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Abstract

Rubella is a contagious disease caused by the rubella virus (RuV) that can lead to serious

birth defects when women are infected in early pregnancy. This study aimed to describe the
epidemiology and genetic diversity of rubella viruses in Cote d’lvoire (CIV). Blood or oral fluid
samples collected from suspected measles cases were first tested for the presence of measles
specific IgM antibodies by enzyme-linked immunosorbent assay (ELISA). All measles IgM
negative or indeterminate samples were tested for rubella IgM antibody using ELISA. Rubella-
IgM—positive samples were tested by real-time reverse transcription polymerase chain reaction
(RT-PCR) for the presence of rubella virus RNA. Real-time RT-PCR—positive RNA samples were
used as template to amplify the 739 nt region used for rubella genotyping. PCR-positive samples
were sequenced and phylogenetic analysis performed. Between 2012 and 2016, 4121 serums and
126 oral fluids were collected through the measles surveillance system. Of these, 3823 and 108
respectively were measles IgM negative or indeterminate. Subsequent testing for rubella found
that 690 of 3823 (18%) serum samples and 25 of 108 (23%) oral fluid samples were rubella
IgM-positive. The 739 nt segment of the E1 glycoprotein gene was amplified and sequenced for
two serums and seven oral fluids samples. Phylogenetic analysis showed that the rubella viruses
from CIV belonged to genotypes 1G (eight samples) and 2B (one sample). Rubella virus genotype
2B was found in CIV for the first time. These data contribute to baseline information on rubella
virus strains found in CIV before the introduction of rubella vaccine.
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INTRODUCTION

Rubella is caused by rubella virus (RV), the only member of the genus Rubivirus within the
Togaviridae family. RV replicates in the nose or throat of infected persons and spreads by
direct contact with susceptible hosts through droplet sprays during coughing and sneezing.
The infection is vaccine preventable.! Both vaccine and natural infection are thought to
result in life long immunity. If a pregnant woman is infected with rubella virus during the
first trimester of pregnancy, the risk of the child developing congenital rubella syndrome
(CRS) is up to 90%.2 It is estimated that approximately 100,000 children are born each
year with CRS worldwide.? Prevention of CRS is the main reason for rubella vaccination
programs.3

The World Health Organization (WHQ) recommends that all countries establish molecular
surveillance of RV to track progress towards the goal of eliminating rubella, to help

with case classification and to document transmission pathways. The WHO established a
systematic RV nomenclature and an RV genome fragment of at least 739 nt within the

E1 gene is required for genotype identification. To date, the WHO recognizes 12 RV
genotypes, 1B, 1C, 1D, 1E, 1F, 1G, 1H, 1I, 1J, 2A, 2B, and 2C, and one provisional
genotype, 1a.> Among them, genotypes 1E and 2B have wide geographic distributions while
four others (1D, 1F, 11, and 2A) are considered inactive and probably extinct because they
have not been reported in circulation within the past 10 years.>6

Although rubella is vaccine preventable and an effective single dose vaccine is available,
many developing countries, including Cote d’Ivoire (CIV) have not yet introduced RV
vaccine in their routine immunization schedule; thus, many people remain susceptible

to rubella infection. Previous studies reporting serological survies of rubella infections

by detecting heamagglutination inhibiting antibodies in pregnant women in CIV, showed
that antibodies were presents in 59%’ and more than 80% of the participants.8 In CIV,
rubella surveillance has not been established. The measles case-based surveillance system,
established in 2005, provides an opportunity for confirmation of rubella cases by specific
immunoglobulin M (IgM) antibody among persons with rash illness who are not positive
for measles IgM. As part of this surveillance, samples collected from suspected measles
cases are analyzed at the Pasteur Institute of Cote d’Ivoire (IPCI) laboratory in Abidjan and
serologic data are shared with the Ministry of Health and WHO on a weekly basis.

