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Abstract

Background: Rotavirus is a major cause of severe diarrhea worldwide. It causes 453,000 deaths 

in children annually. In the Democratic Republic of the Congo, sentinel site surveillance of 

rotavirus gastroenteritis started in 2009 and aimed to document burden of rotavirus diarrhea and 

identify circulating rotavirus genotypes.

Methods: Between August 2009 to June 2012, stool samples were collected in Kinshasa and 

Lubumbashi, from children <5 years of age who met the WHO case definition for rotavirus 

gastroenteritis. Rotavirus antigen detection was performed using an enzyme immunoassay 

technique and rotavirus strains were characterized using a multiplex reverse transcription 

polymerase chain reaction assay.

Results: During the study period, 1614 stool samples were screened for rotavirus by enzyme 

immunoassay and 990 (61%) were positive. Of these, the genotype was determined in 330 (33%) 

samples. The most common genotypes found in the samples analyzed were G1P[8] in 2009 (28%) 
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and 2012 (33%), G2P[4] (33%) in 2010 and G2P[6] (28%) in 2011. Uncommon strains like 

G8P[6] (5%), G6P[6] (5%), G12P[6] (3%), G12P[8] (3%) and G8P[8] (2%) were also detected.

Conclusions: In Democratic Republic of the Congo, 61% of the diarrhea in children in <5 

years of age was caused by rotavirus infection and a variety of rotavirus genotypes were detected. 

Implementation of rotavirus genotyping at the national level has improved the timely identification 

of rotavirus strains. These results will help decision makers in Democratic Republic of the Congo 

plan the implementation of a rotavirus vaccination program.

Keywords

pediatric; rotavirus; surveillance; Democratic Republic of the Congo

Rotavirus gastroenteritis is a major public health concern globally, estimated to cause 

453,000 deaths among children <5 years of age in 2008.1 More than 85% of the 

mortality occurs in south Asia and sub-Saharan Africa with 5 countries [India, Nigeria, 

the Democratic Republic of the Congo (DRC), Ethiopia and Pakistan] accounting for more 

than half of all rotavirus deaths.1,2 In Africa, DRC has the second highest rotavirus mortality 

rate, after Nigeria, resulting in an estimated 32,653 deaths of children in 2008.2

The DRC is a developing country located in central Africa with a population of 73 

million (2012 estimate) living within an area of 2,345,000 km2.3 Despite the fact that 

diarrhea is one of the leading causes of admission to pediatric hospitals, there is little 

information on the causes of diarrhea in DRC. To generate local knowledge on rotavirus 

disease burden and provide evidence for national health policy decisions, surveillance for 

rotavirus gastroenteritis was established in DRC during 2009 through the African Rotavirus 

Surveillance Network and the World Health Organization (WHO) Regional Office for 

Africa. In 2010, rotavirus gastroenteritis surveillance in DRC was enhanced to include 

laboratory surveillance for rotavirus strains at the national level by training laboratory 

staff for rotavirus genotyping techniques in their home laboratory through the Surveillance 

Épidémiologique en Afrique Centrale (SURVAC) project.4

Rotavirus is a nonenveloped virus with an 11-segment, double-stranded RNA genome 

encased within a triple layer capsid. Two structural proteins, VP7 (the glycoprotein or 

G protein) and VP4 (the protease-cleaved protein or P protein) make up the outer layer 

of the capsid. VP7 and VP4 are considered important for vaccine development as they 

are major antigens involved in virus neutralization.5 The genes encoding these proteins 

segregate independently of each other during reassortment. Although a recommendation for 

classification of group A rotavirus using all 11 segments does exist,6 a dual classification 

system based on both VP7 (G) and VP4 (P) is commonly used.7 The G and P genotype 

combinations commonly found around the world include G1P[8], G2P[4], G3P[8], G4P[8] 

and G9P[8].8 New genotypes such as G12 have emerged and spread worldwide.9 Previous 

studies in DRC on rotavirus strains circulating from 2003 to 2005 showed that genotypes 

G8P[6] and G8P[8] predominated in 2003; while in 2004 and 2005, G1P[6] was the most 

common strain detected.10
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This surveillance aims to document the burden of rotavirus diarrhea and identify prevalent 

rotavirus genotypes circulating in DRC. This report presents the results of surveillance of 

rotavirus in 3 sentinel hospitals in DRC from August 2009 to June 2012. These data provide 

baseline information on rotavirus strains circulating in DRC before the planned introduction 

of rotavirus vaccination in the national childhood immunization program. These data will be 

helpful to assess the future impact of the rotavirus vaccination program.

