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Abstract

The present cross-sectional serosurvey constitutes the first effort to describe the varicella zos-
ter virus (VZV) seroepidemiology in Serbia. An age-stratified serum bank of 3570 residual
samples collected between 2015 and 2016 in each of the seven districts of the Vojvodina
Province was tested for IgG anti-VZV antibodies with an enzyme immunoassay. Results
were standardised into common units according to the European Sero-Epidemiology
Network (ESEN2) methodology. Univariable and multivariable analyses were used to examine
the relationships between standardised anti-VZV positivity or logarithmically transformed
antibody titres and demographic features of study subjects. Seropositivity (85% overall)
increased with age, in parallel with geometric mean titres. By the time of school entry, 68%
of children were immune. The slower subsequent acquisition of immunity leaves epidemiolo-
gically relevant proportions of adolescents (7%), young adults (6%) and especially females of
reproductive age (6%) prone to more severe forms of varicella. In the ongoing pre-vaccine era,
natural infection provides a high level of collective immunity, with the highest VZV transmis-
sion in children of preschool age. The detected gaps in VZV immunity of the Serbian popu-
lation support the adoption of the official recommendations for varicella immunisation of
non-immune adolescents and young adults, including non-pregnant women of childbearing
age.

Introduction

Primary infection with varicella zoster virus (VZV) manifests as chickenpox, a contagious,
usually benign rash illness of childhood. Reactivation of latent virus in the sensory ganglia,
typically in older age, causes herpes zoster (HZ, shingles) [1]. In temperate climates, nearly
every person will become infected by mid-adulthood [2]. An estimated 2–6% of varicella
patients attending a general practice develop complications, while long-term sequelae have
been reported in 0.4–10.1% of hospitalised patients [3]. Although the risk of complications,
hospitalisations and deaths due to varicella is higher in adults, pregnant women, immunocom-
promised individuals and newborns, most of the disease burden occurs in healthy children [4].

The live attenuated varicella vaccine (Oka VZV strain) developed by Takahashi in 1974
is available worldwide as a monovalent or combined vaccine [5]. The World Health
Organization (WHO) recommends routine childhood immunisation against varicella in coun-
tries where the disease is a relatively important public health and socio-economic problem, if
the vaccine is affordable and high (⩾80%) and sustained coverage can be achieved [2]. High
coverage with two doses of varicella vaccine as part of the childhood universal immunisation
in some developed countries significantly reduced varicella morbidity, ambulatory visits and
hospitalisation rates [3]. However, most countries in the European Union (EU)/European
Economic Area (EEA) implemented targeted varicella immunisation for high-risk groups
[5, 6].

Age-stratified serosurveys provide insights into the relative proportions of susceptible and
immune individuals, as well as estimates of the age at which VZV infection is acquired [5]. The
European Sero-Epidemiology Network (ESEN2) project introduced standardised VZV sero-
logical surveillance to allow for international comparisons of national results obtained with
different assays; wide variations were detected in the country-specific VZV seroprofiles in
Europe [7, 8].

Located in Southeastern Europe, the Republic of Serbia is among the countries where
a routine childhood varicella immunisation has not been implemented yet. Varicella was
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designated as a notifiable disease in Serbia in 1975. Case-based
notification data were available until 2005, while reporting of
aggregated data was required by law thereafter. High incidence
rates (470.8–684.7 cases per 100 000 population) were recorded
between 2006 and 2015, when varicella accounted for 10–22%
of all notifiable morbidity from infectious diseases apart from
influenza [9].

Significant changes in public health legislation are currently
underway in Serbia. The implementation of a recently passed
law, dictating the mandatory immunisation against varicella in
high-risk groups, health care workers and the recommended
immunisation for persons of a certain age [10], has just begun
following the adoption of a new immunisation rulebook specify-
ing the indications for vaccination [11]. The specification of this
law to lift the notifiable disease designation off varicella has
already gone into effect.

