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Abstract

Introduction—Since August 2009, the Democratic Republic of Congo (DRC) has implemented 

sentinel site surveillance for rotavirus gastroenteritis. Limited hospital studies have been carried 

out, in DRC, describing the epidemiology of rotavirus diarrhea before rotavirus vaccine 

introduction in October 2019. This analysis describes the epidemiology of rotavirus gastroenteritis 

and characteristics of circulating viral strains from 2009 to 2019.

Materials and methods—We analyzed demographic and clinic data collected from children 

< 5 years old enrolled at three rotavirus sentinel surveillance sites in DRC during 2009–2019, 

prior to rotavirus vaccine introduction in 2019. Data have been described and presented as mean 

± standard deviation for quantitative variables with normal distribution, or as median with an 

interquartile range [Q1-Q3] for quantitative variables with non-normal distribution, or as absolute 

value with percentage for qualitative variables.

Results—Between August 2009 and December 2019, 4,928 children < 5 years old were admitted 

to sentinel surveillance sites for gastroenteritis in the DRC; the rotavirus positivity rate was 

60%. There was a slight male gender predominance (56%), and the majority of children (79%) 

were 0–11 months of age. Every year, the incidence was highest between May and September 

corresponding to the dry and cool season. Genotyping was performed for 50% of confirmed 

rotavirus cases. The most common G genotypes were G1 (39%) and G2 (24%) and most common 

P genotypes were P[6] (49%) and P[8] (37%). The most common G-P genotype combinations 

were G1P[8] (22%), G2P[6] (16%) and G1P[6] (14%). Genotype distribution varied by site, age 

group, and year.

Conclusion—From 2009 to 2019, rotavirus-associated gastroenteritis represented a significant 

burden among DRC children under 5 who were admitted to sentinel sites. G1P[8] was the most 

commonly identified genotype. Continued monitoring after the introduction of rotavirus vaccine 

will be essential to monitor any changes in epidemiology.
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Congo

1. Introduction

Rotavirus gastroenteritis is one of the public health problems facing the world associated 

with increased morbidity and mortality, especially among children younger than 5 years 

old (1–11). In 2016, 258 million episodes of rotavirus-associated diarrhea and 128,500 

rotavirus-associated deaths worldwide occurred among children under 5, more than 80% 
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of which occurred in the sub-Saharan African region (10). The Democratic Republic of 

Congo (DRC) along with Angola, India, Nigeria and Pakistan share more than half of 

rotavirus-associated deaths globally (12). In developed countries in general, the proportion 

of cases of acute gastroenteritis caused by rotavirus is estimated at 21% (16–26%) for 

outpatient consultations, 32% (25–38%) for emergency department visits and 41% (36–

47%) for hospitalizations (2).

There are multiple genotypes of rotavirus and the most predominant strains associated with 

human gastroenteritis worldwide are G1, G2, G3, G4, G9 and G12 for G type and P[4], P[6] 

and P[8] for P type, with different geographical distribution. Among these genotypes, 90% 

are G1P[8], G2P[4], G3P[8], G4P[8], G9P[8] and G12P[8] (13,14). In Africa, a diversity of 

strains has been observed with an unusually high proportion of combinations of P and G 

genotypes suggesting viral reassortment due to zoonotic transmission of the virus; G9 and 

P[6] genotypes are observed with high frequency (15). Moreover, an Indian study found an 

association between rotavirus genotypes and the severity of gastroenteritis (16).

In August 2009, DRC implemented rotavirus gastroenteritis surveillance at three sentinel 

sites in Kinshasa and Lubumbashi (17) with the objectives of (i) determining the 

epidemiology of gastroenteritis attributable to rotavirus, (ii) identifying the rotavirus strains 

circulating in the country and (iii) collecting evidence to guide the introduction of the 

rotavirus vaccine (18). After this implementation, two studies that summarized partial data 

reported a positivity rate for rotavirus infection of 61% (19) and 54% (20) respectively 

among the cases of diarrhea recorded in children younger than 5 years old. In 2016, the 

process for the introduction of rotavirus vaccine in DRC’s national vaccination program 

was initiated. This process culminated in October 2019 with the introduction of the Rotasiil 

vaccine (Serum Institute of India Ltd), 10 years after the establishment of rotavirus sentinel 

site surveillance. This study aims to describe the epidemiology of rotavirus gastroenteritis 

from August 2009 to December 2019, just before the introduction of vaccination.

