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Abstract

Background: Rubella-containing vaccines (RCV) are not yet part of the Democratic Republic
of the Congo’s (DRC) vaccination program; however RCV introduction is planned before 2020.
Because documentation of DRC’s historical burden of rubella virus infection and congenital
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rubella syndrome (CRS) has been minimal, estimates of the burden of rubella virus infection and
of CRS would help inform the country’s strategy for RCV introduction.

Methods: A rubella antibody seroprevalence assessment was conducted using serum collected
during 2008-2009 from 1605 pregnant women aged 15-46 years attending 7 antenatal care sites
in 3 of DRC’s provinces. Estimates of age- and site-specific rubella antibody seroprevalence,
population, and fertility rates were used in catalytic models to estimate the incidence of CRS per
100,000 live births and the number of CRS cases born in 2013 in DRC.

Results: Overall 84% (95% CI 82, 86) of the women tested were estimated to be rubella
antibody seropositive. The association between age and estimated antibody seroprevalence,
adjusting for study site, was not significant (p = 0.10). Differences in overall estimated
seroprevalence by study site were observed indicating variation by geographical area (p < 0.03 for
all). Estimated seroprevalence was similar for women declaring residence in urban (84%) versus
rural (83%) settings (p = 0.67). In 2013 for DRC nationally, the estimated incidence of CRS was
69/100,000 live births (95% CI 0, 186), corresponding to 2886 infants (95% CI 342, 6395) born
with CRS.

Conclusions: In the 3 provinces, rubella virus transmission is endemic, and most viral exposure
and seroconversion occurs before age 15 years. However, approximately 10-20% of the women
were susceptible to rubella virus infection and thus at risk for having an infant with CRS.

This analysis can guide plans for introduction of RCV in DRC. Per World Health Organization
recommendations, introduction of RCV should be accompanied by a campaign targeting all
children 9 months to 14 years of age as well as vaccination of women of child bearing age through
routine services.
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Congenital rubella syndrome

Introduction

Rubella is a vaccine-preventable disease with safe and effective vaccines available since
1969. In the absence of vaccination, infection with the rubella virus usually occurs in
childhood and causes a mild, self-limited illness characterized by rash and fever. However, if
rubella virus infection occurs in a susceptible woman during the first trimester of pregnancy;,
miscarriage, fetal death, or congenital rubella syndrome (CRS) in the surviving infant often
occurs. CRS can result in hearing impairment, blindness, congenital heart disease, mental
retardation, and/or other manifestations [1,2].

A single dose of the most common rubella vaccine, RA27/3, is highly efficacious

in providing lifelong protection against disease. Prevention of congenital rubella virus
infection, including CRS, is the primary goal of rubella vaccination. The preferred approach
for prevention of rubella and CRS is for countries to introduce a rubella-containing vaccine
(RCV) through a wide-age range campaign and then incorporate it into the national
childhood vaccination schedule [2].
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In recent years, several World Health Organization (WHO) regions have established
rubella/CRS elimination or accelerated control goals [2-6]. In 2003 the WHO region of

the Americas set a rubella/CRS elimination goal, achieved the goal in 2009, and in April
2015, was declared free of endemic rubella and CRS [2-5,7]. The WHO European region
set a 2015 rubella elimination goal [3,4,8]. In October 2014, a regional rubella elimination
goal for the WHO Western Pacific Region was endorsed by its Regional Committee [6]. The
WHO African region has not yet established a rubella elimination goal but recommends that
countries document the burden of rubella virus infection/CRS and, when feasible, introduce
RCVs [9].

