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SUMMARY

Background: The level of rubella susceptibility among women of reproductive age in Namibia
is unknown. Documenting the risk of rubella will help estimate the potential burden of disease in
Namibian women and the risk of congenital rubella syndrome (CRS) in infants, and will guide
strategies for the introduction of rubella vaccine.

Methods: A total of 2044 serum samples from pregnant Namibian women aged 15-44 years
were tested for rubella immunoglobulin G antibody; the samples were obtained during the
2010 National HIV Sentinel Survey. The proportion of women seropositive for rubella was
determined by 5-year age strata, and factors associated with seropositivity were analyzed by
logistic regression, including age, gravidity, HIV status, facility type, and urban/rural status.

Results: Overall rubella seroprevalence was 85% (95% confidence interval (Cl) 83-86%).
Seroprevalence varied by age group (83-90%) and health district (71-100%). In the multivariable
model, women from urban residences had higher odds of seropositivity as compared to women
from rural residences (odds ratio 1.40, 95% CI 1.09-1.81).

Conclusions: In the absence of a routine rubella immunization program, the high level of
rubella seropositivity suggests rubella virus transmission in Namibia, yet 15% of pregnant
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Namibian women remain susceptible to rubella. The introduction of rubella vaccine will help
reduce the risk of rubella in pregnant women and CRS in infants.
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1.

Introduction

Rubella is a vaccine-preventable viral disease that is characterized by a febrile illness and
rash.} Rubella infection in pregnant women can lead to congenital rubella syndrome (CRS),
which can result in severe illness, disability, and death in the fetus.2 Worldwide, more than
100 000 children are born each year with CRS.34

From 2000 to 2009, reported rubella cases increased 20-fold in the World Health
Organization (WHO) African Region.® Despite this increase in reported number of cases,
as of 2015, there is no rubella elimination, control, or prevention goal in the African
Region.* Thus far, a small number of Sub-Saharan African countries have introduced
rubella-containing vaccine in their Expanded Programme on Immunization (EPI) childhood
immunization schedule (Burkina Faso, Ghana, Rwanda, Senegal, and Tanzania), and others
are planning to do so in the next few years.!

The WHO recommends that countries without rubella vaccine assess the burden of rubella
and CRS.5 Serosurveys have suggested rubella virus circulation in a number of African
countries,” but no published studies have investigated seroprevalence in Namibia. Currently,
rubella-containing vaccine (RCV) is not available publicly in Namibia. Understanding

the level of rubella susceptibility in pregnant women in Namibia will provide important
information to help determine the burden of disease and the need for the introduction of
rubella vaccine.8

Namibia is a country in southwestern Africa that gained independence from South Africa
in 1990. It has an estimated population of 2.1 million.? The capital city is Windhoek, and
the country is administratively organized into 34 health districts in 14 regions, including
those with the highest populations in the northern part of the country along the border with
Angola, and in the central and the southern parts of the country.10 The majority (57%)

of Namibian residents are rural dwellers.? In 2014, Namibia had one of the highest HIV
prevalence rates for adults aged 15-49 years in the world at 16.0%:;1 overall prevalence
was high compared with other countries in the Sub-Saharan Africa region.1? The total
fertility rate has been estimated at 3.1 per woman and the crude birth rate at 26 per 1000
population.13

To evaluate rubella immunity in pregnant women 15-44 years of age and examine factors
associated with seropositivity, stored serum samples from the 2010 Namibia National HIV
Sentinel Survey were tested. Rubella immunoglobulin G (1gG) antibody seroprevalence
estimates will provide evidence to support the decision to introduce rubella vaccine as part
of the Namibia national EPI and to guide efforts to prevent rubella and CRS.
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Methods

In 2010, the Namibia Ministry of Health and Social Services (MoHSS) conducted a
nationwide sentinel survey to estimate HIV prevalence in pregnant women aged 15-49
years. The survey was designed using the standardized WHO methodology for HIV
prevalence surveys, using convenient consecutive sampling of women attending antenatal
clinics (ANC) selected based on geographic representation from all regions and health
districts, urban and rural clinics, areas with different population densities and sizes, and
women of different socioeconomic status- 1415 All pregnant women aged 15-49 years were
included in the survey if they attended an ANC for the first time during their current
pregnancy, were not referred from another health facility, and agreed to a routine blood
draw.

