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Abstract Intense research has been conducted on influ-

enza A(H1N1)pdm09 virus to determine the virulence

markers. Limited information on characteristics of pan-

demic virus has become available in Turkey since the

pandemic. In this first report from Turkey, we investigated

the molecular markers that have been associated with

increased virulence and oseltamivir resistance. We also

conducted serological studies in people after infection,

vaccination, exposure, and no-exposure controls to deter-

mine the level of protection against the pandemic H1N1

influenza virus. Thirteen rRT-PCR positive samples were

analyzed for presence of mutations that have been associ-

ated with host range, virulence, and antiviral resistance:

substitution D222G in the HA, E627K in the PB2, and

H275Y in the neuraminidase (NA). In addition, 135 serum

samples from vaccinated, recovered, asymptomatic con-

tacts, and control individuals were tested using hemag-

glutination inhibition (HI) assay. D222G was detected in

nasal samples from two severe cases. No specified muta-

tions in the PB2 and NA were identified. Additional sub-

stitutions, I216V, V321I, E374K, S203T in HA, V655I in

PB2, and I163V in NA, were detected. HI testing from

vaccinated individuals, recovered patients, asymptomatic

contacts, and control individuals showed that 97.9, 99.7,

88.2, and 44.2 % had HI titers C40, respectively. Molec-

ular markers promoting influenza A(H1N1)pdm09 to

become a pandemic virus are still under investigation.

Serological results confirm that younger, un-exposed indi-

viduals are at increased risk of pandemic virus infections.

Influenza A(H1N1)pdm09 viruses are still in circulation

around the globe. Therefore, these viruses need to be

monitored closely for development of new markers

including antiviral resistance mutations.
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Introduction

Influenza A viruses are the major pathogens which cause

seasonal influenza epidemics annually and occasional

pandemics arising from novel subtypes. Soon after its

emergence in April 2009, the novel influenza A(H1N1)

virus of swine origin spreads globally in a matter of weeks

settling itself as the first pandemic virus of the twenty-first

century [1]. The majority of human cases reported during

the early phase of the pandemic ranged from mild to

moderate in severity [2, 3]. However, severe and fatal cases

were reported, predominantly in relatively young individ-

uals and those with underlying conditions [4–6]. Besides

underlying medical conditions, molecular virulence mark-

ers of the pandemic virus may have determined the out-

come of the infection.

The first potential virulence marker associated with

pandemic H1N1 2009 virus was reported from Norway in

November 2009 where in 18 % of samples from patients

with severe disease outcome, the D222G mutation in HA
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gene was identified [7, 8]. This mutation apparently

increases the binding affinity of HA to SAa 2,3 Gal

receptors located abundantly in the upper respiratory tract

of birds and the lower respiratory tract of mammals,

leading to more severe disease [9–11]. Subsequent reports

have strengthened the association of D222G with severe

outcome [7, 12]. However, mild cases with this substi-

tution have also been reported [13–15]. In addition to the

HA gene segment, the PB2 gene segment of influenza A

viruses has been implicated that in host-range restriction,

a single amino acid at position 627 has been reported to

regulate the activity of PB2 gene in a species-specific

manner [16, 17]. An E627K substitution is required for an

avian influenza virus to cross species barrier to mammals,

whereas E627 is associated with reduced replication

efficiency and pathogenicity in mammals [18, 19]. How-

ever, it is of importance to note that a significant pro-

portion of H5N1 viruses isolated from humans and all of

the 2009 pandemic viruses analyzed contained E627 [19].

Recently, two substitutions S590 and R591, namely SR

polymorphism, have been reported in PB2 that are indi-

cated in escape from host-range restriction caused by

E627 [20].

Lack of pre-existing immunity in human population is a

major factor determining the impact and severity of a

pandemic. Some reports soon after the start of the pan-

demic revealed a degree of protection against the novel

virus in people over 18 years of age, while seasonal

influenza vaccination did not offer protection against the

novel virus which was an indication that younger people

were at elevated risk of the pandemic influenza and vac-

cines were needed for the novel virus [21].