2. Materials and methods

2.1. Rotavirus gastroenteritis surveillance in DRC

Surveillance of rotavirus gastroenteritis was conducted in three hospitals. Two sites are 

located in the city-province of Kinshasa, in the western part of the country: the pediatric 

hospital of Kalembelembe (“HPK”) and the Hospital Center of Kingasani (“CHK”). The 

third site is located in the city of Lubumbashi, in the province of Haut-Katanga in the 

south-eastern part of the country: the General Provincial Hospital Sendwe (“HGS”). These 

three health facilities are representative provincial hospitals, caring for most of the pediatric 

patients in their province. This surveillance began in the DRC in 2009 (in August at HPK, in 

November at CHK and in December at HGS).

2.2. Framework and design

This is part of routine disease surveillance for vaccine preventable diseases (VPD) in DRC. 

The clinical definition of cases followed World Health Organization standard operating 

procedures. The enrollment criteria were as follows: “at least three loose or liquid stools in 
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a 24-hour period in a child younger than 5 years of age who is admitted for treatment 

of diarrhea in a hospital or in the emergency unit of a facility participating in the 

surveillance” (21). All cases corresponding to this definition were enrolled and admitted 

to the care sites and were recorded in the database for the entire period. Stool samples 

were collected within 48 hours of hospital admission to avoid detection of nosocomial 

pathogens. The detection of the viral antigen in the stools of the patients was carried out by 

means of the immunoenzymatic assay (EIA: ProSpecT Rotavirus Microplate Assay, Oxoid, 

Ltd., Basingstoke, Hampshire, United Kingdom) and the characterization of the strains of 

rotavirus was made using reverse transcription polymerase chain reaction (OneStep RT-PCR 

Kit, Qiagen, Inc.).(27, 28)

2. 3. Data management, processing and analysis

Data were collected using standardized case investigation forms with information in 

seven groups: general information (demographics), medical history, clinical condition on 

admission, information on parents or guardians, the final outcome of the hospitalization, 

and laboratory results. Data were entered into an EpiInfo database. These data were then 

collated in Microsoft Excel 2016 software, then analyzed with R version 4.1.2 software (R 

Foundation for Statistical Computing, Vienna, Austria).

Duplicate observations were identified and removed. We excluded 14 (0.22%) observations 

whose results were “undetermined” on the diagnostic test and 10 (0.16%) observations for 

which this diagnostic test was not done. All the variables which had complete information 

and those which had a proportion of less than 5% of missing data were retained for the 

analyses. Those with high proportions (>5%) of missing data were not analyzed. Data have 

been described and presented as mean ± standard deviation (s.d) for quantitative variables 

with normal distribution, or as median with an interquartile range [Q1-Q3] for quantitative 

variables with non-normal distribution, or as absolute value with percentage for qualitative 

variables.

2. 4. Ethical considerations

This activity was determined to be part of routine surveillance for vaccine preventable 

diseases and public health practice, and thus was granted exceptional approval by WHO 

Ethical Review committee (ERC) - surveillance was conducted in accordance with all 

applicable national guidelines. Due to the retrospective nature of the analyses, we did not 

need to obtain the written consent of the participants. We note, however, that the verbal 

consent of the parents was obtained after explanations provided by the sentinel site teams 

when filling out the investigation sheets for the enrollment. The protocol of this study has 

obtained the agreement and certified respecting the ethical aspects of health research by the 

national health ethics committee of the DRC: n ° 351 / CNES / BN / PMMF / 2022 of April 

18, 2022. The final database was anonymized.
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3. Results

3.1. Sociodemographic characteristics of children admitted to surveillance sites

Out of a total of 4952 children under 5 years old admitted for consultation in the sentinel 

sites from August 2009 to December 2019, 4928 children who had their laboratory results 

available were included in our analyses. Among which, 56% of them (n=2765) were males; 

and 60% (n=2943) tested positive for rotavirus by EIA (Table 1). The positivity rate was 

similar across all three facilities. Of all confirmed rotavirus positive cases, 1493 (50%) were 

genotyped.

The mean age of the admitted children was 8.7 ± 6.1 months. Overall, rotavirus positivity 

was inversely related to age with high positiviy (64%) in children 0–5 months of age and 

lower positivity (43%) in children 24–59 months of age. This pattern was observed at both 

Kingsani Hospital Center and Sendwe Pediatric Hospital but not at Kalembelembe Hospital 

with positivty rate does not vary by age group.

