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a b s t r a c t
Objectives: Rubella cases in the Central African Republic (CAF) are currently identiﬁed during measles
surveillance. This study aimed to investigate rubella epidemiology between 2015 and 2016 and to provide
baseline genotype data for monitoring future rubella control efforts.
Methods: 831 measles IgM negative or equivocal sera from 2015/2016 were tested for rubella IgM antibodies and 350 rubella IgM positive sera collected between 2008 and 2016 were selected for PCR and
sequencing.
Results: 411 of the 831 sera (49.5%) were rubella IgM positive and most cases (n=391, 95.1%) occurred
between January and April. Most patients were between 5 and 9 years old (50.2%) and more than half
of the rubella cases (56.7%) originated from the capital Bangui. Genotype information was obtained for
37 of the 350 selected rubella IgM-positive specimens, with the majority of the patients originating from
Bangui (n=24, 64.9%) and sequences covering all years except 2009. Phylogenetic analysis identiﬁed genotypes 1E (n=12), 1G (n=5) and 2B (n=20), with 2B being detected from 2014 onwards.
Conclusions: Our study conﬁrmed the important role of rubella as a rash and fever disease in CAF and
provided comprehensive data on rubella epidemiology and the ﬁrst information on rubella genotypes in
the country.
© 2021 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious
Diseases.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

INTRODUCTION
Rubella virus (RV) belongs to the genus Rubivirus in the family Matonaviridae (Walker et al., 2019). It is an RNA virus with
a single serotype, but 13 genotypes distributed into two clades
(WHO, 2013). Its public health importance is mainly due to the
teratogenic potential of the virus. Infection especially in the ﬁrst
trimester of pregnancy can lead to miscarriage, fetal death or birth
of an infant with congenital rubella syndrome (CRS) (Banatvala and
Brown, 2004, Edlich et al., 2005). It was estimated that worldwide more than 100 000 children with CRS are born each year
(Lambert et al., 2015). As a consequence of rubella vaccination pro-
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grams, disease incidence has declined considerably in many countries and the endemic transmission of RV in the World Health
Organization (WHO) region of the Americas has been interrupted
since 2009 (WHO, 2011). However, many people living in African
countries remain susceptible to rubella infection due to missing
or low coverage rubella vaccination, and about 5% of the reported
rubella cases occur in women of child-bearing age, suggesting that
CRS is still a public health burden (Goodson et al., 2011).
The WHO has recommended that countries take advantage
of current measles control and elimination efforts to introduce
rubella vaccination in the form of a combined measles/rubella
vaccine. Governments were requested to evaluate the burden of
rubella and CRS before inclusion of rubella vaccination into routine immunization programs (WHO, 2015, 2019b).
The Central African Republic (CAF) presently recommends one
dose of measles-containing vaccine for children of 9 months of
age, but has not yet included rubella vaccination into its national
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immunization program. Neither rubella nor CRS are currently under surveillance. Rubella cases are identiﬁed only in the context
of measles surveillance since all measles IgM negative or equivocal
samples are tested for rubella-speciﬁc IgM antibodies. Therefore,
information about rubella in CAF is very scarce so far. A study investigating rubella IgG antibodies in children under 15 years of age
in Bangui in 2008 detected an overall prevalence of 55.4%, with
children above 10 years of age having a positivity rate of 87.4%
(Manirakiza et al., 2011). Data from measles surveillance between
2007 and 2014 showed that 30.2% of 1409 measles IgM negative or
equivocal sera were positive for rubella IgM antibodies. The highest
percentages of positives were found among 5-9 and 10-14 year-old
children (43.5% and 26.8%, respectively), with most cases occurring
during the dry season between November and April (Farra et al.,
2016). To update currently available data, the rubella epidemiology between 2015 and 2016 was described in this article. Since
nothing is currently known about rubella virus genotypes present
in the country, this retrospective study investigated samples collected between 2008 and 2016 to provide baseline genotype data
for monitoring rubella control efforts planned for the near future.

replicates. All new RV sequences were submitted to GenBank under accession numbers MW079853-89.

