
RESEARCH ARTICLE

Rotavirus and adenovirus infections in

children with acute gastroenteritis after

introducing the Rotasiil® vaccine in Kisangani,

Democratic Republic of the Congo

Didier Gbebangi ManzemuID
1*, Jean Pierre Alworong’a Opara1, Emmanuel

Tebandite Kasai1, Mupenzi Mumbere1,2, Véronique Muyobela Kampunzu1, Bibi
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Abstract

Background

Although rotavirus vaccination has reduced the global burden of the virus, morbidity and

mortality from rotavirus infection remain high in Sub-Saharan Africa. This study aimed to

determine the prevalence of rotavirus and adenovirus infections in children under five years

with acute gastroenteritis and to identify factors associated with rotavirus infection after the

introduction of the Rotasiil® vaccine in 2019 in Kisangani, Democratic Republic of the

Congo (DRC).

Methods

This study consisted of a cross-sectional hospital-based survey conducted from May 2022

to April 2023 in four health facilities in Kisangani, using a fecal-based test (rapid antigenic

immuno-chromatographic diagnostic test, BYOSYNEX adenovirus/rotavirus BSS, Biosynex

SA, Illkirch-Graffenstaden, France) of rotavirus and adenovirus infections among children

under five years of age with acute gastroenteritis.

Results

A total of 320 children under five years of age with acute gastroenteritis were included. The

prevalence of rotavirus infection was 34.4%, that of adenovirus was 6.3%, and that of both

rotavirus and adenovirus coinfection was 1.3%. The prevalence of rotavirus was

PLOS ONE

PLOS ONE | https://doi.org/10.1371/journal.pone.0297219 February 12, 2024 1 / 13

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPEN ACCESS

Citation: Manzemu DG, Opara JPA, Kasai ET,

Mumbere M, Kampunzu VM, Likele BB, et al.

(2024) Rotavirus and adenovirus infections in

children with acute gastroenteritis after introducing

the Rotasiil® vaccine in Kisangani, Democratic

Republic of the Congo. PLoS ONE 19(2):

e0297219. https://doi.org/10.1371/journal.

pone.0297219

Editor: Adriana Calderaro, Universita degli Studi di

Parma, ITALY

Received: August 28, 2023

Accepted: December 29, 2023

Published: February 12, 2024

Copyright: © 2024 Manzemu et al. This is an open

access article distributed under the terms of the

Creative Commons Attribution License, which

permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Data Availability Statement: All relevant data are

within the paper and Supporting Information files.

Funding: The author(s) received no specific

funding for this work.

Competing interests: The authors have declared

that no competing interests exist.

https://orcid.org/0000-0001-9743-6617
https://orcid.org/0000-0002-7734-7729
https://doi.org/10.1371/journal.pone.0297219
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0297219&domain=pdf&date_stamp=2024-02-12
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0297219&domain=pdf&date_stamp=2024-02-12
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0297219&domain=pdf&date_stamp=2024-02-12
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0297219&domain=pdf&date_stamp=2024-02-12
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0297219&domain=pdf&date_stamp=2024-02-12
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0297219&domain=pdf&date_stamp=2024-02-12
https://doi.org/10.1371/journal.pone.0297219
https://doi.org/10.1371/journal.pone.0297219
http://creativecommons.org/licenses/by/4.0/


significantly higher in unvaccinated children than in vaccinated children (55.4% versus

23.1%; P < 0.001). This difference was observed only in children who received all three vac-

cine doses. Multivariate logistic regression analysis shows that the rate of rotavirus infection

was significantly reduced in vaccinated children (adjusted OR: 0.31 [95% confidence inter-

vals (CI): 0.19–0.56]; P < 0.001) and those whose mothers had an average (adjusted OR:

0.51 [95% CI: 0.25–0.91]; P = 0.018) or high level (adjusted OR: 0.34 [95% CI: 0.20–0.64];

P < 0.001) of knowledge about the rotavirus vaccine.

