
UNDER PEER REVIEW

UNDER PEER REVIEW

Post-Vaccine Circulation of Group A Rotavirus Among Children Under Five in Northern Cameroon: A Cross-Sectional Study

Abstract
Background and Aims: Rotavirus is the main viral agent involved in childhood gastroenteritis. It is a public health problem, characterized primarily by diarrhea, vomiting, and fever, spread via the fecal-oral route from contaminated water, food, and objects. The present study aims to determine the prevalence and seasonality of group A rotavirus (RVA) infection in children under 5 years of age admitted to hospitals in the city of Garoua for diarrhea.
Study Design: This was a descriptive, cross-sectional study
Place and Duration of Study: This study was conducted in Garoua between March 2023 and February 2024, and included 110 boys and 90 girls aged 0 to 5 years, admitted for acute diarrhea to the pediatric emergency departments of health facilities in the city of Garoua.
Methodology: Stool samples were collected for the detection of the RVA VP6 protein using the sandwich ELISA method.
Results: The ELISA test detected the RVA antigen in 17% (34/200) of the samples, including 26 boys and 8 girls. Children under 24 months of age were the most affected age group (44.1 %), and (67.1 %) were malnourished. Among the 34 infected children, RVA was responsible for 73.5 % of hospitalizations. 88.2 % (30/34) of positive cases were vaccinated (Rotarix) children, and 11.8 % (4/34) were unvaccinated. Severe acute malnutrition was found to be a significant risk factor, affecting 41.1 % of infected children. Although our results showed year-round occurrence of RVA infection, the dry season appears to be more conducive to infection than the rainy season.
Conclusion: This study describes the evidence of RVA infection in diarrheal children under five years of age in the city of Garoua, despite the introduction of the Rotarix® vaccine into the Expanded Program on Immunization (EPI). The use of the ELISA method alone, without complementary genotyping, effectively limits the accurate evaluation of vaccine efficacy. While ELISA effectively detects antibodies, it cannot distinguish the vaccine-induced immune response from infections caused by variants, making it difficult to assess specific protection against circulating strains. This indicates a serious health burden, exacerbated by severe acute malnutrition at a younger age.
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Introduction.
Diarrhea represents a major health problem, with approximately 1.7 billion cases annually and mortality among children under five years of age, primarily concentrated in sub-Saharan Africa where rotavirus (RVA) remains the leading cause of severe infections despite the introduction of the vaccine (Wang et al., 2025). A recent analysis of the Global Burden of Disease 2021 study estimates that approximately 170,000 deaths worldwide are attributable to RVA diarrhea, highlighting the continued high burden in regions with low socioeconomic status (Wang et al., 2025). In Africa, the efficacy of oral vaccines such as Rotarix® or Rotasiil® remains moderate, with estimates ranging from 40% to 79 % depending on the context and analytical methods, as observed in the Democratic Republic of Congo where efficacy against hospitalizations was 60% (CI 20 - 80) by logistic regression and 79 % (CI 71 - 85) by weighting (Lungayo et al., 2025). This reduced efficacy is explained by a combination of factors including malnutrition, co-administration with other oral vaccines, and the diversity of circulating genotypes (Luhata et al., 2025). A recent study conducted in Nairobi after the introduction of the Rotavac® vaccine reported a prevalence of RVA of 19.5% in vaccinated children, with a predominance of the G2P genotype[4], which is not targeted by the vaccine, suggesting possible selection pressure (Mbithi et al., 2026). In neighboring Gabon, where the vaccine is not yet integrated into the expanded immunization program, the proportion of RVA infections reaches 22% in children with diarrhea, associated with signs of severity such as dehydration (ORa =2.65) and hospitalization (ORa = 4.63) (Adegbite et al., 2026). These updated data confirm that eight years after the introduction of the Rotarix® vaccine in Cameroon, an assessment of the prevalence and epidemiology of RVA in the Northern region is essential to understand the real effectiveness of the vaccination program in this context of low vaccine effectiveness observed in sub-Saharan Africa (Wang et al.,2025; Mbithi et al.,2026; Luhata et al.,2025).

