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Abstract

Although rubella is usually a mild childhood disease, this infection in early pregnancy poses
a serious problem due to its teratogenic effect. The goal of interrupted circulation and elimi-
nation of rubella virus was achieved in many countries in the world. The aim of this study
was to determine the status of rubella immunity in Vojvodina and evaluate Serbia’s progress
toward this goal. A total of 3404 residual serum samples from patients of all ages (1 to 84
years) were included in the study. Samples were collected between May 2015 and Decem-
ber 2017 in Vojvodina. Rubella IgG antibodies were determined using an indirect chemilumi-
nescent immunoassay. Percentage of participants seropositive for rubella antibodies was
92.9% in the entire sample. The highest number of seronegatives was in the youngest (1
year) age group (44.7%), followed by the group aged 24—49 (6.4%) and 2—11 years (6.2%).
The absence of a higher percentage of children with protective anti-rubella antibodies in the
group aged 2—11 can be explained by a lower immunization coverage during certain years.
Participants in the group aged 24—49 were born during the pre-vaccination period with lower
rubella incidence, leading to the conclusion that not all individuals of that age came into a
contact with the virus. Comparing levels of anti-rubella IgG antibodies of seropositive males
and females of different ages reveals that the immunity after a contact with the virus and a
previously acquired infection is stronger than the immunity after the vaccination. Although
the incidence rate of rubella in Vojvodina has been low for the last ten years, there is still a
risk of an outbreak due to a decrease in immunization coverage. This study shows that the
percentage of susceptible individuals is high, especially considering women aged 24—49,
and that additional ("catch-up") immunization is required.
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Introduction

Rubella is usually a mild childhood rash disease with rare complications. However, an infec-
tion in early pregnancy is of major public health importance due to the teratogenic effect of
the virus. Primary infections during pregnancy may lead to miscarriage, fetal death, or a birth
of an infant with congenital rubella syndrome (CRS). Infants with CRS may have sensorineural
hearing loss, intellectual disability, heart defects, or ocular abnormalities. To address this issue,
immunization against this disease has been introduced and control of CRS implemented [1-
3].

The Global Vaccine Action Plan for the Decade of Vaccines (2011-2020), which was
endorsed by the World Health Assembly in May 2012, has set an ambitious goal to achieve
rubella elimination in at least five of the six WHO regions by 2020. The Region of the Americas
has already eliminated rubella and CRS, as verified in 2015. The European Region and West-
ern Pacific Region have set their own rubella and CRS elimination goals, while the South-East
Asia Region has a target to control rubella and CRS [4]. A sustained vaccination coverage of
95% for at least one dose of the rubella-containing vaccine is recommended by the WHO to be
implemented at all levels to interrupt the rubella circulation and achieve its elimination [5].

Rubella has been a mandatory notifiable disease in Serbia since 1976. Compulsory immuni-
zation of children against this disease became a part of the national immunization programme
in 1993, and the MMR vaccine has been given in two doses since 1996. Immunization begins
at 12 months, while the second dose of the vaccine was initially given at the age of 12. However,
in 2006, the second dose was shifted to the age of seven, and the immunization at the age of 12
was continued only in children who had not received two doses of the MMR vaccine until
then [6,7].

The Programme of Health Protection of Citizens against Infectious Diseases determines the
rubella prevention strategy in the Republic of Serbia. The goals of the programme are: main-
taining a high level of coverage (>95%) with two doses of the MMR vaccine, supplemental
immunization of the rubella-sensitive population, and the establishment and maintenance of
the surveillance system with the aim of reducing the rate of congenital rubella syndrome to
0.01 per 1000 of live-born children [8,9].

Aim of the Study

The study was conducted to determine the status of rubella immunity in the population of the
Autonomous Province of Vojvodina in order to identify susceptible groups in the population.

Materials and methods

Study area and survey design

Vojvodina is the northern province of Serbia. The population of Vojvodina was 1,931,809 in
2011, accounting for 26.9% of the population of Serbia, excluding Kosovo [10]. Its borders are
with Hungary to the north, Romania to the east, Croatia to the west, and Bosnia and Herzego-
vina to the southwest.

