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Abstract In the aftermath of the Dutch Q fever outbreak, an
increasing number of patients are being diagnosed with
chronic Q fever. Most of these patients are unaware of being
infected with Coxiella burnetii, the causative agent of Q
fever. To find patients in an earlier, asymptomatic stage, a
targeted screening strategy (TSS) for patients with risk
factors for chronic Q fever was started in the southeast
region of Noord-Brabant. In total, 763 patients were tested
using an IgG phase II indirect fluorescent antibody test
(IFAT), of which 52 (7 %) patients tested positive. Ten of
these 52 patients displayed a chronic Q fever serological
profile. All of these 10 patients had a heart valve(s) or

(endo-)vascular prosthesis. All except one were asymptom-
atic. Suggestive signs for chronic infections on positron
emission tomography–computed tomography (PET-CT)
were demonstrated in 5 (50 %) of these patients. Forty-two
out of the 52 patients with a positive screening test showed a
past Q fever serological profile. After a year of follow-up
(every 3 months), none of these patients showed elevation of
antibody titres and no new chronic Q fever patients were
found in this group. A targeted screening programme is a
useful instrument for detecting patients at risk of developing
chronic Q fever.

Introduction

Since 2007, the Netherlands has experienced the world’s
largest outbreak of Q fever, with more than 4,000
notified acute Q fever cases. The worst affected areas
were the provinces of Noord-Brabant, Gelderland and
Limburg [1]. Q fever is a zoonotic disease caused by
Coxiella burnetii, a small, Gram-negative obligate intra-
cellular bacterium, phylogenetically related to Legion-
ellales [2]. Infection in humans results mainly from the
inhalation of contaminated aerosols [2]. The main
source of C. burnetii in the Dutch outbreak were dairy
goat farms where abortions occurred that released high
loads of the bacterium through aborted lambs, placentas
and amniotic fluids. The epidemic drastically declined
in 2010 after outbreak control measurements, such as
the culling of goats from Q fever-positive goat farms,
were put in place by the Dutch Government [3].

Infection with C. burnetii may result in acute and chronic
infections. The infection remains asymptomatic in up to
50 % of patients [2]. Patients with acute disease fever
usually present with fever, mild flu-like symptoms and
pneumonia 2 to 6 weeks after exposure [2]. Because these
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symptoms are non-specific, under-reporting is quite sub-
stantial, especially at the beginning of an outbreak.

An estimated 1–5 % of patients progress to chronic
Q fever, usually insidiously, months or even years after
primary infection [2, 4, 5]. Patients often present with
non-specific symptoms such as low-grade fever, night
sweats and weight loss. Endocarditis is described as the
predominant manifestation of chronic Q fever, followed
by vascular wall infection, chronic infection in pregnan-
cy, osteomyelitis and chronic hepatitis [4–7]. Both
asymptomatic and symptomatic acute Q fever cases are
at risk of developing chronic infection. Known risk
factors for developing chronic infection are valvular
heart disease, including heart valve prostheses, vascular
prostheses and aneurysmatic diseases of the aorta [4–7].
Unlike acute Q fever, chronic Q fever is a potentially
lethal disease. Morbidity and mortality are related to the
time of diagnosis and the start of combination antibiotic
therapy and surgical intervention [7].

In the southeast region of Noord-Brabant, we were con-
fronted with 17 patients with chronic Q fever in a short
period of time (July 2009–August 2010). The majority of
cases (12) had vascular wall infections, either mycotic
aneurysms or infected vascular prostheses. Two patients
were diagnosed with endocarditis and three patients with
leukaemia had chronic Q fever with unknown focus. Five
patients were admitted to the intensive care unit (ICU)
because of haemodynamic instability in an emergency set-
ting and died shortly after. The primary cause of death was
major bleeding due to Q fever-induced arterio-bronchial
fistulae in two cases and multi-organ failure due to septic
shock in three cases. Notably, only 2 out of all 17 chronic Q
fever cases detected in the region had previously been
diagnosed with acute Q fever. A detailed description of the
clinical manifestation in the first four patients has already
been published [8].

The high number of serious chronic infections led us to
question whether a targeted screening strategy (TSS) would
detect these cases earlier, possibly with the benefit of a
better prognosis. Therefore, we started a TSS programme,
as suggested by the European Centre for Disease Prevention
and Control (ECDC), for patients with risk factors for
chronic Q fever [9]. In this article, we describe the results
of this programme.

