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ABSTRACT
Introduction: South Africa is yet to introduce rubella-containing vaccines (RCV) into its routine immu-
nization schedule. Selecting the target population when introducing RCV should take into account the
ages of susceptible individuals in the population. We aimed to determine the seroprevalence of
antibodies to rubella and characterize immunity gaps among individuals of all ages in South Africa.
Methods: We tested for rubella immunoglobulin G (IgG) antibodies with a commercial enzyme-linked
immunosorbent assay. We used residual samples collected from 2016 through 2018 as part of the
national measles surveillance program. We only tested samples that were negative for measles and
rubella immunoglobulin M (IgM) and explored the association between rubella susceptibility (IgG
negative) and predictor variables (year of sample collection, age, sex, and province of residence) using
logistic regression analysis.
Results: We obtained results for 6057 records. Rubella susceptibility was highest among Individuals
aged zero to 11 months (81.9%), followed by children 1 to 5 years old (71.5%), 6 to 10 y old (40.9%) and
11 to 15 y old (31.25) while the smallest proportion of susceptible individuals was among those 16 to
49 y old (19.9%). Females were less likely to be susceptible to rubella compared to males (OR = 0.79
(95%CI: 0.71–0.87), P < .001) in unadjusted analysis but this effect was not observed after adjusting for
age and province. In multivariable logistic regression, age (OR = 6.24 (4.52–8.63), P < .001) and province
of residence (OR = 0.97 (95%CI: 0.95–0.99), P = .01) were associated with rubella susceptibility.
Conclusion: In the absence of rubella vaccination in the Expanded Program on Immunization in South
Africa, the bulk of individuals susceptible to rubella are children under 16 y old. About 20% of
individuals 16 to 49 y old are susceptible to rubella. This susceptibility gap must be born in mind during
RCV introduction.
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Introduction

The Global Measles and Rubella Strategic plan 2012–2020
aimed to eliminate measles and rubella in at least five World
Health Organization (WHO) regions by the end of 2020.1

A midterm review suggested that these elimination goals
were not likely to be achieved due to several challenges cul-
minating in a shortage of resources for the execution of the
plan.2 A number of WHO regions, including Africa, do not
have a target for rubella elimination, although many countries
have successfully introduced rubella-containing vaccines
(RCV) in their Expanded Program on Immunization (EPI)
schedules.3 One of the recommendations highlighted in the
midterm review involved achieving and maintaining high
levels of population immunity to measles and rubella through
vaccination.2

Measles vaccination is already part of the EPI schedule in
South Africa; however, RCV are only available in the private
sector.4 There are several commercially available combinations

of RCV, all of which contain the measles vaccine.5 The avail-
ability of combination vaccines provides an opportunity to
incorporate RCV into already existing measles vaccination activ-
ities that entail routine vaccination of infants and supplementary
immunization activities (SIAs) targeting older individuals. The
WHO recommends introducing RCV when countries achieve at
least 80% coverage for measles routine vaccination and/or SIAs.6

Countries that introduced RCV in this manner have experienced
considerable reductions in rubella incidence.7

In its guidance document on introduction of RCV, the
WHO points out the importance of reviewing the rubella
susceptibility profile of the population and targeting a wide
age range of individuals during the initial introductory vac-
cination campaign.8 Identifying age groups of susceptible
individuals is therefore important in order to target them
during this initial mass campaign. Seroepidemiological stu-
dies are used to characterize rubella immunity in populations
from results of immunoglobulin G (IgG) testing. The rubella
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IgG test is unable to distinguish antibodies obtained from
passive transfer during pregnancy from antibodies that
develop following vaccination or following infection with
rubella virus. Furthermore, as an individual acquires rubella
antibodies, there is an increase in antibody titers up to
a maximum level followed by a decrease in titers.
Depending on what time a sample is collected, results
might differ in the same individual. Distinguishing between
antibodies following vaccination and infection depends on
the availability of data on vaccination history in settings
where RCV are used. In settings where there is no mass
vaccination against rubella, the presence of rubella antibodies
can be assumed to be secondary to infection in the majority
of cases.