Herein, we describe the current seroepidemiology of VZV
infection in Vojvodina, an Autonomous Province in the north
of Serbia with a population of 1 931 809 inhabitants, representing
more than one-quarter (26.9%) of the total population according
to the most recent census [12]. To our knowledge, this is the first
large VZV serosurvey to be conducted in Serbia with the main
objective to obtain age-specific seroprevalence estimates. The
findings of this study could help identify the gaps in the popula-
tion immunity with potential implications for future vaccination
strategies.

Methods

Sera collection

Serum samples from 3570 subjects (1788 males/1782 females,
age range: 29 days–83 years; mean age ± S.D.: 22.9 ± 19.1
years) were collected between April 2015 and March 2016 as
residual diagnostic sera. Written informed consent of study
participants, or their parents or legal guardians if they were
<15 years, was obtained. Each subject provided a blood sample
after a health history interview. The anonymised samples were
marked only with the date of sampling and the subjects’ age,
gender and area of residence. Specimens of immunocomprom-
ised patients and recipients of blood and blood products during
the past 6 months were excluded. All procedures contributing
to this work comply with the ethical standards of the relevant
national and institutional committees on human experimenta-
tion and with the Helsinki Declaration of 1975, as revised in
2008.

The serum bank was geographically representative since speci-
mens were collected in health institutions in each of the seven dis-
tricts of Vojvodina (Fig. 1). The multi-tiered age structure of the
serum bank was designed as per the ESEN2 specifications [7]:
∼100 samples were thus collected for each age group in the
range 0–19 years and 200 samples for each of the age groups
⩾20 years (20–24, 25–29, 30–34, 35–39, 40–49, 50–59 and
⩾60), with about equal numbers of samples by gender in each
age group. Samples from females of reproductive age (defined
as 15–39 years old for comparison purposes to [7]) corresponded
to 19.2% (686/3570) of all tested samples or to 38.5% (686/1782)
of samples collected from women. For the purposes of this survey,
the province was divided into three geographic areas: Northern,
Central and Southern Vojvodina. The sample size of each area
was proportional in accordance to the census [12]; the analogous
age distribution of the population of the province and the whole

country is shown in Supplementary Table S1 (on the Cambridge
Journals Online website).

Assay standardisation

The ESEN2 VZV standardisation panel that had been prepared by
the Spanish reference centre (Instituto de Salud Carlos III,
Madrid, Spain) was tested at the Institute of Public Health
(IPH) of Vojvodina with the enzyme immunoassay routinely
used (anti-VZV ELISA (IgG), EUROIMMUN AG, Germany)
twice: first at the beginning of the study (December 2015) and
second mid-way through the testing of the serum bank
(February 2016). The panel consisted of 148 samples, including
60 negative (geometric mean of antibody activity, GMAA:
<50 mIU/ml), four low positive or equivocal (GMAA: 50–
100 mIU/ml) and 84 positive (GMAA: >100 mIU/ml) sera [8].
The results of the panel were plotted against those of the reference
centre to obtain a standardisation equation, which would allow
for the conversion of the local results of the testing of the
serum bank to standard (reference laboratory) titres, as described
by Kafatos et al. [13]. Sufficient variability had to be accounted for
by the standardisation equation if it were to be applied to convert
the serum bank results to a common unitage so that international
comparisons could be made. The process of standardisation that
was performed by Public Health England, London, UK, was
evaluated quantitatively by determining the fit of the equation
using R2 (the square of the multiple correlation coefficient),
especially in the equivocal range, and qualitatively by assessing
the level of concordance in identifying positive, negative and
equivocal results [13].

Main serum bank testing

Sera were stored at −20 °C until testing with the same commercial
enzyme-linked immunoassay at the Virology laboratory of IPH of
Vojvodina. The assay was performed and interpreted according to
the manufacturer’s instructions. The reported sensitivity of the
utilised EUROIMMUN ELISA is 100% at a specificity of 95%
with respect to the Wampole ELISA. Quantification of antibody
titres was based on the WHO International Standard for varicella
zoster immunoglobulin, the W1044 serum (Anti-Varicella Zoster
Serum, 50 IU/ml, Central Laboratory of the Netherlands Red
Cross Blood Transfusion Service, Amsterdam, The Netherlands).
The derived standardisation equation was used to convert the
local semi-quantitative results of the serosurvey into standardised
units by applying the reference laboratory cut-offs; results were
thereby reclassified qualitatively as negative, positive or equivocal
in standardised ESEN2 units. As in the original VZV standardisa-
tion during ESEN2 [7, 8], equivocal test results from samples con-
taining low levels of anti-VZV IgG were included as seropositives
in all further analyses.