Methodology
2.1. Study Design
From March 2023 to February 2024, we conducted a descriptive cross-sectional study of children under 5 years of age presenting with acute gastroenteritis in healthcare facilities in the city of Garoua: Garoua Regional Hospital (GRH), Notre Dame Hospital (NDH), Roumde Health Center (RHC), and Laindé Medical Center (LMC). 
2.2. Sample Collection
A stool sample was collected from each hospitalized child or child presenting for consultation, along with sociodemographic information, including RVA vaccination status and breastfeeding status, which were obtained from the patient's medical record and/or caregivers. 
The procedure involved placing the children included in our sample on collection containers, then transferring the collected stool into stool culture containers or performing a rectal swab.
We sometimes collected stool from children in their diapers when these were changed immediately or within the 30 minutes preceding their inclusion in the study. To prevent contamination at the collection site, we deemed it necessary to place fresh sheets of cardstock in each collection container before placing the child on the container or, in the case of a swab, before the sample was taken.
Stool samples were transported in a cooler (4°C to 8°C) according to recommended standards to the laboratory of the Pasteur Center Annex in Garoua and stored in 1.5 ml aliquots at -80°C until analysis.
2.3. Laboratory Analysis
RVA antigen screening was performed using a sandwich ELISA. (RotaClone first kit) (696004)
RVA detection was performed using the PREMIER Rotaclone, which utilizes monoclonal antibodies fixed to a solid phase in a sandwich-type ELISA assay, following the manufacturer's protocol. All samples and reagents were brought to room temperature before use. The plastic microwells are coated with a monoclonal antibody directed against the product of the 6th viral gene (VP6), the group-specific antigen for all known human rotaviruses. An aliquot of fecal suspension is added to the wells and incubated simultaneously with a horseradish peroxidase-conjugated anti-rotavirus monoclonal antibody; subsequent reaction steps were performed according to the manufacturer's protocol. The rotavirus antigen is thus sandwiched between the solid phase and the enzyme-bound antibody. After 60 minutes of incubation at room temperature, the sample wells are washed to remove unbound labeled antibodies. Enzymatic substrate A (urea peroxide) and substrate B (TMB) were added to the wells and incubated for 10 minutes at room temperature. The enzyme bound in the wells converted the colorless substrate to a blue color. The intensity of the blue color was directly proportional to the concentration of Rotavirus antigen present in the sample. Initially, the results after the addition of TMB substrate were read by visually observing the color change in the wells containing the positive samples and comparing it with the negative control. Confirmation of the results was performed by spectrophotometric (Bio-rad PR 4100) reading at 450 nm after the reaction. The reaction was stopped with a 1 M sulfuric acid solution. Samples with an absorbance (OD450) greater than 0.150 were considered positive. Samples with an absorbance equal to or less than 0.150 were considered negative.
2.4. Statistical Analysis
Statistical analyses were performed using SPSS 20 software (IBM SPSS Statistics 23.0). Statistical distributions were compared using the chi-square test with a 95% confidence interval and a p-value of 5%. The distribution of the Vesikari clinical severity score was compared between children who tested positive for RVA and those who tested negative. The Vesikari clinical severity score was categorized as moderate, less severe, and severe. 
Results 
A total of 200 children under 5 years of age with gastroenteritis were enrolled in the study. Of the 200 children studied, 110 (55 %) were male and 90 (45 %) were female, resulting in a male-to-female ratio of 1.22 for all cases of diarrhea. Seventy-nine (77.5 %) of the children had received both doses of the Rotarix vaccine, 2 % (4/200) had received one dose, and 20.5 % (41/200) had an unknown vaccination status. The ELISA test detected the RVA antigen in 17% (34/200) of the diarrheal stool samples (Fig. 1). The current study clearly demonstrates the continued circulation of RVA among children in the community of Northern Cameroon.

Figure 1: Overall positivity rate for RVA in the study population
Similarly, of the 34 RVA antigen-positive cases, 23.4 % were male and 76.5 % were female (P = 0.004). The percentage of RVA positivity in healthcare facilities was 14.7 % for CML, 14.7 % for HND, 70.6 % for HRG, and 0% for CSR. The variation was not statistically significant (P = 0.365). All age groups were affected. The vast majority of RVA infections were observed in very young children. On average, 73.5% of infections affected children under 24 months of age during the study period, with no statistically significant difference (P = 0.186) (Table 1). Among children who received two doses of the Rotarix vaccine, 88.2% tested positive for RVA, compared to 11.8 % of those who received one dose (0%) with unknown vaccination status (P = 0.254). RVA infection was also more frequently observed in children with severe acute malnutrition (44.1 %) compared to those with moderate acute malnutrition (17.6 %). This difference was not statistically significant (P = 0.485) (Table 1). The Vesikari score was calculated based on several listed criteria. It provides information on the severity of RVA gastroenteritis. During the study period, three deaths were recorded among children infected with RVA.









