


Hospital Based Surveillance of Rotavirus and Adenovirus in Children with Acute Diarrhoea


Abstract
Background: Diarrhoea remains a major cause of child mortality in developing countries. This hospital-based study, conducted from November 2022 to October 2023 in Awka, Nigeria, investigated the prevalence of rotavirus and adenovirus among children under five presenting with diarrhoea. Methods:A total of 400 stool samples were collected; 300 from diarrhoeic children and 100 from non-diarrhoeic controls. Socio-demographic and clinical data were obtained via questionnaires, and viral detection was performed using enzyme-linked immunosorbent assay (ELISA). Results: Rotavirus was detected in 36.7% of diarrhoeic cases, adenovirus in 4%, and co-infections in 1.8%. None of the control samples tested positive. Dehydration was the most common clinical manifestation. Significant risk factors included child teething, contact with diarrhoeic individuals, and lower paternal education levels. Children aged 7–12 months had the highest infection rates. Seasonality played a role, with peak viral prevalence occurring during the dry months of December to February. Conclusions: The findings highlight the ongoing burden of viral diarrhoea in young children and underscore the need for targeted public health interventions. Recommendations include promoting routine immunization, minimizing exposure during peak transmission periods, isolating symptomatic children, and raising public awareness to reduce infection rates and improve child health outcomes. 
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Introduction
Children under five years old, according to WHO, are generally predisposed to a variety of diseases especially diarrhoea which is rated second after pneumonia as the leading cause of childhood diseases [1]. Diarrhoea is defined as the passage of three or more loose or liquid stools per day, or more frequent passage than is normal for an individual [1]. Due to fluid loss, it frequently lasts for a few days and can lead to dehydration. Dehydration symptoms frequently start with irritability and a lack of the skin's usual suppleness. As the severity increases, this might lead to decreased urine, loss of skin colour, a rapid heartbeat, and a decrease in responsiveness. Diarrhea is frequently a sign of an intestinal illness, which can be brought on by a number of bacteria, viruses, and parasites. Infection is transmitted through contaminated food, water, or direct contact between people due to inadequate hygiene [1]. In 2016, it was estimated that about 128,500 children die each year from rotavirus-associated diarrheal diseases with 104,733 deaths occurring in sub-Saharan Africa [3]. Rotavirus infection is responsible for about 258 million diarrheal episodes not requiring hospitalization and 1,537,000 hospitalizations among under-five children worldwide [3].
Lack of access to clean drinking water, unsanitary disposal of human waste, incorrect feeding and hand washing practices, unsanitary living conditions, and inability to obtain affordable health care all contribute to an increase in the incidence and severity of diarrhea [2]. In low-income countries, children under the age of three frequently experience three episodes of diarrhoea every year. Every occurrence deprives the kid of the nutrition they need to grow. Therefore, diarrhoea is a significant contributor to malnutrition, and children who are undernourished are more susceptible to illness [1].
Children under the age of five can get diarrhoea from both infectious and non-infectious agents, although viral (infectious) agents are more dangerous since they are resistant to medications. The most frequent cause of extremely dehydrating diarrhoea in children globally is rotavirus infection [3]. Rotavirus is responsible for two out of every five hospitalizations for diarrhoea in children under the age of five [4].
Although the prevalence of rotavirus diarrhoea is similar in industrialized and poor nations, there are differences in the risk factors for developing rotavirus diarrhoea. In Sub-Saharan Africa, factors like nutritional condition, dehydration, episodes occurring during the dry season, and age under two years are linked to rotavirus diarrhoea [5].  Additionally, other factors that increase the risk of rotavirus diarrhoea include exposure to diarrhoea outside the home, poor food hygiene, dehydration, education level, living in an apartment with fewer than five rooms, bottle-feeding, low birth weight, male gender, maternal smoking, and maternal age of less than 20 years. 