RCVs have not been widely administered in the Democratic Republic of the Congo (DRC)
nor introduced into the country’s national vaccination program [10]. However, there are
tentative plans for introduction into the childhood vaccination schedule before 2020 [10].
Documentation of DRC’s historical burden of rubella virus infection and CRS has been
minimal [1,11,12]. Moreover, DRC has no surveillance system for either disease, but
rubella virus transmission within the country has been documented by a rubella antibody
seroprevalence assessment conducted in Kinshasa city in 1987-1988 and by measles case-
based surveillance since 2005, with serological testing for rubella-specific immunoglobulin
type M (IgM) when suspected measles cases are negative for measles IgM [1,11,12].
Considering the interest in rubella control/elimination in the WHO African region, estimates
of the burden of rubella virus infection/CRS in DRC are urgently needed [8,9]. We describe
analyses of sera from 1605 pregnant women aged 15-46 years from 3 provinces in DRC
which were available from a human immunodeficiency virus (HIV) sentinel survey among
women attending antenatal care (ANC) sites [13—15]. Estimates of age- and site-specific
rubella antibody seroprevalence, population, and fertility rates were used in catalytic models
to estimate the incidence of CRS per 100,000 live births and the number of CRS cases

born in 2013 in DRC. These estimates will be valuable to DRC’s Ministry of Public Health
(MOPH) in planning for RCV introduction [10].

2. Methods

2.1. Rubella antibody seroprevalence assessment

HIV sentinel surveys among pregnant women attending ANC sites are based on a
convenience sample of sentinel sites chosen to capture women from a variety of
geographical and socioeconomic backgrounds. Details on how sites are selected can be
found here [16]. The 2008-2009 HIV sentinel surveys in DRC included 30 sentinel ANC
sites [13,14]. This study focuses on a subset of 7 ANC sites in 3 provinces.

Sera prepared from venous blood collected during 2008-2009, per WHO guidelines from
6615 pregnant women aged 15-47 years from 7 ANC sites in Bandundu, Kinshasa, and
Kasai Occidental provinces for national HIV sentinel serosurveys in DRC, had been used for
a polio serosurvey in adults and were available for additional testing [13-16]. Specifically,
the 7 ANC sites were (1) Kikwit (urban) and (2) Vanga (rural) in Bandundu, (3) Binza-
Meteo, (4) Boyambi, and 5) Kingasani (all urban) in Kinshasa, and 6) Mikalayi (rural), and
(7) Tshikapa (urban) in Kasai Occidental (Fig. 1). The Demographic and Health Survey

I1 (DHS 1) conducted in 2013-2014 in DRC reported that, nationally, 88% of women
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aged 15-49 years participating in the survey who had a live birth in the 5 years preceding
the survey had sought antenatal care during their pregnancy for their most recent live

birth; the results were 90%, 89%, and 96% for women declaring residence in Bandundu,
Kasai Occidental, and Kinshasa provinces, respectively, and were 94% and 86% for those
declaring residence in urban and rural areas, respectively [17]. A survey conducted in 2009
in Kinshasa province among women at least 18 years of age who had been pregnant within
the prior 3 years reported that 98% of women surveyed had attended ANC during their most
recent pregnancy [18].

Sera from a randomly-sampled subset of the above-mentioned 6615 women were
quantitatively analyzed for rubella-specific immunoglobulin type G (IgG). Prior to random
sampling of the women for the rubella antibody serosurvey described in this report, HIV-
positive women were excluded since HIV infection may negatively impact serum IgG
levels; HIV prevalence in the 7 above-mentioned ANC sites ranged from 1.8% to 5.1% in
2008-2009 [13,14,19]. Also prior to random sampling for the rubella serosurvey, women
attending the 3 ANC sites in the densely populated urban area of Kinshasa city (Binza-
Meteo, Boyambi, and Kingasani) were pooled. Kinshasa was thereafter considered a single
study site (referred to as the ‘‘Kinshasa” study site); thus, there were 5 study sites for the
serosurvey (Table 1). From 5829 HIV-negative women from the original 6615, 1650 women
(66 serum samples from each of 25 strata, i.e., 5 age groups from each of the 5 study sites)
were randomly chosen. The sample size was determined based on the estimation of rubella
antibody seroprevalence with a precision of +10% assuming true prevalence of > 80% and
5% unusable serum samples. Of the 1650 sera, 45 (3%) had insufficient volume for IgG
assessment: 16, 7, 8, 10, and 4 from the Kikwit, Kinshasa, Mikalayi, Tshikapa, and Vanga
study sites, respectively. Demographic attributes (e.g., age at blood collection, age at first
pregnancy, number of pregnancies, rural or urban residence, level of education, occupation,
and civil status) were analyzed for associations with rubella antibody seropositivity [13,14].