In Turkey, the index pandemic case was detected in May

2009 [3]. Influenza A(H1N1)pdm09 viruses continued to

be detected until the first week of January, 2010. During

the pandemic, a total of 655 influenza deaths were reported

nationwide. Testing a total number of 4,663 nasal samples

by one of the two National Influenza Reference Labora-

tories by rRT–PCR resulted in 1,545 identifications of the

pandemic influenza A(H1N1)pdm09 virus. A total of 13

virus isolates from mild, severely ill, and fatal cases were

subsequently further analyzed. In addition, sera from

vaccinated individuals, recovered patients, asymptomatic

contacts, and control individuals in Turkey were tested in a

hemagglutination inhibition (HI) assay, to quantify specific

antibodies to pandemic influenza A virus (H1N1) 2009.
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Fig. 1 Sequence alignment of HA gene by ClustalW program. HA

gene sequences were aligned with HA sequences from NCBI

GenBank with accession numbers CY05219, CY052015,

CY051989, and FJ969540. Out of 13 samples, D222G substitution

was detected in two samples from fatal cases (sample numbers 3562

and 3713). In addition, S203T substitution was detected in all 13

cases, E374K in 11 cases (shown as majority), I216V in a sample

from a mild case (sample number 3720), V321I in a fatal and a mild

case (sample numbers 3912 and 3562)
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Materials and methods

Sample selection for mutational analysis

A total of 25 samples from mild, severe, and fatal cases that

tested positive for pandemic H1N1 virus by the rRT-PCR

provided by CDC, Atlanta, USA, were co-cultured in MDCK

cells [22]. Virus was detected only in 6 samples from fatal, 3

samples from severely ill, and in 4 samples from mild cases.

Therefore, a total of 13 samples were included in the study.

Disease severity was defined based on the standard patient

information form sent to the laboratory along with the sam-

ples and telecommunication with local health authorities who

were the co-ordinators of sample flow from hospitals to the

laboratory during the pandemic. Mild cases were those

patients who developed influenza-like illness symptoms but

neither developed pneumonia nor admitted to the hospital.

Severe cases were patients admitted to hospital due to need

for mechanical ventilation and severe disease-like pneumo-

nia. All severely ill patients were administered oseltamivir up

on admission to the hospital. Average time elapsed between

the onset of symptoms and antiviral administration was

5 days, the earliest being 3 days.

Informed consent from all patients providing serum

samples was obtained. Local ethical committee approved

the study. Nasal swabs were sent to the laboratory within

the context of National Surveillance.

Partial sequencing for mutational analysis

RNA extraction was performed as instructed by the manu-

facturer (Invitrogen, total RNA extraction kit, USA). Two

pairs of primers were used for partial amplification of HA,

neuraminidase (NA) segments, and one pair was used for

partial amplification of the PB2 segment. For HA, HA1

forward: 50 GGG CAT TCA CCA TCC ATC TAC T 30

and HA1 reverse: 50 TCG GCT GCA TAT CCT GAC C 30

and HA2 forward: 50 AGC CGA CCT GAA GAG CA 30 and

HA2 reverse: 50 CCC CAG GGA GAC TAC CAG 30 primer

pairs were used to amplify 419–1626 region that produced a

1,226-bp product; for NA, NA1 forward: 50 GGA CAG TCA

GTG GTT TCC GT 30 and NA1 reverse: 50 CAT TAG GGC

GTG GAT TGT CT 30 and NA2 forward: 50 TCC ACG CCC

TAA TGA TAA GAC A 30 and NA2 reverse: 50 GGC CAA

GAC CAA CCC ACA GT 30 primer pairs were use to

amplify 229–1373 region that produced a 1145-bp product,
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Fig. 2 Sequence alignment of NA gene by ClustalW program. NA

gene sequences were aligned with GQ16216 and GQ351316 (with

H275Y substitution) sequences obtained from GenBank. H275Y

substitution was not detected in any of the 13 samples studied. Only

sample (number 3720) from a mild case had I163V substitution in its

NA gene
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and for PB2, PB2 forward: 50 GTG AAA CGC AAG GAA