In the daycare setting, adenoviruses, in particular enteric adenoviruses (EAds) type 40 (Ad40) and type 41 (Ad41), are a common cause of infantile diarrhoea and young children, worldwide, develop acute and severe diarrhoea from it [9]. Young children's faeces frequently contain Adenoviruses, which are thought to be the second most common cause of acute gastroenteritis in children under the age of five, after rotavirus [7]. Similar symptoms are caused by both rotavirus and adenovirus, however adenovirus gastroenteritis is less likely to be accompanied by dehydration and vomiting than rotavirus gastroenteritis is [8]. Rotavirus and Adenovirus were shown to be the most often linked viruses to acute gastroenteritis in children across seasons, according to recent investigations on the virus aetiology of the condition [31, 33, 34].
For control and preventive actions, a precise assessment of the relative prevalence of the adenovirus in diarrhoea is crucial especially in the African continent, where the prevalence of diarrhoeal disease is high and there is a wide range in the reported prevalence of childhood diarrhoea caused by the human adenovirus (HADV), from as low as 3.1% in Tunisia to as high as 10.4% in Egypt, 19.6% in Gabon [34], 19.8% in Ghana, 23% in northwest Nigeria, and 37.4% in Kenya [9].
In underdeveloped nations, where they account for 15–30% of fatalities in children under five, diarrheal illnesses are substantial causes of morbidity and mortality in young children [10]. In Nigeria, diarrhoea prevalence rate is 18.8% and annually, it accounts for over 16% of child deaths with an estimated 150,000 deaths mainly amongst children under five years [10]. According to estimates from around the world, Nigeria has the second-highest rate of rotavirus disease-related mortality in children under the age of five (31,000 per year) [11]. By the age of five, rotavirus infection rates are comparable among children worldwide, regardless of whether they live in developing or developed nations. This suggests that solely enhancing sanitation and hygiene practices will not be adequate to halt the transmission of the disease [12]. Although this virus is highly contagious and resistant to antibiotic therapy, carers frequently use antibiotics as the first line of defense against diarrhoea. The children are put in greater danger as a result of this rigorous treatment, which also raises the cost of treating diarrheal disease, which can be effectively treated with fluid replacement therapy and symptom management alone. Although vaccination is currently the primary method for reducing disease burden [1, 12, 33], it is also anticipated that some children who have received rotavirus vaccinations would still have diarrhoea from other viral agents, such as adenovirus. There are presently no vaccinations available for adenovirus types 40 and 41, and it has been found to cause diarrhoea in children in numerous African nations, including Nigeria [13, 14].
Children’s heath in developing nations is influenced by various factors, including socioeconomic, biological, behavioural, and environmental ones. Despite this complexity, the misunderstanding of diarrhoea’s viral origins often lead to unnecessary antibiotic use, which is ineffective and costly. Additionally, acute diarrhoea can be fatal for children if left untreated. Therefore, there is a need to comprehend the true etiology of infantile diarrhoea, its transmission dynamics, and the most efficacious strategies for containment and management.
In this study, we examined the presence of rotavirus and adenovirus in fecal samples obtained from children experiencing acute diarrhoea. Our goal was to assess the prevalence of these infections and identify specific risk factors, enabling caregivers to better manage episodes of diarrhoea in children under the age of five.
Significance of this study: This study advances knowledge of various new risk factors and root causes for viral diarrhoea in children. This will increase the quality of child health care in the study area and beyond and have substantial policy implications for health intervention programmes.