Methods

Risk definition

The target patient group consisted of patients known
with abdominal aortic aneurysms, a (endo-)vascular
prosthesis of the aorta or heart valve(s) prosthesis and

living in one of the five communities with the highest
incidence of acute Q fever in the southeast region of
Noord-Brabant.

Procedure

All four hospitals (including one cardiothoracic and endo-
vascular referral centre) in our region participated. Target
patients were asked to participate in the screening
programme using two different strategies. Firstly, retrospec-
tive lists of patients were created by searching the hospital
registration files using the Diagnosis and Treatment Combi-
nation (DBC) codes from January 2000–August 2010. Pa-
tient lists were checked for duplicates and cross-checked
with hospital registration files to filter out all deceased
persons. The selected patients received an invitation letter
to participate in this programme between September and
November 2010. Secondly, between September 2010 and
September 2011, patients who had been recently diagnosed
with the aforementioned patient characteristics and present-
ing at regular outpatient clinic visits, were asked by their
attending physicians to participate in the programme. Those
who agreed to participate received a package containing an
information letter explaining chronic Q fever and the pur-
pose of the screening programme, an informed consent form
and laboratory forms. Patients were asked to return the
written consent form and to give blood (EDTA and serum).

Q fever definitions

Patients were classified as negative for Q fever infection (IgG
I and II<1:32), past Q fever infection [IgG phase II≥1:32 and
IgG phase I<1:1,024 and negative polymerase chain reaction
(PCR)] or chronic Q fever infection (IgG I≥1:1,024 and/or
positive PCR), based on the recently published national guide-
line for the diagnosis of chronic Q fever [10].

Q fever assay

Sera were tested for C. burnetii antibodies using an IgG
phase I/phase II indirect fluorescent antibody test (IFAT;
Focus Diagnostics, Cypress, CA, USA). C. burnetii IgG
phase I and II antibodies were measured directly from serum
using a single dilution of 1:32. Positive samples were further
diluted in this test to quantify an end-point titre. Antibody
positive sera were subjected to C. burnetii PCR, using
EDTA blood.

Seronegative patients were asked to return for follow-up
serological testing for C. burnetii antibodies once within
6 months. Patients with a serological result indicative of past
infection were asked to return for follow-up every 3 months
for a year. Patients with serological results suggestive of
chronic infection were contacted by their specialist for
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immediate consultation and treatment by the infectious dis-
ease specialist (Fig. 1).

Clinical and laboratory diagnostic imaging results of chronic
Q fever patients

Clinical symptoms fitting a chronic infection, C-reactive
protein (CRP), erythrocyte sedimentation rate (ESR) leuco-
cyte count and results of trans-thoracic echocardiography
(TTE) and/or positron emission tomography–computed to-
mography (PET-CT) were recorded during the first visit by
the infectious disease specialist.

Treatment of chronic Q fever patients

Chronic Q fever patients were treated according to the
Dutch guidelines [10]. Whenever antibiotics were indicated,
a combination of doxycycline and hydroxychloroquine was
the regimen of choice [11].

Statistical analysis

Data from the laboratory information system (MOLIS,
vision4health, Barchon, Belgium) and patients’ characteristics
were collected using a data-centric application built onMicro-
soft technologies. Statistical analysis was performed using
one-tailed binominal tests to test for significant differences
in patients with and without chronic Q fever concerning sex
and prosthesis.

Ethical considerations

The Ethical Committees of Catharina Hospital Eindhoven,
Elkerliek Hospital Helmond, St. Anna Hospital Geldrop and
Máxima Medical Centre Veldhoven/Eindhoven (all four par-
ticipating centres) approved the screening programme. Written
informed consent was collected from all participating patients.

Results

Strategy 1: Based on the selection criteria, 1,032 patients
were invited, of which 526 (51 %) submitted at least one
blood sample. All non-responders received a reminder,
resulting in 54 more patient samples being submitted. Strat-
egy 2: At regular outpatient clinic visits, 234 additional
patients were recognised as “at-risk patients”, and all of
these agreed to participate. In total, 763 patients were avail-
able for analysis, of which 75 % (n0569) were male. Most
of the patients were between 55 and 85 years of age, with a
mean age of 72 years. Almost half of the group (48 %; n0
363) had a previous cardiothoracic intervention (44 patients
with a thoracic aortic reconstruction and 319 patients with a
valve prosthesis). Abdominal aortic aneurysms were present
in 52 % (n0400) of the cases, treated conservatively in 30 %
(n0227), with an endovascular intervention in 13 % (n0
101) or with an open reconstruction in 9 % (n072)
(Table 1).