Conclusions

The prevalence of rotavirus infection remains high in Kisangani despite vaccination. How-

ever, the prevalence of adenovirus infections was low in our series. Complete vaccination

with three doses and mothers’ average and high level of knowledge about the rotavirus vac-

cine significantly reduces the rate of rotavirus infection. It is, therefore, essential to

strengthen the mothers’ health education, continue with the Rotasiil® vaccine, and ensure

epidemiological surveillance of rotavirus infection.

Introduction

Acute gastroenteritis caused by viruses is one of the leading causes of mortality in children

under five years of age in developing countries [1, 2]. Among these enteric viruses, rotavirus is

the most prevalent and lethal worldwide [2]. Indeed, rotavirus is responsible for destroying

mature enterocytes, thereby reducing the absorption capacity of the villi and causing diarrhea

[3, 4]. Therefore, the spectrum of rotavirus gastroenteritis ranges from transient stool soften-

ing to severe diarrhea and vomiting, which can be complicated by severe dehydration and

death [5]. Before rotavirus vaccines became available in 2006, rotavirus was associated with

over 500,000 deaths and more than two million hospitalizations worldwide [5–7]. This statistic

motivated the implementation of effective interventions, such as rotavirus vaccination early in

life to reduce the global burden of severe rotavirus gastroenteritis [5].

Currently, four rotavirus vaccines prequalified by the World Health Organization (WHO)

are available for routine vaccination. The first two were the RotaTeq (Merck & Co. Inc.,

Whitehouse Station, NJ, USA) in 2008 and the Rotarix (GlaxoSmithKline Biologicals, Rixen-

sart, Belgium) in 2009. The other two vaccines prequalified by the WHO in 2018 were Rotavac

(Bharat Biotech International Ltd, India) and the Rotasiil1 (Serum Institute of India, India)

[5]. The Rotasiil1 vaccine, a pentavalent vaccine targeting genotypes frequently implicated in

rotavirus infection in sub-Saharan Africa (SSA), was introduced in 2019 in most African vacci-

nation programs for children under 11 months [8, 9]. The Rotasiil1 vaccine is administered

orally, and three doses at four-week intervals are recommended for best protection, with the

first dose given at six weeks of age [9].

The Democratic Republic of the Congo (DRC) is one of four countries, including India,

Nigeria, and Pakistan, that account for almost half of all rotavirus-related deaths [7]. In this

country, the rate of rotavirus infection was 60% in children under five years of age admitted

with acute gastroenteritis before the vaccine’s introduction in 2019 [10, 11]. To the best of our

knowledge, empirical findings on the epidemiology and clinic of rotavirus are scarce, apart

from a few results from sentinel rotavirus post-vaccination surveillance sites in the DRC. At

the same time, clinicians continue to deal with this infectious disease in their daily practice.
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The WHO reports that rotavirus continues to kill despite vaccination, with a mortality rate of

33 deaths per 100,000 children under the age of five years [5]. A systematic review by Lamberti

et al. reported that rotavirus vaccination efficacy was 90% in developed countries, 88% in East

and Southeast Asia, and only 46% in SSA [12]. Because the vaccine has not yet controlled rota-

virus gastroenteritis, and the fact that less effective vaccines could have a considerable impact

on reducing the burden of disease in high-prevalence regions, it is critical to establish the other

factors associated with rotavirus in this post-vaccination period to improve other new preven-

tive interventions against this viral infection. In addition, there are concerns about changes in

the epidemiology of other prevalent viral infections, such as adenovirus, following the intro-

duction of the Rotasiil1 vaccine.

In light of the preceding, this study aimed to determine the prevalence of rotavirus and ade-

novirus infections in children under five years of age with acute gastroenteritis and to identify

factors associated with rotavirus infection after introducing the Rotasiil1 vaccine in 2019 in

Kisangani, DRC.