The 2010 survey enrolled 7983 pregnant women from all 34 health districts, 35

main hospitals, and 93 satellite health centers and clinics; 7888 (98.8%) of the

enrollees had specimens collected during March 22 to September 6, 2010.1% Unlinked,
de-identified specimens were tested for HIV antibodies. All de-identified data fields
(unique identification, district abbreviation and site number, facility type, date of ANC
visit, woman’s age, gravidity, place of residence, antiretroviral therapy participation, and
counseling for prevention of maternal-to-child transmission) were retained electronically.
Specimens were stored at 4-8 °C at the Namibia Institute of Pathology in Windhoek.

To estimate the prevalence of rubella 1gG antibody within each 5-year age group, it

was determined that 428 specimens in each age group would be necessary, assuming
seroprevalence of 50%, desired precision of £5%, probability of achieving the desired
precision of 0.95, and 10% loss due to specimens not found or inadequate. There were too
few specimens in the 45-49 years age stratum for meaningful estimates, so these samples
were excluded. The number of specimens in the 40-44 years age stratum was less than
the targeted number, so all specimens were sampled. To control for the distribution of
HIV-infected women within each age group, the target sample size was allocated to the
HIV-positive and HIV-negative groups based on their observed distributions in the sentinel
survey.1®

Testing for rubella 1gG antibody was performed by the Namibia Institute of Pathology

in 2012, using an enzyme immunoassay (EIA) to detect rubella-specific 1gG (Enzygnost;
Siemens, Germany); tests were performed in accordance with the manufacturer’s
recommendations. Samples with corrected optical density (OD) values >0.2 were considered
positive, samples with values <0.1 were considered negative, and samples with values of
0.1-0.2 were considered equivocal. Specimens that tested equivocal were retested as per

the manufacturer’s instructions, and if the result was confirmed, samples were classified

as equivocal, otherwise as positive or negative. To monitor the performance of the EIA,

an in-house positive control for rubella IgG antibody was included on every EIA plate in
addition to the controls supplied by the manufacturer. A 5% random sample of specimens
were tested at the US Centers for Disease Control and Prevention (CDC, Atlanta, GA, USA)
for quality assurance; high concordance was found with the testing at the Namibia Institute
of Pathology (results not shown).
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Seroprevalence estimates and 95% confidence intervals (CI) were calculated using the
Wilson-score method for each 5-year age group and for the following sub-groups: gravidity,
HIV status, urban/rural residence, facility type (hospital, health center, or clinic), and health
district. The odds of seropositivity were calculated by multiple logistic regression while
controlling for age group, gravidity, HIV status, urban/rural residence, and facility type.

All analyses included sampling weights, which were calculated based on the probability

of selection within each of the 12 age—HIV strata and adjusted for non-response (i.e.,
specimens not available or inadequate for testing) in each of the strata by the propensity cell
adjustment method. These weights were then scaled to the total sample size: (weight/sum
of weights) x total sample. A large percentage of specimens were not available or suitable
for testing. However, demographic information was available for all women sampled, so
multiple imputation using chained equations was conducted to impute seropositivity, and
the imputed results were compared with estimates based on the subset of non-missing

data. As the imputed estimates were not substantially different from the estimates based

on the complete non-missing data, only the laboratory results from complete specimens
tested are reported. The multiple imputations were done using the mice package in R
statistical software version 3.1.2. Other data were analyzed using SAS version 9.3 (SAS
Institute, Cary, NC, USA). Comparisons of seroprevalence among groups were done using
the Chi-square test on the weighted data. This study received ethical approval from the CDC
and the Namibia MoHSS.

3. Results

Based on the sample size calculation, 2692 specimens were selected for inclusion in the
study (Table 1); of these, 389 (14%) were not available, 230 (8%) had insufficient volume,
29 (1%) were hemolyzed and therefore could not be used for laboratory testing, and four
(0.1%) had a missing test result, resulting in 2040 specimens that were tested and had a
laboratory result.