The main objective of this study was to describe the epidemiology of rubella infection in
CIV and characterize RV strains found in the country from 2012 to 2016.
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MATERIALS AND METHODS
Study setting

CIV is located in West Africa and is bordered by five countries; Mali, Burkina Faso, Guinea,
Liberia, and Ghana. The country has an area of 322 462 km2. Its population is estimated

at 24 million inhabitants with 39.8% less than 15 years old. Recent studies on the Cote
d’lvoire’s population showed that life expectancy at birth was 50.4 years in 2012, and the
total literacy rate of adult population was 43% 10

Specimen collection

Blood samples were collected from all measles suspected cases in the country as part of
measles surveillance program using the guidelines from WHO/AFRO region. A suspected
measles case was defined as any person in whom a clinician suspected measles or any
person with fever and maculopapular rash and coryza or conjunctivitis or cough. Samples
were sent to the National Reference Laboratory for Measles and Rubella at IPCI. For
four districts of Abidjan (Abobo East, Abobo west, Yopougon East, and Yopougon West)
oral fluid samples were systematically collected using Oracol devices (Malvern Medical,
Worscester, UK), in addition to blood samples to be used as alternative samples for
diagnosis of measles and rubella. Oral fluid, which is collected in a relatively noninvasive
manner by rubbing an absorptive device between the gum and cheek, has the advantage that
it can be used for both RV-specific antibody detection and RV RNA detection.1!

Laboratory analysis

2.3.1| Serologic testing—Sera or oral fluid samples were first tested for the presence
of measles specific IgM antibodies by enzyme-linked immunosorbent assay (ELISA)

using the Enzygnost anti-measles virus IgM Kit, (Siemens, Marburg, Germany) and
microimmune measles IgM capture ELISA kit (Microimmune, Middx, UK), according

to the manufacturer’s instructions. All samples that were determined to be measles IgM
negative or indeterminate were tested for rubella IgM antibody using the Enzygnost anti-
rubella virus IgM kit (Siemens) or Microimmune rubella IgM Capture Kits (Microimmune,
Middx, UK). Patients with serum and/or oral fluid rubella IgM-positive samples were
classified as laboratory confirmed rubella cases.

2.3.2| Molecular testing

RNA extraction: Viral RNA was extracted from serum or oral fluid samples with the
automated QIlAcube standard system (Qiagen, Hilden, Germany) using QiaAmp Viral RNA
Mini Kit (Qiagen, Valencia, CA) according to the manufacturer’s instructions.

Real-time RT-PCR amplification

The presence of RV RNA was detected by real-time reverse transcription polymerase chain
reaction (RT-PCR) using the Super-Script 111 Platinum One-Step Quantitative RT-PCR
System (Invitrogen, Carlshad, CA) with rubella virus primers (RV11, RV12, and RV12-2)
as previously described!? to amplify a 185 nucleotide region in the rubella virus structural
protein E1 coding region. The thermal cycling was carried out with an ABI 7500 thermal
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cycler (Applied Biosystems, Foster City, CA) with 48°C for 30 minutes, 95°C for 5 minutes,
and 40 cycles of 95°C for 15 seconds and 60°C for 1 minute. Only Rubella IgM-positive
samples collected within 4 days of disease onset, were tested by real-time RT-PCR as
recommended by Abernathy et al.11

Genotyping RT-PCR

All RNA samples that were positive by real-time RT-PCR were used as templates to
amplify two over-lapping fragments whose sequences in combination contain the 739 nt
region recommended by WHO for rubella genotyping. For oral fluids samples, genotyping
reactions were performed using the Qiagen One-Step RT-PCR Kit (Qiagen, Germantown,
MD) as previously described by Namuwulya et al.12 For serum samples, genotyping was
performed using nested RT-PCR assays as previously described by Pukuta et al.13 PCR
products were visualized using the FlashGel System from Lonza (Lonza Rockland, New
York, NY).