MATERIALS AND METHODS

RESULTS

2.1. Population studied

3.1. Rubella epidemiology 2015-2016

Between 2008 and 2016, 2918 sera samples of suspected
measles cases were received from the seven health regions (HR)
of CAF for diagnosis at the WHO National Reference Laboratory for
measles and rubella at the Institut Pasteur de Bangui. The blood
samples had been collected from people presenting with clinical
symptoms of measles (fever ≥ 38°C, cough/conjunctivitis/coryza,
rash) within 28 days after onset of rash (WHO, 2007) in dry
tubes and were transported to the laboratory in refrigerated sample holders within 3 days of collection. For each patient, an investigation form was completed including data such as geographical
origin, age, sex and date of rash onset.
A total of 866 cases (29.68%) were conﬁrmed in the laboratory
as measles, leaving 2052 specimens for rubella IgM antibody testing, of which 737 (35.92%) were positive. Since the data from 2008
to 2014 were investigated previously (Farra et al., 2016), we concentrate in the present manuscript on rubella epidemiology between 2015 and 2016. For investigation by PCR and sequencing,
350 rubella IgM positive sera were selected (collected between
2008 and 2016 within 3 days of rash onset with a volume of at
least 250 μl and stored uninterruptedly at -80°C).

Of the 831 suspected measles cases tested for rubella-speciﬁc
IgM antibodies between 2015 and 2016, 411 (49.5%) were positive
(371 in 2015 and 40 in 2016), leading to an annual incidence of
7.49 and 0.79 per 100 000 inhabitants, respectively. Most cases
(n=391, 95.1%) occurred between January and April and the peak
incidence was observed in February (Figure 1).
Rubella was conﬁrmed in 190 males (46.2%) and 221 females
(53.8%; p=0.422). The age of the patients ranged from 11 months
to 59 years with a median of 5 years. Age information was lacking
for one rubella case. Most patients were between 5 and 9 years old
(206/410, 50.2%), followed by the 1-4 years age bracket (108/410,
26.3%) and the 10-14 years (72/410, 17.6%) age bracket (Figure 2).
Only 4.4% were at least 15 years and 1.5% less than 12 months old.
The differences between age groups were statically signiﬁcant (p <
0.0 0 01). Fifteen of the 18 rubella IgM positives of at least 15 years
of age (83%) were females (Figure 2).
More than half of the rubella cases (233/411, 56.7%) originated
from HR7 (Bangui, the capital of CAF), leading to an incidence of
13.59 per 100 000 inhabitants (Figure 3). The second most affected was HR1 (surrounding Bangui) with 87 cases (21.2%, incidence 5.87), followed by HR4 (n=36, 8.8%, incidence 2.53), HR2
(n=33, 8.0%, incidence 1.86), HR3 (n=10, 2.4%, incidence 0.49), HR6
(comprising the districts Basse Kotto, Mbomou and Haut Mbomou;
n=9, 2.2%, incidence 0.75) and HR5 (n=3, 0.7%, incidence 0.64)
(Figure 3). The difference in the proportion of rubella cases per HR
was statistically signiﬁcant (p < 0.0 0 01).

2.3. Data analysis
Patient data were processed with the EPI info version 3.5.4
software (available from: https://www.cdc.gov/epiinfo/support/
downloads/prevversions.html) and analyzed with Stata version 14
(StataCorp LP, Texas, USA) and Microsoft Oﬃce Excel 2016. The
threshold used for evaluating statistical tests (chi-squared test) was
alpha equal to 0.05. Maps were generated in Health Mapper version 4.2 (https://healthmapper.informer.com/4.2/).
2.4. Estimates of population size
Estimates of population size were obtained from the Ministry
of Health and Population based on the 2003 national census. Forecasts according to age groups, region and sex are available for the
years 2004 to 2018. Cumulative incidence was calculated for 100
0 0 0 inhabitants per HR.