Sera were shipped by air from DRC to the Centers for Disease Control and Prevention
(CDC-Atlanta) on dry ice and stored at =20 °C prior to rubella 1gG assessments performed
at CDC-Atlanta’s Measles, Mumps, Rubella, and Herpesvirus Branch laboratory. Rubella-
specific 1gG antibody concentrations, expressed as International Units/millimeter (1U/ml),
were determined using the Rubella IgG enzyme-linked immunosorbent assay (ELISA) 11
system according to the manufacturer’s instructions (Wampole Laboratories, Princeton, New
Jersey). The optical density (OD) ratio was calculated by dividing the specimen OD by the
cutoff value supplied by the manufacturer. Specimens with OD ratios >2.2 were diluted with
kit dilution buffer, and rubella-specific 1gG antibody concentrations were determined from
the diluted serum. Sera with titers of > 10 1U/ml were considered seropositive for rubella
antibody, whereas those with an equivocal determination (8.19-9.99 1U/ml) or with titers of
<8.19 IU/ml were considered seronegative [2]. The 14 women with equivocal determination
were distributed among 4 study sites as follows: Mikalayi (n = 6, ages in years = 17, 19,
22,23, 37, 38), Vanga (n = 1, age in years = 34), Tshikapa (n = 4, ages in years = 17,

29, 34, 35), and Kinshasa (n = 3, ages in years = 17, 17, 18). Immune individuals with
ELISA-determined IgG < 10 IU/ml should be too small in number to affect the results
presented in this report [20].
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Site-specific rubella antibody seroprevalence was estimated overall and for each 5-year

age group, accounting for the sampling probability in each stratum and treating the
equivocals as seronegative. The rubella antibody seroprevalence estimates and associated
confidence intervals (CIs) are representative of the study site assessment populations only
and not of any DRC populations at large. The Pearson Chi-square test was used to assess
differences in rubella antibody seroprevalence overall for the 5 study sites, across 5 age
strata (overall and within each site), and across the other demographic attributes (Table 1);
when statistically significant differences were observed, pairwise analyses were conducted
using the Pearson Chi-square test. The Cochran-Mantel-Haenszel (CMH) Chi-square was
used to test for statistically significant associations between rubella antibody seroprevalence
and site controlling for age and between rubella antibody seroprevalence and age controlling
for site. Tests were considered statistically significant at p < 0.05.

2.2. Estimating CRS incidence and the number of CRS cases born in 2013

The age- and site-specific rubella antibody seroprevalence estimates were used in catalytic
models to estimate the rate at which susceptible women were infected with rubella virus
(i.e., force of rubella virus infection). The force of infection estimates were then used with
estimated populations and fertility rates to obtain the CRS incidence/100,000 live births in
2013 and numbers of CRS cases born in 2013. Details follow.

2.2.1. Demographic data—The total number of women of child-bearing age (WCBA)
for 2013 in the zones de santé (health zones) in which the ANC sites were situated were
extracted from DRC’s Expanded Programme on Immunization (EP1)-MOPH population
projections based on the 1984 census (the only official census ever conducted at the zone
de santé level); health zones in DRC are the equivalent of districts in other countries

[17]. Based upon those EP1-MOPH projections, in 2013 DRC’s estimated total population
was 86,508,633, and the estimated total population of Bandundu, Kinshasa, and Kasai
Occidental provinces was 8,350,279, 8,103,633, and 8,252,695, respectively; estimates
indicate that in 2013 the population of WCBA in each province was 21% of the province’s
estimated total population. The 2013 estimated population of WCBA for the health zones
in which the 7 ANC sites were located were as follows: Boyambi (32,523), Binza Meteo
(85,987), Kikwit (42,713), Kingasani (47,452), Mikalayi (44,715), Tshikapa (73,249), and
Vanga (57,273).

