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Abstract: Rubella virus (RV) infection in susceptible women during the first trimester of pregnancy is
associated with congenital Rubella syndrome (CRS). In countries where a vaccination program is
implemented, active case surveillance is emphasized. This report documents the magnitude of active
cases before and after vaccine implementation in Tanzania. A total of 8750 children and adolescents
with signs and symptoms of RV infection were tested for Rubella IgM antibodies between 2013 and
2019 using enzyme immunoassay followed by descriptive analysis. The median age of participants
was 3.8 (IQR: 2-6.4) years. About half (4867; 55.6%) of the participants were aged 1-5 years. The
prevalence of RV active cases was 534 (32.6%, 95% CI: 30.2-34.9) and 219 (3.2%, 95% CI: 2.7-3.6)
before and after vaccine implementation, respectively. Before vaccination, the highest prevalence was
recorded in Pemba (78.6%) and the lowest was reported in Geita (15.6%), whereas, after vaccination,
the prevalence ranged between 0.5% in Iringa and 6.5% in Pemba. Overall, >50% of the regions had a
>90% reduction in active cases. The significant reduction in active cases after vaccine implementation
in Tanzania underscores the need to sustain high vaccination coverage to prevent active infections
and eventually eliminate CRS, which is the main goal of Rubella vaccine implementation.
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1. Introduction

Rubella virus (RV) infection or ‘German measles’ is a communicable disease which is
transmitted through aerosol, direct contact, or vertically from the mother to the fetus [1].
Rubella is an enveloped, single-stranded RNA positive-sense virus of the genus Rubivirus in
the family Togaviridae. RV infection may present as an acute, mild, or asymptomatic illness.
Symptoms of RV infection include rashes, low-grade fever, arthralgia, and lymphadenopa-
thy [2]. Usually, symptoms begin with low-grade fever, malaise, and a morbilliform rash
appearing simultaneously [3]. Rashes rarely last for more than 3 days, giving rise to the
name ‘3 day measles’, and they usually start on the face, before extending to the trunk and
extremities.

The disease affects mostly children, young adults including those of childbearing age,
and pregnant women [1,4-6]. In most cases, the RV infection in children is self-limiting and
rarely causes complications. Nevertheless, children usually harbor and spread the infection
to the susceptible population including pregnant women and those who take care of them.
The majority of adolescents including those of childbearing age in endemic areas such as
Tanzania show high IgG seropositivity due to childhood exposure [5].

RV primary infection in susceptible pregnant women during the first trimester of
pregnancy is often associated with an increased risk of adverse pregnancy outcomes such
as abortions, stillbirths, and congenital Rubella syndrome (CRS), which is characterized
by a triad of congenital heart diseases, bilateral cataracts, and hearing loss, among other
features [7-9].

Teratogenic effects and clinical manifestations of the RV have been found to decrease
with increasing gestational age at the time of vertical transmission [10]. Fetal manifestations
in most cases are rare when maternal infection occurs after 16 weeks of gestation. CRS
occurs in about 90-100% of the infants whose mothers were infected with the virus in the
first trimester [11]. The rate of vertical transmission was found to drop to 25% in the late
second trimester. However, the rate might increase to 35% around 27-30 weeks and rises to
approximately 100% at 36 weeks of gestation [12-14].

Despite the global decrease in CRS cases, RV infection remains a public health concern
in many low- and middle-income countries (LMICs) whereby more than 100,000 children
are born with CRS each year [8,15,16]. In Africa, Rubella IgG seropositivity among pregnant
women was found to range from 52.9% to 97.9% [17-22], with 2.1-47.1% of women sus-
ceptible to primary RV infection that could lead to CRS [22,23]. Among infected pregnant
women, approximately 50% present with exanthematous skin lesions [17,24] which are not
pathognomonic to RV infection. The overlapping of RV symptoms with other endemic viral
infections such as Cytomegalovirus, Zika virus, and Parvovirus B19 poses a great challenge
in clinical diagnosis, particularly in LMICs such as Tanzania; hence, serological diagnosis
remains as an important tool for the identification of positive cases [25,26]. Although it
has been a long-standing public health problem, there are no antiviral drugs available
for treating RV infection or preventing vertical transmission that could lead to CRS. It
should be noted that the cost of managing a CRS case in the upper- and middle-income
countries has been found to range from 4261 to 57,010 USD per year and is estimated to
be high in resource-limited countries [27]. Moreover, the role of passive immunization
with immunoglobulin after maternal exposure is not feasible. Since there are no specific
treatments available, vaccinating children, women of childbearing age, and multigravida
women during the postpartum period significantly reduces the cases of CRS.

