime. The EUCAST clinical breakpoints (S B 1 mg/L, R [
2 mg/L) are shown in the graph.

ECOFFs can be used for sensitive and early detection of

resistance development, to compare resistance development

between countries otherwise using clinical breakpoints from

different committees, to compare resistance development

between different disciplines (human vs. Veterinary, veterinary

fish medicine vs. veterinary poultry medicine, etc.) but also to

alert a clinician to the fact that although the patients isolate is
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categorised as susceptible by the clinical breakpoint it has

acquired some resistance mechanism which may or may not be

of importance in a patient with special conditions.

When is the non species related breakpoint applicable?
EUCAST breakpoint tables have different breakpoints for

different species. There is a column for each of Enterobacte-

riaceae, Pseudomonas, Staphylococci etc. In a separate column

there are ‘‘Non-species related breakpoints’’. These are based

mainly on Pk/Pd aspects of the drug and serve as guidelines for

setting species-related breakpoints and for guiding therapy for

species not addressed in the table or its footnotes.

What is the relationship between EUCAST, CLSI
and FDA?
There is no formal relationship between EUCAST on one hand

and on the other CLSI and/or FDA. However, members of the

EUCAST steering committee have been to most of the CLSI

meetings (two per year) over the last 8 years and on several

occasions there has been informal discussions on specific

breakpoints between the two committees.

EUCAST will on request interact with any national

medicines agency. FDA is no exception. There are more than

40 in Europe.

O007

CLSI

M.R.Visser

University Hospital Utrecht, Department of Medical

Microbiology, Utrecht

The Clinical and Laboratory Standards Institute (CLSI; formerly

NCCLS) is a non-profit organization that develops standards and

guidelines for clinical laboratories. The documents are regularly

updated, and at the present, more than hundred documents are

available in categories such as microbiology, immunology,

chemistry, coagulation, cytology, hematology, automation,

method evaluation, quality, specimen collection and molecular

methods, among others. For microbiology susceptibility testing,

there are protocols on susceptibility tests of bacteria that grow

aerobically, mycobacteria, nocardia, infrequently isolated or

fastidious bacteria, anaerobic bacteria, and on antifungal

susceptibility testing. The methods that are described include

dilution susceptibility tests and disk susceptibility test. For

bacteria that grow aerobically, there is a yearly supplement with

updated MIC breakpoints, disk zone diameter interpretive

standards, and acceptable limits for quality control strains used

to monitor accuracy of susceptibility testing.

O008

The background to the Belgian decision to switch
to EUCAST breakpoints on Jan 1st 2010

J. van Eldere

UZ Leuven, Dept. of Microbiology, Leuven

The great majority of Belgian laboratories have until now used

CLSI breakpoints and guidelines for antibiotic susceptibility

testing (AST). Very few laboratories use French guidelines.

National surveillance reports and studies invariable use CLSI

criteria. This is a spontaneous evolution. No formal decision or

advice to use CLSI has ever been issued. In fact, until now,

there existed no official or otherwise generally recognized

body to guide AST in Belgium.

In 2008, the Belgian Society for Infectious Diseases and

Clinical Microbiology (BVIKM/SBIMC) has taken the deci-

sion to constitute a national committee to guide AST in

Belgium and to advice all laboratories in Belgium to switch to

EUCAST breakpoints. This decision was taken after discus-

sions within the board of the society followed by an informal

consultation of our members and other official bodies that are

involved in clinical microbiology such as the ‘Scientific

Institute for Public Health’ (responsible for quality control

and national surveillance programs) and the ‘Belgian Antibi-

otic Policy Coordinating Committee’ (advises the government

on antibiotic policy). It was formally proposed and approved at

a symposium of our society (Zemst—May 2008) in which all

the arguments and consequences were discussed. It is impor-

tant to point out that the society is a scientific society and has

no legal or other means to enforce its decisions.

The arguments to switch to EUCAST breakpoints were as

follows:

– Many other European countries have already decided to

switch to EUCAST breakpoints, Belgium cannot be

isolated within Europe

– The future of CLSI is not clear; the FDA has reasserted its

right to decide on breakpoints and has taken a rather

xenophobic attitude towards establishing new breakpoints.

– EUCAST breakpoints make more sense from a clinical and

microbiological point of view.

– EMEA will use EUCAST breakpoints for registration of all

new antibiotics.

– The whole process leading to new EUCAST breakpoints is

more transparent; all the information and databases are

freely accessible and downloadable without cost.

The possible difficulties that we envisaged were the

following:

– All necessary information for switching to EUCAST has to

be available, including breakpoints for all antibiotics,
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technical documents on AST methodology (in particular

agar diffusion) and zone diameters for agar diffusion. The

fact that these were not expected to be available on Jan 1st

of 2009, has led us to decide to postpone switching to

EUCAST to Jan 1st 2010.

– The manufacturers of AST systems have to be ready for the

switch. Through numerous and continued contacts with

these manufacturers, we are confident that automated AST

systems will be ready. Some AST disk manufacturers are

ready, others are waiting for more information from

EUCAST.

– We estimate that at this moment, more than 80% of

laboratories involved in AST have already some knowledge

about the proposed switch to EUCAST. To ensure that all

laboratories are completely informed, we will provide infor-

mation through different channels (website, slide sets etc.)

– Clinicians concerned with infectious diseases have to be

informed about the consequences of switching to EUCAST

breakpoints. To achieve this we have also started an

information campaign specifically aimed at clinicians.

O009

Clinical follow-up after acute Q fever

M.H. Nabuurs-Franssen 1,2, G. Limonard6, A.M. Horrevorts2,

G. Weers-Pothoff3, R. Besselink4, C. Wijkmans5,

C.A.R. Groot7

Dept. of medical microbiologie CWZ1,2 and UMCN1,

Nijmegen, and JBZ3, Den Bosch, General Physician4,

Herpen, Institute for Public Health5, Den Bosch, Department

of Pulmonology, UMCN6, Nijmegen, and Bernhoven

Hospital7, Oss

Until 2007, Q fever was a rare disease in The Netherlands,

10–15 cases per year spreaded all over the country. In the

spring of 2007 a large Q fever outbreak occurred in northeast

Brabant. The epicenter was the village of Herpen. Unfortu-

nately, 2007 was only a ‘warming up’ for 2008, in which in

total more than 998 cases were found. The center of the

infection moved a little to the east in North-Brabant, around

Zeeland/Veghel. In summary, in 2007 ? 2008, 178 ? 998 =

1,176 patients with acute Q-fever were diagnosed. Soon after

the beginning of the outbreak in 2007, a multidisciplinary Q-

fever team developed a provisionally protocol1 for diagnosis

and treatment of acute and chronic Q fever1. Reviewing the

literature many questions came arise. Test-methods were not

clearly described and or differed from the tests used in The

Netherlands. Also interpretation of tests varied. Additionally,

there were conflicting data about the treatment of specific

patient groups and there were questions about the efficacy of

the newer antibiotic for the treatment of Q-fever, etc.

Therefore, we decided to evaluate the above-mentioned

protocol. All patients with acute Q fever in 2007, living in the

region Nijmegen–Herpen–Oss, were followed for 1 year. At

baseline (moment of diagnosis of acute Q fever) patient

characteristics, symptoms, physical examination, laboratory

test and echocardiogram were performed. Additionally, 3, 6

and 12 month after the diagnosis of Q fever, patients were seen

again for anamneses, physical examination and serological

follow-up.

After analyzing the data, some modifications should be

made to the protocol. These modifications concerning diagnose

and treatment of Q fever will be discussed. With the

information and experience of the outbreaks of 2007 (and

2008) we hope to be better prepared for 2009.
1 Nabuurs-Franssen MH, Weers-Pothoff G, Horrevorts AM,

Besselingk R, Schneeberger PM, Groot CAR. Als de vraag

Q-koorts is: diagnostiek en behandeling van Q-koorts, Ned

Tijdschr Med Microbiol. 2008; 16(3): 20–25.

O011

A Query for Q fever using Q-PCR

A. de Bruin, A. de Groot, J. Bok, I. Janse, P.R. Wielinga,

B.J. van Rotterdam

National Institute for Public Health and the Environment

(RIVM), Centre for Infectious Disease Control (CIb), Lab

for Zoonoses and Environmental Microbiology (LZO)

Coxiella burnetii, the causative agent of Q fever, is a zoonosis

with a worldwide distribution that affects both humans and

animals. C. burnetii has been classified as a category B

bioterrorism agent by the CDC. In the spring and summer of

2007 and 2008, large Q fever outbreaks occurred in a rural area

in The Netherlands. During the same periods, abortion

problems were reported on several dairy goat farms in the

same region. The 2007 outbreak was the first documented

outbreak of Q fever in The Netherlands.

Samples of various environmental and animal origin were

collected on a Q fever affected dairy goat farm and its

surroundings in 2007, to track possible sources of human

C. burnetii infection. Environmental samples included e.g.:

straw contaminated with manure, dust, insects, water and a

variety of other samples. Animal samples (goat) included:

urine, milk, cadaver bin swabs, faeces, and vaginal swabs.

DNA was extracted using modified NucliSENS� protocols,

optimised for the matrix examined. Detection of C. burnetii
was carried out using a newly developed multiplex Q-PCR

assay. Three genomic targets, most frequently used for

detection of C. burnetii were incorporated into a multiplex

Q-PCR assay. An internal control target was incorporated to

investigate possible inhibition of the various environmental and

animal samples. Primers and hydrolysis probes were designed

using software package Visual OMP 6.

In addition, the application of the Q-PCR assay is shown in

a study carried out in close collaboration with the Food and

Consumer Safety Authority (VWA) during the outbreak in

2008. In this study, a large number of animal samples is

screened, originating from a large number of farms in the same

rural area affected by Q fever as in 2007.

In conclusion, we developed a new robust and sensitive

multiplex Q-PCR assay with an internal control, and confirmed

the presence of C. burnetii in both animal and environmental

samples. Finally, our latest results on manure and air samples,

as well as our progress in molecular typing of C. burnetii, will

be presented.
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O013

Evaluation of an ELISA in comparison to an IFA
to estimate the seroprevalence of Coxiella burnetii
in the population

G.J. Blaauw1, Q Nagtzaam2, J. Meekelenkamp2, J. Bakker3,

J.H.J. Reimerink3, D.W. Notermans3, P. Schneeberger2

1VU University Medical Center, Medical Microbiology &

Infection Prevention, Amsterdam, 2Jeroen Bosch Hospital,

Department of medical microbiology, ‘s Hertogenbosch,
3Center for Infectious Diseases Control, Bilthoven

Objectives: IFA has been a reliable method to detect antibodies

against C. burnetii, the causative agent of Q-fever. However,

this method is laborious and cannot be efficiently up scaled,

which is disadvantageous in large outbreaks and in epidemi-

ology. In contrast, ELISA’s are easy to perform and can be

automated. We compared the Serion C. burnetii Phase II IgG

ELISA-kit with the Focus C. burnetii-IgG IFA.

Methods: 487 sera from 487 inhabitants of the village of

Herpen were tested for presence of IgG-antibodies. This village

was the epicentre of an outbreak of Q-fever in Northern

Brabant in 2007. A titer of [ = 1:64 was considered positive

both for the IgG as for the IgM IFA. In the IgG ELISA, a value

of [ = 20 IU/ml was positive.

Results: The presence of antibodies by IFA was detected in 136

sera. 77 of these were positive with ELISA (sensitivity: 57%).

Of 351 IFA negative sera, 341 were negative with ELISA

(specificity: 97%). The presence of IgM antibodies by IFA was

detected in 85 sera. Of these 70 were positive with ELISA

(sensitivity: 82%). All IFA negative sera were also negative

with the ELISA. The positive- and negative predictive value

were 100 and 97%, respectively. Additionally 66 sera from 56

patients with infections like legionellosis, mycoplasmosis and

leptospirosis were tested. 9 were positive with IgG IFA and 4

in IgM IFA. With ELISA IgG 13 were positive and 4 with IgM.

Conclusion: The limited sensitivity of the C. burnetii ELISA

limits its suitability for seroprevalence studies.

O014

Molecular Typing of Coxiella burnetii Directly
in Various Clinical Samples shows a Possible Clonal
Origin of the Ongoing Q-Fever Outbreak

JJHC Tilburg1, MH Nabuurs-Franssen2, MAWH Hamans3,

HIJ Roest4, RC Ruuls4, PThJ Willemsen4, AM Horrevorts1,

CHW Klaassen1

1Canisius Wilhelmina Hospital, Nijmegen, 2University

Medical Center Nijmegen St Radboud, Medical

Microbiology, Nijmegen, 3Food and Consumer Product

Safety Authority, Eindhoven, 4Central Veterinary Institute

of Wagening UR, Department of Bacteriology and TSEs,

Lelystad

Introduction: Studies towards the molecular epidemiology of

Coxiella burnetii are hampered by the availability of sufficient

material for analysis. So far, molecular fingerprinting of C.

burnetii has relied on cultivation/enrichment of the pathogen

prior to analysis which requires specific biosafety facilities.

Molecular diagnosis of Q-fever has mainly focussed on the use

of serum/plasma for analysis. We explored the direct geno-

typing of C. burnetii on various human and animal clinical

samples from the current and ongoing Q-fever outbreak in The

Netherlands.

Methods: A 6-marker MLVA panel (selected from Arricau-

Bouvery et al., 2006) distributed over 2 multiplex PCR

reactions was applied to DNA extracted from serum/plasma,

sputa, faeces, urine, throat-swabs and genital swabs. PCR

products were analyzed by multicolor capillary electrophoresis.

Repeat numbers were deduced from the fragment sizes relative

to those obtained using the well characterized and sequenced

Nine-Mile strain. The relative DNA load of C. burnetii in these

samples was determined using real-time PCR targeting the

IS1111a element.

Results: Multiple different genotypes were obtained in those

clinical samples with the highest DNA loads (Ct value

\ = 35). These clinical samples included all of the above

mentioned sample materials. Partial genotyping results were

obtained in some of the samples with a lower DNA load.

Certain genotypes were found in both human and animal

samples. Despite several minor differences, all genotypes were

very similar indicating a possible clonal origin of the outbreak.

Conclusions: Direct genotyping may be a promising and

welcome addition to the current techniques used to study the

molecular epidemiology of C. burnetii and to identify the

possible origin of human Q-fever infections.

O016

Azole resistance in Aspergilli: the Manchester
experience

S. J. Howard

University of Manchester, Manchester, United Kingdom

Azoles are the mainstay of oral therapy for aspergillosis, so

widespread resistance would be devastating. Patients with

resistant isolates fail therapy, or at best do not respond. The

frequency of itraconazole resistance in clinical Aspergillus
fumigatus isolates differs significantly in the literature, the

average being *3%. The frequency of itraconazole resistance

in Manchester, however, is 7%, with incidence increasing

significantly since 2004. Furthermore, many itraconazole

resistant isolates show cross-resistance to voriconazole and

posaconazole.

The primary mechanism of resistance described in

A. fumigatus clinical isolates is alteration in the target protein

Cyp51A. Hot-spot regions in the cyp51A gene (encoding

Cyp51A) have been identified; at codons 54, 98 and 220.

Several other mutations have been reported in the cyp51A gene.

A remarkable aspect of the Manchester collection is the

diversity of cyp51A mutations found, some novel. Upon further

molecular investigation of our resistant isolates, we have found

evidence demonstrating emergence and evolution of resistance

within the lung, probably as a result of drug exposure.

With the sudden rise in frequency of azole resistance in

A. fumigatus since 2004, and many isolates showing cross-

resistance between all the currently licensed azole therapeutic
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options, clinical management of these cases is becoming

problematic.

O017

Direct Detection of Azole Resistance in tissue
in a patient with Central Nervous System (CNS)
aspergillosis

P.E. Verweij1, J.W.M. van der Linden1, E. Snelders1,

J.P. Arends2, S.M. Daenen2, W.J.G. Melchers1

1Radboud University Nijmegen Medical Center, Medical

Microbiology, Nijmegen, 2University Medical Center

Groningen, Medical Microbiology, Groningen

Introduction: Azole resistance complicates the management of

CNS aspergillosis both with respect to diagnosis and treatment.

Detection of azole resistance by phenotypic methods requires a

positive culture and adequate treatment will be delayed for at

least 5 days before the results are available. Given the median

survival of CNS aspergillosis of 10 days, every effort should be

made to avoid delay. We describe a patient in which azole

resistant aspergillosis in whom the presence of resistance was

detected directly in tissue.

Methods: A patient with myelodysplastic syndrome that was

treated for graft-versus-host disease, developed nodular

pulmonary infiltrates and multiple brain lesions. A sputum

culture was positive for A. fumigatus and circulating galacto-

mannan was detected. A brain biopsy was performed and

microscopy showed septate hyphae, but cultures remained

negative. The sputum isolate was resistant to itraconazole and

voriconazole and showed elevated MICs of posaconazole. The

paraffin-embedded brain biopsy sample was obtained for

confirmation of the presence of Aspergillus and the direct

detection of azole resistance. DNA was extracted using protein

K and the Qiagen EZ1 robot. A real time 28S PCR was used to

detect Aspergillus. A 160 bp fragment of the Cyp51A gene

was amplified which included the L98 target region for

detection of mutations. Mutations were detected by sequence-

based analysis of the amplicon.

Results: The resistance mechanism of the cultured sputum

isolate was TR/L98H. The 28S PCR confirmed the presence of

Aspergillus in the brain biopsy. The fungal cyp51A was

amplified directly from the brain biopsy. Sequence-analysis

showed the presence of the L98H substitution. The patient had

initially been treated with voriconazole and caspofungin, but

voriconazole was replaced by liposomal amphotericin B when

azole resistance was detected. Posaconazole was added when

the patient again developed fever. With this regimen the patient

gradually improved with radiologic improvement of the

pulmonary and brain lesions. Four months in to antifungal

therapy the patient is on posaconazole monotherapy with high

plasma levels.

Conclusions:

1. Azole resistance significantly complicates the management

of CNS aspergillosis as the use of first choice drug

voriconazole is precluded.

2. The detection of mutations associated with azole resistance

directly in tissue may enhance the possibility to diagnose

resistance in cases that are culture-negative.

3. Furthermore, the delay in obtaining susceptibility results

can be significantly reduced.

O018

Correlation between mutations in the Aspergillus
fumigatus cyp51 gene and their azole resistance profile

E. Snelders1, A. Karawajczyk2, G. Schaftenaar2,

P.E. Verweij1, W.J.G. Melchers1

1University medical center St Radboud Nijmegen, Medical

Microbiology, Nijmegen, 2Center for Molecular and

Biomolecular Informatics, Nijmegen

Introduction: Molecular studies have shown that triazole

resistance in Aspergillus fumigatus is associated with amino

acid substitutions in the cyp51A gene. Amino acid substitution

in G54 to -E,-Q,-R or -W, M220 to -V,-K,-T,-I or -L and a

change in codon 138 from G to C have all been correlated to

different patterns of elevated minimum inhibitory concentra-

tions (MICs) for the triazole drugs. A multi triazole resistant

(MTR) phenotype was also associated with a substitution at

L98H combined with a 34 bp tandem repeat in the promoter

region.

Methods: In our collection 220 resistant and susceptible

A. fumigatus isolates were fully sequenced for the cyp51A

gene. Mutations were correlated to the triazole phenotype that

was previously determined by the CLSI M38-A broth micro-

dilution reference method.

Results: In 15 (7%) of the A. fumigatus isolates, similar

combinations of two to eight mutations were found related to

amino acids F46Y, G89G, M172V, N248T, D255E, L358L,

E427K or C454C. Two mutated isolates showed a MTR

phenotype, while 13 isolates showed a full azole susceptible

profile. All of the substitutions but one (C454C-heme ligand)

were located at the outside of the protein according to the

model of the A. fumigatus cyp51A protein that was build

using as a template the cyp51A crystal structure of M. tuber-

culosis. Molecular dynamics simulations of the wild-type

protein show that there is no correlation between located

positions of the mutations and either of the two substrate

access channels.

Conclusions:

1. Mutations in the cyp51A gene not related to resistance

have not been described in the literature before.

2. In this study we found that the majority of the cyp51A

gene mutations do not correlate to azole resistance in

A. fumigatus.

3. Cyp51A mutations need to be analyzed by recombinant

analysis before a conclusive correlation to triazole resis-

tance can be made.
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Genome-wide identification of genes contributing
to pneumococcal meningitis

P.J. Burghout1, T Eiersted-Molzen2, H.J. Bootsma1,

C.E. Van der Gaast-de Jongh1, M Eleveld1, C Østergaard2,

P.W.M. Hermans1

1UMC St Radboud, Laboratory of Pediatric Infectious

Diseases, Nijmegen, 2Statens Serum Institute, Copenhagen

Introduction: The Gram-positive bacterium Streptococcus

pneumoniae is an important opportunistic human pathogen.

In healthy carriers it resides asymptomatically in the naso-

pharynx, but in susceptible individuals, mostly children,

elderly, and immunocomprimized patients, the bacterium can

spread to other organs to cause disease, such as otitis media,

pneumonia, sepsis and meningitis. Although pneumococcal

nasopharyngeal colonization and invasive disease are closely

linked, knowledge on the niche-specific factors that allow for

pathogen survival during the progression of disease is still

limited. In this study we applied the novel genomic array

footprinting (GAF) technology to identify the full complement

of genes that is required for pneumococcal meningitis.

Methods: To identify genes essential for the pneumococcus to

survive in vivo in a rabbit infection model of meningitis, four

independent S. pneumoniae TIGR4 mariner transposon mutant

libraries consisting of 1,000–2,000 unique mutants each were

used for intra-cisternal infection of groups of four rabbits.

Repeated sampling of cerebral spinal fluid (CSF) was per-

formed at 3, 9, and 15 h after inoculation. GAF analysis of the

CSF samples identified mutants that had disappeared or

became enriched in CSF during challenge at one or more of

the time-points. To verify the importance of the corresponding

genes for pneumococcal meningitis, their deletion mutants and

the parental wild-type strain were tested in a rat co-infection

meningitis model.

Results: GAF analysis of the CSF samples revealed that 77

genes were essential for in vivo survival during rabbit

meningitis. This list included mainly components of metabolic

or nutrient uptake pathways, capsule polysaccharide biosyn-

thesis (CPS) genes, and (hypothetical) genes with unknown

function. Interestingly, besides the CPS genes, none of the

classical virulence factors known to be involved in host-

pathogen interaction during pneumococcal sepsis and carriage

were identified. Eleven genes were identified that hampered

pneumococcal survival in the CSF, i.e., the respective mutants

became enriched during challenge. These included two putative

transcriptional regulators, four transporters, one metabolic

gene, and five genes with unknown function. Most likely, the

transcriptional regulators are repressors that reduce the expres-

sion of conditionally essential genes. Finally, the phenotype of

eight of the nine genes that were selected for validation was

confirmed in a rat co-infection meningitis model.

Conclusions: (1) This study clearly demonstrates the potential

of the GAF technology in the high-throughput and accurate

identification of in vivo conditionally essential genes. (2) Once

the pneumococcus reaches the CSF, it does no longer require

most of its classic virulence genes, such as adhesins and toxins.

Instead, in the absence of mucosal or endothelial/epithelial

barriers, genes that enable access to and utilization of essential

nutrients become important. (3) Many of the genes identified

during the GAF meningitis screen have no described function,

and follow up on these genes will increase our knowledge on

pneumococcal pathogenesis. (4) Comparison of tissue-specific

conditionally essential genes identified in GAF studies can

improve the design of novel therapeutic and prophylactic tools.

O020

Functional genomic analysis of Coxiella burnetti
identifies novel virulence factors

SR Konstantinov1, R. H. Valdivia2

1UTRECHT MEDICAL CENTER, Medical Microbiology,

Utrecht, 2DUKE UNIVERSITY, Molecular Genetics

and Microbiology, Durham

Coxiella burnetti is an obligate intracellular Gram-negative

pathogen that causes Q-fever, a widespread zoonotic illness.

Because of the lack of genetic tools to manipulate C. burnetti, a

molecular understanding of how this pathogen subverts

eukaryotic cellular functions is very limited. The sequenced

C. burnetii genome provides an opportunity to apply novel

experimental approaches with which to explore the molecular

basis of its pathogenesis. Here, we have undertaken genome-

wide approaches to identify and characterize C. burnetii-

specific open reading frames (ORFs) that target conserved

eukaryotic cellular functions using the yeast Saccharomyces

cerevisiae as a surrogate model. DNA recombination-based

cloning technology along with a high-throughput screening

using Green Fluorescence Protein (GFP) allowed a systemat-

ical analysis of 180 C. burnetii-specific ORFs in yeast and

identified various novel pathogen encoded modulators of host

cellular functions. Because important clues as to the potential

function of pathogen effectors translocated during infection

could be obtained by determining their subcellular tropism for

eukaryotic organelles, we screened the array of yeast strains to

identify the localization of the GFPtagged C. burnetii proteins.

Pathogen effectors were found in association with the yeast

vacuole (n = 24), punctuate structures (n = 11), the cell

surface (n = 8), nucleus (n = 1), and lipid droplets (n = 1).

The remaining of strains showed GFP-tagged ORFs that were

either cytosolic or cytoplasmic aggregates. Follow up valida-

tions studies elucidated the functions of selected effector

proteins in C. burnetii-infected mammalian cell lines. In

summary, we have devised a system for the high-throughput

cloning of bacterial genes in yeast to explore the functions of

pathogen-specific proteins.

O021

Bordetella strains with a novel allele for the pertussis
toxin promoter are associated with pertussis resurgence

M van Gent1, MJ Bart1, IHM van Loo2, K Heuvelman1,

HGJ Heide1, FR Mooi1

1National Institute for Public Health and the Environment

(RIVM), LIS, Bilthoven, 2University Hospital Maastricht,

Department of Medical Microbiology, Maastricht
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Introduction: Pertussis or whooping cough is caused by the

Gram-negative bacterium Bordetella pertussis. Despite high

vaccination coverages, pertussis is one of the most prevalent

vaccine-preventable diseases worldwide. Infection frequencies

of 1–7% have been observed in highly vaccinated populations.

Waning immunity and pathogen adaptation have been pro-

posed as causes for the resurgence of pertussis. In The

Netherlands, the dramatic increase in pertussis notifications

observed since 1996 is associated with the emergence of a

strain with a novel pertussis toxin (Ptx) promoter, ptxP3. The

ptxP3 strains replaced the resident ptxP1 strains and have

reached frequencies of 90–100%. The SNP that distinguished

the two ptxP types is located in a region involved in binding of

BvgA, the regulator of Ptx expression. We hypothesized that

ptxP3 allele conferred increased binding of BvgA resulting in

increased Ptx production. In this work we tested this hypothesis

and also investigated the population structure of ptxP3 strain

by genome sequencing and SNP analysis.

Methods: Bacteria were grown on plates at 350�C and harvested

at 48, 54 and 60 h. After heat inactivation, Ptx and pertactin

(Prn) were measured using a capture ELISA. Prn, the produc-

tion of which is also controlled by BvgA, was used as a control.

The ratio of Ptx and Prn production by ptxP1 and ptxP3 strains

was calculated as follows; Ptx (or Prn) production of the ptxP3

strains divided by Ptx (or Prn) production of the ptxP1 strains.

SNPs were identified by whole genome sequencing and used to

construct a minimum spanning tree (MST).

Results: The ratio’s of Ptx and Prn produced by ptxP1 and

ptxP3 strains were, respectively, 1.5 (P B 0.001) and 0.90 (P

0.03). The MST indicated that the ptxP3 allele was present in

several unrelated lineages, suggesting homoplasy or horizontal

gene transfer.

Conclusion: The resurgence of pertussis in The Netherlands is

associated with the emergence of strains which produce higher

levels of Ptx. Ptx plays an important role in suppression of both

innate and acquired immunity and we propose that the

increased Ptx production confers a selective advantage in

vaccinated hosts. The ptxP3 allele has arisen independently in

several lineages or was spread by horizontal transfer, indicating

that it confers increased fitness. Our work underlines the

important role of Ptx in transmission of B. pertussis and

suggests that an effective way to control pertussis is the

improvement of current vaccines so that they induce Ptx

neutralizing antibodies which persist longer.

O022

Using zebrafish to understand mycobacterial infections:
identification and characterization of a bacterial
secretion mutant with highly increased virulence

A.M. van der Sar1, A.M. Abdallah1, T. Verboom1, N. Savage2,

T.H.M. Ottenhoff2, A. Meijer3, N. van der Wel4,

C.M.J.E. Vandenbroucke-Grauls1, B.J. Appelmelk1, W. Bitter1

1VU University medical centre, Medical Microbiology and

Infection control, Amsterdam, 2LU Medical Centre,

Infectious Diseases, Leiden, 3Leiden University,

Biomedical Sciences, Leiden, 4The Netherlands Cancer

Institute, Tumor biology, Amsterdam

Background Pathogenic mycobacteria cause a number of

serious chronic infections in humans, such as leprosy and

tuberculosis. At the VU medical center we are using the

zebrafish to identify and study virulence factors of pathogenic

mycobacteria. As a pathogen we use Mycobacterium marinum,

the causative agent of fish tuberculosis. In our research we

focus on the effect of protein secretion systems on virulence.

Previously, we have shown that ESX-5 is a major secretion

pathway for M. marinum. In this work we set out to determine

the function of ESX-5 during infection of macrophages,

zebrafish embryos and adult zebrafish.

Results To understand the role of ESX-5 effector proteins in

virulence, we first analyzed the interactions of M. marinum

with human macrophages. Upon infection, both wild type

bacteria and the ESX-5 mutant were able to escape from

phagolysosomes. However, whereas wild-type M. marinum

failed to induce appreciable levels of pro-inflammatory cyto-

kines, the ESX-5 mutants strongly induced their production.

Further experiments showed that an intact ESX-5 secretion

system actively suppresses TLR signaling-dependent cytokine

secretion. By contrast, infection with M. marinum wild-type

strain resulted in caspase-dependent induction of IL-1b secre-

tion as compared to the ESX-5 mutant. Microarray experiments

of zebrafish embryos infected with either wild-type bacteria or

the ESX-5 mutant showed a highly different gene response,

thereby supporting the macrophage data. The effect of the

ESX-5 mutation on granuloma formation in zebrafish embryos

was modest. Subsequently, adult zebrafish were challenged

with the wild-type and the ESX-5 mutant. Surprisingly, the

ESX-5 mutant showed an unprecedented increase in virulence

as compared to the wild-type strain. This could mean that ESX-

5 substrates are involved in immune modulation in such a way

to promote a more subdued immune response and thereby a

chronic infection.

O023

The siderophore yersiniabactin produced by the High
Pathogenicity Island of Enterobacteriaceae reduces
the oxidative stress response of polymorphonuclear
leukocytes

A Paauw, M. A. Leverstein-van Hall, J. Verhoef, A. C. Fluit

UMCU, Medical Microbiology, Utrecht

Introduction: Yersinia spp. or Escherichia coli containing the

High Pathogenicity Island (HPI) are more virulent than strains

lacking the HPI. The siderophore yersiniabactin encoded by the

HPI facilitates iron uptake, which is essential for bacterial

growth. The genetic composition of the HPI varies between

isolates. An HPI was detected in a multidrug-resistant Enter-

obacter hormaechei outbreak strain (EHOS) that caused

invasive infections in over 100 patients throughout The

Netherlands.

The aim of this study was to test the hypothesis that

yersiniabactin inhibits the innate immune system as a result of

the competitive binding for iron between yersiniabactin,

produced by HPI-positive bacteria and iron binding proteins

produced by the human body. PMNs require iron to form

radicals and peroxides to kill phagocytosed pathogens.
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Furthermore the genetic structure of the EHOS-HPI was

characterized.

Methods: An HPI-knockout, unable to produce yersiniabactin,

was created. Growth experiments with different iron sources

were performed using the HPI-knockout and the wild-type

strain. The reactive oxygen species (ROS) response of

stimulated PMNs incubated with and without yersiniabactin

was measured with luminol. The HPI structure was determined

by PCR.

Results: Growth experiments with the EHOS and the HPI-

knockout showed that the production of yersiniabactin

improved the ability of the EHOS to obtain iron from saturated

lactoferrin in an iron-depleted environment. The use of hemin

or transferrin as main iron source did not result in growth

differences. A yersiniabactin concentration dependent reduc-

tion of the ROS response of PMNs was observed. Iron-

saturated yersiniabactin showed no reduced ROS response. The

reduction of the ROS response by yersiniabactin was less in the

presence of increased lactoferrin or transferrin concentrations.

The HPI of the EHOS had a 30-end that was identical to the

ICE of E. coli ECO31 (HPI-ICEEc1), with the exception that in

the EHOS the 30-end lacked the tnpA gene. This new variant

was designated HPI-ICEEh1.

Conclusions: The results support the hypothesis that expression

of the HPI inhibits the innate immune system by reducing the

availability of iron for the PMN. Clearly, yersiniabactin is a

more effective iron chelator than lactoferrin and transferrin,

therefore the equilibrium is in favor of yersiniabactin. The

EHOS contained a new variant of the HPI, designated HPI-

ICEEh1, which showed a high similarity to HPI-ICEEc1.

O024

Phenotypic and genomic characterization
of pneumococcus-like streptococci isolated
from HIV-seropositive patients

HJ Bootsma1, TM Leegaard2, DA Caugant2, MJ Eleveld1,

T Mannsåker3, LO Frøholm2, P Gaustad4, EA Høiby2,

PWM Hermans1

1Radboud University Nijmegen Medical Centre, Pediatric

Infectious Diseases, Nijmegen, 2Norwegian Institute of

Public Health, Department of Bacteriology and Immunolog,

Oslo, 3Ullevål University Hospital, Department of

Microbiology, Oslo, 4Rikshospitalet University Hospital,

Institute of Medical Microbiology, Oslo

Introduction: Streptococcus pneumoniae is a common and

important human pathogen associated with many different

types of human infections, ranging from localized benign to

severe systemic diseases. The species most closely related to

pneumococci, Streptococcus mitis, Streptococcus oralis, and

the new species Streptococcus pseudopneumoniae reported in

2004, are usually considered to be commensals of the human

oral cavity, but in recent years it has become clear that

members of these species can be important pathogens.

Accurate differentiation between S. pneumoniae and other

alpha-hemolytic streptococci is essential given their differ-

ences in clinical significance. However, classical phenotypic

tests are often inconclusive, and many examples of atypical

reactions to one or more of the standard tests have been

reported. In this study, we applied various phenotypic and

genotypic methods to discriminate between streptococcal

isolates.

Methods: A collection of 12 streptococci isolated from the

upper respiratory tract of HIV-seropositive individuals in

1998–1999 was studied phenotypically using conventional

assays for colony morphology, optochin susceptibility, bile

solubility, and capsular serotype. Genotypic analysis of these

isolates as well as true pneumococci and S. pseudopneumoniae,

S. mitis, and S. oralis type strains consisted of multilocus

sequence typing (MLST), comparative genomic hybridization

(CGH), 16S rRNA gene sequencing, and pneumolysin (ply)

gene PCR.

Results: Phenotypic characterization initially classified the 12

streptococci as S. pneumoniae, as they all were sensitive to

optochin and bile soluble. However, they did not agglutinate

with anti-pneumococcal capsular antibodies, and were also far

more resistant to antimicrobial agents than typeable pneumo-

cocci isolated in the same period. Subsequent genotypic

characterization of these isolates and control isolates by both

MLST and CGH showed that 11 of these non-typeable isolates

were indeed distinct from true pneumococci, and that they

genetically most closely resembled the newly described species

Streptococcus pseudopneumoniae. Only one strain was genet-

ically considered a true S. pneumoniae isolate. The CGH

analysis also showed that a considerable part of the proposed

pneumococcal core genome is conserved in the non-typeable

isolates. Main deletions appeared to have occurred in loci

encoding proteins involved in nutrient uptake, metabolism, and

transcriptional regulation. Interestingly, many of the known

pneumococcal virulence factors were detected, with a few

notable exceptions: the adhesion CbpE, hyaluronidase, which

is thought to play a role in bacterial penetration through host

tissue, and the Pia iron-uptake system. Sequencing of part of

the 16S rRNA gene and investigation for the presence of ply by

PCR corroborated the MLST and CGH results.

Conclusions: Our findings confirm the close relationship

between streptococci of the S. mitis group, and highlight the

need for improved differentiation between pneumococci and

other alpha-hemolytic streptococci. Both MLST and CGH

enable to discriminate between these bacteria.

O026

Unraveling the CRISPR-based immune system
of prokaryotes

ML Lundgren1, S J J Brouns1, M M Jore1, E R Westra1,

R J H Slijkhuis1, A P L Snijders2, M J Dickman2,

K S Makarova3, E V Koonin3, J Van der Oost1

1Wageningen University, Microbiology, Wageningen,
2University of Sheffield, Chemical and Process

Engineering, Sheffield, 3National Center for Biotechnology

Information, Bethesda

Prokaryotes can acquire resistance by integrating short

fragments of viral nucleic acid into the chromosomal Clusters

of Regularly Interspaced Short Palindromic Repeats (CRISP-

Rs). 40% of all bacteria and almost all archaea harbour this
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recently discovered prokaryotic immune system, which con-

stitutes one of the fastest evolving features of these domains

of life.

We show that virus-derived sequences contained in CRISP-

Rs are used by CRISPR-associated (Cas) proteins from the host

to mediate an antiviral response that counteracts infection.

After transcription of the CRISPR, a complex of Cas proteins

termed Cascade cleaves the CRISPR transcript in each repeat

and retains the cleavage products containing the virus-derived

sequence. Assisted by the predicted helicase Cas3, these

mature CRISPR RNAs serve as small guide RNAs that enable

Cascade to interfere with virus proliferation. The formation of

mature guide RNAs by the CRISPR RNA endonuclease

subunit of Cascade is a mechanistic requirement for antiviral

defense.

O027

RNAi-based silencing in Fungi

JF de Jong, HJ Deelstra, RA Ohm, HAB Wösten,

LG Lugones

Universiteit Utrecht, Utrecht

Gene inactivation in most filamentous fungi is hampered by a

low incidence of homologous recombination. Moreover, func-

tional analysis of genes that are active in the heterokaryotic

phase, e.g. in mushroom formation and sporulation, requires

their inactivation in both mating partners. To circumvent these

problems RNA interference (RNAi) has been used as an

alternative tool to study gene function. In this process double

stranded RNA (dsRNA) molecules induce the degradation of

transcripts that are homologous in sequence. RNAi can be

established by directly administering synthetically produced

small interfering RNA (siRNA) molecules or by introducing a

construct containing an inverted repeat of the target gene.

Expression of this construct results in a double-stranded hairpin

mRNA, which is processed into siRNAs by the endoribonuc-

lease Dicer.

The SC15 gene of the homobasidiomycete Schizophyllum

commune was silenced in about 80% of homokaryotic

transformants in which a hairpin construct was introduced.

Silencing of SC15 could also be established in a heterokaryon

resulting from a cross between a silenced recombinant strain

and a compatible wild-type partner. Thus, the siRNAs gener-

ated by processing of the hairpin RNA not only invoked

degradation of SC15 mRNA originating from the parental

nucleus but also of that produced by the partner nucleus in the

same compartment (de Jong et al., 2006). In this way silencing

can be established efficiently in dikaryons and even in

multinucleate strains. The latter was demonstrated in Agaricus

bisporus, in which the asl gene was silenced [90% after

introduction of a hairpin construct (Eastwood et al., 2008).

Genome-wide expression analysis of several stages of

mushroom formation of S. commune using Massively Parallel

Signature Sequencing (MPSS) revealed the common presence

of transcripts antisense to known genes. Interestingly, anti-

sense:sense ratios peak in a colony that has formed primordial

fruiting bodies. Expression of a transcript antisense to SC4

(asSC4), which is the most abundant mRNA in this colony, was

verified with hybridization of Northerns using strand-specific

probes. This also showed that levels of sense and antisense SC4

are comparable between primordia and surrounding undiffer-

entiated mycelium. asSC4 may downregulate sense SC4

(sSC4) in specific parts of the primordium. In situ hybridisation

with strand-specific peptide nucleic acid probes may reveal this

(Teertstra et al., 2004). Sequencing of 30 asSC4 cDNA using a

primer based on the MPSS tag, surprisingly, showed that it

consists of a chimaera of 84 bp asSC4 and 171 bp sSC4

preceding the poly(A)-tail.

O028

Investigation of the interaction between the small RNA
NrrF of Neisseria meningitidis with its targets sdhC
and petA by means of site directed mutagenesis

Y Pannekoek, K Schipper, A van der Ende

AMC, Medical Microbiology, Amsterdam

Introduction: Small non coding RNAs (sRNAs) play a key role

in regulating the expression of many genes in bacterial

pathogens. Many of the sRNAs identified so far bind to the

the translational initiation region (TIR) of 50 untranslated (50-
UTRs) region of mRNAs and thereby mask the Shine Dalgarno

(SD) sequence, preventing ribosome entry. On the opposite,

sRNAs may uncover the SD sequence from being masked in a

secondary structure of the 50-UTR, and activate gene

translation.

Recently, an iron-regulated sRNA, designated NrrF was

identified in Neisseria meningitidis. Using a GFP-reporter

system in E. coli, the interaction of NrrF and its in silico

identified targets, the iron-responsive sdhC and petA was

demonstrated in vivo. Expression of NrrF in trans resulted in a

major reduction of fluorescence of E. coli cells containing the

50-UTRs of meningococcal sdhC or petA fused in frame to gfp,

indicative for translational repression. The regions of NrrF

predicting to interact with these both targets are positions ?79

to ?124 for sdhC and ?18 to ?32 petA, thus, two different

segments of this sRNA molecule. To elucidate the mechanism

by which NrrF represses translation of sdhC and petA, we

started to investigate the in silico predicted site of interaction

between NrrF and its targets by site directed mutagenesis of

NrrF using the above mentioned GFP reporter system.

Methods: RACE and in silico promoter and SD predictions

were used to identify the transcriptional start sites of sdhC and

petA and the ribosomal binding site. The 50-UTRs of sdhC and

petA were fused in frame to gfp and cloned in a low copy

vector. NrrF was mutagenized in the predicted regions of its

interaction of petA and sdhC using complementary oligonu-

cleotides and cloned in a high copy vector. Functional

interaction of wild type and mutagenized NrrF with target

mRNA was assessed in vivo by combining both plasmids in E.

coli and quantification of fluorescence using the proper

controls.

Results: The transcription start site of sdhC was identified -66

nts upstream of the translational start (ATG) and the region

predicted to interact with NrrF at positions nts -44 to ?6,

thereby encompassing the predicted SD (positions -13 to -9).

The transcription start of petA was identified -69 nts upstream
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from the ATG and the region predicted to interact with NrrF

nts -43 to -30. The SD of petA is predicted at postions -15

to -11 nts, thus downstream from the region predicted to base-

pair with NrrF.

Mutagenesis of the predicted regions of interaction of NrrF

with sdhC (nrrF position ?79 to ?124) and petA (nrrF position

?18 to ?32) by replacement of all guanosines with cytidines

and vice versa, completely abolished downregulation of

fluorescence of both targets, compared to wild type control

NrrF.

Conclusion: By using site directed mutagenesis combined with

an in vivo reporter system, we showed that the regions of NrrF

that were in silico predicted to interact with the 50-UTRs of

meningococcal sdhC or petA are essential in the translational

down regulation of both sdhC and petA.

O029

Identification of sRNAs involved in the RpoE and Fur
regulon of Neisseria meningitidis

R.A.G. Huis in ‘t Veld, Y Pannekoek, A van der Ende

AMC Amsterdam, Medical Microbiology, Section

Experimental Bacteriology, Amsterdam

Introduction: Recent exploration into the network of transla-

tional control in cells has led to the discovery of a variety of

small, non-coding RNA (sRNA) species. In prokaryotes, some

sRNAs have been shown to directly interfere with the

translation of mRNAs, generally by interacting with the 50

UTR of these mRNAs. They act by influencing the stability of

target mRNAs or by either suppressing or up regulating the

ribosome entry to the mRNAs. As with other bacteria, the

strictly human commensal and pathogen Neisseria meningitidis

reacts to changes in its environment by altering gene expres-

sion. For example, during host invasion, specific factors like

the cell wall stress factor RpoE and the ferric uptake regulator

Fur are known to influence transcription. We investigated

whether the genome of N. meningitidis encodes sRNAs that are

functionally involved in the RpoE and Fur regulons.

Materials and Methods: The inter-genomic regions (IGRs) of

serogroup B strain MC58 were queried for sequences that

include a promoter sequence characterized by a consensus

RpoE signature or Fur binding site (Fur box), followed by a

50–500 nt spacer and a potential terminator structure. Expres-

sion of putative sRNAs was assessed by northern blotting. Of

sRNAs of which their expression was confirmed by northern

blotting, the putative target mRNAs were in silico predicted

using TargetRNA (1). The predicted putative target mRNAs

were sought to be validated in a recently developed heterol-

ogous reporter system for translational control and target

recognition of sRNAs in vivo (2).

Results: Screening of the IGRs resulted in more than 35 sRNA

candidates characterized with a RpoE or Fur-box sequence.

Northern blotting confirmed the abundant expression of 3

sRNA species. The promoter of 2 of these sRNAs contains a

Fur-box sequence and 1 a RpoE signature. In silico prediction

show that the sRNAs containing a Fur-box sequence interact

with the 50 UTR of several mRNAs responsible for the

translation of proteins involved in iron-metabolism. Of these 3

sRNAs, 25 putative target mRNAs were identified.

Conclusion: (1) Meningococci express sRNAs characterized by

a RpoE signature and a Fur box in their promoter region. (2)

These sRNAs are predicted to interact with mRNAs translating

for proteins involved in iron-metabolism. Validation of the

predicted target mRNAs is in progress.

1. Target prediction for small, noncoding RNAs in bacteria.

Tjaden B, et al. Nucleic Acids Research, 34(9):2791–2802,

2006.

2. Translational control and target recognition by Escherichia

coli small RNAs in vivo. Urban JH, Vogel J. Nucleic

Acids Research, 35(3):1018–37, 2007.

O032

Population genetics of Staphylococcus aureus

D.C. Melles

Erasmus MC, Medical Microbiology & Infectious Diseases,

Rotterdam

Genetic variation among bacteria can be extensive. Different

species can be distinguished on the basis of sequence

polymorphism in important genes such as those encoding the

ribosomal RNA molecules. In addition, extensive genomic

variation within a bacterial species can be documented as well,

for instance by comparing isolates derived from different

humans. Genetic typing of these isolates can reveal how a

population of bacterial isolates is structured. The important

issue of relative or differential pathogenicity (disease-invoking

potential) or colonization capacity of certain groups of

microbial isolates or clones can be investigated by microbial

genotyping.

Next to studying the population structure of Staphylococcus

aureus, molecular typing is also an important tool for

understanding the changing epidemiology of methicillin-

susceptible- (MSSA) and methicillin-resistant S. aureus

(MRSA) infections and for evaluating the efficacy of MRSA

outbreak intervention and prevention strategies. Many different

typing techniques have been used to distinguish S. aureus

strains, including pulsed field gel electrophoresis (PFGE),

amplified fragment length polymorphism (AFLP), spa typing,

multi-locus variable number of tandem repeat analysis

(MLVA) and multilocus sequence typing (MLST). All of

these approaches enable subtyping of unrelated strains, but do

so with different accuracy, discriminatory power, and repro-

ducibility. Several factors determine which method is the most

appropriate to use for S. aureus type characterization. For

monitoring short-term, local outbreaks, molecular typing

methods based on hyper-variable loci are most appropriate

(e.g. sequence-based spa analysis). However, epidemiologi-

cally related strains might still appear to be different using

these high-powered procedures, because of frequent sequence

changes that do occur in real-time. Typing methods based on

sequencing of more stable housekeeping genes (e.g. MLST)

have been proposed for long-term global studies and for the

assessment of evolutionary relationships among S. aureus
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strains. However, the slow accumulation of genetic variation

within these housekeeping loci might lead to a lack of

discriminatory power between epidemiologically unrelated

strains. Consequently, a typing approach that targets a com-

bination of highly variable as well as more conserved DNA

regions should be used to provide high-resolution local

epidemiological data within the context of a comprehensive

population framework.

Recent studies have largely solved the population structure

of S. aureus of clinical or non-clinical origin. MLST studies

have placed most S. aureus isolates (colonizing as well as

invasive isolates of MSSA and MRSA) in five major,

universally occurring clusters: clonal complex (CC) 5, CC8,

CC22, CC30, and CC45. A similar analysis was also performed

using AFLP and this demonstrated a similar population

structure. All of the strains fell into one of three major and

two minor clusters, much like the MLST analysis. The latter

study also demonstrated that both invasive and colonising

strains occurred in similar frequencies in all genogroups. In

conclusion, S. aureus is a clonal species with a limited number

of major types that have successfully colonised millions of

human individuals.

O033

The use of 24-locus variable number of tandem repeat
typing to study the epidemiology of tuberculosis

K Kremer1, J van Ingen1, A van de Brandt1, M Enaimi1,

A Mulder1, M Sebek2, D van Soolingen1

1RIVM, CIb/LIS, Mycobacteria Reference Laboratory,

Bilthoven, 2KNCV Tuberculosis Foundation, Den Haag

Introduction: IS6110 restriction fragment length polymorphism

(RFLP) typing has gained recognition as the gold standard in

the molecular epidemiology of tuberculosis and its introduction

caused a revolution in the epidemiology of tuberculosis.

However, this technique is technically demanding and time

consuming. Therefore, the introduction of the PCR-based

variable number of tandem repeat (VNTR) typing seems an

important step forward. A part of the collection of nearly

15,000 M. tuberculosis isolates in The Netherlands is currently

being subjected to 24-locus VNTR typing.

Methods: Since 1993, all M. tuberculosis complex strains

isolated in The Netherlands have been subjected to IS6110

RFLP and drug susceptibility testing within the framework of

the national surveillance of tuberculosis. Clusters of cases

whose M. tuberculosis isolates had an identical RFLP finger-

print were reported to the municipal health services. These

municipal health services used this information in their source

case finding and contact tracing and supplied feed-back on the

likelihood of epidemiological links between patients within a

DNA fingerprint cluster.

2,513 M. tuberculosis isolates of a similar number of

patients, representing all positive M. tuberculosis cultures from

2004, 2005 and 2006, were in addition to RFLP typing also

subjected to VNTR typing using 24 loci.

Results: The two typing methods showed a similar discrimi-

natory power and a high concordance. Among 2,513 M.

tuberculosis isolates 1,783 RFLP types were distinguished

representing 277 RFLP clusters (n = 1,007 isolates) and 1,506

unique RFLP patterns. VNTR typing discriminated 1,797

types, including 287 VNTR clusters (n = 1,003 isolates) and

1,510 unique patterns. In total, 83% of the isolates were

grouped into clustered or unique isolates similarly by both

methods. The discriminatory power of the methods varied

slightly for the different genotypes of M. tuberculosis; the

Haarlem and Beijing genotypes were better discriminated by

RFLP and the Latino-American-Mediterranean and Central

Asian genotypes were better discriminated by VNTR.

Twenty-one percent of all isolates in RFLP clusters were

unique with VNTR typing. To determine the value of this

additional differentiation by VNTR typing, the feed-back on

the likelihood of epidemiological links between the respective

cases within a RFLP cluster was investigated. This information

was available for 555 cases, representing 115 RFLP clusters.

The isolates of 233/555 cases showed a discrepant VNTR

result. The differentiation by VNTR typing of 203/233 (88%)

isolates was supported by the lack of epidemiological links

between the respective cases. In contrast, the remaining 28

cases had confirmed epidemiological links and were thus

undeservedly differentiated by VNTR typing. However, since

these differentiations by VNTR typing usually consisted only

of changes in a single repeat at a single VNTR locus, they can

be explained by microevolution of M. tuberculosis.

Conclusions: The overall concordance between RFLP and

VNTR typing was high and the results of this study support the

implementation of VNTR typing in the routine surveillance of

M. tuberculosis. Because VNTR typing results can be obtained

very rapidly after the isolation of M. tuberculosis, VNTR

typing is expected to significantly contribute to the source case

finding and contact tracing.

O034

Genetic diversity of nosocomial Klebsiella pneumoniae
isolates from the Leiden University Medical Center

S Paltansing, M.E.M. Kraakman, A.T. Bernards

Leiden University Medical Center, Medical microbiology,

Leiden

Introduction: Klebsiella pneumoniae is an opportunistic path-

ogen that accounts for up to 10% of all nosocomial infections.

Its importance in clinical settings is increasing due to its ability

to produce extended spectrum ß-lactamase (ESBL). In this

study, we investigated if ESBL producing Klebsiella pneumo-

niae isolates from the Leiden University Medical Center were

phylogenetically related by using the MLST scheme developed

by Diancourt et al.

Methods: Thirty-six K. pneumoniae isolates were included,

comprising 21 non-ESBL producing clinical K. pneumoniae

isolates with no documented epidemiological links, and 15

ESBL-producing K. pneumoniae isolates. Four of these sixteen

ESBL-producing K. pneumoniae isolates were collected from

two nosocomial outbreaks in our hospital. The isolates were

collected from various clinical specimens over a 1-year period

from the Leiden University Medical Center. The production of

ESBL-activity was tested by the use of the double disc method

according to the guidelines of the Dutch Society for Medical
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Microbiology for screening and confirmation of extended

spectrum ß-lactamases in Enterobacteriaceae. The genome

reference strain MGH 78578 was included as a positive

control. Allele sequences and sequence types were verified at

the http://pubmlst.org/kpneumoniae website.

Results: By combining the seven gene loci, 27 distinct

sequence types (STs) were identified among the 36 isolates.

The 15 ESBL-producing isolates belonged to 12 different ST

types. A total of 16 new ST-types were found and included in

the MLST database for K. pneumoniae. The ST-types differed

among themselves by at least one gene, in which the tonB gene

showed the most variance. Two ESBL-producing isolates from

an outbreak with the same RAPD profile had the same ST-type

(ST315). Two ESBL-producing isolates from a second out-

break had one difference in the AFLP profile and belonged to

ST316 en ST317, respectively. These ST-types showed three

nucleotide variations in the tonB gene.

Conclusion: No clonal relationship was found among the

ESBL-producing K. pneumoniae isolates indicating that genes

coding for ESBL production are not restricted to specific ST-

types. Sixteen new ST-types were found in our collection of K.

pneumoniae isolates.

O036

Identification of bacteria and yeast by matrix-assisted
laser ionization/desorption time-of-flight mass
spectrometry (MALDI-TOF MS) in routine laboratory
setting

S.Q. van Veen1, E.C.J. Claas1, P.A. Dofferhoff1,

W.F. Rijnsburger1, A. Vredeveld1, B. Theelen2, E.J. Kuijper1

1LUMC, Medische microbiologie, Leiden, 2Centraal

Bureau Schimmelculturen, Utrecht

Introduction: Application of MALDI-TOF for microbial iden-

tification and comparison with standard biochemical and

molecular identification in a routine laboratory.

Methods: Ten clinical isolates were selected to test different

sample preparation methods: direct application, ethanol (75%)

fixation or extraction (ethanol, formic acid, acetonitrile).

Influences of various culture media (blood-, chocolate-,

colistin-neomycin, cystine-lactose-electrolyte-deficient and

Sabouraud’s agar) and incubation conditions (time, O2 or

CO2 concentrations and temperature) were also tested. Thirdly,

189 clinical isolates (28 different genera of bacteria and 67

different bacterial species; 2 different genera of yeast and 7

different species) cultured from routine patient samples in our

laboratory, were identified by both MALDI-TOF (duplicates)

and routine identification methods such as VITEK-2, API and

conventional biochemical tests. Discrepancies in bacterial

identification were further analyzed by molecular sequencing

of 16S genes.

Results: Gram-negatives (n = 5) were correctly identified

irrespective of sample preparation method used, Gram-posi-

tives (n = 4) required direct or extraction method and were

poorly identified by ethanol fixation, and yeast (n = 1)

required extraction. Culture medium as well as overnight, 4–

8, 48 or 72 h of incubation had no influence on accuracy of

identification. There was no influence of incubation with O2 or

CO2 nor of incubation temperature (4, 30 or 35�C). Identifi-

cations of 189 clinical isolates (n = 170 bacteria and n = 19

yeasts) showed that 161 bacteria (94.7%) and 19 yeasts (100%)

could be correctly determined to genus level; 134 bacteria

(78.8%) and 18 yeasts (94.7%) could be determined to species

level; 17 bacteria (10.0%) and one yeast (5.3%) could be

determined to genus only; 4 bacteria could not be identified by

MALDI-TOF. Nine (4.8%) bacteria had correct genus identi-

fication, but were misidentified by MALDI-TOF with a

genetically related species (e.g. Citrobacter koseri instead of

C. murliniae). Six (3.2%) had no uniform species identification

between duplicates (e.g. Klebsiella planticola instead of K.

oxytoca).

Streptococci were most difficult to identify at species level

with only 26 (63.4%) of 41 correct species identifications.

Staphylococci, on contrary, had 16 (75.5%) of 20 correct

species identifications. Enterobacteriaceae had 50 (92.6%)

correct genus and 47 (87.0%) correct species identification. For

non-fermentatives, Pseudomonas spp. (n = 5) had 100%

correct species identification, but Achromobacter and Acine-

tobacter had 2 out of 7 strains (28.6%) no uniform result by

MALDI-TOF. Other bacteria, including Listeria monocytoge-

nes, Neisseria species, Moraxella catarrhalis, Bacillus species

and Haemophilus species had 20 (95.3%) correct genus and 19

(90.5%) species identifications.

Conclusion: MALDI-TOF MS can be applied easily without

need for special sample preparations, specific culture medium

or incubation conditions. Microbial identification by MALDI-

TOF has high accuracy to genus level and acceptable accuracy

to species level for most bacteria and yeast. Identification of

Streptococci and non-fermentatives by MALDI-TOF needs

improvements. Incorrect identifications were rare and occurred

only at the level of closely related species, not at genus level.

O039

Resistance development in The Netherlands: 1996–2007

JAA Hoogkamp-Korstanje1, E.E. Stobberingh1,

A.J. de Neeling2

1University of Maastricht, Medical Microbiology,

Maastricht, 2RIVM, Bilthoven

Since 1996 several longitudinal projects on resistance sur-

veillance are developed and coordinated by SWAB. The

prevalence of antibiotic resistance among 14 bacterial indica-

tors in the community was determined in healthy volunteers,

patients visiting the GP and in inhabitants of nursing homes.

The resistance levels in hospitals was estimated by using

resistance data generated in routine clinical care of unselected

hospital departments, outpatient clinics and of specific hospi-

tal wards, being intensive care-, urology and pulmonology

wards. These covered 30% of the Dutch population. Further a

number of projects have been affiliated with SWAB: deter-

mination of resistance and trends among gonococci,

meningococci and mycobacteria. Data on 600.000 bacterial

strains and their resistance patters to indicator antibiotics are

available until now. Problem organisms appeared to be

Escherichia coli, Enterobacter spp, ESBL, MRSA, gonococci

and pneumococci.
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It turned out that resistance to amoxicilline, co-amoxiclav,

trimethoprim, quinolones and cephalosporins among E. coli

was increasing in all study groups, making these drugs not

useful anymore for empiric therapy in hospitals (all drugs

mentioned) and in general practice (amoxicilline, trimetho-

prim). Further the emergence of multiresistance and the

circulation of ESBL on intensive care units need attention.

Macrolide-, quinolone- and methicillin resistance among

Staphylococcus aureus was increasing in hospitals and in

nursing homes. The level of methicillin-resistance in hospitals

was 2.5% in 2007 compared with 0,3% in 1996. Multiresis-

tance among S. aureus was recorded in nursing homes.

The resistance to penicillin among Neisseria gonorrhoeae

was stable and high (15–18%), but that to doxycyclin and

quinolones was rapidly increasing to levels above 30%. This

makes these drugs not suitable anymore for empiric therapy.

In contrast, the resistance to the tuberculostatic drugs INH

and streptomycin was decreasing since 2003, whereas that to

rifampicin and ethambutol remained below 2%. Multiresis-

tance is exceptional among mycobacterial strains.

Surveillance gave us insight in the state of the art of

resistance in The Netherlands, we need more data on antibiotic

use and policy on national and local level and there is high

need for development of a prevention strategy and fundamental

research on resistance.

O041

Prevalence of antibiotic resistance in Intensive Care
Units in The Netherlands

G.J.A.P.M. Oudhuis

Maastricht University Medical Centre, Medical

Microbiology, Maastricht

In 1998 a nationwide surveillance of antibiotic resistance

among Gram-negative rods (Escherichia coli (n = 1,267),

Klebsiella pneumoniae (n = 402) and Pseudomonas aerugin-

osa (n = 741)) from patients of fourteen Intensive Care Units

in The Netherlands was started. Minimal inhibitory concen-

trations (MICs) of broad-spectrum penicillins with and without

beta-lactamase inhibitors, cephalosporins, aminoglycosides,

co-trimoxazol and fluoroquinolones were determined by a

broth microdilution method over a 10 year period. Moreover,

the prevalence of extended-spectrum b-lactamase (ESBL)

among E. coli and K. pneumoniae isolates with a MIC C 2

mg/L for ceftazidime and/or cefotaxime (n = 65 (5%) and

n = 35 (9%), respectively) from the above mentioned ICUs

was determined using the double disk diffusion test (DDDT),

and the combination disk diffusion test (CDDT), according to

the guidelines of the Dutch Society for Medical Microbiology.

In addition, the presence of TEM, SHV and/or CTX-M genes

was determined by PCR.

Changes of resistance to the antibiotics tested were

confirmed by trend analysis. Co-amoxiclav resistance among

E. coli isolates increased from 13 to 18% (p = 0.001);

ciprofloxacine resistance increased from 3 to 10% (p \
0.001). Among P. aeruginosa isolates, ciprofloxacine resistance

showed an increase from 5 to 12% (p = 0.02); piperacillin

resistance increased from 1.5 to 10% (p \ 0.001). The overall

ESBL prevalence among E. coli isolates (\1%) was signif-

icantly lower compared to that of K. pneumoniae isolates (6%,

p \ 0.001).

During the study period, an increase in resistance percent-

ages of E. coli and P. aeruginosa to most antibiotics tested was

observed, but percentages were still lower than those described

in other countries. Moreover, ESBL prevalence was low.

Antibiotic resistance surveillance is, together with infection

control measures, an important tool to control the antibiotic

resistance problem.

O042

High Prevalence of Extended Spectrum Beta-Lactamase
(ESBL) production in Enterobacter spp. bloodculture
isolates in The Netherlands

JWT Cohen Stuart1, N Al Naiemi2, A Fluit1, N Arents3,

BM Diederen4, S Thijsen5, B Vlaminckx6, J Mouton7,

M Leverstein-van Hall1

1UMCU, Micorbiology, Utrecht, 2VU University Medical

Center, Med. Microbiology and Infection Control,

Amsterdam, 3Stichting PAMM, Veldhoven, 4Regional

Laboratory of Public Health, Haarlem, 5Diakonessenhuis,

Utrecht, 6Anthonius Ziekenhuis, Nieuwegein, 7Canisius

Wilhelmina Ziekenhuis, Nijmegen

Objective: In 2008 a guideline of the Dutch Society for

Medical Microbiology for screening and confirmation of

ESBLs in ENTEROBACTERIACEAE was issued. An optional

recommendation in the guideline was to screen ENTERO-

BACTER spp. for ESBLs (i.e. MIC [ 1 mg/L for cefotaxime

and/or ceftazidime) and to perform a confirmation test with

cefepime ± clavulanic acid. Dutch microbiologists questioned

this recommendation because no data were available indicating

that ENTEROBACTER spp. might be an important source for

ESBLs.

The aim of this study was to determine the prevalence of

ESBLs in ENTEROBACTER spp. causing invasive infections

and to obtain their susceptibility patterns.

Methods: ENTEROBACTER CLOACAE and ENTEROBAC-

TER AEROGENES bloodculture isolates obtained in 2006 and

2007 in 12 hospitals throughout The Netherlands were

collected (one isolate per patient). Susceptibly testing for 22

antimicrobial agents using broth microdilution (18) or Etest (4)

was performed on all isolates as well as the ESBL confirmation

Etest with cefepime/cefepime ? clavulanic acid. EUCAST

breakpoints were used.

Results: 272 isolates were obtained (83.5% E. CLOACAE). Of

the total collection of 272 isolates 41.5% (113) was positive in

the screentest of which 30% was positive in the confirmation

test, reflecting an ESBL prevalence of 12.9% (35/272), ranging

from 0 to 33% per hospital. E. CLOACAE isolates were ESBL

positive in 14.5% and E. AEROGENES in 4.4%. The

confirmation test was indeterminate in 2.9% (8/272) of the

isolates. Molecular analysis of ESBL genes is pending.

Susceptibilty rates in ESBL positive versus ESBL negative

isolates were as follows: for meropenem 97 vs. 97%, respec-

tively; for imipenem 91 vs. 95% (NS); for ertapenem 43 vs.

86% (p \ 0.001); for cotrimoxazole 43 vs. 93% (p \ 0.001);

Antonie van Leeuwenhoek (2009) 95:17–133 31

123



for ciprofloxacin 20 vs. 91%(p \ 0.001); for tobramycin 20 vs.

95% (p \ 0.001); for amikacin 77 vs. 97% (p \ 0.001); for

tigecyclin 40 vs. 28% (NS) and for colistin 69 vs. 69% (NS).

Conclusions: The prevalence of ESBL in ENTEROBACTER

spp. bloodculture isolates was 12,9%, showing that ENTER-

OBACTER spp. are an important reservoir for ESBLs in the

nosocomial setting. For optimal infection control, detection of

ESBLs in ENTEROBACTER spp. should be common practice

in clinical microbiology laboratories. ESBL production in

ENTEROBACTER spp. is associated with increased resis-

tance to ertapenem, ciprofloxacin, tobramycin, amikacin and

cotrimoxazole.

O043

Acquisition and persistence of Methicillin-resistant
Staphylococcus aureus Clonal Complex 398 during
occupational exposure

B.A.G.L. van Cleef1, A. Haenen2, M.J.M. van den Broek3,

X.W. Huijsdens2, M.N. Mulders2, J.A.J.W. Kluytmans4

1RIVM Rijksinstituut voor Volksgezondheid en Milieu/VU

medisch centrum, CIb Centrum van

Infectieziektenbestrijding, Bilthoven, 2RIVM National

Institute for Public Health and the Environment, Bilthoven,
3VWA Food and Consumer Product Safety Authority,

Region East, Zutphen, 4VU University medical center,

Department of Medical Microbiology, Amsterdam

Introduction: Methicillin resistant Staphylococcus aureus

(MRSA) has emerged as a zoonosis with an extensive reservoir

in pigs. The MRSA strains in the animal reservoir are all of

Clonal Complex 398 (CC398) with multi-locus sequence typing.

The objective of this study was to determine the risk of acquiring

Methicillin-resistant Staphylococcus aureus Clonal Complex

398 (MRSA-CC398) after short-duration occupational exposure

to pigs, and to determine the persistence of MRSA-CC398

colonization after acquisition.

Methods: In a pilot study on the prevalence of MRSA-CC398

in pig farms(a) veterinary sample takers were tested before,

directly after and 24 h after visiting the farm. These sample

takers all had short contact with pigs and dust on the farms, and

were therefore at risk of acquiring MRSA if it was present on

the particular farm. Data on farm characteristics (i.e. kind of

farm, number of pigs, other animals present, and hygiene

measures), veterinary samples and nasal samples of sample

takers were collected. MRSA isolates were typed by staphy-

lococcal protein A (spa) typing.

Results: Complete data sets (samples taken before, directly

after and 24 h after a visit) were collected on 141 farm-visits

by 29 sample takers visiting 50 farms. On twenty-eight farms

MRSA was collected from pigs or stable-dust (56%). These

farms were visited 78 times by 23 different sample takers. One

sample taker (# 12) was positive for MRSA before visiting a

farm and he was removed from the following analysis.

Fifteen of the 78 (19%) visits to MRSA-positive farms

resulted in acquisition of MRSA and 11/23 (48%) sample

takers acquired MRSA at least once after visiting a positive

farm. Of these 11 positive sample takers 2 acquired MRSA

twice and 1 sample taker acquired MRSA three times after

separate visits. Of the 15 acquisitions of MRSA, 13 were

negative after 24 h. The spa-types of MRSA isolates found on

the farms and sample takers were grossly comparable. On the

32 negative farms, none of the 60 visits resulted in MRSA

acquisition.

Conclusion:

1. MRSA-CC398 was acquired by 48% of the sample takers

after occupational exposure in this study. However, in 11

of the 13 cases the strain was not recovered the next day,

therefore acquisition was of short duration, posing a

limited treat to human health.

2. Some persons seemed to be more vulnerable to acquire

MRSA during their work. The sample size of this study

was too small to draw final conclusions concerning this

inter-personal variation. This requires a more extensive

study.

a. I.V.F. van den Broek, B.A.G.L. van Cleef, A. Haenen,

E.M. Broens, P.J. van der Wolf, M.J.M. van den

Broek, X.W. Huijsdens, J.A.J.W. Kluytmans, A.W.

van de Giessen and E.W. Tiemersma. Methicillin-

resistant Staphylococcus aureus in people living and

working in pig farms. Epidemiol. Infect., published

online 24 October 2008 (doi:10.1017/S095026880800

1507).
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Carnitine-dependent transport of acetyl units in central
carbon metabolism in Candida albicans

B Distel1, K Strijbis1, CWT Van Roermund1, J Van den Burg1,

G Hardy1, DM MacCallum2, F Odds2, RJA Wanders1,

F Vaz1, BP Krom3

1AMC, Medical Biochemistry, Amsterdam, 2Institute of

Medical Sciences, Aberdeen Fungal Group, Aberdeen,

United Kingdom, 3University of Groningen, Biomedical

Engineering, Groningen

Carnitine (L-3-hydroxy-4-N,N,N-trimethylaminobutyrate) is an

essential metabolite that enables the transport of activated acyl-

and acetyl-groups between organelles. We have studied

carnitine-dependent transport of acetyl units in the human

fungal pathogen Candida albicans. During growth on fatty

acids acetyl CoA is produced in the peroxisomal b-oxidation

pathway, which needs to be transported to mitochondria for

further metabolism. We show that deletion of the CAT2 gene

encoding the major carnitine acetyl-transferase (Cat) in C.

albicans resulted in a strain that lost both peroxisomal and

mitochondrial-associated Cat activity, could not grow on fatty

acids or C2 carbon sources (acetate or ethanol), accumulated

intracellular acetyl-CoA and displayed strongly reduced fatty

acid b-oxidation activity, indicating that the fungus relies

exclusively on Cat activity for transport of acetyl units (1).

Biofilm formation by the cat2 mutant on glucose was slightly

reduced compared to wild type, although both strains grew at

the same rate on this carbon source. Interestingly, the cat2 null

mutant was not attenuated in virulence in a mouse model for

systemic candidiasis, supporting our previous results showing
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that peroxisomal fatty acid b-oxidation activity is not essential

for virulence of C. albicans (2).

The observed carnitine-dependence of C. albicans for growth

on non-fermentable carbon sources prompted us to investigate

the capacity of the organism to synthesize its own carnitine. We

have identified the genes encoding the four enzymes of carnitine

biosynthesis, including the previously unknown HTMLA

(3-hydroxy-6-N-trimethyllysine aldolase) that catalyzes the sec-

ond step in the pathway. C. albicans null mutants of orf19.4316

(TMLD, [6-N-trimethyllysine dioxygenase]), orf19.6306 (TMA-

BADH [4-trimethylaminobutyraldehyde dehydrogenase]) and

orf19.7131 (BBD [c-butyrobetaine dioxygenase]) lacked their

respective enzymatic activities and were not able to utilize fatty

acids, acetate or ethanol as sole carbon source, in accordance with

the previously observed carnitine-dependence of C. albicans

under these growth conditions. A strain lacking orf19.6305

(HTMLA) showed strongly reduced growth on fatty acids and

was unable to utilize either acetate or ethanol. We show for

each null mutant that growth on these non-fermentable carbon

sources can only be restored by addition of carnitine or a

carnitine biosynthesis intermediate(s) after the predicted enzy-

matic block in the pathway, providing independent evidence

for a specific defect in carnitine biosynthesis for each of the

mutants. Finally, we show that the availability of the substrate

of the carnitine biosynthesis pathway, 6-N-trimethyllysine

(TML) and thereby carnitine itself is rate limiting during

growth on non-fermentable carbon sources underscoring the

importance of the pathway for alternative carbon source

utilization by this pathogenic fungus.
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An in vitro model for mucosal infections of Candida
albicans reveals the dynamics of its cell wall proteome
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The cell wall of Candida albicans contains at any time many

different covalently linked mannoproteins with a wide variety

of functions. Here we compare the composition of this

subproteome in cells grown at pH4 and 7. First, we have

developed an in vitro system that mimics mucosal infections,

using low-agarose plates containing mucin as the sole nitrogen

source. Under these conditions, biomats are formed that extend

with a constant radial growth rate. At pH4, the cells largely

grow as yeast and pseudohyphal cells and invasive growth is

limited, whereas at pH7 invasive growth predominates.

Quantification of the cell wall proteomes is realized by

mixing the cell cultures grown under the different conditions

with a 15N metabolically labeled reference cell culture,

followed by LC-FTMS mass spectrometric 14N/15N peptide

ratios measurements in the tryptic lysate. The identification and

quantification of 24 cell wall proteins show that the cell wall

proteome of C. albicans is highly dynamic, and strongly

depends on the external pH and, presumably, also growth form.

This is expressed by the strong up-regulation at pH7 of the

GPI-modified cell wall proteins Als1, Als3, Hwp1, Hyr1, Ihd1/

Pga36, Phr1, Rbt5, and Sod5, and the non-GPI-modified cell

wall protein Sim1. Hwp1 is identified by immunological

means. The proteome quantification results are consistent with

immunological analysis and with transcript profiling data.
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Differential activation of human dendritic cells
by Cryptococcus neoformans acapsular mutants
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The human pathogen Cryptococcus neoformans causes men-

ingo-encephalitis. The polysaccharide capsule is one of the

main virulence factors and consists of two distinct polysaccha-

rides, glucuronoxylomannan (GXM) and galactoxyloman-

nan (GalXM). The presence of this polysaccharide capsule

was previously shown to interfere with maturation of human

dendritic cells (DCs), possibly by shielding cell wall compo-

nents from interacting with these host immune cells. Here we

show that two mutant strains of C. neoformans, both lacking a

visible capsule due to a defect in GXM synthesis, differentially

activate human monocyte-derived DCs. Cells from a CAP59

mutant, but not of a CAP10 mutant strain, induce maturation of

DCs as indicated by an increase in the expression of the

co-stimulatory molecules CD80 and CD86, and production of

the cytokines IL-10, IL-12p40 and TNFa. Concentrated culture

medium (CCM) isolated from the culture supernatant of wild

type cells and containing, amongst others, the polysaccharides

GXM and GalXM, or CCM from CAP10 and CAP59 mutant

cells, did not induce activation of DCs. Interestingly, incuba-

tion of the mutant cells with CCM of wild-type C. neoformans
resulted in re-association of capsular material on the surface of

the mutant cells. CAP59 cells re-associated with CCM of wild-

type C. neoformans had lost their capacity to induce DC

maturation, whereas re-association with CCM from CAP10

cells did not alter the properties of the CAP59 cells.