MATERIALS AND METHODS

Sentinel Surveillance Hospitals

The surveillance was conducted at 3 sentinel hospitals located in the western province of 

Kinshasa (Centre Hospitalier Pédiatrique de Kalembelembe, CHPK; Centre Hospitalier de 

Kingasani, CHK) and the southern province of Katanga (Hôpital Général Sendwe, HGS) in 

the town of Lubumbashi (Fig. 1). These 3 hospitals are representative provincial hospitals, 

caring for most of the pediatric patients in the area. The surveillance of rotavirus started in 

DRC in 2009; August in CHPK, November in CHK and December in HGS.

Case Definition and Data Collection

From August 2009 to June 2012, stool specimens were collected within 48 hours of hospital 

admission, from children <5 years of age with a diagnosis of gastroenteritis. The WHO case 

definition of gastroenteritis was the occurrence of at least 3 looser than normal or watery 

stools in a 24-hour period and/or 2 or more episodes of vomiting unexplained by other 

reasons.11

Laboratory Testing for Rotavirus

Samples collected from each sentinel site were first screened for group A rotavirus 

antigen by enzyme immunoassay (EIA), as described below and aliquots stored at −20°C 

before transportation to the Institut National de Recherche Biomedicale (INRB) where 

EIA results were confirmed by repeat EIA. Before 2011, the genotyping assays were 

performed using multiplex reverse transcription polymerase chain reaction (RT-PCR) at 

the rotavirus Regional Reference Laboratory in South Africa, Medical Research Council 

(MRC)/ Diarrhoeal Pathogens Research Unit, University of Limpopo, Medunsa Campus. 

Since 2011, the genotyping assays have been performed by the INRB laboratory, with the 

support of the SURVAC Project, using a multiplex RT-PCR technique. Samples subjected to 

genotyping were subsequently confirmed at the Centers for Disease Control and Prevention 

(CDC), Atlanta, GA, for quality control.

Enzyme Immunoassay

A 10% suspension of specimens was prepared and analyzed using a sandwich EIA for 

detection of group A rotavirus in fecal specimens (ProSpecT Rotavirus Microplate Assay 

(Oxoid, Ltd., Basingstoke, Hampshire, United Kingdom) according to manufacturer’s 

instructions.
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Nucleic Acid Extraction

Viral RNA from rotavirus-positive samples was extracted from 140 μL of 10% stool 

suspension using a QIAamp viral RNA Mini kit (Qiagen, Inc., Valencia, CA) according 

to manufacturer’s instructions and extracted RNAs were stored at −80°C.

Genotyping by RT-PCR and Multiplexed PCR

The RNA extracts first were subjected to RT-PCR. Two gene regions, VP7 (896 bp) and 

VP4 (876 bp), were reverse transcribed and amplified with primers 9Con1-L/VP7-R and 

Con3/Con2, respectively.12,13 Reverse transcription of double strand RNA (dsRNA) was 

carried out with the OneStep RT-PCR Kit (Qiagen, Inc.). After 5 min denaturation at 97°C, 

the RNA was mixed with kit reagents and incubated at 42°C for 30 minutes to obtain 

complementary DNA (cDNA), immediately followed by the PCR reaction. These first round 

RT-PCR products then were used in a semi-nested, multiplexed PCR to identify G-types 

(G1, G2, G3, G4, G9 and G12) and P-types (P[4], P[6], P[8]).12,13 All PCR products 

were identified by electrophoresis in 2% agarose gels containing 10% Gel Red (Biotium, 

Hayward, CA) and visualized under ultraviolet illumination.