The Rubella vaccination strategy aims to eliminate RV infection and CRS by inter-
rupting transmission of RV through introduction of Rubella-containing vaccines (RCVs)
into the country childhood routine immunization programs, supplemented by vaccination
of older age groups during catch-up campaigns [28]. RCVs can be used as monovalent
formulations or in combination with other antigens such as varicella, measles, and mumps
(MMRYV, MR, and MMR, respectively). Vaccination with a single dose of RCV provides
>95% lifelong immunity against RV infection [28].
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The Government of Tanzania through the Ministry of Health conducted a countrywide
Measles/Rubella (MR) catch-up campaign targeting children aged 9 months to 15 years
in October 2014, followed by the introduction of the MR vaccine into routine immuniza-
tion in April 2015 [29]. Before introduction of the vaccine, the magnitude of RV active
cases and CRS was not clear in Tanzania. However, 2014 data from the national sentinel
sites reported 20 CRS cases, while, in 2016, only one case was reported [30]. Moreover,
two studies from Mwanza conducted between 2014 and 2016 reported eight confirmed
CRS cases [7,9]. Despite the reported high prevalence of RV worldwide, there are lim-
ited data on the magnitude of active cases and CRS in many LMICs where the virus is
endemic [2,20,31-34]. This lack of relevant data has resulted in ineffective strategies for CRS
control in these countries. The World Health Organization (WHO) recommends surveil-
lance of RV active cases and CRS in the countries where Rubella vaccination programs are
implemented [35]. Nevertheless, there is scarcity of these data in many LMICs with limited
information on the magnitude of active cases. This report in Tanzania documents, for the
first time, the magnitude of RV active cases involving different regions of Tanzania before
and after vaccine implementation.

2. Materials and Methods

The United Republic of Tanzania, according to the 2012 census, documented that
the population increased to 44.9 million with a projected population of 50.1 million, with
50.1% of the population aged between 0 and 17 years. Furthermore, the population aged
between 0 and 17 years was found to range from 37.8% in Dar es Salaam to 57.8% in
Simiyu (http:/ /tanzania.countrystat.org/fileadmin/user_upload/countrystat_fenix/congo/
docs/Population%?20Distribution%20by%20Age%20and %20Sex%20Report-2012PHC.pdf
(accessed on 27 June 2022)).

Between 2013 and 2019, a total of 9180 venous blood samples were collected from
children and adolescents aged between 0 and 18 years with signs and symptoms of RV
infection (fever and rash or history of fever and rash within 30 days of onset) [35]. Samples
were collected as part of the surveillance of active RV cases in different regions of the United
Republic of Tanzania. Blood samples were collected in a plain vacutainer tube (Becton
Dickinson (E.A) Ltd. Health Care Product Dealers in Nairobi, Kenya) and transported to the
respective laboratories of each region. In the laboratory, samples were centrifuged to obtain
sera which were transported to the Immunization and Vaccine Development Program
(VPD) surveillance unit for sorting and packaging, before being transported to the National
Public Health Laboratory, Dar es Salaam for testing [36]. Sera were stored in freezers at
—80 °C until processing; before processing, they were left to attain room temperature.
Sera were processed as per standard operating procedures (SOP’s) and manufacturer’s
instructions (Euroimmun IgM ELISA, Seekamp 31 23,560, Lubeck, Germany). Rubella-
specific IgM antibodies were detected by indirect enzyme-linked immunosorbent assay
(ELISA) as per the manufacturer’s instructions (Euroimmun IgM ELISA, Seekamp 31 23,560,
Lubeck, Germany). The manufacturer determined the cutoff value by analyzing Rubella
IgM antibodies in a panel of 500 healthy blood donors, concluding that a cutoff ratio of
1.0 can be used to classify 98.4% of cases as negative. The ratio values for the positive
and negative controls and for each specimen were determined by dividing the specimen
OD value by the cutoff calibrator OD. An index value of >1.1 was considered as Rubella
IgM-seropositive, signifying active or recent infection. The sensitivity and specificity of the
IgM ELISA used were 100%.