Summarizing, our data demonstrate that the cryptococcal

CAP10 and CAP59 mutants are differentially disturbed in

GXM synthesis, and strongly suggest that GXM confers

properties to the capsule that protect the fungus against

activation of dendritic cells.
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Cryptococcus neoformans intracellular replication
and exocytosis?

A. Casadevall

Albert Einstein College of Medicine, Bronx, NY, USA

C. neoformans is a facultative intracellular pathogen and its

capacity to survive and reproduce inside macrophages is

increasingly acknowledged to be important for pathogenesis.

This fungus has a remarkable intracellular pathogenic strategy

that includes the release of capsule filled vesicles into the host

cell cytoplasm, compromise of the phagosomal membranes,

and non-lytic exocytosis with the survival of the host cell. The

ability of this fungus to replicate inside macrophages and exit

without killing the host cell is a fascinating phenomenon that

has no known parallel with other intracellular pathogens. The

cryptococcal capsule contributes to intracellular survival by

creating large volume phagosomes where microbicidal com-

pounds are presumably diluted and by serving as a free radical

sink that can absorb oxidative fluxes. This presentation will

review the state of knowledge on the cryptococcal intracellular

pathogenic strategy and present new information on fungal

subversion of host cell autophagy mechanisms. In addition we

will discuss unpublished work with amoebae showing that the

phenomenon of non-lytic exocytosis is also observed with

protozoan hosts, a fact suggesting that this mechanism evolved

for escape from environmental predators.
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Molecular quantification of viral loads in respiratory
disease

FEJ Coenjaerts, A.C. Van de Pol, M. Houben, M. Viveen,
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Background: Quantitative determination of viral load using

nucleic acid amplification techniques represents a very accu-

rate prognostic marker for the management and diagnosis of

blood-borne viral infections. Overall, the different methods

for HIV-1, hepatitis B virus (HBV), or Epstein-Barr virus

(EBV) RNA/DNA determination (e.g. RT-PCR, nucleic acid

sequence-based amplification, branched DNA) show a good

reproducibility and have shown critical to understanding

pathogenesis and predicting the utility of antivirals. Elucidating

the relationship between viral load and respiratory virus

disease severity is much less obvious. Literature is conflicting

when it comes to medical utility issues and critical compar-

isons are impeded by methodological differences. A better

understanding about the relation between load and symptoms

will help to gain insight in the pathogenicity of respiratory viral

infections, and this will aid clinicians to interpret viral test

results and to subsequently institute appropriate patient man-

agement using less antibiotics and fewer ancillary tests. In

addition, reliable quantitative molecular detection will help to

elucidate the importance of newly detected viruses, like human

bocavirus and the novel polyomaviruses WU and KI.

Here, we will present a limited review of relevant literature

and present recent own work issueing sense and nonsense of

quantifying viral loads in respiratory viral disease. Specifically,

we will present the first results from a 2 year prospective

cohort study (2007/2008 and 2008/2009) in which we included

children\13 months old with RSV-LRTI requiring ventilation

at the pediatric intensive care unit (PICU).

Hypothesis: RSV viral loads detected by quantitative real-time

PCR in the course of LRTI in PICU children are associated

with respiratory disease severity.

Research plan: Respiratory samples (nasopharyngeal and

tracheal aspirates) will be taken every 3 days during the

course of infection and RS viral loads will be determined by

quantitative real-time PCR and by viral culture. Viral loads in

the course of infection will be related to the severity of

respiratory symptoms. In addition, viral replication capacities

will be determined. Throughout hospitalisation, disease param-

eters will be recorded.

Highlights:

1) Aspiration techniques induce large differences in viral

loads, standardisation and normalisation is imperative but

extremely difficult.

2) Preliminary data on the comparison of RS viral loads

detected by real-time PCR or by viral culture in the course

of infection do not show correlations with the severity of

respiratory symptoms.

O050

Kwaliteit van afkapwaarden bij antibioticum
resistentiebepalingen

W.H.F. Goessens

Erasmus University Medical Center Rotterdam, Medical

Microbiology and Infectious Diseases, Rotterdam

The susceptibility of a micro-organism for antibiotics is

determined by means of the MIC. The MIC determination is a

phenotypic method in which a fixed inoculum of the organism is

exposed to a concentration range of the antibiotic during 18–

24 h. The concentration at which the growth of the organism is

inhibited is defined as the Minimal Inhibitory Concentration

(MIC). Subsequently, by making use of breakpoints the

obtained MIC is interpreted as Susceptible (S) to this or

Resistant (R) to that antibiotic. The S-breakpoint reflects that

level of antimicrobial activity with a high likelihood of

therapeutic success and the R-breakpoint reflects the level of

antimicrobial activity with a high likelihood of therapeutic

failure. In this setting breakpoints are regarded as the

‘‘golden’’standard. However, during the past years there has

been a shift from determining MICs to determination of

mechanisms of resistance. This strategy has originated from the

findings that sometimes and especially in organisms with

intrinsic resistance mechanisms the responsible genes are

expressed at low levels. This results in MICs close to the

susceptible breakpoint, although the antibiotic is not considered

clinically active. Other situations exist in which the antibiotic

appears fully active in vitro but has no in vivo activity. In these

specific cases MIC determinations with their corresponding
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breakpoints are not considered accurate enough to predict the

correct S or R result. This resulted in a number of exceptions

which are incorporated as rules in breakpoint documents or are

summarized in for instance the EUCAST documents as ‘‘Expert

Rules’’. Expert rules for antimicrobial susceptibility testing are

made in order to assist microbiologists in the interpretation of

antimicrobial susceptibility results. Rules also contribute to

quality assurance by highlighting anomalous or unlikely results.

As for instance in the document ‘‘exceptional phenotypes’’there

is a rule stating the ‘‘absence of penicillin resistant b-hemolytic

streptococci’’. In case, your lab determines a penicillin resistant

b-hemolytic Streptococcus this may indicate an error in

identification or susceptibility testing. In conclusion, MIC

determinations with their corresponding breakpoints are no

longer considered as the only standard to determine the

susceptibility of micro-organisms. More accurate results are

obtained by implementing expert rules to help to interpret the

initial MIC result into a correct clinical category interpretation.

O051

Monitoring of blood born viruses, in particular hepatitis
B and hepatitis C virus

H.G.M. Niesters

UMC Groningen, Section Clinical Virology, Groningen

The detection of blood born viruses has been improved by the

availability of international accepted standards, which have

already been introduced a decade ago. This step forward was a

starting point, but discussions on genotype independent detec-

tion within the laboratory also had to be addressed more broadly

with the introduction of several ‘‘next generation’’commercially

developed assays, which together with front-end nucleic acid

isolation systems, had to be developed according to the IVD

directive, at least within the European Union. Despite discus-

sions on standardization and genotype (in)dependent detection,

this has been an improvement and therefore more focus could

be made on patient care.

In this presentation, new developments of standardised

materials for in general blood born viruses, will be discussed.

Furthermore, the availability of several independent quality

assurance systems enables laboratory to use state-of-the art

technology for the best patient care. The lessons from the past

can be used to implement the future technologies.

O052

Kwaliteit en betekenis van kwantitatieve HPV
bepalingen

W.J.G. Melchers

Radboud Universiteit Nijmegen Medisch Centrum, Medical

Microbiology, Nijmegen

Aangezien is aangetoond dat het Humaan Papillomavirus

(HPV) een cruciale rol speelt in de ontwikkeling van baarmoe-

derhalskanker, zijn meerdere studies verschenen betreffende de

effectiviteit van zgn negatieve triage van deze groep vrouwen

mbv hrHPV detectietesten. Bij vrouwen met een geringe

afwijking in de bevolkingsonderzoek uitstrijk wordt in het

reguliere vervolgtraject na six maanden een herhalingsuitstrijk

gemaakt. Op deze herhalingsuitstrijk is het vanaf 2007 in

Nederland toegestaan een hrHPV test te verrichten. De

gerapporteerde hoge negatief voorspellende waarde van een

dergelijke hrHPV test bij vrouwen met geringe cervixafwijk-

ingen ([99.5%) maakt dat bij een negatief resultaat van zowel

de cytologische beoordeling als de hrHPV test deze vrouwen

zonder verder onderzoek veilig terugverwezen kunnen worden

naar het reguliere bevolkingsonderzoek. In steeds meer landen

worden hrHPV testen inmiddels voor dit doel gebruikt.

Er is meer en meer literatuur beschikbaar die aangeeft dat de

effectiviteit en doelmatigheid van het bevolkingsonderzoek

sterk kan verbeteren door de invoering van hrHPV testen. Echter,

gezien de hoge prevalentie van hrHPV in de normale populatie,

is het van belang dat een hrHPV test alleen klinisch relevante

infecties aantonen, dwz infecties die leiden tot een afwijking aan

de baarmoederhals en dus zo min mogelijk vrouwen positief

vindt die weliswaar hrHPV geı̈nfecteerd zijn maar geen risico

hebben op afwijkingen (transiente infecties). Maw een hele

gevoelige hrHPV test zal teveel klinisch irrelevante HPV

infecties detecteren en daardoor niet geschikt zijn voor screening

(het verschil tussen analytische en klinische gevoeligheid). Dit

geeft feitelijke een kwantitatieve HPV bepaling aan. En inder-

daad, de virale load neemt evenredig toe met de ernst van de

afwijking wat suggereert dat een kwantitatieve HPV bepaling de

kwaliteit van een screening op klinisch relevante HPV infecties

zou verbeteren. Echter, het grote overlap tussen de virale load in

vrouwen met en zonder afwijkingen is zo groot dat de bepaling

van de virale load waarschijnlijk niet gebruikt kan worden om de

klinische specificiteit van een hrHPV test te verbeteren.

O054

Legionellose: het diagnostiek pallet

B.M.W. Diederen

Streeklaboratorium voor de Volksgezondheid

Kennemerland, Haarlem

When systematically sought, Legionella species are consis-

tently recognized as one of the more common causes of

pneumonia. The failure to diagnose LD in routine clinical

practice largely depends on three factors: the inability to

clinically and radiographically distinguish LD from other

causes of pneumonia, the omission to order specific diagnostic

tests for Legionella infection, and the shortcomings of available

diagnostic tests. During an epidemic or in a setting with an

unusual high prevalence, a specificity of 100% is not an

essential prerequisite for a diagnostic test. However, when the

prevalence of infection is low, even a modest loss of specificity

will result in many false-positive findings. The sensitivity of

diagnostic tests for LD is usually in the 60–70% range, and does

not exceed 90% for any test used. Therefore it appears that none

of the individual diagnostic tests fulfils the needs of both

clinicians and microbiologists, and the examination of different

specimen types with several tests in parallel is recommended.
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The amount of microbiological work-up should be deter-

mined by the severity of the pneumonia. The incidence of LD

is higher among patients with severe pneumonia, and all

patients with pneumonia who are admitted to an intensive care

unit should therefore be tested for this infection. Culture

diagnosis remains the gold standard for diagnosis of LD and is

the most specific diagnostic procedure, but its relatively low

sensitivity and the reliance on the availability of a lower

respiratory tract sample make it inadequate as a sole diagnostic

test. In regions where L. pneumophila serogroup 1 are

numerically the most important Legionella species causing

disease, urinary antigen detection is recommended for patients

with severe CAP and in patients where this infection is

clinically or epidemiologically suspected. In case of a negative

antigen test, Legionella-specific PCR should be considered in

severe pneumonia of unknown etiology. In regions where

legionellae other than L. pneumophila serogroup one are

important pathogens, current urinary antigen tests are still

useful but should never be used as the sole diagnostic tool. The

availability of a good diagnostic repertoire, suitable for

accurately diagnosing LD, constitutes the basis for the early

recognition and treatment of the individual patient as well as

for effective measures for prevention and control.

O055

Legionnaires disease: Epidemiology and Public Health
Efforts

J.W. den Boer

Streeklaboratorium Haarlem, Epidemiologie, Haarlem

In The Netherlands, the incidence of Legionnaires’ disease

(LD) started to rise after a large outbreak that occurred in 1999.

Despite enormous (financial) preventive efforts, the incidence

has continued to rise to a tenfold higher level. The main reason

being that our knowledge of LD transmission is limited.

However, some progress has been made in the last 10 years.

The mortality of LD has decreased after the introduction of the

urinary antigen test. An early warning and outbreak detection

programme (BEL) proved successfull and cost-effective. A

web-based Geographic Information System (LP-GIS) for

Municipal Health Services aimed at LD-cluster analysis has

been implemented. Currently, new public health tools are being

developed to quantify the potential risk of Legionella infection.

One of them helps to estimate the a priori chance of a potential

source being a true source of LD-infection. The other is a lab-

on-a-chip, able to discriminate virulent from non-virulent

environmental Legionella strains.

O056

Genotyping differences in patient versus environmental
strains of Legionella pneumophila

E.P.F. IJzerman

St. Streeklaboratorium Kennemerland, Haarlem

Legionnaires’ disease (LD) is responsible for about 4% of all

community acquired pneumonia cases in The Netherlands.

Despite this relative low incidence much attention is given to

LD because it is considered a preventable disease with a

mortality still between 5 and 15%.

Legionella bacteria are part of the microbial flora of all

kinds of aquatic ecosystems. Therefore, LD is occurring

worldwide and in most countries it is a notifiable disease.

Although several Legionella species have been associated with

human disease, the vast majority of the infections are caused

by L. pneumophila serogroup 1.

In 2002 the Regional laboratory of Public Health Haarlem,

together with the Municipal Health Department Haarlem,

started a nationwide Legionella project that aimed at inves-

tigation of potential sources of infection (BEL). For each

culture-proven LD patient it was tried to discover the source

of the infection. Strains cultured from environmental sources

were genotypically compared with patient strains. Despite the

fact that only in a minority of cases a match was found, a lot

of valuable epidemiological data were gathered. If we focus

on the data of the strains we found that from environmental

isolates only 45% belonged to Legionella pneumophila
serogroup 1, in contrast to almost 90% of patient strains.

All serogroup 1 strains were genotyped with AFLP (Ampli-

fied Fragment Length Polymorphism) according to EWGLI

(European Working Group for Legionella Infections). When

AFLP patterns of patient and environmental strains were

compared, we found that 26% of all patient strains belonged

to EWGLI-type 004 Lyon. Surprisingly, from 2002 till now

we were only once able to find this EWGLI type in the

environment. Despite intensive efforts to discover the natural

habitat of 004 Lyon, we have not succeeded to dissolve this

mystery. It also shows the weakness in the regulations

regarding the prevention of LD.

O057

Multiplication of Legionella in tap water installations

D. van der Kooij, H.R. Veenendaal, B.A. Wullings

KWR Watercycle Research Institute, Nieuwegein

Since 2006, more than 300 cases of Legionnaires’ disease (LD),

a serious life-threatening pneumonia, are annually reported in

The Netherlands. This number continues to increase despite

measures taken to control the multiplication of Legionella in

water systems which can serve as source of exposure, e.g. warm

tap water installations, whirlpools and cooling towers [1]. In

The Netherlands nearly all cases of LD are caused by

L. pneumophila. Monitoring for Legionella in warm water

systems is prescribed in national legislation. For this purpose,

the semi-selective BCYE agar medium is used. In recent years,

10–15% of the warm water installations are Legionella-

positive, but in the large majority of cases, L. anisa is detected

and not L. pneumophila [2]. L. anisa has also been observed in

warm water installations in 4% of family houses. World wide,

only a fraction (\0.5%) of cases of LD is caused by L. anisa and

reports show that this organism is much less virulent that

L. pneumophila [2]. Consequently, monitoring of water instal-

lations for Legionella, and subsequent application of control

measures when needed, should focus on L. pneumophila. For

this purpose, a selective medium for culturing L. pneumophila
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has been developed [3]. Furthermore, a quantitative PCR

method (Q-PCR) has been developed and validated for the rapid

detection of L. pneumophila in water [4].

Molecular techniques for the detection of all Legionella spp.

revealed that a large diversity of these organisms, including yet-

uncultivated and not defined spp. and Legionella-like amoebal

pathogens (LLAP), can multiply in treated surface water and in

groundwater at temperatures below 15�C [5]. L. pneumophila
and L. anisa were only incidentally observed, suggesting that

water temperature affects the nature of Legionella spp. present

in the aquatic environment Multiplication of Legionella occurs

in host protozoa grazing on biofilms and sediments. Growth of

L. pneumophila was observed in a biofilm developed on

plasticized (‘soft’) PVC incubated in tap water at 37�C, but not

when the protozoa had been removed from the test system [6].

Hartmannella vermiformis was found to be a predominant host

for L. pneumophila. This organism is frequently detected in

surface water, in treated water and in warm water systems using

a Q-PCR method [7,8]. The concentration of host protozoa in

water installations depends on biofilm formation, which in turn

is determined by the presence of growth-promoting compounds

in the water and the release of such compounds from materials

in contact with water. Test methods for quantification of the

biofilm formation potential of treated water and materials in

contact with treated water revealed that types of water and

materials can differ greatly in biofilm formation capacity [9].

Hence, microbial growth, including Legionella, in water

installations can be limited by improvement of water quality

and proper selection of materials.
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Evaluation of the Thermo Fisher Scientific (Oxoid)
XpectTM Legionella test for detection of Legionella
pneumophila antigen in urine samples
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BMW Diederen1

1The Regional Laboratory of Public Health, Haarlem,

Haarlem, 2Thermo Fisher Scientific, Basingstoke,
3St. Elisabeth Hospital, Laboratory for Medical

Microbiology, Tilburg

Introduction: We evaluated a new immunochromatographic

assay (the Oxoid Xpect’ Legionella urinary antigen test) for its

ability to detect Legionella pneumophila serogroup 1 antigen in

urine. Test devices were read at various time points to

determine the optimum incubation time regarding perfor-

mance. The results were compared with those obtained by the

Binax NOW urinary antigen test.

Materials and Methods: The Xpect’ Legionella urinary antigen

test (Thermo Fisher Scientific) was evaluated against the

BinaxNOW� Legionella urinary antigen test (Inverness Med-

ical Professional Diagnostics, Scarborough, ME) using frozen

urine samples. Urine samples were collected by the laboratory

for Medical Microbiology and Immunology, located at the St.

Elisabeth Hospital, Tilburg and the Regional Laboratory of

Public Health, Haarlem, The Netherlands between 1999 and

2005, and stored at -70�C until processing was performed.

Eighty-six Legionella-positive urine samples, previously con-

firmed by seroconversion in an IgM and/or IgG assay

(SERION classic ELISA, Wurzburg, Germany), and/or posi-

tive culture or Legionella specific PCR on a lower respiratory

tract sample (LRTS) were included in the study. Another 87

urine samples from patients with respiratory infections other

than Legionella (mainly community-acquired pneumonia from

Streptococcus pneumoniae) were also incorporated. All

Legionella positive and negative urine samples were read at

15 and 60 min. A subset of the Legionella positive samples

(n = 54) were also read at 30 and 45 min.

Results: Sensitivity was 83% after 15 min incubation, 87%

after 30 min and 89% after 45 and 60 min incubation of the

Xpect’ test. Specificity was 100% after 15 and 45 min

incubation but 98% after 60 min incubation due to two false

positive results from the Xpect’ test. Sensitivity of the NOW�

test was 85% after 15 min incubation and 94% after 30, 45 and

60 min incubation. Specificity was 100% after both 15 and

60 min incubation. In comparison with the BinaxNOW test a

calculated agreement of 96 and 97% (after 15 and 60 min of

incubation, respectively) for the Oxoid Xpect compared to

BinaxNow was found.

Conclusion: The study provided data showing that the Oxoid
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Xpect’ Test has a high degree of sensitivity and specificity,

with a sensitivity that increased with incubation time. By

evaluating the four different read-time points we showed that

reading the Xpect’ test after 45 min incubation returned results

that gave optimal performance and this has now been adopted

in the manufacturers Instructions for Use. Binax recommends

the NOW� test be read at 15 min incubation; when comparing

the two tests according to manufacturers’ Instructions for Use,

the relative sensitivity of the Xpect’ test was 89% (95% CI 77–

95%) compared to 85% for Binax NOW� (95% CI 73–93%).

O060

Getting Better with Bifidobacteria: the Genomics
Approach

D. van Sinderen

University College Cork, Department of Microbiology &

Alimentary Pharmabiotic Centre, Cork, Ireland

Bifidobacteria are among the first colonizers of the gastro

intestinal tract (GIT) of a new born, where they can reach high

densities and may constitute up 90% of the microbiota during

the time that the infant is exclusively nurtured on (mother’s)

milk. Following the nutritional shift to solid foods the

contribution of bifidobacteria to the overall gut microbiota

drops to around 5% in adults, still representing one of the

dominant commensal bacteria. Due to their abundance, partic-

ularly at a time that coincides with immune development,

bifidobacteria have been associated with many health-promot-

ing or probiotic properties, ranging from immune modulation

to reduction in cancer incidence. However, despite such

claimed beneficial activities, little is known about bifidobac-

terial genetics and physiology, due to the fact that these

bacteria, being strict anaerobic and belonging to the high GC

Gram positive bacteria, are rather cumbersome to grow and

genetically recalcitrant. This presentation will outline recent

developments in bifidobacterial research through a genomics

approach and its implications and expectations with respect to

uncovering the bifidobacterial life style in the GIT, while

discovering the mechanisms of probiotic activity.

O061

Unraveling the secrets of hospital-acquired
Enterococcus faecium through genomics

W. van Schaik1, J. Top1, D. Riley2, A.P.A. Hendrickx1,

M.J.M. Bonten1, H. Tettelin2, R.J. Willems1

1UMC Utrecht, Dept. of Medical Microbiology, Utrecht,
2University of Maryland, Baltimore, USA

Introduction: Enterococci are ubiquitously present as harmless

commensal bacteria in the mammalian gastro-intestinal tract.

However, in the last two decades Enterococcus faecium has

emerged as an important cause of nosocomial infections. This

transition from a commensal bacterium to an opportunistic

pathogen has been linked to the recent acquisition of genes that

contribute to virulence and antibiotic resistance. Here we present

the genome sequences of seven E. faecium strains, which reveal

the considerable genomic diversity of this organism. Functional

studies were performed to identify mechanisms that contribute to

the genomic diversity of E. faecium.

Methods: To reveal the genetic diversity in E. faecium strains

from different environmental niches, we sequenced the

genomes of seven E. faecium strains (four strains isolated

from human infections and three human commensal strains)

using pyrosequencing technology with approximately 20-fold

coverage. Biocomputational methods were used to estimate

genomic diversity in the species E. faecium. Transfer of a

genomic island was assayed by filter-mating experiments.

Activation of prophages was induced by exposure to mitomy-

cin and visualized by transmission electron microscopy.

Results: The total amount of sequence data assembled into

contigs ranged between 2.50 and 2.92 Mb for the six strains,

suggesting complete coverage of each genome. The main

impediment to complete assembly of the genomes is the

presence of multiple IS elements. Annotation of the draft

genome sequences resulted in the prediction of 2598–3050

coding sequences (CDS). Analysis of the E. faecium pan-

genome revealed that this species has a very diverse, or ‘open’,

pan-genome. The size of the core genome of E. faecium was

estimated to be 2,172 CDS, which means that approximately

20–30% of the E. faecium genome is variably present.

Functional analysis of the genome sequences revealed that

antibiotic resistance genes have been acquired by E. faecium
strains which originate from hospitals, while human commen-

sal strains have none. Various genomic islands were identified

in the E. faecium genomes and these may confer specific traits

(such as resistance to heavy metals, bacteriocin production or

metabolism of carbohydrates) that may contribute to the

ecological success of E. faecium in specific environmental

niches. In three strains we identified a large (58–100 kb)

pathogenicity island that carries the esp virulence gene. This

island was found to be transferable in toto to an esp-E. faecium
strain. A major source of biological variation in E. faecium is

due to the presence of a wide variety of prophages or prophage-

like elements. In six strains prophages could be activated by

exposure to mitomycin, resulting in the release of phage

particles into the culture supernatant.

Conclusions: This study reveals the remarkable diversity and

genomic plasticity of E. faecium and illustrates the variety of

mechanisms by which this organism can adapt to changing

environments. The E. faecium genome sequences presented

here will form the basis for further functional genomics studies

aimed at understanding the success of E. faecium in colonizing

and infecting hospitalized patients.

O062

Virulence factors of Clostridium difficile

J. Corver, D, Bakker, E.J. Kuijper

Leiden University Medical Center, Medical Microbiology,

Leiden

Clostridium difficile is the main cause of nosocomial diarrhoea.

Since the appearance of the hypervirulent PCR ribotype 027,
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the number of CDI (C. difficile infection) patients has increased

dramatically. Not only the number of patients has risen, also the

severity of the symptoms and complications of the disease has

increased. In recent years, numerous countries have reported

outbreaks caused by the 027 ribotype, with a steep increase in

the morbidity and the mortality. Recently, another hyperviru-

lent ribotype, 078, has emerged in The Netherlands, Northern

Ireland and the United States. This type is typically not acquired

in the hospital, but rather in the community.

Onset of disease is often associated with the use of

antibiotics, which suggests that an imbalance in the microflora

of the gut is favorable for C. difficile prolifation.

It is estimated that 1–5% of humans are colonized by (non)

toxinogenic strains of C. difficile without experiencing any

discomfort.

Well known virulence factors for C. difficile are the

presence of the two large clostridial toxins, TcdA and TcdB

and the binary toxin. In addition, toxin expression is positively

regulated by the sigma factor TcdR, which is essential for

recognition of tcdA and tcdB promoters by the RNA polymer-

ase. TcdC has been described to act as an anti-sigma factor,

which means that it prevents toxin promoter recognition by the

RNA polymerase/TcdR complex, and thus is responsible for

inhibition of transcription of the toxin genes. Therefore, it is not

surprising that high virulence is associated with deleterious

mutations in the gene coding for the negative regulator of toxin

expression, TcdC. The epidemic ribotypes 027 and 078 possess

all these virulence factors and have been shown to be a

hyperexpressor of TcdA and TcdB.

A recently discovered possible virulence factor, so far only

detected in the epidemic 027 ribotype, is the presence of an agr

operon. Agr (accessory gene regulator) is a quorum sensing

system that controls the expression of virulence and other

accessory genes. The agr locus has been studied extensively in

Staphylococcus species and has been shown to be responsible

for the phenotypic switch from adhesive and colonizing to

invasive and damaging. The agr locus present in C. difficile

might be involved in the pathogenesis of C. difficile as well.

Research is ongoing to establish the role of the agr operon in

C. difficile virulence.

O063

The composition of the dominant faecal microbiota
in COPD patients receiving multispecies probiotics
during and after antibiotic intake

CJM Koning1, DMAE Jonkers1, H Smidt2, HJ Pennings3,

EE Stobberingh1, RW Stockbrugger1

1University Hospital Maastricht, Med. Microbiology &

Gastroenterology-Hepatology, Maastricht, 2Wageningen

University, Laboratory of Microbiology, Wageningen,
3Centre for Integrated Rehabilitation of Organ failure

(CIRO), Department of Respiratory Medicine, Horn

Introduction: Healthy individuals have a unique intestinal

microbiota (i.e. genetic fingerprint) that is relatively stable in

time. Short-term antibiotic treatment profoundly affects this

intestinal microbiota, which may lead to sustained changes in

microbiota composition. Probiotics can affect the composition

of the intestinal microbiota beneficially and prevent antibiotic-

associated diarrhea. Moreover, we previously showed in

healthy volunteers that the intake of a multispecies probiotic

during and after short-term amoxycillin intake affects the fecal

microbiota resulting in a faster restoration towards the pre-

antibiotic state. However, knowledge on the effect of frequent

antibiotic use, as seen in chronically ill patients, and the

potential of probiotics to reverse such an imbalance, is lacking.

Methods: In this randomized placebo-controlled double-blind

study the disturbance of the dominant faecal microbiota by

antibiotics and the possible restoration by a multispecies

probiotic was studied in patients with chronic obstructive

pulmonary disease (COPD) treated with antibiotics for a

respiratory tract infection. Five gram of a multispecies

probiotic (5 (Ecologic AAD; 6 lactobacilli, 2 bifidobacteria,

1 enterococcus cfu/g) (10E9 cfu/gr) or placebo was given twice

daily for two weeks starting simultaneously with antibiotic

intake. From each patient fresh faecal samples were collected

at day 0, 7, 14 and 63. Changes in the composition of the

dominant faecal microbiota were determined by denaturating

gradient gel electrophoresis (DGGE) of PCR-amplified V6-V8

regions of 16S rRNA genes and expressed as ‘‘similarity

indices’’ (SI) between two samples and number of bands (i.e.

band richness) within each sample.

Results: Thirty patients completed the study [17 in the

probiotic, mean age 60 years (±13.3), and 13 in the placebo

group, mean age 63 years (±7.4)]. Patients had a history of

frequent antibiotic use (3.1 ± 2.4 treatments in previous year).

During and after antibiotic treatment SIs were high ([84%)

and remained stable over time (Table 1). No effect of probiotic

intake was observed. Compared to healthy volunteers (19.4

bands) COPD patients (15.4 bands) displayed relatively low

band richness at the start of the study. Band richness also

remained stable over time, ranging from 14.4 to 15.4 bands.

Conclusion: The dominant fecal microbiota was not affected

by antibiotic intake in this COPD population. This suggests an

existing imbalance of the microbiota possible due to previous

frequent antibiotic use, which is also thought to have contrib-

uted to the lack of effect by probiotic intake.

O064

Differential PilA Pili Expression Among
a Hospital-acquired and a Non-hospital Acquired
Enterococcus faecium Isolate

A.P.A. Hendrickx, M. Van Luit-Asbroek,

C.M.E. Schapendonk, M.J.M. Bonten, R.J.L. Willems

University Medical Center Utrecht, Department of Medical

Microbiology, Utrecht

Table 1 DGGE Similarity indices of the dominant faecal

microbiota in % (median (range))

Time

interval

0–7 0–14 0–63 7–14 14–63

Probiotic 90 (69–98) 87 (46–96) 88 (65–95) 90 (56–98) 90 (63–98)

Placebo 94 (44–98) 93 (45–98) 84 (39–97) 91 (69–98) 86 (55–98)
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Background: Pili are proteinaceous filaments with adhesive tips

that are polymerized by a pilus-dedicated sortase and are

covalently immobilized in the cell wall peptidoglycan by a

housekeeping sortase. A trimeric pilus is composed of a major

subunit forming the shaft, a minor subunit and a tip. PilA-type

pili have recently been identified at the surface of the

nosocomial pathogen Enterococcus faecium, which is respon-

sible for hospital aqcuired (HA) infections across the globe. In

the PilA pilus locus, the pilA gene is located between a pilus-

dedicated sortase (srt1903) and an housekeeping sortase

(srt1905) and encodes the PilA major pilin subunit. Upstream

of srt1903, a small (pilE) and a large (pilF) surface protein

gene are located. The objective of this study was to analyze

PilA pili expression among a HA-E. faecium isolate (E1165)

and a non-HA E. faecium isolate (E1039) and how the PilE and

PilF proteins are assembled into PilA pili.

Methods: The pilA gene of E. faecium E1165 was distrupted

by use of the temperature-sensitive pTEX vectorsystem.

Transmission electron microscopy (TEM) using specific anti-

sera was performed to detect PilA,E, F protein expression at

the surface of E. faecium E1165 and E1039, respectively. To

confirm TEM analyses, western blotting was performed on

surface protein extracts of E. faecium E1165 and E1039 to

detect PilA,E, F pilin protein expression.

Results: TEM demonstrated that PilA pili were expressed at the

poles of HA-E. faecium E1165 when cells were grown at 37�C

and not at 21�C and that PilF was equally distributed along the

pilus shaft or only positioned at the PilA pilus tip. PilE was not

associated with PilA pili, nor with the E. faecium E1165 cell

wall. In an E. faecium E1165 pilA mutant, PilA pilus assembly

was abrogated, whereas the PilF protein was associated at the

cell wall. In contrast, non-HA-E. faecium E1039 did not

expressed PilA pili, but the PilA, PilE and PilF surface proteins

at the surface at 37�C which were all up-regulated at 21�C.

Western blotting on surface protein extracts of E. faecium

E1039 using anti-PilE and -PilF sera revealed that PilE is co-

localized with the PilF surface protein.

Conclusions: (1) HA-E. faecium E1165 expressed PilA pili,

while non-HA-E. faecium E1039 did not. (2) PilF is a

bifunctional protein as it is either only associated with the

PilA pilus tip or distributed along the shaft and possibly forms

the start of PilA pilus polymerization. (3) The non-HA-E.

faecium E1039 isolate only expressed the PilA, PilE, and PilF

surface proteins at the surface at 37�C and at higher levels at

21�C. (4) In E. faecium E1039 the small PilE protein is

covalently associated with PilF to form an heterodimer.

Possibly, PilE may form a linker protein to display the PilF

protein at the surface. Why HA-E. faecium and non-HA-E.

faecium have devised a differential PilA,E, F expression

mechanism remains to be elucidated.
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Application of feces transplantation for treatment
of relapsing Clostridium difficile infection

J.J. Keller1, E. Van Nood1, P Speelman1, E.J. Kuijper2

1AMC, Gastroenterology, Amsterdam, 2LUMC,

Microbiology, Leiden

The pathogenesis of CDI involves disturbance of the homeo-

stasis of normal bacterial colonization of the large bowel

enabling the outgrowth of a pathogenic C.difficile strain.

Recurrent CDI may be explained by failure of antibiotics to

eradicate C.difficile spores, which will germinate and grow out

in a bowel that lacks normal colonic flora as host-defence

mechanism. Treatment of relapse consists of a second course of

antibiotics (vancomycin or metronidazole) during 14 days, with

a success rate of about 55%. A subsequent relapse can be treated

with 2 weeks of vancomycin followed by a tapered-pulsed

vancomycin regimen lasting for several weeks. Consequently,

recurrent CDI requires long-term (and often ineffective) anti-

biotic treatment and costly isolation precautions in hospitalised

patients and a more effective treatment strategy is needed

urgently.

In 1958, the successful treatment of four patients with

severe antibiotic induced diarrhea with enemas containing

donor stool was described. Since this initial report, [100

patients treated with donor feces for recurrent CDI have been

reported (Borody et al. 2004; Nieuwdorp et al., 2008). Clinical

improvement was mostly seen after 1–4 days, and there was a

response in *90% of the patients. Side effects related to fecal

therapy have not been reported. The efficacy of fecal therapy

against CDI may be explained by (unknown) inhibitory

substances (bacteriocins) produced by the infused donor

bacteria and by restoration of fecal physiology by implantation

of missing flora components. Importantly, randomised con-

trolled trials are lacking and this may be one of the reasons that

fecal therapy has not become a generally accepted treatment

strategy for recurrent CDI.

We successfully treated 11 patients with multiple recur-

rences of CDI with a suspension of donor feces (protocol is

outlined below)(Nieuwdorp et al., 2008). Subsequently, the

randomised controlled FECAL trial was initiated to compare

the efficacy of donor stool suspension with vancomycin for

recurrent CDI (e.vanNood@amc.nl or j.j.keller@amc.nl).

Protocol donor feces administration.

Donor

– Screen for HIV, HBV, HCV,acute CMV or acute EBV

infection. Test feces for C. difficile, Yersinia, Campylo-

bacter, Shigella, Salmonella, and pathogenic parasites.

– No recent use of antibiotics.

– No risk factors for transmittable diseases.

– Normal defaecation pattern.

Feces

– Fresh feces (\6 h before infusion), [100 g.

– Suspend in 300–400 cc NaCl 0.9%

Patient

– 4 days vancomycin followed by bowel lavage with

kleanprep.

– day 5: infusion of suspension of donor feces in jejunum

(nasoduodenal tube) or in coecum and colon ascendens (via

colonoscope).

– Stop vancomycine on day of feces infusion.
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Alternative strategies for Clostridium difficile infection

JT Van Dissel

LUMC, Infectious Diseases, Leiden

Antibiotics like metronidazole or vancomycin are generally

effective in achieving symptomatic recovery from Clostridium

difficile infection. However, the disease frequently relapses,

i.e., in about 20–25% of the cases, partly because antibiotics

besides killing vegetative C. difficile also disrupt colonization

resistance of the gut microflora. Non-antibiotic strategies as

alternative for or adjunct therapy to antibiotic treatment of

CDI, to prevent recurrence of Clostridium difficile infection,

include new antibiotics, toxin-binding agents, active immuni-

zation against toxins, passive immunotherapy with intravenous

immunoglobulin, monoclonal antibodies or bovine anti C.

difficile-whey concentrate, probiotics, deliberate colonization

by nontoxigenic C. difficile, and, finally, faecal transplantation.

Several non-antibiotic approaches have the theoretical advan-

tage of leaving the resident gut flora intact. Unfortunately,

many of the studies of alternative approaches of C. difficile

diarrhoea are biased by heterogeneity of methods and patient

selection, a lack of randomization and lack of well-defined

outcome measures; most studies are small, lack adequate

power or rely on post-hoc analyses. So far, none of these

alternative therapies has proven benefit to help prevent a first

episode or recurrent disease, and prospective randomized trials

are urgently needed.

O073

Optimization and application of a Multi Locus Variable
tandem repeat Analysis for Clostridium difficile
Ribotype 078
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E.J. Kuijper1

1LUMC, Medical Microbiology, Leiden, 2Leeds Teaching

Hospitals NHS trust, university of Leeds, Medical

Microbiology, Leeds

Background: Recently, we reported an increase in C. difficile

infection (CDI) caused by PCR-ribotype 078 (Type 078) in The

Netherlands. C. difficile Type 078 is also the predominant

ribotype in cattle. To investigate the relatedness between

human and animal strains we optimized a Multi Locus Variable

tandem repeat Analysis (MLVA) developed for Type 027, for

type 078. MLVA was applied on 54 Type 078 strains of human

(n = 43)and porcine (n = 11)origin, and on a further 67

human Type 078 isolates obtained in 2007–2008 from England

(E) and N. Ireland (NI).

Methods: Sequencing of the MLVA loci originally described

for type 027 by van den Berg et al., J Clin Microbiol. 2007, was

done in 15 type 078 strains, both human and porcine origin

using primers in the adjacent ORFs. The Variable Number

Tandem Repeats (VNTR) was determinate by manual exam-

ination of the sequence data. PCR products sizes were analyzed

with ABI 3100 sequence analyzer and the VNTR were

calculated from the PCR product sizes. To validate the

calculated VNTR we compared it with the manual analyzed

VNTR sequence data. Finally, we applied the optimized

MLVA on all available type 078 strains which were previously

tested with a first generation MLVA.

Results: Sequence analysis (SA) revealed that locus A is absent

in Type 078 and that some mismatches are present in the

primer annealing sites for loci B, C and G. Lowering the

annealing temperature and increasing the magnesium chloride

concentration for loci B, C and G resolved the low yield of

PCR products. Applying the MLVA on 54 type 078 strains

revealed that 42 (80%) strains, encompassing isolates from

human (n = 31) and porcine (n = 11) origin, are genetically

related (defined by a summed tandem repeat differences

(STRD) B10). Three clonal complexes (CC, defined by STRD

B2) were recognized. One CC contained both human (n = 4)

and porcine (n = 3) strains. The optimized MLVA identified 3

genetically related clusters and 6 CC among the 67 isolates

from E and NI. CCs contain isolates from more than one

hospital and indeed for several clusters isolates from both E

and NI. 2 isolates obtained from NI 8 years earlier were part of

one large CC.

Conclusions: (1) The optimized MLVA can distinguish and/or

group Type 078 strains from distinct settings. (2) Type 078

strains from human and animal origin are genetically related. 3.

The clustering of some isolates from distinct settings is

consistent with community sources for Type 078. 4. The last

two observations suggest zoonotic transmission.
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A case control study during an outbreak of Clostridium
difficile infections by PCR ribotypes 027 and 017
occurring simultaneously in one hospital
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Amersfoort, 3University Medical Center, Infectious

Diseases, Utrecht, 4Center for Infectious Disease Control,

Ntl Inst. for Pub. Health and the Env., Medical

Microbiology, Bilthoven

Objectives: Outbreaks of Clostridium difficile infection (CDI)

due to PCR ribotype 027 (type 027) are emerging worldwide,

whereas some European countries report an increase of toxin A

negative PCR ribotype 017 (type 017). We encountered a

unique outbreak due to types 027 and type 017 occurring

simultaneously in a 1,100 bed teaching hospital in The

Netherlands.
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Methods: From May 2005 through January 2007, an outbreak

of CDI occurred with a peak incidence of 85 per 10,000

admissions. A case control study was performed with two

different control groups. Risk factors and outcome parameters

were compared in multivariable analysis, using age, sex,

medical specialty, co-morbidity score and concomitant use of

drugs and antibiotics as co-variates. All isolates from CDI

patients were investigated by PCR-ribotyping and multi locus

variable number of tandem repeat analysis (MLVA).

Results: During the study period, 168 patients were included,

57 (34%) of whom had CDI with type 017, 46 (27%) with type

027, and 65 (39%) with other types. Controls consisted of 77

non-CDI diarrhoeal patients and 162 patients without diar-

rhoea. Independent risk factors for CDI were nasogastric

intubation (OR 2.7), recent admission (OR 2.1), use of second

generation cephalosporins (OR 12), clindamycin (OR 11) and

antifungal agents (OR 8.1). Individual comparison of CDI due

to types 017 and 027 with CDI due to other types, identified

age above 65 years as risk factors for types 017 and 027 (OR

4.6 and 6.1, respectively) and use of macrolides (OR 9.4),

clindamycin (OR 2.3) and immunosuppressive agents (OR 5.0)

as risk factors for type 017. Patients with type 027 used

significantly less clindamycin (OR 0.3). The overall mortality

at 1 year follow-up was significantly higher among CDI

patients, compared to both patients with non-CDI diarrhoeal

and non-diarrhoeal patients (38, 29 and 20%, respectively).

The overall mortality among patients with types 017 and 027

was higher when compared to patients with other types (46, 49

and 23%, respectively). MLVA showed clonal spread of types

017 and 027 throughout the hospital, where clones could

persist on wards for more than a year, despite thorough

disinfection.

Conclusions: In this unique outbreak in one hospital, distinct

risk factors were found for types 017 and 027, which were

associated with a significantly higher 1-year overall mortality

than that of patients with other types and controls. MLVA

showed persistence of clones over prolonged periods of time.
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Occurrence of transparent phenotype and pilus type 1
among Streptococcus pneumoniae strains colonizing
healthy children in Venezuela
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1Los Andes University, Facultad de Medicina. Dpto.

Microbiologia y Parasitologia Clı́nicas, Merida, 2Radboud
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Kindergeneeskunde Infectiez, Nijmegen

Introduction: Streptococcus pneumoniae phase variation is

considered to be associated with the pathogenesis of coloni-

zation and infection. Previous studies in animal models have

suggested that pneumococcal strains of the transparent pheno-

type are more capable to colonize the upper respiratory tract,

whereas opaque isolates are more suited to cause invasive

disease. In addition the presence of pilus type 1 has been

associated with pneumococcal adhesion and ability to cause

invasive diseases.

Aim: We studied pneumococcal phase variation and occur-

rence of the pneumococcal pilus type 1 in 126 S. pneumoniae

strains colonizing the nasal and nasopharyngeal cavity of

healthy children.

Methods: Phase variable colony morphology was determined

using medium using a stereomicroscope with oblique illumi-

nation. We considered three possible phenotypes, i.e. opaque,

transparent, and intermediate, taking into account the color and

shape of the colonies as described by Weiser in 1994. The

frequency of pilus type 1 was determined by the presence of

the rrgC gene using primers and PCR conditions described by

Basset in 2008. For statistical analyses a bivariant Fisher’s

exact test was performed.

Results: Overall, most of the isolates (78%) presented the

transparent phenotype, whereas opaque and intermediate

variants accounted for only 7 and 8%, respectively. Interest-

ingly, 7% of the strains presented a mixture of phenotypes.

Furthermore, the frequency of the transparent phenotype

differed among serotypes. The transparent phenotype was

most frequent among the serotypes 19F, 6A, 6B, 23F and 15B.

The transparent phenotype was more frequent among hepta-

valent-vaccine than among non-heptavalent vaccine serotypes

strains (87 vs. 69%, respectively; p = 0.019). Overall, the rrgC

gene was present in 34% of the strains. The pilus type 1 rrgC

gene was present in all strains of serotypes 6B (23/23) and 15B

(5/5). Other serotypes carrying the pilus type 1 gene were 9V,

19A, 6A, 14, 23F, 34, 19F and 20. The pilus type 1 rrgC gene

was more frequent among heptavalent-vaccine serotypes than

among non-heptavalent vaccine serotypes strains (51 vs. 18%,

respectively; p = 0.0002).

Conclusion: Our data demonstrate that Venezuelan S. pneu-

moniae nasal and nasopharyngeal isolates belonging to the

heptavalent-vaccine serotypes displayed significantly more

often transparent phenotype and contained more often the

pilus type 1 rrgC gene. Those characteristics are likely to be

related with epithelial adherence and colonization of the nasal

and nasopharyngeal cavity of healthy children in Venezuela.

O076

Identification of essential structural elements
for microbicidal activity of thrombicidin-1 and design
of TC-1 variants with enhanced activity

PHS Kwakman1, J Krijgsveld1, L De Boer1, J Vreede2,

D Speijer1, AA Te Velde1, W Crielaard2,

CMJE Vandenbroucke-Grauls3, SAJ Zaat1

1Academic Medical Center, Medical Microbiology,

Amsterdam, 2University of Amsterdam, Amsterdam,
3VU Medical Center, Amsterdam

Chemokines are chemotactic cytokines that are important

regulators of leukocyte-mediated inflammation and immunity,

and thereby form a critical link between innate and adaptive

immunity. Another important group of innate immunity

effector molecules for defense against microorganisms are

antimicrobial peptides (AMPs). Chemokines and the beta-

defensin AMPs have overlapping functions, and also share
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many structural properties. Chemokines with antimicrobial

activity and AMPs share a clear amphipathic structure with

distinctive cationic and hydrophobic domains. A positively

charged region in these molecules provides for selective

interaction with negatively charged outer surfaces of microor-

ganisms, and hydrophobic domains are required for membrane

disruption or penetration.

Whereas the chemokine NAP-2/CXCL7 has no antimicro-

bial activity, a derivative designated thrombocidin-1 (TC-1)

which is C-terminally truncated by only 2 two amino acids, has

highly potent microbicidal activity (Krijgsveld 2000). This

dramatic change in activity might be related to the removal of a

negatively charged residue from the C-terminal a-helix of

NAP-2, which increases the net positive charge and amphi-

pathicity of TC-1 compared to NAP-2.

Our goals were to further characterize essential domains in

TC-1 required for its potent microbicidal activity, and to design

mutants with enhanced activity. We identified a peptide

derived from the N-terminal region of TC-1 with potent

bactericidal activity. After optimizing its microbicidal activity

by lysine substitutions to increase cationicity, this peptide was

almost as potent as intact TC-1. Using molecular modeling, we

identified a highly localized positively charged patch in TC-1,

composed of residues from various parts of the molecule.

Disruption by site-directed mutagenesis confirmed that this

cationic patch was essential for activity. Several TC-1 mutants

with increased amphipathicity were constructed by either

enhancing charge-density of the positive patch, or by increas-

ing the size of this patch. Both approaches generated TC-1

mutants with enhanced antimicrobial activity. In conclusion, a

combination of peptide mapping, molecular modeling and site-

directed mutagenesis allowed us design and produce recombi-

nant TC-1 mutants with increased potency.

O077

Contribution of DHH Subfamily 1 Proteins
to Pneumococcal Virulence

L.E. Cron, H.J. Bootsma, P.B. Burghout, E. Simonetti,

C.E. van der Gaast-de Jongh, P.W.M. Hermans

Radboud University Nijmegen Medical Centre, Laboratory

of Pediatric Infectious Diseases, Nijmegen

Introduction: Phosphodiesterases (PDE) are enzymes that

degrade phosphodiester bonds, primarily in the second mes-

senger molecules of cAMP and cGMP. A superfamily of PDE,

referred to as the DHH family, is made up of four motifs and so

named for their characteristic amino acid signature, Asp-His-

His, in motif III. This family is split into two distinct

subfamilies, which share the four conserved N-terminal motifs,

but have different C-terminal motifs. While subfamily 2 is also

found in eukaryotes, subfamily 1 is only represented in archaea

and in bacteria. Bacterial examples of DHH family 1 members

include RecJ and Mycoplasma MgPa and P1 proteins involved

in cytadherence. In addition to RecJ, the pneumococcal

genome harbors two DHH family 1 members of an as yet

unknown function, SP1298 and SP2205. In the current study,

we examined the contribution of the DHH family 1 protein

SP2205 to pneumococcal virulence.

Methods: A DHH mutant of SP2205 in a TIGR4 background

was generated by allelic exchange with a spectinomycin

cassette. In vitro growth competition assays were performed to

determine any growth defects when comparing the SP2205

mutant to the wild-type. In vitro adherence assays were

performed using the human pharyngeal epithelial cell line

Detroit 562. In vivo co-infection experiments using wild-type

and mutant were carried out in three different murine models of

infection: colonization, pneumonia, and bacteremia.

Results: According to the amino acid sequence, the SP2205

protein of pneumococci is predicted to be surface exposed and

conserved between strains. A deletion mutant of SP2205

showed no in vitro growth defects. The mutant revealed a

highly significant decrease in adherence to Detroit 562 cells

compared to the wild-type. Interestingly, in all three infection

models, the SP2205 mutant showed a highly statistically

significant reduction of bacterial load in the nasopharynx, lung

homogenate, and blood compared to its respective wild-type.

Conclusion: We have identified a novel pneumococcal surface-

associated DHH family 1 protein, SP2205, that contributes to

the three main stages of pathogenesis: colonization, pneumo-

nia, and bacteremia. Consequently, SP2205 is considered to be

an interesting target for inclusion in future multi-component

protein vaccines.

O078

Binding of Ecb to C3d results in conformation changes
and convertase impairment

I Jongerius1, S.H.M Rooijakkers1, J.A.G van Strijp1, J. Wu2,

B. Janssen2, P. Gros2, M. Ruyken1

1UMC Utrecht, Medical Microbiology, Utrecht, 2University

Utrecht, Crystallography, Utrecht

Introduction: Staphylococcus aureus secretes several molecules

to evade the human immune system. Staphylococcal Comple-

ment Inhibitor (SCIN) is a 10kD protein that inhibits C3

convertases of all complement pathways and thereby blocks all

biological effects of complement. Next to SCIN we also found

Extracellular fibrinogen binding protein (Efb) and Extracellular

complement binding protein (Ecb) that both inhibit conver-

tases. Efb and Ecb bind specifically to C3d and thereby

inhibiting C3b-containing convertases, resulting in the inhibi-

tion of C3b deposition in the alternative pathway (AP) and C5a

generation via the classical (CP) and the lectin (LP) pathway of

complement. Since Efb and Ecb are not human specific we

were able to show that Ecb inhibits C5a dependent neutrophil

migration in vivo (1). Co-crystals of Efb and Ecb together with

C3d were already published and did not reveal any conforma-

tion changes (2;3). Since we believe the major function of Efb

and Ecb is binding to C3b-containing convertases we have

made a co-crystal of Ecb and C3b.

Methods: Large amounts of rEcb and C3b were produces after

which they were mixed in a 1:1 ratio. Crystals were achieved

with a 2.5 Å
´

resolution and the crystal was solved using

replacement. Convertases were made by incubation of C3b

(100 ug/ml), fB (50 ug/ml) and fD (1 ug/ml) in PBS with NiCl at
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4�C for 30 min in the presence or absence of Ecb. Formation of

convertases was detected using native gel electrophoreses and

silver staining. The complex that is made was purified using

gelfiltration and was analyzed on westernblot.

Results: We obtained a crystal with a 2.5 Å
´

resolution. The

crystal showed that binding of Ecb to the C3d domain of C3b

resulted in a clear conformational change in the C3b molecule.

The formation of the AP convertase was clearly impaired after

addition of Ecb. The normal convertase was not formed but a

larger complex appeared on gel, the exact composition of this

complex has to be determined. Analyzing the mixture of Ecb

and C3b on a native gel showed the same kind of results, larger

complexes are appearing on gel. Next to that we can also show

that lesser amount of fB can be cleaved into Bb in the presence

of Ecb, yet another clue that the convertase is not working

properly.

Conclusion: We succeeded to make and analyze the co-crystal

of Ecb and C3b. The co-crystal shows a big conformational

change in the C3b molecule. Addition of Ecb to convertases of

the AP results in loss of function of the convertase. Further-

more, we can show that the ‘normal’ convertase is not formed

in addition of Ecb but a larger complex is. Follow up

experiments much show the exact composition of this bigger

complex.
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Serological surveillance to pertussis vaccines in the NIP
from 2004 till 2008. Switch from whole cell to acellular
vaccine in children of 1 year
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Introduction: Since 2005, a new acellular pertussis vaccine has

been administered to children in their first year of life in the

national immunisation program (NIP). This followed the 2001

introduction of an acellular booster vaccination to the NIP

schedule at the age of 4 years. The reason for these changes

was the sharp increase in the incidence of pertussis cases from

1996 onwards. This is the main reason for the RIVM to

monitor the effects of the pertussis vaccine changes between

2004 and 2008 conducted in over more that 400 children of

1 year of age.

Materials and methods: In 9 locations spread over the country

443 children were included from the end of 2004 till mid 2007.

They were divided in 4 study groups as follows:

1. 32 children fully vaccinated with the whole cell vaccine

(WCV) in their first year of life;

2. 75 children vaccinated with WCV in the primary series

and boostered with acellular vaccine (GSK) at 11 months;

3. 92 children fully vaccinated with ACV(GSK) in their first

year of life;

4a. 128 children fully vaccinated with ACV (SP) in their first

year of life;

4b. 109 children fully vaccinated with ACV (SP) and

Prevenar (Wyeth).

All antibody titers were determined with ELISA using

international reference sera as standards, except for polio a

neutralization assay was used.

Results: Children who have been vaccinated with the new

pertussis vaccine since 2005 produce more antibodies directed

against whooping cough compared to the old WCV vaccine.

Because the effect of this improved vaccination response will

only be noticeable in the population at long term it is not clear

at present whether or not the incidence of whooping cough will

decrease. The other vaccine components including the recently

introduced pneumococcal vaccine offer practically 100%

protection.

Conclusions: The RIVM recommends investigating, not only

the composition of the NIP in the first year of life, but also the

used vaccination schedule. At present, the so-called 3 ? 1

schedule is employed during the first year of life, where

children are vaccinated at 2, 3 and 4 months, followed by a

booster at 11 months. The change made to the schedule in

1999—from 3, 4, 5 months to 2, 3, 4 months—appears to be

less effective. The study has also revealed that the simulta-

neous administration of combination vaccines has limitations.

If too many vaccines are combined this can have unexpected

negative influences on the efficacy. Consequently, all changes

made to the NIP deserve a good serological evaluation. At the

same time, the many changes of pertussis vaccines in the NIP

during the last 10 years have made it difficult to study the

protection of this vaccine on the long term.

O080

ESX-5 dependent secretion and proteolytic processing
of the PE protein LipY in Mycobacterium marinum

M.H. Daleke1, A Cascioferro2, R Manganelli2, W Bitter1

1VU Medical Centre, Medical Microbiology and Infection

Control, Amsterdam, 2University of Padua, Department of

Histology, Microbiology an, Padua

Pathogenic mycobacteria utilize specialized type VII protein

secretion systems to secrete virulence factors that subsequently

can interact with host cells. The ESX-5 protein secretion

system is one of these systems and it is specific for slow-

growing mycobacteria, a group which includes pathogens such

as M. tuberculosis and M. marinum. ESX-5 was recently

shown to be responsible for immunomodulation and for the

secretion of members of the enigmatic PE and PPE protein

families to the cell surface and culture supernatant of M.

marinum. The PE and PPE families are specific for mycobac-

teria and are heavily expanded in the pathogenic species. We

aim our research at identifying ESX-5 substrates and the ESX-

5 secretion signal. Special attention is paid to understanding the

function of the highly conserved N-termini of the PE and PPE

proteins.

Here we show that the M. tuberculosis PE protein LipY is

dependent on ESX-5 for secretion, by heterologously
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expressing a HA-tagged version in both wild-type M. marinum

and in the ESX-5 mutant. Interestingly, secreted and cell

surface exposed LipY appeared to be proteolytically processed

in the wild-type. We determined the cleavage site with N-

terminal sequencing, and found cleavage to occur between the

N-terminal PE domain and the C-terminal domain of LipY,

which has been shown to contain lipase activity. This

processing suggests a role for the PE domain in targeting

LipY for translocation, which would be similar to the function

of a signal peptide. Strikingly, in the M. marinum and M.

gilvum LipY homologues, the PE domain is replaced by a PPE

domain and a signal peptide, respectively. We are currently

investigating whether the M. marinum and M. gilvum LipY

homologues are also secreted and processed, and whether

secretion is ESX-5 dependent.

In conclusion, we have identified a novel ESX-5 substrate,

the PE protein LipY, and for the first time demonstrated that

the PE domain is proteolytically removed from the secreted

product. Further characterization of secretion and processing of

LipY and its homologues will contribute to understanding the

role of PE and PPE domains in ESX-5 secretion.
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Domestication of Yeasts for Biocontrol Applications

J. Schnürer

Swedish University of Agricultural Sciences (SLU),

Department of Microbiology, Uppsala, Sweden

Many yeast species have been investigated as biocontrol/

biopreservation agents preventing spoilage of fruits and

vegetables, some of which have been commercialised. Our

yeast biocontrol research has focused on the ascomycete yeast

Pichia anomala J121, isolated from wheat grains. This yeast

inhibits grain spoilage molds in both laboratory and pilot

studies with high-moisture wheat in malfunctioning airtight

storage. P. anomala has the highest inhibitory activity of 57

yeast species evaluated against the mold Penicillium roque-

forti. P. anomala has a number of physiological characteristics,

i.e., the capacity to grow under low pH, low water activity and

low oxygen tension and can use a wide range of carbon and

nitrogen sources, enabling it to be an efficient biocontrol agent.

The biocontrol effect in moist wheat is enhanced by addition of

maltose or glucose. The products of glucose metabolism,

mainly ethanol and ethyl acetate, increase after glucose

addition to P. anomala-inoculated treatments. In aerobic batch

culture, P. anomala grows in the respiratory mode with a high

biomass yield and marginal ethanol, glycerol, acetate, and

ethyl acetate production. Oxygen limitation, but not glucose

pulse, induce fermentation with substantial ethanol production

and tenfold-increased ethyl acetate production. Biotechnical

application of microorganisms requires formulated products

that meet a number of criteria. The best way to formulate P.

anomala appears to be freeze-drying. The initial viability is as

high as 80%, with trehalose previously added to the yeast.

Freeze-dried P. anomala can be stored at room temperature

during 1 year. Using test tube grain-silos we found that the

biocontrol activity remained intact after drying, storage and

rehydration for all formulations. The discovery that sugar

amendments enhances the biocontrol effect of P. anomala

suggests novel ways of formulating biocontrol yeasts.
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Biofunctionality of soya bean tempe
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J. Van der Meulen2, H. Gruppen1, M.H. Zwietering1

1Wageningen University, Laboratory of Food

Microbiology, Wageningen, 2Wageningen University and

Research Centre, Animal Sciences Group, Lelystad

Introduction: Diarrhoea is a major health problem worldwide,

in adults but particularly during the weaning period of infants

as well as of farm animals such as piglets.

Research indicated that tempe (fungal fermented soya bean)

reduces the severity of E. coli induced diarrhoea in piglets (Kiers

et al., 2003). This phenomenon can be explained by a decrease in

adhesion of ETEC K88 to intestinal epithelial cells (Roubos-van

den Hil et al., 2009). Nowadays research is performed to

elucidate the mechanism of action and the chemical compo-

nent(s) that are responsible for this anti-adhesion effect.

Materials and methods: Tempe was prepared at controlled

laboratory scale. Soya beans were soaked overnight, cooked,

cooled by evaporation of adhering water, inoculated with

Rhizopus microsporus var. microsporus (LU 573) and incu-

bated for 48, 72, 96 and 120 h at 30�C. Water soluble extracts

were prepared and tested for their adherence to piglet brush

border cells and Caco-2 human intestinal epithelial cells. Brush

border cells were used to test get insight in the working

mechanism. Furthermore, size exclusion and anion exchange

chromatography were performed to partly purify the active

component. Purified extracts were treated with enzymes for

further characterization.

Results: Treatment of brush border cells with ETEC and tempe

extracts resulted in an adhesion inhibition of more than 80%.

Treatment of Caco-2 cells resulted in an inhibition of adhesion

to about 50% for the tempe extracts compared to a control

without added soya bean extract. Treatment of brush border

cells with tempe pre-treated E. coli showed an adhesion

inhibition even after a washing step of the tempe extract, which

suggests an interaction between tempe and ETEC, that prevents

brush border cells for ETEC adhesion.

With size exclusion chromatography the active part of

tempe is found in the intermediate part of the chromatogram.

This active fraction did not bind to an anion exchange column

and was not broken down by protease enzymes, which suggests

it to be of a carbohydrate nature. After hydrolysis the

monossacharides composition of the active fraction contains

mainly arabinose, galactose and mannose.

Conclusions:

1. Tempe extracts protect against the adhesion of ETEC K88

to pig intestinal brush borders and human Caco-2 intestinal

epithelial cells.

2. The working mechanism may be explained by the

adhesion of tempe to the E. coli cells.

3. Chemical treatments suggests that the active component is

a carbohydrate.
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Medicinal Mushrooms: Fake or reality?

L.J.L.D. van Griensven

Plant Research International, Wageningen UR, Bioscience,

Wageningen

Mushrooms such as Agaricus brasiliensis S. Wasser et al. (= A.

blazei Murill s.Heinem.), Coriolus versicolor (Linnaeus) Fries,

Ganoderma lucidum (W.Curt.:Fr.)Lloyd, Lentinus edodes

(Berk.) Singer, and many others have traditionally been used

as a health food or supplement for the prevention and cure of a

range of diseases including atherosclerosis, cancer, chronic

hepatitis and diabetes. The preventive and therapeutic effects

of these mushrooms and their components have been well

documented in mouse and rat model systems and in cancer cell

lines. The effects of mushroom extracts are ascribed to

immunomodulation in various forms, e.g. pro- as well as

anti-inflammatory activity, or to adjuvant effects and apoptosis,

mostly with involvement of chemokines as mediators, pro-

duced by the cells of the immune system.

Mushroom extracts contain several biologically active

components, i.e. polysaccharides, polyphenols and small

proteins such as lectins. The influence of mushroom extracts

on oxygen metabolism both in vitro and in vivo may be a

common denominator. Redox reactions strongly influence the

majority of physiological processes. Basidiomycetes contain

both pro- and anti-oxidant phenolic compounds and activate/

inhibit the intracellular formation of reactive oxygen species

(ROS) that destroy potential intracellular pathogens. ROS are

involved in signal transduction and regulation of diverse

processes including neurotransmission, phagocyte activation,

cell proliferation, and apoptosis.

In this lecture an overview will be given of ‘‘the state of

affairs’’ and it will be discussed whether cure or prevention of

human disease can be expected from the application of

‘‘medicinal’’mushrooms and their extracts.
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Immune control of viral reactivations: predicting
outcome after allogeneic stem cell transplantation
in children and adults
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Background: Immunocompromised individuals, e.g. stem cell

transplantation (SCT) patients, are at risk of viral reactivations,

like Epstein-Barr virus (EBV), cytomegalovirus (CMV) and

human herpes virus 6 (HHV6), post SCT. EBV reactivation

could lead to uncontrolled B-cell lymphoproliferation, CMV-

reactivation could result in CMV end-organ disease and HHV6

reactivation is suggested to be associated with SCT-associated

morbidity and mortality. Virus-specific CD8? T cells have

been shown to be important in control of herpesviruses. CD4?

T cells are important in both priming as well as sustaining

CD8? T cells responses.

Aim: We investigated whether immune reconstitution features

as absolute cell counts and T-cell effector function in the early

phase post SCT, correlate with viral load and could predict the

outcome of reactivation (defined by a viral load of C50 copies/

ml). To this end we sampled 40 adult patients weekly during

12 weeks post SCT. T-cell effector function was defined by the

presence of the cytotoxic molecule perforin in CD8? T cells as

measured by intracellular staining in lysed whole blood and

related to viral reactivations.

Results: Median percentages of perforin producing CD8? T

cells during 12 weeks post transplantation are increased in

adult patients with a higher viral load. Patients without

reactivation have an average of 1,9% (SD = 1.5) perforin

producing CD8? T cells during, which increases to an average

of 5,7% (SD = 3.9) for patients reaching detectable viral loads

and 6,3% (SD = 3.3) for patients with viral loads between 50

and 1,000 copies/ml. Patients with fulminant reactivations

(loads exceeding 1,000 copies/ml) reach average perforine

levels of 11.2% (SD = 3.9). Means all differ significantly from

[1,000 copies/ml group (p \ 0.05). Furthermore, patients

with viral loads exceeding 1,000 copies/ml reach perforin

level exceeding 10% of CD8? T cells much more often and

much faster after SCT than patients with lower or no

reactivation. Perforin levels exceeding 10% are measured at

an average of 7 days post transplant in the [1,000 copies/ml

group whilst viral loads exceed 1,000 copies/ml at an average

43 days post SCT.

Conclusion: Increasing levels of perforin correlate significantly

with increasing viral loads. Perforin peaks above 10% of CD8?

T cells are observed prior to viral load peaks. Therefore

perforin can be used as an early prognostic marker for viral

reactivation and the intensity of the reactivation after stem cell

transplantation in adults.
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Currently, similar analyses are performed in children.

Especially HHV6 reactivation was found to be common after

SCT in children and we found that this occurred very early

after SCT and was associated with serious transplantation

related morbidity and mortality and GvHD.

Relevance: These studies will provide more insight into the

regulatory aspects of virus-specific T cells and virus-specific

reconstitution of the immune system in relation to viral

reactivation and risk of disease development both in adults and

children. Results from these studies may lead to improved

diagnostic tools for early prevention of viral reactivation and

may provide a theoretical background for the rational choice

for treatment and/or prevention options such as antiviral

therapy, anti B cell therapy (rituximab) in case of EBV-

reactivation and adoptive transfer of specific T cells.

This research was funded by the Dutch Cancer Society and

UMC Utrecht.
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Role of neutralizing antibodies in the clinical course
of HIV-1 infection
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Broadly neutralizing antibodies (BrNAbs) are considered to be

key to a successful HIV-1 vaccine, ideally to achieve sterilizing

immunity, or alternatively to achieve chronic but non-progres-

sive infection with viral loads too low for transmission.

However, only little is known about the impact of broadly

reactive antibodies on the clinical course of HIV-1 infection.

Here we screened sera from 35 HIV-1 subtype B infected

participants from the Amsterdam Cohort Studies (20 long-term

non-progressors (LTNP) and 15 progressors) for their ability to

neutralize HIV-1 variants from subtype A, B, C, and D (5

variants per subtype). Broadly neutralizing activity was

considered the ability to neutralize at least 3 HIV-1 variants

from at least 3 subtypes.

Interestingly, 3 LTNP and 3 progressors had potent and

broadly HIV-1 specific neutralizing activity in serum during

the entire clinical course of infection, even after AIDS

diagnosis in progressors. To understand the absent correlation

between potent humoral immunity and clinical course, we

analyzed neutralization sensitivity of autologous virus. HIV-1

variants isolated early in infection from all six participants

were neutralized by autologous serum. However, autologous

neutralizing activity declined during chronic infection as a

result of both viral escape and the apparent inability of the host

to elicit neutralizing antibodies to the newly emerging viral

escape variants which was remarkable as broadly neutralizing

activity was preserved. Coinciding with escape from autolo-

gous neutralization, HIV-1 envelope sequences revealed

changes in length, charge and potential N-linked glycosylation

sites (PNGS). Broadly neutralizing activity is assumed to be

directed against more conserved regions in the viral envelope.

However, the dN/dS ratios of sequence changes in the different

envelope regions showed that selection pressure was predom-

inantly on the variable regions, suggesting that at least in these

individuals the broadly reactive humoral immune response was

mainly targeting the variable regions in envelope.

Our results imply an absent correlation between HIV-1

specific broadly neutralizing activity in serum and the clinical

course of infection and the ability of HIV-1 to escape even

broadly neutralizing humoral immunity, most likely via

changes in the variable regions of envelope. These data may

have important implications for vaccine design.

O086

A crucial role for CD1501 lymphocytes and dendritic
cells in the pathogenesis of measles

R.L. de Swart1, M. Ludlow2, L. de Witte3, Y. Yanagi4,

G. van Amerongen1, S. McQuaid2, S. Yüksel1,

T.B.H. Geijtenbeek3, P. Duprex2, A.D.M.E. Osterhaus1

1Erasmus MC, Virology, Rotterdam, 2Queen’s University

of Belfast, School of Biomedical Sciences, Belfast,
3VUMC, Molecular Cell Biology and Immunology,

Amsterdam, 4Kyushu University, Virology, Fukuoka

Introduction: Measles remains an important cause of childhood

mortality in developing countries. Measles is associated with a

transient immunosuppression, resulting in increased suscepti-

bility to opportunistic infections. Lymphopenia is a common

observation during measles. Measles virus (MV) is hypothe-

sized to enter the host by infecting epithelial cells of the

respiratory tract, followed by viremia mediated by infected

monocytes. However, neither of these cell types express

signaling lymphocyte activation molecule (CD150), which has

been identified as the receptor for wild-type MV. We have

infected macaques with a recombinant MV strain expressing

enhanced green fluorescent protein (EGFP), thus bringing

together the optimal animal model for measles and a virus that

can be detected with unprecedented sensitivity.

Materials and Methods: Blood samples and broncho-alveolar

lavages were collected every 3 days, and necropsies were

performed upon euthanasia 7, 9 or 15 days after infection.

EGFP production by MV-infected cells was visualized mac-

roscopically, in both living and sacrificed animals, and

microscopically by confocal microscopy. During necropsies

lymphoid tissues were collected, single cell suspensions were

prepared and cells were frozen in 10% DMSO. Flow cytometry

was used to identify subsets of T- and B-lymphocytes and

analyze the percentages MV-infected cells within these

subsets.

Results: EGFP fluorescence was detected in skin, respiratory

and digestive tract, but most intensely in all lymphoid tissues.

B- and T-lymphocytes expressing CD150 were the major

target cells for MV infection. During peak viremia, around

day 9 after infection, approximately 1–5% of CD4? T-lym-

phocytes in peripheral blood were infected with MV. In

lymphoid tissues up to more than 30% of B-lymphocytes

were infected. Unexpectedly, circulating monocytes did not

sustain productive MV infection. In peripheral tissues large
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numbers of MV-infected CD11c? MHC class-II? myeloid

dendritic cells (DCs) were detected in conjunction with

infected T-lymphocytes, suggesting transmission of MV

between these cell types.

Discussion and Conclusion: Fluorescent imaging of MV

infection in non-human primates demonstrated a crucial role

for lymphocytes and DCs in the pathogenesis of measles and

measles-associated immunosuppression. Previous studies have

identified several potential mechanisms that could explain

measles-associated lymphopenia and immunosuppression.

However, in most studies an important role for direct

infection of lymphocytes has been dismissed, since it was

assumed that percentages of MV-infected cells remained

below 1%. Our studies demonstrate that percentages of MV-

infected cells in lymphoid tissues may exceed 30%, suggest-

ing that direct infection of lymphocytes should be considered

a potential mechanism. Moreover, the virus does not infect all

lymphocytes equally well, but preferentially infects memory

lymphocyte subsets. Depletion of these subsets may also

explain the reduction of HIV virus loads in MV patients,

since HIV also preferentially targets memory CD4? T-lym-

phocytes. This study reshapes our basic view of measles

pathogenesis.

O087

HIV-1 co/super-infections, the impact on pathogenesis

M. Cornelissen, B. Berkhout, F. Zorgdrager, S. Jurriaans,

N. Back, A. van der Kuyl

Laboratory of Experimental Virology, Academic Medical

Center, Amsterdam

The likelihood of HIV-1 super-infection with a second strain

was not considered significant for a long time, probably

because the chances of acquiring the first HIV-1 infection are

estimated to be rather low. Furthermore, it was assumed that

the initial HIV-1 infection may well protect against a

secondary infection. However, the wealth of recombinant

viruses that were detected worldwide provided the first

indication that HIV-1 dual infections should occur readily

because such recombinant viruses arise in doubly infected

individuals. The concern about dual infections with HIV-1 is

increasing as super-infections have been associated with

accelerated disease progression. The topic also has obvious

relevance to the vaccine field, as it may dampen the prospect of

ever developing a prophylactic vaccine.

The methods to identify super/co-infections with multiple

HIV-1 strains will be discussed. A few super-infection cases

will be presented in much detail, as will be the incidence of

dual HIV-1 infections in Amsterdam in 2003–2007. In

particular, the rather unusual HIV-1 transmission chain that

occurred in the city of Groningen will be discussed. The

analysis was performed as part of a criminal court case, which

recently led to the sentencing of the three accused men for 2, 5

and 9 years in prison. It turns out that all viruses that were

acquired after 2005 within this group (2 accused and 11

victims) are related to the two HIV-1 variants that are present

in one of the accused persons. Intriguingly, we also observed a

striking number of HIV-1 dual infections (5 of 14 persons).

O088

Norovirus strain evolution, impact on pathogenesis

J. Siebenga, L. van Asten, A. Kroneman, H. Vennema,

T. Beersma, M. Koopmans

Center for infectious diseases, National Institute of Public

Health, Bilthoven & Erasmus MC, Rotterdam

The incidence and clinical impact of norovirus appears to be

changing, based on multicountry long term surveillance data as

well as analysis of trends in reporting of hospitalizations and

deaths. This observation parallels a globally increased rate of

reporting of specific variants of norovirus, the genogroup II.4

strains since 2002. Characterisation of a systematic selection of

outbreak strains collected through routine surveillance activities

in 15 countries in 5 continents showed that the dominance of

GII.4 is a global phenomenon, that GII4 strains evolve rapidly,

and that 4 strains had a global distribution since 2002. Mapping

of mutations on the predicted capsid protein structure and

comparison of subsequent emerging variants provided clear

evidence for positive selection, with at least 5 aa positions that

consistently changed between subsequent epidemic variants.

Phylodynamic analysis of sequences from the strains confirms

rapid increases in diversity reflecting expansion of the virus

population, following emergence of the epidemic variants.

Systematic typing of the surveillance data collection showed a

pattern of spread suggesting that subsequent variants are

antigenic variants. This was confirmed by studies by Lindesmith

et al. involving binding of virus like particles and binding

blocking experiments with sera from immunized mice. In

addition to antigenic changes, variants differ in their host

binding pattern, suggesting that the net effect of population

exposure is dependent on both host genetic susceptibility and

immunity. From the global comparative work, GII.4 strains have

been identified that emerged but only circulated within a

particular geographic region (e.g. GII.4-2003Asia). Detailed

comparison of structures and binding profiles of the different

pandemic and regional GII.4 strains is needed to better under-

stand the complexities of the epidemiology of these viruses.