RESULTS

Seasonality and Temporal Distribution of Rotavirus Infection

Between August 2009 and June 2012, a total of 1614 children <5 years of age with 

diarrhea were enrolled at the 3 sentinel sites in DRC. They were distributed as follows: 

Kalembelembe Hospital 828/1614 (51%), Kingasani Hospital 628/1614 (39%) and Sendwe 

Hospital 159/1614 (10%). During the study period, rotavirus infection occurred year round 

but was more common from March through November, with a peak from April to August 

(Fig. 2). This corresponds to the dry season in these parts of the country.

Identification of Rotavirus and Age Distribution

During the study period, 1614 stool samples were tested for group A rotavirus antigen 

by EIA and rotavirus was identified in 990 (61%). The age distribution of rotavirus cases 

showed that 22% of rotavirus infections occurred during the first 6 months of life and 

peaked in the 6–11 month age group (54.3%; Table 1). Among children with rotavirus 

infection, 3 quarters of the patients (76.3%) were hospitalized before 12 months of age. Only 

2% cases were observed in the 24–59 month age group.

Rotavirus Strain Characterization

Genotyping analyses were carried out to determine the type and distribution of rotavirus 

strains in the 3 sentinel sites. Of the 990 rotavirus-positive stool samples, 330 samples 

(33%) were characterized for both VP7 and VP4 types using multiplex RT-PCR. Among the 

G-types examined, 315 (95.5%) could be G-typed. The prevalence of G2, G1 and G8 strains 

was found to be 37%, 27% and 9%, respectively (Table 2). Among the P-types, 314 (95.2%) 

could be P-typed, the most common strains were P[6] (52%) followed by P[8] (22%) and 

P[4] (17%). Of all the strains that could be both G- and P-typed (299 strains, 90.6%), the 

most prevalent G-P combination was G2P[6] (18%) followed by G2P[4] (14%), G1P[8] 
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(13%) and G1P[6] (11%). The uncommon G6P[6] strain was found and represented 5% of 

typed strains. Among the strains characterized in this study, 16 (5%) and 15 (5%) were P 

and G nontypeable, respectively (Table 2).

Temporal distribution of genotype combinations showed that G1P[8] and G1P[6] strains 

circulated during the entire study period, while G8P[6] and G12P[6] were not found in 

2012 (Fig. 3). Mixed infection, defined as a sample containing multiple G and/or P-types, 

occurred in 44 cases (13.3%). Within these mixed infections, P[6] was involved in 25 cases 

(56%), of which 10 cases (40%) were P[6] in combination with G8 and G12 (Table 3). The 

age distribution for the “mixed infection” cases was proportional to the number of cases 

per age group and thus mixed genotype infections were detected at the same rate in all age 

groups.

DISCUSSION

The objective of this study was to assess disease burden and baseline strain prevalence 

data in anticipation of vaccine introduction in DRC. A standardized protocol for rotavirus 

surveillance11 was used in 3 sentinel site hospitals in DRC from August 2009 to June 

2012. Rotavirus was detected in 61% of stool specimens by antigen EIA from the 1614 

hospitalized children enrolled in the study, varying from a low of 54% in 2010 to a 

high of 68% in the first 6 months of 2012. These rates of rotavirus gastroenteritis are 

higher than those reported from WHO global surveillance, estimated at 38%,14 and from 

the African Region, estimated at 40%.15 This high proportion of rotavirus gastroenteritis 

among hospitalized children is in concordance with previous studies from DRC during 

2003–2005,10 where 70% of admitted children had diarrhea caused by rotavirus. The slight 

difference in rotavirus detection rate observed between the current study and the former may 

be due to the fact that for this study, samples were collected throughout the year whereas 

the former study focused on samples collected during rotavirus season only. In the current 

study, it was noted that rotavirus infection is predominant in children <12 months of age, 

in agreement with similar observations reported previously in studies from DRC and other 

parts of Africa.10,16,17

Significant temporal variation was observed in the prevalence of some genotypes. Genotype 

G1P[8], known as the most common human rotavirus strain globally, was detected 

throughout the study period and was the predominant strain in the samples analyzed in 

2009 and 2012. Genotype G2P[4], in contrast, was detected only during 2 years, 2010 

and 2011. Genotype G8P[6] was found circulating, albeit at lower levels, during the 2009–

