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SUMMARY

Introduction The seroprevalence study was performed in Vojvodina during May and June 2010 in order
to asses the effects of the 2009 pandemic influenza A(HTN1)v epidemic on herd immunity. It was a part
of the Serbian Ministry of Health funded nationwide study.

Objective Prevalence of antibodies against 2009 pandemic influenza A(H1N1)v was determined in a 1%
sample of the population monitored for influenza-like illness and acute respiratory infections in Vojvodina
through sentinel surveillance system.

Methods The study sample involved a total of 1004 inhabitants of Vojvodina. The control group consisted
of randomly selected and age-adjusted 1054 sera collected in the pre-pandemic period. Sera were tested by
the reaction of hemagglutination inhibition using influenza A/California/7/2009 (H1N1) antigen in dilution
from 1:8 to 1:256. Antibody titers >1:32 and >1:8 were considered protective and diagnostic, respectively.
Results The differences between control and study sera in all age groups were significant for both di-
agnostic >1/8 and protective titres >1/32 of hemagglutination inhibition antibodies (chi square test,
p<0.001). The highest percentage of seropositive subjects was registered in the age group 15-19 years
followed by children aged 5-14 years. Both diagnostic and protective titres were about twice higher in
the vaccinated as compared to the non-vaccinated group. There were no statistically significant differ-
ences in seroprevalence between seven districts of Vojvodina.

Conclusion The 2009 pandemic influenza A(H1N1)v epidemic significantly influenced the herd immunity
in our population regardless of low immunization coverage with highest immunity levels in adolescents
aged 15-19 years and with similar herd immunity levels in all the regions in the province six months

after the outbreak.
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INTRODUCTION

First cases of 2009 pandemic influenza A(HIN1)
were imported in Vojvodina on 24" June, 2009 [1].
During the summer of 2009, a total of 123 cases
were registered, most of whom were associated
with the EXIT International Music Festival [1, 2].

The winter wave of pandemic influenza began
in late October 2009 among high school students
returning from school organized visits to Prague,
Vienna and Bratislava. Epidemiological investiga-
tion showed that majority of students had a mild
acute respiratory illness and did not seek medical
attention. Only a few cases visited a physician and
were classified as having an acute viral respiratory
infection. The epidemic peaked in mid-Decem-
ber 2009 and was over by the end of 2009.

Immunization campaign with a monova-
lent vaccine started on 17" December, after
the peak of epidemic, and lasted two months.
Immunization coverage in Vojvodina was low,
below 3% of the general population and around
10% of the target population [3].

OBJECTIVE

The seroprevalence study was performed in order
to asses effects of the 2009 pandemic influenza
A(HIN1)v epidemic on herd immunity. It was a
part of the Serbian Ministry of Health funded na-

tionwide study. Prevalence of antibodies against
the 2009 pandemic influenza A(HIN1)v was de-
termined in a 1% sample of the population that
was monitored for Influenza Like Illness (ILI) and
Acute Respiratory Infections (ARI) through the
sentinel surveillance system in Vojvodina.

METHODS

Sentinel Surveillance on Influenza Like
lliness and Acute Respiratory Infections

Sentinel surveillance in Vojvodina first started
in the season 2004/05 and closely resembled the
Slovenian surveillance program [4]. During the
season 2009/10 it was conducted from Septem-
ber 2009 to September 2010. There were 103
sentinel physicians, either general practitioners
or pediatricians from 19 health centers covering
municipalities with more than 30,000 inhabit-
ants. From the total population of Vojvodina of
2,031,992 according to the 2002 census, 5.1% or
102,723 were monitored.

Size and selection of the sample
and control group

The study comprised all seven Vojvodina dis-
tricts and was conducted by the Centre for
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Disease Control and Prevention of the Institute of Public
Health of Vojvodina and Institute of Virology, Vaccines
and Sera “Torlak”, Belgrade.

Proportional age stratified sampling was applied to cov-
er around 1% of the population under sentinel surveillance.
Age groups tracked by sentinel physicians for cases of ILI
and ARI were as follows: 0-4, 5-14, 15-64, and 65+ years.