Notifications of the rubella disease are delivered to the Institute of Public Health of Vojvo-
dina. The incidence rate of the disease was presented as the ratio of the number of patients and
the whole population according to the census as the denominator per 100,000 inhabitants. The
vaccine coverage of the MMR vaccine (the average value of the MMR1 and MMR2 coverage,
as well as the individual coverage of MMR1 i MMR?2) was calculated using the administrative
method from 1993 to 2017 [11]. In our study we used data obtained from the official monthly
and annual reports of the Institute of Public Health of Vojvodina in the period from 1978 to
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2017. Data of incidence of rubella infection were presented through descriptive epidemiologi-
cal study and analysed chronologically and demographically for the observed period (from
1978 to 2017).

Analysis of disease occurrence was performed during three separate periods. The first
period is the endemoepidemic (sporadic combined with outbreak cases) period between 1978
and 1993. This is the pre-immunization period. The second one is the period of localized epi-
demics between 1993 and 2006. The vaccine against rubella was introduced in Serbia during
this period, while the rubella infection occurred in the form of localized outbreaks affecting
people in collectives. The third period is the period of sporadic cases, which began after 2006.

A total of 3404 residual serum samples from patients of all ages were included in the study.
Samples were collected according to the specifications of the European Sero-Epidemiology
Network 2 (ESEN2) study protocol between May 2015 and December 2017 in Vojvodina. The
age stratification of the sera was according to the specifications of ESEN2. Accordingly, ~100
samples were collected for each year band in the age group 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 an equal number of samples by gender (sampling method has been described previously
by Medi¢, et al. [12]).

For further analysis, the samples were divided into five age groups (1 year, 2-11 years, 12—
23 years, 24-49 years, and 50+ years). The age distribution was adjusted according to the peri-
ods of time, used for analyses of the disease occurrence. The age distribution was created after
the samples were collected and results of the serum analyses were obtained. Available informa-
tion for each patient included the following;: sex, age, area of residence in Vojvodina, and sam-
ple collection date. Written informed consent of study participants, or their parents or legal
guardians if they were <15 years of age, was obtained.

Determination of IgG antibodies for rubella virus

Serum samples were analysed in the Centre for Virology of the Institute of Public Health of
Vojvodina, where the serological diagnostics were performed. The ADVIA Centaur Rubella
IgG assay (Siemens Healthcare Diagnostics) was used for detection of rubella IgG antibodies.
This immunoassay uses chemiluminometric technology. A direct relationship exists between
the amount of rubella IgG activity present in the patient sample and the amount of relative
light units (RLUs) detected by the system. Testing was performed on Siemens ADVIA Centaur
automated analyser. As recommended by the manufacturer, all samples with anti-rubella IgG
titres below 5.0 IU/mL were considered negative (susceptible to rubella). Values greater than
or equal to 5.0 IU/mL, and less than or equal to 9.9 IU/mL, were considered equivocal
(unknown rubella immunity status), while samples greater than or equal to 10.0 IU/mL were
considered positive for IgG antibodies to rubella virus (protected against rubella). These values
are based on the test manufacturer’s recommendations (Siemens Healthcare Diagnostics, Tar-
rytown, NY, USA) [13].

Statistical analysis

Statistical analysis of the results was performed using the Statistical Software Package for the
Social Sciences—SPSS 21. Attributive features are shown as frequencies, percentages, and 95%
confidence intervals. In order to investigate the connection of features, or to generate adequate
statistical models, a univariate regression analysis was used. Binary Logistic Regression Analy-
sis was used to generate odds ratios and confidence intervals. The testing of differences in the
frequency of attribute characteristics was performed using the X* test. A two-factor ANOVA
analysis was used to simultaneously test the effect of each independent variable on the
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dependent variable, also identifying a potential impact of their interaction. The Bonferroni
post-hoc test was used for correction for multiple comparisons. Values with a significance
level of p <0.05 were considered statistically significant.