Materials and methods

Study design and setting

Following the Strengthening the Reporting of Observational Studies in Epidemiology

(STROBE) guidelines for reporting observational research [13], this study consisted of a cross-

sectional and a hospital-based survey conducted from May 2022 to April 2023 in four health

facilities (Cliniques Universitaires de Kiangani,Hôpital Général de Référence de Makiso, Centre
de Santé ALABUL, and Centre de Santé Nouveau Village de Pédiatrie) in Kisangani, DRC,

using a fecal-based test (BIOSYNEX Adenovirus/Rotavirus BSS, Biosynex SA, Illkirch-Graf-

fenstaden, France) of rotavirus and adenovirus infections among children under five years

with acute gastroenteritis.

Study population and sample size

The survey targeted outpatients and inpatients under five years of age who sought medical

attention at the four health facilities during the study period. All participants were volunteers

recruited based on the following criteria: 1) are under five years old, 2) are experiencing acute

gastroenteritis, and 3) have a mother’s consent to participate in the study. All neonates, chil-

dren with chronic diarrhea (> 2 weeks), and those for whom maternal consent was not

obtained were excluded from the study. Moreover, all patients with a positive malaria diagno-

sis were excluded from the final analysis due to the various possible biases they could generate.

The minimum sample size was 316 using the following formula: n = P(1–P)*(Zα)2 /i2 where

P corresponded to the prevalence of rotavirus at 29% according to the previous study [14], and

Z was 1.96 corresponding to the precision estimated at 5%.

Data collection and procedure

Investigators (physicians) in each facility were previously trained in the protocol and how to

collect samples. All data were prospectively collected using a pre-designed form. During hospi-

tal visits for medical consultations for outpatients and during medical ward rounds for inpa-

tients, mothers of eligible patients for the study were given a brief explanation of the study’s

purpose. After signing the informed consent form, the children, accompanied by their moth-

ers, were admitted to a private setting for the study.

The physicians recorded the patients’ sex and clinical information about the appearance of

diarrhea, level of dehydration, and body temperature based on the investigators’ observations.
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The mothers reported the sociodemographic information concerning the children’s age in

years or months for those with less than one year, the mother’s education level, marital status

and occupation, and the children’s clinical information such as vaccination status, dietary hab-

its, and record of vomiting, fever, cough, and anorexia. All data were captured in the question-

naire. The rotavirus vaccination status was verified from the child’s vaccination card. Finally,

the mothers were asked to complete a mini-exit questionnaire that assessed their knowledge of

rotavirus vaccination using the Rotasiil1 vaccine. The questionnaire was structured, translated

into three languages (French, Lingala, and Swahili), and self-administed. The questionnaire

consisted of three questions: (1) knowledge of the rotavirus vaccine, (2) the need for three

doses of the vaccine, and (3) the fact that the rotavirus vaccine does not prevent gastroenteritis

of other causes in children.

Next, capillary blood was collected by finger pricking for malaria diagnosis using a WHO

Prequalified Rapid Test for P. falciparum testing (ParaHIT1—f Ver 1.0 [Device], Arkray

Healthcare Pvt. Ltd., Sachin [Surat], India). Approximately 10 ml of fecal material was col-

lected in a 20 ml Falcon tube for rotavirus and adenovirus diagnosis using BYOSYNEX adeno-

virus/rotavirus BSS (Biosynex SA, Illkirch-Graffenstaden, France), a rapid in vitro diagnostic

immunochromatographic test. As previously reported, only 50 μl of fecal material was used

with the BYOSYNEX adenovirus/rotavirus BSS [15]. The remaining fecal samples were stored

at -20˚C for subsequent molecular analysis. All rapid test-handling procedures were conducted

following the manufacturers’ recommendations.

Outcomes

The primary study findings focused on rotavirus infections. Rotavirus infection was operation-

ally defined as acute febrile or non-febrile gastroenteritis with a BIOSYNEX rapid test showing

only two strips (T1: Rota and C: Control) and a negative malaria Rapid Diagnostic Test. The

same definition was applied to adenovirus infections, but with a difference between the two

BIOSYNEX test strips at position T2 (Adeno) and Control. Rotavirus and adenovirus coinfec-

tion was incriminated by the presence of three bands (T1, T2, and C) on the BIOSYNEX test

[16]. Acute gastroenteritis is defined as passing loose or watery stools three or more times per

day, with or without vomiting.