Dates of sampling for each sentinel physician were deter-
mined by investigators. On that day sentinel physicians were
requested to offer their patients to participate in the research.
Those who opted to comply were offered more detailed ex-
planations and signed an informed consent. Patients were
approached as they showed up till the number of subjects
previously determined in each stratum was reached. All sera
were coded and laboratory personnel analyzed them blindly.

Samples were collected in May and June 2010. Total of
1004 samples were obtained (0.05% of the total popula-
tion of Vojvodina), representing 0.98% of the population
monitored by sentinel surveillance.

Control samples originated from the sera bank in the
Institute “Torlak” and consisted of randomly selected and
age-adjusted 1054 sera collected in the pre-pandemic pe-
riod, during 2008 and early 2009. Formally, matching was
not ideal, since control sera did not come only from Vojvo-
dina, but from all over Serbia. However, apart from mere
convenience, our approach was based on two assumptions:
a) pre-pandemic rates were low, and b) at that time, the
seroprevalence was similar in the whole region (Table 1).

Table 1. Population under sentinel surveillance, study and control
group by age

Number of patients (%)
Age group .
(years) Population under Study Control
sentinel surveillance | group group
0-4 9800 (9.5) 80 (8.0) 104 (9.9)
5-14 17525 (17.1) 175(17.4) 175(16.6)
15-19 5114 (5.0) 57 (5.7) 55(5.2)
20-64 42879 (41.7) 426 (42.4) 604 (57.3)
65+ 27405 (26.7) 266 (26.5) 116 (11.0)
Total 102723 (100.0) 1004 (100.0) | 1054 (100.0)

Methods were approved by the Ethical Board of the
Institute of Public Health of Vojvodina.

Serologic testing

Sera were tested in the Institute Torlak by the hemagglu-
tination inhibition (HI) reaction using influenza A/Cali-
fornia/7/2009 (H1N1) antigen. All sera were processed
before the testing in order to remove non-specific inhibi-
tors (RDE(II) “SEIKEN”) and non-specific hemagglutinins
(turkey red cells). They were tested in dilution from 1:8
to 1:256. Antibody titres >1:32 and >1:8 were considered
protective and diagnostic, respectively [5].

Statistical analysis

The results are presented as frequencies with 95% con-
fidence intervals (CI). Overall, as well as within districts
and age groups differences were tested by x* test. Statistical
package SPSS14 for Windows was used. Since the study
was conducted three months after the immunization cam-
paign, seroprevalence was also analyzed by immunization
status of the subjects.

RESULTS

Both diagnostic and protective titres were several times
higher in the study group, as compared to the control
group. The differences between control (pre-pandemic)
and study (post-pandemic) sera for all age groups were
significant for both HI titres >1/8 and >1/32 (chi square
test, p<0.001) (Table 2).

The highest percentages of subjects with diagnostic and
protective titres were registered in the age group 15-19 years
followed by children aged 5-14 years for both study and con-
trol sera. Seroprevalence of diagnostic and protective titres
was decreasing towards youngest and oldest age groups with
the lowest values registered in the age group 65 and over.

Table 2. Antibody titres against 2009 pandemic influenza A(H1N1)v in sera of the study and control group by age

. Age group Control group Study group
Titre HI (years) Number of Number of 95% Cl Number of Number of 95% Cl P
subjects positives (%) subjects positives (%)
0-4 104 2(1.9) -0.7-4.6 80 33 (41.3) 30.5-52.0
5-14 175 10(5.7) 2.3-9.2 175 115 (65.7) 58.7-72.7
>1/8 15-19 55 24 (43.6) 30.5-56.7 57 45 (78.0) 68.4-89.5 <0.001
20-64 604 78(12.9) 10.2-15.6 426 141 (33.1) 28.6-37.6
65+ 116 10 (9.5) 4.2-14.8 266 70 (26.3) 21.0-31.6
Total 1054 125(11.9) 9.9-13.8 1004 404 (40.2) 37.2-433
0-4 104 1(1.0) -0.9-2.8 80 31(38.8) 28.1-49.4
5-14 175 0(0.0) 0.0-0.0 175 94 (53.7) 46.3-61.1
3 15-19 55 11(20.0) 9.4-30.6 57 36(63.2) 50.6-75.7 <0.001
20-64 604 7(1.2) 0.3-2.0 426 73(17.1) 13.6-20.7
65+ 116 1(0.9) -0.8-2.5 266 25(9.4) 5.9-12.9
Total 1054 20(1.9) 1.1-2.7 1004 259 (25.8) 23.1-28.5