Materials and Methods
Study area
The estimated population of Awka, the capital of Nigeria's Anambra State, is 301,657 (FGN, 2007). Awka is located in latitude 6.210528 and longitude 7.072277. Its GPS coordinates are 6°12'37.9008" N and 7°4'20.1972" E. The elevation is 105 metres, or 344 feet, above sea level. Awka, located in Nigeria's tropical rainforest region, has a six-month rainy season from April to October, followed by a five-month dry period from November to March. From June to December, the temperature fluctuates between 27 and 300 C, and from January to May, it is 32 to 340 C. The research region includes several privately owned specialist children's hospitals as well as the government-run Chukwuemeka Odumegwu Ojukwu University Teaching Hospital, which is located in the Awka town.
Study design and population

In this hospital-based cross-sectional study, 400 samples of children's stools from several children's hospitals in the study area were taken after they presented with diarrhoea. Children in Awka under the age of five years make up the study population (with or without diarrhea). The controls were those who had no diarrhoea. For the investigation, a few paediatric hospitals in Awka's downtown were chosen.

Inclusion and exclusion criteria

Any child between 0-5 years admitted for diarrhoea illness in hospitals was chosen for the study. The study in Awka included any child between the ages of 0 and 5 years who was hospitalised for a diarrheal illness. Children aged 5 years and older; those under 5 years without a history of diarrhoea three weeks prior to the sampling day were excluded. A child who passes loose, watery, or bloody stool three or more times in a 24-hour period is considered to have diarrhoea in this study. Children who entered the hospital for an illness other than diarrhoea and who had no prior history of the diarrhoea three weeks prior to the day of sampling were used as the control group.

Sample size

The sample size for the study was determined using the Sarmukaddan and Gerald formula [15] at a 95% confidence level. The average prevalence rate of Rotavirus infection was calculated as 24.4%, based on prevalence percentages from previous studies conducted in Nigeria [16-19]. These studies reported prevalence rates of 18%, 22.5%, 32.2% and 25% respectively.
The formula used to calculate the sample size (N) is as follows:
	-----(equation 1) 
Where: N represents the sample size, Z is the statistic for a 95% confidence interval (1.96),  p is the prevalence rate of Rotavirus infection (24.4%), q is the complement of p (1-p), and d is the level of significance (allowable error) set at 5% or 0.05.

Thus, 		



Substituting the values into equation 1, the calculated sample size (N) was found to be 283.45. However, a total of 400 samples were collected and utilized for the study. Among these, 300 diarrhoeic stool samples were obtained from children with diarrhoea while 100 non-diarrhoeic stool samples, serving as controls, were collected from non-diarrhoeic children.

Data collection
Upon admission, the exact time of diarrhoea onset was recorded, with duration measured until symptom cessation. Vomiting presence and frequency, fever (temperature ≥ 38oC), and signs of dehydration were documented. Hospital duration was noted. Informed agreement was obtained from the caregivers before a questionnaire was used to sequentially sample patients in the paediatric wards and paediatric emergency unit who met the inclusion criteria over the course of a year. Using a pre-structured questionnaire, we collected information on feeding practises, sociodemographic characteristics like age and gender, and caretaker characteristics like age, level of education, and specific behavioural risks [32]. This was followed by a thorough clinical evaluation conducted by the on-call doctor. The mother-baby booklet and/or carer reports of word-of-mouth were used to confirm whether or not the patients had had a rotavirus vaccination. The vaccine was described by caregiver by mode of administration and the child's age at the time it was given, even though they couldn't remember the vaccines' names. Both the oral polio vaccine and the rotavirus vaccine are given orally; therefore, parents were able to distinguish between the two by saying that the oral polio vaccine is given as two drops while the rotavirus vaccine is given orally with a prefilled 1 ml syringe/vial and has a thicker consistency [32].

Sample collection and storage

A total of 278 samples were collected during the dry season, from November 2022 to March 2023 and 122 samples of faeces were collected during the rainy season from April to October 2023. The preference for entire stool samples over rectal swabs was due to their higher concentration of viruses, making them better suited for detecting viral infections associated with diarrhoea.
Samples were collected when viral excretion was at its peak and the faeces were still in a liquid or semi-solid state, typically within 48 to 72 hours of the onset of illness. Sterile plastic containers with wide mouths were used for stool collection. Each child provided one full stool sample either on the day they visited the hospital for diarrhoea or on the day controls were enrolled. Parents or guardians were provided with wide-mouthed receptacles to collect the faeces during bowel movements, aiming for a minimum of 10g of faeces, roughly equivalent to the size of three peas for acceptance. Immediately after collection, the samples were transported to the PCR lab at Chukwuemeka Odumegwu Ojukwu University Teaching Hospital, Awka, in Styrofoam containers with cold packs. The faeces samples were frozen at -70oC on the same day they were collected and then transported to the virology lab at the University of Nigeria Teaching Hospital in Enugu, where they were stored in a freezer at -80oC and subsequently analyzed.