Ethical consideration

The study was approved by the Medical Ethics Committee of the Institute of Public Health of
Vojvodina, on 14th May 2015 under the number 01-79/7a, as a part of a wider serosurvey on
vaccine-preventable diseases in Vojvodina.

Results

During the first period (pre-immunization period) in Vojvodina, rubella occurred endemoepi-
demically with a cyclic increase in incidence, reaching the values of over 1,000 per 100,000
inhabitants in epidemic years. The highest incidence rate of 1,402.1 per 100,000 inhabitants
was reported in 1989.

The second period is marked by the introduction of the vaccine against rubella, while the
rubella infection occurred in epidemic form, and the disease was registered with a declining
trend until 2005. The highest incidence rate of 939.1 and 653.6 per 100,000 inhabitants was
reported in 1995 and 1994, respectively, while the lowest coverage of the MMR vaccine (82%)
was registered in 2000.

The third period began in 2006, when no cases were reported for the first time, while only
sporadic cases per year were registered in 2009, 2012, and 2015. Since 2012, there has been a
declining trend in the MMR vaccine coverage in the territory of Vojvodina, with the lowest
coverage registered in 2017 (78%). (Fig 1, S1 Table).

In this study of population immunity against rubella virus in Vojvodina, 3404 serum sam-
ples were analysed. The age of examined patients ranged from 1 to 84 years. Among partici-
pants included in the study, there were 1652 females and 1752 males. Inmunocompromised
individuals and recent recipients of blood and blood products were excluded. The percentage
of participants seropositive for rubella antibodies was 92.9% (95% Cl, 92.0-93.8%) in the entire
sample. There were 194 individuals (5.7%) without antibodies against rubella, while 1.4% of
the participants had borderline values.

The values of rubella seropositivity for males and females were 92.5% and 93.3%, respec-
tively. Although a higher proportion of seropositivity was found in females compared to
males, the difference was not statistically significant (p = 0.291).

The highest number of seronegativity was found in the youngest (1 year) participant group
(44.7%), followed by the age group of 24-49 years (6.4%) and the group of children aged 2-11
years (6.2%). Although the participants in the age group of 24-49 years were born during the
pre-vaccination period, they have a slightly higher seronegativity (6.4%) compared to the
group of >50 years. This difference is statistically significant (x> = 20.973; p <0.001). The per-
centage of equivocal results in both females and males in the age groups of 1 year and 12-23
years ranged between 2.2 and 4.0%, while the percentage in the other age groups ranged
between 0.4% and 1.2% (Table 1).

In the entire sample, using the age group of >50 years as a comparator, the prevalence of
rubella seronegative results was significantly higher in the following age groups: 1 year, 2-11
years, and adults aged 24-49 years (OR 76.73, OR 6.24, and OR 6.54, respectively). Similar
results are obtained in the same age groups for males and females. The results are shown in
Table 1.

PLOS ONE | https://doi.org/10.1371/journal.pone.0227413  January 13, 2020 4/14


https://doi.org/10.1371/journal.pone.0227413

@ PLOS|ONE

Seroepidemiology of rubella

1600.0 S o~ 100

\ / AR 90
1400.0 \ /

1200.0 Endemoepidemic period Period of sporadics cases
70
Period of localised epidemics

-
8
=]
o

60

50

Coverage (%)

40

Inc./100.000 inhibitans
®
8
)

30

Inc.per 100.000 inhibitans Coverage (%)

Fig 1. The incidence of rubella in Vojvodina between 1978 and 2017, and the average of MMR1 and MMR2

vaccination coverage between 1993 and 2017.

https://doi.org/10.1371/journal.pone.0227413.9001

Analysing the percentage of seropositive subjects in the three observed periods, we found
that there were statistically significantly fewer seropositives in the age group of <11 years com-
pared to the other two observed age groups (x* = 71,910; p <0.001) (Table 2).

Comparing the levels of anti-rubella IgG antibodies across these three periods, we found
that in the period of single cases of the rubella disease, the lowest levels of antibodies were
found in the 1-year old participants compared to the age group of 2-11 years old. The highest
levels of IgG antibodies were detected in the age group older than 24 years, which belongs to
the period of massive epidemics of the rubella infection.