Statistical analysis

Relationships between standardised anti-VZV seroprevalence or
logarithmically transformed antibody titres and demographic fea-
tures of study subjects (age, gender and area of residence) were
examined by the χ2 test, t test or Wilcoxon rank-sum test, as
appropriate. Multivariable logistic regression was used to deter-
mine whether anti-VZV status was independently associated
with a particular variable. Data were analysed using the
Statistica 13 software package [14].

1594 S. Medić et al.

https://doi.org/10.1017/S0950268818001619 Published online by Cambridge University Press

https://doi.org/10.1017/S0950268818001619


Results

Assay standardisation outcome

The geometric mean of the two runs of the reference panel was
used in the standardisation. The outcome of panel testing and
the regression line that was used in the standardisation are
depicted in Figure 2. Standardisation was successful as indicated
by the very high obtained R2 value (0.94) and the exclusion of
just one sample of the VZV reference panel as a potential
outlier.

Main serum bank test results were standardised to ESEN2
units by inverting the regression line and anti-logging, using the
equation:

S = 10(−10+
����������������

81.63+33.33 log10 U
√

),

where ‘S’ and ‘U’ are the standardised and unstandardised results,
respectively. Standardisation marginally increased the proportion
of positive results (from 81.8% to 83.0%) and decreased negative

ones (from 16.7% to 15.4%). The number of equivocal results also
slightly increased (from 52 to 57) post-standardisation; these 57
low positive samples (1.6% of the serum bank) were re-classified
as seropositives after standardisation and they were included as
such in all further analyses.

VZV seroprevalence and associations with demographic
features

Overall, 3021 of 3570 (84.6%, 95% CI 83.4–85.8) sera tested posi-
tive, while 549 (15.4, 95% CI 14.2–16.6) tested negative for vari-
cella IgG antibodies. No significant associations were found
between VZV seropositivity and gender or area of residence
(Table 1). The percentage of seropositive results increased with
increasing age (except for <1 and 1–2 years, Table 1, Fig. 3),
ranging from 41.2% (1–4 years) to 99.6% (adults ⩾60 years).
Multivariable logistic regression including age, gender and area
of residence confirmed that the age of study subjects was the
only demographic variable that was independently associated

Fig. 1. Sera collection locations at health care institutions in each of the seven districts of the Autonomous Province of Vojvodina, Serbia, 2015–16. The province
was divided into three main areas for the purposes of this survey: (a) Northern Vojvodina that included the districts of West Bačka, North Bačka and North Banat;
(b) Central Vojvodina that included South Bačka and Central Banat and (c) Southern Vojvodina that included Srem county and South Banat.
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with a VZV seropositive status. The adjusted odds ratios for
seropositivity ranged from 3.9 (3.0–5.2) for children aged 5–9
years to 379.4 (95% CI 52.7–2730.4) for adults aged ⩾60 years
(Table 2).

Figure 3 shows graphically the robust increase in VZV sero-
prevalence with the age of respondents, particularly during the
first years of life to adolescence. VZV seropositivity in infants
up to 1 year (75%) declined by almost half in the first year

Fig. 2. Anti-VZV ELISA results of the standardisation
panel obtained by Serbia ( y-axis) plotted against the
corresponding results of the reference laboratory
(Spain, x-axis) on the logarithmic (base 10) scale.
Dotted lines show the equivocal ranges (negative/posi-
tive cut-off values), while the solid line represents the
quadratic regression model. The only outlier is shown
in green.