The age distribution of women in urban and rural areas was extracted from the 2013-2014
DRC DHS I1 [17]. To calculate site-specific numbers of women in a given age group, the
total number of WCBA in the corresponding health zone was multiplied by the proportion
of WCBA in the age of interest according to whether or not the site was considered urban
or rural. In these analyses, the Kinshasa, Kikwit and Tshikapa study sites were considered
urban, and the Mikalayi and Vanga sites were considered rural [13,14,17]. The total female
population size (33,976,774 for 2013) and the proportion of DRC’s population living in
urban and rural settings (35.4% and 64.6%, respectively, for 2013) were extracted from
United Nations (UN) population sources, and the two were multiplied together to obtain the
number of females living in urban and rural areas in DRC [21,22]. These numbers were
then scaled up by 28%, to account for a 28% difference between the total population size
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according to UN sources and that in the DRC EPI-MOPH projections for 2013 (67,513,677
vs 86,508,633, respectively). The number of women in each five year age group (15-19,
20-24, 25-29, 30-34, 35-39, and 40-44 years) in urban and rural areas was calculated

by multiplying the female population size in urban or rural areas by the proportion of the
female population in the given area that was in the age group of interest. Age-specific
fertility rates for 2013-2014 for urban and rural settings were extracted from the 2013-2014
DRC DHS I1 [17]. The number of live births in each site or setting in DRC among mothers
in each 5-year age group was calculated by multiplying the corresponding age-specific
fertility rates and numbers of women in the site or area of interest.

2.2.2. CRS incidence and CRS case estimations by site—Following previous
methods, four age-structured catalytic models were fitted to the observed age-stratified
rubella antibody seroprevalence estimates from the different study sites using maximum
likelihood to estimate the force of rubella virus infection [23-25]. This was assumed to
differ (models A and B) or be identical (models C and D) for the ages <15 and > 15

years [23,26]. The sensitivity of the rubella serological (antibody) assay was either estimated
(models A and C) or assumed to be 100% (models B and D) [23,26]. Models A-D are
described in the article supplement (Table S1). The following equation gives the proportion
of individuals of age a (s(a)) that are seronegative, where p is the sensitivity of the serological
assay, and 4, and 1, are the average force of infection among younger and older individuals
respectively.

(@) 1 — p(1 — e=Ml(a=0.5) a < 15years
\a) = - —
1 — p(l — e—14.5lye—lo(a—0.15)) a>15 years

Subsequent estimates of the CRS incidence were based on models that were selected
according to biological plausibility using criteria described elsewhere, with the additional
criterion that model B was selected in preference to model A if all the other criteria were
satisfied and the estimated sensitivity of the assay was 100% for model A, and the lower
limit of the 95% confidence interval was implausibly low (less than 95%) [24]. If no model
provided biologically-plausible estimates or if the model fitted the data from a given site
poorly (passed through the confidence intervals of one or fewer datapoints), we excluded
those data from estimates for urban or rural areas and from the whole of DRC. The article
supplement provides details on the fitting.

For all sites, the best fitting value for the force of rubella virus infection was used to estimate
the CRS incidence per 100,000 live births among women in 5 year age groups between 15
and 44 years using the following expression, where s(A) is the proportion of women in age
group A that are susceptible.