In the age group of 12-23 years, which belongs to the period of localized epidemics of the
rubella infection and the introduction of the MMR vaccine in the population of Vojvodina, the
levels of antibodies were low for both males and females compared to the other age groups
(Fig 2 and Fig 3).

Also, we analysed whether there was a statistically significant difference in measured anti-
body levels in different age groups (during the three observed periods) in seropositive subjects.
The analysis showed that there was a statistically significant difference in antibody levels com-
pared to the observed age groups (ANOVA; F = 99,394; p <0.001). The Bonferroni post hoc
test showed that patients aged 12-23 years had statistically significantly lower antibody levels
compared to those aged <11 years (p <0.001), as well as those aged 24+ years (p <0.001).
Patients older than 24 years (there is no difference between the age group of 24-49 years and
those older than 50) also had statistically significantly higher antibody levels compared to
those younger than 11 years (p<0.001). Patients from the oldest age group had statistically sig-
nificantly higher antibody levels than subjects aged 12-23 years (p <0.001) (Table 3, S1 Fig).

We further tested the effect of gender and age groups on antibody levels, as shown in the
Table 4. Using the Two-way ANOV A analysis, we tested the individual effect of gender and
age groups, as well as a potential impact of their interaction, on antibody levels. The effect of
gender and age group interaction on antibody levels was not statistically significant (F = 0.359;
p = 0.698). There was a statistically significant individual effect of age groups (subjects’ age) on
antibody levels (F = 99,472; p<0.001), but no individual effect of subjects’ gender (F = 0.981;

p =0.322).
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Table 1. Seroprevalence of anti-rubella antibodies according to the age and gender in Vojvodina, Serbia, 2015-2017.

Seropositive Seronegative Equivocal Total
Age group No % No % No % No OR P
(95%CI) (95%CI) (95%CI) (95%CI)
Males ly 44 48.4 45 49.5 2 2.2 91 250.0 <0.001
(38.1-58.7) (39.2-59.8) (0.8-5.2) (31.0-1717.3)
2-11y 438 93.8 25 5.4 4 0.9 467 133 0.011
(91.6-95.9) (3.4-7.4) (0.0-1.8) (1.8-99.1)
12-23y 484 95.8 8 1.6 13 2.6 505 3.8 0.210
(94.1-97.6) (0.5-2.7) (1.2-4.0) (0.5-30.5)
24-49y 420 92.9 28 6.2 4 0.9 452 15.6 0.007
(90.5-95.3) (4.0-8.4) (0.0-1.8) (2.1-115.3)
>50y 235 99.2 1 0.4 1 0.4 237 1.0
(98.1-100.3) (-0.4-1.2) (-0.4-1.2)
Total 1,621 92.5 107 6.1 24 1.4 1,752
(91.3-93.7) (5.0-7.2) (0.8-2.0)
Females ly 30 60 18 36 2 4.0 50 333 <0.001
(46.4-73.6) (22.7-49.3) (1.4-9.4) (10.7-105.6)
2-11y 361 91.9 28 7.1 4 1.0 393 4.6 0.005
(89.2-94.6) (4.6-9.6) (0.0-2.0) (1.6-13.2)
12-23y 499 96.3 7 1.4 12 2.3 518 0.8 0.751
(94.67-97.9) (0.4-2.4) (1.0-3.6) (0.2-2.8)
24-49y 416 92.9 30 6.7 2 0.4 448 142.9 0.007
(90.5-95.3) (4.4-9.0) (0.2-1.0) (1.5-12.3)
>50y 236 97.1 4 1.6 3 1.2 243 1.0
(94.9-99,2) (0.0-3.2) (0.2-2.6)
Total 1,542 93.3 87 53 23 1.4 1,652
(92.1-94.5) (4.2-6.4) (0.8-2.0)
Total ly 74 52.5 63 44.7 4 2.8 141 76.7 <0.001
(44.3-60.7) (36.5-52.9) (0.1-5.5) (29.9-196.7)
2-11y 799 92.9 53 6.2 8 0.9 860 6.2 <0.001
(91.2-94.6) (4.6-7.8) (0.3-1.5) (2.5-15.7)
12-23y 983 96.1 15 1.5 25 24 1,023 1.4 0.505
(94.9-97.3) (0.8-2.2) (1.5-3.3) (0.5-3.9)
24-49y 836 92.9 58 6.4 6 0.7 900 6.5 <0.001
(91.2-94.6) (4.8-8.0) (0.2-1.2) (2.6-16.4)
>50y 471 98.1 5 1.0 4 0.8 480 1.0
(96.9-99.3) (0.1-1.9) (0.0-1.6)
Total 3,163 92.9 194 5.7 47 1.4 3,404
(92.0-93.8) (4.9-6.5) (1.0-1.8)