Sequencing

DNA products were purified using the Charge Switch-Pro PCR Cleanup Kit centrifugation
protocol (Invitrogen). Sequences were determined bidirectionally using the Sanger dideoxy
terminator sequencing method with a BigDye Terminator Version 3.1 Cycle Sequencing Kit
(Applied Biosystems) and the 3500XL Genetic analyzer (ABI, Life Technology; Hitachi,
Tokyo, Japan).

Sequences alignments and phylogenetic analysis

Sequence alignments and phylogenetic analysis were performed using MEGA version
6.011.14 Sequences were edited and assembled to obtain the 739 nt sequences required for
rubella virus genotyping. Sequences from this study were aligned and analyzed together
with 32 rubella virus reference strains recommended by WHO. RV sequences previously
found in CIV in 2008,15 as well as sequences found in other African countries such

as Uganda,®12 Democratic Republic of the Congo (DRC),!3 and Nigeria (exported to

the United States),16 were also added to this analysis. The accuracy of the groupings

was assessed using the bootstrap method with 1000 replicates. Phylogenetic trees were
constructed using the neighbor-joining Kimura two-parameter distance method. Bootstrap
values >80% were considered statistically significant for grouping. Sequence data were
submitted to the rubella virus nucleotide sequence database (RubeNS) and to GenBank.
Accession number is indicated in the phylogenetic tree.

Data management and epidemiological analysis

Data from serodiagnosis of rubella, between January 1, 2012 and December 31, 2016, were
analyzed using Epi-info version 3.5 (US Center for Disease Control, Atlanta, Georgia,
USA). The Epi-Info database included information on the type of sample, its date of
collected and sociodemographic data for each patient such as age, sex, history of vaccination
against rubella, date of onset of clinical signs, and dates of sampling. Descriptive analysis
was performed for all the studied variables.
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Ethical considerations

The CIV measles/Rubella surveillance is a national program approved by the Ministry of
Health and supported by WHO/AFRO as part of the global goal to control and eliminate
measles and rubella. Patient information and specimen collection respected the human

subjects procedures stipulated in the WHO/AFRO measles/rubella surveillance protocol.

RESULTS
Epidemiology of rubella infection during 2012—-2016

Between 2012 and 2016, 4121 sera and 126 oral fluids collected through the measles
surveillance system were received from the 20 health regions in the country with 40%
coming (1557 of 3823) from the capital Abidjan and its surroundings (Table 1 and Figure
2). Samples were first tested for the presence of measles IgM. Of the 4121 sera, 15 could
not be tested for reasons such as inadequate sample volumes or lack of proper identification.
Of 4106 sera tested, 3823 were measles IgM negative or indeterminate and were tested

for the detection of rubella-specific IgM. Of these 3823 serum samples, 690 (18%) were
rubella IgM-positive (Table 1) and were classified as rubella cases, 3006 were negative

and 127 had indeterminate results. Of the 126 oral fluids samples, 108 were measles IgM
negative; subsequent testing for rubella-specific IgM identified 14% (25 of 108) positive
samples and these patients were classified as rubella cases. Of these 25 cases, 13 were
rubella IgM-positive for both oral fluid and serum samples, 4 were rubella IgM-positive for
oral fluid while their corresponding serum was negative. Conversely, eight sera were rubella
IgM-positive while their corresponding oral fluid sample was negative. The percentage of
rubella IgM-positive varied from 33% in 2012 to 8% in 2015 (Table 1). Yearly distribution
showed that the highest number of rubella cases was found in 2012 (293 of 690) followed
by 2016 (200 of 690) and 2013 (90 of 690) (Table 1). During the study period, rubella
infections occurred year round but were more common from January through July with a
peak from February to April (Figure 1).

Geographic distribution of rubella cases

Rubella cases were geographically distributed throughout the country with the highest-
positive rate found in Hambol health region with 42%, followed by Worodougou-Bere with
40% and Bounkani-Gountougo with 30% (Table 1). The highest number of cases was found
in Abidjan 2 health region, which accounted for 28% (196 of 690) of total cases followed
by Abidjan 1 with 10% (69 of 690) and Cavally-Guemon (6%) (Table 1 and Figure 2). Each
year there was a cluster of rubella cases in the city of Abidjan (Figure 2).