A total of 430 samples were excluded from the final analysis because they had incom-
plete metadata or inconclusive results. Data of 8750 samples were entered into a computer
using Microsoft Office Excel 2007 and analyzed using the STATA version 13 (College
Station, TX, USA). Categorical variables were presented as proportions, and Pearson’s chi-
square test was performed to observe the statistical differences among the various groups.
Continuous variables were summarized as medians with interquartile ranges (IQRs).
A p-value < 0.05 at a 95% confidence interval (CI) was considered statistically significant.


http://tanzania.countrystat.org/fileadmin/user_upload/countrystat_fenix/congo/docs/Population%20Distribution%20by%20Age%20and%20Sex%20Report-2012PHC.pdf
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3. Results

The median age of the participants was 3.8 (IQR: 2-6.4) years. More than half (4867;
55.6%) of the participants were aged between 1 and 5 years, about one-third (2954; 33.7%)
were aged between 2 and 18 years, and a total of 929 (10.6%) were infants. More than half
(4598; 52.5%) of the participants were female.

Opverall, the seroprevalence of Rubella IgM antibodies before RV vaccine implementa-
tion (2013-October 2014) was nearly one-third of the total samples tested (534; 32.6%, 95%
CI: 30.2-34.9%), whereas, after vaccine implementation, this value was 219 (3.2%, 95% CI:
2.7-3.6%) (Figure 1), translating to a 90.2% reduction in active cases of RV after vaccine
implementation.

40-
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Rubella IgM (%)

2013 2014_1 2014_.2 2015 2016 2017 2018 2019

Figure 1. Prevalence of active Rubella cases by years in Tanzania.

When categorized by age groups, before vaccination the seroprevalence of RV active
cases was significantly higher among 5-18 years age group than other age groups (p < 0.001)
while after vaccination it was significantly higher among infants than other age groups
(p <£0.001) (Table 1).

Table 1. Active Rubella cases by age groups before and after vaccine implementation in Tanzania.

SN Age Category (years) Before After
1 0-1 71/101 (16.8%) 48/828 (5.8%)
2 1-5 169/645 (26.2%) 103 /4222 (2.4%)
3 5-18 348/892 (39.1%) 68/2062 (3.3%)
p-value p<0.01 p<0.01

Further analysis revealed that more than 50% of the regions have >90% reduction of
RV active cases (Table 2). Before vaccination the highest seroprevalence was observed in
Pemba (78.6%) and the lowest in Geita (15.6%) while after vaccination the seroprevalence
was found to range from 0.5% in Iringa to 6.5% in Pemba (Table 2, Figure 2).
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Table 2. Rubella virus active cases before and after vaccine implementation by regions.

SN Region Sample Tested Vi:ﬁfligziof‘;} ) Sample Tested Vagci;;e:t::;e(r% ) Reduction (%)
1 Arusha 80 33 (41.3) 208 6(2.9) 93.0
2 Dar es salaam 111 32(29.8) 375 6(1.6) 94.6
3 Dodoma 102 21 (20.6) 321 8(2.5) 87.9
4 Geita 19 21 (15.8) 266 8(3) 81.0
5 Iringa 40 9 (22.5) 200 1(0.5) 97.8
6 Kagera 68 26 (38.2) 351 10 (2.8) 92.7
7 Katavi 25 6 (24) 207 10 (4.8) 80.0
8 Kigoma 77 30 (39) 362 9(2.5) 93.6
9 Kilimanjaro 79 23 (29.1) 188 7(3.7) 87.3
10 Lindi 54 17 (31.5) 160 9 (5.6) 82.2
11 Manyara 41 19 (46.3) 194 7 (3.6) 92.2
12 Mara 55 16 (29.1) 262 6(2.3) 92.1
13 Mbeya 120 22 (18.3) 361 10 (2.8) 84.7
14 Morogoro 35 13 (37.1) 241 13 (54) 85.4
15 Mtwara 81 26 (32.1) 604 23 (3.8) 88.2
16 Mwanza 134 50 (37.3) 284 9(3.2) 914
17 Njombe 39 15 (38.5) 203 6(29) 92.5
18 * Pemba 14 11 (78.6) 31 2 (6.4) 91.9
19 Pwani 90 36 (40) 210 5(2.4) 94.0
20 Rukwa 24 6 (25) 147 7(4.7) 81.2
21 Ruvuma 39 10 (25.6) 196 6(3) 88.3
22 Shinyanga 28 7 (25) 258 3(1.2) 95.2
23 Simiyu 34 6 (17.6) 276 13 (4.7) 73.3
24 Singida 47 14 (29.8) 350 6 (1.7) 94.3
25 Songwe 10 2 (20) 196 6(3.1) 84.5
26 Tabora 49 20 (40.8) 224 8(3.6) 91.2
27 Tanga 135 58 (42.9) 337 14 (4.1) 90.4
28 ** Unguja 8 3(37.5) 97 1(1) 97.3