Overall rubella seroprevalence was 85% (95% CI 83-86%) (Table 2). While the 15-19 years
age group had the lowest observed seroprevalence (83%) and the 40-44 year old age group
had the highest (90%), no statistically significant difference among age groups was seen
(p=10.208). Seroprevalence was found to differ by type of facility (o= 0.033). Women

from urban residences had higher seroprevalence (87%) compared with women from rural
residences (83%) (p < 0.001).

The multivariable model calculated the odds of rubella seropositivity while adjusting for

age group, gravidity, HIV status, urban/rural residence, and facility type (Table 3). Women
from urban residences had higher odds of seropositivity as compared with women from rural
residences (odds ratio 1.41, 95% CI 1.10-1.82).

Rubella seroprevalence varied by health district and urban/rural residence, from 71% to
100% (Table 4). An analysis comparing demographics of the women whose specimens were
not available, of insufficient volume, or hemolyzed, with the characteristics of women whose
specimens were tested and included in the analysis, found no substantial differences by age
group, gravidity, HIV status, or urban/rural residence (data not shown).
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4. Discussion

In 2010, rubella 1gG antibody seroprevalence among pregnant women sampled by the
National HIV Sentinel Survey in Namibia was 85%. Women residing in urban settings had
higher rubella seroprevalence than those in rural settings. Variation was observed in rubella
seroprevalence by health district; the lowest point estimate was 71% for women in a rural
setting in one health district.

This is the first study of rubella antibody seroprevalence in Namibia. The results are similar
to those of previous studies in the African region, which have reported rubella seropositive
estimates of 72—99% in women of reproductive age,’16-24 and 53-95% in pregnant
women.18.25-41 These serosurvey results and evidence from epidemiological investigations
and CRS surveillance indicate that rubella virus is circulating on the African continent,
causing rubella infections and CRS.8:42 For pregnant women, rubella susceptibility is
concerning because of the risk of CRS in the fetus.

These findings should be considered in light of limitations. First, only pregnant women
15-44 years old were examined in this study, and the ANC survey was not a random
cross-section of the population of pregnant women. Therefore, the results may not be
generalizable to all pregnant women in Namibia or to other age groups and populations.
When feasible, prospective, population-based surveys could be considered to increase
generalizability and allow for the collection of information such as immunization status;
however, these studies are time- and resource-intensive, and utilizing specimens already
collected and stored might allow for studies that would not otherwise be possible.

Second, sample sizes were small at the health district level, limiting conclusions regarding
geographic differences. Third, approximately one in four specimens was not available for
testing, which might have biased the results. However, it is reassuring that the results from
the multiple imputation analysis were very similar to the reported findings.

Currently, inequity in access to rubella vaccine exists, and most countries in Africa do not
have RCV available in the public sector. Because of this inequity, regions and countries

not using rubella vaccine in the EPI bear the greatest burden of rubella and CRS.43 Efforts
should be made to ensure that resources are available for all countries to introduce RCV
into their EPI in accordance with WHO recommendations, including an initial wide age-
range nationwide supplemental immunization activity (SIA) and periodic follow-up SIAs to
achieve and maintain population immunity to prevent and eventually eliminate rubella and
CRS.44

When considering the introduction of RCV into the national EPI, a potential concern is a
theoretical risk of increasing CRS incidence through a phenomenon termed the “‘paradoxical
effect’. This term refers to a hypothetical situation in which persistently low vaccination
coverage over time might decrease rubella virus circulation sufficiently, but not eliminate it
entirely, shifting both the average age of exposure to rubella virus and rubella susceptibility
from children to older age groups, including women of childbearing age, and therefore
increasing the incidence of CRS. In such a scenario, however, it is unclear whether the
absolute number of CRS cases would actually increase over time compared with the
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pre-vaccine era. A shift in susceptibility to older age groups was previously documented
in Greece and Costa Rica, but these shifts reflected the implementation of suboptimal
strategies. In Greece, rubella vaccine was not introduced into the national EPI and it
was available only in the private sector, and an initial wide age-range nationwide SIA
was not implemented.*® In Costa Rica, rubella vaccine introduction was initially limited
to 1-year-old children without an initial wide age-range nationwide SIA.%6 Following
the implementation of WHO-recommended strategies for RCV introduction, including
conducting an initial wide age-range SIA,*’ and as routine RCV vaccination coverage
increases in younger age groups, the percentage of rubella cases that occur among older
age groups might increase; however, the overall rubella susceptibility in the population, the
rubella absolute risk, and the potential risk of CRS will decrease over time.