Table 1. Association of VZV seropositivity with demographic features of study subjects in Vojvodina, Serbia, 2015–16

Characteristic No. of samples % VZV seropositivity 95% CI P

Gender 0.58

Male 1788 84.9 83.2–86.5

Female 1782 84.2 82.5–85.9

Area of residence 0.24

Northern Vojvodina 948 85.9 80.9–85.5

Central Vojvodina 1511 83.5 81.6–85.3

Southern Vojvodina 1111 84.9 82.7–86.9

Age group (years) <0.001

<1 100 75.0 65.7–82.4

1–4 400 41.3 36.5–46.1

5–9 513 73.7 69.7–77.3

10–14 512 87.5 84.4–90.1

15–19 575 92.7 90.3–94.6

20–24 200 94.0 89.8–96.5

25–29 200 94.0 89.8–96.5

30–34 200 96.5 93.0–98.3

35–39 200 96.0 92.3–98.0

40–49 200 97.0 93.6–98.6

50–59 200 99.0 96.4–99.7

⩾60 270 99.6 97.9–99.9

Total 3570 84.6 83.4–85.8
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(39%) and remained at about that same level (35%) in the second
year of life. From this point on, seropositivity began to gradually
increase with some fluctuations between the ages of 11/12 and
13/14 years. By the age of 4, 47% of young children already
had VZV-specific antibodies, while that percentage increased to
60% by 5 years. At the age of school entry (6/7 years in the
Serbian educational system), 68% and 74% of children, respect-
ively, had acquired VZV-specific immunity. Intensive acquisition
of immunity continued during school years, with a gradual
increase in seroprevalence. By the end of primary education,
91% of 14-year olds were seropositive.

A moderate rise in seropositivity was observed in older school
children and teenagers, leaving 7% seronegative respondents in
the 15–19 years age group (Fig. 3, Tables 1 and 3). The proportion
of seronegative adults gradually declined from 6% in the 20–29
years age group to 4% in adults aged 35–39 years and then to
3% among those aged 40–49 years. A very small proportion
(1%) of adults aged 50 years and older remained susceptible to
infection. About 6% of females of reproductive age (15–39 years
old) were seronegative. This percentage was slightly less when
the typical range for reproductive age was used (5.5% for 15–49
years). The proportion of susceptible women was highest (8%)
in young adulthood (20–24 years), declining to 3% in those
aged 35–39 and 40–49 years (Table 3).

Anti-VZV antibody titres

Figure 4 displays the anti-VZV titres of respondents, given as geo-
metric mean titres (GMT) expressed in ESEN2-standardised
IU/ml, according to: age (A) and age and gender (B). The overall
GMT (0.54 IU/ml; 95% CI 0.50–0.59) increased with age in par-
allel with the increase in seropositivity (Figs 3 and 4, Table 1).
Apart from the negative values between 1 and 4 years, three

Fig. 3. Age-specific standardised seroprevalence of VZV with 95% CIs, in Vojvodina, Serbia, 2015–16.

Table 2. Multivariable logistic regression analysis of risk factors for VZV
infection

Variable
% Prevalence

(95% CI)
Adjusted ORa

(95% CI) P-valueb

Gender 0.52

Female 84.9 (83.2–86.5) Reference

Male 84.2 (82.5–85.9) 1.1 (0.9–1.3)