Several serological studies have characterized rubella sus-
ceptibility or immunity in different population subgroups in
Sub-Saharan Africa.9-11 and in other WHO regions.12-14 When
planning RCV introduction, serosurveys provide insight into
the population subgroups that should be targeted for vaccina-
tion and provide data for modeling rubella transmission
dynamics15-17 including estimation of the burden of congenital
rubella syndrome (CRS). Individuals of reproductive age are of
particular interest since susceptibility to rubella in this age
group has a direct impact on occurrence of CRS, which is the
main target of the RCV. Assessing immunity in pregnant
women can provide insight into rubella immunity among indi-
viduals of reproductive age. Rubella seroprevalence estimates
vary in different settings. In Iran, rubella seroprevalence ranged
from about 89% among women below 25 y of age to 85%
among children under-five, dropping to 81.4% in 11–15 y
olds with the highest figures (98.8%) among 21–25 y olds.18

Another Iranian study among pregnant women found that 96%
of participants were immune to rubella.14 In Germany, 87.6% of
children below 17 yof age were immune to rubella12 with the
age group of 3 to 6 y olds having the highest proportion of
immune individuals. A systematic review including several
studies in Sub-Saharan Africa9 reported rubella seroprevalence
among individuals of reproductive age ranging from 65% in
Sudan to 98% in Nigeria.

An analysis of residual specimens collected from individuals
of all age groups in public and private health facilities all over
South Africa reported rubella immunity in 93.8% of females aged
12 to 49 y.19 Another study reported rubella immunity in over
95% of pregnant women in the Western Cape province.20

Although these studies report high proportions of immunity to
rubella among individuals of reproductive age, it is not certain if
rubella infection dynamics remained unchanged over time given
that those studies were conducted a decade ago. In order to
provide more recent estimates on rubella susceptibility, we
aimed to investigate all age groups as the South African govern-
ment considers introducing RCV.

Methods

Sampling

In this cross-sectional analytic study, we performed rubella
immunity testing on residual samples collected in 2016, 2017,
and 2018. We included residual samples from measles

surveillance that were collected in public facilities and that
tested negative for both measles and rubella IgM. Blood
samples for measles surveillance are collected from any
patient who presents with rash and fever in addition to at
least one of the following symptoms; conjunctivitis, coryza, or
cough. These samples can be considered to represent the
general population since they come from patients in all health
districts of the nine provinces in South Africa. Gauteng pro-
vince has the smallest surface area and the highest population
density while the least densely populated is Northern Cape
province which has the largest surface area. Johannesburg is
the economic hub of the country and is situated in Gauteng
province and each province has at least one urban city with
rural and semi-rural areas. With the private sector catering for
about 15% of the population,21 the public health sector repre-
sents about 85% of the South African population and offers
free health-care services.

Rubella IgG testing

We tested for the presence of rubella IgG with a test that uses an
indirect enzyme-linked immunosorbent assay (ELISA) method
(Platelia™, Bio-Rad, Marnes-la-Coquette, France). We deter-
mined the presence and concentration of IgG antibodies to
rubella by comparing the optical density (OD) of the sample to
the concentration in International Units per milliliter (IU/ml) of
the calibrators of the standard curve. The Platelia™ Rubella IgG
test is standardized toWHO International Standard RUBI 1–94.

We considered a negative (titer < 10 IU/ml) result as
indicative of absence of immunity to rubella and a positive
result (titer ≥ 15 IU/ml) as indicative of immunity to rubella.
We interpreted an equivocal result (titer from 10 IU/ml to
≤15 IU/ml) as inconclusive since we could not obtain
a second sample for testing 2 weeks after the first sample as
per the manufacturer’s specifications.

Statistical analysis

We summarized categorical data using numbers and percen-
tages and skewed continuous data with medians and ranges.
We reported equivocal results when reporting descriptive
statistics and subsequently excluded them in all further ana-
lyses. The ages of individuals were divided into strata corre-
sponding to individuals below the target for routine
immunization (0 to 11 months), individuals who could be
targeted for mass vaccination activities (1 to 5 y, 6 to 10 y, and
11 to 15 y), individuals of reproductive age (16 to 49 y), and
older individuals (50 and above).

We calculated 99% confidence intervals for proportions of
susceptible individuals. We explored the association between
rubella susceptibility and predictor variables (age, sex, and
province of residence) using univariable and multivariable
logistic regression analyses. We applied a stepwise backward
automatic method for the multivariable logistic regression and
a p-value of 0.05 to select variables that remained in the final
model. We cleaned and analyzed the data using STATA
(StataCorp. 2015. Stata Statistical Software: Release 14.
College Station, TX: StataCorp LP).
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Ethical considerations

The Human Research Ethics Committee at Stellenbosch
University approved the study (Reference number: S18/08/
177(PhD)). All participant data were available only to the
study team and stored on password-protected computers.