O092

The motility regulator MogR of Listeria monocytogenes
regulates stress resistance through its newly identified
regulon member clpB

S. van der Veen1, I.K.H. van Boeijen1, W.M. de Vos1,

T. Abee1, M.H.J. Wells-Bennik2

1Wageningen Universiteit, Levensmiddelenmicrobiologie,

Wageningen, 2Nizo food research, Health & Safety, Ede

Listeria monocytogenes is a food-borne pathogen that is able to

survive adverse environmental conditions and colonize hosts due

to an interactive network of responses. These responses enable the

organism to respond in an appropriate way when encountering

changes in its direct environment. L monocytogenes contains

many regulators among which the recently identified motility

gene repressor MogR. This repressor controls the expression of

the flagellar motility genes in a temperature dependent manner
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(Shen and Higgins, 2006. PLoS Pathog 2:e30). In this study, we

demonstrate that the class III heat-shock gene clpB is a new

member of the MogR regulon. ClpB is supposed to function in

maintenance of cellular protein quality. We show that MogR is

involved in stress response following exposure to heat and high

hydrostatic pressure (HHP). A DmogR mutant showed higher

resistance to these stresses than the wild-type, which was

associated with increased expression of clpB in the mutant. A

pivotal role for clpB in heat stress and HHP resistance was further

substantiated by our findings that a DclpB mutant and a DmogR-

DclpB mutant showed lower resistance to heat and HHP than the

wild-type strain. The specific role of ClpB in the resistance to

these stresses was demonstrated by over-expression of clpB. The

results from our study establish MogR as the first motility

regulator that controls a stress response gene with a direct role in

stress survival.

O093

Comparative and functional genomics uncovers
molecular mimicry as the main virulence strategy
of Legionella pneumophila

C. Buchrieser

Institut Pasteur, Biologie des Bactéries Intracellulaires

and CNRS, Paris, France

Legionella pneumophila is the etiological agent of Legion-

naire’s disease and of the less acute disease Pontiac fever. It is

a Gram-negative bacterium present in fresh and artificial water

environments that replicates in protozoan hosts and is also

found in biofilms. When aerosolized bacteria are inhaled, they

are able colonize the respiratory tract, invade alveolar macro-

phages and replicate therein causing the disease. Replication

within protozoa is essential for the survival of the bacterium.

Analysis of the genome sequence of L. pneumophila revealed

the presence of an unexpected high number and variety of

eukaryotic-like proteins, predicted to be involved in the

exploitation of the host cellular cycle by mimicking specific

eukaryotic functions. Among those are proteins containing F-

Box domains, U-Box domains, Sel-1 domains, Ankyrin repeat

proteins or a sphingosin-1-phospahte lyase. Eukaryotic-like

proteins have also been identified in other bacterial pathogens,

however, a comparative analysis shows that L. pneumophila
ranks as one of the pathogens that encodes the most and the

widest variety of eukaryotic-like proteins or proteins with

eukaryotic domains. Ongoing work indicates that these differ-

ent proteins are implicated in modulating host cell functions

during the intracellular life of L. pneumophila.

O094

Genomic Analysis of a Highly Successful Bordetella
pertussis Lineage

MJ Bart1, HGJ van der Heide1, M van Gent1, J Boekhorst2,

SR Harris3, J Parkhill3, PWM Hermans4, FR Mooi1

1National Institute for Public Health and the Environment

(RIVM), Laboratory for Infectious Diseases and Perinatal

Screening (LIS), Bilthoven, 2Utrecht University,

Bioinformatics, Utrecht, 3The Wellcome Trust Sanger

Institute, Wellcome Trust Genome Campus, Hinxton,
4Radboud University Nijmegen Medical Centre, Lab for

Pediatric Infectious Diseases, Nijmegen

Background: Bordetella pertussis causes pertussis or whooping

cough in humans, a disease which has re-emerged worldwide

despite vaccination. The persistence and re-emergence of B.

pertussis has been attributed to waning vaccine immunity and

antigenic divergence of clinical isolates and vaccine strains.

Recently we found evidence that polymorphism in the

promoter for pertussis toxin (ptxP) may also be important in

adaptation. In the last 20 years two ptxP alleles predominated

in the Dutch B. pertussis population, ptxP1 and ptxP3. The

ptxP3 strains were first observed in 1988, gradually increased

in frequency and nearly completely replaced the ptxP1 strains

in the late 1990s. The resurgence of pertussis was associated

with the increase in frequency of ptxP3 strains, suggesting that

changes in pertussis toxin regulation contributed to pertussis

epidemics. Here, we applied the power of whole-genome

sequencing to identify additional adaptations of B. pertussis

that may play a role in the persistence of pertussis. Methods:

We use the 454 sequencing technology to sequence four

recently isolated B. pertussis strains, two ptxP1 and two ptxP3

strains and two strains isolated in 1950. Results: Comparison of

the six isolates and the already sequenced B. pertussis Tohama

I strain revealed 13 regions of difference (RDs). One RD,

comprised of 19 genes, was only found in ptxP3 strains. This

region includes many pseudo and hypothetical genes and genes

involved in iron uptake. In addition to these RDs 896 single

nucleotide polymorphisms (SNPs) were found. 16 SNPs were

specific for ptxP3 strains. Five SNPs were non-silent and

located in fim3, a putative type III secretion protein, a putative

metal transporter and two hypothetical proteins. Conclusion:

The ptxP3 strains could be distinguished from other isolates by

the absence of 19 genes and by 16 SNPs. Further research is

focussed on the role of these loci in the ecology of pertussis.

O095

Whole Genome Analysis Shows Substantial
Diversification between Pig-Associated
Methicillin-Resistant Staphylococcus aureus ST398
Isolates

M.J. Schijffelen, C.H.E Boel, J.A.G. van Strijp, A.C. Fluit

UMC Utrecht, Medical Microbiology, Utrecht

Introduction: Recently, a new lineage of MRSA with Sequence

Type 398 (ST398) has emerged throughout the world. This

lineage has been isolated from patients with invasive commu-

nity-associated MRSA infections and colonization rates among

contacts of livestock are very high, although the strains until

now have mainly been associated with colonization and

infection of livestock, such as pigs and calves. By determining

the genome sequence of isolate S0385 a ST398 MRSA

carrying SCCmec type V we have identified several genetic

elements that may explain the success of this lineage.

However, the presence of at least two different SCCmec
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elements among MRSA ST398 strains might indicate signif-

icant differences in genomic content between strains. To obtain

better insight in the differences and clonality of the S. aureus

ST398 lineage, the complete genome sequences of three

additional isolates from the same farm all carrying SCCmec

type IV were determined.

Methods: Isolates S0452, S0460 and S0462 all had different

clinical backgrounds, including a pig with exudative epidermitis.

Isolate S0385 was a blood culture isolate from a patient with

endocarditis. The sequence of the genomes was determined

using either 454 or Solexa based sequencing technology.

Resulting contigs were compared with the genome of isolate

S0385 to identify differences in gene content and single

nucleotide polymorphisms (SNPs). The analysis was performed

using Kodon and Nucmer.

Results: Comparison of the four S. aureus ST398 isolates showed

considerable differences between S0385 and the other three

isolates. The difference in gene content between the ST398

isolates was almost exclusively restricted to genes related to

mobile genetic elements (MGE). Besides the difference in

SCCmec elements major differences in phage, integrative

conjugative elements and plasmid gene content were observed

between isolates. On the other hand several MGE were

conserved in all ST398 isolates, such as a unique pathogenicity

island and transposons conferring tetracycline and b-lactamase

resistance. Furthermore 167 SNPs were identified in the part of

the chromosome which was conserved among all isolates. The

majority of SNPs were located in coding regions creating or

reversing 9 pseudogenes and resulting in 49 amino acid

substitutions among 48 different proteins belonging to various

functional categories. There were 14 intergenic SNPs present of

which two were located at the 50-end of a putative icaR gene

regulator and a multiple gene regulator mgr, respectively. These

subtle differences could result in significant differences in

expression and function of some proteins important in the

adaptation to certain environmental conditions.

Conclusions: MRSA ST398 strains have undergone substantial

genetic diversification, both in respect to the acquisition of

mobile genetic elements and the presence of numerous SNPs.

These findings suggest MRSA ST398 has diverged indepen-

dently from a common ancestor on at least two occasions.

O096

A recombination hotspot with several genomic islands
and a high number of putative pili operons in the
chromosome of an epidemic Enterobacter hormaechei

A Paauw, M. A. Leverstein-van Hall, J. Verhoef, A. C. Fluit

UMCU, Medical Microbiology, Utrecht

Introduction: A multidrug-resistant Enterobacter hormaechei

strain (EHOS) caused a nationwide outbreak in The Nether-

lands. Previous studies showed that this EHOS contained a

High Pathogenicity Island (HPI), encoding a highly efficient

iron uptake system and a conjugative plasmid with multiple

resistance genes. It was also shown that the multidrug

resistance phenotype was not enough to cause the strain to

become highly epidemic. To identify other features that may

have contributed to the epidemic behavior of the EHOS the

chromosome of the EHOS was sequenced. In addition the

mobility of the HPI was investigated.

Methods: DNA of a representative isolate was sequenced using

454 pyrophosphate sequencing technology with 24-fold cover-

age by Roche Applied Sciences. Resulting reads were assembled

in contigs using the 454 Newbler assembler. By PCR and Sanger

sequencing the number of contigs was reduced. The remaining

contigs were concatenated with a recognition sequence between

the contigs. The concatenated genome sequence was annoted by

the JCVI Annotation Service. Overrepresentation of each cluster

of orthologous groups (COG) in the EHOS was determined by

comparing the COG distribution of the EHOS with the COG

distribution of ten other Enterobacteriaceae. The possibility of

excision and circularisation of the HPI was investigated by PCR

using primers at sites flanking all attO repeats. Obtained products

were sequenced.

Results: The chromosome consisted of approx. 4,857 kb with a

GC content of 55.4% and 4,645 open reading frames (orfs)

were defined. A relatively high number of these orfs encoded

proteins supposedly involved in cell wall/membrane biogenesis

(5.1%) and cell motility (2.9%). The EHOS contained 18

operons putatively encoding 15 different pili and one type of

flagella. Based on the presence of attO repeats, 5 genomic

islands located next to each other were identified of which one

contained the HPI. The function of the other genomic islands is

unknown or speculative. The genomic islands could be excised

from the chromosome in different combinations demonstrating

the plasticity of this region and therefore designated a

recombination hotspot (RHS).

Conclusions: The genome of the EHOS contained 1) operons

that putatively encoded 15 different pili and 2) a RHS that

contained 5 genomic islands, one containing the HPI. The pili,

the RHS, and the HPI are likely important factors in niche

adaptation which may have contributed to the epidemic

behavior of the EHOS.

O097

Experiences with molecular techniques for the diagnosis
of Pneumocystis pneumonia

P.J.A.Beckers, J.Hopman

UMCN St Radboud, Medische Microbiologie, Nijmegen

Introduction: For the diagnosis of Pneumocystis infections

more and more laboratories use molecular techniques. In the

2005 edition of this meeting the interlaboratory evaluation of

three different PCR’s revealed a very high agreement of these

techniques, applied on broncho alveolar lavage(BAL) samples.

The high sensitivity of the PCR allows detection of Pneumo-

cystis DNA also in oral washings and sputa. The interpretation

of results, however, is still subject of discussion. We describe

our experience with molecular and microscopic techniques for

the diagnosis of Pneumocystis.

Methods: The real-time PCR desribed by Larsen et al. (2002)

with the Major Surface Glycoprotein (MSG) as the target is

performed on a LightCycler. The ImmunoFluorescenceT-

est(IFT) microscopy is based on a commercial monoclonal

antibody against the MSG.

Results: The most striking observations are:
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1. No negative PCR results in samples with positive IFT.

2. PCR gives more positive results than IFT-microscopy. In

2008 this was seen in 5 of 48 patients, of which 4 were

considered clinical pneumocystis pneumonia.

3. IFT-microscopy on sputa is rarely positive: BAL remains

the preferred sample for diagnosis.

Conclusion:

1. Positive predictive value of IFT higher than that of PCR in

all materials.

2. Negative predictive value of PCR higher than that of IFT,

especially in BAL samples.

3. Negative predictive value of PCR on sputa still uncertain.

These conclusions lead to the following diagnostic algo-

rithm for samples clinically suspected for PcP in the UMCN St

Radboud:

BAL

IFT positive: diagnosis PcP

IFT negative: perform PCR ? PCR negative: no PcP,

stop therapy

? PCR positive: clinical

interpretation

In literature the negative predictive value of PCR is generally

estimated over 90% in all diagnostic materials. If the clinical

condition of patients prohibits the BAL procedure, sputa or

bronchial secretions are used according to the following

algorithm:

Sputum

PCR negative: diagnosis no PcP

PCR positive: perform IFT ? IFT positive: diagnosis

PcP

? IFT negative: non

conclusive result, clinical

interpretation

O100

Application of multiplex real time PCR for diagnosis
of gastro enteritis caused by parasites

G.T. Noordhoek, A. Stellingwerff, E. Poelstra, J. Pasma,

E. Mooi-Kokenberg, R. Van Rhee-Luderer

Laboratorium voor de Volksgezondheid in Friesland,

Medische Microbiologie, Leeuwarden

A molecular detection system for the most common parasites and

bacteria causing gastro-enteritis was implemented in our lab to

improve sensitivity and to decrease turn around time. The

molecular tests were to be used for screening of clinical samples

and to replace a large part of conventional culture and micros-

copy. As we expected to receive relative large numbers of

samples each day, we were in need of a highly automated method

with little hands-on time and low costs. Experiments were

performed to estimate the best method for pretreatment and DNA

extraction of stool samples. The BioRobot Universal (Qiagen)

was user friendly and had an excellent extraction performance.

Real time PCRs were set up for detection of Giardia
lamblia, Cryptosporidium parvum, Entamoeba histolytica and

Dientamoeba fragilis. Primers and probes were chosen in

collaboration with J.J. Verweij, Leiden and A. Bergmans,

Breda. These four PCRs were combined with PCRs for

detection of four bacteria into three multiplex PCR reactions,

all including phocid herpes virus (PhHV) as internal control for

extraction efficiency and inhibition. All multiplex reactions

were optimized regarding primer and probe concentrations in a

way that a low load of one target was still detectable in the

presence of a high load (at least 1009) of another target in the

same reaction. This to enable detection of mixed infections.

During five weeks, all feces samples were prospectively

examined by conventional methods and by the new molecular

tests. During these weeks, the logistics in the lab were changed

and adapted to the flow of the molecular tests. A total of 320

stool samples was examined for the presence of parasites by

microscopy in the SAF fixed stool samples and by PCR in the

fresh stool of the Triple Feces Test (TFT) set. Of these

samples, 223 (69,7%) were negative with both methods, 13

(4.1%) were inhibited in the PCR, 28 (8,8%) were positive for

the same parasite(s) in microscopy and PCR, and in 56 (17,5%)

samples PCR was positive and microscopy was negative.

Especially, the detection of D. fragilis was gone up from 7.2%

with microscopy to 21.7% with PCR. Based on these results

molecular testing of fresh stool samples for parasites causing

gastro-enteritis was implemented in our routine diagnostics.

TFT sets are now analysed sporadicly, only if there is

indication that other parasites than Giardia, Cryptosporidium,

E.histolytica or Dientamoeba might be present. Currently, we are

considering to stop examination of TFT completely, since there

is no added value in the examination of SAF fixed feces versus

freshly obtained feces. If necessary, both PCR and additional

parasitic tests can be performed on a fresh stool sample.

Furthermore, in order to keep track on 20–60 samples per

day to be analyzed for 4–9 different micro organisms, the lab

flow is now optimized by using a CAS-1200 pipetting robot.

The CAS-1200 not only fills PCR plates for different multiplex

PCRs from one DNA extract, it also cross-talks with the

Laboratory Information System (GLIMS), the BioRobot

extractor and the ABI 7500 real time PCR machine.

Molecular diagnostics for gastro enteritis is performed

every working day and positive test results are communicated

by telephone to the attending physician on the same day. By

using this multiplex real time PCR for diagnosis of gastro

enteritis, the advantages are also ‘‘multiplex’’: an automated,

highly sensitive and rapid assay is performed on one feces

sample per patient, thus improving patient care, both in the

hospitals and in the general physicians practice.

O101

Molecular diagnosis of Strongyloides stercoralis
infection in faecal samples of patients living
in a nonendemic region

JJ Verweij1, ECJ Claas1, M van Esbroeck2, L van Lieshout1

1LUMC, Parasitology, Leiden, 2Institute of Tropical

Medicine, Antwerp

Antonie van Leeuwenhoek (2009) 95:17–133 51

123



In most cases, infections with the parasitic nematode Strongy-

loides stercoralis start asymptomatic, but may result in a life-

threatening disseminated disease after many years if the host

becomes immunocompromised. The detection of S. stercoralis

larvae by microscopic examination of stool samples plays a

central role in the laboratory diagnosis of the disease, in

particular during the first years of infection when most serolog-

ical assays demonstrating specific antibodies still lack sensitivity

or specificity. However, the number of larvae in stool is often

very small and even after formalin-ether concentration, the

Baermann method, or copro-culture the detection rate is low and

multiple samples have to be examined to achieve adequate

sensitivity. Recently, a real-time PCR for the specific amplifi-

cation and detection of S. stercoralis DNA was developed and

validated using a wide range of control samples (n = 145)

showing 100% specificity. The assay has been successfully

implemented in large scale epidemiological surveys on the

distribution of S. stercoralis in endemic areas in Peru, Ghana and

Mozambique, showing high sensitivity compared to microscopy.

Moreover, a correlation was found between the number of larvae

detected and the Ct-values of the PCR, reflecting the amount of

parasite-specific DNA in the sample. The assay therefore shows

high potentials for monitoring the prevalence and intensity of S.

stercoralis infections during helminth intervention programs in

endemic regions. The present study describes the performance of

the real-time PCR for the specific detection of S. stercoralis DNA

in faecal samples in two different nonendemic settings.

Stool samples were collected from 2,591 persons attending

the travel clinic at the Institute for Tropical Medicine (ITM) in

Antwerpen, Belgium between April 2005 and May 2006.

Furthermore, S. stercoralis PCR was performed on faecal

samples (n = 1,416) submitted for S. stercoralis diagnosis to

the clinical microbiology laboratory of the LUMC. Complete

microscopy, including the Baermann procedure, could not be

performed on all stool samples examined by real-time PCR.

In the faecal samples from travellers (N = 2,591) S. sterco-

ralis was detected with microscopy and real-time PCR in 3

samples whereas S. stercoralis-specific DNA amplification only

was shown in an additional 18 samples. S. stercoralis was

detected in faecal samples submitted to the LUMC with

microscopy and PCR in 7 samples. Additionally, S. stercoralis-

specific DNA amplification was detected in 8 samples in which

microscopy did not reveal larvae. Serum was available from these

8 cases and tested positive for strongyloides-specific antibodies.

These findings indicate that real-time PCR for the detection

of S. stercoralis DNA in stool samples offers a worthwhile

alternative to time-consuming microscopic procedures such as

the Baermann method and copro-culture in the routine diagnosis

of S. stercoralis infections in a non-endemic laboratory setting.

O102

First case of Echinococcus multilocalaris acquired
in The Netherlands

L van Dommelen1, F.F. Stelma1, V.C. Cappendijk1,

M.A. Abdul Hamid1, L.M. Kortbeek2, M.F. von Meyenfeldt1,

A.M.L. Oude Lashof1

1MUMC, MMB, Maastricht, 2National Institute of Public

Health and the Environment, Bilthoven

Case report: Early 2008, a 55-year-old patient, with a history of

myxod liposarcomas, presented at our hospital with cervical

pain. Because metastases in the cervical spinal column were

suspected, further diagnostic work-up was performed. MRI

showed no abnormalities of the spinal column and PET-CT

was negative. However, CT images showed multiple hypodens

lesions suspect for metastases in the liver, which were not

present on the abdominal CT images 6 months earlier. After

chemotherapy the liver lesion were unchanged and partial

hepatectomy and contralateral portal vein ligation was per-

formed, leaving five lesions in situ.

Pathologic macroscopic examination revealed circum-

scribed intact nodules with glassy, fibrotic parenchyma with

myxoid areas and possible central necrosis. Microscopy

showed sharply circumscribed nodules with central necrosis

and a peripheral wall of histiocytes with focal giant cells.

Within the necrotic areas, foreign material was seen, resem-

bling Echinococcus structures. Although postoperative

abdominal CT did not show progression of the pre-existent

lesions, a new lesion was detected with a diameter of 1.3 cm.

Echinococcus serology was send to a reference laboratory and

came back weak positive (IgG Echinococcus sp. 1:320, IgG1

1:40, IgG 4 \1:20 and IgE \1:20). Patients history did not

mention extensive travelling, only three short holidays to

Switzerland, Italy and Austria in previous years. She did not

work in the garden, had no contact with animals and did not do

her shopping outside regular supermarkets. She was not

extensively exposed to a forest environment and did not

consume forest fruits. To differentiate between Echinococcus

granulosis and Echinococcus multilocularis, the resected liver

material was sent to the RIVM for Echinococcus PCR and was

found positive for E. multilocularis.

Discussion: Echinococcosus multilocularis cysts can look like

metastases on CT and, considering patients history, metastases

were more likely. Fortunately, the Echinococus cysts were

widely resected and no spill in the abdomen occurred. In The

Netherlands, E. multilocularis is rarely seen and always

imported. Although E. multilocularis is endemic in foxes in

the southern part of The Netherlands, no proven transmission

to humans has occurred yet. Imported infection cannot be

excluded in this case, however, regarding patients lifestyle and

short duration of foreign exposure, domestically acquired

infection seems plausible.

Conclusion: This case might represent the first Echinococcus

multilocularis infection acquired in The Netherlands. Future

research has to reveal whether E. multilocaris is an emerging

pathogen in humans in The Netherlands or if we are facing an

isolated case.

O103

Stress response related sigma factors in Neisseria
meningitidis

CTHP Hopman, Y Pannekoek, D Speijer, A van der Ende

Academic Medical Center, Medical Microbiology,

Amsterdam

Objectives: The meningocococcus (Neisseria meningitidis)

encounters several different environments during colonization
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and infection. These environments result in harsh growth

conditions for the meningococcus to which it has to adapt by

expressing different sets of genes under each condition.

Alternative sigma factors are involved in the stress response

of some bacteria. We investigated the role of sigma factor E

(rpoE) and sigma factor H (rpoH) in the stress response of N.

meningitidis.

Methods: Knockout mutants of rpoE and rpoH were con-

structed by replacement with a gene encoding erythromycine

resitance (ermC) in N. meningitidis H44/76. In addition, rpoE

and rpoH were inserted in vector pEN11 allowing IPTG

inducible expression of each gene in N. meningitidis H44/76.

Protein profiles of rpoE and rpoH mutants were compared with

wild type when grown under varying iron concentrations

(severely depleted or not) using SDS polyacrylamide gel

electrophoresis. Differentially expressed proteins were identi-

fied by MALDI-TOF mass spectrometry.

Results: We did not succeed in constructing the rpoH knockout

mutant, suggesting that, as found in gonococci, this mutant is

not viable. The rpoE knockout mutant had a slightly reduced

growth rate compared to the wt under iron replete conditions as

well as under iron deplete conditions. In addition, the rpoH

overexpressing and rpoE overexpressing N. meningitidis H44/

76 also showed slightly reduced growth under both growth

conditions. Protein profiles of rpoH overexpressing meningo-

cocci showed no detectable differences with those of wt

meningococci. Protein profiles of rpoE knockout meningococci

and wt meningococci were comparable. However, protein

profiles of rpoE overexpressing meningococci grown under

iron replete conditions showed a protein that was absent from

the profiles of wt meningococci. Mass spectrometry revealed

that this differentially expressed protein contained methionine

sulfoxide reductase (Msr, NMB0044). In addition, under iron

depletion conditons FrpB expression was induced in wt

meningococci. Remarkably, overexpression of rpoE under iron

limitation conditions resulted in downregulation of FrpB.

Conclusion: The rpoH knockout mutant in meningococci is

probably not viable. Overexpression of rpoE resulted in the

induction of Msr, as was found in gonococci (1). Under iron

limitation the expression of FrpB is reduced when rpoE expres-

sion is increased. Currently, we are investigating the mechanism

by which the RpoE mediated repression of FrpB is obtained.

Reference:

1. Gunesekere IC, Kahler CM, Ryan CS, Snyder LA, Saunders

NJ, Rood JI, Davies JK. Ecf, an alternative sigma factor from

Neisseria gonorrhoeae, controls expression of msrAB, which

encodes methionine sulfoxide reductase. J Bacteriol. 2006;

188:3463–9.

O104

The staphylococcal cell wall proteome

M.J.J.B. Sibbald1, A. Dreisbach1, J.J. de Groot1, G. van der

Vries1, M.P. de Vries2, R.J. Vonk2, J.M. van Dijl1, G Buist1

1University Medical Center Groningen, Medical

Microbiology, Molecular Bacteriology, Groningen,
2University Medical Centre Groningen, Centre for Medical

Biomics, Groningen

Introduction: The potential pathogenic Staphylococcus aureus

has several secretion systems for transport of proteins into or

across the membrane. A state-of-the-art roadmap of the S.

aureus secretome has been generated on basis of available

genome sequences, proteomics data and bioinformatics. The

secretome map includes both protein transport pathways and

the extracytoplasmic proteins. Transported proteins that

become attached to the membrane or the cell wall (covalent

and non-covalent) form the ‘wall proteome’. The proteins

that pass the cell wall and are released into the environment

make up the so-called ‘extracellular proteome’. Cell wall

proteins of S. aureus can be exposed on the cell surface and

have been shown to be involved in interactions with and

attachment to surfaces, such as medical implants or eukary-

otic cells.

Methods: Tools for predicting signal peptides (SignalP,

Phobius, Predisi), transmembrane domains (TMHMM,

TmPred, HmmTop), literature data, searches for retention

signals for cell-wall binding and BLAST comparisons were

combined in the in silico pipeline ‘LocaPred’ for automated

predictions. Proteomics technology was used to identify cell

wall, cell surface-exposed and secreted staphylococcal targets.

Results: The datasets of the predicted secreted proteins of all

sequenced S. aureus strains were compared within ‘Locapred’

to discriminate between the core and variant secretomes. This

has resulted in overviews of the exported virulence factors,

pathways for protein transport, signals for cellular protein

retention or secretion, and the exoproteomes of different S.

aureus isolates. While the core secretome seems to be largely

employed for general house-keeping functions, necessary to

thrive in particular niches provided by the human host, the

variant secretome seems to contain the ‘‘gadgets’’that S.

aureus needs to conquer these well-protected niches. At least

five different groups of non-covalently wall-bound proteins

were distinguished. The proteins covalently and non-cova-

lently attached to the cell wall, and surface-exposed proteins

of exponentially growing S. aureus were isolated. After

analysis via mass spectrometry, 75 proteins were identified in

the covalently attached fraction and 283 in the non-covalently

attached fraction. 132 proteins were identified to have

domains exposed on the surface of the bacterial cell wall.

In total 363 different proteins were identified, whereof 14

were exclusively covalently attached to the peptidoglycan,

283 were only covalently attached without being surface

exposed and 44 were identified as surface exposed without

being identified within one of the other two sub-fractions.

Interestingly, there were many cytosolic proteins common

within all fractions.

Conclusion: Although quite some cytoplasmic were present in

the wall fraction, several of the predicted covalent and non-

covalent wall-bound proteins of the different groups were

identified. Most of the identified cytoplasmic proteins are also

present in the wall proteomes of other microbes. By rebinding

of the extracted wall proteins to purified wall-fragments,

specific non-covalently bound wall proteins and secreted

proteins, lacking a known wall binding domain, could be

identified. The identified cell-wall located proteins/virulence

factors are potential candidates for a vaccine against S. aureus,

using non-pathogenic carrier cells. The ‘‘invariant’’immuno-

genic determinants will be selected to produce human

antibodies against multi-drug resistant S. aureus.
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Modulation of GPCR signaling by pathogens

J Bestebroer, CJC de Haas, JAG van Strijp

UMCU, Medical Microbiology, Utrecht

Background: Pathogen-derived peptides, chemokines, and

activated complement fragments guide the recruitment of

leukocytes to sites of infections. The sensing of these

chemoattractants by G protein-coupled receptors (GPCRs)

plays a central role in leukocyte trafficking. Pathogens have

therefore developed several ways to modulate the activation of

GPCRs.

Methods and results: An overview of the mechanisms and

proteins employed by major human pathogens and less virulent

microbes that affect GPCR signaling will be provided. While

viruses generally produce receptor and stimulus mimics,

bacteria and parasites secrete proteins that affect receptor

signaling, directly antagonize receptors, cleave stimuli and even

prevent stimulus generation. Bacterial GPCR evasion will be

exemplified through several staphylococcal GPCR inhibitors as

they affect activation by bacteria-derived chemoattractants,

chemokines, and complement fragments. Chemotaxis inhibi-

tory protein of S. aureus (CHIPS) and formyl peptide receptor-

like 1 inhibitory protein (FLIPr) affect leukocyte recognition of

bacteria-produced chemoattractants. While staphylococcal

superantigen-like 10 (SSL10) specifically blocks the chemokine

receptor CXCR4, SSL5 is a broad-spectrum chemokine and

complement inhibitor through direct binding of all glycosylated

GPCRs and scavenging of chemokines through glycoproteins

other than GPCRs. Finally, SSL7 targets complement compo-

nent C5 and thereby prevents the generation of the active

component C5a.

Conclusions: Many pathogens have developed a variety of

mechanisms to impair immune activation through GPCRs.

Undoubtedly, we will discover that microbes produce a much

larger arsenal of GPCR inhibitors.

O106

Development of a murine non-invasive infection model
to study Streptococcus pneumoniae acute otitis media

K. Stol, S. van Selm, S. van de Berg, H.J. Bootsma,

W. Blokx, K. Graamans, E.L.G.M. Tonnaer,

P.W.M. Hermans

Radboud University Nijmegen Medical Center, Laboratory

of Pediatric Infectious Diseases, Nijmegen

Introduction: Acute Otitis Media (AOM) is one of the most

frequent diseases in childhood, and Streptococcus pneumoniae

is among the main causative bacterial agents. Since there is a

lack of adequate animal models to study the bacterial

pathogenesis of AOM, we developed a non-invasive murine

AOM model. Subsequently, we used this model to investigate

the contribution of two surface-associated pneumococcal

proteins, the streptococcal lipoprotein rotamase A (SlrA) and

the putative proteinase maturation protein A (PpmA) to

pneumococcal virulence during experimental AOM.

Materials and methods: A pressure cabin was used to

translocate pneumococci from the nasopharyngeal cavity into

the middle ears of the mouse. The course of infection was

monitored using health scores, otomicroscopy, bacterial cul-

ture, cytokine analysis and histopathology at 1, 48, 96 and

144 h after initiation of infection. In order to study the

contribution of SlrA and PpmA to virulence during OM, slrA-,

ppmA- and slrA-ppmA double knockout mutants were con-

structed in the S. pneumoniae strain SME215x (serotype 19F).

Results: A pressure increase of 40 kPa was adequate to transfer

pneumococci from the nasopharynx into the middle ear cavity.

Wild-type pneumococci persisted for at least 144 h in the

middle ear cavity. Maximum bacterial load was seen 96 h after

infection. Inflammation of the middle ear was confirmed by IL-

1b and TNF-a cytokine levels and histopathology at 96 and

144 h post infection. Pneumococci lacking the genes encoding

SlrA, PpmA or both, were significantly reduced in virulence.

Conclusion: In summary, we developed a non-invasive murine

OM model for pneumococcal infection. This model is very

suitable to study pneumococcal pathogenesis and virulence in

vivo. The model has demonstrated the importance of SlrA and

PpmA in the pathogenesis of pneumococcal AOM. The

usefulness of our model to study the effectiveness of pneumo-

coccal vaccines against AOM is currently under investigation.

O107

Enterococcal Surface Protein Esp Aggravates
Enterococcus faecium Induced Urinary Tract Infection
in Mice

M Leendertse1, E Heikens2, L. M. Wijnands3, M Van Luit-

Asbroek2, G. J. D. Teske1, J. J. T. Roelofs1, M. J. M. Bonten2,

T. Van der Poll1, R. J. L. Willems2

1Academic Medical Center, Amsterdam, 2University

Medical Center Utrecht, Utrecht, 3Laboratory for zoonoses

and Environmental Microbiology, Bilthoven

Introduction: Enterococcus faecium has globally emerged as an

important multidrug resistant nosocomial pathogen causing a

wide spectrum of nosocomial infections including urinary tract

infections (UTI) and peritonitis. Despite its increasing impor-

tance as nosocomial pathogen, knowledge about the role of

virulence factors in these infections is limited. The enterococ-

cal surface protein Esp, specifically linked to health care-

associated E. faecium, is identified as a putative virulence

factor involved in biofilm formation. To investigate the role of

E. faecium Esp in UTI and peritonitis, an Esp expressing strain

of E. faecium (E1162) and its isogenic Esp-deficient mutant

(E1162’esp) were tested for their adherence capacity to

uroepithelial cells in vitro as well as in vivo in a mouse model

for UTI and peritonitis.

Methods: Adherence of E1162 and E1162Desp to T24 (human

bladder epithelial cells) and MDCK (canine kidney epithelial

cells) cells was investigated by allowing 107 CFU of either

parent or mutant strain to adhere for 1 h to 105 cells. To assess

the role of Esp in vivo, mice were challenged transurethrally or

injected intraperitoneally with 108 CFU of either E1162 or

E1162Desp. In the case of transurethrally infection CFU were

determined in bladder, and kidney homogenates, urine and
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blood 1, 3, and 5 days postinfection. In the intraperitoneally

challenged mice CFU were determined in liver, and lung

homogenates, peritoneal lavage fluid (PLF), and blood 2 and

24 h postinfection. Proinflammatory cytokines (TNF-a, IL-6,

IL-10, IL-12p70, IFN-c, and MCP-1) were measured in kidney,

and bladder homogenates, PLF and plasma. Creatinin and urea

were determined in plasma.

Results: Esp expression by E. faecium enhanced significantly

(p \ 0.001) in vitro binding of bladder and kidney epithelial

cells. In mice, significantly (p \ 0.05) higher numbers of

E1162 were cultured from both kidneys and bladders (1–107

and 9–105 CFU/ml, respectively) 1 day after induction of UTI

compared to E1162’esp (2–105 and 4–104 CFU/ml, respec-

tively), which was accompanied by a higher frequency of

bacteremia. Also, 3 days after induction of UTI significantly

(p \ 0.05) higher numbers of E1162 were cultured from both

kidneys and bladders (2–106 and 2–107 CFU/ml, respectively)

compared to E1162’esp (both 5–104 CFU/ml). No differences

in urine cultures were found. Higher bacterial outgrowth of

E1162 was associated with higher levels of proinflammatory

cytokines in kidney tissue and increased kidney damage

measured by plasma creatinin and urea. Esp expression did

not deteriorate the course of a non-lethal model of E. faecium

peritonitis and had no impact on the inflammatory response

during peritonitis.

Conclusion: These results demonstrate that Esp of E. faecium

contributes to the pathogenesis of experimental E. faecium

UTI, thereby facilitating subsequent bloodstream infection.

Differences in levels of attenuation of the Esp mutant in a

model of UTI and peritonitis suggests a site-specific role of Esp

in the pathogenesis of E. faecium infections. With the increase

of multiresistance in E. faecium, development of antibodies

directed against Esp might be a valuable addition in the

treatment of UTI caused by E. faecium.

O108

Clinical relevance of nontuberculous mycobacteria
isolated from pulmonary samples in The Netherlands

J van Ingen1, MJ Boeree2, WCM de Lange2,

PNR Dekhuijzen2, D van Soolingen1

1Rijksinstituut voor Volksgezondheid en Milieu, Sectie

Mycobacterien; Laboratoria voor Infectieziekten en

Screening (pb22), Bilthoven, 2Universitair Medisch

Centrum St. Radboud, Universitair Longcentrum

Dekkerswald, Nijmegen

Rationale: The isolation frequency of nontuberculous myco-

bacteria (NTM) increases in The Netherlands. The clinical

relevance of NTM isolated from pulmonary samples is often

uncertain. To aid in the distinction between occasional presence

and true NTM disease, the American Thoracic Society has

published clinical and microbiological criteria to diagnose

pulmonary NTM disease. To estimate the clinical relevance of

individual NTM species in The Netherlands, we measured the

percentage of patients that met the 2007 American Thoracic

Society diagnostic criteria for pulmonary NTM disease.

Methods: NTM were identified by the Inno-Lipa Mycobacteria

v2 reverse line-blot or 16S rDNA gene sequencing. We

performed a retrospective medical file review of all patients in

The Netherlands with pulmonary Mycobacterium malmoense,

M. szulgai, M. simiae, M. xenopi, M. chelonae, M. abscessus,

M. conspicuum and ‘‘M. noviomagense’’and all patients in the

Nijmegen-Arnhem region with M. avium, M. intracellulare, M.

gordonae and M. kansasii isolates between January 1999 and

January 2006, using the diagnostic criteria of the American

Thoracic Society to assess clinical relevance.

Results: In total, 361 patients with pulmonary NTM isolates

were identified (59 M. avium, 48 M. gordonae, 45 M. xenopi,

40 M. malmoense, 39 M. abscessus, 35 M. chelonae, 28 M.

simiae, 17 M. kansasii, 16 M. intracellulare, 15 M. szulgai,

2 M. conspicuum and 17 ‘‘M. noviomagense’’).

Clinical relevance differed significantly by species; Myco-

bacterium malmoense was most relevant with 80% of all patients

meeting the ATS criteria, followed by M. szulgai (73%) and M.

kansasii (71%). Mycobacterium conspicuum (50%), M. xenopi

(47%), M. avium (41%) and M. abscessus (33%) formed a

middle segment in terms of clinical relevance. Mycobacterium

simiae (21%), M. chelonae (20%), M. intracellulare (13%), M.

gordonae (2%) and ‘‘M. noviomagense’’(0%) were least rele-

vant. Patients were mostly males (65%), with an average age of

59 years and pre-existing lung disease. Upper lobe cavitary

disease is the most common radiological presentation. We noted

both over- and under-treatment of NTM disease. Treatment

outcome was poor, especially for pulmonary M. avium disease.

Conclusions: The clinical relevance of NTM differs by species.

These differences emphasize the major role of the bacteriolog-

ical laboratory in the management of these emerging infections;

correct identification of NTM isolates is a prerequisite for

correct patient handling. Pulmonary M. malmoense, M. kansasii

and M. szulgai isolates mostly represent true disease, whereas

M. gordonae, M. chelonae, ‘‘M. noviomagense’’and M. simiae

can mostly be considered contaminants. Evaluation of the

clinical relevance of isolated NTM should be based on accurate

species identification by the microbiologist and a detailed

follow-up by the clinician. Guidelines for diagnosis and

treatment of pulmonary NTM disease are needed to improve

treatment and outcome in The Netherlands.

O109

De opleiding medische microbiologie van de Hogeschool
Utrecht

M.M. Immink

Institute for Life Sciences & Chemistry

(Hogeschool Utrecht), Utrecht

Het Institute for Life Sciences & Chemistry verzorgt het

onderwijs voor het laboratorium onderzoek; de medische

microbiologie is een specialisatie van deze opleiding. Als

opleidinginstituut beogen wij de veelzijdigheid en actualiteit

van de medische microbiologie aan de student aan te bieden.

Dit betekent dat er aandacht is voor zowel de diagnostische

kant van het vakgebied alsmede voor het onderzoek. Hierbij

streven wij er naar zo goed mogelijk aan te sluiten bij de

belevingswereld van de hedendaagse student. Onze afgestu-

deerden zijn daarom breed inzetbaar in het beroepenveld: zij

zijn o.a. werkzaam in ziekenhuizen, onderzoeksinstituten en
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het bedrijfsleven. Natuurlijk is aansluiting van de opleiding op

de behoefte van de arbeidsmarkt uitermate belangrijk. Daarom

hechten wij veel waarde aan het betrekken van het beroepen-

veld bij het onderwijs. Samen kunnen we zorgdragen voor een

breed opgeleide microbiologisch analist.

Maar, het beroepenveld is voortdurend aan verandering

onderhevig. Daarom bieden wij naast een pakket kennis en

vaardigheden ook competentiegericht onderwijs. Hierin krijgen

de studenten inzicht in het eigen kunnen en bieden wij hen

handvaten om zich steeds te blijven ontwikkelen gedurende hun

verdere carrière. Wij streven er naar dat onze afgestudeerden

steeds flexibel en competent zullen blijven tijdens hun loopbaan.

In de presentatie tijdens de sessie willen wij u kennis laten

maken met wat u van onze opleiding en van onze afgestu-

deerden mag verwachten. Nu en in de toekomst [3DOTS].

O110

De specialisatie Microbiologie en de master Moleculaire
Diagnostiek van de Hogeschool Leiden

C.E. van Goor

Hogeschool Leiden, Techniek, Leiden

Signalen uit het beroepenveld en vragen van studenten zijn

aanleiding geweest om het curriculum en de specialisatiemo-

gelijkheden van de studierichting Microbiologie grondig aan te

passen. Het accent is meer komen te liggen op het onderscheid

tussen diagnostiek en research. Bovendien komen in het nieuwe

programma nu naast de Medische Microbiologie eveneens de

Biotechnologie, de Industriële Microbiologie, de Microbiële

Ecologie en de Voedingstechnologie prominent aan bod. Er

heeft wat dat betreft tevens een duidelijke verzwaring plaatsg-

evonden in de richting van de moleculaire biologie en een

kennismaking met de bioinformatica. Studenten kunnen op die

manier met verschillende microbiologische richtingen ken-

nismaken. Vervolgens kan er gekozen worden voor verbreding

of verdieping met de minor. Op dit moment wordt er een minor

Infectieziekten ontwikkeld die in 2010 zal gaan lopen.

Binnen de laboratoriumdiagnostiek van microbiële infecties

neemt de moleculaire diagnostiek een steeds grotere plaats in. Dit

jaar draait er op de Hogeschool Leiden al een minor Moleculaire

Diagnostiek. Als vervolg hierop wordt in samenwerking met het

lectoraat Innovatieve Moleculaire Diagnostiek voor bachelors

Applied Science ook een master Moleculaire Diagnostiek

ontwikkeld die in September 2010 van start zal gaan.

Meer informatie over het curriculum en de master zal

gegeven worden tijdens de lezing.

O111

Automatisering en mechanisering in het microbiologisch
diagnostisch laboratorium van de toekomst

J. Bruin

Streeklaboratorium Haarlem, Haarlem

Door het toenemen van automatisering en mechanisatie in het

medisch microbiologisch laboratorium vindt er ook in toene-

mende mate discussie over de opleiding plaats. Voor de

opleiding van medisch microbiologische analisten komen vier

belangrijke onderwerpen aan de orde:

1. Het veranderende laboratorium: Naast automatisering en

mechanisering is er veel aandacht aan de kwaliteitseisen

die aan een laboratorium worden gesteld, met als gevolg

dat er volgens kwaliteitscriteria vastgelegd in SOPs moet

worden gewerkt.

2. De scholing van de analisten door de jaren heen: van HLO

opgeleide analisten mag verwacht worden dat zij breed

opgeleid zijn en niet beperkt worden in de mogelijkheden

die een medisch microbiologisch laboratorium biedt. Juist

in een tijd van automatisering en mechanisering is het van

belang dat de studenten breder opgeleid worden.

3. Voldoet de scholing van analisten aan het vereiste niveau:

Gelet op het veranderende laboratorium zal er in de

opleiding naast ruime aandacht aan de basiskennis van de

microbiologie ook aandacht besteed moeten worden aan de

intrede van de gemechaniseerde en geautomatiseerde

technieken. Hierbij behoort ook hoe nieuwe technieken,

lees testen, behoren te worden gevalideerd.

4. In het medisch microbiologisch laboratorium kunnen meer

werkzaamheden door MLO analisten worden uitgevoerd.

Het toenemen van mechanisatie en automatisering her-

bergt in zich de mogelijkheden om de microbiologische

procesgang in aparte onderdelen te verdelen. Bij deze

aparte onderdelen kan dan een onderscheid gemaakt

worden in de zwaarte van de uitvoerende taken en hoogte

van de verantwoordelijkheden. Ook dit vraagt om een

veranderingsproces in het denken en doen in het micro-

biologische laboratorium.

Het veranderde laboratorium

De werkwijze in het medisch microbiologisch laboratori-

um is de laatste jaren aan een sterke verandering onderhevig.

Medische microbiologie is op zich een ‘‘jonge’’ professie in

de onderzoekswereld en met name gericht op het kweken,

determineren en bepalen van gevoeligheid voor antibiotica

voor de diverse micro-organismen. Bestond er ‘‘vroeger’’de

mogelijkheid om dit uit te voeren op een tafel met een

bunsenbrander en een microscoop dan is dat in de huidige

periode toch sterk anders. Automatisering en mechanisatie

heeft en zal in de toekomst een steeds grotere plaats binnen

de microbiologie in gaan nemen. Een tafel met een

bunsenbrander en microscoop heeft uitbreiding gekregen

met een computer (papierloos werken), geautomatiseerde

determinaties en gevoeligheidsbepalingen, veiligheidskabinet,

bloedkweek apparatuur etc. Het einde van de mechanisatie en

automatisering is nog niet in zicht. Nieuwe mogelijkheden

dienen zich aan, zoals moleculair biologische bepalingen

(flexpanels), geautomatiseerde enting van platen gevolgd door

incubatie en op beeld vast leggen van de cultures.

De scholing van de analisten door de jaren heen.

In de scholing van de medische microbiologische analisten is

er vanaf zijn prille bestaan steeds aandacht geweest voor het

morfologisch herkennen, het identificeren en karakteriseren van

de gekweekte micro-organismen. Basis kennis zoals katalase,

oxidase en omzetting van suikers (bonte rijen) waren een

absolute vereiste om een goede analist te zijn. Door de intrede

van geautomatiseerde systemen is hiervoor de aandacht binnen

de opleiding ook afgenomen. De aandacht heeft zich verschoven

naar nieuwere technieken zoals moleculaire biologische, soms in
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een mate dat er analisten van de opleiding afgeleverd worden die

alleen maar van de moleculair biologische ‘‘trucjes’’ kennis

hebben. Hoewel de moleculaire biologie van onmiskenbare

waarde is, is dit een verarming van de kennis van de opgeleide

analist en een beperking om een dergelijke analist breed in het

laboratorium in te zetten. Juist van HLO opgeleide analisten mag

verwacht worden dat zij breed opgeleid zijn en niet beperkt

worden in de mogelijkheden die een medisch microbiologisch

laboratorium biedt. Juist in een tijd van automatisering en

mechanisering is het van belang dat de studenten ook getraind

worden in deze vaardigheden.

Voldoet de scholing van analisten aan het vereiste niveau

Eerder is al genoemd dat er (soms) een tendens bestaat om

HLO-analisten als specialisten op te leiden. Voor de korte

termijn kan dit voor de sterk toenemende vraag van gespecia-

liseerde analisten (moleculaire biologie) een goede

mogelijkheid zijn. Maar vakinhoudelijk is dit in mijn ogen

een enorme verschraling. Gelet op het veranderende laborato-

rium zal er in de opleiding naast ruime aandacht aan de

basiskennis van de microbiologie ook aandacht besteed moeten

worden aan de intrede van de gemechaniseerde en geautom-

atiseerde technieken. Hierbij behoort ook ruime aandacht

geschonken te worden aan hoe nieuwe technieken, lees testen,

behoren te worden gevalideerd. Bij dergelijke validatie proc-

essen behoort dan ook meegenomen te worden welke eisen er

aan een validatie gesteld behoren te worden. Hierbij moeten

termen als negatief en positief voorspellende waarde een

herkenbaar begrip zijn bij de opgeleide HLO-analist.

Het mag duidelijk zijn dat er nog een wereld te winnen staat

voor goed opgeleide HLO-analisten, indien dit niet mogelijk is

om dit binnen de huidige opleidingen te verwezenlijken dan

staan de medisch microbiologisch laboratoria voor de mo-

eilijke taak om op locatie een opleiding te geven. Het intern

opleiden heeft ook zo zijn bezwaren omdat hiertegen over geen

opleidingsvergoeding bestaat en dit een groot tijdsbeslag legt

op vaak al krap bemande organisatie.

Een andere keus die gemaakt kan en zal worden dat er in

het medisch microbiologisch laboratorium meer werkzaamhe-

den door MLO analisten zal worden uitgevoerd. Het toenemen

van mechanisatie en automatisering herbergt in zich de

mogelijkheden om de microbiologische procesgang in aparte

onderdelen te verdelen. Bij deze aparte onderdelen kan dan een

onderscheid gemaakt worden in de zwaarte van de uitvoerende

taken en hoogte van de verantwoordelijkheden. Ook dit vraagt

om een veranderingsproces in het denken en doen in het

microbiologische laboratorium.

Ik ben gaarne bereid aan de hand van de te houden

presentatie op de hierboven genoemde onderwerpen in te gaan.

Jacob Bruin

Coördinerend Hoofd Laboratoria

Streeklab Haarlem
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Role of the analist in microbiological testlaboratories

D.J.C. van den Berg

LabQuest, Eck En Wiel

Over the last 15 years a lot has changed in the microbiological

testlaboratories. The competition between laboratories is

growing and the reliability of a testresult is no longer the sole

interest of a laboratory. More and more emphasis is put on

matters like efficiency, costs and speed of delivery. Further-

more the testlaboratories have to deal with quite strict rules and

regulations, often incorporated in a Quality System that is

mostly based on the ISO 17025 standard. This has resulted in a

significant change in the way the work is organized and thus

the role of the analist has changed accordingly.

In the ‘‘good old days’’we used primarily the classical

microbiological methods and the analist was involved in the

analysis from start to end. However, there is an increasing shift

to automated methods, sometimes based on classical tech-

niques (MPN, growth on selective media) but often based on

alternative techniques like PCR and ELISA. Furthermore there

is an increasing use of newly developed chromogenic plate-

agars that has facilitated the interpretation of results tremen-

dously, and even without any further confirmation steps it is

now easy to give a reliable result often after 24 h!

Next to all these changes there has also been a huge

development in mechanisation of routine activities in the

microbiological labs (e.g. medium preparation, labeling,

pipetting robots, diluters, plate pouring, automatic incubation,

colony counting etc.).

Taking all these changes into accoount, the question is often

raised whether or not we still need qualified analists in the lab

and if so, what kind of qualifications we are talking about then?

In other words: is it possible to run a lab with only hands-on

trained technicians or do we still need well trained microbi-

ologists having a bachelor- or master degree in microbiology.

In this presentation the altered role of the analist is

discussed as well as the need for a good microbiological

background for analists, and next to that also other qualifica-

tions and competences needed to perform well in the present

situation testlaboratories.
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Attenuated Measles Virus Delivered By Aerosol
Inhalation Replicates In Both The Upper And Lower
Respiratory Tract Of Non-Human Primates

R.D. de Vries1, K. Lemon2, S. Yuksel1, M. Ludlow2,

G. van Amerongen1, S. McQuaid2, L. Rennick2,

A.D.M.E. Osterhaus1, W.P. Duprex2, R.L. de Swart1

1Erasmus MC, Virology, Rotterdam, 2Queen’s University

of Belfast, School of Biomedical Sciences, Belfast

Introduction: Measles remains an important cause of childhood

mortality in developing countries. The disease is caused by

infection with measles virus (MV), and has an incubation

period of approximately 14 days. MV is highly infectious and

is transmitted via aerosols generated by coughing or via direct

contact with contaminated respiratory secretions. The standard

route of administration of the live-attenuated MV vaccine is

subcutaneous injection, and virus replication in the host is

required to induce immunity. To address problems with

vaccination coverage, safety and efficacy, and to mimic the

natural route of infection, respiratory routes of vaccination are

currently under investigation. Attenuated MV strains differ

from wildtype (wt) MV in receptor usage and in vitro tropism.
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However, it is poorly understood in which cell types these

viruses replicate in vivo. In order to understand whether

measles vaccination via the aerosol route should target the

upper respiratory tract (URT) or lower respiratory tract (LRT)

we compared the tropism of attenuated and pathogenic MV

strains administered to the airways of non-human primates.

Materials and Methods: Cynomolgus macaques were infected

with recombinant pathogenic (rMV-IC323-eGFP, plasmid

kindly provided by dr. Yusuke Yanagi) or attenuated (rMV-

Edmonston-eGFP) MV expressing enhanced green fluorescent

protein (eGFP), administered via either the intra-tracheal route

(IT, delivery exclusively to the LRT) or the aerosol route

(delivery to both the LRT and URT). Nose, throat and blood

samples were collected daily until animals were euthanized

7 days after infection, shortly before the expected peak of virus

replication. MV-infected cells in throat, nose, lungs, PBMC

and lymphoid tissues were detected by fluorescence, virus

isolation, flow cytometry and immunohistochemistry.

Results: Virus loads were several log values lower in monkeys

infected with attenuated MV than in those infected with wt MV.

After IT infection attenuated MV mainly replicated locally in the

lungs, whereas wt MV spread systemically and mainly replicated

in lymphoid tissues. After aerosol delivery attenuated MV

replicated in the nose, throat and lungs, whereas for wt MV the

pattern of virus replication largely remained the same as after IT

delivery. In some animals attenuated MV was associated with

low levels of viraemia, which did not result in a large-scale

spread of the virus to lymphoid tissues or epithelial surfaces.

Discussion and Conclusion: These studies demonstrate impor-

tant tropism differences between attenuated and pathogenic

MV strains in vivo. Attenuated MV administered by aerosol

was able to establish infection in the URT, whereas pathogenic

MV only invaded the URT after onset of viraemia. However, it

has been described that MV replication in the URT can be

impaired by concurrent respiratory virus infections. Since

particle size of aerosol droplets determines the location of

deposition in the respiratory tract, candidate MV aerosol

vaccines should be designed in such a way that they are

delivered to both the URT and LRT. This will optimize the

potential of the host to generate an effective MV-specific

immune response.
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Shedding of Vaccine Viruses with Increased Antigenic
and Genetic Divergence after Vaccination of Newborns
with Monovalent Type 1 Oral Poliovirus Vaccine

SMG van der Sanden1, M. Pallansch2, J van de Kassteele1,

N. El-sayed3, R. Sutter4, M. Koopmans1, H van der Avoort1

1RIVM, Virology, Bilthoven, 2Centers for Disease Control

and Prevention, Atlanta, 3Ministry of Health and

Population, Cairo, 4World Health Organisation, Geneva

For the final stages in the eradication of poliovirus type 1 (P1),

the World Health Organization advocates the selective use of

monovalent type 1 oral poliovirus vaccine (mOPV1). To

compare the immunogenicity of mOPV1 versus trivalent OPV

(tOPV) in infants, a study was performed in Egypt in 2005.

Newborns were vaccinated with mOPV1 or tOPV immediately

after birth and challenged with mOPV1 after 1 month.

Vaccination with mOPV1 at birth resulted in a significantly

higher seroconversion against P1 and lower excretion of P1

viruses than vaccination with tOPV. Intratypic differentiation

of the viruses excreted by the newborns revealed the presence

of remarkably higher numbers of antigenically divergent (AD)

P1 isolates, especially in the mOPV1 study group. The majority

of these AD P1 isolates (71%) were mOPV1 challenge-derived

and shed by newborns who did not seroconvert to P1 after the

birth dose. Genetic characterization of the viruses revealed that

amino acid 60 of the VP3 region was substituted in all AD P1

isolates. Isolates with substitution of residue 99 of the VP1

region had a significantly higher number of non-synonymous

mutations in the VP1 region than isolates without this

substitution and were preferentially excreted in the mOPV1

study group. The widespread use of mOPV1 has proven to be a

powerful tool for fighting poliovirus circulation in the remain-

ing endemic areas. Our study supports the use of mOPV1 in

mass vaccination campaigns, and provides another justification

for the need to achieve high vaccination coverage and prevent

the emergence and circulation of AD strains.
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Construction and analysis of a phenol producing strain
of the solvent-tolerant Pseudomonas putida S12

N. Wierckx1, J. H. De Winde2, H.J. Ruijssenaars1

1TNO, Quality of Life, Delft, 2Delft University of

Technology, Biotechnology, Delft

In our laboratory, the solvent tolerant bacterium Pseudomonas

putida S12 is developed as a platform organism for the

production of chemicals from renewable feedstock. Its extreme

solvent tolerance makes this organism especially suited for the

production of toxic chemicals such as substituted aromatics.

As a demonstrator case, an efficient phenol producing strain

of P. putida S12 was constructed using random mutagenesis,

high throughput screening and genetic modification. The

resulting mutant, P. putida S12TPL3, converted glucose into

phenol with a yield of 7% (2). Strain P. putida S12TPL3 was

analyzed by comparative transcriptomics and sequencing of

selected genes (1), which provided key insights into the genetic

basis for enhanced phenol production and leads for further

optimization of the phenol producing strain. Changes were

found in the expression levels of genes coding for the tyrosine

and tryptophan biosynthetic pathways, as well as several

catabolic side-branches of the tyrosine biosynthetic pathway.

In addition, genes encoding amino acid transporters were

differentially expressed.

Several leads were also found that suggest changes in the

metabolic flux through the primary metabolism. In order to

elucidate the metabolic consequences of these genetic changes,

metabolic flux analysis was used to establish the carbon flux

ratios in the phenol producing strain, compared to the wildtype.

Flux analysis showed an increased substrate uptake rate and

altered fluxes from malate to oxaloacetate and pyruvate. The

flux analysis also revealed changes related to the increased

production of the phenol precursors erythrose-4-phosphate and

phosphoenolpyruvate.
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P. putida S12TPL3 possesses an increased flux towards

tyrosine, the genetic and metabolic basis of which was

elucidated in great detail. This makes the strain suitable for

the production of other, value-added compounds derived from

tyrosine. To demonstrate this, the phenol producing strain was

genetically modified to produce p-hydroxystyrene instead, with

a yield of 7% (3). Product toxicity was overcome by the

application of a second phase of 1-decanol as an extractant,

resulting in the production of 147 mM p-hydroxystyrene in the

decanol phase, with a twofold increase in the volumetric

productivity and a fourfold increase in the total concentration.

This work demonstrates that solvent tolerant Pseudomonads

are well suited as bioconversion hosts for the production of

toxic aromatic compounds from renewable substrates. In the

future, this can lead to new applications that are both

economically sound and environmentally friendly.
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Keeping in touch, cell surface signaling in Pseudomonas
aeruginosa

M. Llamas, A. van der Sar, M. Sparrius, W. Bitter

VU university medical center, Amsterdam

Cell-surface signaling (CSS) is a sophisticated regulatory

mechanism used by Gram-negative bacteria to sense signals

from outside the cell and transmit them into the cytoplasm.

This regulatory system consists of an outer membrane-local-

ized TonB-dependent receptor (TonB-dependent transducer), a

cytoplasmic membrane-localized sigma factor regulator and an

extracytoplasmic function (ECF) sigma factor. In addition, to

be functional, this system needs to be energized by the TonB-

ExbBD complex. The outer membrane receptor senses a

specific extracellular signal and transduces this signal to the

cytoplasmic membrane protein, which in turn leads to the

activation of the ECF sigma factor. The activated sigma factor

directs RNA polymerase to the promoter region of gene(s)

under control of the CSS system.

The human opportunistic pathogen Pseudomonas aerugin-

osa contains in total fourteen CSS systems. The majority of

these CSS are involved in the regulation of iron uptake. Two of

the P. aeruginosa CSS systems control the production and

uptake of the endogenous siderophore pyoverdine (1, 2), and at

least eight of them regulate iron uptake via heterologous

siderophores (such as ferrioxamine B, ferrichrome or

(carboxy)mycobactin), haem or iron citrate (3–6). Furthermore,

another CSS system controls the production of pyocins,

probably in response to the presence of a specific siderophore

(5). However, not all CSS systems are involved in iron uptake.

We have identified a P. aeruginosa CSS system, designated

PUMA3, that regulates the expression of genes encoding

secreted proteins and components of secretion systems. This

CSS system seems to be induced by a host signal and has a

number of unusual characteristics. The most obvious difference

is the receptor component. The PUMA3 receptor is consider-

ably smaller (23 kDa) than that of other CSS outer membrane

receptors (75–85 kDa). The N-terminal half of this protein is

homologous to the N-terminal part of TonB-dependent CSS

receptors, a domain known to interact with the sigma factor

regulator. However, the PUMA3 receptor does not have the C-

terminal b-barrel domain typical of TonB-dependent receptors.

It is thus possible that, in contrast to the traditional receptors

that have a role both in signaling and in the uptake of their

ligands, this protein is only involved in signaling. Although the

role of most PUMA3-induced genes has not been established

yet, this CSS system seems to be involved in the regulation of

P. aeruginosa virulence. Using zebrafish (Danio rerio)

embryos as a host, we have demonstrated that the P.
aeruginosa PUMA3-induced strain, by overexpression of the

ECF sigma factor, is more virulent than the wild-type strain.
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Pseudomonas aeruginosa degrades excess flagellin
to avoid immune activation in both mammals and plants
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Background: Toll-like receptors (TLRs) recognize various

evolutionary conserved molecules of micro-organisms. Acti-

vation of these receptors is a crucial step in antimicrobial

defense. TLR5 recognizes flagellin, the main building block of

the bacterial flagellum, which is essential for motility and

virulence of flagellated bacteria. The model plant Arabidopsis

thaliana has a similar flagellin detection system via the receptor

flagellin-sensitive 2 (FLS2). Bacteria secrete proteins that

interfere with different pathways of the innate immune system,

thereby they evade recognition and killing. In this study, we

screened bacterial supernatants for the presence of TLR5

antagonists.

Methods: Human embryonic kidney cells transfected with

TLR5 were stimulated with flagellin. IL-8 production was

measured as readout for TLR5 activation and plant growth or
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callose deposition for FLS2 activation. P. aeruginosa flagellin

and AprA were expressed in E. coli. Flagellar filaments were

isolated from P. aeruginosa.

Results: In the supernatant of P. aeruginosa, we identified

alkaline protease (AprA) as an inhibitor of TLR5 activation.

Expression of AprA in E. coli confirmed this activity, which

was blocked by AprI, a natural inhibitor of AprA. TLR5 itself

was unaffected, in contrast to monomeric flagellin which was

efficiently degraded by AprA. Interestingly, flagellar filaments

from P. aeruginosa consisting of polymeric flagellin were not

susceptible to degradation.

Flagellated bacteria release monomeric flagellin in their

environment resulting in TLR5 activation. Supernatant of wild-

type P. aeruginosa did not activate HEK/TLR5 cells. In

contrast, supernatant of mutant strains lacking AprA activated

TLR5 because these strains fail to degrade released flagellin. In

addition to TLR5 inhibition, AprA-treated flagellin prevented

FLS2-regulated activation of defense responses in Arabidopsis.

Conclusion: AprA of P. aeruginosa is an inhibitor of TLR5 and

FLS2 activation and thereby the first bacterial inhibitor

described to date with such a function. AprA cleaves only

monomeric flagellin, in this way bacteria preserve their

flagellar motility, while they evade recognition via TLR5 and

FLS2.
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From genome to in vivo physiology: testing predictions
about the metabolism of Campylobacter jejuni

D.J. Kelly

The University of Sheffield, Department of Molecular

Biology and Biotechnology, Sheffield, UK

Campylobacters are a medically and economically important

group of the epsilon proteobacteria, which can exist as

commensals in the avian or some mammalian gastro-intestinal

tracts, can be persistent survivors in the environment and the

food-chain, and can be responsible for serious human infec-

tions and disease. The availability of the complete genome

sequences of several campylobacters, particularly Campylo-
bacter jejuni, has provided a powerful tool to analyse the

physiology and metabolism of these pathogens. I will describe

how we are using predictions from the genome sequences and a

combination of traditional and post-genomic technologies to

discover the key metabolic pathways that are important in C.
jejuni growth, survival and colonisation. As all strains lack the

key glycolytic enzyme phosphofructokinase, they are depen-

dent on carbon sources other than sugars to sustain growth. We

have shown using mutant studies that carbon catabolism is

dependent on a just a few amino-acids channelled through

pyruvate (serine) or fumarate (aspartate/glutamate/proline) and

that the key enzymes serine dehydratase (SdaA) and aspartase

(AspA) are important for growth in the avian host. We have

also recently obtained data from metabolomic comparisons of

wild-type and mutant cells using metabolite identification by

mass spectroscopy that reveal, for the first time, the global

consequences in C. jejuni of specific mutational blocks in the

central metabolic network. One of the key environmental

parameters crucial to the optimal growth of C. jejuni is oxygen;

the bacterium is an oxygen-sensitive microaerophile and as

well as needing to cope with oxidative stress is likely to

experience severe oxygen limitation in the gut environment.

We have predicted the likely structure and functions of the

electron transport chains in C. jejuni from the genome

sequences, and have tested these predictions by targeted

mutagenesis and traditional biochemical analysis. However,

we are also now using continuous chemostat culture under

different oxygen regimes combined with transcriptomics,

proteomics and metabolomics to investigate the response to

oxygen in hitherto unprecedented detail. The future challenge

is to integrate and model of all of these kinds of data to

eventually achieve a systems level understanding of metabo-

lism in C. jejuni.
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Hydrazine metabolism by anammox bacteria

W.J. Maalcke, B. Kartal, H.R. Harhangi, H.J. Op den Camp,

J.T. Keltjens, M.S.M. Jetten

Radboud University, Microbiology, Nijmegen

Introduction: For over a century it was believed that ammonium

could only be activated by molecular oxygen. This would imply

that ammonium would accumulate in oxygen-free (anoxic)

zones of the oceans. However, this accumulation was never

observed, indicating that there was a ‘‘missing’’microbial

nitrogen sink. The discovery of anaerobic ammonium oxidizing

(anammox) bacteria as the missing link in the nitrogen cycle

was an incentive to study this process in detail. Anammox

bacteria combine ammonium with nitrite to produce dinitrogen

gas. In 2003 the presence and activity of anammox bacteria

were shown in the Black Sea, one of the largest anoxic basins.

Subsequent studies in this oxygen minimum zone lead to the

conclusion that the contribution of anammox to global nitrogen

loss might be as high as 50%. In addition to the molecular

ecology, we are also interested in the biochemical pathway that

is needed to combine ammonium and nitrite into dinitrogen gas

by anammox bacteria. This pathway has been predicted to

involve hydrazine, a toxic and mutagenic compound used as

rocket fuel. Hydrazine has so far not been reported to be an

intermediate in any biological process.

Methods: The genome of the anammox bacterium Kuenenia

stuttgartiensis was sequenced, and screened for genes poten-

tially involved in hydrazine conversion. Messenger RNA was

isolated and sequenced by Illumina technology. Protein

extracts of anammox cells were analysed by LC-MS/MS to

identify the most dominant proteins. The dominant anammox

proteins were isolated by FPLC and confirmed by MALDI-

TOF.

Results: The genome searches revealed one particular gene

cluster, that does not have close homologues in the NCBI

database. This cluster was predicted to encode the hydrazine

forming enzymes. Furthermore no less than eight homologues

of hydrazine oxidase were identified. The transcriptome data

indicated that both hydrazine oxidase and synthase genes are

highly expressed in anammox bacteria. This was confirmed by

the proteomic analysis. Currently we are isolating and
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characterizing these dominant enzymes involved in hydrazine

metabolism.

Conclusions:

1. Anammox bacteria contain an unusual gene cluster

probably involved in hydrazine synthesis.

2. Anammox bacteria have eight different hydrazine oxidase

genes that are highly expressed.

3. Genes and gene products for hydrazine metabolism are

highly expressed in anammox bacteria.
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Presence and Differential Nickel-Dependent Expression
of Multiple Urease Clusters in Pathogenic
and Non-Pathogenic Bacteria
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Introduction: The nickel-cofactored urease enzyme catalyzes

the hydrolysis of urea to yield ammonia and carbon dioxide.

Most ureolytic bacteria use urea degradation to provide

ammonia for use as nitrogen source, but in pathogenic bacteria,

urease activity also provides acid resistance. The role of urease

as acid-resistance determinant has been extensively studied in

Helicobacter pylori and related gastric Helicobacter spp.,

which have an absolute requirement for urease activity to be

able to colonize the acidic environment of the stomach. We

have recently demonstrated the presence of two independent,

inversely nickel-regulated urease systems in Helicobacter

species colonizing the gastric environment of obligate carni-

vores (Stoof et al., Environ Microbiol 2008;10:2586–97), and

hypothesized that the second urease cluster might be an

adaptation to a nickel-limited environment which is a result of

the carnivorous diet. Two urease clusters were also described

in Brucella species, but the second urease cluster was described

as silent. In this study we have used the recent explosion in

availability of complete genome sequences to investigate the

presence of multiple urease systems in pathogenic and non-

pathogenic bacteria, and have further determined the effect of

nickel availability in a pathogenic and a non-pathogenic model

organism.

Methods: 447 complete sequences available in the SUPER-

FAMILY database were searched for the presence of genes

encoding the alpha subunit of urease (UreB/C). H. mustelae

strains were grown in nickel-free defined medium with and

without nickel supplementation. Streptomyces coelicolor

spores were grown in nitrogen-limited conditions to induce

urease expression. Urease expression was measured using

immunoblotting with antibodies to Helicobacter felis UreB2.

Results: Searches of genome sequences in the SUPERFAMILY

database indicated that about *5% of all genome sequences

contained two or three homologs of the urease alpha subunit.

Interestingly, multiple urease alpha subunits were found

throughout the bacterial kingdom, and in both non-pathogenic

and pathogenic bacteria. Examples were also found outside

the bacterial kingdom, like in some fungi. We confirmed

nickel-dependent expression of urease in the soil bacterium

Streptomyces coelicolor, and compared this with the gastric

pathogen H. mustelae. Expression of a S. coelicolor 66 kDa

protein was only detected in nickel-restricted conditions by

urease-specific antibodies, but was absent in nickel-sufficient

conditions. This corresponded to urease regulation in H.

mustelae.

Discussion: Genome analysis revealed that *10% of the

urease positive bacterial species encode two different urease

gene clusters, and here we demonstrate that both Helicobacter

mustelae and Streptomyces coelicolor have a urease system

specifically expressed under nickel-restricted conditions. Their

differential regulation by nickel may ensure urease activity,

both during periods of nickel-limitation and nickel-sufficiency.

Our data also suggest that it is advisable to use nickel-restricted

conditions when investigating urease expression in ureolytic

bacteria with multiple urease clusters, as otherwise the second

urease cluster may not be expressed.
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One of the most frequent causes of human bacterial gastroen-

teritis worldwide is Campylobacter jejuni (C. jejuni). Infections

with C. jejuni are also associated with the development of a

paralyzing neuropathy, the Guillain-Barré Syndrome. The

species C. jejuni shows strong genetic diversity and is naturally

competent for DNA uptake. Nevertheless, strains that are not

naturally transformable do exist. Previously, we showed that Dns

(CJE0256; annotated as an extracellular deoxyribonuclease)

inhibits natural transformation in C. jejuni through hydrolysis of

DNA (Gaasbeek et al., J. Bacteriol. 2009, in press). However,

DNase activity was detected not only in non-naturally trans-

formable dns-positive strains, but also in a subset of non-

naturally transformable dns-negative strains, suggesting the

existence of at least one other DNase in C. jejuni. The aim of the

present study was to identify the DNase encoding gene(s) and to

investigate their role in inhibition of natural transformation of

C. jejuni. Therefore, a comparative genome hybridization

analysis was performed with dns-positive and dns-negative

non-naturally transformable strains with DNase activity. The

results obtained pointed towards two genes, CJE0566 and

CJE1441, both annotated as DNA/RNA non-specific endonu-

cleases and, just like dns, located on a C. jejuni integrated

element (CJIE2 and CJIE4, respectively). The predicted DNase

activity of the gene products and their inhibitory effect on natural

transformation was demonstrated by expressing CJE0566 or

CJE1441 from a plasmid in a naturally transformable (DNase-

negative) C. jejuni strain. The results show that, in addition to

dns, two more DNase encoding genes are involved in inhibition
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of natural transformation of C. jejuni through hydrolysis of

DNA.
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Evaluation of Antimicrobial Surfaces in vitro
and in vivo-validation of an In Vivo Imaging System
(IVIS)

H.J. Busscher1, A.F. Engelsman1, H.C. van der Mei1,

K.P. Francis2, R.J. Ploeg2, G.M. van Dam2

1Department of Biomedical Engineering, University

Medical Center Groningen, Groningen, 2Department of

Surgery, University Medical Center Groningen, Groningen

Biofilm formation on biomaterials implant surfaces and

subsequent infectious complications are a frequent reason

for failure of biomedical devices. The development of a

biofilm is initiated by the formation of a conditioning film of

adsorbed macromolecules, such as proteins, followed by

adhesion of microorganisms, where after they grow and

anchor through secretion of extracellular polymeric sub-

stances. Adhesion is influenced by the physico-chemical

properties of the biomaterial surface and proper antimicrobial

coatings should be non-adhesive and bacteriocidal. Positively

charge materials stimulate bacterial adhesion, but prevent

growth of adhering bacteria. The use of low surface free

energy materials did not always reduce in vitro adhesion of

bacteria, but has been found beneficial in in vivo applications

where fluctuating shear forces prevail. Polymer brushes have

shown a high reduction in in vitro adhesion of different

microbial strains, and Atomic Force Microscopy demon-

strated weak adhesive forces. Biofilm growth on brush coated

surfaces turned out difficult if not impossible in our hands. As

a drawback of in vitro studies on bacterial adhesion and

biofilm formation, such studies do not include any host

response to the foreign body.

IVIS allows to monitor the viability of bioluminescent

bacteria in live animals. Here a validation of the IVIS system is

presented for S. aureus Xen29: First its in vitro growth on

surgical meshes has been determined based on Confocal Laser

Scanning Microscopy (CLSM), plate counting and biolumines-

cent output. All three measures of biofilm growth showed

satisfactory correlations. Subsequently, infected polypropylene

(PP) and polytetrafluorethylene (PTFE) abdominal wall meshes

were implanted subcutaneously in mice and the bioluminescent

signal followed over time. IVIS demonstrated initial progression

of the infection and bacterial spreading into surrounding tissues

after which the infection was slowly controlled by the host

immune system, especially on the PP mesh. Meshes were

explanted after the experimental period and analyzed by CLSM.

Good correspondence was found between ex vivo CLSM

analysis and the last in vivo bioluminescent measurement taken.

Interestingly, in vitro comparison of PP and PTFE meshes

demonstrated less biofilm formation on PP meshes compared to

PTFE meshes, similar to our IVIS analysis. Moreover, in vitro

adhesion of the bacterium to PTFE meshes resulted in massive

slime production, which is unlike observations on PP meshes

and could be the reason why in vivo the host immune system

was unable to control the infection on the PTFE mesh. For the

further development and evaluation of antimicrobial surfaces,

IVIS is considered indispensable. First of all, for the validation

of in vitro screening methods, and secondly for a final

evaluation of selected antimicrobial surfaces in vivo.
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Nuclear medicine In Imaging Orthopaedic infections

P.W.L. Thimister

Department of Radiology, VieCuri Medisch Centrum,

Venlo

Several radiopharmaceutical devices are used in the diagnosis

of (orthopaedic) infections. Gallium-67 citrate was first used in

1971. Later on labeled leucocytes (either with Indium-111 or

Tc99m-HMPAO) came available. More recently, labeled

antigranulocyte antibodies like Scintimun� and Leukoscan�

came available. Several other compounds are available, mostly

in university hospitals. Characteristics of commonly used

products in current nuclear medicine practice in a general

hospital will be highlighted during this presentation.