2.2. RV sequencing and genotyping
RNA extraction was performed with the QIAamp Viral RNA
Mini kit (Qiagen, Hilden, Germany) according to the manufacturer’s instructions. A nested PCR amplifying the 739 nucleotide
(nt) region recommended by WHO for genotyping (WHO, 2013)
was done on all RNA extracts using previously published primers
(Abernathy et al., 2009, Namuwulya et al., 2014, Seregin et al.,
2011). PCR products were visualized using a 1.5% agarose gel and
positives were puriﬁed with the JetQuick DNA Puriﬁcation Spin Kit
250 (Genomed, Löhne, Germany). Sequencing was performed using the Big Dye Terminator version 3.1 cycle sequencing kit (Life
Technologies, Carlsbad, US) and the 3130xl model of the ABI capillary sequencer (Applied Biosystems, Foster city, US). Sequence data
were analyzed with SeqScape v2.5 software from Applied Biosystems and consensus sequences covering the 739 nt window were
aligned with WHO reference sequences (WHO, 2013) in BioEdit
version 7.2.5 (Hall, 1999). Phylogenetic analysis was conducted
with MEGA7 (Kumar et al., 2016) using the Kimura 2-parameter
model and the neighbor-joining algorithm with 10 0 0 bootstrap

3.2. Genotype distribution 2008-2016
Genotype information was obtained for 37 of the 350 selected
rubella IgM-positive specimens, with one sequence (RVs/Bangui.
CAF/8.13/3) covering only the ﬁrst 374 nt of the 739 nt window
recommended for RV genotyping (WHO, 2013). Sequences were
obtained from all years, except 20 09: 20 08 (n=2); 2010 (n=1);
2011 (n=1); 2012 (n=1); 2013 (n=9); 2014 (n=9); 2015 (n=12);
2016 (n=2). The majority of the sequences were from patients from
Bangui (HR7; n=24, 64.9%). Few sequences were obtained from
the other HRs (HR1 (n=4); HR2 (n=3); HR3 (n=2); HR4 (n=3);
HR6 (n=1)) and no sequences were obtained from HR5. A few sequences were identical in the 739 nt window, but based on available information, no epidemiological link could be established be304
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Figure 1. Number of rubella cases by month and year, Central African Republic, 2015-2016.

Figure 2. Number of rubella cases by sex and age group, Central African Republic, 2015-2016.

tween the patients. Phylogenetic analysis identiﬁed three different genotypes of rubella virus, namely 1E (n=12), 1G (n=5) and
2B (n=20) (Figure 4). Sequences reported from the US in 2008
and 2012 (GenBank accession numbers JN635286 and KC866357)
and from Sudan in 2005 (FJ775000) were the most similar sequences to the 1E strains. The genotype 1G sequences reported
from Ouham in HR3 in 2008 were most similar to sequences
from Cameroon (MG754229), Ivory Coast (JX679266) and Uganda
(EF588978), while the strain from Mambere-Kadei in HR2 found
in 2015 was most similar to a sequence from the US (MF490288).
A sequence from Ivory Coast from 2008 (JX679266) and a sequence from Cameroon from 2013 (MG754223) were the best
BLAST matches of two identical sequences from Bangui (HR7) from
2013. The genotype 2B sequences from CAF were most similar to
sequences reported from the Democratic Republic of the Congo in
2012 and 2014 (KU218400, MH654796, MH654800 and MH654801,
Figure 4).
While in 2008 only 1G was found and between 2010 and 2012
only 1E, both genotypes co-circulated in Bangui in 2013 (Figure 5).
Genotype 2B was found for the ﬁrst time in 2014 and until 2016
it was the predominant variant (only 1 genotype 1G strain and 2
genotype 1E strains were detected between 2014 and 2015 and exclusively 2B in 2016). While in some HRs only a single genotype