The disparity in rubella susceptibility among pregnant Namibian women in rural settings
compared with urban settings was not unexpected. Consistent with these findings, rubella
susceptibility among persons in rural settings was found to be higher than in urban settings
during the pre-vaccine era in countries throughout Africa, Europe, the Americas, and
Asia.”48:49 Moreover, the mean age of infection of reported rubella cases in the pre-vaccine
era in Africa was previously found to be significantly higher in rural settings compared to
urban settings.’ This was likely due to longer inter-epidemic periods and the occurrence of
rubella infection at older ages in areas with lower population densities and contact rates.
When introducing RCV, it is critical to ensure high vaccination coverage in both urban and
rural areas to prevent outbreaks. Until all countries have introduced RCV and rubella virus
transmission is interrupted, the threat of rubella virus importations, including from bordering
countries, will remain a concern, particularly in rural settings.

The Global Measles and Rubella Strategic Plan for 2012-2020 recognizes the need to
achieve and maintain high levels of population immunity by providing high vaccination
coverage with two doses of measles- and rubella-containing vaccines.3 Cross-sectional
measles and rubella serosurveys provide important evidence to identify immunity gaps in
populations and guide vaccination strategies to achieve elimination goals. Serological survey
results should be considered along with estimated vaccination coverage and surveillance
data to identify susceptible age groups or areas that need to be covered by vaccination
activities, decide on vaccine introduction strategies, and determine target age groups and
geographic areas for SIAs. In Namibia, based on the results from this study as well as other
data sources indicating low measles seropositivity among adults, the MoHSS is considering
implementing a nationwide SIA with measles—rubella vaccine among persons aged 9 months
to 39 years, a target population of 1.8 million persons.>? These efforts will be a historic first
step on the path to achieve measles and rubella elimination in Namibia, if high coverage
with measles—rubella vaccine can be achieved and maintained.

Acknowledgements

The authors would like to recognize the efforts of all staff of the Expanded Programme on Immunizations, the
surveillance officers, and the laboratory staff in Namibia, as well as the laboratory and data management staff at the
Centers for Disease Control and Prevention (CDC). This work was supported by the CDC, Atlanta, USA.

Int J Infect Dis. Author manuscript; available in PMC 2023 June 03.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Jonas et al.

References

1.

10.
11.

12.

13.

Page 7

Centers for Disease Control and Prevention. Rubella and congenital rubella syndrome control
and elimination—global progress, 2000-2012. MMWR Morb Mortal Wkly Rep 2013;62:983-6.
[PubMed: 24304830]

. Cutts FT, Robertson SE, Diaz-Ortega JL, Samuel R. Control of rubella and congenital rubella

syndrome (CRS) in developing countries, Part 1: burden of disease from CRS. Bull World Health
Organ 1997;75:55-68.

. World Health Organization. Global measles and rubella strategic plan: 2012—

2020. Geneva: WHO; 2012. Available at: http://www.who.int/immunization/newsroom/
Measles_Rubella_StrategicPlan_2012_2020.pdf (accessed March 31, 2016).

. Vynnycky E, Adams EJ, Cutts FT, Reef SE, Navar AM, Simons E, et al. Using seroprevalence

and immunisation coverage data to estimate the global burden of congenital rubella syndrome,
1996-2010: a systematic review. PL0oS One 2016;11:1-20. 10.1371/journal.pone.0149160, http://
journals.plos.org/plosone/article?id=10.1371/journal.pone.0149160

. Centers for Disease Control and Prevention. Progress toward control of rubella and prevention of

congenital rubella syndrome—worldwide, 2009. MMWR Morb Mortal Wkly Rep 2010;59:1307-
10. [PubMed: 20948509]

. World Health Organization. Preventing congenital rubella syndrome. Wkly Epidemiol Rec

2000;75:290-5. [PubMed: 11000741]

. Goodson JL, Masresha B, Dosseh A, Byabamazima C, Nshimirimana D, Cochi S, et al. Rubella

epidemiology in Africa in the prevaccine era, 2002—-2009. J Infect Dis 2011;204:5215-25.
[PubMed: 21666164]

. Thompson KM, Odahowski CL. Systematic review of measles and rubella serology studies. Risk

Anal 2015. 10.1111/risa.12430

. The Namibia Ministry of Health and Social Services (MoHSS) and ICF International. The Namibia

Demographic and Health Survey 2013. Windhoek, Namibia, and Rockville, MD, USA: MoHSS
and ICF International; 2014, Available at: http://www.dhsprogram.com/pubs/pdf/FR298/FR298.pdf
(accessed March 31, 2016)

World Health Organization. Namibia—annual report 2011. Geneva: WHO; 2012.