Imaging orthopaedic infections is for the greater part related

to prosthetic joints.

Although infection is rare, nuclear medicine may aid in the

diagnosis of or ruling out of infection. Bonescintigraphy, being

sensitive, usually is the investigation to start with. If this scan is

positive, scintigraphy with leucocytes usually is able to

increase the poor specificity of bonescans.

Also, new imaging techniques contribute to the more

accurate detection or ruling out of infections nowadays. PET-

CT and SPECT-CT cameras being used more often in hospitals

while (diffusion) MRI and even MRI-PET devices are probably

also usable in the (near) future. The gain of these so-called

multi-modality imaging devices lies in the combination of

more sensitive nuclear medicine techniques with in general

more specific radiological techniques, both performed in a

single investigation.

Several examples of both radiopharmaceuticals and camera

devices are given. Crucial in the diagnosis of infection,

however, is the patients clinical history. Nuclear imaging will

be more accurate when discussing the patient in a multimo-

dality environment with for example knowledge of anti-

microbiological aspects.
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Pharmacokinetics of antibiotic release from some
biomaterials: beads, collagen and spacers

GHIM Walenkamp

Maastricht UMC?, Department Orthopaedic Surgery,

Maastricht

Introduction: In the treatment of orthopaedic infections with

local antibiotics, the carriers most frequently used are: PMMA

beads, collagen fleeces and PMMA spacers. Frequently used

antibiotics are: gentamicin, clindamycine and vancomycine.

These combinations are commercially produced and available

in Europe. Beside the mechanical properties of the carriers
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mainly the pharmacokinetic behaviour of the antibiotic-carrier

combinations are the most important factor to decide when and

how they should be used.

Material and methods: In patients with orthopaedic infections I

controlled the effectivity of new products for local antibiotic

therapy by measuring 1–2 weeks postop antibiotic concentra-

tions in the exudate, collected in the deep suction drain.

Sometimes also serum and urine concentrations were checked

too. A good insight was gathered in the pharmacokinetical

efficacy of the following products: Gentamicin-PMMA beads

(Septopal�), Gentamicin-collagen (Garacol�, Septocol�), gen-

tamicin-vancomicin PMMA beads (custom made on demand,

Biomet), gentamicin spacers (Biomet, Tecres).

Results: Gentamicin PMMA beads must be inserted in the

whole infected area, and as many beads as possible and the size

of the haematoma must be limited. In a total hip removal about

360 beads are implanted, in a non hinge total knee removal

about 180. When used in this way the maximum local

concentration in the exudate will achieve values of 200–

400 ug/ml. In osteomyelitic cavities this maximum is lower if

less beads can be implanted. In smaller cavities minibeads can

be used. There relative larger surface results in a gentamicin

release that is 7 times more then the larger beads.

Gentamicin-collagen (white, Garacol�) releases its genta-

micin very quick the first postoperative hours. The local

gentamicin concentration can be very high, but only for

1 day. To achieve a more protracted release another Genta-

micin-collagen (yellow, Septocol�) has been developed, this

product will release its gentamicin more protracted in about

2 weeks.

Until recently vancomycine-gentamicin PMMA beads were

be produced (Biomet) on request, patient matched. The

surgeon could order these based on an antibiogram of the

problem germ. I measured the release in six patients of

vancomycine-gentamicin PMMA beads. In these beads the

release resulted in very high local vancomycine concentrations,

but the gentamicin release was less as in commercially

gentamicin PMMA beads. This is caused by the lower dose

of the gentamicin as well as the use of less porous cement in

these beads. Since 2009, however, such patient matched beads

with other antibiotics then gentamicin must be made by the

surgeon himself, by hand or a mold.

The release of antibiotics from spacers is disappointing bad,

due to the relative limited surface as compared with beads. The

highest concentration in the exudate is present at the first day,

and decreases soon. I measured a concentration of about 50 ug/

ml just at day 1. Improvement of the release is possible by

changing the properties of the cement, mainly the porosity.

Conclusion: There are large differences in pharmacokinetic

properties of different commercially available antibiotic-carrier

combinations. These properties must be understand to decide

how to use them.

Antibiotic loaded collagens are a good treatment if the

product with a sustained release is used. Good indications are

infected joints (after artroscopic debridement) and early

postoperative infected joint prostheses. Since it is resorbable

it can be used when no other reconstructive operation is

needed, but postoperative extended exudate secretion due to

resorbtion of the collagen may be troublesome.

Gentamicin beads, and eventually vancomicin-gentamicin

beads are the treatment of choice when an infected prosthesis is

removed, and in larger osteomyelitis cavities. They produce a

predictable high local concentration when properly used. Such

a high concentration will stay for a few weeks, and the higher

the concentration, the better the diffusion into the infected

tissues.

Spacers should never be used as primary treatment, since

they are unable to create sufficient high antibiotic concentra-

tions. We use them only when there is doubt about sepsis,

waiting for the definitive deep culture result. We use spacers to

bridge the interval period between the removal and treatment

(with beads) of an infected prosthesis, and its reimplantation

after about 6 month. However, even spacers without antibiotics

could be helpful for that, they may avoide subinhibitory

antibiotic concentrations causing resistance.
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Outcome of prosthetic joint infections after combined
rifampicin therapy

S.F. de Boer1, H.J.L. van der Heide1, L.G. Visser2,

R.G.H.H. Nelissen1

1LUMC, Dept. Of Orthopaedic surgery, Leiden, 2LUMC,

Dept. of infectious diseases, Leiden

Background and purpose: Prosthetic joint infection after joint

replacement surgery is a major complication. The use of

rifampicin has gained popularity in recent years. The purpose

of this study is to evaluate the results of treatment of prosthetic

joint infections with surgical and rifampicin-combined antibi-

otic therapy, both in terms of prosthetic survival and patient

quality of life.

Methods: A case-control study of all infections of orthopedic

prosthetic joints detected by culture between 2003 and 2006

were retrospectively analyzed. Patient characteristics, surgical

data, microbial data and antibiotic use were retrieved. Outcome

was prospectively measured in prosthetic survival/removal,

functional outcome (WOMAC) and quality of life scores (SF-

36, EuroQol-5D). A minimum follow-up of 12 months was

required. The cases were treated with a combination therapy of

a microorganism specific antibiotic combined with rifampicin

for 5 days. A historic cohort matched for type of prosthesis and

microorganism, treated with a microorganism specific antibi-

otic without rifampicin, was used as control.

Results: Twenty-four patients treated with rifampicin combi-

nation therapy and 24 matched control patients with mono-

therapy were identified. Overall retention of the prosthesis was

14/24 vs. 9/24 (p = 0.25). Average WOMAC-scores were 54

vs. 65 (p = 0.23), SF-36 were 50 vs. 58 (p = 0.34) and EQ-5D

were 0,48 vs. 0,57 (p = 0.52) in cases versus controls.

Interpretation: The addition of rifampicin to standard antibiotic

therapy did not result in a significantly better prosthetic

survival nor improved quality of life in prosthetic joint

infections in this small study. Functional scores and quality

of life scores were comparable between retained and revised

prostheses in this small series.
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Detection of bacteria and bacterial DNA in interface
tissues from ‘aseptically’ loosened hip prostheses

C.S.M. Hoenders1, M.J.A van Luyn2, B de Wever3,

I.G.H Rood4, C.E. Visser3, H.C. van der Mei2, S.K. Bulstra2,

M.C. Harmsen2, S.A.J. Zaat3

1Martini Ziekenhuis Groningen, Groningen, 2University

Medical Centre Groningen, Medical Biology, Groningen,
3Academic Medical Centre Amsterdam, Medical

Microbiology, Amsterdam, 4Sanguin Blood Bank and VU

University Medical Centre, Amsterdam

Long term loosening of hip implants is thought to be an aseptic

process, but low-grade infection may go unnoticed. Therefore, in

this study, the presence of bacteria and bacterial DNA was studied

in relation to inflammatory parameters of the local environment.

Interface tissue samples were collected from 32 patients

with a clinically determined aseptically loosened hip prosthe-

sis. As controls, synovial samples were retrieved from nine

primary total hip arthroplasty (THA) patients. The local

inflammatory response was studied by histological and immu-

nohistochemical analyses, and by reverse transcriptase (RT)-

PCR to assess cytokine gene expression. Routine- and exten-

sive bacterial culture were performed and bacterial presence

was analyzed by 16S rRNA gene quantitative PCR. A novel

protocol for the extraction of nucleic acids was applied to serial

dilutions of Staphylococcus epidermidis suspensions and of

spiked control tissue to assess the threshold for PCR positivity.

A patient was considered to have been infected when at

least one out of three independent nucleic extracts was PCR

positive. Twelve of the 32 revision THA patients (37.5%) and

none of the nine controls were infected according to this

criterium. The local inflammatory response in 16S rRNA gene

positive and negative specimens did not differ.

Our improved method allows a more accurate diagnosis of

infection in patients undergoing revision THA surgery for

‘‘aseptic’’loosening and facilitates future research on the role of

low-grade infection and its association with ‘‘aseptic’’loosen-

ing of hip implants.
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Can the Clara cell protein concentration
in bronchoalveolar lavage fluid be used as a predictor
of ventilator-associated pneumonia?

MJ Vanspauwen, W.N.K.A Mook van, C.A Bruggeman,

J.A. Jacobs, M Drent, D.C.J.J Bergmans, C.F.M Linssen

Maastricht University Medical Center, Medical

Microbiology, Maastricht

Introduction: Clara cell protein 10 (CC-10) is a low-molecular-

weight protein secreted in large quantities by nonciliated Clara

cells. Differences in CC-10 concentrations have been demon-

strated in several inflammatory lung diseases (e.g. bronchial

asthma and chronic eosinophilic pneumonia). Moreover, there is

evidence that in infectious pulmonary diseases the type of

microorganism, e.g. Pseudomonas aeruginosa, influences CC-10

activity. In this study we evaluated the presence of CC-10 in

bronchoalveolar lavage (BAL) fluid as a potential marker for

ventilator-associated pneumonia (VAP) in critically ill patients

with a suspicion of VAP.

Material and Methods: Between January 2003 and December

2007 all consecutive BAL fluid samples from critically ill

patients in the Intensive Care Unit of the Maastricht University

Medical Centre clinically suspected of VAP were included.

Patients were divided into two groups: a) microbiologically

confirmed VAP (VAP group) and b) microbiologically not

confirmed VAP (non-VAP group). VAP was microbiologically

confirmed if BAL fluid cultures yielded more than/equal to

10e4 colony forming units/ml and/or microscopic analysis

revealed more than/equal to 2% intracellular organisms. The

CC-10 concentration was measured with a commercially

available Enzyme-Linked Immuno Sorbent Assay, and retro-

spective analysis was performed. Areas under the Curve (AUC)

of Receiver Operating Characteristic (ROC) curves were

calculated for CC-10 concentrations.

Results: A total of 196 BAL fluid samples were included from

196 patients (123 men, 73 women). 79 out of 196 episodes of

suspected VAP (40.3%) were microbiologically confirmed.

The median CC-10 concentration in the VAP group was

3,019 ng/ml (range: 282–65,546) versus 2,504 ng/ml (range:

62–30,240) in the non-VAP group (p = 0.06), with an AUC of

0.586. In addition, CC-10 concentrations were not significantly

different between the non-VAP group and VAP group caused

by a specific organism (e.g. P. aeruginosa; p = 0.386).

Conclusion: Clara Cell protein 10 concentration in BAL fluid is

not a useful marker to differentiate between VAP and non-VAP.
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A novel DNA micro-array system for rapid detection
of TEM, SHV and CTX-M extended-spectrum
beta-lactamases (ESBLs) in Enterobacteriaceae
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N. al Naiemi3, A. Karczmarek4, H.A.M. van Hoek5, P. Vos4,

A.C. Fluit1, C. Dierikx2, J Scharringa1, B. Duim6,

M.A. Leverstein-van Hall1

1University Medical Center Utrecht, Medical Microbiology,

Utrecht, 2Central Veterinary Institute Lelystad, Department

of Bacteriology and TSEs, Lelystad, 3VU University

Medical Center, Amsterdam, 4Check-Points B.V.,

Wageningen, 5RIKILT, Institute of Food Safety,

Wageningen, 6Academic Medical Center, Amsterdam

Objective: The phenotypic detection of ESBLs is time

consuming, laborious, and frequently inconclusive. Since rapid

and adequate ESBL detection is crucial for the outcome of

antimicrobial therapy and infection control measures, a faster

and more accurate detection method is desirable.

The aim of this study was to develop and evaluate a novel

ESBL assay based on the ArrayTube system of Clondiag Chip

Technologies using ligation-mediated amplification combined

with microarray analysis to detect the most prevalent ESBLs in

Enterobacteriaceae: TEM, SHV and CTX-M.

Methods: The mutations conferring an ESBL phenotype were

identified from the Lahey database for the TEM and SHV genes. A

selection of mutations was made covering[95% of the ESBLs
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described in the Western World. Oligonucleotide probes were

designed to detect amino acid changes conferring TEM and SHV

ESBL phenotypes, and sequences to distinguish CTX-M families

1, 2, 9 and 8/25. Each microarray contained 90 DNA tags allowing

parallel analysis of three isolates. The reaction products were

detected by hybridization to generic DNA tags. Software was

developed to interpret the array data. For evaluation 218

phenotypically and genotypically characterized Enterobacteria-

ceae isolates were selected, covering all mutations tested in the

array except one. Initial evaluation was performed with 82 isolates

(43 ESBL positive). After this evaluation the PCR amplification

step was modified by introduction of dUTP and incubation of the

PCR reaction with uracil-DNA-glycosylase prior to thermal

cycling to prevent cross-contamination from previous amplifica-

tions. Currently the final evaluation with 218 isolates takes place

using this modified protocol.

Results: In the initial evaluation performance time was 8 h per 36

isolates (3 h DNA isolation; 5 h ligation, amplification and

detection). For 42 of 43 ESBL positive isolates (13/14 TEM, all 8

SHV and 21CTX-M) the test results were correct (sensitivity

98%; 95% confidence interval (CI) 87–100%). For 3 of 39

ESBL-negative isolates the result were false positive (specificity

92%; 95%CI 90–97%) and for 2 of these 39 inconclusive.

Conclusion: This proof-of-principle study shows that this DNA

micro-array system may offer an attractive option for rapid and

accurate detection of CTX-M, TEM and SHV ESBL genes in

ENTEROBACTERIACEAE in the clinical laboratory. The

results of the final evaluation will be presented.
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Methicillin resistant Staphylococcus aureus at an equine
clinic
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Introduction: Methicillin-resistant S. aureus (MRSA) is a problem

in human and veterinary medicine. Initial reports of MRSA in

horses were largely sporadic clinical infections associated with

veterinary hospitals. Recently, there have been reports of coloni-

zation and infection with sequence type (ST) 398 in horses. This

study describes an outbreak of MRSA with ST 398 at a Dutch

equine clinic with transmission between horses and humans.

Methods: In 2007 and 2008 several horses which had

undergone surgery at the same equine clinic developed

(wound) infections with MRSA ST398. For source tracing

and intervention 36 environmental samples were taken and

personnel (n = 113) at the clinic were sampled. Samples from

the nares of 260 horses just before entering the clinic were

taken. Additionally a cross sectional sampling of all hospita-

lised horses at the clinic was performed 5 times with a weekly

interval: 320 samples were taken from 151 horses. Two culture

techniques were compared both using phenyl mannitol broth

containing aztreonam and ceftizoxime but with and without

preenrichment with Mueller Hinton and 6.5% NaCl. MRSA

isolates were spa typed and susceptibility of the isolates was

determined using an agar diffusion method.

Results: MRSA was detected in 53% of the environmental

samples and 13% of samples from the personnel. Nearly 10% of

the horses admitted to the clinic were already MRSA positive at

arrival and 42% of all hospitalised horses at the clinic were

MRSA positive (from 38 of the hospitalised MRSA positive

horses no samples were taken before they entered the clinic, 21

were MRSA negative at admission and 4 were MRSA positive at

admission) indicating that nosocomial transmission occurred.

Preenrichment with Mueller Hinton and NaCl 6.5% yielded

significantly more MRSA positive cultures than culturing

without preenrichment. All isolates appeared to be resistant

against beta-lactams, tetracycline, gentamicin and kanamycin.

Discussion and Conclusions: The prevalence of MRSA in horses

submitted to this clinic was higher than expected. A study on

specific risk factors is currently performed realizing that these

horses are not representative for the Dutch horse population.

Nosocomial spread of MRSA in equine clinics seems to occur.

Culturing techniques using preenrichment are superior. Horses are

a potential source of MRSA in humans in close contact with

horses, either through direct contact or through contaminated

environmental dust.
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Congenital Toxoplasmosis in The Netherlands:
an underestimated disease?

L.M. Kortbeek1, YTHP van Duynhoven1, CDM Nijhuis1,
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1Centrum Infectieziektenbestrijding RIVM, LIS, Bilthoven,
2Division of Veterinary Public Health, Institute for Risk

Assessment Sciences, Utrecht

Introduction: Congenital Toxoplasma infection may occur after

primary Toxoplasma infection during pregnancy and can cause

severe complications such as fetal loss, stillbirth, neonatal

mortality, intracranial calcifications, and hydrocephalus in new-

borns or retinochoroidal lesions leading to chronic ocular disease.

The information available on the incidence of CT in The

Netherlands are old data from a regional study in 1987 (Toxo-

plasma Intervention Prevention (TIP)study). The TIP study was a

prospective cohort study that started in 1987 and involved 28,000

pregnant women in the province of ‘Zuid-Holland’ and showed an

incidence of congenital toxoplasmosis estimated to be 0.4 per

1,000 live born children (95%CI: 0.2–0.8), and 0.8 per 1,000

newborns (95%CI: 0.5–1.2) from women who were seronegative

at the start of their pregnancy in 1987. In order to get more recent

information on the incidence of congenital toxoplasmosis in The

Netherlands we conducted a study in neonates.

Methods: A random sample of dried blood spot filter paper

cards from newborns born in 2006 in The Netherlands were

tested for Toxoplasma gondii-specific IgM antibodies, using

Wallac AutoDELFIA Neonatal Toxoplasma Screening kits and

confirmed by a modified immunosorbent agglutination assay

(ISAGA bioMérieux) for Toxoplasma specific IgM antibodies.

The number of selected cards varied between provinces of The

Netherlands, as the sample size was weighed for the number of
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newborns within that province in 2006.

Results: Approximately 185,000 neonates were born in The

Netherlands in 2006 and a random sample of 10,008 cards was

tested. Thirty-two samples (0.32%) tested positive in the

screening assay, eighteen samples were confirmed IgM positive,

resulting in an observed birth incidence of 1.8 per 1,000 live born

children in The Netherlands in 2006. Accounting for 99.9%

specificity and 77.7% sensitivity, the adjusted incidence would

be 2.0 per 1,000. No significant differences between IgM

positive and negative newborns could be detected for the degree

of urbanization, birth weight, duration of pregnancy, or age in

days at heel puncture. Although regional differences were not

statistically significant, the incidence of congenital toxoplas-

mosis appeared to be higher in the South-East and West than in

the North-East of The Netherlands.

Compared with the results of the TIP study the incidence of

congenital toxoplasmosis is almost four times higher. The TIP

study, however, combined intervention and prevention and all

participating women and professionals were well informed.

Conclusion: Our results show a relatively high incidence of

congenital toxoplasmosis in The Netherlands. Compared with

the incidence in the TIP study in 1987 the incidence of

congenital toxoplasmosis is almost four times higher.
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Age dependency and Pseudomonas aeruginosa genotype
prevalence in Dutch cystic fibrosis patients
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1UMC Utrecht, Medical Microbiology, Utrecht, 2Haga

Teaching Hospital, Medische microbiologie, Den Haag

Introduction: In the last decade, different Pseudomonas aeru-

ginosa clones have been associated with increased colonization

and infection of patients with cystic fibrosis (CF). Transmission

of these, often virulent, clones between CF patients has been

documented, which has lead to strict segregation policies for CF

patients in many countries, including The Netherlands. How-

ever, little information was available on the prevalence and

population structure of P. aeruginosa among Dutch CF patients.

The aim of this cross-sectional study was to determine the

prevalence and genetic linkage of P. aeruginosa in CF patients

that visited two major CF centers in The Netherlands in 2007–

2008, representing 45% of the Dutch CF population.

Methods: P. aeruginosa carriage in the respiratory tract was

determined from sputum cultures or throat swaps through standard

microbiological culture techniques. All phenotypically different

isolates in the first positive culture from 2007 to 2008 that was

stored, were genotyped with multilocus sequence typing (MLST).

Results: 340 (62%) of 551 cultured patients carried P. aerugin-

osa. 443 isolates (from 267 patients) were genotyped, which

identified 146 different sequence types (STs) of which 43 were

shared between patients. Although 135 (51%) colonized

patients were simultaneously colonized with two or more

phenotypically different strains, different STs were found in

only 28 patients. 60% of these patients harbored a strain that

was also found in at least 2 other patients. Two sequence types,

ST406 and ST497, were found in 15 and 5% of patients. These

STs were linked to certain patient age groups. The risk ratios

for carrying ST406 and ST497 were 17.8 (95% CI 7.2–43.6)

for those aged between 15 and 24 years and 6 (95% CI 1.4–

26.1) for those aged[25 years, respectively. ST406 and ST497

were not genetically linked to previously described epidemic

clones. Besides, these epidemic clones from abroad were not

found in this CF population.

Conclusions: The population structure of P. aeruginosa in Dutch

CF patients is characterized by the presence of two prevalent

sequence types, associated with certain age groups, and not

genetically linked to previously described epidemic clones.
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Introduction: Otitis Media (OM) is one of the most frequent

diseases in childhood, which affects 80% of the children by the

age of 3 years. OM is most often self-limiting. However, in

some cases recurrent (rAOM) and chronic (COME) episodes of

OM result in a significant morbidity. In contrast to the major

burden of OM on public health, the pathogenic mechanisms

remain largely unclear. A prospective cohort study was

designed to investigate the patient characteristics and the role

of bacterial and viral pathogens were studied.

Materials and methods: Children, 0–5 years of age and suffering

from rAOM or COME and scheduled for surgery were enrolled at

Radboud University Nijmegen Medical Center and Canisius

Wilhelmina Hospital, The Netherlands. Patient characteristics

were collected through questionnaires, which were filled in by

the respective parents. During the surgical session middle ear

fluid and a nasopharyngeal swab were taken. S. pneumoniae, H.

influenzae and M. catarrhalis were cultured from these speci-

mens. The presence of 15 respiratory viruses in middle ear fluid

was investigated by virus-specific multiplex PCR.

Results: From April to December 2008, 101 patients were

enrolled. rAOM was mostly diagnosed at younger age (50% in

the first year of life, 32% at 5 years of age) heading towards

COME with increasing age (50% in the first year of life, 68% at

5 years of age). H. influenzae was mostly detected pathogen in

the nasopharynx (71%) and the middle ear fluid (16%).

Although it is known that the prevalence of H. influenzae

exceeds the S. pneumoniae prevalence in COME, only in 2%

of the middle ear fluid samples and in 43% of the nasopha-

ryngeal swabs S. pneumoniae was detected. M. catarrhalis was

detected in 31% in the nasopharynx and 5% in the middle ear

fluid. Rhinovirus was the most frequently detected viral

pathogen in middle ear fluid (60%), followed by enterovirus

(9%) and (para)influenzavirus (4%).

Conclusion: Our data suggest that the presence of S. pneumo-

niae in both rAOM and COME is limited, presumably as a
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result of the introduction of the Prevnar vaccine in the national

vaccine program in 2006. At present species-specific bacterial

PCRs are performed, which are expected to increase the

sensitivity of detection. In addition, a limited number of

respiratory viruses seem to be important in the OM pathogen-

esis. Finally, additional patients are currently enrolled to

confirm the significance of our findings.

O140

GIDEON (Global Infectious Diseases and Epidemiology
Online Network)

B. Mulder

Microbiology Laboratory, Twente Achterhoek, Enschede

According to the manufacturer, GIDEON (Global Infectious

Diseases and Epidemiology Online Network) is an easy to use,

interactive web based global infectious disease knowledge

management tool. GIDEON is used for diagnosis and reference

in the fields of tropical and infectious diseases, epidemiology,

microbiology and antimicrobial chemotherapy. GIDEON is

made up of four modules: diagnosis, epidemiology, therapy

and microbiology. The different features will be demonstrated

during the presentation. The constantly updated database

includes 337 diseases, 224 countries, 1,147 microbial taxa

and 306 antimicrobial agents. GIDEON’s worldwide data

sources essentially include the entire world’s literature and

adhere to the standards of Evidence Based Medicine. Over

10,000 notes outline the status of specific infections within

each country. GIDEON is used in hospitals, universities

(undergrad and medical schools), microbiologists and health

professionals. Bottieau et al. evaluated the performance of

GIDEON in diagnosing 161 febrile illnesses occurring after a

stay in the tropics in which an infectious etiology had been

established in 129 cases. GIDEON generated an acceptable

diagnosis in 64% of the 129 fevers with infectious etiology. It

tended to decrease when more than three findings were entered

per case. Eleven (8%) severe conditions were rejected by

GIDEON because non-disease-related characteristics had been

introduced. A striking example of this conceptual problem will

be presented in a case of malaria in a returned traveler. The

authors conclude that the performance of GIDEON in

diagnosing imported fever is good and reproducible but is

impaired by some conceptual weaknesses. Therefore its use

might be hazardous for inexperienced physicians.

O141

Www.fevertravel.ch

Presentation of an online aid for the differential
diagnosis of fever among travellers returning
from tropical countries

M.A. Schouten

Ziekenhuis Gelderse Vallei, Medisch Microbiologisch

Laboratorium, Ede

Swiss physicians, practising travel medicine, published guide-

lines for the management of febrile patients returning from

tropical countries. In addition they constructed a website to

make these recommendations available online. To study the

usefulness of their website, and the adherence of the consulting

visitors to the guidelines accessed, they implemented also a

research component. With this component the researchers were

able to evaluate physicians adherence to the recommendations

and the reasons for non-adherence.

At present, the research component is not available

anymore; the researchers are evaluating their data and these

will be published in the near future.

The website, however, is still open for consultation. At the

start of a consultation an interactive decision chart is

presented. First, questions about the travel destination, travel

dates and date of onset of symptoms must be answered. A

differential diagnosis, based on incubation period and expo-

sure risk, will be established. Using selected figures further

information about the disease should be given and the

differential diagnosis will be narrowed. Results of (additional)

tests can be included further narrowing the search. Finally the

most likely diagnosis will be presented together with

suggestions for management.

At the beginning of the decision tree information must be

provided to rule out rapidly fatal diseases. In case an alarm

sign is present the website immediately advises the consultant

to refer the patient to a specialised clinic. This safety step

also limits the scope of the website. Conclusion:

www.fevertravel.ch offers an online decision tree for the

differential diagnosis of febrile travellers returning from

tropical countries. Consultants unfamiliar with tropical dis-

eases will find the information provided very useful, those

who regularly treat patients with tropical ailments will

already be familiar with the decision tree presented. This

website does not provide a differential diagnosis for severely

ill travellers; the developers of the website assume these

patients will be treated by physicians experienced in tropical

diseases and they have to make the differential diagnosis by

themselves.

O143

Measles outbreak in an anthroposophic community
in The Netherlands (2008): pathways of virus
transmission through epidemiological and molecular
investigation

R.S. van Binnendijk1, L. Mollema2, M.J.M. te Wierik3,

E van Velzen2, E de Coster2, R.H.G.Kohl1, C. Swaan1,

H de Melker1, S Hahné1

National Institute for Public Health and the Environment

(RIVM), Centre for Infectious Disease Control, 2 Municipal

Health Service (GGD), The Hague, 3 Municipal Health

Service (GG&GD) Utrecht

Vaccination coverage for at least one dose of the measles

mumps and rubella (MMR) vaccine in The Netherlands has

been over 95% from birth cohort 1986 onwards, a sufficient

coverage for measles elimination according to WHO.
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However, this overall figure conceals lower coverages in

communities who refuse vaccination based on orthodox

protestant or anthroposophic principles. Between June and

October 2008, an outbreak of 99 reported measles cases

occurred in The Netherlands, which is the largest in The

Netherlands since 1999/2000. Due to this outbreak, the

incidence of measles in The Netherlands exceeded the

threshold for elimination of \1 case per million population

per year, but epidemiological investigation of the patients as

well as phylogenetic analysis of the measles viruses isolated

from these patients revealed that there had been no endemic

transmission in the general population. Measles virus trans-

mission first occurred at two schools in The Hague, and

subsequently in three summer camps and at 2 day-care

centres, all in different parts of the country. All cases were

linked to the anthroposophical community, and the measles

virus isolates obtained from representative cases were

genetically identical (genotype D8, outbreak strain: MVi/

Den Haag.NLD/25.08, EU878303). Five more cases had an

epidemiological and molecular link with an anthroposophic

summer camp in France (two cases) and Switzerland (three

cases). The source of the outbreak remains unknown. Even

though there has been considerable measles transmission in

Europe in 2008, also among antroposophical groups, there

was no epidemiological link with any of these reported

outbreaks. Remarkably, no cases were reported from the

orthodox reformed community, whilest in close vicinity to

the reported measles clusters. This suggests that the orthodox

reformed and antroposophical population subgroups have

very little direct contact, consistent with observations in

previous outbreaks. Further data on measles population

immunity and mixing patterns is needed to better understand

the dynamics of measles transmission in highly vaccinated

populations with pockets of low vaccination coverage.

O144

Treatment failure and antiviral resistance
in cytomegalovirus infections in stem cell transplant
recipients

M.T. van der Beek, W.A.F. Marijt, A.C.T.M. Vossen,

C.S. van der Blij-de Brouwer, C.J.M. Halkes, E.C.J. Claas,

A.C.M. Kroes

Leiden University Medical Center, Department of Medical

Microbiology, Leiden

Introduction: Treatment of cytomegalovirus (CMV) infections

after stem cell transplantation does not always lead to a rapid

and sustained viral response. It is important to unravel possible

causes of treatment failure to improve therapeutic strategies.

This study investigated the occurrence and risk factors of

treatment failure in CMV infections in SCT patients, including

the role of antiviral resistance.

Methods: Ninety-two consecutive adult recipients of allogeneic

T-cell depleted stem cell transplants who were at risk for CMV

(donor and/or recipient CMV seropositive) were studied

retrospectively. CMV infections had been treated with

(val)ganciclovir according to a pre-emptive strategy, based

upon regular monitoring of the CMV-DNA load in plasma.

Patient charts were reviewed for patient and transplantation

characteristics and antiviral treatment data. Treatment failure

was defined as a CMV DNA load of at least 1,000 copies/ml

after at least 2 weeks of treatment. Resistance was analyzed by

nucleotide sequence analysis of the UL97 and UL54 genes in

the first CMV DNA positive sample of all patients and in

follow-up samples during treatment failure.

Results: Pre-emptive treatment for CMV infections was

administered in 51 of 92 patients; 24% of seronegative

recipients and 63% of seropositive recipients, irrespective of

donor serostatus (Pearson Chi-Square, p \ 0.05).

Treatment failure occurred in 49% of the treated patients

(25 of 51). A high maximum CMV DNA load correlated

with treatment failure (Spearman correlation coefficient,

p \ 0.01); treatment failure was found in 27, 63 and 100%

of patients with a maximum CMV load of 10log 4, 10log

5 and at least 10log 6 copies/ml, respectively. No clear

association was found between CMV serostatus of donor or

recipient, donor type (related/unrelated) or conditioning

regimen (myeloablative/non-myeloablative) and the risk of

treatment failure.

In one patient, who developed CMV encephalitis during

treatment failure, ganciclovir-resistant viral isolates with the

well-characterised A594V mutation in the UL97 gene were

found.

Conclusion: In stem cell transplant patients, CMV infections

with a slow response to antiviral treatment occur frequently.

Antiviral resistance was observed but apparently played a

minor role in treatment failure.

O145

Transcriptome analyses of blood immune cells
and nasopharyngeal cells in children with RSV lower
respiratory tract infections reveal distinct gene
signatures correlating with disease severity

HK Brand1, A van Diepen1, T Schonewille2, Y Li3,

D de Ridder3, R de Groot1, A Warris1, PWM Hermans1,

FJT Staal2

1UMCN St Radboud, Laboratorium Kindergeneeskunde

Infectieziekten, Nijmegen, 2Erasmus Medical Center,

Rotterdam, 3Technical University, Delft

Introduction: The course of RSV infection in young healthy

children is often unpredictable. While some develop mild

rhinitis others suffer from severe pulmonary insufficiency

requiring mechanical ventilation. More insight in host-virus

interactions is needed for the development of new interven-

tional tools and to predict clinical outcome. We hypothesize

that leukocytes and nasopharyngeal cells from RSV infected

children with different clinical severity might have discrimi-

native transcriptional signatures that might lead to the

identification of diagnostic and prognostic biomarkers.

Methods: Gene expression profiles of different blood leukocytes

subpopulations and nasopharyngeal cells from eleven children

suffering from severe RSV infection requiring mechanical

ventilation were compared to those from nine with mild
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symptoms. RNA isolated from PBMCs, granulocytes, nasopha-

ryngeal cells and different PBMC subpopulations was used to

perform Affymetrix micro-array gene expression analyses.

Results: Hierarchical clustering of the microarray data shows

that PBMC and granulocytes expression profiles were clearly

different between the patient groups. The differential gene

expression profiles reflect genes from common immunological

pathways involved in apoptosis and proliferation. Inflammatory

pathways were mainly downregulated in the severe group in

CD8 T-cells, granulocytes and nasopharyngeal cells. In

contrast, in B-cells, CD4 T-cells and in monocytes, the

inflammatory pathways were mainly upregulated. Genes

involved in the Interferon pathways were downregulated in

all cell populations during severe disease.

Conclusions: Our findings suggest that severity of disease in

children suffering from RSV infections is reflected in distinct

gene expression profiles. In addition, downregulation of genes

involved in the Interferon-gamma pathway in the severe group

compared to mild infection suggests that the IFN-c pathway

plays an important role in disease severity. Identification of

genes allowing to discriminate patients with different clinical

manifestations is expected to lead to the identification of

biomarkers for the prediction of disease state in an early stage

and possibly aid the clinician in decision-making.

O146

Persistent betapapillomavirus infections are associated
with precursor lesions of squamous-cell carcinoma
of the skin

M.C.W. Feltkamp1, E.I. Plasmeijer1, R.E. Neale2,

M.N. De Koning3, W.G. Quint3, P. McBride2,

A.C. Green2

1Leiden University Medical Center, Medical Microbiology,

Leiden, 2Queensland Institute of Medical Research,

Brisbane, 3DDL Diagnostic Laboratory, Voorburg

Introduction: Persistent alphapapillomavirus infections, for

instance with HPV16, are causally involved cervical cancer

development. Betapapillomaviruses (betaPV, for instance

HPV8) are a possible cause of squamous cell carcinoma of

the skin, but little is known about betaPV persistence over

time. We assessed the extent to which betaPV infections

persisted over 8 years in an Australian community with a high

incidence of squamous-cell carcinoma precursor lesions, so-

called actinic keratoses (AK).

Methods: In 1996 and in 2003 samples were collected from

171 unselected participants of the community-based Nambour

Skin Cancer Study. AKs were scored by skin examinations at

baseline and again in 2006 for 138 participants. Details of skin

type and sun exposure were collected by standard question-

naire. Viral DNA was isolated from the eyebrow hair samples

and analysed with a detection-genotyping system able to

identify 25 different betaPV-types.

Results: Participants’ mean age at baseline was 50, 49% were

males. In 1996 a total of 413 beta-PV infections were found

in 73% of participants; in 2003 this rose to 490 infections in

85% of participants. Of the total number of infections, 211

(30%) were found to persist over the study period. Age was

significantly associated with betaPV persistence: those over

60 were over twice as likely as those under 40 to have type-

specific betaPV DNA present both times. Skin type, occupa-

tional sun exposure and sunburn history were not associated

with betaPV persistence. Presence of betaPV DNA at baseline

was associated with a doubling of risk of having AKs on the

face in 2006 while persistence of betaPV DNA at follow-up

in 2003 was associated with a further strengthening of this

association.

Discussion: We showed that around one third of betaPV

viruses persist in Nambour community members over an

8-year period, especially in the older people. While AKs

were associated with betaPV infection at baseline, the

association increased with persistent infections, suggesting

that long-term betaPV infection enhances the risk of

squamous cell carcinoma-precursor lesion independent of

age.

O147

An automated norovirus typing tool based on BLAST
and phylogenetic analyses provides accurate and robust
typing for viral sequences of different lengths

A.K Kroneman1, K Deforche2, H Vennema1, P Libin2,

M Koopmans1

1RIVM, CIB, virology, Bilthoven, 2MyBioData, Leuven

Genotyping based on molecular data is an increasingly

important method for understanding epidemiology of infec-

tious diseases. Genotyping is needed at different levels of

resolution e.g. rapid typing at local level for source tracking

versus trend monitoring for surveillance. Similarity based

typing methods are often used, but when the dataset grows, the

cutoffs for % of similarity for different genotypes are

increasingly harder to define due to increasing diversity within

the genotypes. Here phylogenetic analyses provide a well-

founded mathematical framework for tracing evolutionary

history of isolates and thus identification of clusters. The

robustness of the type assignment is quantifiable through

bootstrap analysis.

We describe the development of a genotyping tool to

facilitate research and surveillance of norovirus (NoV). This

work is part of a strategic project at RIVM aimed at providing

an integrated web infrastructure for bacterial, viral and

parasitic pathogen databases.

Noroviruses, a member of the Caliciviridae cause gastro-

enteritis, often as outbreaks. The genome consists of a positive-

strand RNA genome of ± 7.6 kb, with three open reading

frames (ORFs). ORF1 encodes a polyprotein encoding the

nonstructural proteins. ORF2 encodes the major capsid protein.

NoVs are genetically and antigenically highly variable and are

divided into five genogroups, which in turn are subdivided into

genotypes. Genotype II.4 has been the predominant circulating

genotype this last decade and is further subdivided into

variants.

The RIVM coordinates a European network (the FBVE,

Foodborne viruses in Europe, network) in which molecular and

epidemiological data on NoV outbreaks have been collected

since 2000, which has resulted in a large dataset used to

Antonie van Leeuwenhoek (2009) 95:17–133 69

123



develop this tool.

The genotyping tool was built according to the model

developed originally for HIV subtyping within the Rega

genotyping framework.

Sequences can be entered individually or in batch. For each

input sequence, blast and phylogenetic analyses are used to

obtain a genotyping result for the ORF1 region, ORF2 region

or both regions, depending on the sequence region. Genotypes

are assigned after bootstrapping analysis and bootstrap [70.

Genotype II.4 sequences are subsequently analyzed for variant

assignment using the same phylogenetic methods.

The results of the process can be downloaded as CSV,

useful for batch analyses. For each sequence, a detailed report

is presented providing the results of each step in the process,

including the alignments and phylogenetic trees.

6,940 Sequences which overlap with ORF1 and 4,639

sequences overlapping with ORF2 were used for validation.

Each sequence has been annotated with a genotype based on

pairwise comparison to consensus sequences derived from each

genotype. Median sequence length was 264 and 291 bps,

respectively.

For ORF1 and ORF2 the assigned genotype matched the

annotated genotype for 97%. A conflicting assignment of

genogroup was recorded for 0.04% of ORF1 and 0.11% of

ORF2 sequences and of genotype for 0.40% of ORF1 and 0.02%

of ORF2 sequences. For the remaining 2.9% sequences no

genotype assignment was made. A II.4 variant was assigned by

the automated tool for 3198 (82%) of the 3878 II.4 sequences

(ORF1), and 2149 (79%) of the 2149 II.4 sequences (ORF2).

O148

Prevalence of human bocavirus and KI/WU
polyomaviruses in children with and without lower
respiratory tract infection at the pediatric intensive
care unit

A.C. van de Pol1, T.F.W. Wolfs2, N.J.G. Jansen2,

J.L.L. Kimpen1, A.M. van Loon1, J.W.A. Rossen3

1University Medical Center Utrecht, Virology and

Pediatrics, Utrecht, 2Wilhelmina Children’s Hospital,

Infectious Diseases, Utrecht, 3St. Elisabeth Hospital

Tilburg, Laboratory of Medical Microbiology, Tilburg

Introduction: Little is known about the prevalence of human

bocavirus (HBoV), KI polyomavirus (KIPyV) and WU poly-

omavirus (WUPyV) in children with severe lower respiratory

tract infections (LRTIs) admitted to the pediatric intensive care

unit (PICU). The aim of our study was to evaluate the

prevalence of HBoV, KIPyV and WUPyV in PICU patients

with and without LRTI.

Methods: For the LRTI group PICU patients under 5 years of

age were included during three winters (2005–2008). For the

control group PICU patients under 18 years of age admitted for

other reasons than LRTI were included during one winter

(2005–2006). Respiratory specimens of both groups were

tested for HBoV, KIPyV and WUPyV by real-time PCR.

Specimens in the LRTI group were also tested by real-time

PCR for other respiratory viruses.

Results: Respiratory specimens of 78 LRTI patients and 83

controls were examined. HBoV, KIPyV and WUPyV were

detected in 4 (5.1%), 0 (0%), and 2 (2.6%) LRTI patients and

4 (4.8%), 4 (4.8%), and 2 (2.4%) controls, respectively. Multiple

viruses were present in 3 out of 4 HBoV and 2 out of 2 WUPyV

positive LRTI patients. In the LRTI patient with single HBoV

infection, the virus was present in very high quantities.

Conclusion: In conclusion, at the PICU-population level

detection of HBoV, KIPyV, and WUPyV viruses was not

associated with lower respiratory tract infection in children

admitted to the PICU. In individual patients, however, HBoV

may cause LRTI.

O149

Respiratory ATP synthesis: an Achilles’ heel
n mycobacteria?

D Bald1, AC Haagsma1, K Andries2, A Koul2, H Lill1

1VU University Amsterdam, Amsterdam, 2Johnson &

Johnson PRD, Antimicrobial Research, Beerse

Infections with Mycobacterium tuberculosis lead to nearly 2

million deaths per year with about 2 billion people latently

infected. Multi-drug resistant strains as well as mycobacteria

staying dormant within the host strongly demand development

of drugs with new targets.

Previously, we validated ATP synthase as the target of

Diarylquinolines (DARQs) [1], a novel class of antibiotics highly

active against Mycobacterium tuberculosis. In a biochemical

assay, DARQs inhibited ATP synthase at nanomolar concentra-

tions. BIAcore studies with DARQ-coated chips revealed strong

binding for purified ATP synthase. Point mutations in hydropho-

bic subunit-c lead to decreased binding affinity.

ATP synthase in mycobacteria is not only essential for

growth, but also required in the physiologically dormant state

associated with latent tuberculosis. Dormant mycobacteria are

active in ATP synthesis and their ATP production is potently

blocked by DARQs, leading to bacterial killing [2].

DARQ lead compound TMC207 displays [20,000-fold

higher affinity for mycobacterial ATP synthase (IC50 = 10 nM)

compared human mitochondrial ATP synthase (IC50 [ 200

M). These results suggest that TMC207 is a very specific inhibitor

of the mycobacterial ATP synthase and may not elicit ATP

synthesis-related toxicity in mammalian cells [3].

These results indicate that respiratory ATP synthesis may be a

critical weakness of (dormant) mycobacteria and suggest that

inhibition of energy production, although the enzymes involved

are strongly conserved between prokaryotes and eukaryotes, is a

promising approach for antibacterial drug discovery.

Recent progress on molecular mechanism of DARQ action, on

possible adaptation mechanisms of mycobacterial ATP synthase

to dormant conditions, as well as on applicability of this approach

to combat other bacterial infections will be discussed.

References:

1. Koul et al. (2007) Nat. Chem. Biol. 3, 323–4.

2. Koul et al. (2008) J. Biol. Chem. 283, 25273–80.

3. Haagsma et al. Antimicrob. Agents. Chemother., in press.
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Genome-wide analysis of pH homeostasis in yeast using
a pH sensitive GFP

PJ Orij1, ML Urbanus2, FJ Vizeacoumar2, N van Dyk2,

Charles Boone2, G Giaever3, C Nislow2, S Brul1, GJ Smits1

1Swammerdam Institute for Life Sciences, University of

Amsterdam, Department of Molecular Biology and

Microbial Food Safety, Amsterdam, 2Donnelly Centre for

Cellular and Biomolecular Research, Banting and Best

Department of Medical Resear, Toronto, 3University of

Toronto, Department of Pharmaceutical Sciences, Toronto

Controlling the intracellular pH (pHi) is of vital importance to

all living cells. The specific pH values of cellular compart-

ments affect virtually all biochemical processes, including

enzyme activity, protein folding, redox state, and energy

generating metabolism. However, we understand neither the

tolerance for variation in pHi nor the mechanisms involved in

sensing and maintaining pHi. Accurate, sensitive and com-

partment-specific measurements of pHi dynamics in living

cells are therefore crucial to the understanding of stress

response and adaptation. Here we used the pH-sensitive GFP

derivative ‘ratiometric pHluorin’. We expressed this in situ pH

sensor in the cytosol and the in mitochondrial matrix of S.

cerevisiae to assess the regulation of cytosolic pH (pHcyt) and

mitochondrial pH (pHmit) in living cells. We determined a

stable pHcyt of 7.0 and a stable pHmit of 7.2 in cells growing

exponentially on glucose. While a stable pH can be maintained

when the environmental pH is changing, glucose depletion

leads to intracellular acidification, as does exposure to weak

organic acids. The use of a GFP reporter for pHi allowed us to

assay the yeast knock-out collection for mutants deficient in pH

homeostasis. We introduced pHluorin into the YKO collection

using SGA and assayed pHcyt and pHmit of all strains in liquid

culture during exponential growth on glucose. Although pHi

appears tightly controlled, we identified mutants with signif-

icantly deviating high and low pHcyt and pHmit. The genes

involved in maintaining pHcyt and pHmit showed very little

correlation, and are apparently controlled independently. We

will present our analysis of the data to understand the cellular

processes involved in maintaining intracellular pH.

O151

Comparative transcription analysis of Bacillus cereus
in response to benzalkonium chloride, peracetic acid,
and sodium hypochlorite treatment

M Ceragioli1, M Mols1, R Moezelaar2, E Ghelardi3,

S Senesi3, A Tjakko1

1Wageningen University, Laboratory of Food

Microbiology, Wageningen, 2Top Institute of Food

and Nutrition, Wageningen, 3University of Pisa,

Dipartimento di Patologia Sperimentale, Pisa

Bacillus cereus is a Gram-positive, spore forming organism

which may cause diarrheic or emetic food poisoning outbreaks.

Due to its ability to produce spores, B. cereus is able to

colonize different environments and it is frequently isolated

from food products. A range of antimicrobial chemicals are

nowadays applied to clean and disinfect food-contacting

surfaces; however, the cellular response of bacteria, such as

B. cereus, to disinfectants remains to be elucidated.

In this study, the phenotypic and genome-wide transcrip-

tome response of B. cereus ATCC 14579 to three different

sanitizers (benzalkonium chloride, peracetic acid and sodium

hypochlorite) has been analyzed. For each compound, a sub-

lethal, a bacteriostatic and a bactericidal concentration was

tested and RNA preparations from control, benzalkonium

chloride, peracetic acid and sodium hypochlorite stressed

cultures were analyzed using DNA microarrays.

The results indicate that all the compounds induce a general

response next to specific responses. In the general response,

most of the transcriptional modifications were related to energy

metabolism, nitrogen metabolism, transport/binding proteins,

and activation of oxidant defence systems including catalase

and thioredoxin reductase.

The disinfectant-specific responses include up-regulation of

genes in the ‘‘fatty acid metabolism’’functional class upon

exposure to benzalkonium chloride, induction of several

plasmid and DNA repair-related genes with peracetic acid,

and up-regulation of genes in the ‘‘methionine metabo-

lism’’functional class in the presence of sodium hypochlorite.

Interesting differences were also revealed by comparing

transcriptome profiles of vegetative cells treated with different

concentrations of the same compound and specific features

could be coupled to sub-lethal, bacteriostatic and bactericidal

effects.

The simultaneous analysis of these transcriptome datasets

revealed the stress response to the three sanitizing agents

tested, to involve general and specific responses including a

wide variety of genes involved in vital cellular processes.

Understanding these responses may allow for the design of

more efficient sequential and/or disinfectant combination

treatments.

O152

Mechanisms of heterogeneity in outgrowth and stress
resistance of Bacillus spore populations

LM Hornstra1, A TerBeek2, JP Smelt2, WW Kallemeijn2,

S Brul2

1KIWA, Nieuwegein, 2University of Amsterdam,

Amsterdam

Bacterial spores are the ultimate (stress) ‘survival capsules’.

They allow strains from the Bacillus and Clostridium species to

survive harsh environmental conditions. In addition to the

decision to enter sporulation the decisions to do the reverse

(germinate and grow out) is also a decisive event after which

there is no return. Generally it is observed that the germination

and subsequent outgrowth behaviour of spores towards the

environment is not homogeneous. In fact in many cases it is

even quite heterogeneous, certainly upon subjecting spores to a

thermal stress treatment. Genome information coupled to high

resolution single-cell analysis techniques allow us currently to

analyse signalling events in individual germinating spores.
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Here we will introduce the mechanistic background of

heterogeneity in a spore population by discussing molecular

processes that operate during spore formation, germination and

outgrowth of (heat injured) Bacillus spores. The paper focuses

on the use of flow cytomtery and sorting of individual spores as

well as fluorescent reporter proteins to assess heterogeneous

behaviour with reference to thermal stress resistance, germi-

nation and outgrowth. We introduce the use of germination and

outgrowth module specific proteins as germination and

outgrowth ‘clock’ markers to functionally characterise the

state of individual germinating and outgrowing spores. Finally,

the discussion is set in the framework of contemporary and

future needs for single-cell data analysis to enhance the

mechanistic basis of food preservation and spoilage models

targeting bacterial spores.

O153

Comparative transcriptome and phenotype analysis
of acid-stressed Bacillus cereus strains ATCC 14579
and ATCC 10987 reveals a major oxidative response
and inactivation associated radical formation

M Mols1, R van Kranenburg2, C van Melis1, R Moezelaar3,

T Abee1

1Wageningen University, Laboratory of Food

Microbiology, Wageningen, 2PURAC, Gorinchem,
3Top Institute Food and Nutrition, Wageningen

Bacillus cereus is a ubiquitously found, Gram-positive, spore

forming, food-borne human pathogen that is associated with

two types of diseases: emesis and gastroenteritis. The ability to

survive mild stresses and the ability to form spores are

important features of its survival strategy allowing it to cope

with acidic conditions encountered in food and during stomach

transit. The molecular response of B. cereus cells to low pH

environments is, however, still poorly understood. Therefore,

comparative phenotype and whole genome transcriptome

analyses were performed using two model B. cereus strains,

isolated from food and air, exposed to a range of acidic pH

values. Our analysis revealed oxidative stress to be a dominant

feature of the acid shock response and the concomitant

accumulation of reactive oxygen species was assessed by

fluorescent probes in combination with flow cytometry.

B. cereus strains ATCC 14579 and ATCC 10987 were

grown in brain heart infusion broth, and upon reaching an

optical density (OD 600 nm) of *0.5, the cells were exposed

to pH down shocks by adding hydrogen chloride. The

physiological response of the cells to a pH range from 4.4 to

5.5 was investigated by plate counts, with cultures exposed to

pH 5.4, pH 5.0, pH 4.8 and pH 4.5 selected for microarray

analyses. The formation of hydroxyl radicals and peroxynitrite

was monitored using a fluorescent dye. Single cell analysis was

subsequently performed with a FACSCalibur flowcytometer.

Upon exposure to acid down shocks, three phenotypes were

found; namely ‘‘growth’’, when growth was resumed, ‘‘sur-

vival’’when growth was arrested and no inactivation occurred,

and ‘‘inactivation’’when the cells were killed. The transcrip-

tome analyses revealed activation of general and strain-

dependant acid stress resistance mechanisms. Comparative

analysis of phenotype-dependant transcriptome profiles of the

two B. cereus strains revealed that cells that continued growth

at reduced rates had transcriptome profiles different from that

of cells that were unable to continue growth or were

inactivated. Furthermore, the activation of an oxidative stress

response upon exposure to all different pH values, tested by

both strains was prominent. Genes encoding oxidative stress

related enzymes, such as catalase and superoxide dismutase,

and proteins involved in anaerobic respiration, e.g. nitrate and

nitrite reductase, were among the highest up-regulated genes

upon exposure to low pH. The oxidative stress response, i.e.,

the up-regulation of the superoxide degrading enzyme super-

oxide dismutase, prompted us to investigate the formation of

reactive oxygen species. Indeed, radicals could be detected in

B. cereus ATCC 14579 and ATCC 10987 cells exposed to

lethal levels of acidity, whereas they were not detected in cells

exposed to higher pH values. The accumulation of reactive

oxygen species such as peroxynitrite and hydroxyl radicals

may act as an additional killing factor in B. cereus cells

exposed to low pH environments.

O154

Dealing with salinity: Phenotype and transcriptome
analyses of salt-stressed Bacillus cereus

HMW Den Besten, M Mols, R Moezelaar, MH Zwietering,

T Abee

WUR, Food Microbiology, Wageningen

Introduction: The use of salt as a food additive is widely

applied in the food industry to control bacterial growth,

underlining the significance of a knowledge-based insight in

the salt stress responses of pathogens to ensure the microbial

safety of foods. A genome-wide comparative transcriptional

analyses of Bacillus cereus in response to both mild and severe

salt stress was performed to generate insight in the overlap

between these two salt stress conditions, allowing for the

assessment of a B. cereus general salt stress response. In

addition, the linkage of transcriptome patterns to specific

physiological responses of salt-stressed cells may contribute to

an in-depth understanding of observed phenotypes.

Methods: To determine the growth kinetics of mildly and

severely salt-stressed cells, exponentially growing cells of the

food-borne pathogen B. cereus ATCC 14579 were exposed to

2.5 and 5% NaCl w/v salt. DNA-microarray analyses were

performed to compare the transcriptome profiles of exponen-

tially growing cells to those of cells exposed to 2.5 and 5%

NaCl for 10, 30 and 60 min. Additional phenotypic experi-

ments were performed using varying time frames for salt stress

exposure in order to link observed transcriptome responses to

specific phenotypes. Both the chemotactic behaviour and

catalase activity of unstressed cells and salt-stressed cells

was assessed. Moreover, the salt-induced cross-protective

effect towards subsequent exposure to 50�C and 1 mM H2O2

was determined.

Results: Exponentially growing cells of B. cereus ATCC 14579

continued growth at a slightly reduced growth rate when

shifted to mild salt stress. Exposure to severe salt stress

resulted in a lag period, and after 60 min growth was resumed
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with cells displaying a filamentous morphology. Whole-

genome expression analyses of cells exposed to 2.5% salt

stress revealed an overlap with that of cells exposed to 5% salt

stress, suggesting that the corresponding genes (n = 147) were

involved in a general salt stress response. Up-regulation of

osmoprotectant, Na?/H? and di-/tripeptide transporters and

activation of an oxidative stress response, resulting in increased

catalase activity, were important aspects of this general salt

stress response. The heat- and H2O2-resistance was highly

increased in salt-adapted cells, indicating that an activated salt

stress response provided cross-protection towards other

stresses. Adaptation to 5% salt resulted in impaired cell

separation and reduced chemotaxis. Both these phenotypes

were in correspondence with 5% salt-specific transcriptome

patterns. Notably, a temporal shift was observed between the

transcriptome and phenotype responses of 5% salt-stressed

cells including cellular filamentation, reduced chemotaxis

performance, catalase activity and optimal oxidative stress

resistance.

Conclusions: This study showed that mildly and severely salt-

stressed cells share a core salt stress transcriptome response.

Activation of this general salt stress response may have

contributed to the observed increased resistance towards heat

and H2O2. Moreover, 5% salt-specific phenotypes could be

correlated, when a temporal shift was taken into account, with

observed transcriptome expression patterns in these cells.

Therefore, the linkage of transcriptomes to phenotypic char-

acteristics contributes to a better understanding of cellular

stress adaptation strategies and possible cross protection

mechanisms.

O155

Anaerobic methane-oxidizing bacteria: surprising
players in the methane and nitrogen cycle

FA Luesken1, Katharina Ettwig1, Margaret Butler1,

Mingliang Wu1, Bas Dutilh2, Marcel Kuypers3,

Frank Schreiber3, Katinka Van de Pas-Schoonen1,

Theo Van Alen1, Marina Rodriguez1, Eric Pelletier4,

Denis Le Paslier4, Mike Jetten1, Marc Strous1

1Radboud University, Microbiology, Nijmegen, 2CMBI

Raboud University, Nijmegen, 3Max Planck Institute for

Marine Microbiology, Bremen, 4CNRS UMR and

Genoscope, Evry

Anaerobic methane oxidation coupled to sulfate reduction is a

globally important methane sink. It is carried out by methan-

otrophic archaea, probably living in symbiosis with sulfate-

reducing bacteria. We have enriched another anaerobic meth-

ane-oxidizing microbial community, which reduces nitrate and

nitrite to dinitrogen gas (Raghoebarsing et al. Nature 2006). By

analyzing two independent enrichment cultures carrying out

this process, we found that bacteria from the ‘‘NC10’’phylum

are dominant (*80%). This phylum is so far only known from

environmental sequences, present in many aquatic habitats

worldwide. The community also contains 10% Archaea

distantly related to the AMNE cluster. We are currently

investigating their role.

In order to understand the physiology and ecological niche of

the anaerobic methane-oxidizing bacteria of the ‘‘NC10’’phy-

lum, we carried out genomic, proteomic and physiological

studies on the enrichment cultures. Using a metagenomic

approach, the genome of the dominant ‘‘NC10’’bacterium could

be largely assembled. Surprisingly, we found a combination of

anaerobic and aerobic pathways in the genome. When protein

extracts of the ‘‘NC10’’bacteria were analyzed by LC-MS-MS

both pathways were found to be expressed. Currently, enzyme

assays and 15N labeling experiments are conducted to elucidate

the molecular mechanism. Our findings may have wide impli-

cations for the understanding of methane oxidation under

anaerobic conditions and the application of this process in waste

water treatment.

Raghoebarsing AA, Pol A, Van de Pas-Schonen KT,

Smolders AJP, Ettwig KF, Rijpstra WIC, Schouten S, Sinninghe

Damsté JS, Op den Camp HJM, Jetten MSM & Strous M (2006)

Microbial consortium couples anaerobic methane oxidation to

denitrification. Nature 440, 918–921.
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Combined structural and chemical analysis of unique
anammox bacteria that contain a prokaryotic organelle

L. van Niftrik1, W.J.C. Geerts2, E.G. van Donselaar2,

B.M. Humbel2, A.J. Verkleij2, M. Strous3, M.S.M. Jetten3

1Radboud University Nijmegen, Faculty of Science,

Institute for Water and Wetland Research, Department of

Microbiology, Nijmegen, 2Department of Cellular

Architecture and Dynamics, Utrecht University, Utrecht,
3Department of Microbiology, Faculty of Science, Radboud

University Nijmegen, Nijmegen

The anaerobic oxidation of ammonium to dinitrogen gas

(anammox) is a recently discovered pathway of the biological

nitrogen cycle [1] and is currently estimated to be a major

source of gaseous nitrogen on Earth [2]. Anammox is

performed by a deep-branching clade of planctomycete bac-

teria, which have been applied in wastewater treatment for the

removal of ammonium. Anammox bacteria divide only once

per two weeks at maximum speed and possess a prokaryotic

organelle, the ‘‘anammoxosome’’, an intracytoplasmic com-

partment surrounded by a bilayer membrane. This major

compartment is dedicated to anammox catabolism and is the

locus of respiration by these bacteria, possibly analogous to the

mitochondria in Eukaryotes. The anammoxosome membrane

consists mainly of so-called ladderane lipids [3], which make

this membrane more impermeable to protons and the valuable

intermediates of anammox catabolism.

Here we used molecular tools and electron microscopy

methods to investigate anammox cell biology and to compile a

three-dimensional image of the anammox cell and its anam-

moxosome. With their small size (\1 lm) and intriguing cell

biology, these prokaryotes are an ideal target to be investigated

with electron tomography. Different stages of the cell cycle were

investigated and compared, to resolve how the anammoxosome

divides and is passed on to daughter cells. Additional structures

were observed in the anammox cell, such as glycogen particles,

iron-containing particles, membrane foldings and fibrous
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protein structures [4,5]. Electron tomography was combined

with energy dispersive x-ray analysis, immunogold localization

of anammox enzymes, and histochemical staining methods to

provide a link to the functional significance of these structures.

The recently completed genome of the anammox bacterium

‘‘Candidatus Kuenenia stuttgartiensis’’[6] provided us with

many candidate genes that may have important functions in

anammox cell biology.
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Methanotrophy under extreme conditions: Biochemistry
and physiology of Methylacidiphilum fumariolicum
SolV

A.F. Khadem, A. Pol, H. Harhangi, M.S.M. Jetten,

H.J.M. Op den Camp

Radboud University Nijmegen, Microbiology, IWWR,

Nijmegen

Methane is a potent greenhouse gas, which is emitted to the

atmosphere both from natural and anthropogenic sources.

Recently, it was shown that natural geological sources such as

mud volcanoes, may also act as sinks for methane. The very

acidic and hot soil of the Solfatara volcano was shown to support

significant methane consumption and was used as an inoculum

for enrichment of novel methanotrophs at 50�C and pH 2.

Until recently, all aerobic methanotrophs could be phyloge-

netically placed into 13 genera, all belonging to the Alpha- and

Gamma-proteobacteria. These micro-organisms are living in

ecosystems with moderate environmental conditions (2–25�C

and a neutral pH). The newly isolated methanotroph, thriving

under extreme conditions of mud volcanoes, was shown to

belong to the Verrucomicrobia phylum and named Methylacid-

iphilum fumariolicum strain SolV. Strain SolV could grow

under oxygen limitation on methane as the sole source of energy,

converting methane to carbon dioxide according to a stoichi-

ometry that is typical for methanotrophs (yield 6.4 g DW per

mol of methane). This is the first time that the widely distributed

Verrucomicrobia phylum, from which most members remain

uncultivated, is coupled to a geochemical cycle.

Initial analyses of strain SolV showed major differences

with the classical methanotrophs, e.g. extreme acid tolerance,

absence of typical membrane structures, distinct enzymes of

the methane oxidation and carbon fixation pathways.

Genomic DNA from M. fumariolicum SolV was extracted

and subjected to 454 pyrosequencing. This resulted in a draft

genome with an estimated size of 2.5 Mbp (coverage 35.5-fold).

The genome could thus far be assembled into 220 large contigs

(2,334,485 bp). Initial analyses of the genome data made clear

that the diagnostic genes of the ribulose-monophosphate path-

way seem to be absent. Many genes of the C1 metabolism

(oxidation of methane and assimilation of carbon) could be

identified, indicating that A. fumarolicum SolV may use a new

combination of the serine, tetrahydrofolate and ribulose-1,5

bisphoshosphate carboxylase (RuBisCo) pathways for carbon

assimilation. Conversion of formaldehyde seems to be mediated

by a tetrahydrofolate dependent pathway or directly by form-

aldehyde dehydrogenase which our isolate the first fully

sequenced methylotroph which lacks the tetrahydromethanop-

terin pathway for formaldehyde oxidation. Methanol

dehydrogenase activity could be demonstrated but the gene

cluster encoding this activity seems to be rather different

compared to classical methanotrophs. None of the subunits of

sMMO were found. However, three complete pmoCAB operons

were identified. Phylogenetic analysis of the pmoA genes

showed that pmoA1 and pmoA2 are highly similar but represent

a new branch as is also the case for the third gene (pmoA3).

Complete knowledge of the global element cycles in marine,

soil and aquatic habitats is especially important in the assess-

ment of the future consequences of human impact on ecosystems

worldwide. Methanotrophic bacteria form a biofilter reducing

methane emissions to the atmosphere. This makes them targets

in strategies to combat global climate change.
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A new Nitrospira sp nitrite oxidizer enriched
from the North Sea
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M.S.M. Jetten1, A Pitcher2, S. Schouten2,

J.S. Sinninghe Damsté2

1Radboud University Nijmegen, Department of

Microbiology, Nijmegen, 2Royal Netherlands Institute for

Sea Research (NIOZ), Department of Marine Organic

Biogeochemi, Den Burg (Texel)

Nitrogen, most notably in the form of ammonium, is one of the

key nutrients in marine waters that may limit primary

production. Nitrogen fixed and incorporated by phytoplankton,

will be released upon decay of this phytoplankton and can thus

be re-utilized. At times of low productivity, ammonium can

also be used by nitrifying microorganisms as an energy source.

It is oxidized, in two steps, first to nitrite (by aerobic

ammonium-oxidizing microbes) and then to nitrate (by aerobic

nitrite-oxidizing microbes). The mediators of aerobic oxidation

of nitrite in marine nitrification remain largely unexplored. The

existing knowledge is mostly based on molecular data, actively

growing cultures of aerobic marine nitrite oxidizers are scarce.

The present study focused on the enrichment, isolation and

characterization of aerobic marine nitrite oxidizers. A water

sample from the North Sea was incubated in a laboratory scale

bioreactor to enrich the marine nitrifying microorganisms

under well-defined environmental conditions (e.g. pH, T,

nutrient concentrations). The enrichment was used for further

isolation of marine nitrite oxidizers in serial dilutions series.

The microbial community composition of the enrichment

culture was characterized using PCR amplification and

subsequent sequencing of the 16S rRNA and nxrB (subunit B

of nitrite oxidoreductase, the key enzyme in nitrite oxidation)
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genes. In addition, samples were analyzed by Fluorescence in

situ Hybridization (FISH) using specific probes for different

groups of nitrite oxidizers. Extracted proteins were visualized

on an SDS–PAGE gel. Extracted lipids were analyzed using

LC-ESI-MS and compared to profiles of reference cultures.

The morphology of the nitrite oxidizers was inspected using

transmission electron microscopy (TEM). Genomic DNA

extracted from the enrichment culture was used for high-

throughput genome sequencing (454 and Solexa).

The FISH analyses showed that Nitrospira species dominated

([90% of the total microbial community) the biomass in the

bioreactor. The 16S rRNA and nxrB gene sequence analyses

showed that this Nitrospira sp. was phylogenetically most

closely related but not identical to Nitrospira marina. Two

prominent protein bands (at 130, 50 kDa), which likely repre-

sent the A and B subunit of the nitrite oxidoreductase enzyme of

the Nitrospira sp., were detetcted by SDS–PAGE of crude cell

extracts. The obtained lipid profile showed high homology to

that of Nitrospira marina with the exception of the presence of a

fatty acid (C16:1 x7) which is lacking in Nitrospira marina.

TEM analysis showed the presence of a large periplasmic space

and storage material in the cells, of which the first is quite typical

for Nitrospira species. The genome sequencing methods

rendered 550 Mb of metagenome sequence data, which is more

than hundredfold of the expected genome size. Currently

different assembly strategies are tested. We could easily identify

the rRNA and nxrA/B genes using raw data.

The approach adopted in our study led to successful

enrichment and identification of a new marine aerobic nitrite-

oxidizing Nitrospira species from North Sea water. Future

physiological, genomic and proteomic analyses of this bacte-

rium will aid the elucidation of the lifestyle and capabilities of

these enigmatic microorganisms and their role in the marine

nitrogen cycle.

O159

The core proteome of the Schistosoma mansoni eggshell

S.M.C.A de Walick1, B.W.M. de Balkom2, M.L. Bexkens1,

A.G.M. Tielens1, J.J. van Hellemond1

1ErasmusMC, Medical Microbiology and Infectious

Diseases, Rotterdam, 2Bijvoet Center For Biomolecular

Research, Utrecht University, Department of Biomolecular

Mass Spectrom, Utrecht

Schistosomiasis is an important parasitic disease affecting over

200 million people worldwide. Adult schistosomes are able to

maintain themselves for decades in the veins of their mamma-

lian host. Despite their abundant exposure to the immune

system of the host, this parasite apparently prevents an

adequate immune response. Schistosome eggs and their

secretions are very immunogenic. They skew the host immune

response towards a Th2 response and initiate granuloma

formation. Pathology due to schistosome infection is mainly

caused by the inflammatory response directed against the

parasite’s eggs trapped in the host tissue.

We previously unraveled the proteome of the tegument of

the adult worms. We now investigated the eggshell and

identified its proteins by mass spectrometry.

Schistosoma mansoni eggs were isolated from livers of

infected hamsters. After hatching of the eggs, the eggshells

were collected and crushed into small fragments in a micro-

dismembrator. Attached cellular material was removed in five

consecutive steps, after which the remaining material of the

eggshell was purified. These purified eggshell fragments were

used for protein identification by mass spectrometry.

In contrast to previous reports, this study identified a

relatively small number of proteins, 28 in total, to be part of the

schistosomal eggshell. Among the identified eggshell proteins,

expected schistosomal egg antigens were identified, as well as

expected structural proteins, but also glycolytic enzymes and

other non-structural proteins and some schistosome-specific

proteins with no analogs in other species. Some of the

identified proteins are known to be immunogenic.

In conclusion, Schistosoma mansoni eggshell is constructed

from a wide range of proteins. It is not only produced from

specific eggshell proteins, but also from proteins randomly

available at the time of eggshell formation. The relevance of

egg deposition for the immune reaction by the host will be

discussed.

O160

Device-independent, real-time identification of bacterial
pathogens with a metaloxide-based olfactory sensor

M.G. Bruins1, A Bos1, A van Belkum2

1C-it, R&D, Zutphen, 2EMC, Medical Microbiology

and Infectious Dise, Rotterdam

Introduction: Bacterial identification in medical microbiology

laboratories is still firmly based on biochemical reactions.

From the ages of Pasteur and Koch onwards, medical

microbiologists have relied on classical culture-based methods

in order to confirm bacterial infections and identify the

pathogens involved. Most infectious agents are still primarily

detected using classical methods that involve liquid or solid

semi-synthetic growth media. Serological methods for detec-

tion of such pathogens are often lacking in sensitivity and

specificity and data generated by the novel generation of

(expensive) molecular tests need to be interpreted with equal

caution. Real-time species identification during primary culti-

vation of clinical samples would still be of added value for

controlling costs and optimizing patient care.

Methods: We have developed a broadly applicable, inex-

pensive and highly responsive sensor system, called the

MonoNose, which uses real-time VOC (Volatile Organic

Compounds) pattern recognition and matching of measured

dynamic olfactory patterns with previously identified reference

patterns. Eleven different, clinically relevant bacterial species

were included in this study. For each of the species 2–8

genotypically distinct strains were used to take intra-species

biodiversity into account. A total of 52 strains were obtained

from both commercial sources (American Type Culture

Collection; ATCC) and Erasmus MC reference collections.

For all strains species’ nature was reconfirmed by VITEK�

analysis before inclusion in the study. BD-BACTECTM-Plus-

Anaerobic/F Medium with addition of 0.1 mM FeCl3 was

inoculated with 100 ll of a physiological salt solution with a

Antonie van Leeuwenhoek (2009) 95:17–133 75

123



bacterial density of ±1.5 McFarland and coupled to the

MonoNose. The production of VOCs was measured continu-

ously and in real time with the MonoNose devices.

Results: For each species, a characteristic sub-feature of the

response curves was derived from a single experiment. Sub-

features for the two Salmonella and the two Klebsiella species

were very similar. Therefore, these species can not yet be

distinguished and had to be grouped at the genus level. The

results show that the test specificity varies from 100% for

C. difficile to 67% for E. cloacae, with an overall average of

87%. All characteristic sub-features where observed between 6

and 8 h after initial inoculation.

Conclusions:

1. The data demonstrates that the MonoNose measurements

give good results over a representative set of 30 indepen-

dently produced devices. All measurements have been

conducted with different MonoNoses and the results show

that the measured features are interchangeable between the

different MonoNoses making the need for individual

calibration of each MonoNose obsolete. The latter is a major

drawback of the currently available alternative electronic

noses.

2. This study shows that the MonoNose can identify pathogenic

bacteria during the first few hours of growth on the basis of

prior calibration data generated by other MonoNoses.

3. Most identification systems in use today follow Bayes

theorem and depending on the number of tests used get a

score of \90% (e.g. the bioMerieux API-50 test), higher

only when significant numbers of additional tests are

included. When using generalized features calculated on

the basis of the VOC response curves an average

identification rate of 87% was achieved.

P001

Seroprevalence of Coxiella Burnetii in Pregnant Women
in Noord Brabant in 2007

JCE Meekelenkamp

Jeroen Bosch Ziekenhuis, Medische microbiologie,

‘S-Hertogenbosch

Introduction: An infection caused by Coxiella burnetii may

present as a chronic disease, especially in pregnant women.

There are increased risks for abortions, intrauterine fetal death,

and premature birth or growth retardation. In order to examine

these risks, we first looked at the seroprevalence of Coxiella

burnetii in pregnant women in an endemic area (Noord Brabant).

Methods: In total, 470 sera were tested. The pregnant women

were divided into three different groups. The first group

(n = 19) consisted of women who lived near Herpen, the

village where the most cases of Q fever were diagnosed. We

considered this group to be the group with the highest risk. We

offered these women serological testing.

The second group (n = 301) consisted of women who lived

in the regions Oss and Veghel. We had sera of these patients

because of the pregnancy screening at 12 weeks.

The third group (n = 150) was the control group, consisting

of women who didnot live in Noord Brabant during the

epidemic of Q fever in 2007.

All sera were tested with an immunofluorescence assay (IFA).

Results: The prevalence of an infection with Coxiella burnetii

was the highest in the first group (15.8%). The second and third

group showed an infection rate of 4.0 and 0.7%, respectively.

In all groups, the percentages of old infections were between 4

and 5%.

Conclusion: These results show that there was a relation

between the area with the highest risk and the prevalation of Q

fever of pregnant women in this area. This indicates that

regional screening of pregnant women for Coxiella burnetii

should be discussed.

P002

Raman spectroscopic typing reveals the presence
of carotenoids in Mycoplasma pneumoniae

C Vink1, K Maquelin1, T Hoogenboezem1, J.-W. Jachtenberg1,

R. Dumke2, E. Jacobs2, G.J. Puppels1, N.G. Hartwig1

1Erasmus MC, Laboratory of Pediatrics, Rotterdam,
2Technical University Dresden, Dresden

Raman spectroscopy has previously been demonstrated to be a

highly useful methodology for the identification and/or typing of

microorganisms. In this study, we set out to evaluate whether

this technology could also be applied as a tool to discriminate

between isolates of Mycoplasma pneumoniae, which is gener-

ally considered to be a genetically highly uniform species. In this

evaluation, a total of 104 strains of M. pneumoniae were

analyzed, including two reference strains (strains M129 and

FH), and 102 clinical isolates, which were isolated between 1973

and 2005 and originated from various countries. By Raman

spectral analysis (Raman typing) of this strain collection, we

were able to reproducibly distinguish six different clusters of

strains. An unequivocal correlation between Raman typing and

P1 genotyping, which is based on sequence differences in the P1

(or MPN141) gene of M. pneumoniae, was not observed. In the

two major Raman clusters we identified (cluster 3 and 6, which

together harbored 81% of the strains), the different P1 subtypes

were similarly distributed, with *80% isolates of subtype 1,

*16% of subtype 2, and *4% of variant 2a. Nevertheless, a

relatively high prevalence of P1 subtype 2 strains was found in

clusters 2 and 5 (100%), as well as in cluster 1 (75%) and cluster

4 (71%); these clusters, however, harbored a small number of

strains. Only two of the strains (2%) could not be typed correctly.