Region 0.47

Central 83.5 (81.6–85.3) Reference

South 84.9 (82.7–86.9) 1.1 (0.9–1.4) 0.35

North 85.9 (83.6–88.1) 1.2 (0.9–1.5) 0.28

Age (years) <0.0001

<1 75.0 (65.7–82.4) 4.2 (2.6–6.9) <0.0001

1–4 41.3 (36.5–46.1) Reference

5–9 73.7 (69.7–77.3) 3.9 (3.0–5.2) <0.0001

10–14 87.5 (84.4–90.1) 9.9 (7.1–13.8) <0.0001

15–19 92.7 (90.3–94.6) 17.9 (12.4–26.0) <0.0001

20–24 94.0 (89.8–96.5) 22.2 (12.0–41.1) <0.0001

25–29 94.0 (89.8–96.5) 22.3 (12.0–41.2) <0.0001

30–34 96.5 (93.0–98.3) 39.1 (17.9–85.4) <0.0001

35–39 96.0 (92.3–98.0) 34.0 (16.3–70.9) <0.0001

40–49 97.0 (93.6–98.6) 45.8 (19.8–105.7) <0.0001

50–59 99.0 (96.4–99.7) 139.6 (34.2–570.2) <0.0001

⩾60 99.6 (97.9–99.9) 379.4 (52.7–2730.4) <0.0001

aOR, odds ratio.
bWald test.
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main patterns are distinguishable: (i) an ∼8-fold gradual increase
(from 0.07 to 0.55 IU/ml) between 4 and 8 years, while seroposi-
tivity doubles from >40 to >80%; (ii) a stabilisation period
between 9 and 11 years with ∼80% seropositives associated with
GMT at ∼0.55 IU/ml; and (iii) a period with wider fluctuations
at higher GMT (∼0.98 IU/ml) compared with previous years,
corresponding to ∼90% seropositives, from age 12 onwards.
The maximum GMT among female respondents (1.4 IU/ml)
was detected at the age of 15 years, while the maximum GMT
among male respondents (1.2 IU/ml) was detected in those
aged 50–59 years. GMT did not differ by gender in total (0.56;
95% CI 0.51–0.62 for males vs. 0.53; 95% CI 0.47–0.58 for
females), or in any age groups.

Discussion

The high incidence of varicella in Serbia [9] implies correspond-
ingly high levels of collective immunity; however, the VZV-

specific seroprofile of the population had never been assessed
previously. Few sparse serosurveys conducted in small subgroups
at risk of severe clinical forms of the disease [e.g. 15] did not allow
the estimation of the overall VZV seroprevalence. This paper is
the first to describe the current VZV seroepidemiology in
Vojvodina, Serbia. Our study was based on the format of the
ESEN2 project that enabled direct inter-laboratory comparisons
of serological data [7, 8, 13]. The high natural immunity against
varicella (84.6%) is associated with an almost absolute (98.7%)
seropositivity in adults ⩾40 years old. The estimated VZV sero-
profile for Serbia proved to resemble those of most other
European countries in the pre-vaccine era [4, 5, 7], with acquisi-
tion of antibodies primarily in childhood and increasing sero-
prevalence with age.

The higher seroprevalence detected in newborns and infants
<1 year of age (75%) than in the 1–4 years age group (41.3%) is
due to the waning of maternal anti-VZV antibodies in the first
months of life, as documented previously [4, 5]. By 5 years of

Table 3. Proportion of VZV seronegative respondents by age and gender in Vojvodina, Serbia, 2015–16a

Age group (years) Males (%) 95% CI Females (%) 95% CI Total seronegative (%) 95% CI