Sex and age distribution of rubella cases

Rubella cases were slightly higher in males with 53% (367 of 690) compared with 46% (316
of 690) in females (Table 2). The age distribution of rubella cases showed that the most
affected age group was 5 to 9 years (39%), followed by 1 to 4 years (23%), and 10 to 14
years (21%) (Table 2). Among rubella-infected patients, 83% were between 1 to 14 years
old. Only 2% of cases were observed in infants less than 1-year old, information on age
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was unknown for 8% of cases (Table 2). Seven percent (46 of 690) of rubella cases were in
>15-year old of which 28 of 690 (4%) were female.

Rubella virus genotype phylogenetic analysis

To identify the genotype of rubella strains, all 25 oral fluids and 27 serum samples that
were positive for rubella-specific IgM were first analyzed by real-time RT-PCR to detect
RNA from RV. Among these samples, 23 oral fluids were collected within 4 days of disease
onset of which 11 were positive by real-time RT-PCR and 19 serum samples were collected
within 3 days of disease onset of which two were positive by real-time PCR. The 739

nt segment of the E1 glycoprotein-coding region used for genotyping was successfully
amplified and sequenced for seven oral fluids and two serum samples. PCR-positive samples
were collected in 2012 and 2016; there were no PCR-positive samples available from 2013
to 2015. Phylogenetic analysis showed that eight of the rubella viruses from CIV belonged
to lineage 1 of genotype 1G (1G-L1) and that one sample belonged to genotype 2B (Figure
3).16 Genotype 2B was identified from an oral fluid sample and its corresponding serum
was also positive by real-time PCR. The eight genotype 1G sequences had an overall mean
distance at the nucleotide level of 2.3% within the group, with a range of 0% to 3.5%. They
varied from two WHO reference strains for 1G-L0 (Ontario.CAN 27.05 and Minsk.BLR
29.04) by 4% and from the third genotype 1G-reference strain for 1G-L2 (Kampala.UGA/
20.01) by 3.6%. The eight sequences differed from other 1G-L1 sequences by a mean of
2.4%. The genotype 2B sequence differed from the closest genotype 2B reference strain
(RVi Washington. USA 16.00-AY968220) by 3.1%, but varied by only 0.5% compared with
genotype 2B viruses found in the DRC in 2012 and 2013. The virus belongs to the L2
lineage of 2B viruses.1® All of the 2012 and 2016 CIV viruses sequences were obtained
from samples collected in the Abidjan health region.

DISCUSSION

This study reports the epidemiology of RV infections in CIV. The positivity rate of rubella
infection in this study was 18%, which is slightly lower than the 24% prevalence of rubella
previously reported in other African countries such as the DRC,13 Uganda,!? and in the
African region as a whole.1” Epidemiologic data showed that an increase in the number of
rubella cases was found in 2012 and again in 2016. The age distribution of rubella cases
indicated that 4% of rubella cases occurred in women of reproductive age (>15 years old);
therefore, the risk of CRS births in CIV is expected to be similar to the 5% previously
reported in the African region.17-18 The seasonality of rubella cases is consistent with the
pattern previously reported in the West African region with a sharp increase in rubella cases
seen starting in January and peaks in March to April .1’

Rubella virus RNA was amplified and sequence for nine samples, of which seven oral
fluids collected within 4 days and two serum collected within 3 days of disease onset.
This is in agreement with the findings described by Abernathy et al,11 and emphasizes
that the timing of sample collection is crucial for the genotyping of rubella. Phylogenetic
analyses indicate that genotypes 1G (eight viruses) and 2B (one virus) were found during
the study time period. Genotype 1G can currently be divided into three lineages based on
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genetic diversity and geographic locationl6 Lineage 1G-L0 viruses are mainly from Europe,
lineage 1G-L1 viruses are found in west Africa, and lineage 1G-L2 virus are found in