S(A) x 0.65 x (1 — e~ 104/52) 5 100,000
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As in previous analyses, the risk of a child being born with CRS was assumed to be 65% if
the mother was infected during the first 16 weeks of pregnancy and zero thereafter [23,24].
The weighted CRS incidence per 100,000 live births among women aged 15-44 years for
each site was calculated as the average of the CRS incidence per 100,000 live births in
each 5 year maternal age group, weighted by the site-specific number of live births in each
maternal age group in 2013. The number of CRS cases born in each site was calculated

by multiplying the site-specific number of live births occurring in each 5 year maternal age
group by the estimated CRS incidence for each site. Cls (95%) for the force of rubella
virus infection and CRS incidence for each site and catalytic model were obtained by
bootstrapping using 1000 bootstrap datasets generated using the approach of Shkedy et al.
[27]. These bootstrap-derived estimates were then used to compile the force of rubella virus
infection, weighted CRS incidence per 100,000 live births in urban and rural areas and for
the whole of DRC. Additional details are provided in the article supplement (Table S2). In
sensitivity analyses and for consistency with previous analyses, we repeated the analyses,
treating the equivocals as seropositive [24]. In addition, given the discrepancy between the
population size according to UN sources and that of DRC’s EPI-MOPH projections for
2013, we calculated the number of CRS cases in urban and rural areas, and overall in DRC
obtained by using female population size, as calculated according to UN sources [21,22].
The site-specific number of CRS cases consistent with the population size based on UN
population sources were calculated by scaling down the estimates obtained using population
data from DRC’s EPI-MOPH projections for 2013 by 28%.

2.3. Data analyses

Data analyses were conducted using SAS version 9.2 (SAS Institute, Cary, North Carolina),
EPI-INFO version 7 (CDC, Atlanta, Georgia), and EXCEL version 2010 (Microsoft
Corporation, Redmond, Washington). Fig. 1 was created using ArcGIS version 10.1
(Environmental Systems Research Institute, Redlands, California). The catalytic modeling
analyses were carried out using a program written in the ““C” programming language [28].
The fitting used an algorithm based on the simplex method of Nelder and Mead [29].

2.4. Ethical approval

The Human Subjects Research Coordinator of the Center for Global Health, CDC-Atlanta
reviewed the protocol for the work described in this report. The work was determined to

be research not involving human subjects, because it involved using unlinked/anonymous
specimens collected for another purpose, and was therefore exempt from institutional review
board approval. The protocol was reviewed and approved by DRC’s MOPH.

3. Results

Sera from 1605 HIV-negative, preghant women, aged 15-46 years, who attended ANC

in Bandundu, Kasai Occidental, and Kinshasa provinces in DRC during 2008-2009, were
analyzed for rubella-specific 1gG. Relevant demographic attributes of these women are
included in Table 1. Overall and at all sites, >80% of women had their first pregnancy before
age 24 years, > 50% of women had been pregnant > 3 times, and >90% had been married

at some time. The Kinshasa and Kikwit sites had the highest proportion of women having
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attended secondary school or higher education. In the rural sites (Mikalayi and Vanga),
farming was the most common profession, as compared with housekeeping in the urban sites
(Kikwit, Kinshasa, and Tshikapa).

Among the 1605 women overall, 84% (95% CI 82, 86) were estimated to be seropositive
for rubella 1gG (Fig. 2). Within the Kinshasa site, estimated rubella antibody seroprevalence
was higher in the 20-24 year age group (89%) than the 15-19 (78%, p value = 0.01) and
25-29 (75%, p value < 0.001) year age groups. In contrast, no statistically significant trends
or differences in estimated rubella antibody seroprevalence among age groups were found in
the overall assessment population or within the Kikwit, Vanga, Mikalayi, or Tshikapa sites
(Fig. 2). The association between age and antibody seroprevalence, adjusting for study site,
was not significant (CMH Chi-square p value = 0.10).

The association between site and antibody seroprevalence, controlling for age, was
statistically significant (CMH Chi-square p value = 0.01). In pairwise comparisons, Kikwit
(89%) and Vanga (88%) study sites (both in Bandundu province) each had higher estimated
overall rubella antibody seroprevalence than the Mikalayi (80%) and Kinshasa (82%) sites
(all p values <0.03).