CTG AGA AG 30 and PB2 reverse: 50 TTG CCC AAA ATG

AGA AAT CCT 30 primer pair was used to amplify

1,571–2,111 region that produced a 541-bp product. PCR

products were sequenced by REFGEN Gene Research and

Biotechnology, Ankara, Turkey. Resulting gene sequences

were aligned with HA, NA, and PB2 sequences from NCBI

GenBank with accession numbers CY05219, CY052015,

CY051989, FJ969540 for HA, GQ162169, GQ351316 for

NA, and AY651719, HM014331 for PB2 gene by ClustalW

program (DNA Star, Lasergene 9.1, USA).

Serological analysis

Sera from a total of 134 patients were tested by HI test using

HI kit for serological testing provided by CDC, Atlanta,

USA. Thirteen samples belonged to the patients who

recovered from the laboratory-confirmed H1N1 infection,

51 were from patients who had received the pandemic

vaccine, 43 were from close contacts of the patients with

laboratory-confirmed H1N1, and 27 were from patients who

visited the Istanbul University hospital for other causes

before the emergence of the pandemic virus. These 27

samples were used as controls. Sera from the vaccinated

persons were collected about 30 days postvaccination.

None of the vaccinated subjects had developed influenza-

like illness symptoms. Close contacts consisted of either

parents taking care of their children, age range 30–39,

siblings, age range 7–12, and intensive care unit care givers,

age range 20–40. Only one of the close contacts had taken

antiviral for prophylaxis. None of the close contacts had

developed any influenza-like illness symptoms. Age range

for controls was 21–68. All samples were studied in tripli-

cate, and the HI testing was conducted as it was described in

the protocol included within the kit.

Results

Sequencing

In the 13 samples studied by sequence analysis, the D222G

substitution in HA was found in two of six samples from

fatal cases (Fig. 1). Additional amino acid substitutions

were found in the HA segment of the viruses: S203T in all

13 cases, E374K in 11 cases, I216V in a sample from a

mild case, V321I in a fatal and a mild case. E627K in PB2

segment and H275Y in NA segment were not detected in

any of the 13 samples studied (Figs. 2, 3). One sample had

I163V substitution in its NA gene. All viruses had S590

and R591 polymorphism in their PB2 gene. All substitu-

tions detected are summarized in Table 1.
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Fig. 3 Sequence alignment of PB2 gene by ClustalW program. PB2 gene sequences were aligned with AY651719 and HM014331 sequences

obtained from GenBank. E627K was not detected in any samples studied. PB2 gene from all samples bared S590 and R591 (SR polymorphism)
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Serology

Out of 51 vaccinated subjects, 50 (97.9 %) had developed

serum HI titers C40, with the majority showing HI titers

[80 (Table 2). Almost all 13 subjects (99.7 %) who

recovered from infection had developed serum HI titers

C40. Of the 43 subjects, who were not vaccinated and had

been in close contact with infected persons, 38 (88.2 %)

had HI titers C40. Finally, 13 (44.4 %) out of 27 control

subjects had antibody titers C40 (Table 2).

Discussion

This is the first report of data collected at the National

Influenza Reference Laboratory in Istanbul, Turkey, on

both molecular and serological properties of the 2009

pandemic influenza A(H1N1) virus that circulated in the

country between 2009 and 2010. In Turkey, sentinel

influenza surveillance was established in 2005 as part of a

pandemic preparedness plan in which antiviral stockpiling

and vaccine procurement strategy were well described.

Molecular characterization of the viruses isolated from 6

fatal influenza cases revealed the HA D222G substitution

in 2 out of 6 fatal cases. This mutation was also found by

others in viruses from critically ill patients [7, 8, 12]. The 2

deceased patients in the current study were epidemiologi-

cally unrelated and were otherwise healthy young

females, aged 26 and 24, with no recorded co-morbidities.

Both patients received oseltamivir treatment in the

hospital. However, the oseltamivir resistance mutation

H275Y in NA was not detected any of the 13 viruses

characterized.