Results

We retrieved 6216 eligible samples and obtained 6057 rubella
IgG results. The sample volume was insufficient for 75 records
while 82 had equivocal results. Gauteng province had the
highest number of samples tested while Free State province
had the fewest. Participant ages ranged from 1 month to
104 y with a median age of 5 y (Table 1). Overall 43% of
individuals were immune (IgG positive) while 57% were sus-
ceptible (IgG negative)

Individuals between 1 and 5 y of age represented the
majority of participants and about 67% (55/82) of equivocal
results were in this age group (Figure 1). Rubella susceptibility
was highest among Individuals aged zero to 11 months
(81.9%), followed by children 1 to 5 y old (71.5%), 6 to
10 y old (40.9%) and 11 to 15 y old (31.25) while the smallest
proportion of susceptible individuals was among those 16 to
49 y old (19.9%).

The proportion of susceptible individuals was higher
amongst males (59.13%, 99%CI: 56.84–61.39) compared to
females (53.31%, 99%CI: 50.86–55.75) (Figure 2). Most sus-
ceptible individuals were 1 to 5 y old among males (62.11%)
and females (58.36%), while the smallest proportion of sus-
ceptible individuals was the 16 to 49 y old age group for males
(2.71%) and those 50 y and above (2.49%) for females (Figure
3). Women of reproductive age (16–49 y) represented 5.39%
of susceptible females.

Figure 4 shows the proportion of susceptible individuals in
each province in descending order. Susceptibility ranged from
48.07%, in North West province to 61.05% in Western Cape
province. The proportion of susceptible individuals decreased
with increasing age group except for individuals 50 y and
above (Figure 5). The highest proportion of susceptible indi-
viduals were children aged 0 to 11 months (81.91%) while
individuals 16 to 49 y old had the lowest (about 19.91%).

Risk factors associated with rubella susceptibility

Table 2 shows the results of unadjusted (univariable) and
adjusted (multivariable) logistic regression analyses. In unad-
justed analysis female individuals were less likely to be sus-
ceptible compared to men (OR = 0.79, 95%CI: 0.71–0.87) but
after adjusting for age group and province of residence, this
association was no more observed (OR = 0.91, 95%CI: 0.81–
1.01). Province of residence and age group were associated
with rubella susceptibility in both unadjusted and adjusted
analyses.

Table 1. Demographic characteristics of samples included from 2016 through
2018 (N = 6216).

Variable Category n (%)

Sample collection year 2016 1332 (21.43)
2017 2973 (47.83)
2018 1911 (30.74)

Gender Male 3211 (51.66)
Female 2877 (46.28)
Unknown 128 (2.06)

Province Eastern Cape 511 (8.22)
Free State 193 (3.11)
Gauteng 1890 (30.42)

KwaZulu-Natal 1029 (16.56)
Limpopo 390 (6.28)

Mpumalanga 674 (10.85)
Northern Cape 274 (4.41)
North West 372 (5.99)
Western Cape 881 (14.18)
Unknown 2 (0.03)

Age group 0 – 11 months 626 (10.07)
1 to 5 y 2920 (46.98)
6 to 10 y 1333 (21.44)
11 to 15 y 340 (5.47)
16 to 49 y 681 (10.96)
≥50 y 278 (4.47)

Unknown 38 (0.16)

Figure 1. Results of rubella IgG testing by age in years for records with known age (n=6021).
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Discussion

We present a cross-sectional snapshot of current immunity
levels in South Africa, showing that about 57% of individuals
are susceptible to rubella. We found a decrease in the propor-
tion of susceptible individuals with increasing age. Age group,
sex, and province were associated with rubella susceptibility in
unadjusted analyses but only province of residence and age
group remained associated with rubella susceptibility in mul-
tivariable analysis.

Several studies in Sub-Saharan Africa have described the
predominance of rubella infections in children22-25 and
a recent analysis of rash-based surveillance data in South
Africa revealed similar results.26 Rubella infections occurring in
childhood result in most individuals being immune by the time
they are adolescents or adults. This translates to decrease in
susceptibility with increasing age. This natural process of

immunization leaves out a number of individuals who age into
the reproductive age group while being susceptible. Introducing
RCV should address this immunity gap, conditional on achiev-
ing coverage figures that are high enough.