HI - hemagglutination inhibition; Cl - confidence interval; p — probability
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Table 3. Antibody titres against 2009 pandemic influenza A(H1N1)v in sera samples of vaccinated and unvaccinated subjects

L . . Number (%)
Vaccination status of subjects Number of subjects - -
Titre HI =1/8 Titre HI 21/32
Vaccinated 111 85 (76.6) 52 (46.9)
Unvaccinated 878 315 (35.9) 205 (23.4)
Unknown 15 4(26.7) 2(13.3)
Total 1004 404 (40.2) 259 (25.8)

The differences between groups were significant for both fractions with Hl titres >1/8 and >1/32 (chi square test, p<0.001).

Table 4. Antibody titres against 2009 pandemic influenza A(H1N1)v by districts in Vojvodina

District Numper of Titre HI >1/8 Titre HI =32
subjects Number (%) 95% Cl Number (%) 95% Cl

South Backa 332 146 (44.0) 38.6-49.3 101 (30.4) 25.5-35.4
South Banat 123 49 (39.8) 31.2-48.5 32(26.0) 18.3-33.8
North Backa 115 44 (38.3) 29.4-47.1 24 (20.9) 13.4-28.3
North Banat 45 18 (40.0) 25.7-54.3 14 (31.1) 17.6-44.6
Middle Banat 86 31(36.1) 25.9-46.2 17 (19.8) 11.4-28.2
Srem 176 58 (33.0) 26.0-39.9 35(19.9) 14.0-25.8
West Backa 127 58 (45.7) 37.0-54.3 36 (28.4) 20.5-36.2
Total 1004 404 (40.2) 37.2-433 259 (25.8) 23.1-28.5

The differences between the districts were not significant either for fractions with Hl titres >1/8 (x*>=4.89; p=0.56), or >1/32 (x*>=8.24; p=0.22).

When immunization status was checked, there were
111 participants who received monovalent vaccine 5 to
6 months before sampling. Both diagnostic (46.9% vs.
23.4%) and protective titres (76.6% vs. 35.9%) were about
twice higher in the vaccinated, as compared to the non-
vaccinated group with highly statistically significant dif-
ferences (Table 3).

There were no statistically significant differences in
seroprevalence between seven districts in Vojvodina. The
highest protective titres were registered in North Banat
and South Backa districts, and the highest diagnostic titres
in West Bac¢ka and South Backa districts (Table 4).

DISCUSSION

Six months after the epidemic influenza A(H1N1)v in Vo-
jvodina, every 4" subject had protective antibody titre. The
data for 1054 pre-pandemic serum samples showed that
there was a low frequency (1.9%) of pre-existing protec-
tive antibodies to the pandemic influenza virus A(HIN1)v
with the highest frequency (20.0%) in adolescents (15-19
years). The number of subjects in this age group was sev-
eral times lower than in other age groups and it might
have influenced the result. In general, the nature of pre-
existing antibodies reactive to the pandemic virus in all
age groups, including the youngest, is unclear and needs
further investigation.

It is complicated to compare the results with other se-
roepidemiological studies of influenza A(HIN1) virus.
Studies were implemented during different phase of the
pandemia, before or after immunization campaign and
with different immunization coverage. Different tests (mi-
croneutralization test or hemagglutination inhibition test)
and different cut-off values to represent positive results
also make comparisons difficult.