In the overall assessment population, estimated rubella antibody seroprevalence was similar
for women declaring residence in urban (84%) versus rural (83%) settings (p value =

0.67). Moreover, no statistically significant associations between estimated rubella antibody
seroprevalence and the other demographic variable categories described in Table 1 were
observed.

Table 2 summarizes estimates from the selected models for the force of rubella virus
infection per 1000 susceptible individuals per year aged <15 and > 15 years, CRS incidence
per 100,000 live births for women aged 15-44 years in 2013, and the number of CRS cases
born in 2013; all estimates are shown by study site, by rural and urban settings, and for DRC
overall. The estimates based upon UN population and DRC EPI-MOPH projections total
population estimates are presented separately. The best-fitting estimates of the annual force
of rubella virus infection, the serological assay sensitivity, and the CRS incidence estimated
from each of the 4 catalytic models are described in the article supplement. For Kikwit,
Vanga, Mikalayi, and Tshikapa, the best-fitting model (Model B) assumed that the force of
rubella virus infection was different for persons aged <15 years and those aged > 15 years
and was estimated, and the sensitivity of the assay was fixed at 100% (Supplement Tables
S1 and S2). The best-fitting model for Kinshasa fit the data poorly (Supplement Fig. S1

and Table S2); thus Kinshasa’s antibody seroprevalence data were excluded when generating
estimates for urban areas and the whole of DRC.

With the exception of the Kinshasa site, where the selected best-fit model assumed that

the force of rubella virus infection was identical for all age groups, the estimated force of
rubella virus infection was higher for <15 year olds compared to > 15 year olds for each site,
setting, and the whole of DRC, e.g. 120 per 1000 per year (95% CI 83, 159) vs 24 (95% CI
0, 73), respectively, for urban areas (Table 2). Moreover except for Kinshasa, the forces of
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rubella virus infection for a given age group did not differ significantly between sites or for
rural and urban settings and overall for DRC (Table 2).

The estimated CRS incidence (CRS cases/100,000 live births) for 2013 ranged from 61

in both Kikwit (95% CI 0, 151) and Tshikapa (95% CI 0, 202), to 92 (95% CI 0, 246)

in Mikalayi. In urban settings, the estimated CRS incidence was 61 (95% CI 0, 186) per
100,000 live births, and the estimated number of CRS cases was 724 (95% CI 0, 2211). In
rural settings, the estimated CRS incidence was 82 (95% CI 0, 218) per 100,000 live births,
and the estimated number of CRS cases was 2037 (95% CI 0, 5397). The overall estimated
CRS incidence for DRC for 2013 was 69 (95% CI 0, 186) per 100,000 live births, and

the estimated number of CRS cases was 2886 (95% CI 342, 6395). When the population
size was based on UN population sources, the estimated number of CRS cases in 2013 in
urban areas, rural areas, and overall DRC decreased to 565 (95% CI 0, 1725), 1590 (95%
Cl 0, 4212) and 2253 (95% CI 267,4991) respectively. In general, including equivocals as
seropositive did not greatly affect the estimates, with the confidence intervals overlapping
with those obtained by treating equivocals as seronegative (Table S3 in the supplement).

4. Discussion

This is the first documentation of rubella antibody seroprevalence among WCBA in
geographic areas outside of DRC’s capital, Kinshasa [11]. Availability of sera previously
obtained from pregnant women attending ANC in three provinces made the study feasible
[13-15]. The results indicate an overall estimated rubella antibody seroprevalence of 84% in
the assessment population with a range of 80-89% among the 5 study sites. Rubella virus
transmission is endemic in DRC, and the results in this report suggest that the majority

of women are exposed to rubella virus and subsequently seroconvert before age 15 years.
No trends or differences in the estimated rubella antibody seroprevalence were observed
between the age groups in the overall assessment population.