Table 1: Sociodemographic characteristics of children less than or equal to 5 years with acute diarrhea,
	Variables 
	Categories     Nb of GE cases
	RVA+ (%)        RVA - (%)
	P.V

	
	
	
	
	

	Age     (years)
	0-11	 86
	10(29.4)
	76(45.8)
	
0.186

	
	12-23	 76
	15(44.1)
	61(36.7)
	

	
	23-59           	 38
	09(26.5)
	29(17.5)
	

	Gender
	Male                            110
	26(76.5)
	84(50.6)
	
0.004

	
	Female                     90
	08(23.5)
	82(49.4)
	

	Area of residence
	Urbain                      148
	24(70.6)
	124(74.7)
	
0.381

	
	Rural                         52
	10(29.4)
	42(25.3)
	

	Vaccination status
	DOSE 0                       04
  (Not vaccinated)
	04(11.8)
	37(22.3)
	

0.228

	
	DOSE 1                     155
	 00(0)
	04(2.4)
	

	
	DOSE 2                    41
	30(88.2)
	125(75.3)
	

	Breastfeeding Fashion

	Exclusive                 40
	11(32.4)
	34(20.5)
	
0.196

	
	Mixted                       149
	23(67.6)
	126(75.9)
	

	
	Artificial                   06
	00(0)
	06(3.6)
	

	

Sites

	CML                       19
	05(14.7)
	14(8.4)
	

0.367

	
	NDH                          37
	05(14.7)
	32(19.3)
	

	
	 GRH                         136
	24(70.6)
	112(65.5)
	

	
	      RHC                           08
	00(0)
	08(4.8)
	

	
Hospitalization

	Hospitalized               148
	25(73.5)
	123(74.1)
	
0.549

	
	Consultations            52
	09(26.6)
	43(25.9)
	

	
Nutritional status

	R.A.S (Stable)           79
	13(38.2)
	63(38.0)
	

0.485

	
	M.AM                        67
	06(17.6)
	44(26.5)
	

	
	M.A.S                         54
	15(41.1)
	59(35.5)
	

	
Score Vesikari

	Moderate                  79
	17(50)
	62(37.3)
	
0.97

	
	   Less Severe                  17
	0(0)
	17(10.2)
	

	
	      Severe                       104
	17(50)
	87(52.4)
	

	
Season
	Dried                         174
	26(76,5)
	148(89,2)
	
0.048

	
	Rainy                        26
	08(23,5)                   
	18(10,8)              
	



Table 2 summarizes the descriptive statistics for each variable. According to meteorological variables, the city of Garoua had relatively high temperatures ranging from 25.1 to 33.5 °C (average: 29.25) with average rainfall around 44.44 mm/month and high variations in temperature. Humidity between 32 and 80 %
Table 2: Characteristics of meteorological variables of the study
	Monthly weather variables
	Min
	Max
	Sig
	Médian
	Std Dev.

	Average temperature (°C)
	25,1
	34,0
	29,25
	28,75
	2,77

	Average relative humidity (%)
	32
	80
	54,83
	56,00
	19,64

	Accumulated rainfall
	0
	178,5
	44,44
	17
	NA

	Laboratory data
	

	Samples collected
	05
	39
	16,67
	18
	9,73

	Global Rotavirus Cases
	00
	12
	2,83
	02
	3,09



The peak season for RVA coincided with the peak season for diarrhea during the cold, dry period from December to April, during which 95% of all cases occurred (Fig. 2). Although the number of diarrhea cases was high for five months of the year (December to April), the percentage of RVA positivity in diarrheal stool samples was highest in February and March (Fig. 2).