3.2. Clinical characteristics of children admitted to surveillance sites

Among all enrolled children, 60% were treated with fluids in the emergency department, 

with this proportion highest among children enrolled at Kalembelembe (Table 2). The 

median time to consultation after the onset of diarrhoea was 2 days with an interquartile 

range of 1 to 5 days. In addition, 100% of enrolled children had diarrhea as the main 

complaint and 92% had vomiting as a complaint associated with diarrhea. On admission, 

60% of children had a general state altered by agitation and irritability. Among enrolled 

children, 58% had severe dehydration, 40% moderate dehydration, and only 1% had no 

obvious clinical signs of dehydration. Throughout hospital stay, more than half (54%) of 

the children had a high fever (38°C to 41°C). Recovery was high (93%) and did not 

differ substantially by rotavirus positivity status. The other 7% was either deceased (2%) or 

transferred (1%) or left against medical advice (4%). The median duration of hospitalization 

regardless of the underlying diagnosis was 3 [s.d.: 1.8] days.

3.3. Seasonality of rotavirus cases

Analysis of seasonality over the course of a year shows that cases of rotavirus gastroenteritis 

are more numerous between the month of May and the month of September corresponding 

to the dry and cool season in DRC (Figure 1).

3.4. Characterization of circulating viral strains

From 2010 to 2019, the predominant G genotypes were G1 (N=585; 39%), G2 (N=361; 

24%) and G12 (N=144; 10%). The G1 and G2 genotypes were present in considerable 

proportions in all sites, while the G12 genotype had a significant share only in two sites 

(CHK and HGS), and the G3 genotype (N=50; 3%) had a considerable proportion only in 

the HGS site, which is in a different geographic area than the other two sites.

The predominant P genotypes were P6 (49%) and P8 (37%). Proportions were similar 

by site, though HGS had slightly higher proportions of P6 and lower proportions of 

P8 compared with the Kinshasa-based sites. The most frequently detected G and P 
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combinations were G1P[8] (22%), G1P[6] (14%), G2P[6] (16%), and G12P[8] (6%) (Table 

3).

The distribution of G genotypes is similar across age groups among children <24 months of 

age and very few children >= 24 months of age were enrolled as reflected in (Figure 2).

The distribution of P genotypes by age group shows that the proportions of P4 and P8 

genotypes increase while that of P6 genotype decreases slightly with age (Figure 3).

When analyzing genotypes by year, we found that G2 was present in significant proportions 

from 2010 to 2017 (Figure 4), later then gradually decreasing in favor of the increasing 

proportions of G3 and G12. G1 genotypes were prevalent across all the years analyzed. 

G12 was almost non-existent in the first years but began to have considerable proportions 

during the last three years (2017, 2018 and 2019) before the introduction of the vaccine. 

Non-typable (NT) genotypes had considerable proportions in 2013 and 2015.

With regard to the P genotypes, the analysis of the temporal evolution of the different 

genotypes found that the P6 and P8 genotypes were the majority P genotypes identified from 

2010 to 2019 (Figure 5).

4. Discussion

In this analysis carried out in the DRC on data collected from 2009 to 2019, we found 

that the rotavirus positivity rate was 60%, with positivity decreasing with age. Rotavirus 

gastroenteritis cases were more numerous between May and September, corresponding to 

the dry and cool season in DRC. The predominant G genotypes were G1, G2 & G12 and 

the analysis of these G genotypes by age group showed that the G1 and G3 genotypes 

increased with age while the G2 and G12 genotypes had a somewhat lower prevalence in the 

oldest age group; the predominant P genotypes were P[6] and P[8], and the distribution of 

P genotypes by age group showed that the proportions of P[4] and P[8] genotypes increased 

while that of P[6] genotype decreased slightly with age.

The majority of chidren enrolled in rotavirus surveillance were aged 0 to 11 months as 

reported in several other studies (23–26). The slight male predominance we observed has 

also been reported in Bangui in the Central African Republic (27). In this study, we observed 

that the male predominance contrasted with the gender distribution in the 0 to 4 year old 

bracket in the overall DRC population, which showed rather a slight female predominance 

(28). The clinical presentation of gastroenteritis conformed to what was expected (24, 29) 

and the supported recovery rate (93%) was close to what has been found elsewhere (30).