0 25.0 14.6–39.4 25.0 15.5–37.7 25.0 17.6–34.3

1 58.2 45.0–70.3 64.4 49.8–76.8 61.0 51.2–67.0

2 67.4 53.0–79.1 63.0 49.6–74.6 65.0 55.3–73.6

3 53.7 40.6–66.3 58.7 44.3–71.7 56.0 46.2–65.3

4 47.9 34.5–61.7 57.7 44.2–70.1 53.0 43.2–62.5

5 36.6 27.6–53.1 40.4 27.6–54.7 40.0 30.1–49.8

6 21.3 12.0–34.9 41.1 29.2–54.1 32.0 23.8–41.6

7 23.2 14.1–35.8 29.8 18.7–44.0 26.2 18.7–35.5

8 17.0 8.9–30.1 16.1 8.7–27.8 16.5 10.6–24.8

9 17.5 9.8–29.4 17.0 8.9–30.1 17.3 11.2–25.7

10 15.6 7.8–28.8 14.6 7.6–26.2 15.0 9.3–23.3

11 20.0 11.6–32.4 13.0 6.1–25.7 16.8 10.8–25.3

12 12.8 6.0–25.2 1.8 0.32–9.5 6.8 3.3–13.4

13 14.3 7.4–25.7 16.7 8.4–29.6 15.4 9.7–23.5

14 10.4 4.5–22.2 7.1 2.8–17.0 8.7 4.6–15.6

15 8.5 3.7–18.4 1.9 0.33–10.0 5.4 2.5–11.2

16 9.4 4.1–20.3 8.5 3.7–18.4 8.9 4.9–15.7

17 10.0 4.7–20.2 7.6 3.0–17.9 8.9 4.9–15.3

18 5.6 1.9–15.1 4.8 1.7–13.3 5.2 2.4–10.8

19 7.8 3.4–17.0 8.6 3.7–18.6 8.2 4.5–14.4

20–24 4.0 1.6–9.8 8.0 4.1–15.0 6.0 3.5–10.2

25–29 5.1 2.2–11.3 6.9 3.4–13.6 6.0 3.5–10.2

30–34 3.0 1.0–8.5 4.0 1.6–9.8 3.5 1.7–7.1

35–39 5.0 2.2–11.2 3.0 1.0–8.5 4.0 2.0–7.7

40–49 3.0 1.0–8.5 3.0 1.0–8.4 3.0 1.4–6.4

50–59 0 0.0–3.6 2.0 0.6–7.1 1.0 0.3–0.4

⩾60 0 0.0–2.7 1.0 0.1–4.2 0.4 0.1–2.1

Total 15.0 13.5–16.8 15.7 14.1–17.5 15.4 14.2–16.6

aP⩽ 0.01 for differences in seroprevalence across all age groups, for each gender and in total.
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age, 60% of children were already seropositive similarly to the
majority of EU/EEA countries in the pre-vaccine era [7]. Recent
surveillance data point to an increase in the age-specific incidence
of varicella in children aged 1–4 years compared with the 5–9 years
age group [16]. This trend, commonly observed in EU/EEA coun-
tries, may be explained by the earlier and increased preschool and
day care centre usage where the chances of VZV exposure are

greater [7, 17, 18]. The >90% VZV seroprevalence found in teen-
agers and adolescents 15–19 years is in line with the rates reported
in all other EU/EEA countries except Italy [4, 5].

Still, in Serbia, 7% of adolescents 15–19 years and 3% of adults
older than 20 years remain susceptible to VZV infection and
prone to serious complications of varicella [4, 5]. The somewhat
larger pool of susceptible female respondents of reproductive

Fig. 4. Anti-VZV antibody titres given as geometric mean titres (GMT) expressed in standardised ESEN2 units IU/ml, according to age (a) and according to age and
gender (b), in the 3570 study subjects aged 29 days–83 years from Vojvodina, Serbia; 95% CIs are also displayed. The dashed lines indicate the cut-off for positive
results (0.05 IU/ml).
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age (6% of women vs. <5% of women in most EU countries except
Italy and Ireland), in particular, may be a cause for concern.
Substantial feto-maternal morbidity is related to VZV infection
due to the higher risk of congenital varicella syndrome and neo-
natal varicella [2, 5]. The situation is worrying given that in Serbia
∼50% of children are born annually to women aged 20–29 years;
thus, the susceptibility rate in this age group (7.5%) applied to half
of the average birth cohort of 65 000 translates to ∼2400 seronega-
tive pregnant women and an equal number of newborns on an
annual basis [19].

A recommendation for VZV serological testing of recently
exposed pregnant women for the purpose of passive post-
exposure immunisation was recently introduced into Serbian
legislation [20]. The administration of varicella-zoster immune
globulin (VZIG) within 96 h of VZV exposure is strongly indi-
cated in susceptible pregnant women to prevent severe maternal
chickenpox and its complications. Although justified, the admin-
istration of VZIG may reduce, but not eliminate, the risk of fetal
infection. Therefore, anti-VZV testing of non-pregnant women
without history of varicella and immunisation of seronegatives
remains the most effective way to prevent varicella in pregnancy,
congenital varicella syndrome and neonatal varicella [21].