In addition to D222G, the current study detected S203T,

E374K, V321I, and I216V in HA of analyzed viruses. In

order to compare the prevalence of the additional mutations

found in current study with the prevalence reported from

other countries in the European region, 500 HA sequences

of A(H1N1) viruses reported to NCBI GenBank database

between 2009 and 2010 were analyzed.

Table 1 Partial sequencing results of selected samples and characteristics of the subjects

Isolates Amino acid substitutions detected Patients

HA

D222G

HA

S203T

HA

E374K

HA

V321I

HA

I216V

NA

H275Y

NA

I163V

PB2

E627K

PB2

V655I

Age

(year)

Sex Clinical

outcome

A/Istanbul/2953/

2009/(H1N1)a
- ? ? - - - - - ? 53 F Fatal cases

A/Istanbul/3119/

2009/(H1N1)

- ? ? - - - - - - 7 M

A/Istanbul/3368/

2009/(H1N1)

- ? ? - - - - - - 11 days M

A/Istanbul/3562/

2009/(H1N1)b
? ? ? ? - - - - - 26 F

A/Istanbul/3703/

2009/(H1N1)

- ? ? - - - - - - 28 F

A/Istanbul/3713/

2009/(H1N1)c
? ? ? - - - - - - 24 F

A/Istanbul/1111 M/

2009/(H1N1)

- ? ? - - - - - - 39 F Severe cases

A/Istanbul/3425/

2009/(H1N1)

- ? ? - - - - - - 90 days M

A/Istanbul/0001/

2009/(H1N1)d
- ? - - - - - - - 54 M

A/Istanbul/2978/

2009/(H1N1)

- ? ? - - - - - - 42 M Mild cases

A/Antalya/3912/

2009/(H1N1)e
- ? - ? - - - - - 10 F

A/Manisa/2485/

2009/(H1N1)

- ? ? - - - - - - 28 M

A/Istanbul/3720/

2009/(H1N1)f,g
- ? ? - ? - ? - - 36 M

Total (13) 2 13 11 2 1 0 1 0 1

Accession numbers for isolates submitted to GenBank: aKC514523, bKC514518, cKC514519, dKC514517, eKC514521, fKC514520, gKC514522
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S203T is located in the antigenic epitope Ca1 and is

positioned close to the receptor-binding pocket [23].

Studies with postvaccination sera showed reduced recog-

nition of viruses that bared point mutations in antigenic

sites Sa (N125D) and Ca1 (S203T) [23]. S203T substitu-

tion was detected in all viruses in the current study and 446

(89 %) out of 500 selected GenBank sequences. Another

known antigenic site in HA gene is position 374, and

E374K substitution has been reported in vaccine break-

through infections [23, 24]. Eleven out of 13 (84.6 %)

samples in current study and 415 out of 500 (83 %) HA

sequences reported to NCBI GenBank from European

region bared K374. Therefore, it would be interesting to

know the extent to which S203T and E374K contributed to

decreased efficacy, if any, of pandemic vaccine in Turkey

and Europe.

Recombinant viruses with an HA I216K mutation

increased human receptor affinity and related efficient

airborne viral transmission in ferrets [25]. Whether muta-

tion I216V has similar effect needs to be investigated.

I216V was present in 1 (7.6 %) out of 13 samples in cur-

rent study and in 3 (0.6 %) out of 500 sequences reported

to GenBank from European region. Finally, V321I was

present in 2 out of 13 (15 %) samples in current study

and in 93 (18.6 %) out of 500 sequences in the selected

GenBank sequences. The significance of this mutation is

not known.

In PB2, all viruses had an E627 and one virus had a

V655I mutation in current study. E627 was found to be a

signature of avian-adapted influenza viruses, as most

human influenza viruses carry K627 in their PB2 gene

[17, 19]. The E627K substitution was shown to increase

replication efficiency and pathogenicity in mammalian

systems [17, 18]. Interestingly, a significant proportion of

H5N1 viruses isolated from humans and all of the 2009

pandemic viruses analyzed contained E627 [19, 20]. It is

therefore tempting to speculate why the pandemic H1N1

virus, like H5N1, carries the E627. Mehle et al. reported

that substitutions at positions, G590S and Q591R in PB2 of

H1N1 viruses could compensate for host-range restriction

due to E627 [20]. In the current study, all 13 viruses bared

the S590 and R591 along with E627 in their PB2 gene.