A study in Finland on 1000 samples collected in the
pre pandemic period from persons born between 1909
and 2005 confirmed the presence of antibodies and cross-
protective immunity especially in elderly. It showed that
96% of the 1909-1919 cohort had antibodies in diagnos-
tic titre and 55.6% had protective antibody titre. The per-
centage of positive samples decreased in the 1920-1929
and 1930-1939 cohorts, while in younger individuals
protective antibodies were almost not detected at all [6].
A study in Norway on 689 samples collected in August
2008 showed that the highest frequency pre-existing pro-
tective antibodies to the pandemic influenza virus was seen
in people of over 80 years of age (4.8%) but higher titre was
also seen in ages 10-19 years (1.8%) and 20-29 years (3.9%)
[7]. Another study concluded that cross reacting antibodies
were not a result of earlier vaccinations since vaccines do
not induce cross reacting antibodies [8]. The pre-existing
antibodies at titres correlating with protection in adoles-
cents and young adults suggest further investigation [7].

Initial studies from Mexico [9], USA [10], and later from
Europe [11], as well as countries in the Southern Hemi-
sphere [12, 13] showed that the disease affected children,
young adults and population younger than 65 years of age.
The seroprevalence study in Vojvodina confirms that most
intensive spread of the epidemic occurred in school age chil-
dren probably due to the fact that school collectives con-
tribute to easier spread of respiratory infections including
influenza [14]. Similar findings were determined in Norway,
England and USA where the highest percentage of samples
with protective titre was detected in the younger age groups
5-14 years or in the age group 10-19 years [7, 15, 16]. In Vo-
jvodina the lowest seroprevalence of protective antibodies
was registered in the oldest cohort and it showed that elderly
need to be vaccinated for the following influenza seasons.

Serologic study in November and December 2009, after
the second epidemic wave, showed that 21% of population
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in Pittsburgh was infected and developed immunity to the
2009 pandemic influenza A(HIN1)v [15]. The serological
study in Norway on samples collected before the epidemic
started, during the early phase and after the main epidemic
wave and vaccination campaign showed rise in prevalence
of antibodies at protective titres from 3.2 (August 2009) to
44.9% (January 2010) [7].

The serologic study in Vojvodina showed that after
the pandemic season and immunization campaign 25.8%
of subjects had protective antibody titre, with the largest
portion as the consequence of the epidemic. Due to the
fact that immunization campaign started after the peak
of the epidemic it is not possible to exclude the previous
existence of naturally acquired immunity in the group of
vaccinated subjects. However, in the group of unvacci-
nated subjects, antibody prevalence followed the findings
for the whole study group regarding the detectable (40.2%
vs. 35.9%) and protective antibody titre (25.8% vs. 23.4%).

Limitation of our study was four times higher percentage
of vaccinated subjects in the sample than officially recognized.
Immunization coverage in Vojvodina as in the rest of Serbia
was low (3% of general population or 10% of the target popu-
lation of 1,500,000). The majority of immunized individuals
were those with a chronic illness who usually seek medical
attention more frequently [3]. That may be the reason why
vaccinated subjects were more represented in the sample.

A seroprevalence study in England on 1954 samples col-
lected in August and September 2009, after the first epidemic
wave showed geographic differences in the epidemic spread
within the country [16]. These differences were explained as
the consequences of population density and structure and
not as differences in the transmission of influenza virus.
However, in four towns in Scotland geographical differences
were observed after the second wave of the epidemic [17].
Our study showed that there were no significant differences
between the districts. Similarly, there were no significant
differences in seroprevalence observed between Australian
states in a study on blood donors, although the ability to
detect minor variations was limited by the sample size [18].
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fluenza prevention program.

The 2009 pandemic influenza A(HIN1)v epidemic sig-
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immunization coverage.

Epidemic of 2009 pandemic influenza A(H1N1)v af-
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Results of this seroprevalence study as well as studies
performed in other countries represent additional sci-
entific evidence confirming occurrence of an influenza
A(HIN1)v pandemic.
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Ctyaumja npeBaneHymje aHTuTena y Bojsoguuu (Cpbuja) HakoH naHgemuje

rpuna A (HIN1)v 2009. roguHe

Bnagumup Metposuh', 3opuua LLerymes', JacMntka Hepgerskosuh?, Miuosby6 Puctuf’