Rubella susceptibility among individuals of reproductive
age is an indication of the risk of CRS. Our estimates of
rubella susceptibility are lower than those reported in indivi-
duals of reproductive age9,10 and among pregnant women11,27

in other Sub-Saharan countries prior to RCV introduction.
This could be due to lower virus circulating in South Africa as
a result of rubella vaccination in the private sector,4 or due to
differences in study design, especially the community-based
sampling framework used in several of these studies. The
unexpectedly high susceptibility among individuals aged
50 y and older could be explained by the small number of
samples obtained from individuals in this age group, leading
to biased estimates.

We observed an association between age and rubella sus-
ceptibility, which is a finding that is similar to several
studies.10-13,27 This could be due to the nature of contacts
between younger individuals that favor transmission of infec-
tions such as rubella when compared to contacts between
older individuals.28 Increased susceptibility to rubella among
younger individuals coupled with evidence of increased
rubella incidence in this age group22-24,26 justifies targeting
children below 15 y old29 for mass vaccination during RCV
introduction rather than just infants in routine immunization
activities. Following rubella vaccine introduction into the
routine EPI schedule, the average age of infection is likely to
increase and a similar study will be required in future to assess
population immunity and adapt vaccination strategies to
minimize the risk of CRS.

Although men were more likely to be susceptible to rubella
in unadjusted analysis, we found no association between

Figure 2. Proportion of rubella susceptible (IgG negative) individuals among
males and females. Error bars represent 99% confidence intervals.

Figure 3. Proportion of rubella susceptible (IgG negative) individuals in each age group among males and females.
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gender and susceptibility to rubella in adjusted analysis.
Although females of reproductive age could be vaccinated as
part of specific CRS control measures,6 omitting males from
vaccination activities could lead to a persistence of viral cir-
culation which will eventually pose a risk to susceptible preg-
nant women.

The association between susceptibility to rubella and pro-
vince of residence has limited impact on vaccine introduction
since countries do not selectively introduce RCV in certain
provinces leaving out others. The provinces with the highest
proportion of susceptible individuals are among the most
populated in South Africa.30 However, Gauteng province,
which has the highest number of individuals and is the

smallest province in terms of surface area has the second-
lowest proportion of susceptible individuals. This suggests
that there are different drivers of rubella transmission in
various provinces.

We did not match the age structure of our sample to that of
the general population of South Africa since most samples for
measles surveillance are collected from children. Most of the
individuals in our sample were children under 10 y of age and it
could be argued that this predominance of children influenced
our estimates. Blaizot et al.31 compared sampling structures and
sample sizes for estimating epidemiological parameters from
serological data for a number of infectious diseases, including
rubella. They found that using our sampling approach which

Figure 4. Proportion of rubella susceptible (IgG negative) individuals for each province. Error bars represent 99% confidence intervals.
* WCP= Western Cape Province, KZP= KwaZulu-Natal Province, ECP= Eastern Cape Province, LP= Limpopo Province, NCP= Northern Cape Province, MP=
Mpumalanga Province, FSP= Free State Province, GP= Gauteng Province, NWP= North West Province

Figure 5. Proportion of rubella susceptible (IgG negative) individuals by age group. Error bars represent 99% confidence intervals.
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predominantly includes children would provide similar esti-
mates compared to a sampling approach that represented the
country’s population age structure or a sample with similar
numbers of individuals from all age groups.

Our study has two limitations. Firstly, we used residual
sera from individuals at public health facilities. This institu-
tion-based sampling could have influenced our results since it
reflects health-seeking behavior of individuals included in the
study. However, the facilities from which our samples were
obtained include peripheral clinics and hospitals. Another
limitation relates to the fact that samples from private health
facilities were not included in the analysis. Given that RCV
are available in the private sector, it is unclear to what extent
the susceptibility profile of individuals using private health
care differs from those using public health facilities.

The main strength of our study is the national representa-
tiveness of our sample. Given that we included samples from
all provinces, our estimates are a reliable reflection of the
situation in the general population. Another factor that con-
tributes to the robustness of our results is the large sample size
including residual sera from three consecutive years. This
enabled us to report rubella seroprevalence with 99% confi-
dence intervals thereby increasing the precision of our
estimates.

Conclusion and recommendations

In the absence of rubella vaccination in the Expanded
Program on Immunization in South Africa, the bulk of indi-
viduals susceptible to rubella are children under 16 y old.
About 20% of individuals 16 to 49 y old are susceptible to
rubella. This has an impact on the risk of congenital rubella
syndrome since this group comprises most females of repro-
ductive age. Age group and province of residence are asso-
ciated with susceptibility to rubella. Although vaccine
introduction is not likely to be a selective process with respect
to provinces, any rollout strategy should be cognizant of the
age-specific susceptibility profile.
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