UNAIDS Country Reports. HIVV and AIDS estimates 2014: Namibia. UNAIDS. Available at: http://
www.unaids.org/en/Regionscountries/Countries/Namibia/ (accessed March 31, 2016).

AIDSinfo online database. Available at: http://www.aidsinfoonline.org/devinfo/libraries/aspx/

Home.aspx (accessed March 31, 2016).

World Health Organization. Global Health Observatory data repository. Available at: http://
apps.who.int/gho/data/node.main.110?lang=en (accessed March 31, 2016).

14. UNAIDS/WHO Working Group on Global HIV/AIDS and STI Surveillance. Guidelines

15.

16.

17.

for conducting HIV sentinel serosurveys among pregnant women and other groups.
UNAIDS/WHO 2003; Available at: http://data.unaids.org/Publications/IRC-pub06/jc954-anc-
serosurveys_guidelines_en.pdf (accessed March 31, 2016).

Report on the 2010 National HIV Sentinel Survey: HIV prevalence rate in pregnant woman,
biannual survey 1992-2010, Namibia. Republic of Namibia: Ministry of Health and Social
Services, 2014.

Escudeiro CC, Ferreira MW, Filipe AR. Rubella antibody status in an Angola population. Am J
Trop Med Hyg 1975;24(6 Pt 1):1043-4. [PubMed: 1200255]

Vrinat M, Dutertre J, Helies H, Ropero P. [A serological survey of rubella among pregnant women
in Abidjan (author’s transl.)]. Med Trop (Mars) 1978;38:53-7. [PubMed: 214661]

18. Tolfvenstam T, Enbom M, Ghebrekidan H, Rudén U, Linde A, Grandien M, et al. Seroprevalence

of viral childhood infections in Eritrea. J Clin Virol 2000;16:49-54. [PubMed: 10680740]

19. Gebreselassie L, Abebe A. The immune status of young adult females in Ethiopia to rubella virus

infection. Bull World Health Organ 1985;63:927-30. [PubMed: 3879204]

20. Gomwalk NE, Ezeronye OU. Sero-epidemiology of rubella in Imo State of Nigeria. Trans R Soc

Trop Med Hyg 1985;79:777-80. [PubMed: 3832490]

Int J Infect Dis. Author manuscript; available in PMC 2023 June 03.


http://www.who.int/immunization/newsroom/Measles_Rubella_StrategicPlan_2012_2020.pdf
http://www.who.int/immunization/newsroom/Measles_Rubella_StrategicPlan_2012_2020.pdf
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0149160
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0149160
http://www.dhsprogram.com/pubs/pdf/FR298/FR298.pdf
http://www.unaids.org/en/Regionscountries/Countries/Namibia/
http://www.unaids.org/en/Regionscountries/Countries/Namibia/
http://www.aidsinfoonline.org/devinfo/libraries/aspx/Home.aspx
http://www.aidsinfoonline.org/devinfo/libraries/aspx/Home.aspx
http://apps.who.int/gho/data/node.main.110?lang=en
http://apps.who.int/gho/data/node.main.110?lang=en
http://data.unaids.org/Publications/IRC-pub06/jc954-anc-serosurveys_guidelines_en.pdf
http://data.unaids.org/Publications/IRC-pub06/jc954-anc-serosurveys_guidelines_en.pdf

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Jonas et al.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Page 8

Hashem M, Husein MH, Saleh DA, Abdelhai R, Eltahlawy E, Esmat H, et al. Rubella:
serosusceptibility among Egyptian females in late childhood and childbearing period. Vaccine
2010;28:7202-6. 10.1016/j.vaccine.2010.08.056 [PubMed: 20800112]