east Africa. The 1G strains found in this study, clustered with other rubella viruses from
West Africa, IN635290-NewHamshire.USA/3.05, and JX477656-RVi/Alabama. USA/11.12,
and KY494426-RVi/Maryland.USA/43.16 (imported into the United States from CIV and
Nigeria, respectively), as well as with other viruses found in CIV in 2008. Rubella genotype
1G strains were reported in other African countries including Uganda,'2 Sudan,9 and
Democratic Republic of the Congo (DRC).13 During this study, a genotype 2B virus was
found for the first time in CIV. Genotype 2B viruses are known to have a wide geographical
distribution.%16 In sub-Saharan Africa, genotype 2B has been found in several countries,
including Sudan in 200619 and in DRC 2012.13 The genotype 2B virus from CIV was
closely related to the 2B viruses from the 2012 to 2013 DRC outbreak, varying by only 6 of
739 nucleotides.

The main limitation of this study is that samples were collected as part of measles case-
based surveillance; and therefore, the number of rubella cases detected may have been
influenced by the number of measles cases occurring simultaneously. As consequence,

the number of rubella cases in this study may not represent the real number of rubella
infections in CIV. Only a few genotypes could be identified compared with the number of
rubella-positive cases. This is due to the fact that the virus load in rubella samples is very
low compared with other viruses such as measles virus or poliovirus. As a result, it is very
difficult to amplify rubella virus by PCR. All rubella virus genotypes were found in Abidjan
region and therefore may not reflect the full genotype diversity in the country. The reference
laboratory where samples were analyzed is located in Abidjan. Samples from other regions
may have suffered from inappropriate storage/transportation condition and/or freeze/thaw
cycles that may have affected the viral RNA integrity and contribute to negative RT PCR
results. Some serum samples were IgM-positive while their corresponding oral fluids were
negative and vice versa. This may be due to the timing of sample collection. A study by
Abernathy et al,11 suggested that for sample collected early during the course of infection,
within 4 days after rash onset, the detection rate of IgM antibody in oral fluid sample may
be lower than the rate of IgM antibody detection in serum. In regard to samples with serum
IgM-positive and oral fluid IgM negative, it is not clear what this is due to; perhaps it

is due to limited transcription errors in specimen identification. The second limitation is
that there are gaps in the surveillance for vaccine preventable diseases in CIV, especially

in molecular epidemiology for both the country and the entire West African region, and
this has limited our ability to identify the source of the rubella viruses described here.
However, based on previous data, it is likely that viruses of genotype 1G-L1 are endemic

in CIV and have been circulating there for at least a decade. The single detection of a 2B
virus, which was not previously found in this country, suggests that this might have been an
importation. Continued collection of samples for genotyping from suspected rubella cases
will be necessary to confirm whether this was a sporadic case of 2B or whether the new
genotype is circulating in CIV.

This study investigated the epidemiology of rubella infection and contributed to the
establishment of baseline data of RV genotypes in CIV. These data are of critical importance
as they will contribute to WHO control and elimination plans for rubella and CRS
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surveillance in Africa and globally. It will be important to continue to monitor changes

in rubella virus genotypes in CIV as this will help to measure the impact of rubella vaccine
once introduced the in country. Strengthening laboratory and epidemiologic surveillance of
rubella in CIV will be vital for rubella control and elimination in CIV.
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FIGURE 2.
Geographic distribution of rubella-positive cases and rubella genotypes in CIV (2012-2016).

Health regions with highest percentage of rubella cases are indicated: Blue, Hambol; Red,
Worodougou-Bere; Yellow, Bounkani-Gountougo. Genotypes were identified in the Abidjan
(green) health region

J Med Virol. Author manuscript; available in PMC 2022 June 06.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Kadjo et al.