Total 1638 534 (32.6) 7112 219 (3.1) 90.5

* Includes South Pemba and North Pemba. ** Includes Zanzibar Central /South, Zanzibar North, and Zanzibar
Urban/West.
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Figure 2. Map of the United Republic of Tanzania showing magnitude of Rubella virus active
cases percentage IgM positivity among samples tested) before and after vaccine implementation
(credit: CUHAS).

4. Discussion

This is the first report involving 31 regions of the United Republic of Tanzania docu-
menting the magnitude of active RV infection before and after Rubella vaccine implemen-
tation. The most important observation in this report is the significant reduction in the
number of RV active cases after implementation of the Rubella vaccine in Tanzania. This
observation is consistent with previous reports from high-income countries (HICs) where
Rubella vaccine implementation reduced RV active cases. For example, in Germany, by the
year 2018, the active RV incidence per 1,000,000 population was 0.7 cases [37], while, in the
United Kingdom, between 2013 and 2021, IgM seropositivity rates among suspects using
oral fluid test ranged from 0% to 3.2% [38]. The possible explanation for the observed low
prevalence of RV active cases after vaccine implementation in Tanzania could be explained
by high vaccination coverage in these regions, underscoring the need to maintain this
coverage across the country to reach a goal of CRS elimination. Since its introduction into
routine immunization in 2015 to 2021, the coverage of the first dose of the Measles/Rubella
vaccine (MR1) at a national level has been >95% except for 2016 and 2021, where the
coverage was 90% and 92%, respectively [39]. A single dose of RCV can provides >95%
lifelong immunity to Rubella infection [28]. However, provision of a two-dose schedule for
Rubella vaccine into routine immunization for infants is due to programmatic objectives
since Rubella vaccines are often given in combination with other vaccines. Provision of a
second dose of the Rubella vaccine has not been associated with change in the safety and
efficacy profiles of the vaccine.

In this report, before vaccination, it was observed that IgM seroprevalence increased
with age, in contrast to what was observed after vaccine implementation. The high sero-
prevalence in infants after vaccination could be explained by waning of maternal protection
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before vaccination at the age of 9 months as previously reported [9]. The findings from
this report might be useful in emphasizing the importance of maintaining a high vaccine
coverage across the country, especially in areas such as Pemba where the prevalence of
active cases is above 5% after vaccine implementation (Figure 2). These findings are in
agreement with the WHO regarding the surveillance of active RV cases after vaccine imple-
mentation, underscoring a need for sustained RV surveillance in other LMICs following
vaccine implementation, which is important for early notifications of possible outbreaks.

Despite the observed impact of RV vaccine implementation in Tanzania among chil-
dren below 5 years of age, there is a paramount need to embark on other strategies including
screening and vaccinating women of childbearing age and susceptible pregnant women
in the postpartum period. This has been found to be more cost-effective in developed
countries than vaccinating all children and adolescents blindly. Moreover, this should
be included in the antenatal package so that all pregnant women can be screened and
those found to be susceptible can be identified and vaccinated in the postpartum period.
This has been reported as an effective way of controlling CRS in developed countries [40].
Previous studies in Tanzania showed that up to 10% of women of childbearing age and
pregnant women are susceptible to primary RV infection that might lead to CRS [5,20]. A
combination of these strategies has been found to be effective in other countries that are in
the CRS elimination phase.

