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respectively [1], suggesting a potential zoonotic origin. 
Rubella virus infection in the first trimester of pregnancy 
has teratogenic effects on the unborn foetus that result 
into congenital rubella syndrome (CRS) among children, 
for which vaccination is a major component of the initia-
tives to its elimination and the associated disease burden. 
The available reports of 2010 indicate high CRS inci-
dences of 116 and 121 per 100,000 live births in Africa 
and South East Asia respectively [2], representing the 
highest global burden at the time.

In Africa, rubella surveillance is leveraged on mea-
sles case-based surveillance and utilizes sera that tests 
negative for active measles infection while CRS sentinel 
surveillance was initiated in selected countries (includ-
ing Uganda) between 2011 and 2016 [3]. Because of the 
above, rubella molecular surveillance is not compre-
hensive resulting into under reporting of rubella virus 

Introduction
The rubella virus, a member of Genus Rubivirus in the 
family Matonaviridae, is a positive-sense single stranded 
RNA virus that causes mild disease among humans. 
Although humans are the only known reservoir, the 
rubella virus has recently been shown to be related to 
the Rubiviruses Ruhugu and Rustrela, found in bats 
(Hipposideros cyclops) and mice (Apodemus flavicollis) 
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Abstract
There are 13 globally recognized rubella virus genotypes of which only 2 (1E and 2B) have been detected recently. 
The largest percentage of all reported rubella virus sequences come from China and Japan with Africa reporting 
limited data. In a bid to address the lack of rubella genotype data in Uganda and the World Health Organization 
Africa region, we sought to characterize rubella viruses retrospectively using sera collected from suspected measles 
patients that turned out rubella IgM positive.

Seven sequences belonging to genotype 2B sub-lineage 2B-L2c were obtained. These sequences clustered 
with other genotype 2B sequences previously reported from Uganda. None of the other genotypes (1E and 1G) 
reported from Uganda in the earlier years were detected. In addition, none of the sequences were obtained after 
the introduction of the measles-rubella containing vaccine. The above highlight the need for continuous rubella 
virological surveillance to confirm interruption of endemic rubella genotype circulation.
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sequence data. Even when rubella virus circulation is 
intense as was the case in 2018 across the Africa and 
Eastern Mediterranean WHO regions, there is often no 
reported rubella genotype data [4], presenting missed 
opportunities to document circulation of associated 
strain(s) and further highlighting gaps in molecular sur-
veillance. Rubella virus genotype data is grossly lacking in 
Uganda and generally in the WHO Africa region and this 
is partly attributed to the limitations associated with the 
scarcity and timing of collection of the preferred speci-
mens (that is throat swabs and oral fluids) for molecular 
characterization.

We previously reported on the utility of sera as an 
alternative specimen for molecular characterization of 
rubella viruses [5] through collaborative work that was 
conducted at the US Centres for Disease Control and 
Prevention in Atlanta, Georgia. Here in, we report on 
rubella genotype endemicity using the serum-based tech-
nique that we established at the Uganda Virus Research 
Institute.

Main text
Methods
From January 2019 to April 2022, serum specimens col-
lected from suspected measles patients through the mea-
sles case-based surveillance programme were tested for 
both measles and rubella IgM at Uganda Virus Research 
Institute. Different commercial enzyme-linked immu-
nosorbent (ELISA) kits were used; the Enzygnost® Anti-
Measles Virus/IgM and Enzygnost® Anti-Rubella Virus/
IgM kits (Siemens, Marburg, Germany) in 2019 and the 
Anti-Measles Virus ELISA and the Anti-Rubella Virus 
Glycoprotein ELISA IgM kits (Euroimmun, Lübeck, 
Germany) from 2020 to 2022. The measles IgM negative 
but rubella IgM positive sera collected within two days 
of rash onset, with volumes greater than 300  µl, were 
selected for molecular characterization. RNA extraction 
and genotyping assays were done as described previously 
[5]. The resulting DNA was purified using the Invitro-
gen ChargeSwitch™ PCR Clean-Up kit (Life Technologies 
Corp, Carlsbad, CA, USA) following the manufacturer’s 
instructions then sequenced bidirectionally using the 
Applied Biosystems BigDye™ Terminator v3.1 Cycle 
Sequencing kit (Thermo Fisher Scientific, Vilnius Lithu-
ania). The sequencing reaction products were cleaned 
using the Agencourt CleanSEQ kit (Beckman Coulter 
Inc, CA, USA) following the manufacturer’s guidelines 
and loaded onto an ABI 3500 genetic analyzer (Applied 
Biosystems).