Caidi H, Bloom S, Azilmaat M, Benjouad A, Reef S, El Aouad R. Rubella seroprevalence

among women aged 15-39 years in Morocco. East Mediterr Health J 2009;15:526-31. [PubMed:
19731768]

Ben Haj Khalifa A, Berriri S, Kheder M. [Seroprevalence of rubella among the young female
healthcare personnel in the Mahdia Sfar teaching hospital, Tunisia]. Med Mal Infect 2011;41:493-
4. 10.1016/j.medmal.2009.10.015 [PubMed: 21764535]

Gadallah M, El Sayed N, Kandeel A, Moussa I, Mohsen A, Dewedar S. Seroprevalence of

rubella antibodies among adult Egyptian females aged 20-30 years. Is there a need for rubella
vaccination? Cent Eur J Public Health 2014;22:282-6. [PubMed: 25622490]

Rodier MH, Berthonneau J, Bourgoin A, Giraudeau G, Agius G, Burucoa C, et al. Seroprevalences
of Toxoplasma, malaria, rubella, cytomegalovirus, HIV and treponemal infections among pregnant
women in Cotonou, Republic of Benin. Acta Trop 1995;59:271-7. [PubMed: 8533662]

Ndumbe PM, Andela A, Nkemnkeng-Asong J, Watonsi E, Nyambi P. Prevalence of infections
affecting the child among pregnant women in Yaounde, Cameroon. Med Microbiol Immunol
1992;181:127-30. [PubMed: 1522822]

Faye-Kette YH, Sylla-Koko DJ, Akoua-Koffi GC, Kacou-N’Douba A, Cissel L, Bouzid S, et al.
[Seroprevalence of rubella in 461 pregnant women in Abidjan (Cote d’lvoire)]. Bull Soc Pathol
Exot 1993;86:185-7. [PubMed: 8219791]

Sandow D, Okubagzhi GS, Arnold U, Denkmann N. Seroepidemiological study in rubella in
pregnant women in Gondar Region, northern Ethiopia. Ethiop Med J 1982;20:173-8. [PubMed:
7140729]

Lawn JE, Reef S, Baffoe-Bonnie B, Adadevoh S, Caul EO, Griffin GE. Unseen blindness, unheard
deafness, and unrecorded death and disability: congenital rubella in Kumasi, Ghana. Am J Public
Health 2000;90:1555-61. [PubMed: 11029988]

Barreto J, Sacramento |, Robertson SE, Langa J, de Gourville E, Wolfson L, et al. Antenatal rubella
serosurvey in Maputo, Mozambique. Trop Med Int Health 2006;11:559-64. [PubMed: 16553940]
Dromigny JA, Nabeth P, Perrier Gros Claude JD. Evaluation of the seroprevalence of rubella in the
region of Dakar (Senegal). Trop Med Int Health 2003;8:740-3. [PubMed: 12869096]

Corcoran C, Hardie DR. Seroprevalence of rubella antibodies among antenatal patients in the
Western Cape. S Afr Med J 2005;95:688-90. [PubMed: 16327929]

Mwambe B, Mirambo MM, Mshana SE, Massinde AN, Kidenya BR, Michael D, et al. Sero-
positivity rate of rubella and associated factors among pregnant women attending antenatal care in
Mwanza, Tanzania. BMC Pregnancy Childbirth 2014;14:95. [PubMed: 24589180]

Schoub BD, Harris BN, McAnerney J, Blumberg L. Rubella in South Africa: an impending Greek
tragedy? S Afr Med J 2009;99:515-9.