Variations of GMT for VZV antibodies with age and corre-
sponding seroprevalence together shed light on the dynamics of
natural immunity to VZV in the population. The high GMT in
older age groups may be a consequence of natural boosting in
conditions of incessant VZV circulation in the population [22,
23]. The increase in GMT with advancing age, as observed in
other studies too [22–24], supports the established risk between
depression of cell-related immunity with ageing and HZ develop-
ment. Frequent varicella occurrence and recurrent HZ episodes in
patients with impaired cellular immunity underscore the import-
ance of cell-mediated immune response in the host defence
against VZV [1, 17].

Similarly to reports from other EU/EEA countries, we found
no significant age-specific differences in VZV seroprevalence or
GMT by gender [5]. Lower GMT values for women than for
men from age 20 years onwards (with the exception of the 40–
49 age group) were reported in the Netherlands; GMT were still
above the cut-off and increased with age [24].

Varicella vaccine (licensed since 2009 in Serbia) is sparsely
used (<500 doses yearly); consequently, its impact on VZV col-
lective immunity is negligible. Critical determinants of the sero-
epidemiology of varicella vary remarkably between temperate
and tropical regions pertaining to climate factors, population
density, social mixing patterns and urbanisation level [2, 17].
Recent climatic changes due to ozone depletion and global warm-
ing, even in temperate regions like Serbia’s territory, may have an
impact on the age-specific varicella incidence and subsequent sus-
ceptibility pattern in older age groups [17]. A connection between
area of residence in Vojvodina and VZV seropositivity was not
established by this survey. A small number of countries, including
Italy, identified regional variations in VZV seroepidemiology,
possibly attributable to climate specifics and differences in popu-
lation density [23].

A major strength of this study is the direct comparability of
obtained anti-VZV results to those of other European countries,
achieved through the standardisation process. The use of conveni-
ence samples of residual sera for the compilation of the serum
bank may introduce selection biases [7]. However, a study from
Australia yielded comparable estimates of immunity, regardless
of the method of sera collection (population-based random

sampling or residual sera collection) [25], validating residual
sera collection as an appropriate sampling strategy to provide
population immunity data. The geographical representativeness
of the study sample in relation to the population of Vojvodina,
with the pre-defined stratification of the serum bank according
to the last census at the municipal level, further reinforces the val-
idity of obtained results.

Despite the potential limitations, our results provide insights
into the overall VZV seroprevalence in the Serbian population
based on the findings in the province of Vojvodina. The analo-
gous age structure in conjunction with the large size of
Vojvodina, which corresponds to more than one-quarter of the
population of Serbia, support the induction of conclusions for
the whole country. The lack of associations between VZV sero-
positivity and gender or area of residence reinforces the validity
of this inductive syllogism. Besides similar demographic charac-
teristics of Vojvodina and the rest of the country, there are simi-
larities in a number of other factors that can influence VZV
transmission dynamics, such as the population density, average
household size, the level of child care attendance, infant vaccin-
ation coverage and climate. Nevertheless, the possibility that sero-
prevalence data might differ had the serum bank included
samples from all over the country cannot be excluded.

In the ongoing pre-vaccine era, natural infection provides a
high level of collective immunity in the population of
Vojvodina, with the highest VZV transmission in children of pre-
school age. This study revealed epidemiologically relevant gaps in
VZV immunity among adolescents (7%), young adults (6%) and
especially women of childbearing age (6%). The detected gaps
support the adoption of the official recommendations for varicella
immunisation of non-immune adolescents and young adults,
including non-pregnant women of childbearing age. The current
national strategy mandates the immunisation of certain categories
of patients at high risk for varicella complications, their family
members and health care professionals. Any adjustments to this
strategy, whether they include the presumptive immunisation of
those with a negative history of varicella or serological testing of
those with a negative or uncertain self-reported varicella history
and the vaccination of susceptibles, should be based on the risk
of VZV exposure and transmission, cost-efficacy studies and
assessment of the validity of reported chickenpox history, to
determine vaccine eligibility. Such information is currently lack-
ing in Serbia and, therefore, further studies are deemed necessary
to underpin a cost-effective varicella immunisation strategy. The
seroprevalence data obtained here provide invaluable information
on VZV immunity of the population and may be used to inform
vaccination policy decisions in Serbia.
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