Interestingly, analysis of the Raman spectra revealed the

presence of carotenoids in M. pneumoniae. This finding is in

line with the identification of M. pneumoniae genes that have

similarity with genes involved in a biochemical pathway

leading to carotenoid synthesis, i.e. the 2-C-methyl-D-erythritol

4-phosphate (MEP) pathway. Therefore, we hypothesize that

M. pneumoniae hosts a MEP-like pathway for carotenoid

synthesis. We conclude that Raman spectroscopy is a convenient

tool for discriminating between M. pneumoniae strains, and that

it presents a promising supplement to the current methods for

typing of this bacterium.
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The clonal structure of PFGE non-typeable methicillin-
resistant Staphylococcus aureus in The Netherlands

X.W. Huijsdens, T. Bosch, M.G. van Santen-Verheuvel,

E. Spalburg, M.E.O.C. Heck, G.N. Pluister, M. van Luit,

A. Haenen, A.J. de Neeling

RIVM, LIS-BBT, Bilthoven

Objectives: In The Netherlands, the National Institute for

Public Health and the Environment (RIVM) serves as the

national reference center for surveillance of MRSA. Recently,

animals such as pigs and calves were identified as possible

MRSA reservoirs. MRSA isolates (either human or animal),

referred to as NT-MRSA, related to livestock belong to a

relatively new CA-MRSA clonal lineage, ST398. The present

study gives an overview of the human NT-MRSA isolates in

The Netherlands in 2007.

Methods: The molecular characteristics of NT-MRSA and the

clonal structure of the isolates was determined by Panton-

Valentine leukocidin (PVL) PCR, staphylococcal protein A

(spa) typing, staphylococcal cassette chromosome mec (SCC-

mec) typing, and multilocus sequence typing (MLST). For the

SCCmec typing the multiplex PCR method of Kondo et al. was

used.

Results: In 2007, a total of 793 human MRSA isolates were

non-typeable by PFGE. Three isolates were PVL positive. Spa

typing revealed 27 different spa types, all related to each other.

The two most prevalent spa types were t011 and t108. SCCmec

typing results of 300 NT-MRSA isolates showed SCCmec type

IV, type V, and unknown type(s). Surprisingly, all isolates with

spa type t108 were either SCCmec type V or could not be

typed, no SCCmec type IV was found. One isolate per spa type

was subjected to MLST. All isolates belonged to the ST398

clonal lineage.

Conclusion: The clonal lineage ST398 is not specifically found

in pigs anymore, but has also been found in other animals,

serving as MRSA reservoirs. Whether the number of NT-

MRSA will increase even further remains to be seen. Surpris-

ingly, independent of the host (animal or human) the typing

results of NT-MRSA isolates showed the same clonal origin.

P004

Multidrug and extensive drug resistant tuberculosis
in Europe is associated with the Beijing genotype
of Mycobacterium tuberculosis

D van Soolingen, J van Ingen, K Kremer

RIVM, Cib, Bilthoven

The population structure of Mycobacterium tuberculosis differs

significantly by area. Generally, the circulating genotypes are

characteristic of a given area and isolates are genetically more

conserved in high prevalence settings. Indications have been

found that the relative success of predominant genotypes is

related to selective advantages over other strains. Most

pronounced in this respect is the Beijing genotype of M.

tuberculosis, most frequently found in South-East Asia.

At the RIVM, DNA fingerprints of MDR-TB isolates from

all European countries are collected to trace international

transmission and we analyzed the data from the period of

2003–2007. Twenty-four European countries, including 20

from the European Union, reported 2,494 MDR-TB cases, of

which 65% were reported from Estonia, Latvia and Lithuania.

A total of 672 (40%) IS6110 RFLP profiles were available

from 19 countries. Of these 672 cases, 288 (43%) belonged to

18 European clusters associated with MDR-TB cases in 16

countries. The size of the clusters ranged from 2 to 174 cases.

Beijing strains caused the cases in seven clusters, representing

84% of the total number of clustered MDR-TB cases, including

the largest cluster. As in general only 6–7% of the TB cases in

Europe are caused by Beijing strains this clearly indicates the

significant role of Beijing strains in transmission of MDR-TB

in this region.

Extensively drug resistant (XDR) TB strains have been

reported all over the world and we searched among the

resistance profiles from M. tuberculosis isolates in Europe for

the prevalence of XDR-TB. In total ten percent of 1,537 MDR-

TB cases subjected to second-line drug resistance testing in 19

countries appeared to represent XDR-TB and this was signif-

icantly correlated to the Beijing genotype. The main determinant

of XDR-TB was origin of the case from countries of the Former

Soviet Union. As the labor participation of workers from Eastern

European countries increases in The Netherlands, a continued

surveillance of drug resistance seems advisable.

In The Netherlands, 153 MDR-TB cases were notified in

the period of January 1993 to October 2007. The respective

M. tuberculosis isolates were investigated for the prevalence of

resistance to second-line TB drugs and this was found to differ

by region of origin of the patient. Although resistance rates are

currently low, vigilance is warranted, since the number of

available drugs for second-line TB treatment is very limited.

Prothionamide (8%), amikacin (5%), para-amino salicylate

(5%) and ciprofloxacin (4%) resistance are most frequent,

cycloserin resistance is extremely rare (1%) and no clofazimin

resistance has been observed in vitro. Mono-resistance to a

second-line drug is the most frequently encountered phenotype.

Two cases of resistance to both fluoroquinolones (ciprofloxa-

cin) and an injectable (amikacin) were noted. The fact that

these were both M. bovis strains bars their designation as

XDR-TB according to the revised definition of the WHO

Global XDR-TB Task Force.

P005

The microevolution of Mycobacterium tuberculosis
disclosed by genome sequencing resolves transmission
chains in a large tuberculosis outbreak

AC Schürch1, K Kremer1, O Daviena1, A Kiers2, MJ Boeree3,

R Siezen4, D Van Soolingen1

1RIVM, Centre for Infectious Disease Control, Bilthoven,
2Municipal Health Service Noord Friesland, Leeuwarden,
3Radboud University Medical Centre/University Lung

Centre Dekkerswald, Department of Pulmonary Diseases,

Nijmegen, 4Radboud University Medical Centre, CMBI,

Nijmegen
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Introduction: Molecular typing contributes significantly to our

understanding of the epidemiology of tuberculosis (TB).

Internationally applied standardized typing techniques such

as IS6110 restriction fragment length polymorphism (RFLP)

typing and variable numbers of tandem repeats (VNTR) typing

result in clusters of cases with identical DNA typing profiles.

Ideally, at every occasion of a transmission a difference is

added to the DNA fingerprint of the transmitted M. tubercu-

losis strain so that transmission chains can be monitored when

a micro-epidemic expands in a given area. Currently used

typing techniques, however, concentrate only on one type of

mutation which occurs through stochastic processes and is not

necessarily in line with the transmission of TB in the human

community. Clusters of cases with identical DNA typing

profiles and only indirect epidemiological links are common

and this hampers the utility of DNA fingerprinting in source-

case finding and contact tracing.

Methods: In order to study the maximum resolution of DNA

typing of Mycobacterium tuberculosis, two strains from one of

the largest TB outbreaks in The Netherlands, known as the

Harlingen outbreak were subjected to genome sequencing.

These strains, that were isolated with an interval of 12.5 years

were separated by four person-to-person transmissions. The

genomes were compared and the identified polymorphisms

were tested on M. tuberculosis isolates of other patients of the

Harlingen outbreak.

Results: Four single nucleotide polymorphisms (SNPs) and one

tandem repeat polymorphism (TRP) were identified. Further-

more, one IS6110 transposition was disclosed by the genome

sequence analysis, which was in line with IS6110 RFLP typing.

Typing of the isolates of the transmission chain with the six

DNA polymorphisms supports the route of transmission

established by contact tracing. Application of these markers

on isolates of other patients of the Harlingen outbreak

subdivided the cluster and suggests various transmission routes

between the patients.

Conclusions

1. Our study shows that genome sequencing can be used to

study the microevolution of M. tuberculosis. It resolves

separate transmission chains in large outbreak clusters and

thus identifies transmission routes between patients.

2. With the technical advancement, wider availability and

decreasing costs, high-throughput sequencing will become

a powerful tool for molecular typing that facilitates

detailed epidemiological investigation.

P006

Multi locus sequence typing of Chlamydiales: clonal
groupings within Chlamydia trachomatis and host
associated genotypes of Chlamydophila psittaci

A van der Ende1, V Dickx2, G Morelli3, B Kusecek3,

S Morré4, JM Ossewaarde5, A Langerak1, D Vanrompay2,

Y Pannekoek1

1Academic Medical Center, Medical Microbiology,

Amsterdam, 2Ghent University, Department of Molecular

Biotechnology, Ghent, 3Max Planck Institute for Infection

Biology, Department of Molecular Biology, Berlin, 4VU

University Medical Center, 4Department of Pathology and

Department, Amsterdam, 5Erasmus MC and Laboratory of

Medical Microbiology, Department of Medical

Microbiology and I, Rotterdam

Objectives: The obligate intracellular growing bacterium

Chlamydia trachomatis causes diseases like trachoma, urogen-

ital infection and lymphogranuloma venereum with severe

morbidity. Several serovars and genotypes have been identi-

fied, but these could not be linked to clinical disease or

outcome. The related Chlamydophila pneumoniae, of which no

subtypes are recognized, causes respiratory infections world-

wide. Chlamydophila psittaci which can cause zoonotic

pneumonia in humans are usually hosted by birds. We

developed a multi locus sequence typing (MLST) scheme

based on the partial sequences of seven housekeeping genes to

understand the population genetic structure of Chlamydiales

and the diversity of these species and to evaluate the

association between genotype and disease.

Results: A collection of 26 strains of C. trachomatis of different

serovars and clinical presentation and 18 strains of C.

pneumoniae were included in the study. In addition, 30 C.

psittaci strains isolated from different bird species and

mammals were included. For comparison, sequences of C.

abortus, C. caviae, C. felis, C. pecorum (Chlamydophila), and

C. muridarum (Chlamydia) were also included. Sequences of

fragments (400–500 bp) from seven housekeeping genes

(enoA, fumC, gatA, gidA, hemN, hlfX, oppA) were analysed.

Cluster analysis of allelic profiles by eBurst revealed three non-

overlapping clonal complexes among the C. trachomatis

strains, while the C. pneumoniae strains formed a single

group. An UPGMA tree produced from the allelic profiles

resulted in three groups of sequence types. The LGV strains

grouped in a single cluster, while the urogenital strains were

distributed over two separated groups, one consisted solely of

strains with frequent occurring serovars (E, D and F).

A tree produced from the allelic profiles of the C. psittaci

strains showed groups with were associated with host species.

Conclusions: These data show that C. trachomatis and C.

pneumoniae are highly uniform. The difference in genetic

diversity between C. trachomatis and C. pneumoniae is in

concordance with a later assimilation to the human host of the

latter. Genotypes of C. psittaci are strongly linked to host species

http://pubmlst.org/chlamydiales/. This site can be used to iden-

tify MLST genotypes.

P007

Evaluation of Diversilab for typing
of methicillin-resistant Staphylococcus aureus

A.C. Fluit

University Medical Center Utrecht, Department of Medical

Microbiology, Utrecht

Background: Pulsed-Field Gel Electrophoresis (PFGE) has

been considered the ‘‘gold standard’’for typing of methicillin-

resistant Staphylococcus aureus (MRSA). However, the method

is time consuming and long term clustering of isolates is
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difficult. Diversilab, which is a highly standardized rep-PCR,

may provide an alternative. Aim of this study was to evaluate

the Diversilab system on a set of MRSA isolates characterized

by PFGE, spa-typing, Multi-Locus Variable Number of

Tandem Repeat Analysis (MLVA) and partially by phage

typing.

Methods: The Diversilab Staphylococcus kit was used accord-

ing to the protocol of the manufacturer with the exception that

900 ll MD3 buffer was used. A total of 52 isolates collected by

the hospital Hygiene Department of the UMC Utrecht were

used. Twenty six isolates belonged to six outbreaks. Eight

isolates came from patients colonized outside The Netherlands

and 18 isolates were from unexpected cases.

Results: The four isolates belonging to Outbreak 1 clustered.

Only two of the three isolates that belonged to Outbreak 2

(O2) clustered., and one independent isolate clustered with

these two.Replicates of these three isolates using independent

DNA preparations did cluster together again but not with the

other cluster for these isolates. The other O2 isolate clustered

with two other isiolates. One was an isolate that was a single-

locus variant (SLV) of the O2 isolate in MLVA, but had a

different spa-type and PFGE pattern and the other isolate was

different from the O2 isolate except for the phage type.

Three of the four Outbreak 3 (O3) isolates clustered, but a

fourth was classified as different. A fifth isolate, which was

collected 5 years earlier, clusterd with O3. This isolate was a

SLV in MLVA compared to the O3 isolates, but had an

identical spa- and PFGE type as O3 isolates.

The 4 Outbreak 4 (O4) isolates were typed twice using

independent DNA preparations. The isolates were present in

two clusters, but together with isolates that did not belong to

this outbreak according to other methods and epidemiology. In

fact 2 of the 4 Outbreak 6 (O6) isolates clustered with the O4

isolates. The other 2 O6 isolates clustered with the 3 Outbreak

5 isolates.

The collection contained two pig-related MRSA isolates

with different spa-types. These isolates clustered in different

but related patterns.

Only 16 unrelated isolates did not cluster with any other

isolate, whereas for 24 unrelated isolates different clusters were

expected.

Conclusion: The Diversilab system has not sufficient discrim-

inatory power for the typing of MRSA. Reproducibility for

typing of MRSA is an issue as well.

P008

Identification of a clinical methicillin-resistant
Staphylococcus aureus strain with a new SCCmec
variant containing Staphylococcus epidermidis
SCC-specific elements

P. S. Beisser1, C. J. H. von Wintersdorff1, M.-L. Boumans1,

H. Valvatne1, A. J. de Neeling2, E. E. Stobberingh1

1Maastricht University Medical Center, Medical

Microbiology, Maastricht, 2National Institute for Public

Health and the Environment, Bilthoven

SCCmec typing has become a valuable tool for the molecular

epidemiology of methicillin-resistant Staphylococcus aureus

(MRSA) infections. To date, 8 SCCmec types have been

described worldwide. The aim of the study was to characterize

a new, yet untypable SCCmec from a clinical MRSA isolate.

Samples from an outbreak in a pediatric ward in a Dutch

university hospital were subjected to both previously described

PCR-based SCCmec typing assays, and a novel typing assay

involving multiplex realtime-PCR. From one isolate, SCCmec

DNA was obtained using long-range PCR. The DNA sequence

was subsequently obtained by shotgun-sequencing. Two

isolates (spa type t447, PFGE cluster 55) from the hospital

outbreak were investigated and identified as type II SCCmec

MRSA by conventional SCCmec typing. Interestingly, by

using a novel typing assay, both ccr1- and ccr2-like sequences

were detected in each of these isolates–a combination that has

not been reported before. Preliminary sequence data revealed

that the untypable SCCmec (*50 kb) contains SCC476-like

and SCCmec type IV-like sequences, as well as S. epidermidis-

specific SCC-like sequences, in tandem. The previously

published SCC467 sequence was identified in a ST1 strain,

whereas our isolates containing the untypable SCC467/SCC-

mec type IV-like cassette have spa- an PFGE-types which are

associated with ST5. The identification of S. epidermidis-

specific sequences in the new SCCmec variant indicates that

the omnipresent S. epidermidis forms a methicillin resistance

gene pool from which new MRSA may emerge. It is likely that

this new SCCmec variant is prevalent in MRSA outbreaks in

several Dutch hospitals. Currently, a larger collection of PFGE

cluster 55 isolates is being screened.

P009

Genotyping of Giardia lamblia by multilocus sequence
typing (MLST

R Jansen, A van de Craats, T.G. Mank, P. Mittelberg,

W. Ramparichan

Streeklab Haarlem, Haarlem

The intestinal parasite G. lamblia occurs worldwide and infects

humans and animals. The parasite is transmitted via the oral-

faecal route and human infections are expected often to have a

zoonotic source. Existing genotyping methods for G. lamblia

have a low discriminatory power and to elucidate infection

routes reliably, better methods are needed. Giardia lamblia has

a diploid genome and is believed to propagate exclusively

asexually. The vegetative propagation and hence clonal

propagation of G. lamblia allows the use of MLST to follow

infection routes. A MLST based on SNP’s is expected to have a

high discriminatory power enabling the distinction between

individual strains of the parasite.

Objective: Development and evaluation of MLST for G.

lamblia.

Methods: The MLST uses SNP’s in the genes for ferredoxin

(fed), glutamate dehydrogenase (gdh), triosephosphate isom-

erase (tpi), phosphoglycerate kinase (pgk) and beta-giardin

(bgd) to make a genetic fingerprint of G. lamblia strains. The

MLST can be applied on faeces that is Giardia-enriched by

Ridley-precipitation, circumventing the need to purify or

culture this fastidious parasite. The fragments of the five genes

were obtained by five separate nested PCR’s and sequenced
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bi-directional. The data were stored and analysed with the

Bionumerics software package. The MLST was applied on 16

strains of cultured G. lamblia and 55 human faecal samples that

were collected in the routine diagnostics. In a previous study

the assemblage A and B genotypes were determined of these G.

lamblia strains and of the faecal samples.

Results: We found 17, 17, 22, 13, and 23 variants of the fed,

gdh, bgd, tpi, and pgk genes, respectively, resulting in 36

different MLST types. The SNP’s were often heterozygously

present, which attributed largely to the number of MLST types.

The heterozygous SNP’s were also present in the cultured

strains indicating that the heterozygousity is a stable genetic

feature. The MLST types were grouped by cluster analysis of

the concatenated gene fragments. As expected, there was a

clear digotomy between the G. lamblia strains with A and B

assemblages, indicating the large genetic distance between the

two assemblages.

Conclusions: The G. lamblia MLST using five genes is able to

distinguish G. lamblia strains with a high discriminatory power

and can be applied on faecal samples.

P010

Additional praziquantel treatment in a complicated case
with disseminated echinococcus granulosus

F.F. Stelma, A. Oude Lashof, C.H.C. Dejong, D. Bergmans,

S. Lowe

Maastricht University Medical Center, Medical

Microbiology, Maastricht

In December 2008 a 48-year-old female of Moroccan descent,

was referred to the department of surgery at the Maastricht

University Medical Center for partial hepatectomy because of

extensive hepatic echinococcosis and relapsing cholangitis. At

admission the patient was pre-treated prior to surgery with

albendazole 800 mg dd. Due to persistent bacteriëmia and

clinical deterioration, the patient underwent emergency sur-

gery. The largest infected hydatid cyst, which rapidly had

increased to a diameter of 19 cm, was drained and a daughter

cyst was resected from the omentum. A cyst in the left liver

lobe was left in situ. Unfortunately some pus was spilled into

the abdominal cavity. Post-surgery 50 mg/kg of praziquantel

dd was added to the albendazole treatment in order to be more

effective in the prevention of development of new hydatid

cysts in the abdominal cavity. In spite of adequate antibiotic

treatment, fever persisted and blood cultures with mixed flora,

i.e. Enterobacter cloacae, Streptococcus milleri and Veionella

spp. were repeatedly found. Therefore the final hydatid cyst

was evacuated by CT-controlled drainage. The pus was

examined by gram-stain and hydatid hooklets, gram positive

cocci and gram negative rods were observed. Later Pseudo-

momas auruginosa was cultured. Post-drainage the fever

resolved and the clinical situation ameliorated. The patient is

currently still in the intensive care unit.

Praziquantel (PZQ), an anthelmintic pyrazinoisoquinolines,

has been shown to be highly effective against cestode and

trematode infections in humans and animals. In hydatid

disease, PZQ dislocates the adult worms from their intestinal

locations. PZQ further increases the permeability of the

tegument of adult worms and protoscolices for proteolytic

enzymes. PZQ has no effect on intact hydatid cysts, however,

in combination with albendazole (ABZ) it exhibits a faster

protoscolocidal effect than either drug applied separately.

Further, ABZ absorption has been shown to increase 89 when

given in combination with PZQ. Different experimental dose

regimens have been described for PZQ, however, it is unclear

what is the most effective regimen in hydatid disease. The

ratio for adding PZQ to the chemotherapeutic treatment in this

patient will be discussed, as will be the choice of dose

regimen.

P011

Detection of Toxocara larva migrans in tissue

J. Roelfsema, S. Brandes, E. Pinelli, L.M. Kortbeek

RIVM, Laboratory for Infectious Diseases and Perinatal

Screening, Bilthoven

Introduction: Toxocariasis is a zoonosis with worldwide

distribution caused by the dog or cat roundworms Toxocara

canis and Toxocara cati. In humans the larvae penetrate the

intestine and migrate via the blood vessels to different organs,

causing what is known as Visceral Larva Migrans (VLM).

Diagnosis of human toxocariasis relies mainly in serology,

since eggs of these parasites are not found in the faeces of this

accidental host. Tissue biopsy may confirm Toxocara sp.

infections, however, the larvae are rarely found and a negative

biopsy does not exclude infection.

Aim: Evaluating the use of Real-Time PCR for the detection

and quantification of Toxocara canis larvae in tissue.

Method: Development of a Real-Time PCR that will amplify a

range of nematode species including Ascaris sp, to Toxocara

sp. to Anisakis sp. The amplified target harbours a few

polymorphisms that can be used for species determination

when the product is sequenced. DNA isolated from T. canis

larvae was further used to quantify larvae present in brain

tissue of T. canis infected mice.

Results: Two mice strains were infected, NIH and BALB/C.

The brains were taken at various time points post infection.

RNA was isolated for gene-expression assays and DNA was

isolated to check whether T.canis DNA could be detected.

Time points were 3, 7, 14, 35, 42 and 92 days post infection.

Two samples were screened for every time-point for each

strain with the exception of 35 dpi of which only NIH was

available and 92 dpi for which only BALB/C was present. Two

mice that were not infected were taken as negative controls. All

infected mice yielded positive PCR results, CP values ranged

from 31 to 35, and the two negative mice were indeed negative

(no CP value).

Conclusions: Toxocara larvae reach the mouse brain at least as

early as the third day post infection and remain detectable. The

PCR we have developed detects the worms in all cases. DNA

isolated from the brain, however, was from the whole brain.

For possible use of the PCR in human samples we need to

investigate further. For this we need to collect samples, both

from proven and suspected cases of VLM.
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Nasal colonization by Streptococcus pneumoniae
and Staphylococcus aureus in Venezuelan healthy
children

B. Quintero Moreno1, M. Araque1, F. Escalona2, M. Correa2,

S. Morillo1, P. W. M. Hermans3

1Los Andes University, Facultad de Medicina. Dpto.

Microbiologia y Parasitologia Clı́nicas, Merida, 2Los Andes

University Hospital, Pediatric, MÉRida, 3Radboud

University, Nijmegen Medical Center, Laboratorium

Kindergeneeskunde Infectiez, Nijmegen

Introduction: Streptococcus pneumoniae and Staphylococcus

aureus infections are an important cause of morbidity and

mortality around the world. The natural reservoir for these

bacterial pathogens is the human upper respiratory tract.

Carriage rates are influenced by numerous host factors, and

several studies have described an inverse relationship between

heptavalent pneumococcal conjugate vaccine serotypes and

S. aureus colonization.

Aim: We assessed the relationship between S. pneumoniae and

S. aureus nasal colonization, and various epidemiological

factors in healthy Venezuelan children.

Methods: We obtained informed consent, and epidemiological

data by questionnaire from 250 healthy children 3–5 years of

age, representing five schools in Merida, Venezuela. Mucus

characteristics as color (transparent/white or yellow/green), and

quantity (abundant or reduced) were registered during sampling.

Nasal samples were plated directly onto selective culture

medium for S. pneumoniae and S. aureus; species identification

was performed according to the CLSI 2008 recommendations.

The S. pneumoniae CFUs after 20–24 h of growth was scored

semi-quantitatively as described by O’Brien, in 2001, and strains

were classified into two groups: poor growth (scant, 1? or 2?) or

abundant growth (3? or 4?). All S. pneumoniae strains were

serotyped. Univariate and multivariate analyses were performed

to assess risk factors for carriage of each or the pathogens.

Results: The S. pneumoniae and S. aureus nasal carrier rates were

28% (71/250) and 56% (141/250), respectively. According to the

univariate and multivariate analyses, age, sex, asthma, rhinitis,

crowding, having siblings, passive smoking, day care attendance,

previous hospitalization, previous respiratory infectious dis-

eases and previous antibiotic treatment were not risk factors for

S. pneumoniae nor for S. aureus nasal carriage. However,

children with non-respiratory allergies were more often colonized

with S. aureus (p = 0.018). Overall, 77.46% (55/71) of the

specimens displayed a limited number of S. pneumoniae CFUs

(scant, 1? or 2?). Abundant growth (3? or 4?) was associated

with a low-socio-economically status (p = 0.025). Among

S. pneumoniae strains we observed 16 different serotypes. The

most common serotypes were 6B (14%), 19F (12%), 23F (12%),

15 (9%) 6.A (8%), 11 (8%), 23A (6%) and 34 (6%); 43% of strains

belonged to the heptavalent vaccine serotypes. Children with a

previous history of respiratory infectious disease (RID) were less

often colonized by heptavalent-vaccine serotypes (p = 0.021).

The rate of nasal S. pneumoniae-S. aureus co-colonization was

16%. Children nasally colonized with S. pneumoniae heptava-

lent-vaccine serotypes were less often colonized by S. aureus

(p = 0.013). The amount of mucus was abundant in 36%

(89/250) and yellow/green in 15% (37/250) of the children. The

yellow/green mucus was associated with male children

(p = 0.020), with an abundant quantity of mucus (p = 0.001),

and with S. pneumoniae-S. aureus co-colonization (p = 0.027).

Conclusion: We conclude that Venezuelan children of low

socio-economic status were more extensively nasally colonized

by S. pneumoniae. In addition, heptavalent-vaccine serotypes

were negatively associated with a previous history of RID and

with S. aureus colonization. Finally, children with yellow/

green nasal mucus were more often co-colonized with

S. pneumoniae/S. aureus.

P013

Phenotypes and mechanisms of penicillin and macrolide
resistance among Streptococcus pneumoniae strains
colonizing Venezuelan healthy children

B. Quintero Moreno1, M. Araque1,

C. E. van der Gaast-de Jongh2, S. Morillo1,

P. W. M. Hermans2

1Los Andes University, Facultad de Medicina. Dpto.

Microbiologia y Parasitologia Clı́nicas, Merida, 2Radboud

University, Nijmegen Medical Center, Laboratorium

Kindergeneeskunde Infectiez, Nijmegen

Introduction: Streptococcus pneumoniae infections area leading

cause of morbidity and mortality worldwide. The emergency and

increasing prevalence of antibiotic resistant S. pneumoniae strains

have become a major public health problem worldwide. Epide-

miological monitoring of the frequency and mechanisms of

antibiotic resistance among strains circulating in a community is

an important strategy for antibiotic resistance management.

Aim: To investigate phenotypes and mechanisms of penicillin and

macrolide resistance among 126 nasal and nasopharyngeal S.

pneumoniae isolates among asymptomatic children in Venezuela.

Methods: Phenotypes of macrolide resistance were investigated

using a modified triple-disc test (erythromycin, clindamycin and

spiramycin) described by Giovanetti et al. in 1999. Suscepti-

bility and minimal inhibitory concentration (MIC) were

determined for penicillin by agar dilution method, and for other

betalactamic and macrolid antibiotic using a commercial

microdilution panel (Sensititre�) following CLSI 2008 recom-

mendations. The occurrence of ermB, mefE and mefA genes and

alterations in pbp-1A, -2b, and -2x genes were studied by PCR.

Results: The prevalence of penicillin resistance was 37%; high-

level and intermediate-level resistance was present in 10 and

27% of isolates, respectively. Resistance for other b-lactam

antibiotics was as follows: Cefuroxime, 14%; Meropenem,

13%; Ceftriaxone, 2%; Cefotaxime, 2%; Cefepime, 2%; and

Ertapenem, 2%. Among penicillin intermediately resistant

strains (N = 41) we observed 6 different combinations of

altered pbp genes. However, most of the strains (83%) showed

alterations in pbp2b and pbp2x with or without alterations in

the pbp1A gene. All penicillin high-level resistant isolates

(N = 12) showed alterations in pbp1A, 2b and 2x genes. All

cephalosporine or carbapenems resistant strains showed alter-

ations in pbp1A, 2b and 2x genes. Erithromycin and

Clindamycin resistance was 43 and 33%, respectively. Accord-

ing to triple disk test, 10 and 33% of the strains showed the M
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and cMLS phenotype, respectively. All strains displaying the

M phenotype (N = 12) carried the mefE gene, and all cMLS

strains (N = 42) carried the ermB gene. We observed 2 strains

displaying the cMLS phenotype carrying both the ermB and

mefE genes. There were no macrolide resistant strains

observed carrying the subtype mefA gene.

Conclusion: We observed a high frequency of penicillin and

macrolide resistant strains among healthy Venezuelan children.

Intermediate-level penicillin resistance was associated with a

high diversity of combinations in altered pbp genes, while all

high-level penicillin-resistant strains showed the same combi-

nation of pbp genes altered. Our findings demonstrate that

cMLS and ribosomal methylation are the most common

phenotype and mechanism of macrolide resistance among S.

pneumoniae strains in our cohort; the M phenotype strains

invariably carried the mefE but not mefA gene.

P014

Increase of imported Leishmaniasis in The Netherlands?
A twelve year overview (1996–2007)

M Herremans1, E Pinelli1, M Casparie2, N Nozari1,

J Roelfsema1, LM Kortbeek1

1RIVM, LIS-PAM, Bilthoven, 2Stichting PALGA, Utrecht

Surveillance data indicates that the number of cutaneous (CL),

mucocutaneous (ML) and visceral leishmaniasis (VL) cases has

increased globally during the past decades. Leishmaniasis is not

endemic in The Netherlands and is only seen as an imported

disease. To investigate the trend of the occurence we analysed all

CL, ML and VL patient samples sent to the laboratory at the

National Institute for Public Health and the Environment

(RIVM) between 1996 and 2007. We then compared these

results to cases reported to the PALGA foundation, a nationwide

network and registry of histo- and cytopathology data. The

majority of diagnosed leishmaniasis patients in The Netherlands

suffer from CL, and a weak, non-significant increase over the

years can be observed. A CL outbreak among Dutch military

personnel stationed in endemic regions in 2005 was also noted.

ML is rarely found in The Netherlands—we detected only one to

three cases a year. However, the occurrence of VL has increased

significantly during the last decade in The Netherlands, mainly

among patients under 20 years of age. Physicians in The

Netherlands should be aware that leishmaniasis is close to home

and can be contracted as close as Southern Europe and that it is

not limited to tropical and subtropical regions only.

P015

Development and Validation of a Real-Time PCR Assay
for Detection of Enteropathogenic Escherichia coli,
as Part of a Dutch Study on the Epidemiology
of Gastro-Enteritis

M.C. Scholts1, G.J. Wisselink1, R.F. de Boer1,

A.M.D. Kooistra-Smid1, Y.T.H.P. van Duynhoven2

1Laboratory for Infectious Diseases, Research and

Development, Groningen, 2National Institute of Public

Health and the Environment, Bilthoven

Objectives: Enteropathogenic Escherichia coli (EPEC) is a

major cause of infantile diarrhoea predominantly in developing

countries but are also identified with increasing frequency in

developed areas and in adults. Typical and atypical EPEC

strains harbor the pathogenic ‘‘locus of enterocyte efface-

ment’’(LEE) region, which is responsible for the phenotype of

attaching-and-effacing lesions. On this region the escV gene is

located. Typical EPEC harbor an additional adherence factor

plasmid on which the bfpA gene is located. Identification of

EPEC strains is currently based on adherence assays and

serotyping with specific antisera. Both assays are time-

consuming and demand considerable technical expertise.

In May 2008 a study in 6 Dutch hospitals has started to

asses the incidence, etiology and course of patients hospitalized

for gastro-enteritis (GEops study). As part of this study, and to

facilitate rapid diagnosis, a real-time PCR assay was developed

and validated for the detection of typical and atypical EPEC.

Methods: A real-time PCR assay targeting the escV and bfpA

genes was developed. DNA isolation from stool samples was

performed with the easyMAG specific A stool protocol

(bioMérieux). As internal control, phocine herpes virus-1 was

used. The selectivity of the assay was validated using a panel of

well-characterized EPEC isolates (n = 35), a panel of E.coli

spp. non-EPEC isolates (n = 52) and a panel of non-E.coli

strains (n = 30). Analytical sensitivity was assessed by dilution

series (n = 2), spiked in a pool of faecal matrices, with different

consistencies. Also, a clinical validation was performed on stool

samples routinely screened for bacterial and parasitic enteric

pathogens (n = 101).

Results: The assay proved to be specific for EPEC, as no cross

reaction was observed. All thirty-five isolates of EPEC scored

positive in the real-time PCR for the escV target. Additionally,

9 isolates scored also positive for the bfpA target. The assay is

capable of detecting approximately 6,600 CFU per gram of

stool, for both targets. Typical and atypical EPEC DNA was

detected with this real-time PCR assay in respectively 1 and

16% of the 101 clinical samples. PCR inhibition was not

observed in these clinical samples.

Conclusion: These data prove the assay to be a sensitive

method for the detection of typical and atypical EPEC in stool

samples. The assay is currently used as a rapid screening tool

for the detection of EPEC in the GEops study.

P016

Development and Validation of a Molecular Screening
Panel for Detection of Enteroaggregative Escherichia
coli, as Part of a Dutch Study on the Epidemiology
of Gastro-Enteritis

M.C. Scholts1, G.J. Wisselink1, R.F. de Boer1,

A.M.D. Kooistra-Smid1, Y.T.H.P. van Duynhoven2

1Laboratory for Infectious Diseases, Research and

Development, Groningen, 2National Institute of Public

Health and the Environment, Bilthoven

Objectives: Enteroaggregative Escherichia coli (EAEC) is an

increasingly recognized enteric pathogen. It causes acute and
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persistent diarrhoea among children, adults and HIV-infected

persons. The Hep2-assay is considered to be the gold standard

for the detection of EAEC. However, the Hep2-assay is not

suitable as a diagnostic tool, as it is time-consuming and

demands considerable technical expertise. In May 2008 a study

in 6 Dutch hospitals has started to asses the incidence, etiology

and course of patients hospitalized for gastro-enteritis (GEops

study). As part of this study, and to facilitate rapid diagnosis, a

molecular screening panel was developed and validated for the

detection of EAEC.

Methods: Since EAEC strains are heterogeneous, real-time

PCR assays were developed targeting not only the aat and

aggR genes, but also the astA and pic genes. In this study

results were considered EAEC positive if aat, aggR or a

combination of 2 or more targets were detected. DNA isolation

from stool samples was performed with the easyMAG specific

A stool protocol (bioMérieux). As internal control, phocine

herpes virus-1 was used. Selectivity of the assays was validated

with a panel of well characterized EAEC strains (n = 16), a

panel of E.coli spp. non-EAEC strains (n = 77) and non-E.coli

strains (n = 30). Analytical sensitivity was assessed by

dilution series (n = 2), spiked in a pool of faecal matrices,

with different consistencies. A clinical validation was per-

formed on stool samples routinely screened for bacterial and

parasitic enteric pathogens (n = 101).

Results: Eleven (69%) of the 16 EAEC strains scored

positive with the real-time PCR, 5 strains remained negative

or were only astA positive. Of the 107 non-EAEC and non-

E.coli strains 12 were astA positive. The real-time PCR

assays were capable of detecting approximately 3520 CFU

per gram of stool for all targets. Totally 31% of the clinical

samples scored positive for one or more of the 4 targets.

Fourteen (14%) of these clinical samples were suspected for

containing EAEC. The remaining 17% scored positive for

astA only. PCR inhibition was observed in less than 1% of

these clinical samples.

Conclusion: These data prove the molecular screening panel to

be a useful tool for the detection of EAEC in stool samples.

The assay is currently used as a rapid screening tool for the

detection of EAEC in the GEops study.

P017

Clonal enrichment of integrated resistance plasmid-
containing Staphylococcus aureus in a Burn Centre
associated with persistent carriage among health care
workers

A.M.D. Kooistra-Smid1, E. van Zanten1, M.K. Nieuwenhuis2,

W.J.B. van Wamel3, S.V. Snijders3, N. Lemmens-den Toom3,

W.H.M. Vogels1, G.I.J.M. Beerthuizen4, A. van Belkum3,

H.A. Verbrugh3

1Laboratory for Infectious Diseases, Groningen,
2Association of Dutch Burn Centres, Groningen, 3Erasmus

University Medical Centre, Rotterdam, 4Martini Hospital,

Burn Centre, Groningen

Objectives; Burn wound surfaces are generally infected by

S.aureus, but the reservoirs and transmission routes remain to

be elucidated.

The genetic population structure of serial S.aureus isolates

obtained from patients and healthcare workers (HCWs) in a

burn centre was investigated. We assessed the frequency of

auto- versus exo-infection and established a model describing

import and local persistence of S.aureus clones.

Methods: Three populations of S.aureus isolates were collected

(2001–2005) and typed by PFGE. Population I comprised 375

strains from HCWs, Population II harboured 586 nosocomially

acquired strains from burn wounds. Population III involved 202

strains from patients at admission. Comparative genome

hybridisation (CGH) was performed for endemic versus

incidental S.aureus strains.

Results: The diversity index for Population III was significantly

higher than those for Populations I and II. Three PFGE-types

were clearly endemic among HCWs and nosocomially

acquired S.aureus strains. CGH revealed that endemic strains

possessed an integrated plasmid encoding resistance to heavy

metals.

Conclusion: Genetic diversity for S.aureus strains circulat-

ing in the burn centre was lower than that of strains in the

open community. Apparently, endemic S.aureus clones have

a superior potential to colonize burns which may be

associated with their heavy metal resistance in an environ-

ment where silver and cerium containing antibiotics are the

most used.

P018

Evaluation of dosing regimen on amoxicillin exposure
in pregnant women with preterm premature rupture
of the membranes using Monte Carlo simulation

A.E. Muller1, L Liefaard2, P.J. Dörr3, P.M. Oostvogel3,

J DeJongh2, E.A.P. Steegers1, R.A. Voskuyl4, M Danhof4,

J.W. Mouton5

1ErasmusMC, Medical Microbiology and Infectious

Diseases, Rotterdam, 2LAP&P Consultants BV, Leiden,
3Medisch Centrum Haaglanden, Obstetrics and

Gynaecology, The Hague, 4Leiden-Amsterdam Center

for Drug Research, Division of Pharmacology, Leiden,
5Canisius Wilhelmina Hospital, Department of Clinical

Microbiology and, Nijmegen

Introduction: During labour, especially after rupture of the

membranes, pregnant women and their foetuses are at risk for

ascending infections from the vagina. To prevent neonates at

risk for infection, antibiotics are administered to their mothers.

Several dosing regimen recommendations exist and the ratio-

nale behind these regimens is not always clear. This study was

performed to determine whether the probability of target

attainment differs significantly between commonly used

amoxicillin dosing regimens and whether inaccuracies in

antibiotic administration influence the probability of target

attainment.

Methods: Population pharmacokinetic parameters estimates

and their inter-individual variability in 17 patients with preterm

premature rupture of the membranes were obtained from a

previous study. Monte Carlo simulations were then used to

determine the influence of differences in the dosing of

amoxicillin on the percentage of time that serum
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concentrations of the unbound drug remained above the

Minimum Inhibitory Concentration (%fT[MIC).

Results: When administering 1 gram as a bolus injection,

%fT[MIC was approximately 4% lower than after infusion

over 15 min. Simulating the administration of 1 gram amox-

icillin bolus injections every 6 h, the %fT[MIC at steady state

for the average population is 92%, for a value of 0.25 mg/L as

MIC of group B streptococcus (GBS). When the lower 99%

confidence interval (CI) was taken into account, this percentage

decreased to 46%. After decreasing the dosing interval to 4 h,

the %fT[MIC for the average population and the lower 99%

CI were 99 and 70%, respectively.

Conclusions: (1) Minor differences in the probability of

achieving effective concentrations were detected between the

different dosing regimens of amoxicillin. (2) A dosing schedule

of 1 gram bolus injections every 6 h is adequate to prevent

GBS infections and minor inaccuracies in the administration

are not influencing its predicted efficacy. (3) An initial dose of

2 gram is has no added value.

P019

Appropriate Muller-Hinton agar is crucial
for the performance of Metallo-beta-lactamase E-test

N Al Naiemi, Y.J. Debets-Ossenkopp

VU medical center, Medical Microbiology and infection

control, Amsterdam

Introduction: Metallo-beta-lactamases (MBLs)-producing bac-

teria form a real challenge to routine microbiology laboratories,

as there are no standardized methods for detection of these

multiresistant isolates. During an MBL prevalence study

performed at our hospital, we noticed that 6 of 9 positive MBL

E-test results were false positive. We investigated whether this

high percentage of false positive results was due to the use of

inappropriate Muller-Hinton (MH) agar.

Methods: The presence of carbapenemases was assessed by

PCR with primers for blaIMP, blaVIM, blaGIM, and blaSPM,

and by cloning and sequencing. The performance of MBL E-

test was evaluated with different MH agars (Becton Dickinson,

bioMerieux, Difco, Oxoid) with the 9 phenotypic MBL-

positive Pseudomonas isolates from the prevalence study.

Results: Of the 9 phenotypically MBL-positive strains (E-test

with Difco MH agar), three isolates were confirmed MBL-

positive by PCR and sequencing. The three MBL-producing

isolates were detected correctly with E-test performed on all MH

agars except on bioMerieux MH agar, with which two were

missed (both VIM-2 producers). While the 6 MBL-negative

isolates were detected correctly with bioMerieux MH agar, the

number of false positive E-tests on other MH agars was the

following: Becton Dickinson MH:1; Oxoid: 2; and Difco:6.

Conclusions: These data showed that appropriate MH agar is

crucial for the performance of MBL E-test and emphasized the

necessity for standard guidelines for detection of these

multiresistant bacterial strains.

P020

The First Sequence Type 80 Community-Associated
Methicillin-Resistant Staphylococcus aureus Strain
in the USA

N. Carpaij1, A.C. Fluit1, J.A. Lindsay2, M.J.M. Bonten1,

R.A. Weinstein3, R.J.L. Willems1

1UMC, Medical Microbiology, Utrecht, 2Univerisity

of London, London, 3Rush University Medical Center,

Chicago

Background: In the last decade methicillin-resistant Staphylo-

coccus aureus (MRSA) is increasingly isolated from non-

hospitalized persons in the community. The genetic back-

ground of CA-MRSA is diverse, although on every continent

particular clones dominate. These dominant CA-MRSA strains

cluster in just 6 lineages: ST1/USA400 the US Midwest clone;

ST8/USA300, the epidemic American clone; ST30/USA1100,

the Southwest Pacific Oceania clone; ST93, the Queensland

clone; ST59, the Asian clone and ST80, the European clone.

Some of these clones like USA300 also emerged on other

continents.

Aim: The aim of this study is to characterize CA-MRSA

isolates among consecutive Staphylococcus aureus isolates

collected in 2001, 2004 and 2006 from Chicago, IL.

Methods: Seventy eight consecutive Staphylococcus aureus

isolates were collected in 2001, 2004 and 2006 from

patients with serious invasive infections admitted at Cook

County Hospital Chicago, IL. Nineteen isolates were

identified as CA-MRSA. These isolates were genotyped

by multilocus sequence typing (MLST). DNA of these

isolates was hybridized to a multistrain PCR product S.

aureus microarray in collaboration with the University of

London, UK. The results of the microarray were confirmed

by PCR.

Results: MLST revealed that one CA-MRSA strain belonged

to ST80, the others belonged to the common ST8 and ST5.

This is remarkable since, apart from Europe where ST80 is

the dominant CA-MRSA clone, ST80 was isolated only a

few times in the northern part of Africa and once in Asia,

but not in the USA. The patient, of whom the isolate was

collected, could not be linked to Europe or northern Africa.

The microarray hybridization gene profile of the CA-MRSA

ST80 strain from the USA was comparable with sparsely

available data in literature for other ST80 isolates. Like all

ST80 isolates the US-ST80 isolate does not have any

enterotoxines, but it carries the Panton-Valentine leukocidin

genes and the biofilm formation genes icaA and icaB as do

other ST80 isolates. The US-ST80 isolate showed some

minor differences in presence of adhesion protein encoding

genes compared to other ST80 isolates.

Conclusion: This is the first described ST80 isolate in the

USA, which is most likely transferred from Europe. It

demonstrated pandemic spread of a second CA-MRSA clone

which in addition to USA300 poses a potential public health

threat.
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P021

Development of an internally controlled real time
RT-PCR assay for broad range detection of bacteria
in platelet concentrates

Ineke Rood1, A.M. Pettersson2, D De Korte3,

P.H.M. Savelkoul2

1VUmc/Sanquin, MMI/BCR, Amsterdam, 2VUMC,

Medical Microbiology and Infection Contr, Amsterdam,
3Sanquin, Blood Cell Research, Amsterdam

Introduction: At the moment, bacterial contamination of blood

products is the most common microbiological risk of transfu-

sion. The prevalence of contamination of cellular blood

products is approximately 1 in 3,000 donations. The risk is

greatest for platelet concentrates (PC) as they are stored at

room temperature under constant agitation to preserve function

and viability. These conditions make PCs an excellent growth

medium for bacteria. In The Netherlands, screening of PCs for

the presence of bacteria is done by automated culturing with

the BacT/Alert culturing system (BioMerieux). Although the

system is sensitive, in theory it can detect 1 colony forming

unit (CFU) per 5–10 ml PC, its use is restricted by long assay

times. Slow growing bacteria or low bacterial loads are not

always detected by the system. Previously a real-time PCR

assay based on the 16s rRNA gene was developed as a fast

alternative for culturing of PCs. However, this assay was not as

sensitive as the BacT/Alert culturing system. To improve the

sensitivity of the real time PCR assay, a reverse transcriptase

step was added to detect RNA.

Methods: Total nucleic acids were isolated using the MagNA Pure

LC automated extraction system (Roche). Hereafter, reverse

transcriptase was used to make cDNA, together with random

hexamer primers. The real-time PCR was performed with a

previously developed 16S rRNA gene primer and probe set that

detects all bacteria relevant for bacterial contamination in PCs. A

RNA bacteriophage internal control (IC) was used to control RNA

isolation and amplification. Two model bacteria, Staphylococcus

epidermidis and Escherichia coli were used to determine the

sensitivity of the assay in PCs. The total amount of RNA and DNA

in growing bacteria and bacterial cultures treated with antibiotics

was determined to investigate whether there are differences in

sensitivity of the test dependent on the bacterial viability.

Results: With the real time PCR based on detection of DNA,

150 CFU/ml of E. coli and 700 CFU/ml of S. epidermidis

could be detected in PCs. By detecting RNA, sensitivity

improved to 3 CFU/ml for E. coli and 70 CFU/ml for S.

epidermidis. The ribosomal RNA of bacteria grown in the

presence of antibiotics broke down very slowly. Therefore, the

test is suitable for detection of bacteria even if the bacteria are

not actively growing.

Conclusions:

1. Sensitivity of 16S rRNA PCR assay improved consider-

ably by detecting RNA instead of DNA.

2. Because RNA of bacterial cultures treated with antibiotics

breaks down very slowly, the test remains sensitive, even

if the bacteria are not actively growing.

3. Because of the short turn around time of the real time RT

PCR assay it can be used as alternative for the BacT/Alert

and/or as a rapid test shortly before transfusion.

P022

Improved detection of bacterial gastro-intestinal
pathogens using molecular screening

RF de Boer, A Ott, BI Kesztyüs, AMD Kooistra-Smid

Laboratory for Infectious Diseases, Research &

Development, Groningen

Objectives: Traditional methods to detect gastro-intestinal (GI)

pathogens are slow, and/or lack sensitivity. Molecular detec-

tion of GI pathogens has proven to be rapid, sensitive and

feasible in a routine microbiology setting (Schuurman, T. et al.,

JCM (45):3692–3700). Since December 2006 a molecular

screening approach for detection of bacterial GI pathogens has

been implemented in our microbiology laboratory. This study

describes the improved detection frequency of bacterial enteric

pathogens using multiplex real-time PCR (mPCR) in 2007.

Methods: During 2007, 10,189 stool samples were sent to our

laboratory, and analysed with conventional culture (39.9%) or

screened for the presence of bacterial enteric pathogens with

mPCR (61.1%). Using mPCR, samples were screened for

Salmonella enterica (SE), Campylobacter jejuni (CJ), Shiga

toxin-producing Escherichia coli (STEC), and Shigella spp./

enteroinvasive E. coli (SH/EIEC). All PCR positive stool

samples as well as samples that demonstrated PCR inhibition

were additionally tested with conventional culture (mPCR

guided culture). Detection frequencies of the molecular

approach were compared with those found using conven-

tional culture for SE, Campylobacter spp., STEC O157, and

SH.

Results: Using the molecular approach, the detection

frequencies were 2.5% for SE, 9.2% for CJ, 2.0% for

STEC, and 1.5% for SH/EIEC. A total of 133 (84%), 435

(77%), 9 (7.5%) and 19 (20%) mPCR positive samples could

be confirmed with culture for SE, CJ, STEC, and Shigella

spp., respectively. Detection frequencies using conventional

culture were 3.0% for SE, 5.8% for Campylobacter spp.,

0.6% for STEC O157, and 0.2% for SH. In comparison with

conventional culture, the detection of bacterial enteric

pathogens, increased from 9.6 to 15.2% using the molecular

approach.

Conclusion:

1. In comparison with conventional culture, using a molec-

ular screening approach improved the detection of

bacterial enteric pathogens significantly.

2. Pre-screening with PCR increased the proportion of

Campylobacter culture positive stools (7.0 vs. 5.8%)

significantly.

3. This new molecular strategy in screening stool specimens

for gastro-intestinal pathogens has a potential to expand

the mPCR enteric panel with viral, parasitic and other

bacterial targets.
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Spread of methicillin-resistant Staphylococcus aureus
Sequence Type 398 in Europe

B.A.G.L. van Cleef1, D.L. Monnet2, A. Voss3,

J.A.J.W. Kluytmans4, (a) ST398-Study Group5

1RIVM Rijksinstituut voor Volksgezondheid en Milieu/VU

medisch centrum, CIb Centrum van

Infectieziektenbestrijding, Bilthoven, 2European Centre for

Disease Prevention and Control (ECDC), Scientific Advice

Unit, Stockholm, 3Canisius-Wilhelmina Hospital,

Department of Medical Microbiology Inf.c, Nijmegen,
4VU University medical center, Department of Medical

Microbiology, Amsterdam, 5Diverse, Diverse

Introduction: Methicillin resistant Staphylococcus aureus

(MRSA) has emerged as a zoonosis with an extensive reservoir

in pigs. The MRSA strains in the animal reservoir are all of

Clonal Complex 398 (CC398) with multi-locus sequence

typing. The objective of this study was to estimate the

contribution of livestock associated methicillin-resistant Staph-

ylococcus aureus Sequence Type 398 (MRSA-ST398) to the

burden of MRSA from humans in Europe in 2007.

Methods: A cross sectional survey was performed. In Septem-

ber 2008, a questionnaire was sent to 43 laboratories in 23

countries, with questions on general laboratory information,

number of MRSA isolates and number of MRSA-ST398

isolates in 2007.

Preliminary results: As of December 2008, we have received

the replies from 24 (56%) laboratories from 17 (74%)

countries. Only results from the 20 laboratories that typed

MRSA isolates are reported. This includes data from the

following 15 countries: Austria, Belgium, Czech Republic,

Denmark, Finland, Germany, Greece, Hungary, Iceland, Italy,

Ireland, The Netherlands, Sweden, Switzerland and Turkey.

In total 7,770 MRSA isolates with typing results were

reported and 113 (1.5%) were MRSA-ST398. Eight of the 15

countries reported MRSA-ST398. The proportion of MRSA-

ST398 ranged from 0 to 11.9%. The countries with the highest

proportion of MRSA-ST398 were The Netherlands (11.9%),

Belgium (4.7%), Austria (2.7%) and Denmark (1.6%).

Preliminary conclusion:

1. MRSA-ST398 has spread across Europe, but the propor-

tion of such isolates generally remains low. The highest

proportions were reported by The Netherlands, Belgium,

Austria and Denmark.

2. Three of these countries, i.e. The Netherlands, Belgium

and Denmark, have the highest pig density per square

kilometre among European countries.

(a) This study has been made possible by cooperation of the

members of the ST398-Study Group: Austria: H Mitter-

mayer, F Allerberger; Belgium: M Struelens; Czech

Republic: H Zemlickova; Denmark: R Skov; Finland:

J Vuopio-Varkila; Germany: W Witte, A Friedrich;

Greece: I Spiliopoulou; Hungary: J Pászti; Iceland:

H Hardardottir; Ireland: Angela Rossney; Italy: A Pan,

A Pantosti; Malta: M Borg; The Netherlands: H Grund-

mann; Slovenia: M Mueller-Premru; Sweden: B Olsson-

Liljequist; Switzerland: A Widmer, S Harbarth, A

Schweiger; Turkey: S Unal.

P024

Expansion of Shiga toxin-producing Escherichia coli
surveillance from O157 to all serotypes: results
and experiences after two years

IHM Friesema1, CM de Jager1, AE Heuvelink2,

WK van der Zwaluw1, S Kuiling1, W van Pelt1

1RIVM, Centre for Infectious Disease Control, Bilthoven,
2Food and Consumer Product Safety Authority, Zutphen

Since January 1999, an enhanced surveillance of Shiga toxin

(Stx)-producing Escherichia coli (STEC) O157 has been

implemented in The Netherlands in collaboration with labora-

tories and public health services, and since December 1999

disease caused by STEC is notifiable. Traditionally detection of

STEC is limited to serogroup O157 by stool culture on (CT-

)SMAC. To assess the relative importance of STEC non-O157

in The Netherlands, a multi-centre study was performed in

2005/2006 based upon real-time PCR assays. The protocol was

encouraged and made available for interested Dutch laborato-

ries, apart from commercial kits for the detection of Stxs. In

2007, STEC non-O157 has been added to the enhanced

surveillance.

In 2007, 109 cases of STEC infection were reported,

representing an incidence of 0.67 per 100,000 inhabitants: 83

cases with STEC O157 (0.51 per 100,000), of whom 41 cases

were related to a national outbreak caused by contaminated

lettuce, 9 cases with STEC non-O157, and for 17 STEC cases

the O-type could not be investigated (14x isolates sent in were

not STEC strains, 3x no isolates were sent in). In 2008

(preliminary results), 204 cases of STEC infection were

reported, representing an incidence of 1.25 per 100,000

inhabitants: 43 cases with STEC O157 (0.26 per 100,000),

38 cases with STEC non-O157, and 123 STEC cases could not

be confirmed and hence the strains not O-typed. At the

moment, it is unclear whether or not individual laboratories are

testing for all STEC. Therefore, in February 2009 laboratories

will receive a questionnaire about their diagnostics and

selection criteria used. So far, in the laboratories known using

the real-time PCR protocol, the ratio between O157 and non-

O157 was 1:1.1 in 2007 (15 cases, ?15 non-confirmed), and

1:3.9 in 2008 (44 cases, ?99 non-confirmed). In the multi-

centre study, this ratio was 1:4.0 (25 cases, ?43 non-

confirmed). Most common O-types were O26 and O103,

which are also common in other countries, followed by O63,

O113 and O91, which are less frequently seen in the literature.

(1) The number of reported STEC O157 cases in 2007 and

2008 was comparable to the period 1999–2006 (36–57 cases

per year, 0.22–0.35 per 100,000 inhabitants). (2) The number

of all STEC cases, irrespective of their serotypes, is about a

factor 5 higher. (3) Results of the laboratory questionnaire will

enable a better estimate of the incidence of STEC infections,

the ratio STEC O157:non-O157, and the interpretation of the

non-confirmed findings.
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Difference in Panton-Valentine leukocidin positive
Staphylococcus aureus skin infections in general
practice patients in the northern region compared
to the south of The Netherlands

MIA Rijnders1, L. Möller2, G.D. Mithoe2, N. van de Sande3,

P.S. Beisser1, R.H. Deurenberg1, E.E. Stobberingh1

1MUMC, Medical microbiology, Maastricht, 2Universitair

Medisch Centrum Groningen, Groningen, 3National

institute for Public Health and the Environment (RIVM),

Bilthoven

Introduction: Several studies worldwide pointed out that

methicillin resistant Staphylococcus aureus is no longer only

a concern for the hospital setting, but is also becoming a

problem in the community. Recently Bolink et al. described a

relatively high prevalence of PVL positive ST80 MRSA in the

northern part of The Netherlands. To determine whether this

observation was related to the geographical northern area, a

prospective study was performed to determine the prevalence

of PVL and other virulence factors among S. aureus isolates

from GP patients with skin infections.

Methods: From January to December 2007, GPs in the northern

and southern part of The Netherlands were asked to participate

and to take a nasal swab and a wound swab from patients

presenting with a skin infection. The swabs were analysed for

the presence of S. aureus. The presence of Panton-Valentine

leukocidin (PVL), toxic shock syndrome toxin 1 (TSST-1) and

collagen adhesion (CNA) were determined with a real-time

PCR. The genetic background of the isolates was determined

with spa typing and related to the multilocus sequence typing

(MLST).

Results: A total of 320 patients were included; 156 isolates

from the southern region and 162 isolates from the northern

region. S. aureus was isolated in the northern region from 94

wounds swabs and 105 nose swabs, in the southern region the

figures were 87 and 69, respectively. No difference in the

prevalence of S. aureus between the two regions was observed.

Four MRSA were found in the northern region and one in the

south.

In total 42 PVL-positive S. aureus were found, 6% from the

south and 20% from the north. All patients carrying a PVL-

positive nose swab had also a PVL-positive wound swab. There

were no differences in the prevalence of the virulence factors

between nose swabs and wound swabs in both regions. The

most common MLST clonal complex (CC) in the wounds swab

and the nose swab of S. aureus was MLST CC121 in both

regions (±30%). No difference in genetic background was

found between the nose swab and the wound swab. Both, the

northern and southern regions, consisted of multiple MLST

complexes. More than 50% of the isolates had a genetic

background common to MRSA clones, e.g. MLST CC 1, CC5,

CC8, CC22, CC30 and CC45.

Conclusion:

– A higher prevalence of PVL positive S. aureus was found

in the northern region compared to the south.

– No differences were observed in the other tested virulence

factors.

– Furthermore the genetic background of the S. aureus

isolates was similar in both regions, i.e. MLST CC121 was

the most common one.

– The isolates from the nose were predictive for the isolates

from the wound.

– A low prevalence of MRSA was found in both regions.

– No clear explanation was found for the higher prevalence

of PVL. Further studies regarding risk factors for PVL.

P026

Blood-Exposure Incidents in dental practices
in The Netherlands

AE Meiberg1, MH Groenewold1, PTL van Wijk2,

PM (MD) Schneeberger2

1ArboNed-KeurCompany, PrikPunt, Utrecht, 2Jeroen Bosch

Ziekenhuis, Regionaal lab medische microbiologie, ‘S

Hertogenbosch

Introduction: Due to the growing concern of dental profes-

sionals regarding the risk of blood borne infections through

accidental occupational exposure, the board of affiliated Dutch

dentists advised in 2008 to report incidents to a nationally

operating expert counseling center.

Methods: Affiliated dental professionals in The Netherlands

were instructed to report incidents to the national counseling

center. All 387 incidents reported in 2008 were registered,

assessed and handled following a structured algorithm based on

the national protocol of blood exposure incidents. Analysis

included risk assessment, hepatitis B vaccination status, type of

procedure and instruments used, rapidity reporting function,

sex and age groups of dental professionals. A specific analysis

was done on accidents that could have been prevented.

Results: In total 387 accidents were reported by dental

professionals, 24% dentists, 51% assistants, 8% dental hygien-

ists, 8% student assistants, 2% student dentists and 7% other

professionals. Young professionals (18–44 years) reported

incidents more frequently than older colleagues. The percent-

ages of low and high-risk incidents were 81 and 16%,

respectively, the latter implicating risk of acquiring hepatitis

B, hepatitis C and/or HIV infections. Three percent of the

reported incidents represented no risk at all. Nine percent of the

professionals had not been vaccinated against Hepatitis B.

Among the vaccinated professionals 79% were protected (titer

[10 IU/L) and 2% were non-responder (\10 IU/L) and 19%

were not sufficiently vaccinated. Eight percent reported their

incident after 48 h, which is too late to start Post Exposition

Prophylaxis (PEP). Administering anesthetics, as well as

cleaning procedures of instruments after treatment were most

frequently associated with exposures. It was analyzed that 57%

of the reported incidents could have been prevented.

Conclusion: In dental settings blood exposure incidents occur

frequently, with a considerable number of high risk incidents.

Administering anesthetics and cleaning-up are major risk

factors. In general it may be concluded, that measures in

infection prevention in dental care settings should be

intensified.
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Impact of wound healing problems and P. aeruginosa
on burn patients

BKHL Boekema1, EJ Bot2, E Middelkoop2,

FRH Tempelman2

1VSBN, Preclinical research, Beverwijk, 2Red Cross

Hospital, Beverwijk Burn Centre, Beverwijk

One of the predominant pathogens in burn wound centres is

Pseudomonas aeruginosa. To assess the impact of P. aerugin-

osa on burn patients, a review of burn patients admitted to the

Beverwijk Burn Centre was carried out. Patients with wound

healing problems and P. aeruginosa were assigned to the study

group (n = 23). Wound healing problems were defined as

hyper granulation, poor grafttake, graft loss, progression of

wound depth and delayed wound healing. Patients were

assigned to control group 1 (n = 25) when the presence of

P. aeruginosa in their wounds was not accompanied by wound

healing problems. Control group 2 was compiled of patients

without positive swabs for P. aeruginosa and were matched

with the study group for age, sex, total body surface area

burned (TBSA) and percentage full thickness burns (n = 19).

Premorbid conditions did not differ between groups.

Compared to control group 1, the study group were charac-

terized by higher TBSA, higher percentage full thickness burns

and more often inhalation injury. In addition, both P. aeruginosa

and Staphylococcus aureus were detected at a later stage in the

burn wound and both were found more frequently together in one

burn at the same time. The study group had compared to both

control groups: poorer per-operative quality of wound bed,

reduced graft take, higher number of skin transplanting surgeries

and longer length of stay.

In conclusion, the presence of P. aeruginosa together with

wound healing problems severely affect the clinical course and

outcome of patients with large burns.

P029

EbrA, a new member of the AraC/XylS family
of transcription regulators is involved in expression
of at least 15 proteins, including the Enterococcal
Surface Protein

J Top, M.J.M. Bonten, R.J.L. Willems

UMCU, Utrecht

Introduction: The Enterococcal Surface Protein (Esp), con-

tained on a putative pathogenicity island (PAI), is involved in

biofilm formation of Enterococcus faecium belonging to the

hospital-selected subpopulation, CC17. Esp expression is

dependent on growth-phase and regulated by temperature and

oxygen levels. Upstream of esp, an ORF is present encoding a

putative transcriptional regulator, tentatively designated EbrA

for Enterococcal Biofilm regulator A, with high similarity with

members of the AraC/XylS family. In this study we aimed to

construct an ebrA mutant in E. faecium E1162 and investigated

its role in regulation of gene expression in general, Esp

expression, specifically and biofilm formation.

Methods: An insertion-deletion mutation in ebrA of E. faecium

E1162 was constructed using pTEX5500ts. PCR, DNA

sequencing and southern blot hybridization were performed

to verify correct insertion-deletion. Flowcytometry was carried

out to determine Esp expression for E1162-wild type (WT),

E1162Desp and E1162DebrA grown at 21�C, 37�C and under

anaerobic conditions. Biofilm formation of E1162DebrA,

E1162-WT and E1162Desp was assessed. A proteomic

approach was performed using two-dimensional difference

gel electrophoresis (DIGE) to determine differentially repre-

sented proteins in E1162DebrA and E1162-WT.

Results: PCR, DNA sequencing and southern blot hybridization

confirmed correct insertional inactivation of ebrA. Cell-surface

Esp expression in E1162DebrA grown at 37�C and anaerobically

was significantly reduced compared to E1162-WT and dropped

to levels seen in E1162-WT grown at 21�C, and E1162Desp

grown at 21�C, 37�C and under anaerobic conditions. Conse-

quently, biofilm formation was significantly reduced in

E1162DebrA and comparable to E1162Desp. Sequence analyses

of the intergenic region between ebrA and esp revealed the

presence of a strong terminator indicating that reduced Esp

expression in E1162DebrA is not the result of a polar effect. 2-D

DIGE proteomics performed on four biological replicates of

E1162DebrA and E1162-WT revealed complete down-regula-

tion of 5 proteins, partially down-regulation of 7 proteins and

partially up-regulation of 3 proteins (T \ 0.001) by EbrA.

Conclusion: An ebrA insertion-deletion mutation was success-

fully created in the E. faecium E1162 isolate resulting in

abolished Esp expression and biofilm formation. Furthermore,

EbrA is involved in the up- and down-regulation of other not

yet identified proteins. These results denote an important role

of EbrA in the regulation of Esp expression and identifies EbrA

as a new member of the AraC/XylS family of transcription

activator proteins.

P030

Validation of a Multiplex Bead Based Assay to quantify
serotype specific IgG against Streptococcus pneumoniae

K.E.M. Elberse, I. Tcherniaeva, G.A.M. Berbers,

L.M. Schouls

National Institute for Public Health and the Environment

(RIVM), Laboratory for Infectious Diseases and Perinatal

Screening, Bilthoven

We describe a multiplex bead based assay (Luminex) to

quantify antibodies against pneumococcal polysaccharides

included in the 7-valent conjugated polysaccharide vaccine

Prevenar and 2 additional serotypes, 6A and 19A. The results

of the multiplex immuno assay (MIA) were compared with

those obtained by WHO ELISA which is the gold standard for

quantifying antibodies against pneumococcal serotypes.

Serotype specific polysaccharide beads were covalently cou-

pled using poly-l-lysine as described by Pickering et al. (2002).

Antibody titers against serotype 1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C,

19A, 19F and 23F polysaccharides were assessed in serum

samples obtained pre- and post-booster at 11 and 12 months from

258 children vaccinated using a 2–3–4 months primary vaccina-

tion scheme. Intravenous Immune globulin in which serotype
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specific antibodies were quantified with the internationally used

89S pool serum was used as a reference serum. Non-specific

reactions were absorbed with pneumococcal C-polysaccharides

(CWPS-multi). Measurement of the Mean Fluorescent Intensity

was assessed using Bio-rad Bioplex 100. The ELISA was

performed according to the guidelines of the WHO.

Geometric mean concentrations (GMCs) of the antibodies

assessed by MIA were slightly higher compared to the GMCs

assessed by ELISA. Only for serotype 14 the GMCs of the 2

methods were comparable. The GMCs of the pre- and post-

booster samples as assessed by MIA were above the interna-

tionally established protective concentration of 0.35 lg/ml for

the 7 vaccine serotypes. However, the pre-booster GMCs from

4 of the 7 vaccine serotypes were below this critical

concentration as assessed by ELISA.

The results of the MIA correlated well with the ELISA with

correlations (R2) ranging between 0.84 and 0.91 for 6 of the 7

vaccine serotypes and an R2 = 0.70 for serotype 19F. Corre-

lations were poor for the non-vaccine serotype 19A with

R2 = 0.32, but good for serotype 6A with R2 = 0.83.

The internationally established protective concentration of

0.35 lg/ml is based on ELISA. However, GMCs were higher

in MIA than in ELISA. Therefore, this threshold could be

discussed if Luminex technology is used.

P031

Quantitative proteomics analyses of lung tissue upon
infection with Respiratory Syncytial Virus in mice
sensitized to the F and G protein

A van Diepen1, L de Waal2, AC Andeweg2, PWM Hermans1

1Radboud University Nijmegen Medical Centre, Laboratory

of Pediatric Infectious Diseases, Nijmegen, 2ErasmusMC,

Institute of Virology, Rotterdam

Respiratory syncytial virus (RSV) is the leading cause of

bronchiolitis and viral pneumonia in infants and young

children. Especially children under 9 months of age are at risk

of developing serious illness. To prevent severe disease and to

diminish hospital admissions, the development of an effective

and safe vaccine is highly relevant. Currently, no vaccine is

available and caution is taken in vaccination studies since the

dramatic failure of the trials in the 1960s, demonstrating

significant adverse effects. In this study we aim to gain detailed

insight into the molecular pathogenesis of RSV infection upon

vaccination with recombinant vaccinia viruses expressing the F

and G protein of RSV by studying the protein expression

profiles in mouse lung tissue.

Mice were vaccinated by scarification with wild type

vaccinia virus or vaccinia viruses expressing the F or G protein

of RSV. Controls were left untreated. Three weeks after

sensitization, all mice were infected with RSV and at day 5

after infection lungs were dissected and proteins were isolated.

A total amount of 25 lg protein from each sample was

separated on a SDS–PAGE gel, each lane was cut into 5 slices

and each slice was processed separately for proteomics

analyses. Differential protein expression between vaccinated

and non-vaccinated mice was calculated using spectral counts

and permutation analyses.

This resulted in the identification of 800–1,200 different

proteins per sample. Within each group of 5 mice there was

great overlap in the total number of proteins (approximately

1,200) that were identified in at least 3 out of 5 samples. Also

between the four distinct groups of mice a total number of 727

proteins were identified in all groups. Permutation analyses on

spectral counts were performed to identify proteins that are

differentially expressed upon vaccination with the different

recombinant vaccinia viruses. In lung tissue from wild type

vaccinia virus sensitized mice 26 proteins showed at least 1.5-

fold statistically significant altered expression of which 50%

were down-regulated and 50% up-regulated. In F and G primed

animals, 90–100 proteins were differentially expressed com-

pared to control animals, of which 70–80% were up-regulated.

Most of the differentially expressed proteins were cytoskeleton

and membrane proteins, and proteins known to be involved in

translation and modification, metabolism, protein degradation

and processing, and transport. These observations suggest the

involvement of these proteins and corresponding cellular

pathways in RSV infection upon F or G sensitization in mice.

By proteomic analysis we have monitored protein expres-

sion levels induced by in vivo RSV infection upon sensitization

with the F or G protein of RSV to get insight into the

differences in host immune responses and protein expression

profiles. Improved understanding of these events is expected to

be supportive in the development of new vaccination strategies

for prevention of severe RSV infections. Based on our results,

we conclude that F and G priming induce a lot of changes in

protein expression compared to control mice and that there is

great overlap between F and G primed animals while immune

responses and infection outcome are different.

P032

The capsule of Porphyromonas gingivalis reduces
the immune response of human gingival fibroblasts

J Brunner

ACTA-Amsterdam, Oral Microbiology, Amsterdam

Periodontitis is an infectious disease of which the Gram-negative

anaerobic bacterium Porphyromonas gingivalis is considered a

major causative agent. Many P. gingivalis virulence factors have

been described including capsular polysaccharide (CPS). Non-

encapsulated strains have been shown to be less virulent in

mouse models than encapsulated strains. To examine the

function of the CPS we constructed an insertional isogenic

knockout in the epimerase-coding gene EpsC that is located in

the capsular polysaccharide biosynthesis locus. This mutant was

examined for its CPS properties. We show that the mutant is non-

encapsulated. We used the EpsC mutant and the W83 wild type

strain to challenge human gingival fibroblasts and measured the

immune response by quantification of IL-1b, IL-6 and IL-8

transcription levels. For each of the cytokines significantly

higher expression levels were found when fibroblasts were

challenged with the EpsC mutant compared to the ones

challenged with the W83 wild type. These experiments provide

the first evidence that the presence of P. gingivalis CPS reduces

the host’s immune response thereby potentially enabling the

bacteria to evade the immune system.
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Microscopic detection of viable Staphylococcus
epidermidis in experimental biomaterial-associated
infection, identified by their ability to incorporate BrdU

C.A.N. Broekhuizen1, M. Sta1,
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1Academic Medical Center, Amsterdam, 2VU University

Medical Center, Medical Microbiology and Infection Contr,

Amsterdam

Infection of biomedical devices is characterized by biofilm

formation and colonization of surrounding tissue by the

causative pathogens. To investigate whether bacteria detected

microscopically in tissue surrounding infected devices were

viable, we used BrdU, a nucleotide analogue that is incorpo-

rated into bacterial DNA and can be detected with antibodies.

Human infected tissue was obtained from patients with

intravascular devices, after their death, and from mice with

experimental biomaterial infection. Preliminary experiments

showed that Staphylococcus epidermidis stained with anti-

BrdU antibodies could be discriminated from eukaryotic cells.

By BrdU and antibody staining bacteria could be clearly

visualized in the tissue surrounding intravascular devices in

deceased patients. With this staining technique, relapse of

infection could be visualized in mice challenged with a low

dose of S. epidermidis, and treated with dexamethasone

between 14 and 21 days after challenge to suppress immunity.

This confirms and extends our previous findings that peri-

catheter tissue is a reservoir for bacteria in biomaterial-

associated infection. The pathogenesis of the infection and

temporo-spatial distribution of viable, dividing bacteria can

now be studied at the microscopic level by immunolabelling

with BrdU and BrdU antibodies.
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Seroprevalence of Polysaccharide Specific IgG
and Bactericidal Activity to Neisseria meningitidis
serogroup C in the pre- and post-vaccination period
in The Netherlands

R.M. de Voer1, FRM van der Klis1, R.M. Schepp1,

EAM Sanders2, L Mollema1, S de Greef1, GAM Berbers1

1National Institute of Public Health and the Environment

(RIVM), Laboratory for Infectious Diseases and Perinatal

Screening, Bilthoven, 2University Medical Centre Utrecht,

Department of Pediatric Immunology and, Utrecht

Introduction: A single MenC conjugate (MenCC) vaccination

was introduced in 2002 into the National Immunization

Program (NIP) in The Netherlands at the age of 14 months

for all newborns. In a catch-up campaign, in 2002, all persons

between the age of 1 and 18 years received one dose of

MenCC vaccine (vaccine coverage 94%). Currently no vaccine

failures have been reported.

Aim: To determine the age specific seroprevalence of MenC

polysaccharide (PS) IgG and MenC specific serum bactericidal

antibodies before (period 1995/1996) and after (period 2006/

2007) introduction of the MenCC vaccine.

Methods: Two representative population-based serum col-

lections, aged 1–80 years, established in the pre- and post-

vaccination period, were available. Using a multiplex

immunoassay (MIA), MenC PS specific IgG was deter-

mined in 2,886 sera from the pre-vaccination period and

6,376 sera from the post-vaccination period. In addition, in

a subset of sera from both serum collections MenC specific

SBA titers using baby rabbit complement was determined.

Results were compared with available data on meningo-

coccal carriage and disease.