A rotavirus-vaccinated child was defined as a patient who had received at least one dose of

the rotavirus vaccine. Children’s nutritional status was assessed and classified into three cate-

gories (malnutrition, normal nutritional status, and obesity) using the WHO weight-for-height

score for children under five [17]. Mothers’ level of knowledge of rotavirus vaccination was

considered high when they were aware of (1) the existence of Rotasiil1 as a rotavirus vaccine,

(2) the need to administer all three doses in the vaccination schedule, and (3) the fact that the

vaccine does not protect against other causes of gastroenteritis apart from rotavirus. The level

of knowledge was average when mothers were aware of the vaccine and low when they were

unaware of its existence.

Statistical analysis

All data were recorded in an Excel database, and statistical analysis was conducted using R

(version 4.2.1). First, descriptive statistics were computed using the mean (standard deviation)

and proportion for quantitative and categorical data, respectively. The 95% CIs of the crude

odds ratios (cOR) were calculated using Woolf’s logit method. Next, categorical data were

compared using Pearson’s Chi-square test or Fisher’s exact test according to their validity cri-

teria. A multivariate logistic regression using a stepwise model selection approach was con-

ducted by integrating variables with a P-value< 0.1 obtained from Pearson’s Chi-square test,
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Fisher’s exact, or variables identified from the literature. The adjusted odds ratios (aOR) and

their 95% CIs were analyzed to identify risk factors associated with rotavirus infection. Missing

data (< 0.5%) were assigned the null value for conservative estimates; a P-value < 0.05 was

considered statistically significant.

Results

Study population

Fig 1 shows that 2,836 children were assessed for eligibility, including 408 children under five

years of age with acute gastroenteritis. Among those under five years old with acute gastroen-

teritis, 347 were initially included in the study, whereas 61 were excluded due to: 1) age under

28 days of life (n = 25), 2) chronic diarrhea (n = 21), and 3) lack of children’s mothers’ consent

(n = 15). Finally, 320 children under five years of age with acute gastroenteritis were included

in the final analysis, excluding all participants with malaria (n = 27).

The sociodemographic and clinical characteristics of the study participants are shown in

Table 1. Most participants were aged 1 to 11 months and of male gender; around two-thirds

had been vaccinated against rotavirus, while less than half had received all three doses. Most

children were fed a family meal and had a normal nutritional status. Most of the children’s

mothers were married, had a secondary education, were unemployed, and had a low level of

knowledge about the Rotasiil1 vaccine.

Prevalence of rotavirus and adenovirus infections

Overall, among the 320 participants in our series, 110 were positive for rotavirus alone, 20 for

adenovirus alone, and four for both. These findings reflected a prevalence of rotavirus,

Fig 1. Flow chart showing the recruitment of study participants and their inclusion in the final analysis.

https://doi.org/10.1371/journal.pone.0297219.g001
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Table 1. Sociodemographic, behavioral, and clinical characteristics of 320 children under five years of age and

their mothers participating in the study.

Characteristics Number N = 320 Percent

Age

1–5 months 72 22.5

6–11 months 122 38.1

1–2 years 71 22.2

> 2 –<5 years 55 17.2

Gender

Female 113 35.3

Male 207 65.7

Dietary habits

Mixed breastfeeding 22 6.9

Artificial milk 11 3.4

Breast milk 42 13.1

Family meal 245 76.6

Nutritional status

Normal 296 92.5

Malnutrition 20 6.3

Overweight and obese 4 1.3

Mother’s marital status

Single 32 10.0

Married 249 77.8

Partnered 39 12.2

Mother’s occupation

With employment 106 33.1

Unemployed 198 61.9

Student 16 5.0

Mother’s level of education

Primary 2 0.6

Secondary 173 54.1

University 145 45.3

Mothers’ level of knowledge about the vaccine

Low level 198 61.9

Average level 63 19.7

High level 59 18.4

Rotasiil1 vaccinated

No 112 35.0

Yes 208 65.0

Number of Rotasiil1 vaccine doses

1 42 13.1

2 36 11.3

3 130 40.6

Aspects of diarrhea

Mucous 146 45.6

Aqueous 170 53.1

Bloody 4 1.3

Vomiting–yes 235 73.4

Fever–yes 240 75

(Continued)
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adenovirus, and adenovirus/rotavirus coinfection of 34.4%, 6.3%, and 1.3%, respectively, as