was found (HR1: 2B; HR3: 1G; HR6: 1E), two (HR2: 1G/2B; HR4:
1E in 2012, 2B in 2016) or even all three genotypes (HR7) were
detected in others (Figure 5).
In 2008, a total of 7 rubella cases were detected in Ouham
(HR3) between epidemiological weeks 10 and 15 and similar genotype 1G sequences were obtained from two of the patients. A total of 6 rubella cases were conﬁrmed in 2010 in Haut Mbomou
(HR6) between weeks 32 and 52, of which at least 4 were epidemiologically linked including the patient infected with a genotype 1E strain. The genotype 1E sequence from 2011 is from an
isolated case identiﬁed in Bangui. In 2012, a total of 7 cases
were conﬁrmed in Kemo (HR4), of which at least six occurring between weeks 14 and 16 were epidemiologically linked, including the patient infected with a genotype 1E strain. In 2013,
22 rubella cases were detected in Bangui including the 9 patients for whom we obtained sequence information, but epidemiological links between these patients are largely unknown. 2014
and 2015 were high incidence years with cases being identiﬁed in many different regions, but there is basically no information about different transmission chains as our sequence information suggests. There is also no epidemiological link known between the two patients with genotype 2B sequences found in HR4
in 2016.
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Figure 3. Incidence of rubella per 100 000 population by health region (HR), Central African Republic, 2015-2016.

DISCUSSION

present study, studies in IDPs and refugees in other African countries have documented incidence increases or outbreaks of various
infectious diseases and linked them to unhealthy living conditions,
overcrowding and social marginalization (Hassanain et al., 2018,
Ndombo et al., 2018, Roberts, 2017, Roggen et al., 2014, van Berlaer
et al., 2016).
The most affected age groups in 2015/2016 were the 5 to 9year-olds followed by the 1 to 4-year-olds. In CAF, children start
school between 3 (private schools) and 5 (public schools) years of
age, often with more than 40 children per teacher, which facilitates the spread of infections and explains the high incidence in
these age groups. In contrast, the low incidence observed in infants
younger than 1 year may be related to the protection provided by
maternal antibodies and the lower risk of exposure as compared to
schoolchildren. Rubella remains largely a childhood disease in CAF
with more than 95% of the IgM positive cases among those less
than 15 years old, which is similar to reports from Cameroon (97%)
(Nimpa Mengouo et al., 2017), Ethiopia (94%) (Getahun et al., 2016)
and Zimbabwe (98%) (Chimhuya et al., 2015). However, since 83.3%
of the rubella patients in the present study who were at least 15
years old were female, CRS cases are likely to occur and have already been described in the country (Farra, 2003). Thus, the introduction of not only rubella, but also CRS surveillance is clearly
warranted.
Despite the fact that the rubella IgM positive sera were stored
for up to 9 years at -80°C, 37 sequences were obtained, mostly
(86.5%) from samples received in the laboratory a maximum of
3 days after collection. Our genotyping success rate of 10.6% is
higher than the about 8% reported in a study from Uganda using sera stored for up to 5 years at -20°C (Tushabe et al., 2020)
and nearly identical to the 10.5% reported in a 4-year retrospective study from Ivory Coast including only samples from the capital (Kadjo et al., 2018). Possible reasons are careful selection of the
samples for genotyping based on time after rash onset and storage
conditions and also the use of the sensitive nested PCR protocol.