Results: In the pre-vaccination period MenC PS titers were low

(0.18 lg/ml) and remained constant in 0–10 years-old infants

and children, rose during adolescence, and peaked in

25–30 years-olds (0.56 lg/ml). In older adults the GMT main-

tained at a level of 0.41 lg/ml. The same trend was observed for

the SBA titers; during infancy about 4% had an SBA titer C8,

with a rise in titers during adolescence (SBA titer C8 around 13%

in the age group of 5–9 years up to 37% in the ages 25–30 years

and stabilizing at about 30% in the older age groups.

Results from the post-vaccination period indicate that

MenC PS titers are equally low during the first year of life,

with a rise in titers after MenCC vaccination at 14 months, but

titers decline within 2 years post-vaccination. An increase in

MenC PS titers is observed in the persons vaccinated in 2002

during the catch-up campaign, which were 7–22 years of age

during serum sample collections in 2006/7. A peak in antibody

response was observed at 22 years (2.92 lg/ml). The older and

unvaccinated adult groups showed very low titers (0.10 lg/ml).

The same age-specific trend was observed for the SBA titers.

Conclusions: Antibody levels were low in the pre-vaccination

period, but with respect to SBA levels one third of the

population showed protective levels during life as adults.

MenCC vaccination introduced higher specific anti-MenC PS

IgG levels compared to natural exposure in the vaccinated

groups, but only older age group seem to benefit from

persistence of higher specific IgG levels. However, due to

mass vaccination, exposition to MenC probably stopped which

lead to a decrease in titers in the unvaccinated older age

groups. This may pose them at extra risk once MenC might

starts re-circulating.

P035

Serological Kinetics And Immunological Memory After
Neisseria meningitidis Serogroup C Conjugate
Vaccination

R.M. de Voer1, FRM van der Klis1, CWAM Engels2,

GT Rijkers3, EAM Sanders2, GAM Berbers1

1National Institute of Public Health and the Environment

(RIVM), Laboratory for Infectious Diseases and Perinatal

Screening, Bilthoven, 2University Medical Centre Utrecht,

Utrecht, 3St. Antonius Hospital, Laboratory of Medical

Microbiology and I, Nieuwegein

Introduction: A single MenC conjugate (MenCC) vaccination

was introduced into the National Vaccination Program in The

Netherlands at the age of 14 months in 2002. In addition, in a

catch-up campaign all persons between the age of 1 and

18 years received one dose of MenCC vaccine. Long term
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protection is mainly based on persistence of antibodies and

cellular memory after vaccination. The cellular and molecular

pathways for induction of MenC memory are not entirely clear.

Methods: Volunteers, age 18–55 years, were recruited in a phase

4, open-label, randomized trial. One group (n = 7) received a

primary MenCC vaccination; two other groups (n = 7) received

either a MenCC or polysaccharide MenC booster vaccination

after 4 years. Blood samples were obtained before and seven

time-points after immunization. IgG, IgA and IgM antibody

kinetics, avidity and bactericidal activity (SBA) were evaluated.

In addition, circulating MenC specific plasma cells were

investigated ex-vivo using a MenC specific ELISpot assay.

Results: The first circulating MenC specific plasma cells were

detectable in the MenCC booster group and the MenC PS

booster group at day 5 after immunization. The peak in plasma

cell response was observed at day 7 in all groups. No protective

SBA titers (rSBA titer [8) were observed at day 0 in the

primary immunization group. In contrast, in both booster

groups all participants had a protective SBA titer at day 0 four

years after vaccination. For all antibody types the first clear rise

in titers is observed between days 5 and 7. In all three groups

there is a significant rise in IgGt, IgG1, IgG2 and IgA titers

between day 0 and 25 (p = B 0.005). MenC specific IgG titers

are higher in both booster groups than in the primary

immunization group at day 0 and 25 after immunization

(p = B 0.008). The response in IgG2 and IgM differs between

the MenCC booster group and the MenC PS booster group

(P = B 0.03).

Discussion: A single MenCC vaccines seems to induce a

long term antibody titer in adults. The level and rise of

antibodies in both booster groups indicate that immunolog-

ical memory was previously induced by a single MenCC

vaccination. However, this immunological memory does not

seem to have a positive effect on the swiftness of the

booster response.
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Microarray based operon prediction in Staphylococcus
aureus

N.J.P. Smits1, T.E. Pronk2, A.C. Fluit1, T.M. Breit2,

J.A.G. van Strijp1, C.H.E. Boel1

1UMC Utrecht, Medical Microbiology, Utrecht, 2UvA,

MAD, Amsterdam

Background: Around 50% of the genes in prokaryotes are

estimated to form operons. Accurate operon prediction is an

important step towards understanding the transcriptional reg-

ulation, function and pathogenesis in prokaryotes. Operon

structures of S. aureus are often based on in silico data and

experimental evidence is scarce. The aim of this study was to

identify operon structures based on co-expression patterns

using microarray expression data.

Methods: An Agilent whole genome microarray was devel-

oped for the highly virulent community-associated MSSA476

strain. The array contained 60-mer probes for each gene as well

as the reverse complement of this probe, plus probes in the

non-coding regions on both strands. The probes were validated

by a combined blast and comparative genomic hybridization

(CGH) experiment.

Expression of MSSA476 during 5 independent, standard

growth curves was examined at 7 time points, from early log

till stationary phase.

Pearson correlation was calculated for all probes, the cut-off

was set at a correlation of 0.8. Operon structures were

determined by correlating the time-dependent transcriptional

profiles of adjacent probes. Predicted operon structures were

compared to in silico predictions of the University of

Groningen (The Netherlands) based on intergenic distances

and rho-independent terminators (http://bioinformatics.biol.

rug.nl/websoftware/operon/operon_start.php).

Results: Around 70% of the operons predicted were identical

to the in silico predictions. We predict *900 operons

containing 2 or more genes. Compared to in silico data,

*120 operons were predicted to be larger, an equal number

was predicted to be smaller and about 50 operons were

predicted to be split.

Several operons were validated with reverse transcription

(RT) PCR. The sae operon, in silico predicted as 4 and 1 gene

and according to expression profiles as a 5 gene operon, was

confirmed to be a 5 gene operon. Two operons that were

predicted to be larger and 2 that were predicted to be smaller

than the in silico prediction, were validated as well.

Remarkably, we found some operons that seem to be split in

a time-dependent manner. For example, epiABCDPFEG, an 8

gene operon containing lantibiotic genes, was split into 2

operons in the stationary phase according to the expression

data. The complete operon was up-regulated in log-phase, then

4 genes were down-regulated and 4 genes were up-regulated in

the stationary phase. 50-RACE experiments showed a potential

transcription start site of the down-stream operon, confirming

the transcriptional correlation analysis. However, RT-PCR

showed that the 8 gene operon was still expressed as a single

mRNA in the stationary phase.

Conclusion: Time-dependent transcriptional profiles of adja-

cent probes seems to be a promising approach to predict

operons in S. aureus. Operon predictions provide essential

information for further host-pathogen studies.
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Development and validation of a multiplex
immunoassay for the simultaneous determination
of serum antibodies to Bordetella Pertussis, diphtheria
and tetanus

P.G.M. van Gageldonk1, F.G. van Schaijk2,

F.R. van der Klis1, G.A.M. Berbers1

1RIVM, Netherlands Centre for Infectious Disease Control

(CIb), Laboratory for Infectious Diseases and Screening

(LIS), Bilthoven, 2Sint Maartenskliniek, Nijmegen

Introduction: To increase testing of vaccine induced humoral

immunity in immune surveillance studies and vaccine trials, a

rapid and simple microsphere-based multiplex immunoassay

(MIA) was developed for the quantitation of IgG serum

antibodies directed against the Bordetella pertussis antigens:

Pertussis Toxin (Ptx), Filamentous hemagglutinin (FHA),

Pertactin (Prn) and to Diphtheria toxin and Tetanus toxin.
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Methods: All individual antigens were covalently linked to

activated carboxylated microspheres (beads) by using a two-

step carbodiimide reaction. Validation of the MIA was

assessed serologically with different serum panels (n = 60–

78 samples) by comparison to the internationally standardized

FDA enzyme-linked immunosorbent assay (ELISA) for the

individual Bordetella Pertussis antigens and the Toxin Inhibi-

tion Assay (ToBI) for Diphtheria and Tetanus.

Results: Reproducibility of the bead conjugation was high

(R ranging from 0.97 to 0.99) and conjugated beads could be

stored up to 12 months without quality reduction. With the

MIA no evidence for bead interference between monoplex and

multiplex was found (R = 0.99). The specificity of the method

was shown by a heterologous inhibition of \10% and

homologous inhibition of [92%. The MIA appeared sensitive

with lower limits of quantitation (LLOQ) well below those for

ELISA. Assay reproducibility was high with intra-assay

variability less than 10% and inter-assay variability below

14%.

Importantly, the correlation of the MIA with the individual

ELISAs was excellent, R [ 0.98 for the Pertussis antigens and

R = 0.95 for Diphtheria and R = 0.98 for Tetanus.

Conclusion: Serum IgG antibodies to Bordetella pertussis,

Diphtheria and Tetanus can be measured easily, specific and

reproducible using the Multiplex immunoassay. The MIA

shares features of the ELISA with the additional advantages of

high sample throughput and small sample volumes and antigen

required.

P038

Crossreactivity between Streptococcus pneumoniae type
14- and Group B Streptococcus type III-polysaccharide

D. Safari1, H.A. Dekker1, A.J. Laarman1, J.P. Kamerling2,

H. Snippe1

1Dept. Medical Microbiology, UMC Utrecht, Utrecht,
2Bijvoet Center, Dept. Bio-Organic Chemistry, Utrecht

Uni., Utrecht

Introduction: The capsular polysaccharides (CPS) of Strep-

tococcus pneumoniae type 14 (Pn14PS) and Group B

Streptococcus type III (GBSIIIPS) share a common CPS

backbone (40)-b-D-Glcp-(106)-b-D-GlcpNAc-(103)-b-D-Galp-

(10) and differ only in the presence of sialic acid in the side

chain of GBSIIIPS. It was reported by Safari, et al. (Infect.

Immun. 2008, 76: 4615–23) that the branched tetrasaccharide

Gal-Glc-(Gal)GlcNAc is essential in inducing Pn14PS-specific

opsonophagocytic antibodies. The present study investigates a

panel of anti-PN14PS mouse sera and a set of healthy individual

donors if they share common epitopes with GBSIIIPS.

Methods: Sera were obtained from mice immunized with 16

synthetic overlapping oligosaccharides of Pn14PS conjugated to

CRM. The human sera were obtained from healthy volunteers.

Whole cell ELISA and direct binding assays (FACS) were

employed to detect the interaction between sera and GBSIII

bacteria with or without removal of sialic acid (desialylated

GBSIII). Human PMN were used to investigate the capacity of

the sera to promote opsonophagocytosis of native- and desial-

ylated-GBSIII. A panel of different GBS serotypes (IV, V, VI,

VII) were obtained from Dr. A. van der Ende, Amsterdam.

Results: Mouse sera recognizing the branched Gal-Glc-

(Gal)GlcNAc oligosaccharide of Pn14PS displayed a low

binding activity to native GBSIII but were not capable in

promoting opsonophagocytosis of GBSIII. If desialylated

GBSIII was used only those sera recognizing the branched

Gal-Glc-(Gal)GlcNAc epitope displayed a high titer to desial-

ylated GBSIII. In addition these sera were capable of

promoting the phagocytosis of desialylated GBSIII bacteria.

The mouse sera displayed no cross reactivity to a panel of

different serotypes of GBS before or after desialysation.

Several human sera displayed a titer to GBSIII and are now

tested for opsonophagocytosis of GBSIII.

Conclusion: In artificial circumstances cross reactivity between

anti Pn14PS sera and GBSIII occurs. The sialic acid residues of

GBS shields the inner core of the bacteria effectively and

prevents the recognition by type specific anti-sera.

P039

Conditioned medium of Porphyromonas gingivalis
infected fibroblasts effects osteoclast formation

C.R. Scheres1, M.L. Laine1, T.J. de Vries1, V.E. Everts1,

AJ van Winkelhoff2

1Academic Centre for Dentistry Amsterdam (ACTA), Oral

Microbiology and Oral Cell Biology, Amsterdam, 2Faculty

of Medical Sciences, Center for Dentistry and Oral

Hygiene, Groningen

P. gingivalis is a Gram-negative anaerobic oral pathogen

strongly associated with periodontitis, a chronic inflammatory

disease of the tooth-supporting tissues. A major clinical

symptom of periodontitis is resorption of the alveolar bone

by osteoclasts. Gingiva fibroblasts (GF) respond in vitro to P.

gingivalis by producing the pro-inflammatory cytokines inter-

leukin (IL)-1b, IL-6, IL-8, monocyte chemotactic protein-1

(MCP-1), RANTES (regulated upon activation, normal T-cell

expressed and secreted), and macrophage-colony stimulating

factor (M-CSF).

Since theses cytokines can play a role in osteoclast

formation, we hypothesized that conditioned medium (CM)

of GF infected with P. gingivalis influences the formation of

osteoclasts in vitro.

An important virulence factor of P. gingivalis is its capsular

polysaccharide. We therefore challenged GF for 6 h with two

encapsulated P. gingivalis strains (W83, serotype K1, and

ATCC49417, K4), and a non-encapsulated strain (381, K-).

The non-encapsulated strain induced a stronger inflammatory

response in GF than the encapsulated strains. We then added

the conditioned medium from infected GF with the encapsu-

lated (ECM) and non-encapsulated (NCM) P. gingivalis to

mononuclear osteoclast-precursor cells isolated from periphe-

ral blood (PBMC) cultures. After 3 weeks the number of multi-

nucleated TRACP-positive stained cells was counted as a

measure for osteoclast formation.

Both ECM and NCM induced osteoclast formation in vitro

whereas culture medium alone did not. However, when the

cultures were performed in the presence of the cytokines

RANKL and M-CSF to stimulate osteoclast formation, ECM
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and NCM inhibited osteoclast formation. In both culture

conditions, NCM had a stronger effect on osteoclast formation

than ECM .

In conclusion, P. gingivalis induces an inflammatory

response in GF that can stimulate osteoclast formation in

vitro, but inhibits RANKL- and M-CSF-induced osteoclast

formation. Moreover, encapsulated P. gingivalis were less able

to induce an inflammatory response and effect osteoclast

formation, than non-encapsulated P. gingivalis. This suggests

that the capsule of P. gingivalis plays a role in evading the

host’ immune system.

P040

Optimalisation and Validation of an inhouse-developed
real-time PCR for detection of toxinogenic Clostridium
difficile strains

D Bakker, I.M.J.G. Sanders, J Corver, E.J. Kuijper

LUMC, Medical Microbiology, Leiden

Background: In most laboratories Clostridium difficile Infec-

tion (CDI) is diagnosed by using culturing, enzyme

immunoassays and cytotoxicity assays for the detection of

toxin producing C. difficile strains. Therefore, there is a need

for a more rapid and sensitive diagnostic test. Previously we

have developed a real-time toxin B PCR (toxB PCR) with a

sensitivity of 104–105 CFU/g feces. The aim of this study was

to increase the sensitivity and performed a retrospective study

to validate the optimized toxB PCR.

Methods: To determine the sensitivity of the different combi-

nations of pre-treatment techniques and DNA extraction

methods, we spiked Clostridium difficile PCR Ribotype 027

in pooled C. difficile negative feces in tenfold dilutions series

from 107 to 101 CFU/g feces.

To increase the sensitivity of the toxB PCR we optimized

primer, probe and magnesium chloride concentrations and tried

different mastermixes. Ninety-four different reference C.

difficile ribotypes were tested in the optimized toxB PCR to

validate it. For the retrospective study 101 stored positive feces

samples (defined as enzyme-linked fluorescent immunoassay

(ELFA) and cytotoxicity assay (n = 40) or culture (n = 61)

positive) and 64 stored negative feces samples (defined as

ELFA and cytotoxicity assay (n = 53) or culture (n = 11)

negative) were included.

Results: Combinations of different pre-treatment and DNA

extraction methods revealed that, the Stool Transport and

Recovery buffer (STAR buffer, Roche) in combination with

the automatic DNA extraction (MagnaPure, Roche) had the

best sensitivity of 103 CFU/g feces. The optimalisation of the

toxB PCR resulted in replacing of the IQsupermix (Biorad)

with Hotstar mastermix (QIAgen) and by new optimal

concentrations of primer, probe and magnesium chloride which

respectively are 80, 100 nM and 5 mM. All available reference

C. difficile PCR ribotypes were detected by the optimized toxB

PCR. The retrospective study revealed that all 40 ELFA/

cytotoxicity positive fecal samples were detected. Six (11%)

ELFA/cytotoxicity negative fecal samples were positive in the

toxB PCR. All culture negative fecal samples were negative in

the optimized toxB PCR. The optimized toxB PCR detected 59

(97%) of the culture positive fecal samples. Discrepancies in

the retrospective study were analyzed by (re) culturing feces

samples (if available) and re-testing DNA samples by toxB

PCR. Five out of the 6 ELFA/cytotoxicity negative/toxB PCR

positive samples and 1 out of the 2 culture positive/toxB PCR

negative samples were available for discrepancy analysis. We

were able to (re) culture toxinogenic C. difficile in 5 ELFA/

cytotoxicity negative fecal samples. One culture positive,

negative in the optimized toxB PCR, was confirmed positive by

retesting and re-culturing.

Conclusion: (1) All available tested PCR ribotypes were

detected by the optimized toxB PCR. (2) The optimized toxB

PCR has a comparable sensitivity (103 CFU/g feces) as the

culturing method. (3) Using culturing and ELFA/cytotoxicity

as a gold standard the sensitivity, specificity, PPV and the NPV

of the modified PCR was respectively 98, 91, 94 and 96%.

P041

Accurate and fast diagnosis of Clostridium difficile
associated diarrhoea using the VIDAS� Toxin A&B test
as a screening assay

C.A. Benne1, J. Moedt1, R.F. de Boer1, J Drenth1,

T. Schuurs2, M. Vogelenzang2, J. Weel2

1Laboratory for Infectious Diseases, Groningen, 2Public

Health Laboratory Friesland, Leeuwarden

Introduction: Clostridium difficile associated diarrhoea (CDAD)

is a well known disease entity. CDAD can cause of outbreaks in

hospitals, predominantly affecting elderly patients, leading to

increased morbidity and mortality. Accurate assays for CDAD

are needed for optimal patient management. Rapid immunoas-

says used to diagnose CDAD have been found to be inferior to

the cytotoxicity assay (CTA) (Moedt J. et al. Rapid immuno-

graphic assays for the detection of Clostridium difficile toxins;

comparison with the fibroblast cytotoxicity assay. NVMM 2006:

P023). CTA’s are, however, laborious and time demanding.

Recently, the VIDAS Clostridium difficile Toxin A&B assay

(VCDAB), a two-step immunoassay sandwich method with final

fluorescent detection, has become available. VCDAB can

generate a test result within 2 h. In the present study the

VCDAB, CTA and real-time PCR targeting C. difficile toxin A

and B genes (de Boer RF, et al. Development and validation of a

real-time PCR assay for detection of toxigenic Clostridium

difficile, as part of a Dutch study on the epidemiology of gastro-

enteritis. NVMM 2008: O060) are compared.

Methods: The study was carried out at the Laboratory for

Public Health Friesland (LVF) and the Laboratory for Infec-

tious Diseases (LvI), that together cover the northern part of

The Netherlands. Fecal samples requested for C. difficile toxin

were prospectively tested in VCDAB, CTA, and PCR. Only

patients C2 years of age were included.

Results: The numbers of samples tested were 208 at LvI and

118 at LVF. 167 LvI samples and 104 LVF samples were

tested negative, and 16 LvI samples and 3 LVF samples were

tested positive in all 3 assays. Of the 25 discrepant LvI

samples, 11 were positive in the PCR only (Ct values 28.47–

38.04), 1 was negative in CTA only, 1 was negative in VCDAB

only, in 1 the PCR reaction was inhibited and 11 were
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equivocal in VCDAB (extinction\0.35 and[0.12). Of the 11

equivocal VCDAB LvI samples 5 were tested negative and 6

positive in both CTA and VCDAB. Of the 10 discrepant LVF

samples 2 were positive in PCR only (Ct values 24.18 and

24.33), 2 were negative in CTA only and 6 were VCDAB

equivocal. Of the 6 VCDAB equivocal LVF samples, 4 were

tested negative and 2 positive in both CTA and PCR. Upon

retesting 1 CTA negative only LVF sample were tested

positive.

Conclusions: 14/326 fecal samples harbour toxigenic C.diffi-

cile strains, but not toxin A and/or B, thereby supporting the

idea that relying on PCR only will result in overdiagnosis of

CDAD. Except for three samples, all VCDAB positives are

confirmed in both CTA and PCR. Further, the data make clear

that equivocal results in the VCDAB (17/326) should be

retested using a different assay. The PCR used in the present

study appears to be appropriate for this purpose. In conclusion,

using the VCDAB for CDAD diagnostics can properly be done

within 2 h for 95% of the fecal samples. In the remaining 5%

subsequent PCR analysis will yield the correct answer.
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The occurrence of the primary pathogenic yeast
Cryptococcus gattii in Europe
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of Mycology, Brussels, 4Institut Pasteur, Unité de

Mycologie Moléculaire, Paris, 5Università degli Studi di
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Nice

Cryptococcosis is caused by the basidiomycetous yeasts

Cryptococcus gattii (serotype B and C) and C. neoformans

(serotype A, D and AD). Infections with C. gattii occur almost

only in immunocompetent individuals, while C. neoformans

var. grubii and var. neoformans have a predilection for

immunodeficient humans. Another major epidemiological

difference between both species is the apparent restriction of

C. gattii to tropical and sub-tropical regions, whereas both

varieties of C. neoformans can be found worldwide. However,

the distribution pattern of C. gattii has changed by an outbreak

in the temperate climate of Vancouver Island (British Colum-

bia, Canada). Recently, several case reports were published

which suggests that C. gattii is becoming more prevalent in the

temperate climate of Europe as well. This prompted us to set

up an epidemiological study, in collaboration with the ECMM

Cryptococcus and cryptococcosis workgroup, to investigate the

occurrence of C. gattii in Europe.

Amplified Fragment Length Polymorphism (AFLP) analy-

sis was carried to genotype the C. gattii isolates and the

mating- and serotype were determined using C. gattii specific

primers for both the mating-type a and a STE12 locus. Also,

seven loci were (partly) sequenced, namely the capsule related

gene CAP10, glyceraldehyde-3-phosphate dehydrogenase

(GPD1), Intergenic Spacer (IGS1), laccase (LAC1), manni-

tol-1-phosphate dehydrogenase (MPD1), phospholipase B

(PLB1), and translation elongation factor 1a (TEF1a).

We have investigated 60 C. gattii isolates, from which 44

were of clinical origin while ten were isolated from the

environment (water, soil and trees) and six had a veterinary

origin (birds, camel, squirrel). Six isolates showed phenotypic

switching and harboured two phenotypic different colonies

after subculturing. Thirty-five isolates were identified as

genotype AFLP4/VGI, while the remaining isolates belongs

to AFLP5/VGIII (n = 2), AFLP6/VGII (n = 12), AFLP7/

VGIV (n = 2), AFLP8 (n = 6), and AFLP9 (n = 1). Two

isolates belonged to a novel genotype, AFLP10. The majority

of isolates was mating-type a (n = 36), eighteen isolates were

mating-type a, and five hybrid isolates harboured both mating-

types. From one isolate, the mating-type could not be

determined. Fifteen mating-type a isolates fell into genotype

AFLP4/VGI, one in AFLP6/VGII and the remaining two

isolates in AFLP10. Phylogenetic analyses, based on ten

sequenced loci, confirmed the presence of five different haploid

AFLP genotypes of C. gattii in Europe.

Most of the clinical cases were caused by isolates belonging

to genotype AFLP4/VGI and AFLP6/VGII. It is possible that

most of the patients acquired the infection with C. gattii during

their stay in (subtropical or tropical) regions outside Europe.

However, infections were also reported in patients who never

travelled outside Europe. This indicates that C. gattii isolates of

both genotypes AFLP4/VGI and AFLP6/VGII occur in the

Mediterranean area.

P043

Efficacy of Voriconazole Against Clinical Aspergillus
fumigatus Isolates With Mutations In The cyp51A Gene

P.E. Verweij1, E. Mavridou1, J.W. Mouton2, E. Mellado3,

W.J.G. Melchers1

1Radboud University Nijmegen Medical Center, Medical

Microbiology, Nijmegen, 2CWZ Hospital, Medical

Microbiology, Nijmegen, 3Instituto de Salud Carlos III,

Madrid

Objective: Azole resistance in Aspergillus fumigatus (Af) has

been associated with substitutions in the cyp51A gene. These

substitutions cause different susceptibility profiles and it is

unclear if the in vitro activity corresponds with in vivo

efficacy. We investigated the correlation between in vitro

activity of voriconazole (VCZ) and in vivo survival of clinical

Af isolates with L98H, G54W, and M220I substitutions.

Methods: In vitro activity of VCZ was determined based on

the CLSI M-38A method. A total of 16 groups (n =

11/group) of CD-1 mice, were randomized into 4 groups for

the 4 different Af isolates and were infected i.v. through the

lateral tail vein. Oral therapy with VCZ at 80, 40, and 10
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mg/kg once daily was begun 24 h post challenge for 14 days.

Control groups received saline orally. Mortality data was

analyzed by the long rank test. Survival was determined daily

until day 14. Results were analyzed by survival curve analysis

and plotting dose/MIC against survival and fitting the Hill

equation with variable slope (HEVS) using Graphpad Prism 5.0.

Results: The MICs of VCZ were: 0.25 mg/L (WT and M220I),

0.125 mg/L (G54W) and 2 mg/L (L98H). The median survival

time for the control groups for all strains was 2–3 days. VCZ

treatment improved survival of the L98H M220I and G54W

groups compared to controls (p \ 0.001). However, compared

to WT and M220I, the dose-response curve of mice infected

with the G54W and L98H isolates were shifted to the right

indicating that a higher dose was required to achieve maximum

response against these strains (R2 of 0.5034, EC50 of 58, 71,

Hillslope of 1, 338).While the 40 mg/kg dose revealed 100%

survival against the M220I, G54W and WT isolates, only 50%

survival rate could be reached against the L98H. There was an

excellent correlation between MIC and in vivo efficacy of

VCZ.

Conclusions: VCZ showed good efficacy in mice infected with

all the 4 isolates when the administered daily dosage exceeded

10 mg/kg. Compared to the other 3 isolates, a twofold increase

of VCZ dosage was required for mice infected with L98H to

achieve the same maximum response. The in vivo efficacy of

VCZ corresponded with the MICs.

P045

Metabolism of a-galactosides in Enterococcus faecium

X Zhang, J.E.P. Vrijenhoek, M.J.M. Bonten, R.J. Willems,

W. Van Schaik

University Medical Center Utrecht, Medical Microbiology,

Utrecht

Introduction: Over the last two decades, Enterococcus faecium

has become increasingly important as a nosocomial pathogen.

However, little is known about the genotypic and phenotypic

characteristics of this species. By genome sequencing and

Phenotype MicroArray analysis (a high-throughput method for

quantifying growth under a large variety conditions) of eight E.

faecium strains, considerable variation was detected on the

genomic and phenotypic level between the different strains.

Here we present our data on the metabolism of a-galactoside

sugars, a trait that is variably present in E. faecium.

Methods: To validate data from Phenotype MicroArrays, in

particular the metabolism of a-galactoside sugars such as

raffinose, growth experiments were conducted with 122 E.

faecium strains on different media with glucose (positive

control) or raffinose (test medium) as the only carbon

source.

Two genes, EfmE980_0219 and EfmE980_0223, which

were predicted to encode a-galactosidases were uniquely

present in E0980. This is the the only strain of the eight

sequenced strains that can utilize raffinose. In order to prove

the linkage between the two genes and raffinose metabolism,

the presence of EfmE980_0219 and EfmE980_0223 in 33 E.

faecium strains from different lineages were evaluated by

Southern blotting.

Results: Among the 122 E.faecium strains tested in growth

experiments, 22 showed to be able to utilize raffinose. Southern

blotting indicated 14 out of the 33 tested strains contained both

EfmE980_0219 and EfmE980_0223. No strains were found

that contain only one of these genes. According to MLST

sequence type, 8 of the 14 positive strains were closely related

with E0980. Combined with the results of growth experiments

we found all these 14 EfmE980_0219 and EfmE980_0223

positive strains were able to utilize raffinose. For the other 19

EfmE980_0219 and EfmE980_0223 negative strains, 8 of them

can also utilize raffinose probably due to some other

mechanisms.

Sequence analysis and the consistent co-ocurrence of

EfmE980_0219 and EfmE980_0223 suggests that the two

genes are harbored in a gene cluster which probably moves or

integrates as one genetic element.

Conclusions: This study links the presence of two a-galacto-

sidase genes to the ability to metabolise raffinose in E. faecium.

These two genes are possibly located on a mobile genetic

element. In current work we are attempting to find evidence for

mobilization of the genetic element between different strains.

In addition we will perform further functional studies on the

genes encoded in this island.
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Transverse Microbial Differences of the Human Gut
Evaluated with Terminal Restriction Fragment Length
Polymorphism (T-RFLP)

D.J. Soeltan-Kaersenhout, A. van Bodegraven,

P.H.M. Savelkoul

VU University medical center, Clinical Microbiology

and Infection Control, Amsterdam

Objectives; Shifts in microbial composition of the human gut

are thought to play a causal role in the development and

sustenance of intestinal disorders such as inflammatory bowel

disease (IBD). Since adherence of microbes is a prerequisite

for disease causation, this study set out to investigate if

transverse differences in terminal restriction fragment length

polymorphism (T-RFLP) profiles of microbial species exist. T-

RFLP allows for culture-independent, molecular fingerprinting

of complex microbial communities. Transversal differences

were studied between biopsies (the epithelial adherent flora:

after removal of the mucus layer) and colonic luminal space

(transient flora: mucus adherent plus luminal flora).

Methods: Two biopsy samples were taken from each of five

locations in the colon from a healthy patient. Endoscopy was

performed for screening purposes in light of a positive family

history of colorectal cancer. One biopsy from each location

was washed with PBS (leaving the mucus layer intact) and the

other with dithiotreitol (DTT, destroys the mucus layer).

Biopsy samples (PBS and DTT washed) and the associated

supernatants were subjected to T-RFLP analysis by amplifica-

tion of the 16S rRNA gene with labelled primers 8F-FAM and

926R-NED. Amplimers were digested with HinP1I and MspI

and the labelled terminal restriction fragments were separated

in an ABI 3130XL sequencer. Cladograms were generated

using Pearson correlation and UPGMA clustering in
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Bionumerics software.

Results: Five out of ten supernatants were inhibited in PCR and

were excluded from further analysis. The differently washed

biopsies showed a similarity of 89,2%. The PBS supernatants

representing luminal microbes clustered closely with the

biopsies (85,4%). The DTT supernatants representing mucus

associated bacteria showed 75,4% similarity with the biopsies.

Conclusion: In this study, the microbiota of the luminal,

mucosal and biopsy samples within one patient were similar.

The differences seem largely due to differences in bacterial

quantity rather than differences in bacterial composition. This

was in agreement with quantitative real-time analysis of these

samples. Treatment of biopsy samples with DTT does not seem

to influence microbial T-RFLP profiles. Future studies with a

larger cohort of healthy patients and inclusion of patients with

IBD should shed more light on this possible equilibrium

between gut lumen and lining and whether or not it is disturbed

in intestinal disease.

P047

A novel fluorescent multicolor multiplex real-time PCR
protocol for the simultaneous detection
of staphylococcal cassette chromosome mec types I to V
in methicillin-resistant Staphylococcus aureus

R.H. Deurenberg1, H. Valvatne1, M.I.A. Rijnders1,

A. Budimir2, M. Boumans1, P.S. Beisser1, E.E. Stobberingh1,

R.H. Deurenberg1

1Maastricht University Medical Center, Medical

Microbiology, Maastricht, 2Clinical Hospital Centre

Zagreb, Clinical and Molecular Microbiology, Zagreb

Introduction: Assignment of the structure of the staphylococcal

cassette chromosome mec (SCCmec) is part of the nomencla-

ture of MRSA clones. SCCmec can be used as an additional

marker to increase the discriminatory power of spa typing. The

SCCmec type is determined with different PCR assays. The

most used methods were developed by Oliveira et al., which

detects mecA and different loci on SCCmec I to IV, and the

method of Ito et al. which determines the structure of the mec

complex and the ccr genes. However, these methods are time

consuming, and sometimes difficult to interpreted. Boye et al.

and Zhang et al. described multiplex PCRs for the determina-

tion of the structure of SCCmec I to V. However, these

methods detect only a single locus on SCCmec, making them

less discriminatory. The aim of the present study was to

develop and evaluate a rapid multiplex real-time PCR assay for

routine use, that can be applied directly on MRSA isolates and

that detects two loci on each SCCmec.

Methods: MRSA isolates (n = 212) from individual patients

from Belgium, Croatia, Germany and The Netherlands repre-

senting different lineages were used to validate the assay. The

real-time PCR assay comprised two wells of quadruple real-

time PCRs per isolate. The first well contained primers and

probes recognizing mecA, ccrB1, ccrB3 and ORFV011. The

second well contained primers and probes for ccrB2, ccrC,

mecI and IS1272. The method of Oliveira et al. was used for

confirm the results obtained by the real-time PCR assay.

SCCmec elements that were not typeable with the method of

Oliveira et al. were investigated with the method of Ito et al.

Typing of the spa locus was used to determine the MRSA

lineage.

Results: SCCmec I (n = 39), II (n = 32), III (n = 33), IV

(n = 58) and V (n = 20) were correctly indentified in 39, 32,

33, 56 and 20 of the isolates. Of the 30 SCCmec elements that

were not typeable with the method of Oliveira et al., 12 were

identified as SCCmec I, 8 as SCCmec III, 6 as SCCmec IV and

4 as SCCmec V with the real-time PCR. These results were

confirmed for 29 of the 30 SCCmec elements with the method

of Ito et al. The real-time PCR failed to detect ccrC in 24% of

the SCCmec III elements, but ccrC is not a perquisite for

SCCmec III. The two SCCmec elements that were not typeable

with the real-time PCR harbored not only ccrB2 and IS1272,

but also ccrB1, which makes it impossible to define the

correct SCCmec type. ORF(V011) was not detected in 8% of

the SCCmec V elements. Both elements were characterized as

SCCmec V with established methods.

Conclusion: Easily discriminated signals were obtained for

SCCmec I to V 90 min after the real-time PCR assay was

started. Comparing the real-time PCR assay with established

PCR assays, the correct SCCmec type was identified in 99% of

the MRSA isolates. The limitation of the real-time PCR is that

it doesnot detect the rarely observed SCCmec VI and VII.

P048

An outbreak of a Multiresistant Methicillin-Susceptible
Staphylococcus aureus (MR-MSSA) strain in a burn
centre transmitted by a staff member

IF Van Ess-Visser1, R Jansen2, FRH Tempelman3,

BMW Diederen2

1Department of Infection Control, Rode Kruis Ziekenhuis,

Beverwijk, The Netherlands, Beverwijk, 2Regional

Laboratory of Public Health Haarlem, Haarlem, 3Rode

Kruis Ziekenhuis, Burn Centre, Department of Surgery,

Beverwijk

Objective: To report an outbreak transmitted by a staff member

in a burn centre caused by a single strain of a Multiresistant

Methicillin-Susceptible Staphylococcus aureus (MR-MSSA)

involving 17 patients.

Outbreak: Between February 2006 and August 2008, 17 cases

of MR-MSSA colonisation occurred on a 12 bed burn centre

(BC) at a 400 bed teaching hospital (Rode Kruis Ziekenhuis,

Beverwijk, The Netherlands). The affected patients were aged

3–91 years (mean 51 years), 10 males and 7 females. The MR-

MSSA strains were resistant to penicillin, ciprofloxacin,

clindamycin, erythromycin and co-trimoxazole. The preva-

lence of MR-MSSA carriership in S. aureus colonised patients

increased from 0% in 2005 (0/118), 3,3% in 2006 (4/121),

6,1% in 2007 (6/99), to 7,8% in 2008 (7/90). In order to define

the genetic relationship of S. aureus strains isolated from burn

wounds molecular typing with Amplification Fragment Length

Polymorphism (AFLP)was performed. Molecular analysis

showed that all MR-MSSA burn-wound colonizing strains

were identical. Because we suspected nosocomial transmission,
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all health-care workers (HCWs) were subsequently screened

for nasal carriage with MR-MSSA. Samples from 78 HCWs

were obtained for culture from the anterior nares. Two HCWs

refused to cooperate. Fifteen (19%) HCWs were nasal carriers

with S. aureus, and one HCW carried the same AFLP-type of

MR-MSSA. The colonised HCW suffered from constitutional

eczema, and MR-MSSA was cultured from his throat,

perineum and skin. In a test to quantify S. aureus spread,

more than 100 colony-forming units (CFU) of S. aureus per

plate was isolated. No new cases of MR-MSSA colonisation or

infection were identified after the HCW stopped working in the

burn unit. The MR-MSSA positive HCW was sent on ‘‘special

leave’’and underwent treatment for his eczema and carriership

according to the SWAB guidelines for MRSA treatment.

Repeat cultures were obtained (nose, throat and perineum at 4,

7 and 10 days after treatment) and tested S. aureus negative.

Conclusion: Carriage of S. aureus in HCWs is a potential

source of nosocomial transmission on a burn centre. Trans-

mission is often not noticed because these HCW related strains

have common antibiotic resistance fenotypes. Collection of S.

aureus from both HCWs and patients and standard genotyping

may help to detect nosocomial spread as early as possible. A

reliable database can facilitate comparison of future isolates of

S. aureus in the burn unit.

P050

In vitro study of the effects of radiological contrast
agents on bacterial growth

MJ Bruins, JH Zwiers, CCPM Verheyen,

MJHM Wolfhagen

Isala klinieken, LMMI, Zwolle

Introduction: Injection of iodinated arthrographic contrast

medium in (artificial) joints (puncture arthrography) is used

to diagnose infection or aseptic loosening of arthroplasties.

During this procedure, in which the contrast medium enables

diagnostic imaging, synovial fluid is aspirated and submitted to

the microbiology laboratory for culture. Inevitably, iodinated

contrast medium will be mixed into the sample. The fact that

iodine is bactericidal and is used as a disinfectant has led to the

assumption that this will adversely affect culture results.

Although previous literature reports on contrast media inhib-

iting bacterial growth, the role of iodine herein is questionable.

Contrary to free iodine, iodine in a bound state is not

bactericidal. Moreover, currently used contrast media are iso-

osmolar. In this study, we assessed in vitro bacteriostatic and

possible bactericidal properties of iodinated radiological con-

trast media.

Methods: The influence of three currently used contrast media

(Omnipaque�, Visipaque�, Xenetix�) and two older media

(Hexabrix�, Telebrix�) on the growth of pathogens commonly

isolated in prosthetic infections was studied using well-defined

strains of Bacillus cereus, Candida albicans (C. albicans),

Corynebacterium jeikeium, Enterococcus faecalis (E. faecalis),

Escherichia coli (E. coli), Propionibacterium acnes, Pseudo-

monas aeruginosa (P. aeruginosa), Staphylococcus aureus,

Staphylococcus epidermidis and Streptococcus pyogenes.

Bacteriostatic or bactericidal activity was determined using a

disk diffusion technique known from classical susceptibility

testing and with a time-killing curve method in which a high

(5 9 108 CFU/ml) and a low (5 9 103 CFU/ml) inoculum

were tested, respectively. Colony counts were performed of

freshly made suspensions in undiluted contrast medium and a

saline control and after two and 24 h of incubation at 35�C.

Results: With disk diffusion testing we found no influence on

the growth of the micro-organisms of any of the contrast

media. In the high inoculum tests the only, non-significant,

growth inhibition was seen with the combination of Telebrix

and E. coli (1 log10, P = 0.07). In the low inoculum tests both

E. coli and P. aeruginosa were inhibited by Telebrix but not by

any other contrast medium. For all other combinations there

was no inhibition compared to the saline control, except for

some media and E. faecalis and C. albicans. In these cases,

however, the percentage surviving cells was always higher than

30%.

Conclusion: The effect of the dated contrast medium Telebrix�

on E. coli and P. aeruginosa seems consistent with previous

reports on the inhibitory effect of iodinated contrast media.

There is no evidence that currently used iodinated contrast

media will impede the detection by culturing of potential

pathogenic micro-organisms in synovial fluid.

P051

Comparison of the GeneXpert and a real-time PCR
assay for the detection of enteroviruses in cerebrospinal
fluid samples

A. A. Argilagos Alvarez, S de Crom, C de Jong, H Verbakel,

Ch. Obihara, M.F. Peeters, J. Rossen

Sint Elisabeth Hospital, Medical Microbiology and

Immunology, Tilburg

Introduction: A prospective comparative study was performed

to evaluate the efficacy of the Cepheid GeneXpert (GX)

enterovirus (EV) assay, a fully automated and rapid real-time

PCR assay for the diagnosis of EV meningitis.

Methods: From May 2007 till December 2008 cerebrospinal

fluid samples from 212 patients with a clinical suspicion of

meningitis were tested for the presence of EV RNA using the

GX and an EV and parechovirus (HPeV) specific Real-Time

PCR (TqM) assay. 109 samples had enough material left to

perform viral culture.

Results: From the 109 samples tested by virus culture 7 (6%)

were positive compared to 19 (17%) and 25 (23%) using the

GX and TqM assay, respectively. One sample tested positive

with virus culture was negative in both molecular assays. In

total 36 (17%) of the 212 samples were positive for EV using

the TqM assay. 28 (13%) of these samples were also positive in

the GX assay, whereas 6 were negative and 1 gave an invalid

result. Finally, 7 (3%) samples were positive for HPeV RNA

using the HPeV-specific TqM assay. As expected, these

samples were negative in the GX assay.

Conclusion: Viral culture has a lower sensitivity than both

molecular assays. The TqM PCR seems to be more sensitive as

the GX assay for the detection of EV RNA from CSF samples
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and is suitable for the detection of HPeV, in contrast to the GX

assay. Therefore, the TqM assay is preferred over the GX-assay

for the diagnosis of picornavirus meningitis in a clinical

setting.

P052

Diagnosis of multiple respiratory pathogens
with the Multiplex Ligation-dependent Probe
Amplification (MLPA)

R. Jansen, B.M.W. Diederen, R.A. Guseinova, C.W. Koomen

Streeklab Haarlem, Haarlem

Objectives: Infections of the respiratory tract are very common

in the population and can be caused by a number of different

viruses and bacteria. A reliable diagnosis of the pathogen is

often cumbersome and time consuming but necessary to

prevent superfluous antibiotic treatments, to rationalize isola-

tion of hospital patients and to get insight into the prevalence of

respiratory pathogens. The MLPA of the RespiFinder Plus � kit

is able to detect seven viral and four bacterial pathogenic

species simultaneously. In this report we evaluate the MLPA as

a diagnostic tool and its performance on QCMD proficiency

panels.

Methods: We tested the performance of the MLPA on 420

clinical respiratory samples and on the 2008 QCMD profi-

ciency panels for influenza A/B virus, rhino/corona virus,

parainfluenza virus, adenovirus, and respiratory syncytial virus

(RSV)/human metapneumovirus (hMPV). To mimic mixed

infections, the QCMD panels were tested as mixtures. The

QCMD-MLPA samples consisted of a mixture of randomly

chosen samples of each of the five panels. In total twelve

QCMD-MLPA mixtures were analyzed.

Results: We analyzed the clinical samples with a maximum

turnaround time of 3 days. The MLPA detected no patho-

gens in 16% of the samples, a single pathogen in 55% and

multiple pathogens in 26% of the samples. In 3% of the

samples a non-conclusive result was obtained. RSV was

present in 40% of the positive samples, rhinovirus in 25%,

coronavirus in 17%, adenovirus in 10%, hMPV in 7%,

influenza virus in 6%, and parainfluenza virus in 2%. The

bacterial pathogens Mycoplasma pneumoniae and Chlamydo-

phila pneumoniae were found in 6 and 1 samples,

respectively. Bordetella pertussis and Legionella pneumo-

phila were not detected.

In the QCMD-MLPA samples all the virus species and

subtypes were identified correctly. The lowest titers of the

parainfluenza and influenza panels and a moderate titer of

adenovirus type 3 were not detected by MLPA.

A possible drawback of the MLPA is its proneness to cross-

contamination, because the test has no closed-tube procedure.

No evidence was found for cross-contamination, due to

preventive measurements, such as dedicated workspace and

pipettes.

Conclusion: The MLPA of the RespiFinder Plus � kit is a useful

asset for a diagnostic laboratory that combines a short turn-

around time and cost effectiveness with a good sensitivity and

specificity.

P053

Outbreak of multidrug-resistant Pseudomonas
aeruginosa sepsis after endoscopic retrograde
cholangiopancreaticography

J.S. Kovaleva1, N. E. L. Meessen2, F. T. M. Peters2,

M. H. Been2, R. P. Borgers2, J. E. Degener2

1UMC Groningen, Medische Microbiologie, Groningen,
2University Medical Centre Groningen, Groningen

Introduction: Endoscopes, including duodenoscopes, are the

medical devices frequently associated with outbreaks of

nosocomial infections. We investigated an outbreak of mul-

tidrug-resistant P. aeruginosa sepsis affecting 3 patients after

endoscopic retrograde cholangiopancreaticography (ERCP)

during a 4 months period, from July to October 2008. All

infected patients were treated with one ERCP scope.

The Pseudomonas isolates had similar susceptibility patterns.

An outbreak investigation was supplemented by molecular

typing.

Methods: Epidemiological investigation included microbiolog-

ical testing of the implicated endoscope and environmental

sampling from the washer disinfectors, the tubes connecting

the washer disinfectors and the endoscopes and the environ-

mental surfaces in the endoscopy centre. Specimens for culture

were obtained from the biopsy/suction and the water/air

channels of the implicated endoscope with a retrograde

technique. The available P. aeruginosa epidemic strains

underwent molecular typing by repetitive-DNA-sequence-

based polymerase chain reaction (rep-PCR).

Results of recent surveillance cultures from diagnostic and

therapeutic endoscopes were studied. The records of all

patients who underwent ERCP with this endoscope, from the

time of the first positive culture (in July) until it was removed

from service (in October), were reviewed.

Results: During a 4 months period, from July to October

2008, 3 in total patients developed sepsis with multidrug-

resistant P. aeruginosa after undergoing an ERCP procedure.

Our registration system enabled us to retrieve one of three

endoscopes daily in use as the possible source of infection.

Epidemiological investigation and molecular typing of the

available Pseudomonas strains confirmed that this microor-

ganism was most likely transmitted from patient to patient by

one endoscope. This ERCP scope demonstrated the contam-

ination with P. aeruginosa in 2 surveillance samples in July

and September and in 3 consecutive cultures in October 2008.

All of the cultures from the washer disinfectors, the

connecting tubes and from the environmental surfaces in

the endoscopy centre were negative for P. aeruginosa. Review

of the recent surveillance cultures from diagnostic and

therapeutic endoscopes revealed no P. aeruginosa contamina-

tion. Other 33 patients who underwent ERCP with this

endoscope from the time of the first positive culture (in July)

had neither symptoms of infection nor positive blood cultures.

Rep-PCR of the P. aeruginosa isolates from 3 patients (blood

cultures) and from the biopsy/suction and the water/air

channels of the implicated endoscope showed matching

patterns (95% similarity). The implicated ERCP scope was

removed from service and underwent gas sterilization with

ethylene oxide.
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Conclusion: This P. aeruginosa outbreak was caused by

patient-to-patient transmission and infection from a common

source, i.e. the flexible ERCP endoscope. Our microbiological

surveillance protocol with routine culturing of endoscopes was

helpful in detection of the source of contamination. However,

the current surveillance system could not prevent the serious

infections in three patients and probable numerous cross-

contaminations in other persons, who underwent ERCP with

this particular endoscope.

P054

Selectivity of the Diarylquinoline TMC207 Towards
Mycobacterial ATP Synthase as Compared
to the Eukaryotic Homologue

A.C. Haagsma1, K. Andries2, H. Lill1, A. Koul2, D. Bald1

1VU University Amsterdam, Amsterdam, 2Johnson &

Johnson, Antimicrobial Research, Beerse

The diarylquinoline TMC207 efficiently kills Mycobacterium

tuberculosis by specifically inhibiting F0F1 ATP synthase.

However, in mitochondria of all eukaryotic cells a homologous

ATP synthase is present. For determination of TMC207-

mediated potential toxicity, the impact of this inhibitor on

mitochondrial targets needs to be known. In the present study

we show that the concentration of TMC207 needed to inhibit

human mitochondrial ATP synthase (IC50 [ 200 lM)

exceeded more than 20,000-fold the concentration needed

to inhibit the mycobacterial ATP synthase (IC50 = 10 nM).

Furthermore, oxygen consumption and ATP synthesis in

mitochondria isolated from mouse liver and bovine heart

displayed only very low sensitivity for TMC207. These results

suggest that TMC207 is a very specific inhibitor of the

mycobacterial ATP synthase and may not elicit ATP synthesis-

related toxicity in mammalian cells. This target selectivity

makes TMC207 the first ATP synthase inhibitor in clinical

development with the potential to treat a bacterial infection.

Thus, in spite of ATP synthase being highly conserved between

prokaryotes and eukaryotes, this enzyme may still qualify as an

attractive antibiotic target.

P055

Mycoplasma pneumoniae pneumonia and non specific
interstitial pneumonitis in a patient with ulcerative
colitis treated with sulphasalazine

F. Bosma1, J. Spaargaren1, M. Wagenaar2, R. M. L. Brouwer2,

T. Halaby1

1Laboratorium Microbiologie Twente Achterhoek,

Enschede, 2Medisch Spectrum Twente, Pulmonary Disease,

Enschede

Introduction: Pulmonary disease in patients with ulcerative

colitis (UC) may be due to infectious and non-infectious

causes. Infectious conditions may be community-acquired

pneumonia or opportunistic infections. Non-infectious

pulmonary disorders may be associated with inflammatory

bowel disease, drug-induced or due to other mechanisms.

Case report: A 22-year-old female was admitted to our ICU

with severe respiratory failure. She has been treated for UC

with sulphasalazine for several years, with an increased dose

during the last year. Chest radiographs and high resolution

computed tomography scans were compatible with hypersen-

sitivity pneumonitis. After institution of mechanical ventilation

a bronchoalveolar lavage (BAL) was performed, which showed

lymphocytosis and neutrophilia. Empirical therapy with high

dose cotrimoxazole, prednisone and ciprofloxacin was started.

Microscopic examination and culture of BAL fluid for

pathogens was negative. Legionella urinary antigen test was

negative. Molecular diagnostics for the detection of respiratory

pathogens (Pneumocystis jirovecii, influenzaviruses, parainflu-

enza viruses, respiratory synctial virus, rhinovirus, human

metapneumovirus, adenovirus, M. pneumoniae and Chlamydia

pneumonia) were negative. On day 2 an open lung biopsy was

performed. On the same day serological tests revealed a strong

positive serology for M. pneumoniae. Cotrimoxazole and

ciprofloxacin therapy was replaced by high dose doxycycline.

Histological examination of the biopsy specimen showed a

non-specific interstitial pneumonitis (NSIP). Sulphasalazine

treatment was stopped and prednisone treatment was changed

to high dose pulse therapy with methylprednisolone. From day

6 on the patient gradually improved and could be weaned from

the ventilator. Serological diagnosis for M. pneumoniae was

subsequently confirmed, using additional assays on paired

serum samples.

Conclusion: Among UC patients treated with sulphasalazine,

the combination of NSIP and concomitant M. pneumoniae

infection has not been previously reported.

P056

Case report of a phlegmon in the foot
and the appearance of the USA 300 MRSA clone
in The Netherlands in 2008

T. Bosch, G.N. Pluister, M. Van Luit, M.E.O.C. Heck,

X.W. Huijsdens

RIVM, Afd LIS/BBT, Bilthoven

Introduction: Methicillin-resistant Staphylococcus aureus

(MRSA) is a major cause of nosocomial and community-

associated infections worldwide. Most cases of Community-

associated MRSA (CA-MRSA) have been associated with skin

and soft-tissue infections in previously healthy individuals.

Many of the CA-MRSA infections that occurred in the United

States (USA) were caused by the USA 300 sequence type (ST)

8 clone.

In this report we describe a case of phlegmon in a foot

treated in The Netherlands, with a unique Dutch Staphylococ-

cal protein A (Spa)-type. We also present an overview of the

appearance of the USA 300 clone in The Netherlands in 2008.

Methods: In July 2008, a male, who had just returned from a

vacation in the USA, went to his general practitioner (GP) with

an abscess on his foot. The GP diagnosed phlegmon of the foot

and an antibiotic treatment with amoxicillin was started. A

pure culture was sent to the RIVM for further typing. Once
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MRSA was confirmed, the treatment was changed into

clindamycin. The isolate was characterized using Pulsed Field

Gel Electrophoresis (PFGE), Spa-typing, Multi-locus sequence

typing (MLST), SCCmec typing and PCR for the detection of

Panton Valentine leukocidin (PVL) genes.

Results: The MRSA isolate was identified as PFGE cluster 218

(according to the Dutch classification system PFGE

218 = USA 300), ST 8, SCCmec type IV and was PVL

positive. Spa-typing revealed a rare t211 type. A type closely

related to t008 of the USA 300 clone. Based on the typing

results the MRSA isolate was identified as a CA-MRSA USA

300 isolate. Spa-typing results of 119 USA 300 isolates found

in 2008 revealed only spa-type t008, showing the rare

occurrence of the spa-type t211.

Conclusions: Here we demonstrate that CA-MRSA forms a

serious threat to previously healthy individuals and that GP’s

should be aware of these infections. To our knowledge, t211 was

never detected in the Dutch MRSA surveillance before this case.

P057

Characterization of Haemophilus influenzae isolates
colonizing the nasopharynx of sick hospitalized children
versus healthy children in Kolkata, India

S. Sinha1, S. Niyogi2, A. Deb2, J.P. Hays1

1Erasmus MC, MMIZ, Rotterdam, 2NICED, Kolkata

The ability of H. influenzae to colonize the nasopharynx,

disseminate into the bloodstream, and subsequently spread to

other sites of the body (causing serious life threatening disease)

has been previously documented. However, India is one of the

countries where this phenomenon has not been fully investi-

gated. Therefore, the aim of this study was to determine and

compare the epidemiological characteristics of H.
Influenzae isolates colonizing sick and healthy children in

Kolkata, India, using serotyping, biotyping, antimicrobial

resistance profiling and genotyping techniques. In total, 629

nasopharyngeal swabs were obtained from children hospitalized

with symptoms of meningitis and/or pneumonia, and 288

nasopharyngeal swabs obtained from healthy children attending

immunization clinics within Kolkata. These swabs yielded 67.

(11%) and 39 (14%) H. influenzae positive cultures,

respectively.

Further analysis revealed a major difference between H.
influenzae colonization rates for sick and healthy children at

months 3–5 of age.

However, no significant difference in serogroup (type b,

non-b, or non-typeable) was observed between isolates

obtained from sick and healthy children. Biotypes I, II, III,

were the predominant biotypes found, with biotypes VI and VII

being totally absent. The incidence of ampicillin and sulpha-

methoxazole resistance between sick and healthy children was

significant (Fisher’s exact test P = 0.016 and P = 0.002,

respectively). Beta-lactamase negative ampicillin-resistant.

(BLNAR) isolates were significantly more likely to possess

combined co-trimoxazole and ceftriaxone resistance when

cultured from sick children (P = 0.05). No common genotype

was observed among H.influenzae isolates cultured from either

sick or healthy children.

P058

Population dynamics and geographical diversity
of Moraxella catarrhalis in the Generation R Study

S.J.C. Verhaegh

Erasmus MC, Medical Microbiology & Infectious Diseases,

Rotterdam

Introduction: Moraxella catarrhalis is often found in the

nasopharynx of children having the capacity to cause respiratory

infections. Several virulence-associated genes (also putative

vaccine candidates) have been identified in M. catarrhalis,

though relatively little is known about the frequency of these

genes. In this study, genotyping, virulence gene screening, and

virulence gene polymerase chain reaction-restriction fragment

length polymorphism (PCR-RFLP) studies were used to inves-

tigate isolate variation in chronologically distinct, and serial,

isolates of M. catarrhalis colonizing young children.

Methods: Nasopharyngeal swabs were taken from children

enrolled in the Generation R focus cohort group, a study based

in Rotterdam, The Netherlands, comprising 1,079 children,

born between February 2003 and August 2005. Nasopharyn-

geal swabs were taken at 1.5, 6 and 14 months of age. Of the

732 M. catarrhalis isolates cultured, 48 single and 82 serial

isolates were further investigated for genotype (pulsed field gel

electrophoresis (PFGE) or multilocus sequence typing

(MLST)), virulence gene frequency (PCR screening), and

virulence gene diversity (PCR-RFLP).

Results: Genotyping revealed a high degree of diversity,

indicative of a panmictic bacterial population. Further, there

was no association between genotype and colonization

frequency, or year of isolation. PCR screening for virulence

genes revealed an incidence of 98% for uspA1, 81% for hag,

82% for uspA2 and 18% for uspA2H. No significant

difference was observed in the prevalence of virulence-

associated genes between isolates originating from children

who were colonized only once or children colonized on all 3

occasions (Chi-square test P = 1). PCR-RFLP analysis of

uspA1, hag and uspA2 showed many gene variants, with no

association between PCR-RFLP patterns and colonization

frequency, or year of isolation.

Conclusion: Even in relatively localized geographical settings,

the genotypic diversity of M. catarrhalis isolates colonizing

children is large, with no yearly pattern of genotype predom-

inance. Children serially colonized with M. catarrhalis isolates

appear to clear a particular genotype only to become subse-

quently colonized with a different genotype. The incidence of

virulence genes in this relatively localized study group is

remarkably similar to that reported in global M. catarrhalis

isolates, possibly indicating that similar selection pressure exists

for M. catarrhalis at both the local and global level. Virulence

gene variation appears to be high, even in this relatively

restricted geographical group. These results could have conse-

quences for vaccines designed against virulence genes.
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Diversilab system for bacterial genotyping in outbreak
investigations

F Bosma, AGM van der Zanden, CD Blijden, B Mulder,

R Hendrix, J Spaargaren, T Halaby

Laboratorium Microbiologie Twente Achterhoek, Enschede

Introduction: Repetitive sequence-based PCR (rep-PCR) sys-

tem proved useful in typing different micro-organisms. Rep-

PCR has been commercially adapted to an automated and

standardized format known as the Diversilab system to provide

an easy to perform and reliable PCR-based typing system for

clinical laboratories. We present several applications of the

Diversilab system as a tool for bacterial genotyping.

Method: DNA is extracted from species identified by VITEK2.

Rep-PCR primers bind to many specific non-coding repetitive

sequences interspersed throughout the genome. Multiple frag-

ments are amplified and can be separated and detected using a

lab-on-a-chip microfluidics technology. The corresponding

information is digitalized in a software package that allows

data analysis, comparison of isolates, archiving, retrieval and

reporting.

Results:

1. The genetic relatedness of extended-spectrum b-lactamase

(ESBL)-producing Klebsiella pneumoniae isolates

involved in a large outbreak in an intensive care unit

(ICU) are investigated. The majority of the isolates

involved in this outbreak appeared to be closely related,

as demonstrated by Diversilab� and confirmed by mul-

tilocus sequence typing (MLST).

2. The usefulness of Diversilab� was evaluated during an

outbreak of multi-drug-resistant (MDR) Acinetobacter

baumannii in an intensive care unit (ICU). Diversilab

showed strain discrimination identical to that obtained by

random amplified polymorphism detection (RAPD) and

selective restriction fragment amplification by amplified

fragment length polymorphism (AFLP).

3. Stenotrophomonas maltophilia strains from intensive care

patients obtained during the same period were genotyped

by using Diversilab and were found to be non-related.

4. Pseudomonas aeruginosa strains from four orthopaedic

patients admitted to the same ward were investigated.

Diversilab showed that the strains were not related.

5. MDR Enterobacter cloacae is frequently isolated from

clinical specimens of ICU-patients. By using Diversilab

one large and one small cluster could be identified.

6. In recent years the prevalence of ESBL-producing Esch-

erichia coli has increased in the community and may

consequently be introduced to the ICU. Strains obtained

from patients admitted to the ICU and non-related strains

were investigated. Using Diversilab system, strains from

ICU patients clustered in different groups. Furthermore,

strains from ICU patients and non-related strains clustered

in the same groups.

7. Twenty-four methicillin resistant Staphylococcus aureus

(MRSA) isolates obtained from different geographic areas

were studied. The strains, each with a different spa type,

exhibit seven distinct groups in based upon repeat patterns

(BURP) analysis. Diversilab showed comparable grouping

patterns as the spa clonal complexes.

Conclusions: Diversilab system is useful in investigating

genetic relatedness of suspected outbreak strains and in the

prompt identification of possible epidemic clusters. This

method is suitable for strain tracking in routine pathogen

surveillance for Klebsiella, Acinetobacter, Stenotrophomonas,

Pseudomonas and Enterobacter species, but shows inadequate

discriminatory power for E. coli. Diversilab may be useful in

studying genetic relatedness of MRSA on the geographic level,

but is less useful in outbreak management.

P060

Prevention of Transmission of Varicella Zoster Virus
by Healthcare Personel; Implementation of a Practical
Guideline for Hospitals

N.T. Bok1, T.E. Faber1, J.H. van Zeijl2

1Medical Center Leeuwarden, Infection Control,

Leeuwarden, 2Public Health Laboratory Friesland,

Medical Microbiology, Leeuwarden

Introduction: Varicella (chickenpox) is caused by Varicella

Zoster Virus (VZV) and is one of the most contagious diseases

with a reported secondary attack rate of 70–90%. Symptoms

are mostly mild, but infection in immunodeficient patients may

follow a severe and sometimes fatal course.

According to guidelines of CBO, LCI, and WIP, the

immune status of all healthcare workers regarding varicella

should be known to the hospital administration. Non-infected

healthcare workers should neither get in close contact with

patients on pediatrics and obstetric wards, nor with immuno-

deficient patients or patients on immunosuppressive treatment.

Alternatively, non-infected healthcare workers can be actively

immunized with VZV vaccine.

In order to detect non-infected healthcare workers with

close patient contact, a screening program was prepared by an

infection control practitioner and a pediatrician/infectious

disease practitioner.

Method: A working group was formed, consisting of a safety,

health and welfare officer, the head nurse of the department of

oncology, a pediatrician/infectious disease physician, and an

infection control practitioner. The purpose was to initiate a

practical guideline with consent to the different perspectives of

the participants. A virologist critically reviewed the concept

guideline.

Results: Meetings of the working group and preparation of the

concept guideline took no more than the equivalent of 4

working days.

It was our choice to include all health care employees in the

screening program who deliver direct care to patients. In this

respect we follow a different course compared to several other

hospitals in The Netherlands.

Screening will be performed by a questionnaire among all

presently appointed healthcare workers, who are asked whether

they have a history of varicella or not. With a negative history,
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or when there is doubt with respect to having contracted the

disease previously, a serological test will be offered (VZV-

IgG). Healthcare workers without a significant antibody titre

will be offered active immunization to VZV. Non-infected

healthcare workers who refuse vaccination will not be allowed

to work either on the Intensive Care ward, or on the pediatric or

obstetric ward, or on any ward with immunodeficient patients.

For newly appointed personnel a safety, health and welfare

officer (ARBO-officer) will take care of the questionnaire, and

apply a vaccination if necessary.

Conclusions: With a minimum time effort we were able to

initiate a screening and vaccination program in order to reduce

the chance of transmission of VZV from health care workers to

patients who are specially prone to infection with VZV.

P061

Infection-associated vancomycin-resistant Enterococcus
faecium isolates circulating in hospitals in Asuncion,
Paraguay

MA Khan1, John b Northwood2, Rivka g. j Loor1,

Aletta t.r Tholen1, Esteban Riera3, Miryan Falcón3,

Alex Van Belkum1, Mireille van Westreenen1,

John Hays1, Mireille Van Westreenen1

1ErasmusMC, MMIZ, Rotterdam, 2G.R.Micro. Ltd,

London, 3Laboratorio Central de Salud Publica,

Microbiology, Asuncion

Objectives: We examined 40 infection-associated VanA- type

vancomycin-resistant Enterococcus faecium (VRE) strains

obtained from 5 collaborating hospitals in Asuncion, Paraguay,

and compared the results with strains from the rest of the

world.

Methods: Isolate genotypes were determined using multilocus

sequence typing (MLST). Antibiotic susceptibility profiles were

obtained using the VITEK 2 system. Characterization of the

vanA Tn1546 transposon and presence of enterococcal surface

protein (esp) was performed using PCR and sequencing.

Results: MLST revealed the presence of 4 STs, with 93% (37/

40) of the isolates comprising ST type 78. The remaining ST

types included ST-132, ST- 210 and one new ST type (ST-

438). Ninety-seven percent (39/40) of the isolates were

associated with clonal complex 17 (CC17), with the entero-

coccal surface protein gene (esp) also being present in 97% of

the isolates. Tn1546 characterization showed 3 Tn1546 vari-

ants, including a new lineage containing an ISEfa5 insertion in

an existing IS1251 element.

Conclusions: Infection-associated VRE isolates circulating in

Asuncion, Paraguay, are almost exclusively ST-78 genotypes.

One of the isolates carried a novel Tn1546 insertion element

ISEfa5, which has previously only been described in Brazil.

The presence of ISEfa5 within Tn1546-carrying E. faecium

isolates (albeit at a low frequency) appears to be a unique

feature of isolates from South America. This is the first report

describing the molecular analysis of VRE in Paraguay.

P062

Comparison of Enzyme-Immunoassay and a new
membrane Rapid Test for detecting Helicobacter pylori
Stool Antigen

P.Y. Mertens1, D. Prasetyo2, H.J. Gerritsen3, V. Labrune1,

T. Leclipteux1, E.J. Kuijper3

1CorisBioconcept, Gembloux, 2Padjadjaran University,

Department of Paediatric Hasan Sadikin G, Bandung,
3Leiden University Medical Center, Department of

Microbiology, Leiden

Introduction: This study aimed at comparing a new developed

rapid Helicobacter pylori Stool Antigen (HpSA) test with a

conventional Enzyme-Immunoassay (EIA) and at determining

the prevalence of Helicobacter pylori (H. pylori) infection in

symptomatic children.

Methods: A cross sectional study was carried out among 102

high school children (12–18 years) with chronic abdominal

pain (without diarhhoea or fever) living in Bandung, West Java

Indonesia. All faeces samples were tested by a rapid test

(Pylori-Strip, Coris BioConcept, Gembloux Belgium) and by a

conventional EIA (Amplified IDEIA Hp StAR, OXOID,

United Kingdom). A stored collection of 32 faeces samples

previously tested positive for H. pylori by EIA was retested by

both assays and also included in the analysis. As rapid test, the

Coris BioConcept’s Pylori-Strip was applied. The principle of

the rapid test is based on the homogeneous membrane system

technology with latex microspheres. A nitrocellulose mem-

brane is sensitized with an antibody directed against HpSA,

while another antibody specific to same antigen is conjugated

to latex microspheres. When the strip is dipped into the liquid

phase of the faecal suspension, solubilised conjugates migrates

with the sample by passive diffusion and the conjugate and

sample material come into contact with the first, immobilized,

antibody. If the sample contains this specific HpSA, the

complex formed of H.pylori antigen and conjugate remains

bound to the antibody adsorbed to the nitrocellulose and a red

line develops. The result is visible within 10 min. The principle

of conventional EIA test is a sandwich-type enzyme-immuno-

assay using immunoassay amplification technology for the

determination of HpSA in faeces. The intensity of the colour is

determined spectrophotometrically.

Results: The overall prevalence of H. pylori infection among

Indonesian children was 3% by EIA. There was an excellent

correlation of rapid test results with EIA, except for 3 weak

positive EIA samples that were negative by rapid test.

Nevertheless, retesting by EIA of these three discrepant

samples led to negative results. Of 32 stored faeces samples

at the LUMC which were previously EIA positive tested, 25

were positive by EIA and 26 were positive by rapid test. Of 6

discrepant samples with the previous test results, all had low

OD values at the first occasion and tested negative by repeated

EIA. One sample was weak positive by EIA, also positive by

rapid test but negative by repeated EIA. Including the results of

the repeated test, the sensitivity, specificity, positive predictive

value and negative predictive value of the rapid test were 96,

98.2, 92.3 and 99.1%, respectively.
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Conclusion. The results demonstrate that:

1. the prevalence of H. pylori infection among symptomatic

Indonesian children is very low and.

2. that new developed Pylori-Strip test has an excellent

performance and is very rapid and easy to use as compared

to EIA.

P063

In vitro activity of tigecycline against
methicillin-resistant Staphylococcus aureus,
including animal-related strains

E.J.M. Verkade1, C.J.M.M. Verhulst1, X.W. Huijsdens2,

J.A.J.W. Kluytmans1

1Amphia Hospital, Medical Microbiology and Infection

Control, Breda, 2National Institute for Public Health and the

Environment, Centre for Infectious Disease Control,

Bilthoven

Objective: To assess the in vitro activity of tigecycline of

methicillin-resistant Staphylococcus aureus (MRSA), including

the recently emerging animal-related strains.

Methods: A well-defined collection of 202 MRSA isolates was

tested. The collection consisted of 3 subsets. The first set of

isolates used in this study contained 76 hospital-associated MRSA

isolates that were collected between 1990 and 1998 in The

Netherlands (old MRSA). The second were 93 hospital-associated

MRSA isolates collected between 2003 and 2005 (recent MRSA).

The third set of isolates tested consisted of 33 animal-related

MRSA strains (AR-MRSA). The MIC of tigecycline was

determined by using the Etest system (AB Biodisk, Solna,

Sweden). Etest strips were applied to the surface of Mueller-

Hinton (MH) agar plates. The MICs of the following antimicrobial

agents were determined simultaneously: gentamicin, cotrimox-

azole, ciprofloxacin, erythromycin, clindamycin, rifampin,

daptomycin, tetracycline, linezolid, vancomycin and teicoplanin.

Results: No significant differences were found for the MIC50

of tigecycline between old MRSA, recent MRSA and AR-

MRSA. The MIC values of most other antimicrobial agents

decreased significantly over time. Among the 202 MRSA

strains evaluated, three (1%) had a tigecycline MIC [ 0.5 mg/

liter, which are considered resistant. However, when Etest

strips were applied on Iso-Sensitest agar plates (Oxoid Ltd.), all

three isolates were susceptible for tigecycline.

Conclusion: The collection of MRSA showed a good suscep-

tibility against tigecyclin and there were no differences

observed in the three collections of strains. The three strains,

which were resistant using MH agar plates, were susceptible

when Iso-Sensitest medium was used. This discrepancy is

currently under further evaluation.The other antimicrobial

agents tested showed variable results. Remarkable was the

trend towards a better susceptibility for non-beta lactam

antibiotics in more recently obtained strains. This may be

caused by the emergence of MRSA in the community.

P064

Performance of Oxoid Brilliance MRSA, a new
chromogenic medium

E.J.M. Verkade, S. Elberts, C.J.M.M. Verhulst,

J.A.J.W. Kluytmans

Amphia Hospital, Medical Microbiology and Infection

Control, Breda

Objectives: To assess the in vitro sensitivity and specificity of

Oxoid Brilliance MRSA for the detection of MRSA.

Methods: A collection consisting of 235 methicillin-resistant

Staphylococcus aureus (MRSA) strains, 284 methicillin-sus-

ceptible Staphylococcus aureus (MSSA) strains, and 265

coagulase-negative staphylococci (CNS) was used. Identifica-

tion of strains as S. aureus and as being methicillin resistant

had been performed by duplex PCR for the mecA gene and the

coagulase gene. Strains were selected on the basis of their

different phage types. The isolates were inoculated onto agar

plates to obtain fresh growth. From the resulting cultures, a

suspension with a 0.5 McFarland standard was made, and

subsequently, 10 microliter was streaked onto an Oxoid

Brilliance MRSA plate. The plates were read after 20 h of

incubation at 35�C. Growth of colonies showing blue color-

ation was considered to be positive (indicating MRSA). No

growth or colonies with colours other than blue were consid-

ered negative. The procedure was performed as recommended

by the manufacturer.

Results: Twenty-nine MRSA strains gave discordant results,

and a PCR for the mecA gene was performed on these

isolates. A total of 28 (97%) of the MRSA strains had a

negative result with the mecA PCR. These strains were

removed from the analysis, according to the protocol of the

study. The results obtained with Oxoid Brilliance MRSA are

shown in Table 1. The sensitivity was 99.6% and the

specificity was 97.4%.

Conclusion: Oxoid Brilliance MRSA can detect a large

number of different MRSA strains and is a sensitive and

specific tool for differentiation between CNS/MSSA and

MRSA in vitro.

Table 1 Results for Oxoid Brilliance MRSA medium after

20 h of incubation

Isolate No. of strains with

a positive test result/total

no. of strains (%)

MSSA 5/284 (1.8)

CNS 9/265 (3.4)

Total (CNS ? MSSA) 14/549 (2.6)

MRSA 234/235 (99.6)
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Detection of Staphylococcus aureus multi locus sequence
type 398 (ST398) in blood cultures

E.J.M. Verkade1, A.E. Budding2, V.A.T.C. Weterings1,

J.W. van Baal-Vissers1, A.M.C. Bergmans1, P.H. Savelkoul2,

A.G. Buiting3, J.A.J.W. Kluytmans1

1Amphia Hospital, Medical Microbiology and Infection

Control, Breda, 2VU University medical center, Department

of Medical Microbiology, Amsterdam, 3St. Elisabeth

Hospital, Medical Microbiology and Immunology, Tilburg

Objectives: Recently a new clone of methicillin-resistant

Staphylococcus aureus (ST398 MRSA) has emerged which is

related to animal husbandry. The methicillin-susceptible

ancestor of this strain is a common S. aureus variant in pigs.

A recent study showed that 2.1% of MSSA strains that caused

bacteraemia in humans were ST398. This finding is worrying

but the study did not use a well-defined collection of strains

and thus the results may be biased. Therefore, we determined

the prevalence of ST398 MSSA in consecutive bacteraemic

patients in an area in The Netherlands with a high density of

pigs.

Methods: In two time periods all consecutive episodes of

MSSA bacteraemia were included. 251 MSSA strains were

isolated between 1996 and 1998 in Tilburg and Breda, The

Netherlands. Another 210 MSSA strains were isolated

between 2002 and 2005 from patients in Breda, The

Netherlands. The cities of Tilburg and Breda are located in

the Southern part of The Netherlands, which is an area with a

high density of pigs.

In order to identify ST398 MSSA, the 16S–23S interspace

(IS) region lengths from all isolates were determined using

specific primers in a PCR. Every S. aureus strain has 5 or 6 IS

regions in its chromosome. The length of the individual regions

vary within the chromosome, so when amplified and sorted by

length using gel electrophoresis, each strain produces an

unique pattern of bands.

All isolates were subcultured to obtain fresh growth. A 1

McFarland suspension was made in 0.75% NaCl suspension.

This suspension was centrifuged at 14,000 rpm for 3 min in an

eppendorf vial. The supernatant was removed and the pellet

was resuspended in AquaDest water by vortexing. This

suspension was then centrifuged at 14,000 rpm for 3 min.