The 739-nt sequence windows required for rubella 
genotype determination were obtained following analy-
sis using Geneious prime version 2022.0.2 (Biomatters 
Ltd) and genotypes determined as previously described 
[5]. The sequences were deposited into GenBank with 

the accession numbers ON861808 – ON861814. These 
sequences together with genotype 2B sub-lineage 
sequences [6] and 2B sequences from the Africa region 
that were available in GenBank as of June 27, 2022 were 
aligned using MAFFT [7] and a Maximum-likelihood 
phylogenetic tree based on the Tamura-Nei plus empiri-
cal base frequencies plus gamma model generated using 
IQ-TREE [8] and run for 1000 pseudo replicates. The tree 
was visualized using the Interactive Tree Of Life (iTOL) 
[9] and bootstrap values greater than 75% are shown at 
the nodes.

Results
A total of 2,974 sera were received from suspected mea-
sles patients through the measles case-based surveillance 
programme. Of these, 337 (11.3%) were rubella IgM posi-
tive and negative for measles IgM (Table  1 summarises 
the demograghics of these patients). One hundred and 
fifty-three (45.4%) had been collected within 2 days of 
rash onset and thus were eligible for genotyping. RNA 
was extracted from 75 (49%) samples with adequate vol-
umes and 15 (20%) of these were real-time RT-PCR posi-
tive. Seven (46.7%) of the 15 samples were sequenced 
successfully and the 739-nt window of the E1 glycopro-
tein obtained. All sequences belonged to genotype 2B 
sub-lineage 2B-L2c (Fig. 1) and were obtained from sera 
collected in 2019. The 7 Ugandan 2B sequences clus-
tered with other previously reported Ugandan genotype 
2B sequences collected in 2014, 2015 and 2017 as well as 
sequences from Africa except for South Africa (Fig. 1).

Three of the 7 sequences were from the Eastern region 
while the remaining sequences were from the West-
ern region of the country. Kapchorwa district (Eastern 
region) had two cases that occurred within two months 
of each other, from which sequences were obtained 
(Table  2). The sequence from Kween district (Eastern 
region) was not similar to the ones from Kapchorwa dis-
trict signifying an independent occurrence 22 weeks after 
(Fig. 1). The sequences from the districts in the Western 
region though obtained within a period of 17 weeks were 
not similar (Fig. 1).

We retrieved a total of 1,261 genotype 2B sequences 
from GenBank and of these, 581 unique sequences 
were retained for analysis. Approximately 67% of all the 
sequences reported were from the Western Pacific region 
(WPRO) with the Africa region (AFRO) reporting only 
44 (7.6%) sequences.

Discussion
The sustained circulation of the rubella genotype 2B in 
the pre-vaccination era signifies established endemic-
ity in Uganda. This is an important benchmark against 
which to monitor progress towards disease elimination. 
Uganda introduced a measles-rubella (MR) containing 
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vaccine in October 2019 through a nationwide cam-
paign that targeted children aged 9 months to under 15 
years [10]. The country then switched to the MR vaccine 
administered at 9 months of age in the routine immuni-
zation schedule. Since then, rubella incidence propor-
tions declined significantly by 12%, from approximately 
22% in the prevaccination period to about 7% in the post-
vaccination period within a short period of close to 2 
years [11]. However, this may not be solely attributed to 
vaccination since in 2020, nationwide travel restrictions 
and redirection of resources in response to the COVID-
19 pandemic adversely affected measles-rubella surveil-
lance in the country and the entire Africa region [12]. To 
note, other African countries that implemented MR tar-
geting the same agegroup prior to COVID-19 observed 
substantial reduction of up to 81% in the rubella inci-
dence proportion [13].

First reported in Uganda in 2014 [5], rubella virus 
genotype 2B has also been reported in the Democratic 
Republic of Congo [14], Cote d’Ivoire [15], and Central 
African Republic [16] in Africa. It is unknown if this gen-
otype circulated before its initial detection or if its emer-
gence was as a result of importation(s), however, we did 
not observe clustering (Fig.  1) with other viruses from 
the region reemphasizing endemicity. The previously 
endemic genotypes 1E and 1G [5, 17] were not detected 
during this period suggesting that these could have been 
outcompeted by the circulating genotype 2B, which has 
been shown to have the widest geographical distribution 
of all the rubella genotypes [6]. However, it should be 
noted that this analysis considered only a small number 

of sequences and as such may not be representative of 
countrywide rubella circulation. And, although rubella is 
largely endemic in the Africa region, suboptimal virologic 
surveillance has not enabled elucidation of the complete 
genotype circulation scope in the region [6].