shown in Fig 2. Furthermore, among rotaviruspositive children, only 48 were vaccinated,

whereas among negative children, 160 were vaccinated, giving low vaccination coverage

(43.6%) among positive children versus high vaccination coverage (76.2%) among negative

children.

As shown in Fig 3, the prevalence of rotavirus was significantly higher in unvaccinated chil-

dren than in vaccinated children (55.4% versus 23.1%; P< 0.001) (Fig 3A). This difference was

only observed in children who received all three doses of vaccine (Fig 3D), whereas no differ-

ence was observed in children who received a single dose (Fig 3B) or two doses (Fig 3C).

Factors associated with rotavirus infection

When analyzing the factors associated with rotavirus infection, in bivariate analyses, we found

that in addition to Rotasiil1 vaccination and the doses of this vaccination (Fig 3), variables

such as children’s nutritional status, their mothers’ marital status, their mothers’ occupation,

and their mothers’ level of knowledge about rotavirus vaccination were associated with rotavi-

rus infection in children. The multivariate logistic regression analysis shows that the rate of

rotavirus infection was significantly reduced in vaccinated children (from 55.4% to 23.1%;

adjusted OR: 0.31 [95% CI: 0.19–0.56]; P< 0.001), especially those who have received all three

doses of vaccine (from 55.4% to 10%; adjusted OR: 0.15 [95% CI: 0.06–0.37]; P< 0.001) com-

pared to unvaccined children and those whose mothers had an average level (from 43.4% to

25.4%; adjusted OR: 0.51 [95% CI: 0.25–0.91]; P = 0.018) or a high level (from 43.4% to 13.5%;

adjusted OR: 0.34 [95% CI: 0.20–0.64]; P< 0.001) of knowledge about the rotavirus vaccine

compared to those with a low level. However, these analyses showed no link between rotavirus

infection, children’s nutritional status, or their mothers’ marital status or occupation (see

Table 2).

Table 1. (Continued)

Characteristics Number N = 320 Percent

Cough–yes 167 52.2

Abdominal pain–yes 168 52.5

Asthenia is defined by a refusal to play–yes 244 76.2

Anorexia–yes 243 75.9

https://doi.org/10.1371/journal.pone.0297219.t001

Fig 2. Prevalence of rotavirus and adenovirus and coinfections in children with acute gastroenteritis.

https://doi.org/10.1371/journal.pone.0297219.g002
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Discussion

Our findings focus on the prevalence of rotavirus and the factors associated with this viral

infection after the introduction of Rotasiil1 in 2019 in Kisangani, DRC. In addition, we have

reported results on the prevalence of adenovirus to verify whether the rotavirus vaccine

response has had a "springboard effect" on other enteric viral infections. Overall, this study

showed that the prevalence of rotavirus infection remains high in Kisangani despite vaccina-

tion. However, complete vaccination with three doses significantly reduced the rotavirus infec-

tion rate, and mothers’ knowledge about the rotavirus vaccine positively influenced the rate of

rotavirus infection. Finally, our series showed a very low prevalence of adenovirus infection

and rotavirus–adenovirus coinfection.