The supernatant was used for PCR without further processing.

For amplification of the 16S–23S rRNA spacer regions, two

primers were constructed in conserved regions of 16S and 23S

rDNA, respectively. PCR products were separated on a 2%

agarose gel. All banding patterns were then visualized using an

UV Transilluminator and were checked for the unique ST398

banding pattern.

Results: None of the 461 MSSA strains showed a banding

pattern that corresponded to that of ST398 (95% CI of 0.00–

0.01).

Conclusion: In an area with a relative high density of pigs,

ST398 MSSA was not found as a cause of bacteraemia in

humans. This finding indicates that ST398 MSSA is not a

frequent cause of invasive disease in humans.

P066

A decade of invasive Streptococcus agalactiae serotyping

WK van der Zwaluw1, S Kuiling1, DW Notermans1,

L Spanjaard2, MEOC Heck1

1National Institute of Public Health and the Environment

(RIVM), Laboratory for Infectious Diseases and perinatal

Screening (LIS), Bilthoven, 2Netherlands Reference

Laboratory for Bacterial Meningitis, Academic Medical

Center, Amsterdam

Introduction: S. agalactiae or Group B streptococcus (GBS)

is a major cause of neonatal morbidity and mortality in

developed countries. Since 1975, The Netherlands Refer-

ence Laboratory for Bacterial Meningitis (RLBM)

collected strains from patients with sepsis and/or menin-

gitis from all hospitals in The Netherlands and sent them

to the National Institute of Public Health and the

Environment (RIVM) for serotyping.

Methods: Serological classification based on capsular polysac-

charides (types Ia, Ib, and II-VIII) was performed on these

isolates using standard methods.

Results: In the period 1999–2008, 550 strains (range 44–71 per

year) were typed. Of all isolates, 61% was isolated from blood

and 39% from cerebrospinal fluid; 91% was isolated from

neonates. Serotyping has shown a constant distribution of

serotypes throughout the years, with type III accounting for the

majority of strains (60%, range 49–69%), followed by type Ia

(18%, range 9–25%).

Conclusion: Because only minor changes occurred in the

distribution of serotypes over the years and given the

straightforward nature of the typing technique, the decision

was made to cease typing at the RIVM and start off typing at

the RLBM per 2009.

P067

Evolution of the clonal complex 41/44 of Neisseria
meningitidis

WC Keijzers, A Arends, A Godfried, A van der Ende

Academic Medical Center, Medical Microbiology,

Amsterdam

Objectives: Since 1980, an increase in the incidence of

meningococcal disease has taken place in The Netherlands,

caused by isolates belonging to clonal complex 41/44 (cc41/44).

Isolates of the cc41/44 differ from other meningococcal

isolates by the presence of a specific restriction modification

system, nmeSI, inserted between NMB2011 and NMB2014

(annotation according that of the MC58 genomic sequence) (1).

In The Netherlands, meningococcal isolates have been col-

lected since 1959. Recently, we started to asses the distribution

of MLST types and clonal complexes among meningococci

isolated of patients with meningococcal disease from 1960

onwards.
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Materials and Methods: Isolates were typed according to the

standard MLST protocol (2), PorA VR1 and VR2 sequence

protocol (3). In addition, isolates were assessed by the PCR,

targeting the region containing restriction modification system

NmeSI in clonal complex cc41/44 (1).

Results: Of 39 isolates of patients with meningococcal disease

in 1960, 11 (28%) could not be assigned to a clonal complex.

Reanalysis of these isolates revealed that 8 (20%) were closely

related to each other and clustered with other isolates in the

MLST data bases with ST37 as a putative founder into a newly

assigend clonal complex, cc37. cc41/44 was the predominant

clonal complex among the 39 isolates with 13 (33%) isolates.

Of the 39 isolates, only two, both serogroup Y cc167, were

positive for the nmeSI locus by PCR. None of the 13 isolates

assigned to cc41/44 appeared to harbour the nmeSI locus.

Sequence analyses of the locus between NMB2011 and NMB

2014 (MC58 annotation) of two of the cc41/44 isolates

revealed sequences, which were previous not seen in Neisse-

riae. In addition, no hit was found with DNA sequences in the

publicly accessible databases. On the protein level, the locus

showed highest similarity to two open reading frames in the

genome of Psychromonas ingrahamii encoding a MoxR like

ATPase and a putative protein containing a von Willebrand

factor type A domain. In a maximum parsimonal phylogeny

tree of cc41/44, in which time is also considered, ST44 is

identified as the founder ST of cc41/44. ST44 evolved into the

hyper virulent ST41, and in that process replaced three of the

alleles of the MLST scheme, gained the nmeSI locus as well as

a PorA of subtype 7-2,4.

Conclusions: In The Netherlands, isolates of cc41/44 were

already present in 1960. Horizontal transfer of nmeSI has

occurred most probably from serogroup Y cc167 to cc41/44

between 1960 and 1980. The MLST type 41 has expanded after

the acquisition of at least the nmeSI locus and PorA 7-2,4,

suggesting that these may have contributed to virulence.
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Variability in PCR performance: master mix under
revision

WLJ Hansen, SB Herngreen, CA Bruggeman, PFG Wolffs

MUMC, Medical Microbiology, Maastricht

Nucleic acid amplification techniques are widely used for the

diagnosis of bacterial and viral infections. Although species-

specific PCR assays offer a good sensitivity and specificity,

this is not always achievable with universal PCR assays.

Universal PCR assays allow the detection of a broad spectrum

of bacteria or viruses, but are hampered with many technical

difficulties such as contamination issues and low sensitivity. In

our attempts to optimize a real-time 16S rDNA PCR assay, we

evaluated different master mixes to compare their perfor-

mances. Three commercially available master mixes, i.e.

ABsolute’ QPCR ROX Mix (Abgene, Epsom, United King-

dom), TaqMan� Environmental Master Mix 2.0 (Applied

Biosystems, California, United States) and TaqMan� PCR

Master Mix (Applied Biosystems, California, United States)

were compared in a real-time 16S rDNA PCR assay using

three different primer pairs. In triplet serial dilutions of

isolated bacterial DNA were used to determine the efficiency

of the performed reactions. The efficiency of the reactions was

highly variable depending on the PCR conditions. Interest-

ingly, the performance of each master mix was dependent on

the primer set used. The use of TaqMan� Environmental

Master Mix 2.0 in combination with two out of three primer

pairs was associated with higher fluorescence levels and lower

Ct values, whereas the combination with a third primer set

resulted in lower fluorescence levels compared to the other

master mixes. The ABsolute’ QPCR ROX Mix scored

average, except in combination with one primer pair, in this

case no linear relation between the Ct and the log of the DNA

concentration could be found. The TaqMan� PCR Master Mix

in combination with one primer pair did not generate any

fluorescence signal at all, whereas used with another primer

pair resulted in a reaction with an efficiency of 1.01. Overall,

the findings showed that the performance of the master mixes

based on the efficiency, the amplification curves and the Ct

values was quite variable and depending on the type of assay.

In this study, the use of TaqMan� Environmental Master Mix

2.0 led to the strongest fluorescence signals. These findings

emphasize the importance of also evaluating different master

mixes and not only standard elements such as primer

concentrations and MgCl2 to achieve ideal PCR conditions

for each individual PCR assay.

P069

Comparative genomic analyses of clinical Bordetella
pertussis isolates: Insights in the genomic content
of strains isolated in different countries

AJ King, H. G.J. van der Heide, S van der Lee, FR Mooi

RIVM, CIB-LIS, Bilthoven

Introduction: Bordetella pertussis (B. pertussis) causes whoop-

ing cough or pertussis in humans and is particularly severe in

infants. Despite vaccination, whooping cough remains a public

health problem. Since the 1990s a significant increase in the

pertussis incidence was observed in many countries. Also in The

Netherlands an increase in pertussis has been observed since

1996. Several causes for the re-emergence have been suggested,

there is evidence that pathogen adaptation also plays a role.

Numerous studies have demonstrated that the B. pertussis

population has changed since the start of vaccination. In several

countries the B. pertussis population was found to be variable

since polymorphisms in surface proteins were found. In The

Netherlands we observed that strains with a particular allele of

the ptx promoter (ptxP) i.e. ptxP3 have expanded in the Dutch B.

pertussis population. The increase in frequency coincided the

increase in pertussis notifications in The Netherlands.

Antonie van Leeuwenhoek (2009) 95:17–133 105

123

http://pubmlst.org/neisseria/
http://pubmlst.org/neisseria/


To better understand genome evolution in B. pertussis

strains circulating in the (immunized) population, we used an

oligonucleotide-based microarray for comparative genomic

analysis B. pertussis strains isolated in different countries

during the period of 60 years. The focus was on strains from

countries with a remarkable pertussis vaccination history. We

aimed to analyze, as much as possible, strains isolated before

and after the introduction of generalized pertussis vaccination.

Methods: We developed an oligonucleotide-based (60-mers)

microarray representing about 93% of the gene repertoire of B.

pertussis, B. parapertussis and B. bronchiseptica. Microarray-

based comparative genome hybridization (CGH) was used to

investigate the gene contents of B. pertussis strains.

Results: The 132 Bordetella pertussis isolates were used in this

study. All together, the 132 strains came from 5 different

countries, namely The Netherlands, Sweden, Kenya, Senegal

and Japan. The majority of the strains are isolated in The

Netherlands these strains represent the sufficient abundance of

B. pertussis populations in The Netherlands. All strains were

selected from the period 1949–2008. In total 3,864 CDS (=pan-

genome) were found in the B. pertussis strains. The microarray

analysis resulted in an estimate of the core genome for B.

pertussis, consisting of 3,313 CDS that are conserved among

all B. pertussis strains, representing about 85% of the ORFs. A

total of 71 regions of difference consisting of one or more

contiguous ORFs, were identified among the variable genes.

Conclusion: An overview of genomic contents in a large

collection of isolates from the microarray-based comparative

genomic hybridization data enabled us to construct a phylo-

genetic structure of B. pertussis. The gene content was found to

correlate highly with the ptxP-type. Additionally the genome

size of B. pertussis strains is decreasing progressively in a

period of 60 years. Our results show that B. pertussis is

dynamic and is continuously evolving. Gene loss may be used

as strategy to adapt to highly immunized populations.
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PREVI Isola: an automated system for inoculation
and streaking

E.A.E. Verhoef-verhage, A.P.J. van Boxtel,

M. van de Wijdeven

SALTRO, Utrecht

Introduction: The aim of this study was to assess the value of

the PREVI Isola (bioMerieux) in the routine diagnostic

laboratory. PREVI Isola is a fully automated technology that

is able to process any material from patients (liquid format)

automatically. Different tube sizes can be used to collect

patient’s material and they can be loaded into the PREVI Isola.

Disposable tips and applicators inoculate different agar plates

automatically. A touch screen interfaces with a software

program that contains the information which plates should be

inoculated for each clinical sample.

After introducing the system in December 2008 we decided

to evaluate the technique by first studying urine samples.

Methods: 80 samples of different patients with a positive native

slide were processed by the PREVI Isola and compared with

manual inoculation.

Results: After overnight incubation, all except 2 samples could

be evaluated. Bacterial counts between both methods were

comparable but counting of colonies by the PREVI Isola was

easier because more individual colonies were observed. This

was especially an advantage in the case of Proteus spp.

Because of this greater power of discrimination more different

colonies were also observed. We estimated that for every 100

urine samples 1 h of manual work could be saved.

Conclusions: PREVI Isola is a new technology that leads to

better readable results for urine samples. The high power of

discrimination saves sub culturing and susceptibility testing

and therefore labor time and costs are economized.

Due to the increased discrimination when using PREVI

Isola the concept of contaminated urine samples needs to be

redefined.
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The incidence of sepsis in a large Dutch University
hospital: CRP and the SIRS criteria
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J.A.G. van Strijp1, J. Verhoef1

1UMC Utrecht, Medical Microbiology, Utrecht, 2Rijnstate

Hospital, Department of Internal and Intensive Car, Arnhem

Objectives: In 1991, consensus guidelines were established for

diagnosis of sepsis. Sepsis is defined as an infection with

symptoms of systemic inflammatory response syndrome

(SIRS). This sepsis definition was reviewed in 2001 and has

been found to be sufficient only with the addition of more

possible symptoms and signs of SIRS and biomarkers like C-

reactive protein (CRP), although it was premature to use

biomarkers to diagnose sepsis. We conducted a prospective,

observational study on the epidemiology of sepsis at the

University Medical Center Utrecht. We evaluated the value of

CRP in addition to the SIRS criteria to differentiate sepsis from

SIRS or seriously ill patients.

Methods: At the University Medical Center Utrecht, all

patients from whom blood cultures were drawn were evaluated

between October 2004 till September 2005 for having sepsis.

All patients with a possible infection and who met[=2 of the

SIRS criteria or patients who did not met the SIRS criteria but

who were seriously ill (altered mental status, organ failure,

hypotension) were enrolled in the study. Sepsis and SIRS

patients (seriously ill patients without infection) were divided

into three groups: patients without organ failure, patients with

organ failure and patients with shock. SIRS and sepsis patients

in the same category were compared with respect to the SIRS

criteria and CRP. Area under the curve (AUC) in ROC curves

were calculated (AUC [0.8 was considered discriminatory).

Results: 6,203 blood cultures were drawn from 2,197 patients.

Based on the above mentioned criteria 2,025 episodes in 1,676

possible sepsis patients were identified after a first evaluation.

After a further second evaluation of these episodes with

knowledge of the culture results and clinical course 998

patients with definitive sepsis and 408 patients without

infection were identified.

Respiratory rate was not measured in 1,973 episodes and

was therefore not evaluated.
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In patients without organ failure CRP gave an AUC of only

0.558. No additional differential effect was observed with

addition of any of the SIRS criteria.

In patients with organ failure CRP combined with temper-

ature yielded an AUC of 0.601.

In patients with shock CRP with any of the SIRS criteria did

not significantly differentiate between septic shock and shock

patients.

Conclusion: Temperature, heart rate, white blood cell count

and CRP did not discriminate sufficiently between sepsis

patients and comparatively ill patients without infection.

P072

Phagocytosis by, and intracellular survival
of Staphylococcus epidermidis Small Colony Variants
in RAW264.7 cells

L de Boer1, C von Eiff2, K Becker2, SAJ Zaat1

1Academic Medical Centre, Amsterdam, Department of

medical microbiology, CINIMA, Amsterdam, 2University

of Münster, Institute of Medical Microbiology, MÜNster

Introduction: Staphylococcus epidermidis is a major cause of

Biomaterial Associated Infection (BAI). The bacteria can form

biofilms on the surface of biomaterials, and can survive within

macrophages in the peri-implant tissue. Small Colony Variants

(SCV) of staphylococci are frequently isolated from BAI clinical

specimens. In the case of Staphylococcus aureus, these SCVs

survive within host endothelial cells in vitro. When wild type S.

aureus invade host cells, they rapidly destroy these cells. S.

aureus SCVs do not destroy the cells, and in that way maintain a

niche for persistence. S. epidermidis is a far less virulent species,

but also is capable of forming SCVs. Since S. epidermidis is

capable of persisting inside macrophages in peri-biomaterial

tissue, we investigated the influence of the SCV phenotype on

phagocytosis and intracellular survival of S. epidermidis.

Methods: We used a phagocytosis assay with the RAW264.7

mouse macrophage cell-line. Initial uptake and over time

survival of S. epidermidis O-47, O-47 hemB, a mutant with the

SCV phenotype, the complemented mutant, and three wild type

and SCV patient strain pairs. After 45 min of incubation of

phagocytes with bacteria (t = 0) extracellular bacteria were

removed, and cells were incubated in medium supplemented

with netilmycin (0,5 mg/ml) to prevent growth of remaining

extracellular bacteria, At t = 0, 4, and 20 h cells were lysed

and bacteria were quantitatively cultured on blood agar.

Results: The initial uptake of the S. epidermidis O-47 hemB

SCV mutant was significantly higher than of the wild type

O-47 and the complemented mutant. After 4 h all strains

showed higher numbers of colony forming units, two to

fourfold higher than after initial uptake, presumably due to

uptake of bound bacteria, or cell division of internalized

bacteria. Survival of the hemB mutant after overnight incuba-

tion was significantly lower than of the wild type and the

complemented mutant (5% vs. 32 and 21%, respectively). The

hemB mutation thus caused increased uptake but led to reduced

intracellular survival. There was no difference in the initial

uptake of normal and corresponding SCV patient strains, but

there were differences among the strain pairs, with uptake

ranging from 2 to 20% of the inoculum. After overnight

incubation one SCV strain showed a significantly higher

survival (200% of the numbers of CFU at t = 0) than the

corresponding wild type strain (50%). For the other 2 strain

pairs survival ranged from 10 to 60%, and no differences in

survival of wild type versus SCV were noted.

Discussion: The SCV phenotype has strain-dependent differ-

ential effects on uptake by and on survival of S. epidermidis

within RAW264.7 cells. Since macrophage cidal activity in the

vicinity of a biomaterial is strongly reduced, increased uptake

may be the more important determinant for the fate of the

bacteria in vivo, since it will allow them to more efficiently

reach a potentially safe intracellular niche. Increased uptake

like in the case of O-47 hemB may be due to increased

expression of adhesins. This is presently under investigation.

P073

Clonal Diversity of Clostridium Difficile PCR-Ribotype
027 in Europe

C Harmanus1, R.J. van den Berg1, D.W Notermans2,

A Goorhuis1, E.J Kuijper1

1LUMC, Leiden, 2RIVM, Bilthoven

Objectives: In 2006, we developed and applied Multi-Locus

Variable Number of Tandem Repeat Analysis (MLVA) for

Clostridium difficile (vd Berg et al., J Clin Microbiol 2007), This

method is able to recognize clonal spread of C. difficile. Since

2005, the Reference Laboratory of C. difficile receives isolates

from other European countries for characterization. We used this

collection to study the molecular epidemiology of Clostridium

difficile PCR-ribotype 027 in 14 different European countries,

including clindamycin resistant Type 027 strains.

Methods: The collection consisted of 59 isolates from 27

different regions of 14 different European countries. All

isolates belonged to PCR Ribotype 027, contained genes for

toxins A, B, binary toxin and had a characteristic deletion in

the tcdC gene. Of the 59 isolates, nine (15%) were resistant to

clindamycin as determined by the presence of ermB genes,

confirming resistance to macrolides and lincosamides. MLVA

was performed as described by vd Berg et al. Seven short

tandem repeat loci (3–9 bp) were used and amplification was

performed using a single PCR-protocol. PCR-fragments were

analysed using multi-coloured capillary electrophoresis on an

ABI3100. The number of repeats per fragment was subse-

quently determined. To study phylogeny, minimum spanning

tree (MST) analysis of MLVA types was performed, using the

number of differing loci and the summed tandem repeat

difference (STRD) as coefficients for the genetic distance

using BioNumerics, version 4.6 (Applied Maths). Isolates with

a STRD B 10 were defined as genetically related. Clonal

complexes were defined by an STRD B two.

Results: Of seven loci used for MLVA, two loci (CdH9 and CdF3)

did not show any variation in all isolates tested. Three other loci

(CdA6, cdB7 and CdC6) showed a large variation, whereas two

remaining loci (CdE7 and CdG8) varied to a lesser extent.

Among all 59 isolates, 27 groups of genetically related

isolates were recognized. Nine groups contained two isolates ore

more. Of these nine groups, one contained isolates from five
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different countries, and one group from two different countries.

Two countries each contained two groups of genetically related

isolates. The remaining five groups were country specific.

Ten clonal complexes of at least two isolates were recog-

nized. Of these 10 clonal complexes, eight were country specific,

whereas two clonal complexes contained isolates from two

different countries. In one country, three clonal complexes could

be found. Two of these clonal complexes were region specific.

The nine clindamycin resistant isolates, derived from three

countries and were divided over six genetically related groups.

Only two isolates were 100% identical. Among the clindamy-

cin resistant isolates, two clonal complexes could be

recognized, containing also clindamycin susceptible isolates,

which were 100% identical to the resistant isolates.

Conclusions: Using MLVA, regional and country specific

clonal complexes of PCR-ribotype 027 could be identified,

reflecting a high epidemiological diversity among these

isolates within different European countries. Emerging clinda-

mycin resistance does not appear to be of clonal origin.

P074

Comparative evaluation of three commercial
chromogenic media and routine two-plate culture
for the detection of urinary tract pathogens

H. Visserman, J. Pasma, N. De Roo-Kallmeijer,

R.J. Muiser, K. Waar

Public Health Laboratory Friesland, Medical Microbiology,

Leeuwarden

Aims: To compare the performance of three commercial

chromogenic agars with routine culture for the enumeration

and presumptive identification of bacteria responsive for urinary

tract infection. Evaluation of a new routine protocol containing a

chromogenic agar and a selective agar plate. To calculate the

cost-effectiveness of the rapid identification of Escherichia coli

in urine samples using chromogenic agar.

Methods: A total of 218 urine samples were inoculated in parallel

on six media: McConkey, TSA (trypticase soy agar), CAP

(Columbia agar with polymyxine) and three chromogenic

agars:UTI clarity (Oxoid), BBL CHROMagar orientation

medium (BD) and CPS ID3 (BioMérieux). Routine culture was

performed on McConkey and TSA followed by identification

and antimicrobial testing using the Phoenix’ (BD). The chro-

mogenic agars were evaluated independently by two laboratory

technicians. Colony count and identification were compared

between the different combinations of culture media.

Results: On routine culture, 56 of the 218 urine samples yielded

no growth, 64 yielded growth with cell count\10(4) CFU/ml,

and 93 yielded growth with cell counts of C10(4) CFU/ml,

5 were mixed cultures with more than 2 colony types. On routine

culture and identification, 45 isolates were identified as E. coli.

Presumptive identification was 100% identical on UTI clarity

and BBL chromagar after 24 h. On CPS ID3 two E. coli isolates

were slower in colour expression and became visible as E. coli

after 48 h. On BBL chromagar two Citrobacter spp. were

misidentified as E. coli because the pink colour was over

expressed. On all three chromogenic agars Klebsiella-Entero-

bacter-Serratia species were misidentified as enterococci and

vice versa. On UTI, CPS ID3 and BBL CHROMagar, respec-

tively 5, 6 and 8% more enterococci were detected compared to

routine culture. For BBL CHROMagar and CPS ID3 this

resulted in a 3% higher mixed culture rate.

Conclusion: The use of chromogenic agar offers a reliable, time

and cost saving replacement for the routine culture and

identification of urine samples. Based on our findings the UTI

clarity chromogenic agar was chosen for routine culture in our

laboratory. When combined with a selective medium for Gram

positive bacteria less subculture is needed with mixed cultures.

Compared with conventional incubation and identification-

susceptibility testing, each sample of E. coli will save €5,30

using chromagar and phoenix’ antimicrobial susceptibility

testing only.

P075

Staphylococcus aureus biofilm formation depends
on the S. aureus lineage

S Croes, R.H. Deurenberg, M.L.L. Boumans, P.S. Beisser,

E.E. Stobberingh, C Neef

Maastricht University Medical Center, Medical

Microbiology/Clinical Pharmacy & Toxicology, Maastricht

Introduction: The aim of the present study was to examine the

contribution of the genetic background of both MRSA and

MSSA to biofilm formation under physiologic glucose con-

centration (0.1%).

Methods: In vitro biofilm formation of 228 clinical Staphylo-

coccus aureus commensal isolates of distinct clonal lineages

was characterized by the polystyrene crystal violet adherence

assay. Additionally, 26 MSSA isolates recovered from blood

from individual patients and associated with either MLST CC8

or CC7 (one of the main clonal lineages among blood stream

isolates in our hospital) were tested. These isolates were

considered as invasive strains. The genetic backgrounds were

determined by spa typing. The associated multilocus sequence

typing (MLST) clonal complexes (CCs) were allocated through

the SpaServer, since it has been shown that spa typing/based

upon repeat pattern (BURP) results are in agreement with

results obtained by MLST. Congo red agar (CRA) screening

was used as phenotypic detection of slime producing ability.

Furthermore, the accessory gene regulator (agr) types were

determined by a real-time multiplex PCR assay.

Results: Of all strains classified as strong biofilm producers,

MRSA and MSSA associated with MLST CC8 produced

markedly more biomass under all tested glucose concentrations,

i.e. 0, 0.1, 0.25 and 0.5%. At 0.1% glucose, more than 60% of the

S. aureus strains associated with MLST CC8 produced thick

biofilms, compared to 0–7% for various other clonal lineages.

Strong biofilm formation was not related with slime formation,

based on CRA screening. Additionally, S. aureus bloodstream

isolates associated with MLST CC8 and CC7 had similar biofilm

forming capacities as their commensal counterparts.

Conclusions:

1. Biofilm formation of S. aureus on polystyrene surfaces

under physiologic glucose concentration (0.1%) was

dependent on the clonal lineage.
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2. The isolation site was not an (additional) predisposing

factor for strong biofilm formation of S. aureus isolates

associated with MLST CC8 or CC7.

3. CRA screening forms no alternative for crystal violet

staining to detect biofilm formation.

4. Furthermore, strong biofilm formation could not be

attributed to a specific agr genotype.

5. The agr genotypes were strictly associated with the clonal

lineages.

P076

Evaluation of Becton Dickinson GeneOhm, Hain
GenoType MRSA Direct and two in house assays
for MRSA screening

T.A.M. Trienekens1, M. Broeren2, ETC. Linssen2,

L. Roorda3, M.H.A. Hermans2

1VieCuri, Medical microbiology, Venlo, 2VieCuri Medisch

Centrum, Medische microbiologie, Venlo, 3Maasstad

Ziekenhuis, Medische microbiologie, Rotterdam

Methicillin-resistant Staphylococcus aureus (MRSA) has

become an increasing problem in nosocomial infection. Rapid

detection of MRSA-colonized patients is a prerequisite to limit

spread of the organism in hospitals. Several molecular assays to

quickly identify MRSA are available. The performance of such

assays depends on many factors among which sensitivity and

specificity of the assay. Besides, the incidence and type of MRSA

strains that are locally present (foreign influence, presence of

animal farms) influence positive and negative predictive values.

We evaluated the performance of four molecular methods

on an ABI 7500 platform (BD GeneOhm MRSA real-time PCR

assay, Hain GenoType MRSA direct and two in house real time

PCR assays), using samples from 226 patients. In house PCR-1

was based on the detection of a S.aureus specific gene together

with the MecA gene, in house PCR-2 was an MRSA direct

PCR adapted from Huletsky. A minimum of two samples (each

containing swabs from nose, throat and perineum) were

analysed per patient. Before amplification, samples were

enriched by overnight incubation in Tryptose Phosphate Broth

with aztreonam. After overnight incubation CHROMagar

MRSA and blood agar plates were inoculated. The outcome

of the cultures after 2 days was considered gold standard.

Twenty-three of the 226 patients carried MRSA. The

sensitivities of the BD GeneOhm, Hain MRSA direct and in

house PCR-1 and -2 were 95.7, 95.6, 69.9 and 87%,

respectively. The positive predictive values were 62.9, 59.5,

25, and 33.3% and the negative predictive values were 99.5,

99.5, 95.3 and 98.2%, respectively. The MRSA that were

missed after overnight culture were retested as pure cultures.

One MRSA strain remained negative in both the BD and Hain

test, none were negative in PCR-1 and PCR-2.

We conclude that in our geographical region both the BD

GeneOhm MRSA test and the Hain MRSA direct test displayed

excellent sensitivities and negative predictive values to detect

MRSA in overnight cultures. Considering the relative small

turnaround time of the BD test, after overnight incubation(3 h

BD versus 6 h for the Hain test) and the advantage of

amplification detection in a closed system, the BD test offers us

a welcome tool for quick MRSA screening.

P077

Performance of Becton Dickinson GeneOhm
methicillin-resistant Staphylococcus aureus PCR assay
in different spa- and PFGE-types of MRSA

T.A.M. Trienekens1, JJARWM van der Velden2,

AWH Heumassej2, M.H.A. Hermans2

1VieCuri, Medical microbiology, Venlo, 2VieCuri Medisch

Centrum, Venlo

Methicillin-resistant Staphylococcus aureus (MRSA) has

become an increasing problem in nosocomial infection. Rapid

detection of MRSA-colonized patients is a prerequisite to limit

spread of the organism in hospitals. Several molecular assays

to quickly identify MRSA are available. Beside assay design,

the incidence and types of MRSA strain that are locally present

(foreign influence, presence of animal farms) influence the

performance of such assays, A.

We evaluated the ability to detect different Staphylococcal

protein A (spa)- and pulsed-field gel electrophoresis (PFGE)

types of MRSA with BD GeneOhm MRSA real-time PCR

assay on an ABI 7500 platform.

Seventy-nine MRSA strains were tested. The strains were

collected since autumn 2005 from the region of Venlo and

selected to include as many spa-types as possible in the

evaluation. To have more different types, the collection was

extended with strains from the region of Den Bosch. From

those strains mostly PFGE typing was available (typing was

done at the RIVM, Bilthoven, The Netherlands), because

before 2007 MRSA strains were not routinely spa-typed in The

Netherlands. A disadvantage of PFGE-typing is that data

cannot be compared between different laboratories. Spa-typing,

in contrast, is sequence based and its results are valid

worldwide. Hence, if both typing results were available only

the spa type was considered in our evaluation.

Thirty-six different PFGE types were tested, from which 4

strains with 4 different PFGE-types were not detected.

From the 29 different spa types 2 MRSA strains with 2

different spa-types were not detected.

In the region of North-Limburg the predominating spa types

were t011 and t108. These are animal farm related types. The

other spa-types obtained from this region were isolated only

once or twice.

We conclude that the BD GeneOhm MRSA test missed

some spa and PFGE types. However, in our region, with a

specific selection of MRSA types, the BD GeneOhm test

performed well for MRSA screening purposes.

P078

Transcriptome and proteome of anammox bacteria

MSM Jetten, HR Harhangi, B Kartal, KJ Francoijs,

E Janssen-Megens, JT Keltjens, HJM Op den Camp,

H Stunnenberg, M Strous

RU Nijmegen, Microbiology IWWR, Nijmegen

Introduction: Anammox bacteria combine ammonium with

nitrite to produce dinitrogen gas. They can be applied in waste
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water treatment systems, and were shown to contribute

significantly to loss of fixed nitrogen in the ocean. In order

to gain more insight into the mechanism of the anammox

process, the genome, transcriptome, and proteome of the

anammox bacterium Kuenenia stuttgartiensis was studied.

Methods: The 4.2 Mb genome of the anammox bacterium

Kuenenia stuttgartiensis was assembled after sequencing of

appropriate BAC and fosmid libraries. For the transcriptome,

total RNA was isolated from single cells and reverse transcribed

using random hexamer primers. The cDNA obtained was

sequenced using illumina technology. Protein extracts of

Kuenenia single cells were analyzed after separation on SDS–

PAGE gels, trypsin digestion and LC-MS/MS analysis.

Results: About 94% of the total RNA was ribosomal RNA, but

still 271169 reads of 32 nucleotides from the transcriptome

could be matched to the open reading frames in the Kuenenia

genome. Of the 4,664 genes in genome 567 could not be

matched by any read of the illumina data, while 506 genes

were covered by more than 100 reads. These included the

genes encoding catabolic proteins most likely involved in

nitrogen and carbon metabolism of anammox : nitrate reduc-

tase, nitrite reductase, hydrazine hydrolase, hydrazine oxidase,

and carbon monoxide dehydrogenase. Most of the transcrip-

tome data could be confirmed by proteomic analysis of

anammox cell extracts.

Conclusions:

1. Illumina sequence technology is a suitable method to

analyse bacterial transcriptomes.

2. Anammox bacteria express genes involved in the central

carbon and nitrogen metabolism to a high level.

3. Proteome data of anammox are consistent with the

transcriptome.

P079

Extended-Spectrum b-Lactamases in Non-Typhoidal
Salmonellae Isolated from Indian Hospitals

G. A. Menezes1, M. A Khan1, B. N Harish2, J. P Hays1

1Erasmus MC, Medical Microbiology & Infectious

Diseases, Rotterdam, 2JIPMER, Medical Microbiology,

Pondicherry

Introduction: Non-typhoidal salmonellae are one of the prin-

cipal pathogens implicated in food-borne gastroenteritis

worldwide. In severe infections like meningitis and septicemia,

antibiotic treatment is essential and extended-spectrum ceph-

alosporins are preferentially used to treat salmonellosis in

children. However, treatment failures due to in vivo acquisition

of an extended-spectrum b-lactamase (ESBL) gene in non-

typhoidal salmonellae are now well established, particularly in

India. Further, information on molecular types of ESBL

positive Non-typhoidal salmonellae is, however, lacking from

India. We therefore undertook a study to investigate ESBL

genes in cephalosporin resistant non-typhoidal salmonellae

isolated from patients from different hospitals in India.

Methods: Twenty three isolates of non-typhoidal salmonellae

were collected from patients attending four different hospitals

in India (Pondicherry, Bangalore, Mangalore and Delhi) during

2007–2008. Non-typhoidal salmonellae were from stool

cultures (19) blood cultures (3) and CSF culture (1), using

standard methods. Isolates were identified biochemically and

then confirmed by agglutination with specific antisera as Non-

typhoidal salmonellae and antibiotic profiles were obtained

using the Vitek (bioMerieux) system against 22 antibiotics.

The isolates were confirmed to be ESBL producing using the

combination disk method. PCR and sequencing were used to

determine the underlying genetic determinants responsible for

the ESBL phenotypes. Pulsed field electrophoresis was

employed to further characterize the isolates.

Results: Out of a total of 23 isolates, 12 isolates possessed the

cephalosporin resistanct phenotype with possible ESBL pro-

duction. A total of 12 (100%) 5 (41.7%) and 1 (8.3%) isolates

were TEM, SHV and CTX-M-1 ESBL producers, respectively.

Genotypic diversity was observed among the isolates, even

from the same region.

Conclusion: Twelve of 23 (52.2%), a very high proportion of

non-typhoidal salmonellae from India produced ESBLs. One of

the non-typhoidal Salmonella isolate was unusually positive for

combination of TEM, SHV and CTX-M-1 ESBL. PFGE results

demonstrated genotypically diverse non-typhoidal salmonellae.

In India, non-typhoidal salmonellae constitute approximately

20% of the Salmonella serovars, and dissemination of isolates

resistant to extended-spectrum cephalosporin is frequently

observed. In resource poor countries, such drug resistant

Salmonella isolates could disseminate on a large scale and

jeopardize classical antibiotic therapy, therefore continued

surveillance of the presence of ESBLs in salmonellae in India

is required.

P080

Diagnosis of Mumps Using Detection of Specific
Immunoglobulins M, A, and G in A Predominantly
Vaccinated Population

S Paltansing1, C.H. Krause2, H.J. Gerritsen1,

A.C.T.M. Vossen1

1Leiden University Medical Center, Medical microbiology,

Leiden, 2Specialist Virology Centre, Royal Infirmatory

of Edinburgh, Edinburgh

Background: Serological confirmation of mumps is important

to identify mumps cases.

Objectives: To compare the performance of two commercial

indirect mumps IgM EIAs (Virion/Virotech) and a mumps

IgM-capture assay (Diamedix) with immunofluorescence test-

ing. The role of anti-mumps IgA (in-house IFA and EIA) and

IgG testing (Virion EIA) in this probably highly vaccinated

population was also evaluated.

Study design: Seventy-four patient sera were tested. Results

were analysed in relation to time from onset of symptoms.

Results: Sensitivity of the IgM assays ranged from 18 to 56%.

Sera collected at[10 days after the onset of symptoms showed

the highest IgM seropositivity rate of 67 to 100%. IgA was

more often detected than IgM in the first 10 days of illness. The

Virion IgG EIA detected a more than twofold-rise in mumps

IgG antibodies in all paired serum samples.

Conclusion: IgM capture EIA is more likely to detect mumps-

IgM in the first week of symptoms than other IgM assays.
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Sensitivity of both IgM and IgA assays increase with time from

onset. Mumps-IgA in the early phase and analysis of IgG titres

in paired sera might be valuable adjuncts in the diagnosis of

mumps in a previously vaccinated population.

P081

Pathogen detection using proximity dependent DNA
ligation

F.J. van der Wal1, O. Mendes2, R. Nong3, U. Landegren3,

C.D. Schoen2

1Central Veterinary Institute, Wageningen UR, Lelystad,
2Plant Research International, Wageningen UR,

Wageningen, 3Dept of Genetics and Pathology/Molecular

Medicine, Uppsala University, Rudbeck Laboratory,

Uppsala, Sweden

Most diagnostic assays are based on ELISA or real time PCR.

Whereas the latter is very sensitive and suitable for high

throughput, many assays rely on detection of proteins. In the

case of plant viruses, more than 95% of the genome is ssRNA

coded, as a result of which those viruses show more variability

than pathogens with dsDNA. Consequently, using molecular

detection for viruses is not always reliable, and antigen

detection is required. For detection of bacterial pathogens

many existing assays rely on the detection of surface antigens,

rather then DNA, or on detection of the humoral antibody

response.

A new technique that provides the specificity of an

immunoassay with the sensitivity and manageability of PCR

is proximity ligation. Proximity ligation uses antibodies or

other binding reagents, coupled to oligonucleotides for prox-

imity-dependent ligation reactions that depend on dual

recognition of target molecules. The two oligonucleotide

extensions hybridize with a free oligonucleotide, followed by

ligation after which the new chimeric DNA strand can be

amplified by PCR. It is expected that the sensitivity of such

assays exceeds that of ELISA’s. The improbability of ligation

in the absence of the specific target ensures a low background

and thus high assay specificity. This combination of high

sensitivity and specificity offers opportunities for designing

multiplex assays that target antigens and/or antibodies in a

wide variety of samples.

Two proximity ligation assays for the detection of extra-

cellular proteins from a zoonotic pathogen (Campylobacter)

and a plant virus (Pepino mosaic virus) will be presented.

P082

Comparison of Medical Wire’s New Sigma-Swab
with HealthLink Amies Transport System (Copan)
for Maintenanace of Bacteria Viability

M Stuczen, V Edwards-Jones

Manchester Metropolitan University, Science

and Engineering, Manchester

Background: Swab transport systems are used for a variety of

specimen types and they must maintain organism viability

during transport to a laboratory. Liquid and gel-based transport

swab systems have been recognized as the best option, but

there are some limitations as the specimen is diluted by

immersion within the liquid or gel. The Medical Wire &

Equipment Sigma-Swab is a new, medium free transport

system. The absence of transport medium means, there is no

dilution of the specimen and no non-viable organisms to

interfere with Gram stains. In this study, the Sigma-Swab

(Medical Wire & Equipment) and the HealthLink Amies

transport swab (Copan) were assessed. The tests were

conducted in accordance with CLSI Standard M40-A. Addi-

tionally, the standard M40-A method (CLSI) was compared

with a modified method that assessed the effect of nutrients,

storage temperature and mixtures of bacteria on their recovery

which would reflect a clinical situation.

Methods: Viability of Staphylococcus aureus and Escherichia

coli were evaluated using the two swabs systems. Known

numbers of bacteria and their mixtures were added to the swabs

and quantified using serial dilution at 0, 24 and 48 h, after

storage at 4�C and RT in the presence and absence of nutrients.

Results: The Sigma-Swab and Amies swab met acceptance

criteria at both storage temperatures for both isolates tested in

the presence and absence of nutrients, but the Sigma-swab

maintained E.coli viability better than Amies swab with only a

0.1 log increase in CFU compared to 0.7 log increase with the

Amies swab for specimens held at 4�C. Also, the Sigma-swab

released 0.4 log more CFU than the Amies swab with each

organism, eliminating the dilution effect caused by the

maintenance medium in the system.

Conclusion: Many laboratories use transport medium to main-

tain the viability of the bacteria from clinical samples whilst

swab is transported. This is especially problematic when bacteria

are present in low numbers. The Sigma-Swab and Amies Swab

met acceptance criteria for all isolates tested, but the Sigma-

Swab medium free transport system performed better results.

P083

Routine testing for Mycoplasma genitalium in patients
with a suspected sexual transmitted disease may
be useful especially in men

I.K. Roozeboom-Roelfsema, B.F. Bekkering, J. Schirm,

D.S. Luijt, A.M.J. Beerens

Laboratory for Infectious Diseases, Medical Microbiology,

Groningen

Introduction: Mycoplasma genitalium (Mg) may cause sexu-

ally transmitted disease (STD). In men Mg has been implicated

as a causative agent in non-gonococcal urethritis (NGU). In

woman Mg may be responsible for urethritis and cervicitis.

Screening of female patients for Mg is considered, because

infection with Mg can be asymptomatic and can result in pelvic

inflammatory disease (PID). The aim of this study is to

determine the prevalence of Mg in the population of patients

routinely tested for STD in our laboratory, and whether routine

testing of Mg is useful.

Methods: From a total of 2,025 urogenital tract samples (e.g.

urethral swabs, urine and vaginal swabs) DNA was isolated
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with the ABBOTT M2000sp using the protocol for Ctr/Ngo.

Mg DNA was detected by an in-house Real-Time PCR, based

on conserved regions of the MgPa adhesion gene as described

by Jensen et al. (JCM 2004:42, p 683–92). Real-Time PCR was

performed with 10 ll of the sample DNA and the Universal

PCR Master Mix of Applied Biosystems in a final reaction

volume of 25 ll, using the ABI Prism 7500 instrument.

Results: From the 2,025 samples, 48 were found positive for

Mg DNA (2.3%). Of these 48 positive samples 19 originated

from males, corresponding with approximately 4% of the total

number of male samples. Of these 19 males, 8 had symptoms

of urethritis, whereas no clinical data were available for the

other 11 male patients. In women 29 samples were Mg DNA

positive (approximately 2% of all samples), in all cases without

clinical data. Of all 48 positive samples 6 (12.5%) were also

found positive for Ct (5) or Ng (2).

Conclusions: The prevalence of Mg in our patient group was

somewhat lower than in published data. This could be due to the

population tested. The prevalence of Mg was higher than the

prevalence of Ng in the same samples but lower than the

prevalence of Ct. Our study shows the presence of Mg in men

with uretritis where no other causative agent can be detected and

confirms that Mg can cause NGU in men. Therefore in men

routine testing of Mg may be useful. Whether routine testing in

women (especially to prevent PID) is useful remains to be

investigated.

P084

Adenovirus and Herpes simplex virus as a possible cause
of non-gonococcal urethritis

J. Moedt, B.F. Bekkering, I.K. Roozeboom-Roelfsema,

J. Schirm, D.S. Luijt, A.M.J. Beerens

Laboratory for Infectious Diseases, Medical Microbiology,

Groningen

Introduction: The most common causes of non-gonococcal

urethritits (NGU) are Chlamydia trachomatis and Mycoplasma

genitalium. However, in many cases no pathogen is identified

and adenoviruses and herpes simplex viruses may be potential

viral causes of NGU. Published data reveal a prevalence

of 2–6% for adenoviruses and 1–5% for herpes simplex

viruses.To prevent unnecessary treatment with antibiotics,

testing for these viral pathogens may be useful.

The objective of this study is to detect adenoviruses and

herpes simplex viruses (HSV) in genital samples from males to

establish the prevalence of these viral pathogens in men with or

without NGU.

Methods: In this study, urine samples and urethral swabs of

men with or without urethritis symptoms which had been

routinely tested for Chlamydia trachomatis and Neisseria

gonorrhoeae, were tested retrospectively for the presence of

HSV-DNA and adenovirus-DNA.

DNA was extracted with the Abbott M2000sp and adeno-

virus or HSV DNA was detected using in-house real-time PCR

and the ABI prism 7500 system.

Results: A total of 249 samples were tested of which 202 were

urine samples and 47 were urethral swabs. All were found

negative for Neisseria gonorrhoeae and 24 (10%) were positive

for Chlamydia trachomatis. Adenovirus was found in only 2

samples (0.8%). In one case adenovirus was found in a urine

sample (no clinical information known), the other one was

found in an urethral sample from a male patient who had

recurrent urethritis problems. HSV was found in 3 samples

(1.2%), of which one was reported with urethritis. For the other

2 HSV samples no clinical information was provided. In none

of the adenovirus or HSV samples Ng or Ct was present.

Conclusions: The prevalence of adenoviruses and herpes

simplex viruses in urine and urethral samples in this study is

below the expectations based on published data. These viruses

probably donot contribute much to the identification of the

causative agent of NGU in males. Still, in these small numbers,

in 2% of the samples adenovirus or herpes simplex virus was

found while in these cases no Ng or Ct was detected.

Therefore, screening of urines and urethral swabs for

adenoviruses and herpes simplex viruses in men tested for

sexually transmitted disease for is under consideration and

further study is recommended.

P085

Susceptibility of parechovirus type 1
for the antipicornaviral agent Pleconaril

K.H. Voorkamp1, T. de Jong1, J.M. van Montfrans2,

A.A.J.M. van de Ven2, A.C.G. Egberts1, M. Nijhuis1,

A.M.J. Wensing1

1University Medical Center Utrecht, Department

of Medical Microbiology, Utrecht, 2Wilhelmina Childrens

Hospital, Department of Pediatrics, Utrecht

Background: Parechoviruses (HPeV) used to be classified as

enteroviruses (EV’s), but are now recognized as a separate

genus within the family of picornaviruses.on the basis of their

distinctive biological and molecular properties. In addition to

HPeV1 (formerly known as echovirus 22) and HPeV2

(formerly known as echovirus 23) six genotypes are now

identified: HPeV3, 4, 5 and 6. Generally, infection with

parechovirus leads to mild gastrointestinal symptoms like

gastroenteritis and diarrhea, but particularly HPeV 3 may also

be associated with more severe illnesses like encephalitis,

pneumonia and myocarditis. At present, there is no prevention

or antiviral treatment available.

Pleconaril is a chemically designed broad-spectrum capsid

inhibitor, that binds to an hydrophobic pocket within the

structural protein VP1,one of four structural proteins (VP1–4)

which form the icosahedral capsid of picornaviruses., This

prevents changes in the viral capsid necessary for attachment to

the host cell receptor and uncoating of viral RNA.

In vitro and in vivo studies have shown pleconaril activity

against several picornaviruses, including several human EV’s.

Because of the structural similarity between EV’s and HPeV’s,

pleconaril could also have an antiviral effect on parechovirus

infections. Thererfore, we conducted pleconaril susceptibility

testing of parechovirus.

Methods: A MTT cell-killing assay was developed to study the

effect of pleconaril on HPev replication. In this assay,

pleconaril inhibition of cell-killing due to HPeV infection is
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determined by measuring the yellow (3-(4,5-Dimethylthiazol-

2-yl)-2,5-diphenyltetrazolium bromide (MTT) which is

reduced to the purple formazan in the mitochondria of living

cells only and crystals are formed. After aspiration of the

unreacted MTT, the crystals were solubilized and the OD on

540 nm was measured.

Tests were preformed in duplo.

Besides HPeV 1 we tested some reference viruses. As a

positive control the pleconaril susceptible coxsackievirus B3

was used, and as negative control the pleconaril resistant

Poliovirus type 1virus. Viruses were cultured on HT-29 cells

and infectious virus titre (TCID50) was determined using end-

point dilutions and MTT read-out.

Results: Testing of an HPeV 1 isolate from a stool sample of an

immunocompromised patient with long-term HPeV1 shedding,

revealed that HPeV was not susceptible to pleconaril in any

concentration used (3.2–10 lg/ml, IC50: 3.8 ng/ml). Cox-

sackie B3 virus was indeed susceptible for all concentrations of

pleconaril and poliovirus only for the highest concentration of

pleconaril. Experiments with other HPeV serotypes are in

progress.

Conclusion: (1) The MTT assay is an simple, inexpensive way

to determine HPeV susceptibility for a particular drug. (2) A

HPeV1 isolate was not susceptible for pleconaril in vitro.

Currently other clinical isolates of HPeV are being tested in the

same assay.

P086

High Resolution Melting of Internally Transcribed
Spacer (ITS) Sequences as a tool for detecting
mycobacteria in clinical samples

AGM van der Zanden, T Halaby, B Mulder, J Beverdam,

E Worsseling, H Wilke

Laboratorium Microbiologie Twente Achterhoek,

Moleculaire Microbiologie, Enschede

Objective: In clinical microbiology laboratories there is a need

for the rapid detection of infections caused by mycobacteria.

Molecular tests for mycobacteria are mostly based on detection

of 16S sequences. They are often hampered by the large

number of cross-reacting species present in many types of

clinical samples and by environmental mycobacteria present in

both the reagents used for DNA extraction and isolation, as

well as in PCR reagents.

Methods: In this study High Resolution Melting (HRM), which

is an improvement to traditional post-PCR melting curve

analysis, enabling the detection of Single Nucleotide Polymor-

phisms (SNP’s) and other mutations, was used to investigate a

series of 200 clinical samples for the presence of DNA of

mycobacterial origin.

PCR reactions targeting the mycobacterial ITS sequence

were carried out in a HRM master mix. A number of pre-

amplification touch-down cycles was needed in order to avoid

non-specific priming and the Mg?? concentration had to be

increased to a final concentration of 3.0 mM. All experiments

were carried out on a LightCycler 480 instrument using the

manufacturer’s software for HRM Analysis. The second

derivative of the melting curves was used to further assess

the specificity of the reaction.

Results: Negative results In all cases HRM-based PCR

corresponded with a correctly identified negative sample.

Positive results: HRM-based PCR correctly identified the

presence of mycobacterial DNA in more than 95% of cases.

False positive results in the remaining samples were due to the

presence of cross-reacting bacterial species such as Actino-

bacterium and Actinobacillus.

Conclusion: In this study we have been able to demonstrate the

usefulness of a HRM-based PCR targeting the mycobacterial

ITS sequence for screening purposes in the diagnosis of

mycobacterial infections. In most cases this results in a clear-

cut difference between positive and negative samples. Positive

samples, however, need to be further investigated by sequenc-

ing the ITS and/or 16S genes.

P087

Rapid five-minute Giemsa staining for detection
of malaria parasites in blood smears

M.M. Jager, R.D. Piqué, C.M.J.E. Vandenbrouckegrauls,

T.A.M. Hekker

VUmc, Dept. Medical Microbiology & Infection Control,

Amsterdam

Introduction: To develop and evaluate a modified, rapid Giemsa

staining procedure for detection of malaria parasites in blood

smears. Disadvantage of the rapid commercially available

staining methods is that they require highly experienced techni-

cians for interpretation of results because the interpretation can be

difficult. For this reason, many laboratories use the Giemsa stain.

Shorter Giemsa staining times have been reported previously,

however, to our knowledge, the effect of 5 and 10 min staining in

different Giemsa dilutions have not been evaluated.

Methods: The stock solution of Giemsa stain (Merck, Darms-

tadt, Germany) was used in different dilutions (1:10 and 1:5)

and incubated for different lengths of time (10 and 5 min). The

staining effect was compared to our standard Giemsa stain

(1:40, 45 min). Sensitivity was determined by examining

smears of P. falciparum from fresh and EDTA blood. The level

of parasitemia was followed in two patients admitted to our

hospital with P. falciparum parasitemia’s of 21,5 and 28,8% by

examination of blood smears taken at different time points after

initiation of therapy. These samples were used to evaluate the

different Giemsa dilutions and staining times. Smears were

read by three independent observers (a clinical microbiologist,

a laboratory technician specialized in parasitology, and a

resident in clinical microbiology).

Results: All smears were equally easy to read and yielded

parasite counts within internationally accepted ranges of

variation (see United Kingdom National External Quality

Assessment Service). We prefer the 5 min staining with a 1:5

dilution.

Conclusion: Staining blood smears for detection of Plasmo-

dium falciparum parasites with a 1:5 dilution of Giemsa stain

for 5 min provides easy to read slides and results comparable
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to those obtained with the standard Giemsa staining. Advan-

tage of the rapid method is the shorter turnaround time,

disadvantage is the larger amount of stain used.

P088

MRSA-MSSA conversion due to loss of mecA
via recombination between two ccrC genes present
in a novel SCCmec type from Staphylococcus aureus

ST398

M. A. Chlebowicz1, K. Nganou1, J.P. Arends1,

H. Grundmann1, S. Engelmann2, J.M. van Dijl1, G. Buist1

1University Medical Center Groningen and University

of Groningen, Department of Medical Microbiology,

Groningen, 2Ernst-Moritz-Arndt Universität, Greifswald

Introduction: Staphylococcus aureus is a major human and

animal pathogen that can cause severe infections. Methicillin

resistance is associated with the presence of a mobile genetic

element, the Staphylococcal Chromosomal Cassette mec

(SCCmec). Seven main SCCmec types have been identified

(types I-VII) of which the sizes vary from 20 up to 50 kb.

Every cassette is composed of two complexes: a mec gene

complex that contains mecA, mecR1, mecI plus insertion

elements (IS), and a ccr gene complex with genes for

recombinases. The mec gene complex contains mecA coding

for penicillin-binding protein 2a, which confers resistance to b-

lactam antibiotics, such as methicillin.

Methods: Four methicillin-resistant S. aureus (MRSA) and four

susceptible (MSSA) strains were isolated from a mother and

daughter with pneumonia and umbilicus infections, respec-

tively. Strains were typed using PCR, Pulsed Field Gel

Electrophoresis (PFGE), Multi Locus Sequence Typing

(MLST) and spa typing. PCR combined with nucleotide

sequence analysis and comparison was used to determine the

composition of the cassettes in MRSA and MSSA isolates.

Results: All isolates belong to the MLST type 398, contain the

Panton Valentine Leukocidin genes and have the spa type t034.

MRSA and MSSA strains were all non-typable by PFGE after

using SmaI, but after restriction with EheI a 100 kb DNA

fragment unique for MRSA isolates was identified. PCR

amplification of the central part of the SCCmec cassette of the

MRSA and MSSA strains showed that the MSSA isolates still

contain a large part of the cassette. Sequence analysis showed

that the SCCmec cassette contains a class C2b mec gene

complex flanked on either side by highly homologous ccrC-

carrying units. The cassettes in both MRSA and MSSA strains

contain a complete Hsd restriction modification system.

Comparisons with known SCCmec cassettes showed signifi-

cant similarities to S. aureus type III and type V cassettes while

a major part showed high similarity to a SCCmec cassette

present in S. haemolythicus. The MSSA isolates were found to

contain only one ccrC gene, which was shown to be the result

of homologous recombination between the two ccrC genes

present in the MRSA strains. An identical recombination event

can occur in vitro during cultivation of the MRSA isolates at an

elevated temperature.

Conclusions: Strain typing showed that the MRSA and MSSA

isolates belong to an animal related lineage, suggesting a

possible veterinary origin. Comparison with human and

animal-derived ST398 strains showed the presence of a similar

SCCmec element among different isolates of this lineage. Due

to its homology type V cassettes, the newly characterized

cassette was previously incorrectly designated as a type V

cassette for several ST398 strains. We propose to refer to this

new cassette as a type VIIb SCCmec cassette. The data suggest

that the type VIIb cassette originates from a recombination

between SCCmec elements of S. aureus and S. haemolyticus.

The MRSA-MSSA conversion does not occur by loss of the

entire mobile element from the genome, but via recombination

between homologous ccrC regions flanking mecA.

P089

A functional proteomics approach to immune evasion

F.J. Milder, K.P.M. van Kessel, J.A.G. van Strijp

UMC Utrecht, Medical Microbiology, Utrecht

Introduction: In bacteria secretion systems are crucial virulence

determinants, however, our knowledge on the functions of

secreted proteins in innate-immune evasion is limited. The

existing routines for identification of the proteins involved are

founded on homology (gene sequence, gene location, protein

structure) with known inhibitory proteins. Whereas this

rational approach provides only a limited set of proteins with

putative inhibitory capacity, functional characterization is the

way for identification of truly novel inhibitory proteins. The

research presented here aims at the development of a

structured, non-biased, functional proteomics based approach

to identify immune-modulating proteins within the secretome

of the human pathogen Staphylococcus aureus.

Methods: Proteins secreted by S. aureus that specifically

interact with phagocyte receptors and with serum components

deposited on the cell surface (i.e. opsonization; labeling of

particles for clearance by the innate-immune system) most

likely contribute to the capacity of the pathogen to evade the

host-immune system. Two complementary approaches are

being developed to identify the proteins involved (1) Depletion

2D-DIGE (two-dimensional difference gel electrophoresis);

comparison of the secretome depleted from the proteins of

interest through incubation with the target particles (neutro-

phils and opsonized bacteria) and the native non-treated

secretome (2) Biotin-Enrichment; concentration and purifica-

tion of secreted proteins that bound to the target particles by

using a biotinylated secretome and streptavidin coated

magnetic beads. Due to the low protein concentration the

‘‘crude’’secretome, i.e. the culture supernatant, does not suffice

for direct use in the experiments. To address this issue the

secretome is concentrated and simultaneously purified by Ion-

Exchange Chromatography.

Results: Secretome analysis of the ten sequenced S. aureus

strains indicate significant differences in the amount and

composition (molecular weight and pI) of the proteins secreted.

Furthermore, addition of divalent ions, a carbon source,

vitamins, and micronutrients to the minimal-culture medium

(IMDM) yields a higher amount of secreted proteins. Recovery

of these proteins from the culture supernatant by Ion-Exchange

Chromatography was successful for strain N315. Pilot
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experiments with a biotinylated secretome of this strain

indicate that binding of secreted proteins to neutrophils is

accomplished following incubation. Western blotting analysis,

using peroxidase labeled streptavidin, of the secretome before

and after incubation with the neutrophils shows the depletion

effect is strongest for the relative ‘‘small’’proteins (\30 kDa).

Conclusion: The identification of the factors that ascertain

efficient innate-immune evasion, i.e. secreted immune-modu-

lating proteins, is of great importance as these are crucial tools

in unraveling the mechanisms from the molecular to the

organism level. The results presented above form a starting

point for the development of a novel, structured, and non-

biased functional proteomics based approach to identify the

proteins involved.

P090

Comparison of four methods to extract DNA
from stool samples

T.A. Schuurs1, E. Poelstra1, A. Stellingwerff1,

T. Schuurman2, G.T. Noordhoek1

1Public Health Laboratory Friesland, Leeuwarden,
2University Medical Centre Groningen, Groningen

The extraction efficiency of nucleic acids from clinical samples

mainly depends on the pretreatment of samples, the lysis buffer

and the binding/elution capacity of the (silica) matrix. Espe-

cially for molecular diagnostic tests for gastro enteritis an

extraction robot which can handle large numbers of samples

with a short turnaround time, little hands-on time, low costs

and good performance is necessary. We compared the DNA

extraction efficiency of four extractors, easyMAG (bio-

Mérieux), MDx-Biorobot (Qiagen), Maxwell-16 (Promega)

and M2000SP (Abbott).

Seventy clinical stool samples containing none, one or

several of the following pathogenic microorganisms, Salmo-

nella enterica, Campylobacter jejuni, Shigella spp., Giardia

lamblia, Cryptosporidium parvum, Dientamoeba fragilis or

Clostridium difficile, as determined by routine culture, micros-

copy or antigen detection tests, were aliquoted in 100 mg

portions and kept frozen until use. Pilot experiments were

performed on spiked stool samples to find the best pretreatment

and extraction protocol for each extractor. Before extraction,

the samples were vigorously mixed in either 200 ll Nuclisens

Lysis buffer (bioMérieux, for easyMAG), 200 ll STAR buffer

(Roche, for MDx-Biorobot and Maxwell-16) or 200 ll Abbott

Lysis Buffer (Abbott, for M200SP). Extractions were per-

formed on 100 ll supernatant with Phocid Herpes Virus

(PhHV) as internal control. Extraction protocols used were:

easyMAG Specific A, Qiagen Blood Protocol, Maxwell Tissue

DNA kit and Abbott open mode DNA-Plasma-BA extraction,

respectively. The elution volume was approx. 200 ll. The

efficiency of the DNA extraction was examined by real time

multiplex PCRs. In order to compare Ct-values, the extracts

from different extraction machines were tested using identical

PCR mixtures and, if possible, in the same PCR run.

The pilot experiments showed that pretreatment of only a

small volume (100 mg) of feces with lysis buffer in combination

with vigorously mixing is essential. The different lysis buffers

had no influence on the results. Seventy extracts from the four

extraction robots were tested for seven microorganisms and

PhHV. From each sample, at least three of the four extracts were

found positive for the microorganism which was also diagnosed

by the routine conventional method. No clear differences were

found between the MDx, easyMAG and M2000. The Ct-values

of the extracts from these machines were mostly in the same

range, differing 1–4 Ct’s and none of them showed consistently

higher or lower Ct-values than the others. However, the extracts

obtained with the Maxwell-16 consequently showed higher Ct

values in nearly all samples. In none of the extracts inhibition of

the PhHV internal control was detected. We did not detect

contamination between samples, despite the high target loads in

some stools (Ct-values\20).

All four extraction robots tested showed an excellent

efficiency to recover DNA from pretreated stool samples.

There was no large difference in Ct value between extracts

from the MDx-bioRobot, using a silica matrix fixed on vacuum

filters and the other machines using silica coated magnetic

particles in suspension. However, to decide which machine is

best for a routine laboratory, other issues, such as price per

extraction, hands-on time, total extraction time and ease of use

should be taken into account.

P091

Caenorhabditis elegans as a model system to study
(anti-retroviral) drug-induced mitochondrial
dysfunction

R De Boer, M Scholte, S Brul, H van der Spek

University of Amsterdam, SILS, Amsterdam

Introduction: Mitochondrial dysfunction is the underlying

cause of a wide range of human diseases. In recent years it

has become increasingly clear that mitochondrial dysfunction

could also be a direct consequence of treatment with

therapeutic drugs. The best studied example comprise the

antiviral drugs used to treat HIV-1 infection, which have been

shown to inhibit the mitochondrial DNA polymerase and

deplete cells of mitochondrial DNA (mtDNA), thus initiating

adverse effects. Many studies have indicated mitochondrial

toxicity as a cause of these side effects but the exact

mechanisms by which the drugs induce the toxicities still

remain a mystery. It has been shown that anti-retroviral drugs

can affect mtDNA replication, mitochondrial assembly and

function, ROS production, and induce apoptotic and necrotic

processes with severe clinical symptoms, however, most

studies have been performed on patients or human cell

cultures. This poses limitations on the experiments that can

be performed and progress in this field is highly dependent on

the development and use of good model systems. This project

aims to address fundamental questions concerning the effects

of drug-related toxicity on mitochondrial function by using C.

elegans as a model system.

Methods: To quantify mitochondrial DNA, Real Time PCR

using the Applied Biosystems 7300 Real-Time PCR System is

used. Mitochondrial morphology is studied in a C. elegans

strain with muscle specific expression of mitochondrially

localized GFP [1] using Fluorescent Microscopy (Axiovert 40,
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Carl Zeiss). Oxygen consumption rates were measured using a

Clark-type electrode. Worms were recovered after respiration

measurements and collected for protein quantification. Rates

were normalized to protein content.

Results: Several assays have been set up which enable us to

study the effect(s) of a number of anti-retroviral drugs on

different aspects of mitochondrial function, in the nematode C.

elegans. To address these problems, a quantitative PCR (qPCR)

capable of measuring the amount of mitochondrial DNA copies

in a worm has been developed. We have been able to show that

there is a decline in mtDNA copies when they are cultured in

the presence of some anti-retroviral drugs. This effect is

concentration-dependent. Using fluorescence microscopy, we

have been able to show that exposure to some antiretroviral

drugs result in a disruption in the mitochondrial network.

Respiratory chain function has been studied by quinon and

oxygen consumption analysis. Results show that treatment with

certain drugs result in a more reduced quinon pool and a

decrease in O2 consumption (preliminary data). Interestingly,

the observed effects are not necessarily coupled.

Conclusions: In C. elegans anti-retroviral drug treatment

results in mitochondrial dysfunction, indicated by.

– mtDNA depletion

– aberrant mitochondrial morphology

– decreased lifespan

– a shift in the ratio of reduced:oxidized ubiquinon

– difference in oxygen consumption

Several of the observed effects are similar to the effects

observed in patients on anti-retroviral therapy, indicating that

C. elegans is a suitable model organism to study drug induced

mitochondrial dysfunction.

1. Artal-Sanz, M., et al., The mitochondrial prohibitin

complex is essential for embryonic viability and germline

function in Caenorhabditis elegans. J Biol Chem, 2003.

278(34): p. 32091–9.

P092

Identification of a Staphyloccal immune evasion protein
that acts on VLA-2

B.G.J Surewaard

UMC Utrecht, Medical Microbiology, Utrecht

Background: Staphylococcus aureus (S. aureus) is one of a few

pathogens that is able to infect healthy individuals. In order to

colonize and survive within the human body it has to evade the

human immune system. Therefore it uses a wide variety of

exoproteins that are capable of disabling the correct inflam-

matory responses. Very Late Antigen-2 (VLA-2) also known as

integrin a2b1 is defined as the principal extracellular matrix

receptor involved in migration of neutrophils. After transmi-

gration of neutrophils from the blood vessel in the extracellular

matrix (ECM) integrin a2b1 is highly upregulated compared to

blood circulating neutrophils. The expression is located at the

anterior lamellipodium of neutrophils thereby mediating loco-

motion in the ECM. In addition, VLA-2 is involved in the firm-

adhesion of platelets to the collagen.

Methods: For this study we screened over 50 clinical isolates of

pathogenic bacteria including S aureus with a mAb inhibition

assay. The screening pointed out that there is a component

present in the supernatant of an S aureus clinical isolate that

inhibits VLA-2 expression on monocytes and neutrophils.

Chromatographic FPLC methods including: Affinity purifica-

tion to ‘Reactive Orange 3’, Size exclusion chromatography

and Ion exchange chromatography resulted in a partly purified

mixture of 8 proteins containing the inhibitor. PMN adherence

and transmigration experiments through HUVEC were per-

formed. In short, experiments were performed with either TNF-

a stimulated or unstimulated HUVEC in transwell-plates. In

addition, bindings assays to the I-domain of the a2 integrin

subunit where performed.

Results: The purified Staphylococcus extract could inhibit mAb

binding to VLA-2 on monocytes neutrophils and platelets.

Furthermore, the mixture could bind to recombinant I-domain

of a2 integrin subunit. In addition platelet binding to collagen

or GFOGER (I-domain specific peptide) was inhibited by the

purified Staphylococcus extract. Transendothelial migration of

PMN was inhibited for over 50%.

Conclusion: Here we present a novel immune evasion protein

of Stapylococcus aureus that acts on VLA-2. This exoprotein

has both anti-trombotic and anti-inflammatory properties.

P093

Validation of the StarLight concept for reliable high
throughput detection of Chlamydia trachomatis
& Neisseria gonorrhoea

PHM Savelkoul1, L Poort1, J Algra1, B Kamp2,

D Laeijendecker2, J Pleijster3, S Ouburg3, S.A. Morré3

1VU University medical center, Medical Microbiology

and Infection Control, Amsterdam, 2 VU University

medical center, Pathology, Laboratory of Immunogenetics,

Amsterdam, 3 Roche Molecular Diagnostics, Almere

Introduction: At present, molecular detection of pathogens

require more and more a high level of automation and flexible

workflow to handle the increasing amount of samples. The new

StarLight concept aims to fulfill these requirements by

integrating 96 wells automated sample preparation and PCR-

set-up (Hamilton Robotics, STARlet)), followed by real-time

PCR assays on the LightCycler 480 system (Roche Applied

Science), using process coordinating Software (Middleware by

Sanguin International Ltd). This study evaluates the StarLight

concept for the simultaneous detection of Chlamydia tracho-

matis (CT) and Neisseria gonorrhoeae (NG) in a routine setting

on clinical samples..

Method: For validation the automated CT/NG assay on the

StarLight concept is compared to the CT/NG assay on the

COBAS�Amplicor� (Roche Molecular Systems). In total,

2000 fresh clinical samples, including male (41%) and female

(59%) urines and swabs were tested. (Sample collection: STAR

laboratory Rotterdam & GGD Amsterdam). In addition, 10

urine samples from Sweden, positive for the recently identified

CT deletion mutant were included.

Results: No significant differences between the Cobas amplicor

and the Starlight method were observed. With StarLight 5
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additional low level CT positives as compared to conventional

COBAS were identified (307/302). All confirmed positives NG

samples were identified (Confirmed cobas amplicor positives

by PAMM Veldhoven) by the StartLight while the COBAS had

more than twice as many positives (including initial false

positive samples).

Conclusions:

1. The StarLight CT assay shows a good correlation with the

Cobas Amplicor assay.

2. NG specificity is 100%, which is a large improvement

compared to the Cobas Amplicor detection.

3. StarLight CT/NG assay in contrast to the Cobas Amplicor

assay, detects the CT Swedish mutant ensuring reliable CT

detection.

4. The StarLight concept provides a flexible workflow

solution for high throughput laboratories in a routine

setting and has the potential for other e.g. homebrew assay

applications.
\

P094

Serologic validation of four western blots for diagnosis
of Borrelia burgdorferi infection

N.D. van Burgel, A.P. van Dam, A.C.T.M. Vossen

LUMC, KML, Leiden

The diagnosis of Lyme borreliosis (LB) is commonly made by

serologic testing with Western blot (WB) analysis serving as an

important supplemental assay. Most laboratories use an

enzyme-linked immunosorbent assay (ELISA) for IgG or

IgM or total Ig, followed by a western blot for confirmation of

the positive result. Due to the wide variety of B. burgdorferi

sensu lato (sl) strains in Europe, including the pathogenic

species B. burgdorferi sensu stricto, B. afzelii, B. garinii and B.

spielmanii, correctly diagnosing Lyme disease becomes a

greater challenge. We here tested four western blots for

diagnosis of Lyme borreliosis.

Twentyfour sera were tested in the Borrelia Line Blot

(Virotech), Europe Line blot (Virotech), the Borrelia Line

(Mikrogen) and the recomBlot (Mikrogen). All sera were tested

in both the IgG and the IgM blot. Sera originated from clinically

defined LB patients, late (n = 6) or early (n = 6) in infection.

Control sera (n = 12) were obtained from patients with acute

CMV, EBV or T.pallidum infection and from healthy controls.

All blots were performed according to the manufacturers

protocol and were hand read. The Europe line blot scored best

when considering sensitivity and specificity (100 and 75%,

respectively), the Borrelia line (Mikrogen) scored well on

identifying correctly the LB cases, but had more problems with

correctly identifying the control sera (sens. 92% and spec.

52%). The Borrelia line (Virotech) scored marginally on both

sensitivity and specificity (sens. 83% and spec. 67%) The

recomBlot scored last and was not very specific, especially

with the sera from patients with acute CMV, EBV and

T.pallidum infections (sens. 42%, spec. 67%).

In this pool of sera the Europe Line blot was the best blot

for confirmation of a positive ELISA in diagnosing LB. The

Borrelia line (Mikrogen) is as sensitive, but the specificity is far

lower.

P095

Rapid detection of human metapneumovirus in human
clinical specimens using the Imagen direct
immunofluorescence assay

P.M. van Gijssel, A.M.J. Beerens, M. Bolhuis,

E. van der Duim-Torenbos, J Schirm

Laboratorium voor Infectieziekten, Medische

microbiologie, Groningen

Introduction: Worldwide, human metapneumovirus (hMPV)

accounts for a significant portion of respiratory tract illnesses

in hospitalized children, with high incidences occurring during

the winter months in moderate climate zones and late spring-

early summer in the subtropics. hMPV accounts for roughly 5–

15% of the respiratory tract illnesses in hospitalized young

children, with children \2 years of age being most at risk for

serious hMPV infections.

To detect hMPV in clinical samples the IMAGEN direct

immunofluorescence assay (DFA) utilizes monoclonal anti-

bodies conjugated to a fluorescent dye, directed to specific viral

antigens expressed in all known strains of hMPV.

Purpose: The purpose of this study was to evaluate the

IMAGEN DFA for the detection of hMPV for use in routine

diagnostics.

Methods: and materials: To test the inclusivity and specificity

of the antibody several hMPV strains and other viruses were

cultured and tested using the shell vial culture technique.

Cells collected from respiratory excretions were used for

preparation of smears, fixed with acetone -20�C and stained for

15 min at 37�C with the antibody. After washing with PBS the

preparation was mounted in glycerol 85% and examined using

a fluorescence microscope at magnification 9200 and 9400.

All DFA results were produced within 2 h after the samples

were received.

Samples for rapid detection for RSV DFA were tested in

parallel for hMPV. hMPV positive samples were confirmed by

culture or by PCR.

Results: Using the shell-vail culture technique the hMPV

monoclonal was able to detect all tested hMPV strains,

whereas no cross-reactions were found with RSV, influenza

A, B, parainfluenza 1,2,3,4. From January till November

2008 89 samples were tested for hMPV and RSV using DFA.

11 of these samples (12%) were hMPV positive and 32

(36%) were RSV positive. No double infections were

detected. All hMPV positive samples were confirmed by

culture or by PCR.

Conclusion: Although the sensitivity of the IMAGEN

hMPV-DFA test needs to be further investigated, the specific-

ity and also the positive predictive value is very high (100% in

this small cohort). Therefore the test is very useful for the rapid

pre-screening of respiratory samples for hMPV, alongside

rapid screening for RSV.
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Methicillin resistance in b-lactamase negative
Staphylococcus aureus isolated from bovine milk
samples

A. Rothkamp, O.C. Sampimon, T.J.G.M. Lam

GD Animal Health Service Deventer, Deventer

Introduction: Staphylococcus (S.) aureus is one of the main

causes of bovine mastitis. For mastitis caused by S. aureus
strains not producing beta-lactamases, penicillin is the first

choice of therapy. Therefore in the routine diagnostic proce-

dure of mastitis milk, isolated S. aureus strains are tested for

their ability to produce b-lactamase in vitro. For practical

reasons the testing for b-lactamase is done on the first culture

of the S. aureus isolate without induction by a b-lactam

antibiotic. The objectives of this study were therefore: 1) to

investigate the presence of S. aureus strains with an inducible

b-lactamase and 2) to study the presence of methicillin

resistance (MRSA) in the isolated b-lactamase negative S.
aureus.

Materials and Methods: A total of 150 b-lactamase negative S.
aureus strains were under investigation which were isolated in

our routine laboratory during 2007 and 2008 from quarter milk

samples of subclinical mastitis cases from 40 different Dutch

dairy farms. The strains were tested for the presence of

b-lactamase using the Nitrocefin SR0112 (Oxoid) and followed

by the clover-leaf method. Pre-screening for methicillin

resistance was done by susceptibility testing using the agar

diffusion method with cefoxitin. The presence of the mecA
gene was tested with PCR.

Results and Conclusion: In this study 3 isolates (2%) of the

primarily b-lactamase negative S. aureus strains were

b-lactamase positive without induction. This was confirmed

by the Nitrocefin test and the clover-leaf method. These false-

negative results in the b-lactamase testing can influence the

cure of subclinical mastitis cases if the wrong antibiotic

treatment was administered. Therefore, it is recommended to

test the production of b-lactamase of a S. aureus strain ideally

using not the colonies from the first isolation but a subculture.

None of the 150 S. aureus strains indicated as b-lacta-

mase negative, was identified as MRSA. Thus our approach

chosen to monitor MRSA in bovine mastitis milk by only

testing beta-lactamase positive S. aureus strains appeared to

be effective.