Furthermore, to maintain the high two-dose MR vaccination coverage, the Tanzanian
government has been implementing the following strategies: (i) provision of a first dose
of RCV at or shortly after 9 months of age and providing a second dose at or shortly after
18 months of age, (ii) conducting a Reaching Every Child (REC) approach during routine
immunization planning in the health facilities to trace and revaccinate all eligible children,
(iii) periodic intensification of routine immunization to provide catch-up vaccinations for all
children that were not reached at their appropriate age for vaccination, (iv) intensification
of immunization activities during African immunization week to reach children who
were not reached during routine vaccination, (v) integration of vaccination activities with
other interventions such as nutrition screening, vitamin A, and deworming campaigns,
(vi) promotion of community involvement through sensitization meetings to maintain
vaccine confidence in the community, and (vii) provision of an opportunity for measles
vaccination through Supplementary Immunization Activities (SIAs) at intervals of 2—4 years
targeting children up to 10 years depending on the epidemiological situation [4] and the
population immunity, as measured by the vaccination coverage levels. The last SIA was
conducted in October 2019.

5. Conclusions

Routine rubella vaccination in Tanzania has resulted in overall 90.2% reduction in
reported RV active cases, which may have led to a significant reduction in CRS. The
Tanzanian government should sustain routine RV vaccination, as well as high vaccination
coverage, to reach the CRS elimination phase. In-depth characterization of seasonal patterns
linked with sero-epidemiology should also be established by further studies.

Author Contributions: EM., M\M.M., WM., A M. (Ahmed Makuwani) and S.E.M. conceptualized
the study; EM., RM., H.N. (Honesty Nyaki), H.N. (Helmut Nyawale), D.L., EK., G.J.,, RM., D.M.
(Delphius Mujuni), N.B., B.N., D.M. (Dhamira Mongi), B.K., WM., A M. (Alex Mphuru), ET., A M.
(Ahmed Makuwani), N.M., E.T.K. and D.K. participated in specimen/data collection; EM., RM., H.N.
(Honesty Nyaki), H.N. (Helmut Nyawale), D.L., FK,, G.J., RM., D.M. (Delphius Mujuni), N.B., B.N.,
D.M. (Dhamira Mongi), B.K,, ET., AM. (Ahmed Makuwani), WM., A.M. (Alex Mphuru), N.M. and
D.K. conducted laboratory analysis of the samples; EM., M.\M.M., S.E.M. and E.T.K. performed data
analysis; S.E.M. and M.M.M. interpreted the data; M.M.M. wrote the first draft of the manuscript;
S.EM., HN. (Helmut Nyawale), D.R.M., ETK. and EM. critically reviewed the manuscript. All
authors have read and agreed to the published version of the manuscript.

Funding: This work was supported the World Health Organization (WHO) and the Article Processing
Charges (APC) was funded by the Catholic University of Health and Allied Sciences (CUHAS).



Vaccines 2022, 10, 1188 80f9

Institutional Review Board Statement: Permission to publish surveillance data was sought from
the joint CUHAS and BMC Research Ethics and Review Committee (CREC).

Informed Consent Statement: The data used in this report were part of the National RV surveillance.
Data Availability Statement: All data are included in the manuscript.

Acknowledgments: The authors are grateful to the Ministry of Health, Tanzania and the WHO for
supporting this surveillance.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.
11.

12.
13.

14.

15.

16.

17.
18.

19.

20.

21.

22.

Hamkar, R.; Jalilvand, S.; Mokhtari-Azad, T.; Nouri Jelyani, K.; Dahi-Far, H.; Soleimanjahi, H.; Nategh, R. Assessment of IgM
enzyme immunoassay and IgG avidity assay for distinguishing between primary and secondary immune response to rubella
vaccine. J. Virol. Methods 2005, 130, 59-65. [CrossRef] [PubMed]

Junaid, S.A.; Akpan, KJ.; Olabode, A.O. Sero-survey of rubella IgM antibodies among children in Jos, Nigeria. Virol. J. 2011, 8,
1-5. [CrossRef] [PubMed]

Best, ].M.; Castillo-Solorzano, C.; Spika, J.S.; Icenogle, J.; Glasser, ].W.; Gay, N.J.; Andrus, J.; Arvin, A.M. Reducing the global
burden of congenital rubella syndrome: Report of the World Health Organization Steering Committee on Research Related to
Measles and Rubella Vaccines and Vaccination, June 2004. J. Infect. Dis. 2005, 192, 1890-1897. [CrossRef]