*Reference value

OR-0Odds Ratio; CI—Confidence Interval; p-probability

Binary Logistic Regression Analysis was used to generate odds ratios and confidence intervals.

https://doi.org/10.1371/journal.pone.0227413.t001

Discussion

According to the latest reports, epidemiological situation of rubella in most EU countries is
favourable. In 2017, 11 European countries reported 696 rubella cases, which represented a
marked decrease from 1,264 and 2,161 cases reported in 2016 and 2015, respectively. During
2017, in the territory of 17 European countries there were no rubella cases. The highest num-
ber of cases was reported in Poland (496, where the last epidemic was registered), Germany
(73), Italy (67), and Austria (39) [4]. In 2016, six cases of CRS were reported in 42 European
countries which keep records and report this syndrome [14].
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Table 2. Percentage of seropositive and seronegative according to the age groups.

Age group P
<11 12-23 24+ Total
N % N % N % N %
Rubella CLIA IgG results Seronegative 128 12,8% 40 3,9% 73 5,3% 241 7,1%
Seropositive 873 87,2% 983 96,1% 1.307 94,7% 3.163 92,9% <0.001
Total 1.001 100,0% 1.023 100,0% 1.380 100,0% 3.404 100,0%

p-probability; X test was used to determine whether there is a statistically significant difference in the percentage of seropositives during the three observed periods.

https://doi.org/10.1371/journal.pone.0227413.t002

During the ten-year period (2008-2017), only three cases of rubella infection were reported
(in 2009, in 2012, and in 2015). The reservoir of infection in all three cases was not determined.
Therefore, the actual number of cases might have been higher [6,7].

In this study, the percentage of participants seropositive for rubella antibodies was 92.9% in
the entire sample. This percentage of seropositivity is similar to the percentage obtained in a
study in Luxembourg in 2004 [15], but lower than the percentage obtained in Hungary, Slove-
nia, and Slovakia, and higher than the one found in Romania and Bulgaria in 2008 [16]. A
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Fig 2. Serum level of anti-rubella IgG in seropositive females.
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Fig 3. Serum level of anti-rubella IgG in seropositive males.

https://doi.org/10.1371/journal.pone.0227413.9003

higher percentage of seropositives in Hungary, Slovenia, and Slovakia can be explained by a
>95% coverage of the MMR vaccine in these countries, but also by a previously acquired
immunity of the population following a natural infection. [17].

In contrast to our study, in the study conducted in Vojvodina between 1978 and 1984 on a
sample of 1,550 individuals aged from six months to 60 years, the percentage of susceptible

Table 3. Antibody levels in different age groups (during the three observed periods) in seropositive participants.

N Mean Std. Deviation P
1-11 711 152,9883 118,66190
12-23 926 108,1632 102,87936 <0.001
24+ 890 185,4685 129,72264
Total 2.527* 148,0019 121,81713

* Samples that had antibody level values greater than 500 IU/ml were not included in this analysis, since we did not
have an accurate antibody level value for them. The assay we used can determine antibody level values only up to 500
1U/ml.