A previous serosurvey in Kinshasa, conducted in 1987 among 106 women aged 16-45
years having just given birth reported high, age-independent rubella antibody seroprevalence
(93%), suggesting a high level of viral transmission [11]. Other publications confirm more
recent rubella virus transmission in DRC and report the majority of cases being aged <15
years with some cases among WCBA [1,12]. Our finding of lower antibody seroprevalence
in Kinshasa and lower overall antibody seroprevalence than previously documented may

be explained by conducting the studies at different points in the epidemic cycle of rubella,
differences in laboratory methodologies (e.g., haemagglutination inhibition versus ELISA),
or differences in the age distribution of the populations [11,30].

Our observations are generally consistent with trends in overall rubella 1gG seroprevalence
described among pregnant women from other countries in the WHO African region before
the introduction of RCV [1,31-52]. Our finding of no statistically significant increases

in rubella antibody seroprevalence with increasing age (after approximately 15 years of
age) has been observed in a number of the above-mentioned serosurveys and others
[34,35,39,42-46,48, 49,53,54]. Moreover, in agreement with published observations from
other African countries, for the assessment population in DRC overall, rubella antibody
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seroprevalence was similar among women declaring residence in urban versus rural
settings; however, differences in antibody seroprevalence were observed between different
geographic areas in the country [31,34,38,41,43,44,46,51]. Last and consistent with reports
from other African countries, age at first pregnancy, number of pregnancies, civil status,
educational level, and occupation were not associated with rubella antibody seroprevalence
in DRC [34,38,41,44-46,53].

The estimate for CRS incidence of 69 per 100,000 live births for 2013 in DRC overall is
consistent with estimates for other African countries and the African region as a whole;
more specifically, estimates of CRS incidence in 2010 for 13 African countries ranged from
19 to 283 per 100,000 live births [24]. Additionally, for the African region overall in 2010,
CRS incidence was estimated to be 116 per 100,000 live births (95% CI 56, 235) [24]. DRC
was among 7 African countries estimated to have >1000 CRS cases born in 2010 [24].

To date, 8 of 47 countries in the WHO African region (Burkina Faso, Cape Verde, Ghana,
Mauritius, Rwanda, Senegal, Seychelles, and Tanzania) have introduced RCV into routine
vaccination schedules, given at age 9 months simultaneously with measles containing
vaccine [2]. In most of these countries, introduction of RCV was accompanied by a wide
age range campaign targeting all children aged 9 months to 14 years (catch-up campaigns)
[2,8]. Moreover, vaccination of girls not eligible for catch-up campaigns and of WCBA is
recommended through routine immunization service delivery [2].

RCV introduction is planned in DRC before 2020 [10]. It is recommended that countries
introducing rubella vaccination be able to maintain rubella vaccination coverage of at least
80% with at least one dose nationally either through routine immunization services or
through campaigns [2,3,8]. A proxy indicator for being able to achieve this recommendation
is a country’s experience and success with the delivery of routine measles vaccination.
Available reports indicate that DRC has had challenges with achieving national and sub-
national annual measles vaccination coverage of > 80% [17,55-57]. Therefore, during the
years before introducing RCV, DRC will need to (a) focus efforts on improving the delivery
of measles vaccination, thereby creating a successful platform on which to introduce rubella
vaccination; (b) establish an integrated nationwide measles-rubella surveillance system as
well as, at least, sentinel sites for CRS surveillance; and (c) use best practices from measles
vaccination campaigns to assure a high-quality rubella wide-age campaign. Moreover, as
found in two Nigerian studies, awareness of rubella virus infection in DRC is probably

low; therefore, increased public awareness of CRS should accompany RCV introduction
[44,46]. According to this report, a significant proportion of WCBA in DRC (including
adolescent girls in whom pregnancies at age 12 years are recorded in DRC’s ANC site

data) are susceptible to rubella virus infection and must be considered in the country’s

RCV introduction. Studies measuring rubella-specific IgM in pregnant women and measles
case-based surveillance data from the WHO African region provide evidence that new
rubella virus infections occur in adult women in Africa [1,12,33,42,46,50,51,54,58].