We observed that the prevalence of rotavirus infection in Kisangani after the introduction

of the rotavirus vaccine is low compared with that for the DRC as a whole, estimated at 60% at

sentinel rotavirus infection surveillance sites [11]; it remains almost identical to that found by

Heylen before the introduction of the rotavirus vaccine in its study including two health

Fig 3. Bar chart comparing the percentages of rotavirus, adenovirus, and viral infection in children under five years of age with gastroenteritis,

categorized into the Rotasiil-vaccinated and non-vaccinated groups. These comparisons were made overall (A) and according to the number of doses

received, as follows: children who had received only one dose of vaccine (B), those who had received two doses (C), and those who had received three total

doses (D).

https://doi.org/10.1371/journal.pone.0297219.g003
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facities included in this study (Hôpital Général de Référence de Makiso and Centre de Santé
Nouveau Village de Pédiatrie) [14]. This could be explained by the fact that a high number of

unusual genotypes and gene segments of animal origin, as demonstrated by Heylen’s study in

symptomatic children, were not part of the Rotasiil1 vaccine antigens. Furthermore, children

unvaccinated against rotavirus (35% of children with gastroenteritis) could explain the slight

decrease in the frequency of rotavirus infection after introducing the rotavirus vaccine.

Concerning the prevalence of adenovirus infection, we observed that it was 6.3% in children

under five years of age with acute gastroenteritis, which was close to the prevalence of 5.5%

found in Congo Brazzaville in children under five years of age hospitalized with acute gastro-

enteritis [18]. In Gabon, rotavirus was frequently detected in children under five with acute

gastroenteritis, followed by adenovirus in a higher proportion than in our study [19]. In Leba-

non, rotavirus was most frequently detected among children admitted with acute viral gastro-

enteritis (66.6%), followed by adenovirus and both rotavirus/adenovirus coinfection (8.4%). In

contrast, our study found that the prevalence of coinfection was 1.3% [20].

As shown in this study, overall, the prevalence of rotavirus was significantly higher in

unvaccinated children than in vaccinated children, demonstrating the importance of vaccina-

tion in preventing rotavirus infection. Some authors had observed, in a meta-analysis, a

Table 2. Bivariate and multivariate regression analysis of factors associated with rotavirus infection among 320 children under 5 with gastroenteritis and their

mothers participating in this study.

Characteristics Rotavirus infection

Yes

N = 110

n (%)

cOR [95%CI] aOR [95%CI] P-value

Vaccinated against rotavirus

No 62 (55.4) 1 1 -

Yes 48 (23.1) 0.24 [0.14–0.41] 0.31 [0.19–0.56] < 0.001

Number of vaccine doses

0 62 (55.4) 1 1

1 19 (45.2) 0.67 [0.32–1.35] 0.66 [0.27–1.57] 0.281

2 16 44.4) 0.65 [0.30–1.37] 0.64 [0.25–1.58] 0.280

3 13 (10.0) 0.09 [0.05–0.17] 0.10 [0.04–0.20] < 0.001

Nutritional status

Normal 97 (32.8) 1 1 -

Malnutrition 11 (55.0) 1.51 [0.59–3.76] 2.42 [0.66–4.59] 0.256

Overweight and obese 2 (50.0) 1.23 [0.17–8.87] 2.11 [0.09–14.23] 0.876

Mother’s marital status

Single 14 (43.8) 1 1 -

Married 84 (33.7) 0.65 [0.31–1.38] 0.88 [0.32–3.98] 0.704

Partnered 12 (30.8) 0.57 [0.21–1.51] 0.79 [0.11–3.01] 0.658

Mother’s occupation

With employment 30 (28.3) 1 1 -

Unemployed 72 (36.4) 1.45 [0.87–2.42] 2.37 [0.67–4.66] 0.833

Student 8 (50.0) 7.6 [2.2–25.4] 3.11 [0.91–33.3] 0.094

Mother’s level of knowledge about the vaccine

Low level 86 (43.4) 1 1 -

Average level 16 (25.4) 0.46 [0.26–0.83] 0.51 [0.25–0.91] 0.018

High level 8 (13.5) 0.21 [0.09–0.47] 0.34 [0.20–0.64] < 0.001

aOR: Adjusted Odd Ratio; CI: Confidence Interval; cOR: Crude Odd Ratio.

https://doi.org/10.1371/journal.pone.0297219.t002

PLOS ONE Rotavirus and adenovirus infection in children with acute gastroenteritis