The two-way ANOVA analysis and the Bonferroni post hoc test were used to determine whether there is a
statistically significant difference in the antibody levels in seropositive participants during the three observed periods.

https://doi.org/10.1371/journal.pone.0227413.t003
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Table 4. Influence of gender and age on serum level of anti-rubella IgG in seropositive participants.

gender Age group (years)
male 1-11
12-23
24+
Total
female 1-11
12-23
24+
Total
Total 1-11
12-23
24+
Total

Mean Std. Deviation N
148,2071 118,01142 388
107,4753 104,88812 454
184,4087 127,10503 445
146,3559 121,16096 1.287
158,7317 119,36821 323
108,8248 101,01651 472
186,5283 132,42313 445
149,7103 122,51995 1.240
152,9883 118,66190 711
108,1632 102,87936 926
185,4685 129,72264 890
148,0019 121,81713 2.527

The two-way ANOVA analysis was used to determine whether there is a statistically significant influence of gender and age on antibody levels in seropositive

participants during the three observed periods.

https://doi.org/10.1371/journal.pone.0227413.t1004

individuals aged >20 years ranged from 0% to 15% [18]. The period of research in this study
belongs to the pre-vaccination era. In our study, the percentage of susceptible individuals in
the group aged >20 years was 4.2% (6.4% in the age group of 24-49 years, and 1% in the age
group of >50 years). These data only confirm that the introduction of the MMR vaccine has
significantly reduced the number of susceptible individuals in the Vojvodina population.
Despite the high percentage of people with protective anti-rubella IgG antibodies, the number
of susceptible individuals is still higher than recommended (<5%) by the World Health Orga-
nization. The goal of rubella and CRS elimination can only be achieved when the population
susceptibility is below the level that can sustain transmission. Thus, a population immunity of
at least 95% is recommended to interrupt the transmission and eliminate rubella. Susceptibility
should be lower than 5% especially in children and women of generative age [5,19].

In our study, the highest number of seronegatives is found in the youngest (1 year) age
group, followed by the age group of 24-49 years, and the group of children aged 2-11 years.

A lower percentage of seropositive participants in the group of children aged 1 year (52.5%)
can be explained by the fact that a portion of the subjects in this group have lost protective
maternal antibodies but have not yet received the first dose of the MMR vaccine. The level of
antibodies transferred from mother to child shows an exponentially declining trend, resulting
in the loss of protection against rubella after a few months-well before the age of the first
MMR vaccine dose [20,21]. The first dose of the MMR vaccine, which should be administered
between 12 and 15 months of age, is often received later and, therefore, children aged 1 year
have no protective antibodies. A similar result was obtained in a study conducted in Turkey,
where the percentage of seropositives in the group of children aged 1-2 years was 51.9% [22].
In a study conducted in Germany on a representative sample of children under 17, it was
determined that the percentage of seropositives in children aged 1-2 years was 69.3% [23].

In our study, the percentage of seropositives in children aged 2-11 years was 92.9%. The
absence of a higher percentage of children with protective anti-rubella antibodies in this group
can be explained by a lower immunization coverage of the MMR vaccine during certain years
in the period from 2006 to 2017. Immunization coverage on the territory of Vojvodina was
lower than 95% in 2012 (91%), 2014 (86%), 2015 (90%), 2016 (89%), and 2017 (78%). Decreas-
ing immunization trend in Vojvodina can be explained by a reduction in timely availability of
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the MMR vaccine in Serbia from 2012-2016, as well as an increased activity and media pres-
ence of the anti-vaccination movement in the Balkan countries, which has contributed to a
surge in vaccine scepticism and vaccine hesitancy [6,24,25]. Maintaining such a negative trend
in immunization coverage leads to an increase in the number of susceptible populations. This
creates conditions for the importation and spread of the disease which was previously success-
fully prevented by immunization. Due to this situation, there was a measles epidemic outbreak
in Vojvodina from November 12, 2017 to June 30, 2018, during which 177 cases were reported
[24]. There has been no increase in notification of rubella cases in Vojvodina. That happened
probably because, if one dose of the MMR vaccine was higher in coverage than the other in a
given year, there is a possibility that a certain level of antibodies was created, because one of
MMR doses had higher coverage and there is a likelihood that more children received at least
one dose of the vaccine. This means that, although there may be a lower level of antibodies in
certain age groups, it seems to be sufficient to prevent the outbreak of rubella virus epidemics
in the population, which was not the case with measles. In a study conducted in the northern
part of Greece, the percentage of seropositives in children aged 6-10 years (71.8%) and 11-15
years (77.1%) was significantly lower than the percentage obtained in our study [26]. A lower
percentage of seropositives was also found in a study in Germany, with the result of 82.2% in
children aged 3-6 years, and 80.6% in children aged 7-10 years [23].