93 yxgraz72 RVa/Sequela CIVI26.08/3

JXETH269 RVs/Seguela CIVI26.08
JXETH2TO RV Odiene CIVI10.08
JXGT9268 RVs/Abidjan CIVi11.08

® RVs/Yopougon Ouest Songon. CIVIM9.12(KM267137)
JXETH265 RVs/Gagnoa CIVIOG. 08
® RVs/Yopougon Ouest Songon. CIVI1512(KM267135)
® RVs/Abobo Est,CIVIMB.12(KM267136)
® RVs/Abidjan.CIVI12.16/2 1G{MG452801)
JNEI5290 NewHampshire USAS3 05 impart from CIV
= JXATTESE RViAlabama USAM1.12 import from Nigena

KY494428 RVilMaryland USAM3 16 import from Nigeria
JXET9266 RVs/Dabou CIVI16.08
JXETI26T RVs/Abidian CIV/17.08
® RVsiAbobo EstCIVI22.12 (KM2ET134)
a9 ® RVsiAbidjan. CIVIDE. 16 1G(KX232144)
96 ® RVs/Abidjan,CIVI10.16 1G(KX232145)

® RVsiAbidjan.CIV/19.16 1G(MG452802)

7 < RVi Ontario CAN 27 .05 1G EF588570
a5 | < RVi Minsk BLR 29.04 1G AM258945
[‘* 3 ‘{ == & RVI Kampala UGA 20.01 1G EF588578
8.

1”:879271 RVe/Seqguela CIVI26.08/2

KCa884234 RViiTororo, UGAM2.111
KCa84233 RVilLuwero UGAMD. 1172
KC884237 RVilKabarole UGA23.11
100~ KCB84238 RVlMityana UGAS0.11
| — RViMinsk BLR 2B.05/2 1H AM258953
100" RVi Ryazan RUS 09.08 1H HG326276
[_— RVi Milan ITA 46,92 11 AY161380
a7 RVi London GBR 0.86 11 AF039122
M RVI Jerusalem ISR 0.75 1B AY968207
_@mewak ISR 0.79 1B AYS68208
RVi Tiberius ISR 0,86 1B AY968209
EVI Pennsylvania USA 064 VAC 1a JFT27653
RVi Toyama JPN 0.67 1a ABO4T330
_: RVi Shandong CHN 0.00 1F AY968213
RVi Anhut CHN 0.00 1F AYS68215
_LDDE RVi Kagoshima, JPN 22 04 1) AB285129
RVi Miyazaki JPN 10.01 1J AB285130
RVi Tokyo JPN 0.90 1D AYDEB214
RV Saitama JPN 0.94 10 AYSE8216
100 e RV| Shandong CHN 0.02 1E AYDEE210
| RVi Kualalumpur MYS 0.01 1E AY96E221

RVI PanamaCity PAN 0.89 1C AY968217
E{__‘T RVi SanSalvador SLV 0.02 1C AYDE8211
RV CaMomia USA 0.91 1C AY96B212
L[ RVi NewJersey. USA 0.61 VAC 1a JNG35281
99 RVI Brussels. BEL 0.63 VAC 1a AF1B8704

mq: RVi Moscow RUS 0.67 2C DQ388279

RV Moscow RUS 0.97 2C DOO85340

 — 00— RVi Beijing CHN 0.80 VAC 2A AY258323
RV Baijing. CHN 0.79 2A AY258322

5 f—o RVi TelAviv ISR 0.68 28 AYDE8219
. ' s < RVI Anhui CHN 0.00V2 2B AY96E218
B2) < RVI Washington. USA 16.00 2B AY368220
T {_F ® RVs/Abidjan.CIVI12.161 2B(KX232146)
K

KUZ18403 RVs Kinshasa COD 42.12
U218404 RVs Zongo COD 13.13
KU218402 RVs/Kimbau, CODV33.12

Ir—

0.0

FIGURE 3.

Phylogenetic tree of rubella of rubella viruses found in Cote d’lvoire during 2012-2016.
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Sequences obtained in this study are indicated in in bold with a black dot. Bootstraps values

>80% are indicated. The WHO reference sequences for genotype 1G and 2B are marked

with a diamond shape and GenBank accession numbers shown for reference sequences
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