The two sequences from Kapchorwa district (East-
ern region) were identical and possibly represent a con-
tact transmission event since they were collected within 
two months of each other, and the rubella virus has an 
estimated overall substitution rate of 10− 3 subs/site/
year [18]. The level of sequence identity and evidence of 
related transmissions in different regions of the country 
signify endemic transmission (Fig.  1). All the sequences 
belonged to sub-lineage 2B-L2c along with other previ-
ously reported sequences from Uganda and other Afri-
can countries except for South Africa that clustered with 
those of sub-lineage 2B-L2a (Fig.  1). This highlights the 
need for classification up to sub-lineage level during 
rubella molecular surveillance in order to characterize 
accurately the genetic diversity of circulating strains and 
ultimately, aid in tracking transmission patterns more 
effectively.

Sub-Saharan Africa (SSA) shoulders 25% of the overall 
all-cause global disease burden [19] but only 1.4% of pub-
lished data is known on associated factors as compared to 
for example 20.2% from China alone [20]. This highlights 
a global imbalance in information sharing which is also 
reflected in rubella molecular surveillance with approxi-
mately 67% of genotype 2B sequences reported from the 
Western Pacific region while the Africa region reported 
only 7.6%. The reported sequences were from only 6 of 

Table 1  Summary of the distribution of rubella cases by year, region and agegroup
Region Year < 5years 5-<10 years 10-<15 years > 15 years TOTAL
Central 2019 17 13 4 3 37

2020 3 2 0 0 5
2021 9 3 0 0 12
2022 1 0 0 0 1
TOTAL 30 18 4 3 55

Eastern 2019 26 23 3 0 52
2020 1 0 0 0 1
2021 6 1 1 0 8
2022 1 0 0 0 1
TOTAL 34 24 4 0 62

Northern 2019 42 27 7 3 79
2020 0 0 0 0 0
2021 4 2 0 0 6
2022 2 0 0 0 2
TOTAL 48 29 7 3 87

Western 2019 55 55 9 5 124
2020 1 0 0 0 1
2021 7 1 0 0 8
2022 0 0 0 0 0
TOTAL 63 56 9 5 133
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its 47 countries that is Ethiopia, Democratic Republic of 
Congo, Cote d’Ivoire, Central African Republic, South 
Africa, and Uganda. Rubella molecular surveillance data 
is unavailable from 41 countries in the Africa region 
where the disease incidence rate is persistently higher 
than the global estimates, ranging from 4.2 to 11 per 
1,000,000 population between 2014 and 2021 [21]. With 

such high disease burden, immunization programs need 
to be enhanced and molecular surveillance emphasized 
to assess the efficacy of these programs. The routine mea-
sles-rubella surveillance offers an opportunity to advance 
related molecular surveillance through application of 
serum-based genomic sequencing. And, although these 
viruses were from a limited catchment area, serum based 

Fig. 1  Maximum-likelihood phylogenetic tree comparing study sequences with 2B sub-lineage sequences and sequences from Africa region
Legend: Blue sequences – sequences obtained from this study; Red sequences – sequences from the Africa region; Black sequences – rubella genotype 
2B sub-lineage sequences
The sub-lineage sequences and the other genotype 2B sequences were downloaded from GenBank
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genomic surveillance offers a potential option for con-
tinuous virological surveillance to monitor for possible 
interruption of endemic rubella genotypes in circulation.

Limitations
 	• We recovered few rubella sequences because 

archived sera, through multiple freeze-thaw cycles, 
might have suffered viral RNA degradation. It will 
hence be important to utilize this serum-based 
approach in real time specimens after collection.

 	• Since we relied on unvalidated historical data, we 
could have included sera collected later than two 
days from illness onset resulting into low recovery 
of the viral genomes. Hence, late detection of cases 
outside of the eligible inclusion period post onset 
could have eliminated opportunities of candidates for 
genotype(s) detection.

 	• We did not have sequence data for 2020 and 2021 
which represents a molecular surveillance gap. This 
could be due to the COVID-19 pandemic, however, 
it may not undermine our findings given the 
sufficient genomic data (Fig. 1).
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