PLOS ONE | https://doi.org/10.1371/journal.pone.0297219 February 12, 2024 9 / 13

https://doi.org/10.1371/journal.pone.0297219.t002
https://doi.org/10.1371/journal.pone.0297219


moderate association between the reduction in the risk of rotavirus gastroenteritis and the

Rotasiil1 vaccine, in contrast to other rotavirus vaccines [21]. Children who received three

doses of Rotasiil1 had a reduced rate of rotavirus infection compared to children with one or

two doses. In a systematic review of the effect of additional doses of rotavirus vaccine (Rota-

Teq) on the prevention of diarrhea in young children, administration of an additional dose of

rotavirus vaccine was likely to improve the vaccine’s immune response [22].

In India, where rotavirus infection is a significant public health problem, as in the DRC,

Raju demonstrated the need for high rotavirus vaccination coverage in children as early as pos-

sible to achieve better protection against rotavirus [23]. In the United States, Wang demon-

strated that one dose of pentavalent vaccine was associated with 88% efficacy against rotavirus

gastroenteritis hospitalizations and emergency room visits, and 44% against all-cause gastroen-

teritis hospitalizations and emergency room visits. At the same time, a two-dose regimen

increased the protective efficacy against rotavirus gastroenteritis hospitalizations to 94% [24].

We think that our results have provided additional information on the importance of full vac-

cination coverage with three doses of the Rotasiil1 vaccine to reinforce protection against

rotavirus infection, even though this vaccination coverage may depend on the children’s moth-

ers’ knowledge of the vaccine and the vaccination schedule, and the availability of the vaccine

at vaccination centers.

In analyzing the factors associated with rotavirus infection in this study, logistic regression

analysis shows that the rate of rotavirus infection was significantly reduced in children whose

mothers had an average of knowledge about the rotavirus vaccine. However, these analyses

showed no link between rotavirus infection and children’s nutritional status or their mothers’

marital status or occupation. In Uganda, Nakawesi demonstrated that no significant associa-

tion was found between rotavirus infection and the child’s nutritional status; however, the

association between the mother’s level of knowledge about vaccination and rotavirus infection

was not assessed, although it was found that mothers with secondary and higher education

had a statistically significant [OR 1.8; 95% CI 1.1–2.7] association with rotavirus [25]. In an

analysis of response factors to rotavirus vaccination counseling in a private pediatric clinic in

Malaysia, Kutty demonstrated that the level of awareness or knowledge of rotavirus disease

and the rotavirus vaccine was significantly associated with vaccine acceptance [26].

This study may help in the effort to strengthen health education and counseling of chil-

dren’s mothers regarding rotavirus vaccination. Counseling on rotavirus vaccination should

begin early in the prenatal period to allow complete vaccination with three doses within the

first three months of birth for better protection against rotavirus infection.

Strengths and limitations

The strength of this study is that it presents, to our knowledge, for the first time the prevalence

of rotavirus and adenovirus infections in children with acute gastroenteritis after introducing

the Rotasiil1 vaccine in Kisangani, DRC, and the factors associated with rotavirus infection.

However, there are some limitations in this study. First, gaps in the accurate diagnosis of rota-

virose and adenovirose using immunochromatographic tests could lead to a risk of classifica-

tion bias. Next, the fact that the hospital-based study is limited to patients who come to the

pre-selected health facilities could lead to selection bias and impact on prevalence results,

requiring a representative sampling of the target population.

Conclusions

The prevalence of rotavirus infection remains high in Kisangani despite vaccination. However,

the prevalence of adenovirus infections was low in our series. Complete vaccination with three
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doses and mothers’ average and high level of knowledge about the rotavirus vaccine signifi-

cantly reduces the rate of rotavirus infection. It is, therefore, essential to strengthen the moth-

ers’ health education, continue with the Rotasiil1 vaccine, and ensure epidemiological

surveillance of rotavirus infection. In perspective, subsequent clinical trials carried out in the

same biotope as this study could shed much more light on Rotasiil’s vaccine effectiveness in

Kisangani.
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