These amino acids may be necessary for efficient virus

replication in humans. Alternatively, E627K mutation

might evolve in the next few years in the new H1N1 as a

human adaptation. V655I substitution was not found in any

of the 591 sequences reported to GenBank from European

region indicating its sporadic nature.

Reports published soon after the emergence of novel

A(H1N1)pdm09 virus suggested that this virus was able to

spread due to lack of pre-existing immunity in the human

population despite being of an H1 subtype [26]. Sub-

sequent reports revealed some degree of protection against

the novel virus in people over 18 years of age [21].

However, no protection was reported in younger children

who received seasonal influenza vaccination starting in

2005. This suggested that seasonal influenza vaccination

was not protective against the pandemic virus [21]. We

investigated the seroprotection state of people in different

categories of influenza virus exposure. In our study,

98.03 % vaccinated subjects, 100 % of the subjects

recovered from A(H1N1)pdm09 infection, 88.37 % of the

subjects who were in close contact with infected persons

but did not develop influenza-like illness (ILI), and 44.4 %

of the controls had HI titers of C40. The cutoff level for

seroprotection is usually set at an HI titer of 40 for influ-

enza viruses [27]. Considering the age range, 7–40, and the

level of seroprotection of the contact group, the protection

could come from an asymptomatic infection rather than

from a past infection. This group of asymptomatic people

might be important in spreading the virus. These data may

also indicate that A(H1N1)pdm09 was more widespread in

Turkey than suggested by laboratory confirmation of

symptomatic cases [3, current study]. Sera used as controls

were collected from patients reported to the hospital for

other health problems long before the emergence of novel

virus in Mexico. Majority of control patients with HI titers

of C40 were over 50 years of age suggesting possible past

infection with a virus reminiscent of 1918 H1N1 virus. The

protective antibody levels of vaccinated and recovered

Table 2 HI results of four different subject categories

Subject groups HI Titers

n/total (%)

HI Titer C40

n/total (%)

40 40 80 160 320 [320

Vaccinated (n:51) 1/51 (1.96) 21/51 (41.17) 12/51 (23.52) 6/51 (11.76) 9/51 (17.64) 2/51 (3.92) 50/51 (98.03)

H1N1 infected (n:13) 0/13 (0) 3/13 (23.07) 3/13 (23.07) 3/13 (23.07) 4/13 (30.7) 0/13 (0) 13/13 (100)

Close contacts of H1N1

infected (n:43)

5/43 (11.62) 8/43 (18.60) 7/43 (16.27) 12/43 (27.90) 7/43 (16.27) 4/43 (9.30) 38/43 (88.37)

Controls (n:27) 15/27 (55.5) 9/27 (33.3) 2/27 (7.40) – 1/27 (3.70) – 12/27 (44.44)
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patients were similar indicating efficacy of the monovalent

vaccine.

Influenza A(H1N1)pdm09 viruses currently circulate

around the globe and molecular markers promoting this

virus to become a pandemic virus are still under investi-

gation. Therefore, any report on characteristics of the novel

virus might be of importance. These viruses need to be

monitored closely for development of new markers

including antiviral resistance mutations. Investigation on

influenza A(H1N1)pdm09 viruses isolated in 2011 epi-

demic season is still ongoing in our laboratory.

Established influenza virus surveillance plays an

important role in pandemic preparedness. In Turkey, sen-

tinel influenza surveillance was established in 2005, and

there are two National Influenza Reference Laboratories

with well-constructed infrastructure conducting the sur-

veillance. Turkey also had developed pandemic prepared-

ness plan in 2005 where antiviral stockpiling and vaccine

procurement strategy were well described. Having a well-

established surveillance and pandemic preparedness plan

helped in early detection of the pandemic virus and aided

the healthcare officials in taking proper measures for

mitigating the pandemic.
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