Mirambo, M.M.; Aboud, S.; Gro8, U.; Majigo, M.; Mushi, M.E; Mshana, S.E. Rubella seromarkers and determinants of infection
among tanzanian children and adolescents in prevaccination Era: Are we in the right track? Int. |. Prevent. Med. 2017, 8, 3.
[CrossRef] [PubMed]

Mirambo, M.M.; Majigo, M.; Scana, S.D.; Mushi, M.E,; Aboud, S.; Gro83, U.; Kidenya, B.R.; Mshana, S.E. Rubella natural immunity
among adolescent girls in Tanzania: The need to vaccinate child bearing aged women. BMC Women'’s Health 2018, 18, 3. [CrossRef]
Kombich, ].J.; Muchai, P.C.; Tukei, P.; Borus, PK. Rubella seroprevalence among primary and pre-primary school pupils at Moi’s
Bridge location, Uasin Gishu District, Kenya. BMC Public Health 2009, 9, 269. [CrossRef]

Mirambo, M.M.; Aboud, S.; Majigo, M.; Grof3, U.; Mshana, S.E. Adverse pregnancy outcomes among pregnant women with acute
Rubella infections in Mwanza city, Tanzania. Int. J. Infect. Dis. 2019, 78, 72-77. [CrossRef]

WHO. Position paper on rubella vaccines. In Weekly Epidemiological Record; WHO: Geneva, Switzerland, 2011; Volume 75,
pp. 161-172. Available online: https://www.who.int/publications/i/item/WERS8629 (accessed on 22 June 2022).

Mirambo, M.M.; Aboud, S.; Mushi, M.E,; Seugendo, M.; Majigo, M.; Grofs, U.; Mshana, S.E. Serological evidence of acute rubella
infection among under-fives in Mwanza: A threat to increasing rates of congenital rubella syndrome in Tanzania. Italian J. Pediatr.
2016, 42, 1. [CrossRef]

Gershon, A.A.; Hotez, PJ.; Katz, S. Infectious Diseases of Children, 11th ed.; Mosby: Maryland Heights, MO, USA, 2004.

Peckham, C.; Tookey, P.; Hardelid, P. Rubella epidemiology: Surveillance to monitor and evaluate congenital rubella prevention
strategies. Rubella Viruses 2006, 15, 95.

Gregg, N. Congenital cataract following German measles in the mother, 1941. Epidemiol. Infect. 1991, 107, 3-14. [CrossRef]
Grillner, L.; Forsgren, M.; Barr, B.; Bottiger, M.; Danielsson, L.; De Verdier, C. Outcome of rubella during pregnancy with special
reference to the 17th-24th weeks of gestation. Scand. |. Infect. Dis. 1983, 15, 321-325. [CrossRef]

Horstmann, D.M. Rubella. In Viral Infections of Humans; Springer: Berlin, Germany, 1976; pp. 409-427.

Binnicker, M.; Jespersen, D.; Harring, J. Multiplex detection of IgM and IgG class antibodies to Toxoplasma gondii, rubella
virus, and cytomegalovirus using a novel multiplex flow immunoassay. Clin. Vaccine Immunol. 2010, 17, 1734-1738. [CrossRef]
[PubMed]

Katow, S. Rubella virus genome diagnosis during pregnancy and mechanism of congenital rubella. Intervirology 1999, 41, 163-169.
[CrossRef] [PubMed]

Shah, I.; Bhatnagar, S. Antenatal diagnostic problem of congenital rubella. Ind. ]. Pediatrics 2010, 77, 450-451. [CrossRef]

Uyar, Y.; Balci, A.; Akcali, A.; Cabar, C. Prevalence of rubella and cytomegalovirus antibodies among pregnant women in northern
Turkey. New Microbiol. 2008, 31, 451-455. [PubMed]

Linguissi, L.5.G.; Nagalo, B.M.; Bisseye, C.; Kagoné, T.S.; Sanou, M.; Tao, I.; Benao, V.; Simporé, J.; Koné, B. Seroprevalence of
toxoplasmosis and rubella in pregnant women attending antenatal private clinic at Ouagadougou, Burkina Faso. Asian Pac. ].
Trop. Med. 2012, 5, 810-813. [CrossRef]