Viral antigen detection using Enzyme-Linked Immunosorbent Assay (ELISA)

All 400 stool samples were examined for the presence of rotavirus antigens using a commercially available Enzyme-linked Immunosorbent assay kit, ProSpecT Rotavirus Microplate Assay, which is based on detection of group specific antigen in group A rotaviruses. It employs polyclonal antibodies with a 95% sensitivity and 100% specificity that were produced against rotavirus structural proteins. Similarly, Adenovirus identification was carried out using the ProSpecT adenovirus Microplate Test, a commercially available Enzyme-linked immunosorbent assay kit that is based on detection of group specific antigen.
For the experiment, 0.1g (pea-sized) of stool was mixed with 1 ml of sample diluents (sterile phosphate buffered saline) to create the 10% stool suspension. Both were combined by vortexing for 60 seconds, and then they were left to stand at 25°C for 10 minutes. The supernatant was then transferred to a new, labeled cryo-vial and spun at 5000 rpm for 5 minutes at the same temperature before being utilized right away for viral identification.
A total of 100 µl of each sample and control were put to the microplate in accordance with the instructions for detecting rotavirus or adenovirus, and 100 µl of conjugate was then added to each well and gently swirled on the work surface. To allow antibodies linked to the wells to capture viral antigen present in the faeces supernatant, the combination was incubated at 25°C in the dark for 60 ±5 minutes. After incubation, the liquid was removed from the wells and emptied into a trash vessel. To confirm that all of the liquid had been removed from the wells, the microlitre well holder was then vigorously tapped against absorbent paper. Wash buffer (phosphate buffered saline) was drained out of all the wells after being filled to the brim with the solution.
To guarantee that all of the liquid had been removed from the wells, the microliter well holder was vigorously tapped upside down against absorbent paper. The washing procedure was repeated 6 times. Each well received 100 µl of substrate, and the plate was then covered and incubated at 25 °C for 10 minutes in the dark. This is done to "sandwich" the antigen with a second anti-viral anti-body and to add horseradish peroxidase to the sandwich. Following incubation, each well received 100 µl of the stop solution (a chromogen) to stop the substrate reaction. Within 30 minutes of adding the stop solution, it was well mixed, and the results were read at 450nm using a spectrophotometer.
The result was interpreted as positive if the clinical sample absorbance value was higher than the cut off value and as negative if it was lower.

Data analysis and presentation
Descriptive statistics were used to convert questionnaire data and test results from laboratories into percentages. The data were analyzed using Graph Pad statistical software and SPSS version 20.0. The connection between the variables was determined using the chi-square and odds ratio, and the significance of the difference was tested using the t-test.

Results and Discussion
The study analyzed 400 stool samples, with 300 from diarrhoeic and 100 from non-diarrhoeic children aged 0–5 years. Among these, 36.75% (147/400) tested positive for rotavirus, while no viral antigen was detected in non-diarrhoeic samples (Table 1). Co-infection of rotavirus with adenovirus was observed in 1.75% (7/400) of samples, as shown in Figure 1. This shows the strong association between rotavirus and diarrhoea, consistent with previous findings in Ghana, Nigeria, and Cameroon [12, 16, 17]. The prevalence of rotavirus in this study exceeds that reported in Saudi Arabia [20] and Nigeria [9]. In addition, the prevalence of adenovirus infection in this study (4%) is comparable to the frequency of 3.8% reported by Nimzing et al. [21] in Jos, Nigeria, although a greater incidence of 16.7% was recorded in Lagos, Nigeria [13]. A similar incidence of 5% was noted in Northern France [22]. Variations in prevalence may stem from geographic, climatic, socioeconomic, or cultural factors, suggesting the need for further investigation into these potential influences. 
Table 1: Rotavirus and adenovirus infection rates among 0- to 5-year-olds with and without diarrhoea in Awka.
	  
	Rotavirus
	
	
	Adenovirus
	
	

	Population
	Negative (%)
	Positive (%)   
	Total (%)
	Negative (%)
	Positive (%)
	Total (%)

	Diarrhoeic
	153 (38.25)
	147 (36.75)
	300 (75)
	284 (71)
	16 (4)
	300 (75)

	Non- diarrhoeic        
	100 (25)
	0 (0)
	100 (25)
	100 (25)
	0 (0)
	100 (25)

	Total
	253  (63.25)
	147 (36.75)
	400 (100)
	384 (96)            
	16 (4)
	400 (100)


For RV:     χ2 = 77.470, DF= 1, P= 0.000 OR= 0.11 ( at 95% C-I)  0.001-0.076), For Adv:   χ2= 5.556, DF= 1, P=0.018, OR= 0.947  ( at 95% C-I) 0.922-0.972). Where, χ2 = Chi square, DF= Degree of Freedom, P = Probability, OR= Odd Ratio, C-I = Confidence Interval


Figure 1. The co-infection of rotavirus and adenovirus in diarrhoiec children under five years old in Awka.