Q fever serology was positive in 7 % (n052), including
three patients who tested positive upon repeat sampling. Of
these patients, 81 % (n042/52) had serology results suggest-
ing past infection. Ten patients (19 %) had Q fever serology
indicating chronic infection and C. burnetii DNA was
detected in a blood sample of two of these 10 patients. All
patients were found with strategy 1. The main characteristics
of the patients with chronic Q fever serology are mentioned
in Table 2.

All patients but one were male; this 9:1 ratio of male and
female patients does not significantly differ from the popu-
lation tested (p00.234). Prosthesis appeared to be a signif-
icant risk factor. All patients had a (endo-)vascular
prosthesis of the aorta or heart valve(s) prosthesis and no
conservatively treated aneurysms (p00.029). Interestingly,
only one patient reported symptoms consistent with a chron-
ic infection. Also, laboratory parameters for infection were
low. Diagnostic imaging using PET-CT was positive for
infection of the prosthesis in 5 patients (50 %, 5/10). In

Fig. 1 Flow chart of the case-
finding programme. The paral-
lelograms and rounded rectan-
gles depict decisions and end-
points of the screening phase,
respectively. IgG phase II indi-
rect fluorescent antibody test
(IFAT) is positive ≥1:32. IgG
phase I IFAT is positive for
chronic Q fever ≥1:1,024
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six patients with heart valve(s) prosthesis, no valve vegeta-
tions were seen using TEE. Seven patients were started with
specific anti-Q fever antibiotic treatment. The patients
detected with chronic Q fever were followed during an
average period of 16.4 months (varying with a standard
deviation of 2.7 months) until July 2012 and none of the
patients had died.

Of the patients with a past infection, 88 % (n037/42)
were followed at regular 3-monthly intervals for a year. A
serological exacerbation or a positive C. burnetii PCR was
found in none of the sera.

Discussion

A targeted screening programme for chronic Q fever after an
acute Q fever outbreak appears to be a good approach to
detecting asymptomatic chronic Q fever patients at an early
stage. We hypothesise that the outcome of these patients, in
terms of mortality and morbidity, improves based on the
premises of adequate therapeutic regimen and regular ex-
amination by an infectious disease specialist.

The Q fever outbreak in the Netherlands was exceptionally
large, with at least 4,000 cases reported from 2007 to 2009.
The acute Q fever epidemic in the Netherlands has now

subsided due to improved hygienic measures on farms, the
culling of pregnant goats and the vaccination of goats [1, 3].
Nevertheless, the Q fever outbreak was followed by a rising
number of chronic Q fever patients [3]. Due to the insidious
course of the disease, it is possible that chronic Q fever
becomes manifest many months or even years after the pri-
mary (acute Q fever) infection [2, 4, 5]. Therefore, it was
expected that months, even years, after the outbreak, patients
with chronic Q fever were likely to continue to present.

The main manifestation of chronic Q fever found in the
literature appeared to be endocarditis [4–8]. Prosthetic
valves as well as native valve disorders are indicated as risk
factors for chronic Q fever [5–7]. Vascular wall infection,
including that of aneurysms and vascular prostheses, is the
second most common manifestation of chronic Q fever,
although the percentages known from the literature are far
less than endocarditis: 60–80 % and 10–20 % for endocar-
ditis and vascular wall infection, respectively [5–7]. In the
Netherlands, these incidences appeared to be the opposite
[12]. This was also the case in our symptomatic patient
group, in which we found vascular wall manifestations
six-fold more than endocarditis. The reason for this discrep-
ancy is not known. It is possible that the course of chronic Q
fever endocarditis is slower than a vascular wall infection
and the group of endocarditis patients still has to emerge.