Although the participants in the age group of 24-49 years were born during the pre-vacci-
nation period, they have a slightly higher seronegativity (6.4%) compared to the group of >50
years. This difference is statistically significant (x* = 20.973; p <0.001). A possible explanation
can be found in the registered incidence of less than 100 per 100,000 inhabitants in Vojvodina
in certain years during the period after 1986, which leads to the conclusion that not all individ-
uals of that age came into a contact with the virus. This finding underlines the need for a vacci-
nation strategy targeting older people as well, especially women of generative age [19]. Our
results are quite different from those obtained in a study carried out in Italy, where the per-
centage of seropositive women of generative age (18-49 years) was only 82.3% [27]. Much bet-
ter results were obtained in a study in the Netherlands [28] and in part of Spain—Catalonia
[29], which found >95% of seropositive women of generative age.

A low number of seronegatives was also found among the participants aged 12-23 years
(1.5%). Individuals in this age group were born between 1993 and 2005. The introduction of
the second dose of the MMR vaccine into Serbia’s immunization schedule in 1996 increased
the likelihood of children receiving at least one dose of the vaccine and thus acquiring vaccine
immunity. Also, the introduction of the anti-rubella vaccine was suppressed by an intense
rubella infection in the population during the 1994-1995 epidemics, when more than 32,000
people were infected. Therefore, in this period, it was possible to obtain immunity from a
rubella infection. A higher percentage in the age group of 16-20 years (8.7%) was obtained in a
study conducted in the northern part of Greece [26].

The lowest number of seronegative participants was found in the group aged 50+ (1.0%).
People from this age group were born before routine vaccination against rubella. In the pre-
vaccination era, the average annual incidence of rubella was high. A large number of people
could have come into a contact with the rubella virus as early as childhood and more fre-
quently in older age, and therefore, were more likely to have acquired immunity from a natural
infection.

Comparing levels of anti-rubella IgG antibodies of seropositive males and females of differ-
ent ages reveals that those born before 1993 generally show statistically significantly higher lev-
els of rubella-specific IgG antibodies compared to those born during the period when the
MMR vaccination was introduced. This is consistent with the fact that the immunity after a
contact with the rubella virus and a previously acquired infection is stronger than the
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immunity which develops after the vaccination. These results are consistent with the results
obtained by Smits G. et al, in the Netherlands study [28].

Individuals born between 1993 and 2006 (aged 12-23 years) have statistically significantly
lower levels of anti-rubella IgG antibodies. During this period, the MMR vaccine immuniza-
tion programme was introduced and the vaccination schedule changed. Introduction of the
vaccine against rubella limited the circulation of the virus in the population. However, the cov-
erage of the vaccination in this period was lower than required, so it is possible that many indi-
viduals did not receive both doses of the MMR vaccine. Consequently, the anti-rubella IgG
antibody levels are lower. This is confirmed by the study by Pebody RG. et al, who highlighted
that the geometric mean antibody concentration of rubella was significantly higher in children
who have received a second dose of the MMR compared to those who have received a single
dose [30]. Also, in this age group there was a higher percentage of equivocal results. It is very
likely that vaccine immunity has declined among these individuals because they have not
received both doses of the vaccine. Consequently, it is not only individuals with equivocal test
results who present a problem in this age group. After some time, the problem may also be
with individuals who currently have sufficient levels of protective antibodies, but-due to the
possible administration of only one dose of the MMR vaccine-might experience a more rapid
decrease in antibody levels.