Tahita MC, Hubschen JM, Tarnagda Z, Ernest D, Charpentier E, Kremer JR, et al. Rubella
seroprevalence among pregnant women in Burkina Faso. BMC Infect Dis 2013;13:164. [PubMed:
23556510]

Chaabouni M, Messadi F, Fki L, Zribi M, Hammami A, Karray H. [Rubella seroprevalence

in Tunisian childbearing women two years after vaccination program introduction]. Pathol Biol
(Paris) 2012;60:170-3. [PubMed: 22578467]

Onakewhor JU, Chiwuzie J. Seroprevalence survey of rubella infection in pregnancy at the
University of Benin Teaching Hospital, Benin City, Nigeria. Niger J Clin Pract 2011;14:140-5.
[PubMed: 21860127]

Hamdan HZ, Abdelbagi IE, Nasser NM, Adam |. Seroprevalence of cytomegalo-virus and rubella
among pregnant women in western Sudan. Virol J 2011;8:217. [PubMed: 21569321]

Bamgboye AE, Afolabi KA, Esumeh FI, Enweani IB. Prevalence of rubella antibody in pregnant
women in Ibadan, Nigeria. West Afr J Med 2004;23:245-8. [PubMed: 15587839]

Belefquih B, Kasouati J, Doblali T, Touil N, Tagajdid MR, Kabbaj H, et al. Rubella seroprevalence
in pregnant women at the military teaching hospital, Rabat, Morocco. Int J Gynaecol Obstet
2013;120:191-2. [PubMed: 23182794]

Int J Infect Dis. Author manuscript; available in PMC 2023 June 03.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Jonas et al.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Page 9

Linguissi LS, Nagalo BM, Bisseye C, Kagone TS, Sanou M, Tao |, et al. Seroprevalence of
toxoplasmosis and rubella in pregnant women attending antenatal private clinic at Ouagadougou,
Burkina Faso. Asian Pac J Trop Med 2012;5: 810-3. [PubMed: 23043921]

Njeru I, Onyango D, Ajack Y, Kiptoo E. Rubella outbreak in a rural Kenyan district, 2014:
documenting the need for routine rubella immunization in Kenya. BMC Infect Dis 2015;15:245.
[PubMed: 26116437]

Kirby T. Rubella is eliminated from the Americas. Lancet Infect Dis 2015;15: 768-9. [PubMed:
26122450]

World Health Organization. Rubella vaccines: WHO position paper. Wkly Epidemiol Rec
2011,86:301-16. [PubMed: 21766537]

Panagiotopoulos T, Antoniadou I, Valassi-Adam E. Increase in congenital rubella occurrence

after immunisation in Greece: retrospective survey and systematic review. BMJ 1999;319:1462-7.
[PubMed: 10582926]

Morice A, Gonzalez L, Castillo-Solorzano C. Tendencias de la inmunidad a la rubeola en

mujeres de edad fertil y pre-escolares en Costa Rica, 1969-1996. Acta Pediatrica Costarricense
2005;19:13-8.

World Health Organization. Introducing rubella vaccine into national immunization programmes.
A step by step guide. WHO/IVB/15.07. Geneva: WHO, September 2015; Available at: http://
apps.who.int/iris/bitstream/10665/184174/1/9789241549370_eng.pdf (accessed October 1, 2015).

Assaad F, Ljungars-Esteves K. Rubella—world impact. Rev Infect Dis 1985;7: S29-36. [PubMed:
4001731]

Hinman AR, Hersh BS, de Quadros CA. Rational use of rubella vaccine for prevention of
congenital rubella syndrome in the Americas. Rev Panam Salud Publica 1998;4:156—60. [PubMed:
9796387]

WHO AFR measles weekly updates. Summary of measles SIAs in AFR. World Health
Organization. Week of May 6, 2015. 2015.

Int J Infect Dis. Author manuscript; available in PMC 2023 June 03.


http://apps.who.int/iris/bitstream/10665/184174/1/9789241549370_eng.pdf
http://apps.who.int/iris/bitstream/10665/184174/1/9789241549370_eng.pdf

Page 10

Jonas et al.

v¢  0v0c 13 2692 S0.L yiog S

v 191 00T T1¢ 11¢e annehaN

G¢ €9 00T TL TL BAINISOd vr-or

G¢ <S¢ 99 8€e €29 annehaN

0¢ 4911 59 124" (444 BAIISOd 6€-G€

€¢ 65¢ 6€ LEE 1.8 anrebaN

ve¢ 011 6€ ST €€ BAINISOd 7€-0€

ve €8¢ Lz 41> 86€1 aniebaN

9¢ 18 Le 0Tt (047 BAINISOd 6¢-G¢

ve T1¢€ T¢ (444 661 annehaN

€ 9 T¢ 09 28¢ BAIISOd ¥¢-0¢

9¢ GEE 9¢€ 0S¥ ¥9¢1 annebaN

G¢  v¢ LE [4 98 BAINISOd 6T-GT
(106 rey/pan Josqo-1b 1e1) pe1sal I0N % o9zl ajdwes paniesqO  pojdwes suswioads [e101 J0 9 azisa|dures PHIe]  suswiads e10]  Snels AIH  SJeah ‘dnolbaby