The rotavirus positivity rate in our study (60%) is very high compared to previous 

publications on the prevaccinal rotavirus positivity rate in other African countries: 26% in 

Kenya (31), 22% in Gambia (32), 23% in Ethiopia (33), 39.8% in Benin (34), 24% in South 

Africa (35), 28.8% in Abidjan (in Ivory Coast) (36). The positivity rate we reported in DRC 

remains above regional values for sub-Saharan Africa, which range between 25% and 42% 

(2, 37, 41, 54, 55). However, our observed positivity still falls within the confidence interval 

observed by Aliabadi et al. describing an annual positivity rate of 38% (95% CI: 4.8–73.4) 
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among admissions for acute gastroenteritis in African countries that had not introduced 

rotavirus vaccine in their national immunization programs (data from 2008–2016) (1). This 

situation should be analyzed for factors that would explain DRC’s higher rate compared to 

other countries, and may consider hypotheses derived from literature review: malnutrition, 

climatic conditions, socio-economic factors of households, a very low rate of breastfeeding 

(39–44) and possibly strict adherenace to the case definition of severe gastroenteritis. This 

high positivity may also be associated with the distribution by age because there are many 

very young children enrolled in the DRC (88% were less than one year old). Decreasing 

rotavirus positivity with increasing age has also been described by Tate et al (45).

Regarding the seasonality of cases, which found in Zimbabwe by Mwenda et al with a 

peak between May and September was similar to the seasonality in DRC (23). However, 

in Burkina Faso, rotavirus gastroenteritis cases have been observed to increase between 

December and February (24).

Genotyping results were similar to those found in many studies. The most detected 

genotypes in Africa during the period from 2006 to 2016 were G1, G2, G3, G9 and G12 

and P[8], P[6] and P[4] and the following combinations were predominant: G1P[8], G2P[4], 

G9P[8] and G2P[6]; North Africa presented the highest prevalence of the P genotype [8] 

(46). A meta-analysis carried out on data collected in Africa from 1990 to 2009 showed 

that the most detected genotypes were G1, G2 and G3 as well as P[8] and P[6] (47), and 

the study conducted in eight African countries by Mwenda et al found (G1P[8], G2P[4] and 

P[8]) to be predominant (23). Compared to the results obtained by these studies carried out 

in Africa, we note that the genotypes G1, P[6] and P[8] were the most-detected during all 

the ten years of pre-vaccine rotavirus surveillance in DRC. Taken together, these findings 

suggest that G1, P[6], and P[8] genotypes are ubiquitous in Africa. On the other hand, the 

G2 genotype had significant proportions from 2010 to 2016 and then began to decline in 

the following years; the G12 and G3 genotypes which were almost absent started from 

2017 to 2019. However, the G3 genotype did not take such a large proportion as to 

become predominant, as we reported in other countries. (33–36) Additional analyses are 

needed after the introduction of vaccination to understand possible impact of rotavirus 

vaccine on the predominant genotypes. We also found that the G12 genotype was almost 

non-existent in the first years and gradually began to have considerable proportions from 

2017 onwards. Genetic characterization of G12 strains circulating in six African countries 

between 2010 and 2014 demonstrated that these strains were closely related regardless of the 

year or country of detection.(48) This shows that the G12 genotype is expanding across the 

continent, and the DRC has not been spared (34,49–52).

We were limited in the analyses due to missing data which were not well integrated into 

the investigation form from the start and by other variables which had many missing values 

not filled in and which would have helped us to deepen the analyses. Here are some other 

analyzes that we would have liked: to research the sociodemographic factors of parents 

associated with the consultation delay, calculate the Vesikari score and perhaps compare 

it by age group, look for the association between the clinical expression of the disease at 

admission and factors such as type of diet of the child, home use of rehydration serum 

before admission.
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The strength of this surveillance in sentinel sites is that it refers to a system that 

continuously records cases, making it possible to provide useful information on the impact 

of vaccines, epidemiology and risk factors, as well as the disease-causing pathogens 

and circulating strains of causative agents; however, this type of surveillance also has 

weaknesses in that the denominator used is not the general population, which makes it 

difficult to calculate the incidence of diseases (53).

5. Conclusion

From 2009 to 2019, rotavirus-associated gastroenteritis represented a significant burden 

among children younger than 5 years old who were admitted for gastroenteritis in sentinel 

sites. The analysis of the results of the genotyping of viral strains made it possible to identify 

the predominant viral genotypes (G1P[8], G2P[6], G1P[6], and G12P[8]) during this period 

with some specific ones according to the age groups, the surveillance sites as well as their 

evolution over time. This information guided policy makers in the Democratic Republic of 

the Congo in developing a plan for the introduction of the new rotavirus vaccine into the 

Expanded Program on Immunization schedule. Analysis of data from the post-introduction 

follow-up period of the rotavirus vaccine will make it possible to observe any changes that 

may occur following introduction of rotavirus vaccine.
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Figure 1: 
Temporal distribution of rotavirus gastroenteritis cases from 2010 to 2019.
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Figure 2: 
Proportions of G genotypes by age group.