Mwambe, B.; Mirambo, M.M.; Mshana, S.E.; Massinde, A.N.; Kidenya, B.R.; Michael, D.; Morona, D.; Majinge, C.; Grofs, U.
Sero-positivity rate of rubella and associated factors among pregnant women attending antenatal care in Mwanza, Tanzania.
BMC Preg. Childbirth 2014, 14, 95. [CrossRef]

Onakewhor, J.; 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, 140-145. [CrossRef]

Mirambo, M.M.; Majigo, M.; Aboud, S.; Grof, U.; Mshana, S.E. Serological makers of rubella infection in Africa in the pre
vaccination era: A systematic review. BMC Res. Notes 2015, 8, 716. [CrossRef]


http://doi.org/10.1016/j.jviromet.2005.06.003
http://www.ncbi.nlm.nih.gov/pubmed/16026863
http://doi.org/10.1186/1743-422X-8-244
http://www.ncbi.nlm.nih.gov/pubmed/21595973
http://doi.org/10.1086/497607
http://doi.org/10.4103/2008-7802.198914
http://www.ncbi.nlm.nih.gov/pubmed/28217265
http://doi.org/10.1186/s12905-017-0505-9
http://doi.org/10.1186/1471-2458-9-269
http://doi.org/10.1016/j.ijid.2018.10.020
https://www.who.int/publications/i/item/WER8629
http://doi.org/10.1186/s13052-016-0264-5
http://doi.org/10.1017/S0950268800048627
http://doi.org/10.3109/inf.1983.15.issue-4.01
http://doi.org/10.1128/CVI.00332-10
http://www.ncbi.nlm.nih.gov/pubmed/20861325
http://doi.org/10.1159/000024931
http://www.ncbi.nlm.nih.gov/pubmed/10213891
http://doi.org/10.1007/s12098-009-0312-x
http://www.ncbi.nlm.nih.gov/pubmed/19123299
http://doi.org/10.1016/S1995-7645(12)60148-5
http://doi.org/10.1186/1471-2393-14-95
http://doi.org/10.4103/1119-3077.84002
http://doi.org/10.1186/s13104-015-1711-x

Vaccines 2022, 10, 1188 90f9

23.

24.

25.

26.
27.

28.

29.
30.

31.

32.

33.

34.

35.

36.

37.

38.

39.
40.

Pandolfi, E.; Gesualdo, F;; Rizzo, C.; Bella, A.; Agricola, E.; Mastroiacovo, P,; Tozzi, A. Global seroprevalence of rubella among
pregnant and childbearing age women: A meta-analysis. Eur. J. Public Health 2017, 27, 530-537. [CrossRef]

Usonis, V.; Anca, I.; André, F; Chlibek, R.; Cizman, M.; Ivaskeviciene, L; Mangarov, A.; Mészner, Z.; Perenovska, P.; Pokorn, M.
Rubella revisited: Where are we on the road to disease elimination in Central Europe? Vaccine 2011, 29, 9141-9147. [CrossRef]
[PubMed]

Mirambo, M.M.; Matemba, L.; Majigo, M.; Mshana, S.E. Congenital Zika Virus Infection Paradigm: What is in the Wardrobe? A
Narrative Review. East Afr. Sci. 2019, 1, 49-56. [CrossRef]

Servey, ].T.; Reamy, B.V.; Hodge, J. Clinical presentations of parvovirus B19 infection. Am. Fam. Phys. 2007, 75, 373-376.
Babigumira, ].B.; Morgan, L; Levin, A. Health economics of rubella: A systematic review to assess the value of rubella vaccination.
BMC Public Health 2013, 13, 406. [CrossRef]

Mondiale de la Santé, O.; WHO. Rubella vaccines: WHO position paper-July 2020-Note de synthese: Position de I'OMS
concernant les vaccins antirubéoleux. In Weekly Epidemiological Record=Relevé Epidémiologique Hebdomadaire; WHO: Geneva,
Switzerland, 2020; Volume 95, pp. 306-324. Available online: https://apps.who.int/iris/handle/10665/332952 (accessed on
22 June 2022).