We note that the selected catalytic model used to estimate the force of infection was a poor
fit to the Kinshasa rubella antibody seroprevalence data. This poor fit resulted from the
fact that rubella antibody seroprevalence for older women remained similar to that for the
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youngest women, whereas catalytic models assume that the proportion of women that are
susceptible decreases with increasing age, if the force of infection is non-zero and that the
average force of infection is constant over time. The similar rubella antibody seroprevalence
for younger and older women in Kinshasa could have resulted from several factors which
remain unclear. For example, it could have occurred if there was much migration of either
younger or older women from high or low transmission settings, respectively, into Kinshasa;
if the force of infection increased disproportionately for younger people, or if, the women
attending ANC were not representative of others in their age group.

The analysis had limitations. Because the ANC sites selected for the HIV sentinel
serosurveys were a convenience sample of all ANC sites in the various provinces in

DRC, the population of pregnant women was not designed to be representative of all
pregnant women/WCBA in the health zones, provinces, or in DRC as a whole [13,14,16].
Data regarding the lifetime residential history of the women in the assessment population
were unavailable; thus, it was not possible to hypothesize on why higher rubella antibody
seroprevalence was observed in the Kikwit and Vanga sites versus the Kinshasa and
Mikalayi sites or among the 20-24 age group at the Kinshasa site. Because the catalytic
model used to estimate the force of rubella virus infection poorly fitted the Kinshasa
rubella antibody seroprevalence data, the Kinshasa data were excluded when calculating the
estimates for CRS incidence in urban areas, and then it was assumed that the estimated
CRS incidence could be applied to Kinshasa. The latter assumption would have led to an
overestimate in the overall CRS incidence in DRC if the true force of infection in Kinshasa
was so high that most women had been infected in childhood. We acknowledge the wide
confidence intervals associated with the CRS incidence and CRS case estimates and that
many of the lower confidence intervals for the site and urban/rural estimates approach zero;
nonetheless, the estimates provide information for DRC, beyond what is currently available
in the absence of specific rubella or CRS surveillance. However, it should be noted that the
lower 95% confidence limits do not approach zero for the national estimates of the burden of
CRS.

5. Conclusions

As the WHO African Region begins discussions about rubella and CRS elimination, data
are needed to document the burden of rubella virus transmission/infection and of CRS

prior to introducing RCV [8,9]. In the absence of formal surveillance for rubella/CRS, the
historical and current burden of both in DRC is largely unknown; however, there is evidence
for rubella virus transmission [this report, 1,11,12]. The use of sera from HIV sentinel
surveys among pregnant women attending ANC provided a unique opportunity to estimate
the burden of rubella virus infection and CRS. The results reported here can add to other
available data to guide plans for introduction of RCV in DRC and will provide a background
from which the impact of vaccination can be assessed.
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Fig. 1.

Approximate location of antenatal care (ANC) sites where blood specimens were collected
in 2008-2009 from pregnant women in the rubella antibody seroprevalence assessment
population, by zone de santé (health zone) and province, Democratic Republic of the Congo.
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Estimated seroprevalence (%) of rubella IgG in the assessment population, by age group and
study site in Bandundu, Kasai Occidental, and Kinshasa provinces, Democratic Republic
of the Congo. Equivocals were classified as seronegative in these analyses. Footnote: For

each age group and overall, the number of serum samples analyzed by enzyme-linked

immunosorbent assay (ELISA) is noted. Within the Kinshasa site, the 20-24 year age group
had a higher antibody seroprevalence than the 15-19 (p value = 0.01) and 25-29 (p value

< 0.001) year age groups. Kikwit (89%) and Vanga (88%) study sites had higher overall
rubella antibody seroprevalence than the Mikalayi (80%) and Kinshasa (82%) sites (all p

values <0.03).
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