Table 1 Risk factors of the 763 patients tested, by age group and gender

Risk factorsa Cardiothoracic intervention Abdominal aorta aneurysm

Gender Age±5 years Thoracic aorta
prosthesisa

Valve prosthesis Conservative
treatment

Endovascular
prosthesis

Open reconstruction
prosthesis

Total

Male 10 1 1

30 1 1

40 2 3 2 7

50 4 10 14

60 10 31 24 10 8 83

70 8 82 70 33 27 220

80 9 61 75 46 24 215

90 1 8 13 4 1 27

100 1 1

Male Total 34 196 186 93 60 569

Female 30 2 2

40 3 3

50 1 9 1 11

60 1 18 6 1 1 27

70 4 35 16 1 6 62

80 3 48 17 4 5 77

90 1 8 1 2 12

Female Total 10 123 41 8 12 194

Total 44 319 227 101 72 763

a Patients having a combined thoracic aorta and valve prosthesis (“Bentall procedure”, n015) were categorised as thoracic aorta prosthesis
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Another possible explanation is previous under-reporting of
vascular wall disease due to unfamiliarity.

The success of a TSS programme depends on the defini-
tion of the risk population. Theoretically, all inhabitants of
our region were at risk of developing chronic Q fever.
However, the screening of all inhabitants within a short
period of time would not have been practical and would
have proved to be relatively expensive. For these reasons,
we narrowed our target population down to those patients
who were assumed to have the highest risk for developing
chronic Q fever. We focused our search on patients with
existing or previously treated abdominal and/or thoracic
aortic aneurysms, vascular prostheses or heart valve pros-
theses. These conditions were highly present in the 17
symptomatic chronic Q fever cases that were found in the
four participating hospitals. Although native valve disorders
are mentioned as being at risk for chronic Q fever, we did
not include this group in our risk definition, based on the
heterogeneity of valve disorders, as well as earlier Dutch
reports about the limited contribution of native valve disor-
ders in chronic Q fever [13].

Immune compromised disorders were also not included.
Although we detected three symptomatic chronic patients
with leukaemia before starting the programme, we decided
not to extend the case definition to those with this underly-
ing disease. It would be interesting to check for chronic Q
fever in immune compromised hosts as well; however, we
found ourselves confronted with a very heterogeneous pa-
tient group who were not supported by any data other than
case reports to estimate the risk. We presumed that patients
with these vascular and cardiac conditions, who had not
visited one of the hospitals in the past 10 years, had either
died or had moved out of the region. Therefore, we limited
our search to all records from January 2000. Schimmer et al.
showed that the distance of residence from infected goat
farms and the location of human cases and number of
infected farms were epidemiologically linked [14]. There-
fore, we used the geographic area around five communities
with the highest incidence of acute Q fever.

From the 52 seropositive patients in our study, 75 % were
male and only one of the 10 chronic Q fever patients was
female. It is known from the literature that the male gender
is a risk factor for symptomatic diseases. Female hormones
may confer a protective role [4]. Of the seropositive tested
patients, 19 % (n010) had a serological profile consistent
with chronic Q fever. In the literature, the risk of developing
chronic disease after initial infection is up to 40 % in
patients with risk factors [5–7]. Although a substantial pro-
portion of our seropositive patients had a chronic Q fever
profile, it is lower than that mentioned in the literature. All
chronic Q fever patients detected in our study were known
to have a (endo-)vascular prosthesis of the aorta or heart
valve(s) prosthesis. Although the presence of an aortic an-
eurysm (in surveillance) is a known risk factor for chronic Q
fever, we did not find any patient with this feature. This
could, partly, be explained by the fact that infected aneur-
ysms (mycotic aneurysms) rapidly lead to symptoms and,
therefore, will not be picked up in a TSS programme in an
outpatient clinic setting. None of the performed TEE were
indicative for endocarditis. It is known from the literature
that the sensitivity of echocardiography in Q fever endocar-
ditis is very low, due to the formation of none or very small
vegetations on the valves [7]. None of the patients, except
one, reported symptoms consistent with chronic infection.
Also, the laboratory parameters for infection were low. In
contrast, PET-CTwas positive for infection of the prosthesis
in five patients. This finding corresponds with the idea that
chronic Q fever has mostly an insidious course and that
advanced tissue infection precedes clinical manifestation.
Also, we did not find any patients with reactivation. It was
suggested in the literature that C. burnetii can reach a
dormant stage and can reactivate years after infection [15].
That would mean that patients with a past serological profile
will develop a chronic serological profile months or years