P097

Quantitative relationship between exposure
to antibiotics and the development of resistance

in Escherichia coli and Pseudomonas putida

M. Schuurmans1,2, L. Igbojionu1, B. Koenders1,2,

A. Nuri Hayali1, B. ter Kuile1,2

Laboratory for Molecular Biology and Microbial Food

Safety, Swammerdam Institute of Life Sciences, University

of Amsterdam, The Netherlands and 2 Netherlands Food

and Consumer Product Safety Authority, Office for Risk

Assessment, The Hague, The Netherlands

Resistance of pathogenic microbes to antibiotics strongly

increases the costs of health care and can in extreme cases

threaten patient’s lives. The usage of antibiotics in the agricul-

tural sector contributes considerably to the overall antimicrobial

resistance. In agricultural practice exposure of microorganisms

to low concentrations of antibiotics frequently occur, due to

usage as growth promoter or by remnants of medicinated feed

mixing with regular feed. This research investigated the effect of

low concentrations of the fluoroquinolone enrofloxacin on the

development of resistance by Pseudomonas putida and the effect

of low concentrations of amoxicillin on the development of

resistance by Escherichia coli. P. putida was grown in defined

minimal medium in the presence or absence of enrofloxacin and

the minimal inhibitory concentration (MIC) was determined by

measuring growth at enrofloxacin concentrations increasing

stepwise by a factor of 2 during 24 h. The MIC of P. putida
increased from 0.25 to 4 lg/ml after growth in the presence of

0.125 or 0.5 lg/ml enrofloxacin for 12–15 generation times.

Cells previously grown at 0.125 or 0.5 lg/ml enrofloxacin grew

at concentrations of up to 32 lg/ml during continued exposure

for up to 14 days. Without the preincubation at low concentra-

tions growth did not occur, even after prolonged incubation. The

data obtained up till now are consistent with fluoroquinolone

resistance being acquired by P. putida as the result of point

mutations in the gyrase and/or topoisomerase genes. These

mutations are currently being investigated. Similarly, the MIC

of E. coli to amoxicillin increased from 2 up to 40 lg/ml after

selection in concentrations starting at 1 lg/ml and increasing

concentrations, when the cells allowed. Buildup of resistance to

amoxicillin occurs more gradually and is compatible with

changes in the cell wall architecture and/or changes in household

efflux-pumps. Currently we are investigating what changes

cause the increase in resistance to amoxicillin in E. coli, focusing

on changes seen in carbon metabolism, possible cross tolerance

to salt and/or acid stress and possible cell wall modifications.

P098

Evaluation of MRSA screening Procedures
and Chromogenic Agar Medium in Nasal Swabs
from Pigs and Veal Calves

M. Broekhuizen-Stins1, H. Graveland2, E. van Duijkeren1,

A. van Nes3, A. Schoormans1, I. Oosting-van Schothorst2,

D. Heederik2, J.A. Wagenaar1

1Utrecht University, Department of Infectious Diseases

and Immunology, Faculty of Veterinary Medicine,

Utrecht, 2 Institute for Risk Assessment Sciences,

Division Environmental Epidemiology, Utrecht

University, Utrecht, 3 Utrecht University, Department

of farm animal health, Utrecht

Background: The prevalence of MRSA increases world-wide,

especially since the emergence of community-acquired and

animal related MRSA. Studies have shown that different

procedures employed for the detection of MRSA from clinical

specimen have varying results depending on the isolation

practices used. For veterinary samples less is known about

differences between MRSA detection procedures. This study
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investigates the optimal detection method for MRSA in nasal

swabs from pig and veal calves.

Materials and Methods: Nasal swabs were taken from pigs

(n = 70) and veal calves (n = 100) and screened for MRSA by

3 different screening Procedures using 3 different chromo-

genic agars (MRSA-screen, Oxoid, MRSA-select (Bio-Rad)

and S.aureus ID (BioMérieux)). Procedure 1 and 2 used a pre-

enrichment containing Mueller Hinton broth with 6,5% NaCl

before selective enrichment with Oxacillin ? Aztreonam

(Procedure 1) and Ceftizoxime ? Aztreonam (Procedure 2).

Procedure 3 used only a selective enrichment broth containing

Ceftizoxime ? Aztreonam. After enrichment, solutions were

streaked on to 3 different chromogenic agars and a bloodagar

plate. Suspected colonies were identified using slide coagulase

test and MecA PCR.

In addition, because Oxoid has recently optimized their

MRSA-screen plates, we compared the ‘‘old’’ and ‘‘new’’

plates using Procedure 2, only for veal calve samples.

Results: We found a significantly higher yield of MRSA

positive samples for pig as well as for veal calve samples when

an additional pre-enrichment with Mueller Hinton broth and

6.5% NaCl was used (Procedure 1 and 2). No significant

differences were obtained between Procedure 1 and 2 using

Oxacillin and Ceftizoxime as selective enrichment, respec-

tively. For nasal swabs from pigs also statistically significant

more MRSA positive samples were found when MRSA screen

(Oxoid) or MRSA-select (Bio-rad) chromogenic agars were

used. However, more false positive colonies were observed on

MRSA-select plates. For veal calve samples no statistically

differences between the different chromogenic agars were

found.

With respect to the ‘‘old’’ and ‘‘new’’ optimized screen

plates (Oxoid) no significant differences between these plates

were obtained in veal calve samples.

Conclusion: In conclusion, the results of this study indicate that

additional pre-enrichment with Mueller Hinton broth and 6.5%

NaCl should be recommended for screening MRSA in nasal

swabs from pigs or veal calves. Regarding chromogenic agar

use in MRSA screening Procedures the MRSA-screen plates

(Oxoid) seems to be most optimal.

P099

Methicillin-resistant Staphylococcus aureus Clonal
Complex 398 does not spread from farms
into the community

B.A.G.L. van Cleef1, E.J.M. Verkade2, M.W.H. Wulf3,

A.G.M. Buiting4, A. Voss5, X.W. Huijsdens6,

M.N. Mulders6, J.A.J.W. Kluytmans7

1RIVM Rijksinstituut voor Volksgezondheid en Milieu/VU

medisch centrum, CIb Centrum van

Infectieziektenbestrijding, Bilthoven, 2Amphia Hospital

Breda, Laboratory for Microbiology and Inf.cont, Breda,
3Catharina Hospital Eindhoven & PAMM Laboratory of

Medical Microbiology, Veldhoven, 4St. Elisabeth Hospital

Tilburg, Laboratory for Medical Microbiology Imm.,

Tilburg, 5Canisius-Wilhelmina Hospital, Department of

Medical Microbiology Inf.c, Nijmegen, 6RIVM National

Institute for Public Health and the Environment, Centre for

Infectious Disease Control, Bilthoven, 7VU University

medical center, Department of Medical Microbiology,

Amsterdam

Introduction: Methicillin resistant Staphylococcus aureus

(MRSA) has emerged as a zoonosis with an extensive reservoir

in pigs. The MRSA strains in the animal reservoir are all of

Clonal Complex 398 (CC398) with multi-locus sequence

typing. The objective of this study was to determine whether

methicillin-resistant Staphylococcus aureus Clonal Complex

398 (MRSA-CC398) has spread from livestock farms into the

general community in The Netherlands.

Methods: A cross-sectional prevalence study was conducted in

3 urban municipalities with the highest densities of pigs in The

Netherlands(a). Adult persons (n = 2,703) were randomly

selected from the national registry of inhabitants. A question-

naire was mailed asking for participation and contact with

livestock, working in healthcare, past history of MRSA,

contact with MRSA-positive persons and hospitalization

abroad. Furthermore, a nasal swab was taken to determine

the presence of MRSA. To determine if spread from farms into

the community had occurred, a stratified analysis was done for

persons with and without contact with livestock. The sample

size was calculated at 450 persons without livestock contact to

exclude a prevalence of at least 2%, assuming a background

prevalence of 0.5% (alpha = 0.05 and beta = 0.10).

Preliminary results: As of December 2008, complete data were

collected from 517 individuals (response 19%). All of the 478

persons without contact with livestock tested negative for

MRSA. Of the 39 persons who indicated regular contact with

livestock (either work at or live on a livestock farm), 8 persons

(8/39: 20.5, 95% confidence interval 10.8–35.5) tested MRSA-

positive. Seven of these 8 persons reported contact with pigs

and 1 with poultry, 3/8 had been tested MRSA-positive

previously, and 5/8 reported recent contact with MRSA-

positive persons. Spa-typing is currently being performed.

Preliminary conclusion:

1. MRSA-CC398 was not found in persons without contact

with livestock. Therefore there are presently no indications

that this clone is spreading into the community in The

Netherlands.

a. According to the annual count of farming 2005–2007

done by CBS Statistics Netherlands (www.cbs.nl).

P100

Antibiotic resistance of Staphylococcus aureus isolates
from intensive care units (ICU) in The Netherlands over
a 10 year period

MIA Rijnders1, R.H. Deurenberg1, M.L. Boumans1,

J.A.A. Hoogkamp-Korstanje2, P.S. Beisser1,

E.E. Stobberingh1

1MUMC, Medical microbiology, Maastricht, 2The Dutch

Antibiotic Resistance Surveillance Group, Amsterdam

Introduction: Staphylococcus aureus is an aetiologic agent of

bloodstream infections, endocarditis, osteomylitis and pneu-

monia. About 25% of the ICU-acquired infections are caused
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by S. aureus. There is a growing concern regarding the increase

of antibiotic resistance among S. aureus. The main risk factor

for antibiotic resistance is antibiotic use. The antibiotic

consumption is the highest in ICU’s. This study described

the antimicrobial resistant of S. aureus from ICU patients in

The Netherlands over a 10 year period.

Methods: From 1996 to 2006, consecutive isolates from blood,

wounds and bronchial aspirate and urine of ICU patients were

collected each year (n = 943). The isolates were derived from

fourteen participating medical centres geographically spread

over the country; three centres in the north (n = 250), two in the

east (n = 187), five in the west (n = 229) and four in the south

(n = 280). Antimicrobial susceptibilities were determined

using the microbroth dilution method.The oxacillin resistant

isolates were analysed for the presence of the mecA gene, as a

marker for methicillin resistant S. aureus (MRSA).

Results: The penicillin resistance was relatively stable over

time at around 75%. Seven isolates (0.7%) were MRSA. The

prevalence of fluoroquinolone resistance was between 0

and 4% until 2002. In 2003, a peak in the prevalence of

fluoroquinolone resistance (ciprofloxacin 14% and moxifloxa-

cin 8%) was observed. Resistance to ciprofloxacin remained at

this high level until 2005 and decreased in 2006. Resistance to

moxifloxacin decreased immediately. Resistance to clarithro-

mycin showed a steady increasing line from 1996 (6%) until

2005 (10%), decreasing again to 6% in 2006. Clindamycin

resistance fluctuated over time between 4 and 8% and

tetracycline resistance between 2 and 10%. Resistance to

carbapenems, rifampicin and gentamicin was sporadicly

observed. No resistance was found against vancomycin,

teicoplanin and linezolid.

Conclusion: Increasing rates of resistance to multiple antibi-

otics of S.aureus in ICU patients were not found over time,

except for the fluorquinolones. The resistance of S. aureus in

ICU patients in The Netherlands did not differ from the

resistance of S. aureus in other hospitals wards and the

community in The Netherlands. The main differences between

resistance level in ICU’s in The Netherlands in comparison to

the European and the worldwide resistance level remain the

low MRSA prevalence and the low level of resistance to

gentamycin, cephalosporins and macrolides.

P101

Carriage of Staphylococcus aureus and Methicillin-
resistant Staphylococcus aureus in medical microbiology
laboratory personnel

M.M. Jager, J.A.J.W. Kluytmans,

C.M.J.E. Vandenbroucke-Grauls

VU University Medical Center, Medical Microbiology &

Infection Control, Amsterdam

Introduction: To determine whether personnel working in

clinical microbiology laboratories in The Netherlands is at

increased risk for colonisation with Methicillin-resistant

Staphylococcus aureus (MRSA).

Methods: Anterior nares and throat swab samples were

obtained from 266 employees of five different clinical micro-

biology laboratories. Both swabs were placed in enrichment

broth (Becton, Dickinson and Company, France); these were

incubated for 48 h at 37oC and then subcultured by plating

aliquots on a chromogenic selective medium (bioMerieux,

France) for 24 h at 37oC for the isolation of MRSA, and on a

mannitol salt agar for 48 h at 37oC for the isolation of S.

aureus. MRSA and S. aureus were identified according to

standard protocols. For each participating individual, the

professional category (technician, clinical microbiologist,

trainee or other) was noted.

Results: S. aureus was detected in 45.1% (CI 95; 39–51) of the

screened individuals. Of these, 31.7% (CI 95; 20–50) carried S.

aureus in the throat only. MRSA was detected in the throat

sample of one person (0.38%, CI 95: 0.07–2.11). Further

analyses of the MRSA strains isolated in that laboratory

revealed that the employee who carried the MRSA worked

with the same clinical strain months before. AFLP was used, to

confirm that the strains were similar. There was no significant

difference in carriage rate of S. aureus between the five

laboratories nor between employees of different professional

categories.

Conclusion: To the best of our knowledge, this is the first

assessment of carriage of S. aureus and MRSA in a microbi-

ology laboratory. We found a high carriage rate of S. aureus; a

reason for this could be that both nose and throat samples were

used for carriage detection. One employee carried a MRSA

strain that had been recently manipulated in the laboratory.

Therefore, it may indicate occupational acquisition of MRSA.

The finding that 0.38% of lab personel is MRSA positive is not

significantly different from a previous survey of patients on

admission to the hospital in The Netherlands. Therefore, we

conclude that risk of acquiring MRSA during work in a

microbiology laboratory is limited.

P102

Exposure related carriage of Methicilline Resistant
Staphylococcus aureus (MRSA) in Veal Calve Farmers
in The Netherlands

H Graveland1, J.A. Wagenaar2, D. Heederik1

1Institute for risk assessment sciences (IRAS),

Environmental and Occupational Epidemiology, Utrecht,
2Faculty of Veterinary Medicine, Department of Infectious

Diseases and Im, Utrecht

Objectives: Recent studies showed that pig and cattle farming

is a risk factor for MRSA colonization in humans. In depth

analysis of the specific risk factors associated with MRSA

colonization in veal farmers is lacking. To study the

prevalence of MRSA in veal farmers and associated risk

factors, we conducted a cross sectional study among 390

farmers and family members. To gain more insight in the

dynamics and persistence of MRSA colonization in this

population a longitudinal study is ongoing in which repeated

nasal- and throat swabs are being taken, comprising MRSA

colonization in periods with and absence of or reduced animal

contact.

Methods: 102 veal calf farms were randomly selected and

visited from March 2007–February 2008. Participating farmers

were asked to fill in a questionnaire (n = 390) with questions
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about life style factors (smoking), activities on the farm and

contact with animals. A nasal swab was taken from each

participant. Swabs were analysed for MRSA by selective

enrichment, culturing and confirmed by MecA pcr. Spa types

of the isolates were identified. Data were analyzed using multi-

level logistic regression analysis to adjust for potential

clustering within farms.

Results: MRSA prevalence was 33% in calve farmers and 8% in

family members. Duration of animal contact was strongly and

positively associated with nasal human MRSA colonization.

Additionally, activities with direct animal contact, such as

feeding the calves and tasks involving different forms of

veterinary care were also positively associated with MRSA

colonization. Furthermore the percentage of MRSA positive

calves on the farm is a risk factor. Initial results from the

longitudinal study indicates that the prevalence of MRSA

colonization is lower in periods with reduced animal contact.

Conclusions: The association between duration of contact with

animals and MRSA colonization indicates that especially

intensive contact with animals might put them at risk for MRSA

colonization. However, the large differences in MRSA preva-

lence between farmers and family members and the strong

association with the percentage of positive calves is suggestive

of either transient colonization of NT-MRSA in humans or

contamination of the sampled nasal cavities with MRSA

containing dust from the stable air instead of carrier ship. Full

analysis of the ongoing longitudinal study will gain more insight

in the dynamics and duration of MRSA colonization.

P103

Epidemiology of MRSA in the southeast
of The Netherlands

M.W.H. Wulf1, I. van Tol2, M. van Herpen3, P. Das4,

A. Markestein5, C.M. Verduin1

1Stichting PAMM, Medical Microbiology, Veldhoven,
2Catharina Hospital, Infection Control, Eindhoven,
3Elkerliek Hospital, Infection Control, Helmond, 4Maxima

Medical Centre, Infection control, Veldhoven, 5St, Anna

Hospital, Infection control, Geldrop

We analysed the MRSA epidemiology in the adherence area of

the PAMM laboratory for medical microbiology. This area of

800.000 people in the south east of The Netherlands is largely

rural and contains for hospitals. Between 2002 and 2007 a total

of 435 MRSA positive patients and health care workers were

identified. 91 were unexpected MRSA from clinical isolates.

Of the 344 from targeted screening, 2 came from other dutch

hospitals, 38 from foreign hospitals and 126 were livestock

related. From 13 patients the reason for screening could not be

determined. Of the 154 secondary cases from outbreaks, 11 had

different PFGE types from the outbreak strain.

The screening fo livestock related MRSA which started in

2006, resulted in a significant increase of MRSA positive

patients in the region. The number of unexpected MRSA

increased from a average of 8 per year between 2002 and 2005

to 20 in 2006 and 42 in 2007. Of theses cases, respectively 8

and 14 were non-typeable with PFGE Of the total number of

unexpected MRSA, the majority presented with a skin and soft

tissue infection, followed by pneumonia and urinary tract

infections.

In general the number of MRSA carriers in the region

increased, mainly due to the livestock related MRSA but the

number of MRSA infections in patient not belonging to any

known risk group also increased. Therefore it is important to

gain more insight in risk factors for MRSA infection outside of

the known risk groups.

P104

Sequence Variations in RepMP2/3 and RepMP4
Elements Reveal Intragenomic Homologous DNA
Recombination Events in Mycoplasma pneumoniae

E.B.M. Spuesens, M. Oduber, T. Hoogenboezem, M. Sluijter,

A.M.C. van Rossum, N.G. Hartwig, C. Vink

Erasmus MC, Laboratory of Pediatrics, Rotterdam

The gene encoding major adhesin protein P1 of Mycoplasma

pneumoniae, MPN141, contains two DNA sequence stretches,

designated RepMP2/3 and RepMP4, which display variation

among strains. This variation allows strains to be differentiated

in two major P1 genotypes (1 and 2) and several variants.

Interestingly, multiple variants of the RepMP2/3 and RepMP4

elements exist at other sites within the bacterial genome.

Because these variants are closely related in sequence, but not

identical, it has been hypothesized that they have the capacity to

recombine with their counterparts within MPN141, and thereby

serve as a source of sequence variation of the P1 protein. In order

to determine the variation within the RepMP2/3 and RepMP4

elements, both within the bacterial genome and among strains,

we analyzed the DNA sequences of all RepMP2/3 and RepMP4

elements within the genomes of 23 M. pneumoniae strains. Our

data demonstrate that: (1) recombination is likely to have

occurred between two RepMP2/3 elements in four of the strains,

and (2) all previously described P1 genotypes can be explained

by inter-RepMP recombination events. Moreover, the difference

between the two major P1 genotypes was found to be reflected in

all RepMP elements, such that subtype 1 and 2 strains can be

differentiated on the basis of sequence variation in each RepMP

element. This implies that subtype 1 and subtype 2 strains

represent evolutionary diverged strain lineages. Finally, a

classification scheme is proposed in which the P1 genotype of

M. pneumoniae isolates can be described in a sequence-based,

universal fashion.

P105

Development towards a national examination for
residents in medical microbiology in The Netherlands
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Leiden, 5UMCU, Medical Microbiology, Utrecht, 6MUMC,

Medical Microbiology, Maastricht

In 2003 the idea matured in The Netherlands for a yearly

national examination for residents in medical microbiology.

First and foremost, there was a demand for an instrument that

could provide feedback to residents and the educational

supervisors, regarding the residents’ growth of knowledge

during the resident training. In addition, a need was felt for

information on the knowledge level for each resident training

location. An exam was developed to assess knowledge and the

appliance of knowledge on skills for different sub domains

within the medical microbiology field. In 2005 the first exam

consisting of case based questions was presented to residents in

medical microbiology. Test items were developed according to a

blueprint based on the end level of the medical microbiology

resident training. All test items were reviewed by a national

review committee which analyzed content, format and relevance

of the items. After having taken the exam residents were invited

to comment on the test items. These comments together with the

item analysis were used by the review committee for the final

scoring of the exam. Residents received feedback on their

performance compared to their class-mates on the different

fields of knowledge within medical microbiology. Furthermore

they received a ranking score compared to all residents who had

taken the exam. Educational supervisors received information

how the residents in the different year classes performed as a

group on the different fields of knowledge.

Until now 5 national exams have been organized for

residents in medical microbiology in The Netherlands. For

the first 4 examinations participation was high (95%, an average

of 60 residents per exam) and residents were divided in year

classes (1–5). For each of the 4 national exams results showed

that on average residents scored higher when they were longer

in training. For the first 3 year classes this increase was

statistically significant. This increase could also be observed

when looking at separate fields of knowledge within the

medical microbiology field.

Furthermore, investigation of the results of 20 residents who

participated in all 4 national exams from 2005 to 2008 showed

that their ranking score (within the total group of 60 residents

attending an exam) significantly increased over the years.

These results indicate that a valid and useful feedback

instrument has been developed to measure knowledge growth

of residents in medical microbiology.

P106

Differential activation of the human TLR2/6 complex
by penicillin killed Streptococcus suis serotype 2
and serotype 9 isolates

P.J. Wichgers Schreur1, J.M. Rebel1, M.A. Smits1,

J.P.M. van Putten2, H.E. Smith1

1Animal Sciences Group, Wageningen UR, Lelystad,
2Utrecht University, Infectious Diseases and Immunology,

Utrecht

Introduction: Streptococcus suis can cause meningitis, septi-

caemia, endocarditis, arthritis, and septic shock in piglets.

Occasionally S. suis can also cause disease in humans. Up to

now, 35 capsular serotypes have been identified. Worldwide, S.

suis serotype 2 is the most frequently isolated serotype from

diseased piglets. In Europe, the emerging serotype 9 isolates

also contribute substantially to S. suis associated disease in

piglets. However, serotype 9 isolates are also often isolated

from healthy sows. Experimental infections showed that

serotype 9 isolates were less virulent for piglets compared to

serotype 2 isolates. Here we studied the interaction of various

serotype 2 and 9 isolates with the innate immune system.

Methods: Interaction of S. suis serotype 2 and serotype 9 isolates

(three representative isolates each) with porcine peripheral

blood mononucleated cells (PBMCs) was studied. PBMCs were

stimulated with live and penicillin killed S. suis and pro-

inflammatory and chemokine production were determined at the

RNA level by quantitative real time PCR. In addition, interac-

tion of the same S. suis isolates with individual pattern

recognition receptors (PRRs) was assessed. Here also, live and

killed serotype 2 and serotype 9 isolates were analysed for their

ability to activate overexpressed human Toll like receptor (TLR)

2 and 4 complexes in a NF-jB luciferase reporter HeLa cell line.

Results: Both, live and penicillin killed serotype 2 and serotype 9

isolates were able to stimulate porcine PBMC’s to produce pro-

inflammatory cytokines and chemokines. In general, pro-

inflammatory cytokine and chemokine levels of porcine

PBMC’s were higher after stimulation with penicillin killed S.

suis serotype 9 isolates compared to penicillin killed serotype 2

isolates. In contrast, no difference in cytokine induction of

PBMC’s stimulated with live serotype 2 and serotype 9 isolates

was found. Stimulation of HeLa cells expressing human TLR1/2,

TLR2/6 and TLR4/MD2 complexes by live and heat killed

serotype 2 and serotype 9 isolates did not result in NF-jB

activation. However, penicillin killed S. suis serotype 2 and

serotype 9 isolates were able to activate the TLR2 complexes and

predominantly the TLR2/6 complex. Comparison of three

isolates of each serotype showed that serotype 9 isolates

activated the TLR2/6 complex much more than the serotype 2

isolates. Activation was also obtained with supernatant of

penicillin treated bacteria, with similar differences between the

serotypes, indicating that the stimulating component is released

from the cells with penicillin. Note that both serotypes had the

same susceptibility for penicillin.

Conclusions: Penicillin killed S. suis serotype 9 isolates

activate porcine PBMC’s as well as the human TLR2/6

complex to a higher extent compared to penicillin killed S. suis

serotype 2 isolates. Because diacylated lipopeptides are

assumed to be the main ligand of the human TLR2/6 complex

these data could suggest that the serotypes may differ in their

diacylated lipopeptide content. Future research will be

focussed on the identification of the component(s) responsible

for the observed differences.

P107

Rapid FRET based anthrax diagnosis

W. E. Kaman, M.J. van der Schans, A.G. Hulst, F.J. Bikker

TNO Defence, Security and Safety, Detection a

nd Identification, Rijswijk

Introduction: The Gram-positive, spore-forming, Bacillus

anthracis bacterium is the causative agent of anthrax. The
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dormant spore is resistant to extremes of temperature, desic-

cation, and a variety of chemical treatments. The stability, ease

of production, and infectious capacity of the spores confer B.

anthracis with high potential as a biological weapon. During

inhalational anthrax, spores are inhaled into the lungs, leading

to germination followed by the emergence of vegetative

anthrax in the circulation. This systemic infection frequently

results in secondary shock, multiple organ failure, and may

even result in death. Therefore, early diagnosis is critical for

effective treatment of pulmonary anthrax.

Methods: We developed a Fluorescence Resonance Energy

Transfer (FRET) assay for the rapid detection of B. anthracis in

serum. Short and specific substrates were designed, mainly

based on information drawn from the MEROPS database.

Substrates were exposed to a broadspectrum of bacteria in an in

vitro and ex vivo set up in order to examine their specificity. As

a proof of concept the substrates were tested in an in vivo set

up by incubating the substrates with sera of mice suffering

from a pulmonary anthrax infection.

Results: Some of the designed substrates appeared to be highly

specific for the detection of Bacillus spp, or even specific for

virulent B. anthracis. Moreover, no cleavage of the substrates

could be detected with the a-virulent B. anthracis. Moreover,

no cleavage of the substrates could be detected with the a-

virulent B. anthracis pXO1-strain.

By applying Mass Spectrometry (MS) and Capillary

Electrophoresis (CE), cleavage products could clearly be

detected in the sera of B. anthracis infected mice. No cleavage

products were found in the sera of healthy mice. Due to the

specificity of the substrates it appeared that there is no need for

time consuming enzyme isolation.

Conclusion: The described method represents a highly specific

and rapid diagnostic tool for the detection of an anthrax

infection. Moreover, this patented method has considerable

opportunities for the detection and diagnosis of a broad

spectrum of microorganisms.

P108

GadXY complements partial depletion of YidC
in Escherichia coli

Z. Yu1, M Bekker2, A Tramonti3, D De Biase3,

J Teixeira de Mattos2, J Luirink1

1Vrije Universiteit Amsterdam, Moleculaire Microbiologie,

Amsterdam, 2Universiteit van Amsterdam, Molecular

Microbial Physiology, Amsterdam, 3Universitia La

Sapienza, Dipartimento di Scienze biochimiche, Rome

Introduction: YidC has been identified as an essential inner

membrane protein (IMP) involved in the insertion, folding and

complex assembly of IMPs in Escherichia coli. Since its

discovery, many studies have addressed the mode of action of

YidC (1,2). YidC can act together with the SecYEG translocon

but also independently as a separate insertase (3,4). Although

these studies have provided some insight, the exact function

and substrate specificity of YidC remain obscure. Here we used

an unbiased genetic strategy to elucidate the function of YidC.

Methods: The YidC depletion strain FTL10 (5) in which YidC

is under control of the arabinose promoter, was transformed

with an expression library. Colonies were selected that grew at

suboptimal (low) arabinose concentrations and analyzed in

detail.

Results:

– 10 out 26 colonies analyzed contained a plasmid carrying

the gadXY genes.

– GadX is a transcriptional regulator of the Gad operon and is

involved in the glutamate-dependent acid resistance sys-

tem. GadY is a small RNA and is thought to be a regulator

of GadX mRNA stability.

– GadXY overexpression leads to restoration of growth and

reduction of PspA response, which is normally seen in

YidC depleted cells as a result of a compromised proton

motive force.

– In absence of YidC, GadBCXY were down regulated.

Complementation with GadXY resulted in upregulation of

GadBC.

– YidC depleted cells switched to fermentation and secreted

lactic acid. No lactic acid was detected when cells were

complemented with GadXY.

Conclusion:

1. The increased secretion of lactic acid indicates a switch to

fermentation. This switch may be the result of impaired

membrane assembly of respiratory chain complexes, for

which YidC is required.

2. This may lead to acidification, which is normally coun-

teracted by upregulation of the Gad system.

3. However, for unknown reasons, the Gad system is not

upregulated in YidC depleted cells, which may result in

impaired growth.

4. Overexpression of GadXY from a plasmid results in

upregulation of GadBC. This may decrease the deleterious

acidification process and restore the proton motive force.
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In 2003 the idea matured in The Netherlands for a yearly national

examination for residents in medical microbiology. First and

foremost, there was a demand for an instrument that could provide

feedback to residents and the educational supervisors, regarding

the residents’ growth of knowledge during the resident training. In

addition, a need was felt for information on the knowledge level

for each resident training location. An exam was developed to

assess knowledge and the appliance of knowledge on skills for

different sub domains within the medical microbiology field. In

2005 the first exam consisting of case based questions was

presented to residents in medical microbiology. Test items were

developed according to a blueprint based on the end level of the

medical microbiology resident training. All test items were

reviewed by a national review committee which analyzed content,

format and relevance of the items. After having taken the exam

residents were invited to comment on the test items. These

comments together with the item analysis were used by the review

committee for the final scoring of the exam. Residents received

feedback on their performance compared to their class-mates on

the different fields of knowledge within medical microbiology.

Furthermore they received a ranking score compared to all

residents who had taken the exam. Educational supervisors

received information how the residents in the different year

classes performed as a group on the different fields of knowledge.

Until now 5 national exams have been organized for

residents in medical microbiology in The Netherlands. For the

first 4 examinations participation was high (95%, an average of

60 residents per exam) and residents were divided into year

classes (1–5). For each of the 4 national examinations residents

who were further advanced in their training scored higher, on

average, than their colleagues of lower year classes. For the

first 3 year classes this increase was statistically significant.

This increase could also be observed when looking at separate

fields of knowledge within the medical microbiology field.

Furthermore, investigation of the results of 20 residents who

participated in all 4 national exams from 2005 to 2008 showed

that their ranking score (within the total group of 60 residents

attending an exam) significantly increased over the years.

These results indicate that a valid and useful feedback

instrument has been developed to measure the growth of

knowledge of residents in medical microbiology.

P110

A new method for rapid antibiotic susceptibility testing
of positive blood culture combining culture and
real-time polymerase chain reaction

JWA Beuving, A Verbon, FA Gronthoud, EE Stobberingh,

P Wolffs

Maastricht University Medical Center, Medical

microbiology, Maastricht

Introduction: Early administration of appropriate antibiotics

improves the prognosis of patients with bloodstream infections.

However, antibiotic susceptibility testing on a positive blood

culture currently requires one or two overnight incubations. In

2004, Rolain et al. published a new method combining

molecular diagnostic techniques and culture, with results

within maximal 7 h, starting from pure isolates. The aim of

our study was to evaluate and optimize the Rolain method for

use directly on positive blood cultures in obtaining reliable

same day antibiotic susceptibility results.

Methods: All adult patients in the Maastricht University

Hospital with a positive blood culture were eligible for

inclusion. Exclusion criteria were: a positive blood culture in

the previous 3 days, more than one species in the blood culture

and blood cultures containing Streptococcus species or anaer-

obes. We included 79 positive blood cultures of 75 patients, 45

Gram-positive and 34 Gram-negative cultures.

For our method, blood cultures were diluted in broth and

incubated in the presence of different antibiotics. After

incubation, the number of DNA copies in each culture sample

was determined by real-time 16S rRNA PCR. The PCR result

of each culture sample was compared with that of a baseline

sample and a growth control, to determine susceptibility or

resistance to the tested antibiotic. The results of our method

were compared with the results of conventional techniques for

categorical agreement.

Results: In 30 positive blood cultures, the number of bacteria

ranged from 2,23 9 107 CFU/ml to 1,23 9 1011 CFU/ml, with

a median of 1,13 9 1010 CFU/ml. No effect on the number of

bacteria was found for incubation time or results of Gram-

staining. Both a 1,000-fold and 10,000-fold dilution were used

for the test, resulting in an inoculum between 1 9 104 and

1 9 106 CFU/ml.

To assess the optimal incubation time, blood cultures were

incubated for 4, 5 and 6 h, of which 6 h gave the best results.

Next, 79 blood cultures were tested for antibiotic suscepti-

bility according to our PCR method. The categorical agreement

for 38 Gram-positive cocci was 87.7%, with a major error rate

(false-resistant results) of 4.6% and a very major error rate

(false-susceptible results) of 7.7%. There were 7 coagulase-

negative Staphylococci that grew less than 1 Log in 6 h, these

strains were excluded from our analysis. The agreement for 34

Gram-negative rods was 92.9%, with major error and very major

error rates of 4.0 and 3.0%, respectively. The total procedure can

be completed within 9 h, starting from positive blood cultures.

Conclusion: Our adjusted Rolain method for antibiotic sus-

ceptibility testing is rapid and has a good agreement with the

conventional method for Gram-negative bacteria. For Gram-

positive bacteria it needs improvement. Therefore, in the future

we will attempt to further optimize this new method.

P111

In vivo measurement of intracellular pH in Bacillus
subtilis using pHluorin reveals acidification
of the cytosol upon weak organic acid stress
and hyperosmotic shock

A TerBeek1, J.G.E. Wijman2, R Orij1, GJ Smits1,

S Brul1

1University of Amsterdam, Molecular Biology and

Microbial Food Safety, Amsterdam, 2Unilever Research &

Development, Advanced Food Microbiology, Vlaardingen

We constructed a plasmid (pDG148-pHluorin) to measure in

vivo the intracellular pH (pHi) of Bacillus subtilis. With this

inducible ‘pH meter’ we tested the effect of weak organic acids
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and hyperosmotic shock on the pHi of B. subtilis. The commonly

used food preservatives potassium -sorbate (KS), -acetate

(KAc), and -benzoate (KB), all three lowered the pHi of

B. subtilis. The uncoupler carbonyl cyanide-m-chlorophenyl

hydrazone (CCCP) and hyperosmotic shock induced by NaCl

conferred a decline in pHi as well. The main drop in pHi

occurred for all stresses within the first 6 min and no recovery to

the control value of pH 7.3 ± 0.1 was observed during 2 h of

stress. The growth inhibition percentage caused by all stresses

related with the drop in pHi. However, no linear correlation was

found, likely due to the buffering capacity of the cell.

Comparison of the stresses (when taking into account the

growth inhibition caused by each stress) revealed that CCCP

gave the highest, and hyperosmotic shock the lowest pHi drop.

The preservatives KS, KAc and KB showed intermediate values.

A clear threshold value of the growth inhibition caused by NaCl

was needed before inducing a drop in pHi. These results indicate

that the growth inhibitory effect of NaCl is not initially and

solely acidification of the pHi, that this is more the case for the

tested weak organic acids, and primarily for CCCP.

P112

Comparison of phenotypical detection
of extended-spectrum beta-lactamases (ESBLs)
with microarray in Klebsiella pneumoniae isolates

S Paltansing, M.E.M. Kraakman, E Wessels, A.T. Bernards

Leiden University Medical Center, Medical microbiology,

Leiden

Introduction: In this study we have compared two methods of

ESBL detection: the combination disc diffusion test (CDDT)

according to the NVMM guideline and the detection of ESBL

encoding genes on DNA microarrays.

Methods: Thirty-six non-replicate K. pneumoniae isolates were

included, with the ATCC-700603 strain as an ESBL-positive

control. The isolates were collected from various clinical

specimens over a 1-year period in our hospital. These isolates

were investigated for the presence of the TEM-, SHV-, OXA-

and CTX-M-encoding genes on the microarray (CLONDIAG,

Jena, Germany). For detection of the TEM and SHV-genes two

separate probes are present on the microarray detecting both

narrow- and broad-spectrum enzymes. The OXA-gene probes

were divided into four different groups, comprising variants of

the narrow-spectrum parent OXA-enzymes 1, 2,7 and 9. The five

major CTX-M groups (1, 2, 8, 9, and 25/26) are represented on

the microarray. by one probe each.

Results: Fifteen isolates were found positive with the CCDT.

Positive signals with CTX-M-probes were found in 11 of these 15

isolates, two of which were ambiguous signals. In the four

remaining CCDT-positive isolates, two gave positive signals with

both OXA- and SHV probes, one isolate was positive with OXA-

and TEM probes, and one isolate with the SHV probe only.

In the CCDT-negative isolates, only 2 ambiguous signals

for one of the CTX-M probes were found and only two

ambiguous signals were found with OXA-probes. A signal for

the TEM-probe was found in 7 CCDT-negative isolates.

Surprisingly, probe signals for the SHV-gene were found in

only 17 out of 36 isolates.

PCR followed by sequence analysis of the several beta-

lactamase encoding genes of the 36 isolates is ongoing.

Conclusions: CTX-M positive signals were predominantly found

in CCDT-positive isolates. Interpretation of the ambiguous

signals on the microarray awaits further investigation by sequence

analysis. Because the TEM-, SHV-, and OXA-probes on the

microarray do not distinguish between narrow and broad

spectrum enzymes, the correlation between the phenotypical

ESBL test and the microarray results was poor. Further devel-

opment of a microarray which can detect point mutations, to

distinguish ESBL encoding target enzymes, is needed. For the

moment, PCR and sequence analysis is needed for the confirma-

tion and identification of narrow and broad spectrum enzymes.

P113

Microflora from raw bovine farm tank milk

J.L.W. Rademaker1, Y. Xiao1, J.D. Hoolwerf1,

P.H.M. Savelkoul2, M.H.J. Wells-Bennik1

1NIZO food research, Health & Safety, Ede,
2VUMC, Amsterdam

In the Dutch payment system for raw farm tank milk penalties

are based on quality parameters such as high total bacterial

counts (TBC) and high somatic cell counts (SCC). In this study

bacteria associated with poor hygiene or with bovine mastitis

and in particular pseudomonads and Staphylococcus aureus

from farm tank milk were characterized, directly using DNA-

based methods, and after selective culture. The aim was to

explore qualitative and quantitative bacterial data over the

payments groups in correlation to the cause of contamination.

To characterize specific populations in raw milk hundreds

of samples with a high SCC were cultured using a Pseudomo-

nas and a P. aeruginosa and a Staphylococcus aureus specific

medium. The obtained isolates were identified using PCR

fingerprinting, ribosomal DNA sequence identification and

specific PCR tests. All S. aureus isolates were evaluated for the

presence of the mecA methicillin resistance gene using two

different real time PCR tests and were characterized using spa

typing, a high resolution method based on DNA sequence

variations in the protein A gene.

Direct PCR analysis of random samples from raw milk with

a low TBC (n = 42), high TBC (n = 25) and high SCC

(n = 25) yielded 6.5, 4.8 en 4.2 log cfu/ml of pseudomonads,

respectively. Species specific PCR tests showed 3 Pseudomo-

nas fragi (1 high TBC, 2 high SCC), 14 Pseudomonas lundensis

(9 high TBC, 3 high SCC and 2 low TBC) but no Pseudomonas

putida positive samples.

Over 70 pseudomonads cultures from milk with a high SCC

showed a high diversity after characterization with PCR

fingerprinting. DNA sequence identification showed dominance

for cultures belonging to P. fluorescens and Pseudomonas putida

groups associated with soil and water. Remarkably the sup-

posedly P. aeruginosa selective CN medium only a few

P. aeruginosa cultures were identified. Species specific PCR tests

revealed 6 P. fragi, 12 P. lundensis and 18 P. putida cultures.

From 74 S. aureus cultures from high SCC samples, the

identity was confirmed by specific real time PCR test. The

mecA gene was not present in these strains as determined by
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two different real time PCR tests, while the positive control

yielded a clear signal. Among all MSSA isolates 20 spa types

were observed including the mastitis-relevant t011 type, in one

milk sample, and four novel spa types.

The observed diversity will be discussed in relation to the

possible sources of the bacteria and their ability to spoil milk and

cause mastitis. Knowledge of the dominant population structure

of bacteria from raw farm tank milk with a high TBC and SCC

allows farmers to improve hygiene and mastitis treatments.

P114

First results of the new Dutch Infectious Diseases
Surveillance Information System-Antimicrobial
Resistance (ISIS-AR): Epidemiology of extended-
spectrum beta-lactamases (ESBLs) in The Netherlands

M.A. Leverstein-van Hall1, J. Muilwijk2, C.H.E. Boel1,

J. Marcelis3, W. Dorigo-Zetsma4, R. Vreede5,

N. van de Sande-Bruinsma2

1University Medical Center Utrecht, Medical Microbiology,

Utrecht, 2RIVM-Centre for Infectious Disease Control,

Bilthoven, 3Laboratorium voor Medische Microbiologie en

Immunologie, Tilburg, 4Tergooiziekenhuizen, Hilversum,
5Diagnostisch Centrum SDZZ, Delft

Objectives: ISIS-AR was initiated medio 2007 in response to

the widespread concerns about rising antimicrobial resistance

in The Netherlands and the lack of consistent long-term

surveillance covering all clinical relevant pathogens. ISIS-AR

is a combined effort of the RIVM-Centre for Infectious Disease

Control, the Dutch Working Party on Antibiotic Policy and the

Dutch Society for Medical Microbiology. It consists of a

laboratory based surveillance system that collects the epide-

miological and susceptibility data for each isolate present in the

laboratory information system of a clinical microbiological

laboratory (CML) on a monthly basis. In 2008, the first 8

CMLs were connected to ISIS-AR covering 34 pathogens. The

aim of this study was to determine the prevalence and

susceptibility patterns of Escherichia coli(EC) and Klebsiella

pneumoniae (KP) isolates (intermediate) resistant (I/R) to 3d

generation cephalosporins (CEPH3) in 1) nosocomial blood

isolates, and 2) urine isolates from the hospital (HOSP), out-

patient-departments (OPD), long-term care facilities (LTCF)

and general practioners (GP).

Methods: Data of the first isolates per species per patient

collected from Jan to Oct 2008 were analysed.

Results: The prevalence of blood isolates I/R to CEPH3 was

5.3% among 588 EC and 7.9% among 114 KP (2007 EARSS

Dutch data: EC 4.2%, KP 6.9%). An ESBL confirmation test was

performed in 74.1% of the EC of which 78% were positive and

4.0% indeterminate. All of the 5 (56%) KP tested were positive.

The prevalence of urine isolates I/R to CEPH3 was 3.2%

among 14,986 EC and 2.8% among 2,057 KP. For EC the

prevalence was 4.2% in HOSP, 3.7% in OPD, 5.7% in LTCF,

and 2.4% in GP. For KP the prevalence was 5.6, 1.1, 4.0 and

1.7% resp.

ESBL positive EC were R/I to ciprofloxacin in 57%,

aminoglycosides in 44%, cotrimoxazole in 71%. Co-resistance

to these 3 antibiotics existed in 30%.

ESBL positive EC and KP urine isolates from GP were R/I

to norfloxacin in 61%, cotrimoxazole in 70% and nitrofuran-

toin in 22%. Co-resistance to the first 2 antibiotics existed in

46% and to all 3 in 7%.

Conclusions: This first analysis of the ISIS-AR database shows

that 1) the Dutch ESBL prevalence rates are increasing, 2)

ESBLs have entered the community and LTCFs, 3) oral

treatment of urinary tract infections with ESBL positive EC or

KP in the community is compromised, 4) other resistance

mechanisms than the classical ESBLs probably play a role in

the decreased susceptibly to CEPH3 as well.

P115

Molecular detection of respiratory syncytial virus (RSV)
using the RespiFinder MLPA assay: reappraisal
of current antigen detection based infection control
policies

D. Veenendaal, S.M. Euser, R. Jansen, B.M.W. Diederen

Streeklab Haarlem, Haarlem

Introduction and Methods: Until now RSV antigen-specific

immunochromatography assays (ICA) like BinaxNOW� are

widely used for rapid detection of RSV in liquid respiratory

tract samples (LRTS) e.g. nasopharyngeal washings, sputum

and bronchial washings. Compared to rapid virus cell culture

(RVCC), ICA testing has a high negative predictive value.

However, for detection of respiratory pathogens molecular

biological methods are more sensitive than RVCC and direct

antigen detection assays like ICA. The RespiFinder assay using

multiplex ligation-dependent probe amplification (MLPA)

technology was introduced at our laboratory in September

2008 to replace RVCC. We compared the diagnostic yield of

RSV detection by the Binax NOW� assay using RVCC and

MLPA in two separate historical time-periods.

Results: Between January 2006 and August 2008, a total of 698

LRTS were tested for RSV by both ICA and RVCC. During

that time period a negative RSV ICA test was used to rule out

an active RSV infection. The ICA showed 235 (34%) positive

specimens compared to 191 (27%) positive specimens when

using RVCC. The calculated agreement between ICA and

RVCC was 83% (582/698). Taking RVCC as the gold

standard, the sensitivity, specificity, PPV and NPV of the

ICA test were 81% (155/191), 84% (427/507), 66% (155/235)

and 92% (427/463), respectively.

Between September 2008 and December 2008, a total of

212 RTS were tested for RSV by both ICA and MLPA.

Seventy-one (33%) of the LRTS were positive with ICA,

resembling the percentage RSV positive RTS in the first time

period. However, using the MLPA instead of RVCC, 111

(52%) specimens were found positive for RSV RNA (agree-

ment with ICA 75%). Taking MLPA as the gold standard, the

sensitivity, specificity, PPV and NPV of the ICA were 58%

(64/111), 93% (94/101), 90% (64/71) and 67% (94/141),

respectively.

Besides 111/212 (52%) of the specimens being positive for

RSV RNA, other respiratory pathogens were detected with

MLPA as well e.g. rhinovirus: 71 (33%), coronavirus: 43 (20%),

adenovirus: 26 (12%), human metapneumovirus (hMPV): 20
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(9%), parainfluenzavirus: 7 (3%) and M.pneumoniae: 2 (1%).

Mixed infection of RSV with one or more of these micro-

organisms was found in 48% of the RSV positive LRTS. Most

prevalent RSV co-infecting micro-organisms were coronavirus

(21%), rhinovirus (20%), adenovirus (13%) and hMPV (6%).

Conclusion: Previously cell culture was the ‘gold standard’ for

the laboratory detection of respiratory viruses, including

respiratory syncytial viruses (RSV). However, cell culture is

laborious and has a relatively low sensitivity. Although rapid

antigen detection tests are available for RSV, our results show

that the Binax NOW� test is less useful than MLPA. Moreover,

MLPA testing provides detection of a broad selection of

respiratory pathogens. ICA missed 47 out of 111 patients

([40%) with RSV infections detected by MLPA. Using

molecular technology as the gold standard method, the NPV

of the ICA test dropped to less than 70%. Therefore RSV ICA

(Binax NOW�) may no longer be a reliable screen-test for

ruling out RVS-infection to guide appropriate treatment and

infection control measures.
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Evaluation of a new immunochromatographic assay
for the detection of Rotavirus and Adenovirus antigens
in human feces

P.M. van Gijssel, A.M.J. Beerens, J. Nanuru, P Tuinstra,

J Schirm

Laboratorium voor Infectieziekten, Medische

microbiologie, Groningen

Purpose: The purpose of this study was to evaluate the new

immunochromatographic BMD (Biomedical Diagnostics)

Rota/Adeno Virus Duo Antigen test for use in routine

diagnostics.

Methods: Retrospectively 61 frozen (-20�C) stools were

tested: 25 rotavirus, 13 Adenovirus 40/41, 9 other Adenovi-

ruses and 14 samples containing other pathogens.

Prospectively 48 fresh stools were tested by the new BMD

assay and compared to our routine test, the Diarlex MB test

(Orion). Later, all samples were also tested with the Premier

Adenoclone/Rotaclone test.

Results: Retrospectively, the BMD test yielded a positive result

for 22 of 25 rota-stools, 10 of 13 adenovirus 40/41 and none of

the 9 other adeno-samples. In dilution series the BMD Rota test

was slightly less sensitive than Premier Rotaclone, whereas the

BMD Adeno test was 1009 less sensitive than Premier

Adenoclone. No cross-reaction of the BMD-test was detected

with any of the other pathogens.

In the prospective study 25 stools were positive for

rotavirus: the BMD-test detected 17 of these, the Diarlex-test

23 and Premier Rotaclone 25. None of the rota-tests gave false

positive results.

Only two samples contained adenovirus: adeno-5 and

adeno-40/41. Both were missed by the BMD-test and the

Diarlex-test, but detected by the Premier Adenoclone and

additional confirmation tests. The Premier Adenoclone pro-

duced one false-positive result.

For rotavirus the sensitivities of the BMD, Diarlex and

Premier tests were 68, 92 and 100%, respectively.

Conclusion: Although the BMD Rota/Adeno Virus Duo

Antigen assay has a good specificity, the sensitivity is too

low for routine diagnostics.
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Evaluation of DNA extraction methods for dried blood
spots in the diagnosis of congenital cytomegalovirus
infection

J.J.C. de Vries, E.C.J. Claas, A.C.M. Kroes,

A.C.T.M. Vossen

LUMC, Medische Microbiologie, Leiden

Dried blood spots (DBS) have been proven useful for

(retrospectively) diagnosing congenital cytomegalovirus

(CMV) infection. However, the 2007 European Quality

Control for Molecular Diagnostics (QCMD) proficiency testing

programme showed that CMV DNA detection in DBS was not

very sensitive in a considerable number of participating

laboratories.

The aim of this study was to compare DNA extraction

methods for DBS followed by CMV PCR. Sensitivity and

applicability of the methods for high-throughput usage were

assessed.

Guthrie cards were spotted with CMV DNA-positive whole

blood (n = 15). DNA was extracted from the DBS using the

different extraction methods, followed by CMV amplification

by means of real-time PCR.

The most sensitive methods were the protocol described by

Barbi et al. (J. Clin. Virol. 2000;17:159–165), the QIAamp

DNA Investigator Kit (Qiagen), and the BioRobot Universal

System (Qiagen), although no statistically significant differ-

ence was observed using the MagNA Pure LC (Roche

Diagnostics) and the NucliSens easyMAG (bioMeriéux).

Optimal sensitivity was achieved when samples were tested

in triplicate. Triplicate testing using the protocol by Barbi et al.

resulted in sensitivities of 100% (6/6), 86% (6/7), and 50% (1/

2) for DBS with CMV DNA loads of 2–3, 3–4, and 4–5 log10

C/ml, respectively. The protocol by Barbi et al., the QIAsym-

phony, and the BioRobot Universal System were suitable for

96-well format testing.

When considering universal neonatal screening for congen-

ital CMV infection, an assay which is both sensitive and

applicable for high-throughput testing is required. The protocol

by Barbi et al. and the BioRobot Universal System seem the

most appropriate candidates currently available for application

in neonatal screening.
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Cellular inflammation and viral loads in primary
Epstein-Barr viral meningo-encephalitis
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R Donders1, S.F.T. Thijsen1

Diakonessenhuis, Department of molecular diagnostics,

Utrecht, 2St Antonius Hospital, Department of

Microbiology, Nieuwegein
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Objectives: Several case studies have reported on meningo-

encephalitis caused by a primary Epstein-Barr virus (EBV)

infection. We aimed to investigate the viral loads, and the

inflammatory characteristics of this thus far poorly defined

disease entity.

Methods: We evaluated all cases from 2003 to 2008, in which

an EBV polymerase chain reaction test (PCR) was requested on

a cerebro spinal fluid (CSF) sample. Primary infection was

defined as a clinical presentation with sore throat/pharyngitis/

malaise in combination with lymphocytosis, and detectable

heterophile antibodies or positive EBV IgM antibodies.

Patients with proven neuroborreliosis served as control group.

Leukocyte response and EBV viral loads in CSF, and serum

were compared between primary EBV and neuroborreliosis

cases. Data is presented as median (interquartile range),

comparisons were performed by non-parametrical tests.

Results: We identified six cases with a primary EBV infection

(median age: 22, male: 4) with neurological symptoms ranging

from meningeal signs to encephalitis. These were compared to

14 patients with neuroborreliosis (median age: 27, male: 6). In

four out of six patients with a primary EBV infection with

neurological symptoms EBV DNA was detected in CSF and in

serum, whereas all neuroborreliosis cases were EBV PCR

negative in both compartments. Viral loads were significantly

lower in CSF (226 (\50–1461) DNA copies/ml) as compared

to serum (1507 (\50–14127) DNA copies/ml). In blood,

leukocytes (13.5 9 109/L (10.3–18.5)), lymphocyte (7.6 9 10
9/L (2.9–12.8)), and monocyte counts (1.3 9 109/L (1.2–1.7))

were significantly increased as compared to the neuroborrelio-

sis cases (7.2 9 109/L(5.9–10.5), 4.4 9 109/L (3.4–8.0), and

1.7 9 109/L (1.2–2.2), respectively).

Conclusion: Sixty-seven % of cases with EBV meningo-

encephalitis have detectable viral DNA amounts in CSF and

serum, whereas neuroborreliosis patients do not. Cases with

primary EBV meningo-encephalitis have increased systemic

leukocytosis, with higher lymphocyte, and monocyte levels

compared to neuroborreliosis patients.
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Human metapneumovirus in bronchoalveolar lavage
fluid of critically ill patients

MJ Vanspauwen, W.N.K.A Mook van, C.A Bruggeman,

E.F.M Wouters, D.C.J.J Bergmans, C.F.M Linssen

Maastricht University Medical Center, Medical

Microbiology, Maastricht

Introduction: Human metapneumovirus (hMPV) is a para-

myxovirus that has been shown to cause respiratory infections

in children, the elderly and immunocompromised patients.

In this study we retrospectively evaluated the presence of

hMPV in bronchoalveolar lavage fluid (BALF) of critically ill

patients with a suspicion of hospital acquired pneumonia

(HAP) using real-time polymerase chain reaction (PCR).

Material and Method: Between January 2005 and December

2007 all consecutive BALF samples from critically ill

patients in the Intensive Care Unit (ICU) of the Maastricht

University Medical Center clinically suspected of HAP were

included. BALF work-up included: differential cell count,

quantitative bacterial culture, PCR for relevant respiratory

pathogens and additional stains and cultures guided by

clinical suspicion. All samples were analysed retrospectively

by quantitative real-time PCR targeting the Nucleoprotein

gene of hMPV.

Results: A total of 144 BALF samples were included from 121

patients in the ICU (75 men and 46 women). RNA of hMPV

was detected in 2 out of 144 BALF samples (1.4%) of 2

patients. In both patients, VAP was not microbiologically

confirmed. The first hMPV positive patient had an underlying

hematological malignancy (multiple myeloma). Already being

treated with broadspectrum antibiotics, he developed signs of

respiratory distress. Five days after hospital admission, the

patient was admitted to the ICU because of respiratory

insufficiency. A BAL performed the same day yielded no

causative micro-organism at that time. The second hMPV

positive patient had been admitted to the hospital with a

community acquired pneumonia for which no causative

organism was identified. Sputa cultures at time of hospitali-

sation (performed under antibiotic therapy) remained negative.

Five days after hospital admission, progressive respiratory

insufficiency necessitated ICU admission. Twelve days after

ICU admittance a BAL was performed, which yielded Candida

albicans in 102 cfu/ml. In both patients no causative micro-

organism for pneumonia could be identified during

hospitalisation, therefore we speculate that hMPV may at

least have contributed to or perhaps even caused the respira-

tory deterioration under antibiotic therapy.

Conclusions: In critically ill patients 1.4% of collected BALF

samples revealed the presence of hMPV RNA. Therefore,

hMPV may play a part in respiratory complications in ICU

patients. An additional study is necessary to investigate the

extent to which hMPV contributes to respiratory failure in

patients admitted to the ICU.
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Clinical characteristics of infection with the newer
human parechoviruses in children

K.C. Wolthers1, K.S.M. Benschop1, B. Westerhuis1,

R. Molenkamp1, L. Spanjerberg2, D. Pajkrt1

1AMC, Laboratory Clinical Virology, Amsterdam,
2Ziekenhuis Amstelland, Afd. Kindergeneeskunde,

Amstelveen

Background: Human parechovirus (HPeV) 1 and 2 have been

associated with gastrointestinal or respiratory symptoms in

young children. HPeV3 is associated with neonatal sepsis.

Little is known about the pathology of the new HPeV4-6 in

children.

Methods: We evaluated the clinical symptoms of children with

HPeV in cerebrospinal fluid (CSF) and children identified with

an HPeV 4, 5 or 6 infection in faeces by PCR. Data on clinical

symptoms were retrospectively documented by questionnaires.

Results: HPeV infections of the CNS were found in 2004

(8,2%) and 2006 (5.7%) but were nearly absent in 2005 and

128 Antonie van Leeuwenhoek (2009) 95:17–133

123



2007 (0,4–0,7%). Mean age of the children was 2 months, and

all were diagnosed with fever and signs of neonatal sepsis and/

or meningitis. Out of 282 children positive for HPeV in faeces,

20 were positive for HPeV4, 6 for HPeV5 and 5 for HPeV6.

The mean age was 11 months. Children presented in 58% with

respiratory complaints, of which 19% had an otitis, and in 64%

with gastro-intestinal symptoms. Sepsis-like illness was

reported in only 3% of the patients.

Conclusion: The bi-annual circulating HPeV3 is most likely

the predominant CNS-infecting strain, and should be consid-

ered as an important cause for sepsis/meningitis in infants.

Symptomatic HPeV4-6 infections are seen in relative young

children and are associated with respiratory and/or gastro-

intestinal symptoms.
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Real-time PCR for respiratory viruses does not impact
antibiotic use for ventilated children with lower
respiratory tract infection

A.C. van de Pol1, T.F.W. Wolfs2, C.E. Tacke2,

J.W.A. Rossen3, J.L.L. Kimpen1, C.S.P. Uiterwaal1,

N.J.G. Jansen2

1University Medical Center Utrecht, Virology and

Pediatrics, Utrecht, 2Wilhelmina Children’s Hospital,

Infectious Diseases, Utrecht, 3St. Elisabeth Hospital

Tilburg, Laboratory of Medical Microbiology, Tilburg

Introduction: Real-time (q)PCR at the pediatric intensive care

unit (PICU) is much more sensitive to detect respiratory viruses

than conventional immunofluorescence testing (DIF). A survey

among PICU physicians showed that qPCR, additional to DIF,

decreased antibiotic use in paper patient cases. This needs to be

confirmed in the real-life situation.

Methods: Ventilated PICU patients (B5 years) with lower

respiratory tract infection were tested for respiratory viruses by

DIF and qPCR shortly after admission. Patient care was left at

the discretion of the attending physician and DIF results were

reported the same day, as usual. The next day, the investigator

questioned the attending physician about antibiotic treatment

before revealing the qPCR result. Subsequently, the physician

was given the qPCR result and antibiotic use was evaluated

again 1 h later.

Results: Thirty-eight children were included. Nineteen patients

had a positive DIF result (all RSV), and 9 of these (47%) were

treated with antibiotics before revealing the PCR result. QPCR

detected 7 additional viruses in 6 of these patients. The qPCR

result did not change antibiotic use in this group (as expected).

Additionally, 19 patients had a negative DIF result. Twelve

(63%) of these patients were treated with antibiotics before

revealing the PCR result. QPCR detected 20 viruses in 16 of

these patients; however, in none of the patients antibiotics were

discontinued.

Conclusion: QPCR greatly increases the diagnostic yield of

respiratory viruses in PICU patients, in comparison with DIF.

However, unlike shown in a previous questionnaire study with

paper patients, in the real-life situation this does not lead to a

decrease in antibiotic use.
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Correlation between (semi-)quantity of respiratory
viruses and the presence of clinical respiratory
symptoms in children under 7 years

R. Jansen, D. Pajkrt, J Wieringa, R. Molenkamp,

S Koekkoek, M. de Jong, J. Schinkel

AMC, Medical Microbiology, Amsterdam

Background: Molecular technology has revolutionized the

diagnosis of respiratory viruses. However, the high sensitivity

of detecting respiratory viruses also raises questions about the

clinical relevance of positive test results. Analyzing the

presence of respiratory viruses in asymptomatic persons is

essential to gain more insight into the clinical value of

molecular test results and help diagnostic interpretation. To

address this issue we carried out a prospective case-control

study in symptomatic and asymptomatic children

Methods: The study was designed as a prospective case-control

study. Cases were children up to 6 years old who were

admitted with a clinical suspicion of an acute respiratory

infection. Controls were children of the same age range without

respiratory symptoms who visited the outpatient department for

non respiratory disease, or asymptomatic children accompa-

nying a relative visiting the outpatient department. After

obtaining written informed consent, clinical data and a

nasopharyngeal aspirate (NPA) were collected. NPAs were

tested on boca-, RS-, parainfluenza 1–4, influenza A and B,

corona-, hMP-, parecho-, entero-, adeno- and rhinoviruses

using a multiplex RT-PCR. Presence and (semi-)quantity of the

fourteen viruses were correlated with the clinical symptoms of

cases and controls. Crossing point (Cp) value (i.e. the first

cycle at which the PCR signal becomes positive) was used

inversely (1/Cp-value) as a semi-quantitative measure. The

higher the inversed Cp-value, the more target nucleic acid is

present in the sample.

Results: Ninetyfive asymptomatic controles and 107 symptom-

atic patients were included.

We could detect respiratory viruses in 31% (26% mono and

5% double infections) the asymptomatic children, compared to

67% (49% mono and 21% double infections) in children

hospitalized with suspicion of an ARTI. When stratified for

age, virus prevalence in asymptomatic children was 46% 0–

1 year olds, 27% in 1–2 year olds and 24% in 2–7 year olds.

For symptomatic children virus prevalence was 61% in 0–

1 year olds, 88% in 1–2 year olds and 73% in 2–7 year olds.

The odds for a positive PCR in asymptomatic patients was

significantly higher in children under 1 year of age compared to

children between 1 and 7 years old (OR 2,6 [95% CI; 1,01–6,8]).

The mean Cp value of asymptomatic children (28,5) was

significantly lower then the mean (31,4) Cp value in symp-

tomatic children (Student T test, p \ 0,002). Sub-analysis of

RV also showed significant lower mean Cp value in asymp-

tomatic (27.9) compared to symptomatic (30.5) children

(Student T test, p \ 0,023). Viral presence in asymptomatic

patients was not correlated to possible predisposing factors like

family members having a common cold, asthma or the

attendance of the child to a day care centre.

Conclusions: Respiratory viruses can be detected in a

substantial proportion of asymptomatic children, especially

Antonie van Leeuwenhoek (2009) 95:17–133 129

123



infants, but viral quantity is lower than in symptomatic

children.

These preliminary data suggest that quantitation of respi-

ratory viruses may have additional value for interpretation of

positive PCR results. Further ongoing studies are required to

evaluate whether clinical cut off points can be identified for

individual viruses.
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C5-technology in Pseudomonas putida S12: construction
of D-xylose utilization pathways

J.P. Meijnen1,3, J.H. de Winde1.3, H.J. Ruijssenaars2,3

Delft University of Technology, Department of

Biotechnology, Delft 2 TNO, Quality of Life,

Bioconversion, Delft, 3 B-Basic, Delft

The utilization of C5 sugars is a critical factor in attaining

economically feasible bioproduction of fuels and chemicals

from renewable feedstock. To achieve D-xylose utilization by

P. putida S12, two metabolic engineering strategies were

investigated: introduction of a phosphorylative route convert-

ing D-xylose into D-xylulose-5-phosphate, and an oxidative

pathway with 2-ketoglutarate as the final product.

To enable phosphorylative utilization of D-xylose by P.
putida S12, the E. coli enzymes D-xylose isomerase (XylA) and

D-xylulose kinase (XylB) were expressed. Growth on D-xylose

as sole carbon source was observed, but the performance was

poor at 9% biomass yield (g CDW (g D-xylose-1)) and a

growth rate of 0.01 h-1. The growth performance was

significantly improved by a laboratory evolution approach,

resulting in a P. putida S12 derived strain able to utilize D-

xylose at a biomass yield of 52% (g CDW (g D-xylose-1)) and

a maximum growth rate of 0.35 h-1. Unexpectedly, without

further engineering, this strain was also capable of utilizing L-

arabinose as efficiently as D-xylose (1).

In an alternative approach, the xylXABCD operon from

Caulobacter crescentus was introduced into P. putida S12. The

resulting strain was capable of utilizing D-xylose via an

oxidative pathway, at a biomass yield of 53% and a maximum

growth rate of 0.21 h-1. Remarkably, most of the genes of the

xylXABCD operon appeared to be dispensable for growth on

xylose. Only D-xylonate dehydratase (XylD) proved to be

essential to establish an oxidative xylose catabolism in P.
putida S12. The growth performance on D-xylose was,

however, greatly improved by co-expressing 2-keto-3-deoxy-

D-xylonate dehydratase (XylX) and a-ketoglutaric semialde-

hyde dehydrogenase (XylA).

Thus, pentose-utilizing P. putida S12 strains were con-

structed via two alternative approaches. The suitability of the

different pathways for bioproduction purposes will be evalu-

ated for different types of products.

This project is financially supported by The Netherlands

Ministry of Economic Affairs and the B-Basic partner orga-

nizations (www.b-basic.nl) through B-Basic, a public-private

NWO-ACTS programme (ACTS = Advanced Chemical

Technologies for Sustainability).
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Biomass yield on glucose can be inproved by co-feeding a

cheap auxiliary catabolic substrate. This enables a more

cost-efficient fermentative production of biochemicals from

the first carbon source. C1 compounds such as formalde-

hyde and formate have previously been shown to increase

the biomass yield on glucose in yeasts when used as

auxiliary substrate.

The use of methanol and formaldehyde as auxiliary

substrate was evaluated in P. putida S12. This strain is able

to oxidize methanol to formaldehyde, and formaldehyde to

CO2 via formate. These oxidation steps generate reducing

equivalents. To provide additional formaldehyde metabolic

pathways, the key enzymes of the ribulose monophosphate

(RuMP) pathway of the thermotolerant methylotroph Bacillus
brevis S1 were introduced into P. putida S12. These enzymes

reconstitute an oxidation and assimilation pathway in P. putida
S12.

C-limited chemostat cultures were performed with wildtype

and P. putida S12 expressing the RuMP pathway using

different ratios of glucose and formaldehyde. Both wildtype

and the RuMP expressing strain showed increased biomass

yields on glucose with increasing formaldehyde concentra-

tions. The biomass yield on glucose of the RuMP expressing

strain was consistently higher than that of the wildtype. At a

60% formaldehyde contribution to total carbon, the wildtype

was not able to grow, whereas the RuMP expressing strain

reached a biomass yield on glucose of 91%. When formalde-

hyde was replaced with methanol, a biomass yield on glucose

of 84% was obtained.

Addition of a cheap auxiliary substrate to the wildtype

significantly increased the biomass yield on glucose, enabling a

more cost-efficient utilization of glucose. Introducing the

RuMP pathway genes resulted in a further improvement of

auxiliary substrate utilization. Although somewhat less effi-

cient than formaldehyde, methanol is the preferred auxiliary

substrate as it is less toxic, easier to handle, cheap and

renewable.
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Glycerol as substrate for the bio-production
of substituted aromatics by the solvent-tolerant
bacterium Pseudomonas putida S12
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Biotechnology, 2B-Basic, 3Kluyver Centre for Genomics
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Substituted aromatics like p-hydroxybenzoate and p-hydroxy-

styrene are important chemicals, which are applied as polymer

building blocks. We investigate the production of these

compounds from renewables as an alternative to the chemical

production from fossil feedstock. Bioproduction of substituted

aromatics may be hindered by the toxicity of the product to the

production host. One way to cope with product toxicity is to

deploy solvent-tolerant microorganisms as biocatalysts. Pseu-
domonas putida S12 is well-suited for the production of

substituted aromatic chemicals thanks to its extreme solvent-

tolerance and metabolic versatility towards aromatics. Since

the production of aromatics from renewable substrates occurs

via the central metabolite L-tyrosine, a P. putida S12 strain

with an enhanced flux from glucose towards L-tyrosine was

used as parent strain. By introducing appropriate heterologous

enzymes and preventing product degradation in this strain,

efficient production of p-hydroxybenzoate (Verhoef et al.,

2007) and p-hydroxystyrene (Verhoef et al., 2009) was

achieved.

P. putida S12 can grow on the model renewable substrate

glucose and was engineered to utilize xylose and arabinose

(Meijnen et al., 2008), in order to construct a strain that can

optimally use the majority of the sugar fraction of lignocel-

lulosic feedstock. An alternative feedstock may be glycerol.

Engineered P. putida S12 was shown to be capable of

producing cinnamate and p-hydroxybenzoate with equal effi-

ciency from either glucose or glycerol as substrate (Nijkamp

et al., 2005; Verhoef et al., 2007). Thus, the solvent-tolerant P.
putida S12 can utilize glycerol efficiently as substrate for the

production of substituted aromatics.
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The exceptional solvent tolerance of Pseudomonas putida
strain S12 makes this bacterium a suitable platform organism

for the production of industrially relevant, but toxic chemicals

such as substituted aromatics. We have engineered and

optimized this bacterium into a versatile whole-cell biocatalyst

with regard to substrate utilization and product formation.

An array of substituted aromatics such as phenol, p-hydroxy-

styrene, t-cinnamate and p-hydroxybenzoate can be produced

from renewable feedstock such as glucose and (raw) glycerol. The

products are synthesized via aromatic amino acids (L-phe and L-

tyr), utilizing combined heterologous and endogenous (partial)

pathways. The initially modest production characteristics were

improved by orders of magnitude by random mutagenesis and

high-throughput screening. Transcriptomics, proteomics and

metabolic flux analyses on improved mutants demonstrated that

the aromatic amino acid biosynthesis level was considerably

enhanced and furthermore provided useful leads for additional

targeted optimization of the production hosts.

In addition to optimizing productivity and expanding

product range, the efficient utilization of biomass-derived

feedstock is investigated. Wild-type P. putida S12 readily

metabolizes model renewables like glucose and glycerol, but

real-life lignocellulose hydrolysate also contains considerable

amounts of pentoses and other substances that cannot be

utilized. P. putida S12 strains were constructed that efficiently

utilize pentoses either via a phosphorylative or an oxidative

pathway. In addition, strains have been constructed that

metabolize other compounds present in lignocellulose hydroly-

zates. The substrate utilization and aromatics production

properties are currently combined into single strains for

efficient conversion of cheap biomass-derived feedstock to

value-added aromatic products.
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Identification of unique metabolic features of solvent
tolerant Pseudomonas putida S12 by comparative
genomics

H. Ballerstedt1,4, R. Siezen3,4, J.H. de Winde2,4,

H.J. Ruijssenaars1,4

TNO Quality of Life, Bioconversion, Delft, 2 Delft

University of Technology, Department of Biotechnology,

Delft, 3 CMBI, Radboud University, Nijmegen, 4 Kluyver

Centre for Genomics of Industrial Fermentation, Delft

Pseudomonas putida S12 is well-known for its remarkable

solvent tolerance. It can grow in the presence of a second phase
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of organic solvents, irrespective of whether these can be

metabolized. P. putida S12 has been developed as a platform

for the production of (fine-) chemicals in whole-cell biotrans-

formations (1, 2). The genome of P. putida S12 has been

sequenced and the assembled genome sequence revealed an

estimated genome size of 6.6 Mb, which is *10% larger than

the genomes of closely related pseudomonads. Comparative

analyses confirmed a high degree of similarity with four

publicly available sequences of P. putida strains (KT2440, F1,

GB-1, W619).

Based on protein similarities a core genome of 2,285

clustered genes was identified that are conserved in all fully

sequenced P. putida genomes. The pan genome, encompassing

all genes present in any of the strains, consisted of 5,384

clusters. Of all sequenced P. putida strains, strain S12 was the

most diverse strain having 942 unique clustered genes,

followed by strain GB-1 with 427.

Among the group of genes unique to strain S12, several

clusters involved in aromatic metabolism, metal resistance and

solvent tolerance were identified. In addition, a type IVB

secretion system was found which is very rare within

Pseudomonads. Its putative biological function with emphasis

on solvent resistance mechanisms will be further investigated.

References:

1. Nijkamp, K. et al. AMB 69, 170. 2005.

2. Wierckx, N.J.P. et al. J. Bac. 190, 2822. 2008.

P128

Identification and inactivation of genes involved
in the catabolism of 1,4-diaminobutane in Pseudomonas
putida S12
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B-Basic, Delft, 2 Delft University of Technology,
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Due to the importance of developing sustainable processes for

the biological production of fine chemicals, our research group

utilizes the Pseudomonas putida S12 strain as a platform for

the production of biochemicals from renewable substrates

(2–4). The aim of this study is the production of the polyamine

1,4-diaminobutane (DAB), by P. putida S12 grown on a

glucose feed-source.

Various metabolic pathways for DAB degradation are

known, but no data is available concerning DAB degradation

in P. putida S12. In order to enable the production of DAB in

P. putida S12, the genes involved in these degradation pathways

have to be identified and inactivated. To identify such genes,

transcriptomics analysis was performed on cultures grown in the

presence and absence of DAB, resulting in a small number of

genes which were differentially expressed in response to DAB.

Several up-regulated genes, which were involved in the path-

way from DAB to 4-aminobutyrate via 4-aminobutyraldehyde

(1), were serially inactivated by a targeted knock-out approach.

The objective was to obtain a mutant which was unable to

degrade DAB. However, DAB degradation still occurred in this

multiple knock-out mutant, suggesting that there were other

genes involved, possibly via the catabolic route involving c-

glutamylated intermediates.

This project is financially supported by The Netherlands

Ministry of Economic Affairs and the B-Basic partner organiza-

tions (www.b-basic.nl) through B-Basic, a public-private NWO-

ACTS programme (ACTS = Advanced Chemical Technologies

for Sustainability). This research was funded by the Kluyver

Centre for Genomics of Industrial Fermentation, which is sup-

ported by The Netherlands Genomics Initiative (NGI).
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Siemens’ Magnetic Bead Extraction Technology:
A Key for Efficiency and Quality in Molecular
Diagnostics

G. Hennig

Siemens Healthcare Diagnostics

In December 2008, Siemens Healthcare Diagnostics has

launched an automated detection platform for nucleic acid

testing. The VERSANTTM kPCR Molecular System consists of

a sample preparation robot and detection module based on

kinetic PCR. These modules are linked by an integrated user

interface for easy operation .

The efficient purification of the target nucleic acids

characterized by obtaining high-purity nucleic acids at high

recovery rates. It is critical for the accurate amplification and

detection of the target sequences. This high system perfor-

mance together with system flexibility, robustness and speed of

purification could be achieved by employing magnetic bead

technology.

Siemens has developed a new procedure for the simple and

robust manufacturing of silica-coated paramagnetic particles.

The new magnetic particles simplify and improve automated

nucleic acid isolation. This is conferred by the particles’

properties like the nanolayer of silica which binds nucleic acids

selectively, the optimal suspension behavior due to the very

low particle size, the homogenous particle size distribution and

the strong magnetization properties.
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In addition to the VERSANT kPCR isolation methods

implemented for HIV, HCV and CT/NG, the silica magnetic

particles allow the isolation of genomic DNA from blood for

pharmacogenomic testing and DNA and RNA from tumor

tissue for oncology testing. Examples will be presented.
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