'LleHTap 3a KOHTpoNy 1 NpeBeHUKjy bonectn, MHCTUTYT 3a jaBHO 3apaBrbe BojsoguHe, Hosm Cap, Cpbuja;
2/HCcTUTYT 3a BUpYyconorujy, BakuumHe 1 cepyme , Topnak', beorpag, Cp6uja

KPATAK CALIP?KA)J

YBopa CTyanja npeBaneHumje aHTMTENA U3BefeHa je y Bojso-
AVIHV TOKOM Maja 1 jyHa 2010. roguHe, Kako 61 ce mpoLeHunv
edeKTn ennpemuje n3a3BaHe NaHAEMUjCKUM BUPYCOM rpuna A
(H1NT)v 13 2009. rogrHe Ha UMYHWTET CTaHOBHMWTBA. CTyauja
je 6rna cactaBHW feo HaLVIoOHanHe cTyauje Kojy je dbrHaHcupa-
no MuHucTapcTBo 3apassba Penybnuke Cpbuje.

Lium papa lNpeBaneHurja aHTMTENa NPOTVB NaHAEMMWjCKOT
Bupyca rpuna A (H1IN1)v je ytBphriBaHa Ha jeAHONPOLEHTHOM
y30pKy nonynatmje npaheHe ceHTUHeNHNM Hai30pOM Haf 060-
JberbVIMa CJIMYHMM FPUMNY Y aKyTHUM PeCnpPaTOPHUM NHEK-
umjama y BojsoavHu pagm npoLeHe nMyHUTETa CTAHOBHYLLTBA
BojsogmHe.

Mertoge papa icnutrBatbem cy obyxBaheHa 1.004 cTaHOBHU-
Ka BojsofmHe unju cepym je gat Ha aHanm3y (CTyamjcka rpyna).
KoHTponHy rpyny 4nmHuo je y3opak cepyma 13 npenaHgemuj-
ckor nepuoga 1.054 HacymmyHo opabpaHe ocobe cnnyHor
y3pacTa. CepooLKo NCNUTUBakbE BPLLEHO je peakLnjom 1H-
Xubuuyje xemarnyTmHaLmje aHTUreHom Bupyca rpuna A/Kanu-
dopHmja/7/2009 (H1NT). Cepymu Cy TeCTUpPaHI y pa3bnakerby
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og 1:8 no 1:256. Tutap aHTWTeNa y pa3bnaxery Behem of 1:32
CMaTpao Ce 3alTUTHIM TUTPOM, a y pa3bnakery Behem og 1:8
ANjarHOCTUYKNM.

Pesynratu YTBphHeHa je BUCOKO CTaTUCTMYKM 3HaYajHa pa3nvKa
(p<0,001) y npeBaneHuuju aHTTENA U3MEDY CTYAMjCKe 1 KOH-
TPOJIHEe rpyne, Kako y ANjarHOCTUYKOM (=1:8), Tako 1y 3aLTnT-
HOM TUTPY (=1:32) XeMarny TMHUH-UHXU6MPajyhnx aHTUTena.
Hajsehu npoLeHaT cepono3UTUBHYIX NCMIMTaHVIKa OTKPUBEH je
y Bo6HOoj rpynu 15-19 roamHa, a 3aTum y rpynu 5-14 roguHa.
[MpeBaneHymja aHTUTENA W Y ANjArHOCTUYKOM U Y 3aLUTUTHOM
TMTPY 6rna je ABa nyTa Beha Kog BakLMHUCaHUX 0coba y op-
HOCY Ha HeBaKLMHUcaHe. Huje yTBpheHa cTaTUCTUUKM 3Hauaj-
Ha pa3nuka y ceponpeBaneHumju n3mehy nojeanHrx okpyra
BojsoguHe.

3aKksbyyak YTBpheH je BUCOK KONEKTUBHW UMYHUTET, 6e3 Te-
pyTOpMjanHKX pasnuka, Npema naHAeMyjckom BUpYycy rpuna A
(HTNT)v 13 2009. roanHe ynpKoc criabom 06yxBaTy CTaHOBHM-
WwTBa MMyHU3aumjom. Hajsehe BpegHocTy cy 3abenexeHe Koa
afonecueHara y3pactaof 15 go 19 roguHa.
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