[bookmark: _GoBack]Of the 147 (36.75%) children infected with rotavirus, none of them was vaccinated (Table 2). However, 40 (10%) of the control cases were vaccinated and they had no rotavirus infection, therefore prior vaccination with rotavirus vaccine is statistically a significant factor (χ2 = 25.823, df= 1, p ≤ 0.05). It is known that rotavirus is resilient and extremely contagious, therefore improving water quality and sanitation are unlikely to be effective rotavirus disease prevention strategies, bolstering the argument for a widespread vaccination campaign.

Table 2. Effect of vaccination on the infection of rotavirus on the children
	Population
	RV Negative (%)
	RV Positive (%)
	Total (%)

	No RV vaccination
	213 (53.2)
	147 (36.8)
	360 (90)

	RV vaccination
	40 (10)
	0 (0)
	40 (10)

	Total
	253 (63.2)
	147 (36.8)
	400 (100)


χ2 = 25.823, DF = 1, P= 0.000, OR= 0.592, (0.543-0.645). Where, χ2 = Chi square, P = Probability, DF= Degree of Freedom, OR= Odd Ratio

Table 3 represents gender and virus identification from diarrhoeic stools. However, the study group's male and female diarrhoea patients did not have statistically different rates of rotavirus infection (P>0.05). Rotavirus infection was shown to be somewhat higher in girls (25%) than in boys (24%). This is consistent with other research from Cameroon, where Ndze et al. [23] found that females outnumbered males (40.8%) by 45.3%. However, other studies from Nigeria reported that rotavirus was detected in slightly higher rates in males than in females [16, 24] as well as other studies in other countries such as South Western Iran. Males were more likely to have rotavirus infection in Sudan than females were (80% of positive cases versus 20% of positive cases), according to Magzoub et al. [25], but there was no statistically significant difference in adenovirus infection between male and female children with diarrhoea in this study (P>0.05). Some researchers reported no appreciable variation in infection between the sexes, are similar to this [17, 26]. The lack of gender-specific differences in infection rates suggests that susceptibility to viral antigens is not significantly influenced by gender during early childhood, emphasizing the importance of exposure risk over gender in virus contraction. Similarly, adenovirus was detected in 1.3 % of the females and 4% of the males. Although, adenovirus antigen detection was slightly higher among male than in female, there was no significant difference in the detection of adenovirus (χ2 = 3.001, df= 1, p >0.05) (Table 3). Also, rotavirus and adenovirus co-infection was higher among males 1.7% (5/300) than in females (0.7%, 2/300), though, not statistically significant (χ2 = 0.876, df= 1, p > 0.05).



         Table 3. Distribution of rotavirus and adenovirus infection among diarrhoiec children under five years old in relation to gender
	
	Rotavirus
	Adenovirus

	Gender
	Negative (%)
	Positive (%)
	Total (%)
	Negative (%)
	Positive (%)
	Total (%)

	Female
	63 (21)              
	72 (25)            
	138 (46)               
	134 (44.7)
	4 (1.3)
	138 (46)

	Male
	90 (30)              
	72 (24)            
	162 (54)               
	150 (50)               
	12 (4)
	162 (54)

	Total
	153 (51)            
	147 (49)           
	300 (100)              
	284 (94.7)
	16 (5.3)
	300 (100)


For Rotavirus: χ2 = 25.823, DF = 1, P= 0.000, RE, OR= 0.592, (0.543-0.645), For Adenovirus: χ2 = 2.925, DF = 1, P= 0.087, RE, 0R= 0.672, (0.426-1.061). Where, χ2 = Chi square, P = Probability, DF= Degree of Freedom, RE = Risk Estimate, OR= Odd Ratio.