In the present study, nearly half (49.5%) of the measles IgM
negative and equivocal samples collected between 2015 and 2016
were positive for rubella IgM antibodies. While this is certainly
related to the large rubella outbreak in 2015, a previous report analyzing data from 2007 to 2014 found a rate of more
than 30% (Farra et al., 2016), suggesting that physicians do not
seem to strictly adhere to the WHO measles clinical case deﬁnition (WHO, 2019a) and that rubella infection is very common in
CAF. Rubella cases identiﬁed in the context of measles surveillance between 2007 and 2014 (Farra et al., 2016), but also in
the present study looking at 2015 and 2016 data showed an annual seasonal pattern, with peak incidences during the dry season between January and March. An increased incidence of rubella
during the dry season was documented in basically all parts of
Africa (Chimhuya et al., 2015, Getahun et al., 2016, Kadjo et al.,
2018, Nimpa Mengouo et al., 2017, Omoleke and Udenenwu, 2016,
Woyessa et al., 2019) and as suggested in a study done in Beijing
is probably associated with meteorological variables, such as temperature and relative humidity (Zhang et al., 2019).
The variations between HR may be related to differences in
population density, access to healthcare, sample transportation and
likelihood of virus introduction by foreigners (Durowade et al.,
2020, Yoshikura, 2014). Rubella epidemics in CAF seem to occur
approximately every 7 to 8 years, which is comparable to what
has been reported from Central and East Africa (Chimhuya et al.,
2015, Getahun et al., 2016). The outbreak in 2015 was probably
linked to the socio-political crisis between 2013 and 2016, which
led to the migration of people from rural zones to Bangui or close
to the capital (UN High Commissioner for Refugees, 2015). Spontaneously and fortuitously constructed Internal Displacement Camps
(IDPs) have become largely overcrowded long-term shelters and
may have facilitated virus spread (Shetty, 2019). Although only
6 rubella cases are known to have occurred in refugees in the
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Figure 4. Phylogenetic tree based on a sequence alignment covering 739 nucleotides of the rubella virus E1 gene and the Neighbor-Joining and Kimura 2-parameter methods.
Phylogenetic interference was tested with the Bootstrap method and values of at least 70% (10 0 0 replicates) are displayed. Sequences from the Central African Republic are
marked with black dots, the closest BLAST matches of these sequences are identiﬁed by open triangles.
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Figure 5. Geographic distribution (by health region, HR) of rubella virus genotypes by year, Central African Republic, 2008-2016.

Our results as well as the ﬁndings of the other authors highlight
that even in the absence of specimens commonly considered as
suitable for molecular investigations (WHO, 2007), some baseline
genotype data may be obtained using sera collected for IgM antibody detection.
Phylogenetic analysis identiﬁed three genotypes of rubella virus
in CAF between 2008 and 2016, namely 1G, 1E and 2B, which
were also reported in other African countries, including the neighboring countries Sudan, South Sudan, Democratic Republic of the
Congo and Cameroon (Obam Mekanda et al., 2019, Omer et al.,
2010, Pukuta et al., 2016). Some similarities of CAF strains to sequences from Sudan (1E), Cameroon (1G) and Democratic Republic of the Congo (2B) could be explained by cross-border movements related to trading and employment (International Peace Information Service, 2018). Similarities to sequences from the US and
Ivory Coast might partially be related to the presence of military
staff from these countries in CAF, namely from 2011 to 2017 for
the US (Agence France Presse, 2017) and between 1998 and 20 0 0
and from 2014 until now for Ivory Coast (Mission multidimensionnelle intégrée des Nations Unies pour la stabilisation en Centrafrique, 2015).
Our ﬁndings suggest that genotypes 1G and 1E were present
in CAF during the early years of the studied time range,
while 2B strains, potentially imported from Democratic Republic of the Congo, where they had already been found in 2012
(Bankamp et al., 2019), became predominant from 2014 on. Further studies are required to determine whether a genotype replacement occurred, as described from China (Bozick et al., 2019).
The currently scarce genotype information from the different HR
does not allow any conclusions as far as regional differences related to rubella virus genotypes within CAF are concerned. Nevertheless, our data will be of value to monitor the success of the

immunization program when it is implemented and eventually to
conﬁrm interruption of endemic virus circulation in the country.
CONCLUSIONS
In conclusion, our study conﬁrmed the important role of rubella
as a rash and fever disease in CAF and the need to implement
rubella and CRS surveillance in the country. Our analyses provide
comprehensive data on rubella epidemiology and highlight that it
is possible to obtain genotype data from samples collected for antibody detection even in very challenging settings. The sequence
information will serve as baseline data to monitor rubella control
efforts supposed to start in the near future.
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