Table 2 Main characteristics of the 10 patients with chronic Q fever
serology

Patient characteristics n/N (Range)

Gender

Male 9/10

Female 1/10

Risk

Vascular prosthesis 4/10

Heart valve prosthesis 3/10

Combined prosthesis 3/10

Aortic aneurysm 0/10

Serology and PCR

IgG phase I positive (≥1:1,024) 10/10 (1:1,024–1:32,768)

PCR positive in blood 2/10

Positive diagnostic imaginga

TEE 0/6

PET-CT 5/10

Clinical and laboratory characteristics

Symptomsb 1/10

CRP 10/10 (<6–24)

ESR 10/10 (2–26)

Leukocyte count 10/10 (4.7–11.5)

Antibiotic treatment 7/10

a Trans-oesophageal echocardiogram (TEE) was performed in six
patients. Positron emission tomography–computed tomography (PET-
CT) was performed in all patients
b Symptoms of chronic Q fever (fever, night sweats, weight loss,
abdominal pain and/or shivers) were recorded during the first intake
of the infectious disease specialist
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after acute infection. We hypothesise that chronic infection
is a slow, continuous process that follows acute symptom-
atic infection. That would mean that patients have already
developed a chronic serological profile very soon after an
acute infection. Longer follow-up of patients at risk with a
past serological profile are necessary to prove this. If it is
true, then sequel serological testing is not necessary for
patients at risk, once a serological test fits past infection.

If we apply the principles of screening composed by Wil-
son and Jungner [16] to our screening programme, wemeet all
criteria, except that no consensus is established as to whether
such programmes should be introduced at a national level.
Also, the case definition is still a matter of debate. In the
Netherlands, chronic Q fever patients are included in a nation-
al database. Comparing the outcome (mortality and morbidi-
ty) of patients detected by screening with the outcome of those
presenting with symptomatic chronic Q fever should give the
final answer as to whether screening after a Q fever outbreak is
effective or not. Another omission in our study was the lack of
cost analysis. Due to the design of our study, cost analysis was
not possible. Costs analysis should be a component when the
effectiveness of a screening programme is evaluated. Howev-
er, one can imagine that the cost of serology testing per patient
is negligible compared to the costs of the treatment of symp-
tomatic chronic Q fever patients. Costs for this screening
programme were based on administrative activities, paper
and postal charges, analytical hands-on time and the cost price
of the serological test, which was performed in a single
dilution screening procedure. The total cost was approximate-
ly €10 per patient. In our region, 10 % of the blood donors
were found to be positive for C. burnetii IgG phase II anti-
bodies (unpublished data, source: The National Blood Bank,
Stichting Sanquin, Amsterdam, The Netherlands). According
to several studies, there is a risk of up to 40% to progress from
acute to chronic Q fever in patients with risk factors [2–5].
Therefore, the calculated cost to detect one case of chronic Q
fever would be €250. The expenditures in health costs for a
symptomatic chronic Q fever patient, of course, depends on
different issues, such as the length of admission, ICU stay,
operative procedures, materials used, and laboratory and im-
aging tests carried out. Based on our first 10 consecutive
symptomatic patients admitted to the participating hospitals
before the programme was started, the average cost of treating
a symptomatic chronic Q fever patient was €21,900 per pa-
tient. Costs were strongly influenced by the necessity for
surgical procedures: the average costs of six patients who
had gone through a surgical procedure was about €36,500
per patient.

The definition of chronic Q fever was guided by the
serological results of the screening. This is the major limi-
tation of our study. At the moment, we do not know how to
treat patients who show high IgG phase I titres and no
clinical or radiological signs of chronic infection. In the

recently published Dutch guidelines, this group is classified
as possible chronic Q fever patients [10]. The classification
might need adjustment when more prospective clinical data
become available.

In summary, symptomatic chronic Q fever is a severe
disease with high morbidity and mortality. In our study, we
detected 10 patients at an earlier stage of the disease. A real
cost analysis was not included in this study, but we assume
that serological screenings assays are low compared to the
costs involved with the care for symptomatic chronic Q
fever patients. These facts, together with the moral obliga-
tion to provide the best medical care for chronic Q fever
patients in a post-epidemic period, makes a targeted screen-
ing programme as presented here advisable. Although our
data are preliminary, we hypothesise that acute infection
evolves into chronic infection as a continuous process.
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