Aanins

|aunuas AIH [euoieN eiqiweN 0T0Z ay1 wods ‘snieis AJH pue dnoib abe Aq sieak y—GT pabe uswom jueubaid Buowe sazis ajdwes paalasqo pue 1abie)

Author Manuscript

Author Manuscript

T alqeL

Author Manuscript

Author Manuscript

Int J Infect Dis. Author manuscript; available in PMC 2023 June 03.



Page 11

Jonas et al.

'9102S cow__\</m

‘|eAJBIUI BOUSPIIUOD ‘1D

= € ¢1-8 01 68-G8 /8 116 ueqin
S—¢ v 91T 1 G8-18 €8 6CTT leiny
T000> Bumes
S—¢ € V18 7T 68-78 18 6¢L +7
9-¢ v 10T €T 18—6L €8 6v¢ €
S—¢ € VI6 T 68-¢8 98 96€ 4
S—¢ v 91-11 €T 98-18 ¥8 999 T
¥62°0 Apinero
v € VI-11 4% 98-€8 68 T19T annebaN
V-1 ¢ 916 4% 68-¢8 98 6¢v dAIIsod
7650 snieis AlH
S—¢ v 216 T 88-18 98  L0ST o
9-¢ € T¢€l LT ¥8-GL 08 T10¢ 181udd YljeaH
¢-T10 7’0 T¢<l 9T 88—6. ¥8 C&¢ [e)dsoH
€800 Aunoeq
T1-T ¥ q1-¢ L S6-18 06 v1¢ 14714
8—¢ v €1-9 8 16—¢8 88 /9¢ 6E€-GE
¥=L0 ¢ 916 4% 06—¢8 98 69¢ ¥€-0€
9-¢ ¥ 81-11 T G8-8L 28 ¥9€ 6¢-S¢
S—¢ € VI-6 T 88-€8 98 /9€ ¥2—0¢
9-¢ € 8107 1 18-6L €8 6GE 6T-GT
8020 sreak ‘dnoub eby
= € vI-0T 4% - 98—¢€8 G8  0v0C 11eJ3AO
elO %596 eooainbe Jusosed peiybepy el %S6  saiebou jueosed peiybea  enea-d  elD %56 aansod jusosed peiybA N ‘101 payBemun

Author Manuscript

¢ dlqeL

Author Manuscript

ASAINS |aunuas AIH [euolieN elgiweN 0T0Z
3yl wouy ‘Bumas pue ‘Aupiaeib ‘snieis AlH ‘edA1 Aupioey ‘dnoab abe Aq pue |[etano ‘siesk yy—GT pabe uswom jueubaid Buowe aousjensidolss ejjagny

Author Manuscript

Author Manuscript

Int J Infect Dis. Author manuscript; available in PMC 2023 June 03.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Jonas et al.

Table 3

Page 12

Logistic regression calculating the odds of rubella seropositivity among pregnant women aged 15-44 years,
from the 2010 Namibia National HIV Sentinel Survey

OR 95% CI p-Value

Age group, years 0.318

15-19 Ref.

20-24 116 0.78-1.70  0.467

25-29 0.85 0.54-1.33 0.478

30-34 118 0.70-2.36 0.534

35-39 1.27 0.68-2.36 0.453

40-44 157 0.64-3.84 0.323
Facility 0.065

Hospital Ref.

Health center ~ 0.77 0.49-1.21 0.248

Clinic 112 0.77-1.65 0.552
HIV status 0.661

Positive Ref.

Negative 093 0.67-129 0.661
Gravidity 0.446

1 Ref.

2 123 0.85-1.76 0.273

3 095 0.62-1.44 0.809

4+ 1.20 0.76-1.90 0.433
Setting 0.007

Rural Ref.

Urban 141 1.10-1.82 0.007

OR, odds ratio; CI, confidence interval.
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