2011 rotavirus seasons and then disappeared during the first 6 months of 2012 rotavirus 

season. Kabue et al10 in 2010 reported the detection of G8P[6] in DRC accounting for 

16% of rotavirus strains in circulation during the 2003–2005 rotavirus seasons. In this 

study, genotype G12P[6] emerged for the first time in DRC. Of note, the identification of 

mixed infections at high frequency among rotavirus cases is in agreement with previous 

studies from Africa and elsewhere and may account in part for the diversity of human-

human rotavirus reassortant strains circulating in DRC. Some of these mixed infections, for 

example, G1P[6,8], were previously reported in DRC10 and Malawi,17 and G1,8P[8] strains 
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were identified in Kenya.18 Strains like G12P[8] detected in this study have been found in 

Cameroon and Ethiopia.15

While the predominance of rotavirus strains G2P[6] was remarkable in 2011 and 2012, It 

is worth mentioning that G2P[4] strain reached a peak detection of 21/65 samples (32%) 

in a single season in 2010. These results suggested that a shift in predominant rotavirus 

strains can occur suddenly, raising the question of the impact of such strain changes on the 

vaccination program that is to be introduced in the country. The ability of currently available 

rotavirus vaccines to protect against emerging strains such as G12 cannot be predicted.19 

However, the evidence that the majority (72%) of strains that caused rotavirus gastroenteritis 

in DRC contained at least 1 of the G or P genotypes present in both currently available 

rotavirus vaccines is very important and reassuring.

This multisite study in DRC has some limitations because it was geographically restricted to 

2 provinces and thus, does not necessarily reflect what is happening in other provinces of the 

country. Within the 25 G-P combinations identified in this study, only 3, G1P[6], G1P[8] and 

G12P[6], and the single strain G3P[6] were found in Lubumbashi. Therefore, it is important 

to initiate rotavirus surveillance in other provinces to have a comprehensive picture of strain 

distribution in this large country. Specimens were randomly selected for genotyping assays 

and this could have biased the results. The fact that only a limited number of specimens 

were genotyped could have also resulted in skewed prevalence values. Genotyping were 

performed at different laboratory institutes and therefore, genotyping results may not be 

completely consistent among institutes.

In conclusion, this study shows additional evidence of a high burden of rotavirus 

hospitalizations in DRC and considerable variation in the number of rotavirus strains 

circulating each year. This study of the surveillance of rotavirus strains in DRC has played 

a key role in defining the G- and P-types circulating in the country. This information will be 

very important to decision makers for the introduction of rotavirus vaccine in DRC. It will 

be essential to continue to monitor changes in genotype prevalence in the future to determine 

whether the introduction of rotavirus vaccine has an impact on rotavirus strain evolution and 

diversity.
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FIGURE 1. 
Geographical location of the 3 sentinel sites (black dots) conducting rotavirus surveillance 

in the Democratic Republic of the Congo. CHPK, Centre Hospitalier Pédiatrique de 

Kalembelembe; CHK, Centre Hospitalier de Kingasani; HGS, Hôpital Général Sendwe.
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FIGURE 2. 
Seasonality of rotavirus diarrhea in DRC, from August 2009 to June 2012. Number of 

rotavirus positives (shaded dark bars), rotavirus negatives (shaded grey bars) and percentage 

of rotavirus positives (dotted line) are indicated.
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FIGURE 3. 
The distribution of the most common rotavirus genotypes by year from August 2009 through 

June 2012 in DRC. Other represents genotypes with a frequency over the study period with 

<10 cases. Mixed represents mixed infection.
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TABLE 1.

Cumulative Age Distribution of Children <5 Years of Age Admitted With Gastroenteritis to 3 Sentinel Site 

Hospital in DRC, August 2009 to June 2012

Age
Groups Total

Rotavirus
Negative

Rotavirus
Positive (%)

Cumulative
Rotavirus

Positive Rate (%)

0–5 329 111 218(22) 22

6–11 863 325 538(54.3) 76.3

12–23 376 161 215(21.7) 98

24–59 46 27 19(2) 100

Total 1614 624 990 —
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