The age group distribution of rotavirus, adenovirus, and co-infection among diarrhoeic children under 5 years old in the studied area showed no statistically significant differences (p > 0.05) (Table 4). The highest prevalence of rotavirus infection occurred in the age group of 7-12 months (21%), followed by 0-6 months (19%) (Table 4). This age group distribution is comparable to other studies which found a higher prevalence in infants between the ages of 7 and 12 months [24]. The age range of 31 to 54 months had the lowest prevalence of rotavirus infection. This low infection rate may be linked to growing older and developing viral immunity.  Rotavirus was predominantly detected in children under 2 years old, aligning with the assumption that children under 2 are more susceptible to diarrhoea and that circulating antibodies offer protection [14]. Adenovirus infection was exclusively found in children under 2 years old (100% of positive cases), consistent with international studies [14, 17], although contrasting with findings from Aminu et al. [9]. The age range of 7 to 12 months had the highest prevalence of adenovirus infection (60 % of positive cases). Given that we observed no positive cases in the age range of 25 to 54 months and a higher incidence in children under 24 months of age, it's possible that the children were infected much earlier in life but went on to develop resistance to infection. In other words, the fact that recurrent infections in older children are mild or asymptomatic could be explained by the fact that they have built up a protective immunity through repeated exposure to the virus.

Table 4.  Age related influence on distribution of rotavirus and adenovirus infections and co-infection
	
	Rotavirus
	Adenovirus
	RV And ADV Co-Infection

	Age (Months)
	Negative (%)
	Positive (%)
	Total (%)
	Negative (%)
	Positive (%)
	Total (%)
	Co-Infection (%)
	No Co-Infection (%)
	Total (%)

	0-6
	59 (19.7)
	57 (19)
	116 (38.7)
	111 (37)
	5 (1.7)
	116 (38.7)
	1 (0.3)
	115 (38.3)
	116 (38.7)

	7-12
	76 (25.3)
	63 (21)
	139 (46.3)
	130 (43.3)
	9 (3)
	139 (46.3)
	4 (1.3)
	135 (45)
	139 (46.3)

	13-18
	25 (8.3)
	1 (0.3)
	26 (8.7)
	1 (0.3)
	25 (8.3)
	26 (8.7)
	1 (0.3)
	25 (8.3)
	26  (8.7)

	19-24
	9 (3)
	1 (0.3)
	10 (3.3)
	1 (0.3)
	9 (3.0)
	10 (3.3)
	1 (0.3)
	9 (3.0)
	10  (3.3)

	25-30
	3 (1)
	3 (1)
	6 (2)
	6 (2)
	0 (0)
	6 (2)
	0 (0)
	6 (2.0)
	6 (2.0)

	31-36
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)

	37-42
	0 (0)
	1 (0.3)
	1 (0.3)
	1 (0.3)
	0 (0)
	1 (0.3)
	0 (0)
	1 (0.3)
	1 (0.3)

	43-48
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)

	49-54
	0 (0)
	2 (0.7)
	2 (0.7)
	2 (0.7)
	0 (0)
	2 (0.7)
	0 (0)
	2 (0.7)
	2 (0.7)

	Total
	
	
	
	
	
	
	7 (2.3)
	293 (97.7)
	300 (100)


For rotavirus: χ2= 5.148 DF=6 P= 0.525, For adenovirus: χ2= 1.651, For co-infection: χ2 = 4.338, DF= 6 P= 0.631 DF = 6, P= 0.949. Where, χ2 = Chi square, P = Probability, DF= Degree of Freedom.

The association of some rotavirus or adenovirus symptoms in relation to its infection or co-infection was compared and observed to be not statistically significant (p>0.05) (Table5). However, there were statistically significant differences in the observation of their dehydration status (p<0.05) (Table5). More so, when viruses were identified in relation to symptoms (see Table 5), individuals with the largest number of diarrhoea episodes (≥ 6 times) and vomiting episodes (≥ 3 times) shed the most rotavirus and adenovirus, albeit majority of these patients have normal body temperatures. The primary symptoms that accompanied the rotavirus diarrhoea were those clinical signs that were seen. This concurs with findings from Junaid et al [24]. Audu et al. [26] and Aminu et al. [9] both noted the same clinical characteristics in children with adenovirus infection. These clinical characteristics point to signs and symptoms of viral diarrhoea, according to the observations (Table 5). Children that were infected with Rotavirus and Adenovirus (co-infection) experienced mild to severe dehydration, and this difference was statistically significant (P>0.05). Children who were moderately to severely dehydrated had a higher rate of viral infection (see Table 5). This finding is consistent with studies by a number of other researchers, who maintained that rotavirus is the most common cause of severe, dehydrating diarrhoea in children around the world [9, 3].