Lungayo et al. Page 13

Vaccine. Author manuscript; available in PMC 2024 October 22.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3: 
Proportion of P genotypes by age group
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Figure 4: 
Temporal evolution of the proportions of G genotypes from 2010 to 2019.
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Figure 5: 
Temporal evolution of the proportions of P genotypes from 2010 to 2019.
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Table n° 1:

Sociodemographic characteristics of children admitted to rotavirus surveillance sites from August 2009 to 

December 2019.

Sentinel sites

All sites CHK* HPK* HGS*

RV− RV+ RV− RV+ RV− RV+ RV− RV+

Sex

Female 888 (45%) 1275 (43%) 374 (45%) 432 (41%) 315 (45%) 597 (44%) 199 (46%) 246 (47%)

Male 1097 (55%) 1668 (57%) 452 (55%) 627 (59%) 391 (55%) 763 (56%) 254 (54%) 278 (53%)

Age

0–5 months 543 (27%) 953 (32%) 180 (22%) 311 (29%) 202 (29%) 412 (30%) 161 (36%) 230 (44%)

6–11 months 987 (50%) 1428 (49%) 455 (55%) 529 (50%) 350 (50%) 676 (50%) 182 (40%) 223 (44%)

12–23 months 382 (19%) 508 (17%) 168 (20%) 202 (19%) 140 (20%) 243 (18%) 74 (16%) 63 (12%)

24–59 months 73 (4%) 54 (2%) 23 (3%) 17 (2%) 14 (1%) 29 (2%) 36 (8%) 8 (2%)

Total 1985 2943 826 1059 706 1360 453 524

*
(CHK: centre hospitalier de Kingasani, HPK: Hôpital pédiatrique de Kalembelembe et HGS: Hôpital Général Sendwe), RV-: Rotavirus negative, 

and RV+: Rotavirus positive.
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Table n°3:

Distribution of G and P genotype associations from 2009 to 2019.

Genotypes Sentinel sites

CHK HPK HGS All sites

P-types (VP4)

P[4] 23 (6%) 59 (8%) 30 (8%) 112 (8%)

P[6] 179 (46%) 349 (47%) 201 (56%) 729 (49%)

P[8] 162 (42%) 293 (39%) 101 (28%) 556 (37%)

Mixed*1 17 (4%) 25 (3%) 26 (7%) 68 (5%)

NT** 5 (1%) 20 (3%) 3 (1%) 28 (2%)

G-types (VP7)

G1 133 (34%) 331 (44%) 121 (34%) 585 (39%)

G2 87 (23%) 180 (24%) 94 (26%) 361 (24%)

G3 2 (1%) 15 (2%) 33 (9%) 50 (3%)

G12 60 (15%) 16 (2%) 68 (19%) 144 (10%)

Others 25 (6%) 74 (10%) 10 (3%) 109 (7%)

Mixed*2 15 (4%) 31 (4%) 9 (2%) 55 (4%)

NT** 64 (17%) 99 (14%) 26 (7%) 189 (13%)

Combined genotypes

G1P[8] 83 (22%) 219 (29%) 29 (8%) 331 (22%)

G1P[6] 41 (11%) 94 (13%) 78 (22%) 213 (14%)

G2P[4] 20 (5%) 43 (6%) 14 (4%) 77 (5%)

G2P[6] 54 (14%) 116 (16%) 65 (18%) 235 (16%)

G3P[6] 0 (0%) 8 (1%) 25 (7%) 33 (2%)

G6P[6] 13 (3%) 24 (3%) 1 (0%) 38 (3%

G12P[6] 28 (7%) 5 (1%) 10 (3%) 43 (3%)

G12P[8] 30 (8%) 11 (1%) 45 (12%) 86 (6%)

Others 117 (30%) 226 (30%) 94 (26%) 437 (29%)

*
Mixed: infections combining several genotypes;

**
NT: Not typable

1There were also mixed P genotype infections in the following combinations: P[4]+P[6], P[4]+P[6]+P[8], P[4]+P[8] and P[6]+P[8].
2Regarding the forms of mixed infections identified, 11 different combinations of the following G genotypes were detected: G1+G2, 

G1+G4, G1+G8, G1+G9, G1+G12, G2+G12, G3+G8, G3+ G9, G3+G9+G12, G8+G12 and G8+G9.
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