Figure 2: RVA positivity rate according to meteorological parameters between March 2023 and February 2024.
Discussion:
[bookmark: _GoBack]This study, conducted in northern Cameroon, provides important insights into the epidemiology of RVA in children under five years of age, in the context of Rotarix® vaccination. The positivity rate of 17 % observed in our study is lower than the prevalence rates reported in several neighboring countries before the introduction of the vaccine. In neighboring Chad, a study conducted in N'Djamena reported a prevalence of 12.76 % in children with diarrhea, with a male predominance (male-to-female ratio of 1.57), comparable to our observations (Mbaïholmbaye et al., 2024). This geographical and epidemiological proximity suggests similar circulation of the virus in the region. The 17 % (34/200) prevalence of RVA that we observed in Garoua is lower than that reported by other recent Cameroonian studies. The prevalence of RVA varied significantly depending on the technique used (Nkwei et al., 2025). It was 16 % with antigen tests (ELISA), a result very close to yours, but rose to 34.67 % with multiplex PCR. The authors concluded that PCR is more sensitive (38.5% for ELISA) and that its implementation should be encouraged to optimize AVR detection. The study by Ghapoutsa et al. (2021) in the Littoral region, conducted between 2015 and 2016 after the introduction of the vaccine, detected a much higher prevalence of 54.6 % (71/130) by ELISA in hospitalized children. This suggests that the prevalence may be higher in severe cases requiring hospitalization, whereas your study included both hospitalized children (73.5 % of RVA cases) and outpatients (26.5%). In the Democratic Republic of Congo, Manzemu et al. (2024) documented a higher prevalence of 34.4% in Kisangani after the introduction of the Rotasiil® vaccine, demonstrating that RVA continues to represent a significant health burden despite vaccination programs. This difference in prevalence between the two countries could be explained by the types of vaccines used (Rotarix® versus Rotasiil®), vaccination coverage, or genotypic variations of circulating strains. Our study reveals a significant difference according to gender, with a male predominance (76.55 %) of positive cases (P = 0.004). This observation is consistent with that of Mbaïholmbaye et al. (2024), who also reported a male predominance (61.11 %) among infected children in Chad. This increased susceptibility of boys to RVA infections has been documented in several African studies, although a definitive explanation has not been established, while immunological or behavioral factors have been suggested. Regarding the age distribution, our study shows that 73.5 % of infections occur in children under 24 months, with a peak in the 12 - 23 month age group (44.1 %). These data are consistent with those of Sobi et al. (2024), who, in a large multicenter study including sub-Saharan Africa, confirmed that children under two years of age constitute the population most vulnerable to severe RVA infections. In the Central African Republic, a ten-year surveillance study conducted by Dote et al. (2025) revealed that 87.9 % of RVA cases occurred in children under 12 months, with a mean age of 8.75 months. This confirms the narrow window between the disappearance of maternal antibodies and the establishment of active immunity, during which infants are most vulnerable. Micronutrient deficiencies, particularly in zinc and vitamin A, have been shown to contribute to the development of gastroenteritis. Boys' growth is associated with the development of generally greater muscle mass than girls'. Consequently, micronutrient requirements may be higher in boys, thus exposing them to an increased risk of nutritional imbalances, especially zinc and vitamin A deficiencies. In this study, the Garoua Regional Hospital (HRG) was the most frequently consulted hospital for acute gastroenteritis in children under 5 years of age. This observation is supported by the fact that the HRG is a leading healthcare facility in the northern region, with a pediatric and neonatology department. It also has a dedicated nutrition and child health unit, making it one of the leading children's hospitals in this part of the country. Furthermore, its central location offers good geographical accessibility, complemented by the relatively low cost of the care and services it provides. A particularly concerning finding of our study is that 88.2% of children infected with RVA had received both doses of the Rotarix® vaccine. Although this difference was not statistically significant (P = 0.254), it raises questions about efficacy vaccination in this context. Luhata Lungayo et al. (2024) documented a significant reduction in rotavirus infections in the DRC after the introduction of the vaccine (from 60 % to 43 %), but also observed a change in the profile of circulating strains, with the emergence of new genotypes such as G12P(8) and G12P(6) in the post-vaccination period. This genotypic evolution could explain the residual infections in vaccinated children in our study. The work of Ghapoutsa et al. (2021) also observed this phenomenon, with 57.8 % (41/71) of RVA cases detected in fully vaccinated children. They highlighted a "higher than expected" prevalence in vaccinated children, calling for typing studies to understand which RVA genotypes are circulating and potentially evade vaccine protection. Conversely, Manzemu et al. (2024) clearly demonstrated that complete vaccination significantly reduces the risk of infection (adjusted OR: 0.31; 95% CI: 0.19 - 0.56; P < 0.001), highlighting the importance of optimal vaccination coverage. The difference observed in our study could be related to the significant proportion of unknown vaccination status (20.5 %), constituting a significant methodological limitation. A large systematic review on the epidemiology of rotavirus in Africa confirms that, despite 74% vaccination coverage in African countries, rotavirus remains the most common pathogen in children under 5 years of age. The estimated case fatality rate is 1.2% (Njifon et al., 2024). Our three recorded deaths among infected children reflect this reality. A study conducted in the Democratic Republic of Congo on the Rotasiil® vaccine (2025) reported an efficacy against hospitalizations of 60% to 79 %. This shows that, while protective, vaccines do not offer absolute protection, particularly in high-morbidity settings such as sub-Saharan Africa, where factors like malnutrition (prevalence in your cohort) can influence the immune response. Our study reports that 44.1% of infected children had severe acute malnutrition, compared to 17.6 % with moderate acute malnutrition (MAM). Although not statistically significant (P = 0.485), this trend warrants attention. Koyuncu et al. (2020) in Zambia shed paradoxical light on this relationship, suggesting that environmental enteric dysfunction associated with malnutrition may confer some protection against RVA infection (OR: 0.66; 95% CI: 0.42 - 1.0). This hypothesis is partially supported by Sobi et al. (2024), who observed a positive association between RVA infection and nutritional status in sub-Saharan Africa (β coefficient for the height-for-age Z-score: 0.19; 95% CI: 0.12 - 0.26; P < 0.001), suggesting complex pathophysiological mechanisms that could involve alterations in the intestinal mucosa. These counterintuitive results call for further research into the interactions between nutrition, the gut microbiota, and susceptibility to enteric infections. The Vesikari score indicates that 50 % of RVA infections were severe, with three deaths recorded. Mbaïholmbaye et al. (2024) reported similar proportions of severity, with 38.8 % severe and 41.1% moderate cases in Chad. These data serve as a reminder that despite vaccination, RVA remains a significant cause of severe morbidity and mortality in young children in sub-Saharan Africa. Our study highlights a marked seasonality, with a peak in infection during the dry and cool season (December to April), accounting for 95 % of cases. This observation is consistent with the data from Mbaïholmbaye et al. (2024), who also reported a peak during the dry seasons in Chad. In the Central African Republic, Dote et al. (2025) also found that infection was more frequent during the dry season (November to March), with a peak in February. The climatic conditions in Garoua, with average temperatures of 29.25 °C and relative humidity ranging from 32 % to 80 %, could favor the survival and transmission of the virus during this period. A groundbreaking environmental study in Cameroon itself, conducted by Atsama-Amougou et al., (2025) further supports this finding. on the detection of enteric viruses in wastewater in Yaoundé, provided further insight. Their results indicate that the RVA showed a peak in detection during the short rainy season (March-June). This apparent difference with your clinical outcome could be explained by climatic differences between the Sudanian-Sahelian zone (Garoua) and the equatorial zone (Yaoundé), or by the time lag between viral shedding in the environment and the onset of clinical cases. This underscores the complexity of viral epidemiology and the importance of environmental surveillance. No These results therefore highlight the need to strengthen several aspects of the fight against RVA infections in Northern Cameroon. As recommended by Mwenda et al. (2025) in their analysis of vaccination coverage in the African region, it is crucial to reach all eligible children and reduce the number of unvaccinated or partially vaccinated children. The proportion of 20.5% with unknown vaccination status in our study represents a significant gap that needs to be addressed. Furthermore, the persistence of infections in vaccinated children justifies the implementation of virological surveillance to identify circulating genotypes, as advocated by Luhata Lungayo et al. (2024). This surveillance would allow for the adaptation of vaccination strategies if necessary. Finally, the association between infection and malnutrition, although complex, underscores the importance of an integrated approach combining vaccination, improved nutritional status, and maternal health education, the latter two factors having been identified as protective by Manzemu et al. (2024). Conclusion
Conclusion
This study confirms the persistent circulation of rotavirus-induced diarrhea (RVA) among children under five years of age in northern Cameroon, despite the introduction of the vaccine. It highlights the complex interactions between demographic, nutritional, and viral factors in the occurrence of infections. Strengthening epidemiological and virological surveillance, improving vaccination coverage, and implementing integrated malnutrition management appear to be priorities for reducing the burden of this vaccine-preventable infection.
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List of Abbreviations
ELISA: Enzyme Linked ImmunoSorbent Assay
GRH: Garoua Regional Hospital
LMC: Laindé Medical Center 
MAM: Moderate Acute Malnutrition
NDH: Notre Dame Hospital
PV: P.Value
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