Table 5. Association of some rotavirus and adenovirus symptoms in relation to its infection and co-infection
	Clinical Features                               
	Rotavirus
	Adenovirus
	RV and ADV Co-Infection
	Total (%)

	
	Negative (%)
	Positive (%)
	P-Value
	Negative (%)
	Positive (%)
	P-Value
	Co-Infection (%)
	No Co-Infection (%)
	P-Value  
	 

	Diarrhoea Frequency Per 24 h

	1-3 Times                                                        
	3 (1)
	1 (0.3)
	0.307
	4 (1.3)
	0 (0)                       
	0.883
	0 (0)                            
	4 (1.3)                 
	0.383
	4 (1.3)

	4-5 Times                                                       
	34 (11.4)
	25 (8.4)
	
	56 (18.8)                 
	3 (1.0)
	
	0 (0)                            
	59 (19.8)
	
	59 (19.8)

	≥ 6 Times                                                      
	115 (38.6)
	120 (40.3)                     
	
	222 (74.5)
	13 (4.4)                     
	
	
	228 (76.5) 
	
	235 (78.9)

	Vomiting Frequency Per 24 h

	Once
	35 (12.1)                       
	27 (9.3)                        
	0.543
	60 (20.7)                       
	2 (0.7)                        
	0.671
	0 (0)                            
	62 (21.4)       
	0.117
	62 (21.4)            

	Twice
	23 (7.9)                        
	27 (9.3)                        
	
	47 (16.2)                        
	3 (1.0)                        
	
	3 (1.0)                       
	47 (16.2)                   
	
	50 (17.2)

	≥ Three Times                                               
	91 (31.4)                      
	87 (30)                       
	
	167 (57.6)                      
	11 (3.8)                       
	
	4  (1.4)                      
	174 (60) 
	
	178 (61.4)

	Dehydration Status 

	No Dehydration
	70 (23.3)
	0 (0)
	0.000
	70 (23.3)
	0 (0)
	0.008
	0 (0)                          
	70 (23.3)                    
	0.003
	70 (23.3)               

	Mild Dehydration                                
	83 (27.7)                       
	1 (0.3)                           
	
	75 (25)                          
	9 (3)                       
	
	0 (0)                            
	84 (28.0)                   
	
	84 (28)

	Moderate Dehydration                       
	0 (0)                           
	106 (35.3)                    
	
	103 (34.3)                       
	3 (1)                      
	
	3 (1.0)                        
	103 (34.3)                 
	
	106 (35.3)

	Severe Dehydration                              
	0 (0)                           
	40 (13.3)                       
	
	36 (12)                          
	4 (1.3)                   
	
	4 (1.3)                        
	36 (12.3)                  
	
	40 (13.3)                       

	Fever

	Normal Temperature
	62 (41.1)
	64 (42.4)
	0.362
	121 (80.1)                     
	5 (3.3)                     
	0.291
	2 (1.3)                    
	124 (82.1)                    
	0.452
	126 (83.4)

	Mild Fever
	6 (4)
	2 (1.3)
	
	8 (5.3)                       
	0 (0)                         
	
	0 (0)                         
	8 (5.3)
	
	8 (5.3)

	High Fever
	9 (6)
	8 (5.3)                       
	
	15 (9.9)                       
	2 (1.3)                     
	
	1 (0.7)                      
	16 (10.6)                     
	
	17 (11.3)