MCSP. Maternal and Child survival Program. In Immunization MCSP Tanzania Program; USAID; MCSP: Washington, DC, USA, 2019.
Masresha, B.; Shibeshi, M.; Kaiser, R.; Luce, R.; Katsande, R.; Mihigo, R. Congenital rubella syndrome in the African region—Data
from sentinel surveillance. J. Immunol. Sci. 2018, 2, 145-149. [CrossRef]

Barreto, J.; Sacramento, I.; Robertson, S.E.; Langa, J.; Gourville, E.; Wolfson, L.; Schoub, B.D. Antenatal rubella serosurvey in
Maputo, Mozambique. Trop. Med. Int. Health 2006, 11, 559-564. [CrossRef]

Tahita, M.C.; Hiibschen, J.M.; Tarnagda, Z.; Ernest, D.; Charpentier, E.; Kremer, J.R.; Muller, C.P.; Ouedraogo, J.B. Rubella
seroprevalence among pregnant women in Burkina Faso. BMC Infect. Dis. 2013, 13, 164. [CrossRef]

Sasita, S.; Urio, S.; Mohamed, S.; Mghamba, J.; Mmbuji, P. Rubella Outbreak in Tanga City, Tanzania. Available online: http:
/ /repository.eac.int/bitstream /handle/11671/584 / EAIDSNet%20Bulletin%20June-Sept%?20Issue%202011.pdf?sequence=1
(accessed on 22 June 2022).

Kadigi, D.M. A Measles and Rubella Laboratory Based Surveillance Report in Tanzania. Master’s Thesis, Muhimbili University
of Health and Allied Sciences, Dar es Salaam, Tanzania, 2008.

WHO. Surveillance Guide for Vaccine-Preventable Diseases in the WHO South-East Asia Region; WHO: Geneva, Switzerland, 2017.
Available online: https://apps.who.int/iris /handle /10665/277459 (accessed on 20 June 2022).

WHO. African Regional Guidelines for Measles and Rubella Surveillance; WHO: Geneva, Switzerland, 2015. Available online:
https:/ /www.afro.who.int/sites/default/files /2017-06 /who-african-regional-measles-and-rubella-surveillance-guidelines_
updated-draft-version-april-2015_1.pdf (accessed on 20 June 2022).

WHO. Annual Status Update on Measles and Rubella Elimination 2018; WHO: Geneva, Switzerland, 2020.

UHSA. Laboratory Confirmed Cases of Measles, Rubella And Mumps; Agency UHS: London, UK, 2021; Volume 16.

WHO/UNICEE. United Republic of Tanzania, Measles Vaccination Coverage; WHO/UNICEF: Geneva, Switzerland, 2021.
Mirambo, M.M.; Hokororo, A.; Mrutu, N.B.; Majigo, M.; Aboud, S.; Grof3, U.; Mshana, S.E. Strategic immunization to control
rubella and congenital rubella syndrome in Tanzania. In Policy Brief; Catholic University of Health and Allied Sciences, 2016;
pp. 5-7. Available online: https://www.bugando.ac.tz/schools/microbiology/assets/document/MIRAMBO_RUBELLA_PB_
2016.pdf (accessed on 27 June 2022).


http://doi.org/10.1093/eurpub/ckw259
http://doi.org/10.1016/j.vaccine.2011.09.104
http://www.ncbi.nlm.nih.gov/pubmed/21971445
http://doi.org/10.24248/easci.v1i1.13
http://doi.org/10.1186/1471-2458-13-406
https://apps.who.int/iris/handle/10665/332952
http://doi.org/10.29245/2578-3009/2018/si.1122
http://doi.org/10.1111/j.1365-3156.2006.01577.x
http://doi.org/10.1186/1471-2334-13-164
http://repository.eac.int/bitstream/handle/11671/584/EAIDSNet%20Bulletin%20June-Sept%20Issue%202011.pdf?sequence=1
http://repository.eac.int/bitstream/handle/11671/584/EAIDSNet%20Bulletin%20June-Sept%20Issue%202011.pdf?sequence=1
https://apps.who.int/iris/handle/10665/277459
https://www.afro.who.int/sites/default/files/2017-06/who-african-regional-measles-and-rubella-surveillance-guidelines_updated-draft-version-april-2015_1.pdf
https://www.afro.who.int/sites/default/files/2017-06/who-african-regional-measles-and-rubella-surveillance-guidelines_updated-draft-version-april-2015_1.pdf
https://www.bugando.ac.tz/schools/microbiology/assets/document/MIRAMBO_RUBELLA_PB_2016.pdf
https://www.bugando.ac.tz/schools/microbiology/assets/document/MIRAMBO_RUBELLA_PB_2016.pdf

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