In children born after 2006, the lowest antibody level was among those aged 1 year. Most
children in that age group have lost maternal antibodies, so their existing antibodies are the
result of a single dose of the MMR vaccine. Although children are expected to develop normal
antibody titres in response to the initial MMR dose, some children develop low antibody levels
to all three antigens in the MMR vaccine, and some (the non-responders) develop no antibod-
ies. Low antibody levels may be caused by a small proportion of complete vaccination failures,
impotent vaccine, incorrect delivery, or individual factors related to an underdeveloped
immune system [30,31]. In the group of children aged 2-11 years, the level of anti-rubella IgG
antibodies was higher since many of them have received both doses of the MMR vaccine.

Our study might have some limitations. First, for the duration of the study, the number of
samples of the youngest participants was slightly lower than planned. The study used serum
samples of patients from routine work, from which a serum bank was made to test the immu-
nity of the population to certain pathogens (measles, varicella, hepatitis A, hepatitis B and
rubella). Due to the analyses done for all these agents, we had 26% less serum in the age group
of 1 year for the purposes of our research on the immunity to rubella virus. Regarding the OR
result for the 1y group, we understand that the OR number is high, but we can try to explain.
The >50y age group was taken as a reference value for comparisons. This age group belongs to
the unvaccinated population which has witnessed high incidence rates of rubella during major
epidemics. Of the 237 subjects over the age of 50, only one male subject was seronegative, and
one male subject had an equivocal finding. As many as 99.2% were seropositive, so the OR for
male subjects aged 1 was 250, and its confidence intervals were wide, which could potentially
limit the ability for adequate interpretation of the results. Second, equivocal results were not
retested in terms of a definitive laboratory classification (positive or negative). Third, standard-
ization was not performed due to a lack of a reference (comparative) panel. For epidemiologi-
cal purposes, the enzyme immunoassay (EIA) is a widely used method to detect antibodies to
rubella in serum. However, variations in both sensitivity and specificity of several commercial
EIAs have been reported, as well as inter-laboratory variability when the same assay is used.
Therefore, the European Sero-Epidemiology Network recommends standardization of assays
to ensure direct comparability of seroepidemiology results obtained during different projects.
Fourth, we did not collect individual immunization coverage of participants, migrant status,
education level and other personal data. Therefore, we could only guess whether specific anti-

PLOS ONE | https://doi.org/10.1371/journal.pone.0227413  January 13, 2020 11/14


https://doi.org/10.1371/journal.pone.0227413

@ PLOS|ONE

Seroepidemiology of rubella

rubella IgG antibodies originated from vaccination or natural infection. However, that was not
the initial idea of the study. This was the first study on the immunity of the Vojvodina popula-
tion to rubella virus. Some future research could provide additional data. Fifth, it is quite possi-
ble that the population-level immunity to rubella virus may be lower than the results obtained
in this study, since immunocompromised individuals were excluded. For that reason, we think
that further research is needed in the future, which we are planning to do. The collected
serums were from Vojvodina residents who came to our institution for laboratory testing dur-
ing the study period. Subjects’ participation in the study was voluntary. The study included the
subjects who gave their written informed consent to participate in the study. It is possible that
some refused to participate because they avoided vaccination (either for themselves or for their
children), but we do not currently have information about it.

Conclusion

Seroepidemiological study in the population of Vojvodina shows that the percentage of suscep-
tible individuals is higher than 5%, which leads us to suspect that there is an increased risk of
the rubella disease, which is especially dangerous in women aged 24-49. Although the inci-
dence rate of rubella in Vojvodina has been continuously below 1 per 100,000 for the last ten
years, due to the percent of seronegative individuals in our investigation as well as obvious
decrease in the coverage of the MMR vaccine, there is still a risk of a potential outbreak as well
as a possible occurrence of congenital rubella syndrome in newborns.

The highest levels of IgG antibodies among seropositive participants were detected in the
age group older than 24 years, which belongs to the period of massive epidemics of the rubella
disease, indicating that natural acquired immunity results in a higher level of antibodies com-
pared to subjects who have acquired immunity with the vaccine.

It is important to identify susceptible populations, and, in parallel with high coverage of
two doses of the MMR vaccine in children, perform additional vaccination of seronegative
individuals, especially seronegative women of generative age ("catch-up" campaign) in order
to avoid risk of rubella infections in the future.
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