Some significant risk factors for viral infection and co-infection are shown (Table 6). Our study found that breastfeeding did not significantly protect against rotavirus and adenovirus diarrhoea (P > 0.05), despite efforts to promote breastfeeding. Although human breast milk contains secretory IgA antibodies, which can neutralize rotavirus G9P and potentially prevent rotavirus illness, our results did not show a statistically significant difference in protection. In contrast to adenovirus-related diarrhoea in children, our study identified a substantial difference (P<0.05) between teething in children and rotavirus- related diarrhea (Table 6). It has been noted that children who are teething have a tendency to put anything at hand inside their mouths to scratch their gums and satisfy their itching urges. Because the child might put a contaminated object in their mouth, they run the danger of contracting several illnesses, such as rotavirus or viral diarrhoea. However, this can be regarded as a risk to diarrhoea in children. Children as early as 0 to 5 years old are frequently observed sucking their hands; this provides a danger for diarrhoea as such toddlers can touch contaminated surfaces and immediately put their hands in their mouths. Young children that practice hand sucking do so because it becomes a habit. However, analysis shows that this factor is not statistically significant in rotavirus and adenovirus infection (P>0.05). The independent factors for the transmission of rotavirus and adenovirus infection in this study, according to a multivariate analysis, are attendance at daycare or school, having siblings who are sick at home, and having recently visited someone who has diarrhoea. These are a component of the environmental elements that are closely linked to carelessness and poor hygiene. Children are constantly exposed to the virus if proper hygiene is not practised, as this can happen when carers change infected children's diapers, carers or daycare employees contact contaminated surfaces (such tables, toilet seats, toys, etc.), or children touch contaminated hands. Since most kids don't always cover their mouth and nose when coughing and sneezing, the respiratory route may also be a source of transmission. Similar to influenza virus, rotavirus spreads by sneezing and coughing by creating big droplets that fly short distances in the air (less than 3 ft). This is explained by the strong correlation between rotavirus and adenovirus infections and visits from diarrhoea patients within the previous week before infection. The evaluation of other people with diarrhoea who lived in the same home as the diarrheal patient was not statistically significant. Age differences may play a role in this, but other factors like germs, parasites, fungi, etc. may also be to blame. Since most children were reported to be fed with sachet water, which is pre-treated water, none of the children were reported to have used river water or pond water because this was not applicable to the study area, rotavirus and adenovirus infection were not significantly associated with source of drinking water (P>0.05).



Table 6. Profile of some child behavioral risk factors in relation to rotavirus and adenovirus infection and co-infection
	Risk Factors
	Rotavirus
	Adenovirus
	RV and ADV Co-Infection

	
	Negative (%)
	Positive (%)
	P- Value,
	Odd Ratio (95% C-I)
	Negative (%)
	Positive (%)
	P- Value,
	Odd Ratio (95% C-I)
	Negative (%)
	Positive (%)
	P- Value,
	Odd Ratio (95% C-I)

	Hand sucking practice
	
	
	
	
	
	
	
	
	
	
	
	

	No
	94 (31.3)
	92 (30.7)
	0.838
	0.952  (0.597-1.519)
	176 (58.7)
	10 (3.3)
	0.966
	0.978 (0.346-2.767)
	5 (1.7)
	181 (60.3)
	0.603
	1.547 (0.295-8.109)

	Yes
	59 (19.7)
	55 (18.3)
	
	
	108 (36)
	6 (2)
	
	
	2 (0.7)
	112 (37.3)
	
	

	Child teething
	
	
	
	
	
	
	
	
	
	
	
	

	No
	40 (13.3)
	62 (20.7)
	0.003
	0.485   (0.298-0.790)
	96 (32)
	6 (2)
	0.761
	0.851, (0.300-2.412)
	4 (1.3)
	98 (32.7)
	0.191

	2.653 (0.582-12.088)

	Yes
	113 (37.7)
	85 (28.3)
	
	
	188 (62.7)
	10 (3.3)
	
	
	5 (1.7)
	181 (60.3)
	
	

	Water source
	
	
	
	
	
	
	
	
	
	
	
	

	Sachet

	129 (43)
	117 (39)
	0.292
	Not Applicable
	230 (76.7)
	16 (5.3)
	0.156
	Not Applicable
	7 (2.3)

	239 (79.7)
	
	Not Applicable

	Boiled water
	15 (5)
	14 (4.7)
	
	
	29 (9.7)
	0 (0)
	
	
	0 (0)
	29 (9.7)
	0.455
	

	Bore hole
	9 (3)
	16 (5.3)
	
	
	25 (8.3)
	0 (0)
	
	
	0 (0)
	25 (8.3)
	
	

	Breastfeeding practice
	
	
	
	
	
	
	
	
	
	
	
	

	Exclusively breastfed
	62 (20.7)
	62 (20.7)
	
	0.771   (0.590-1.479)
	120 (40)
	4 (1.3)
	0.173
	(0.691-6.973)
	1 (0.3)
	123 (41)
	0.141
	(0.027-1.938)

	Not exclusively breastfed
	91 (30.3)
	85 (28.3)
	
	
	164 (54.7)
	12 (4)
	
	
	6 (2)
	170 (56.7)
	
	

	Attending school
	
	
	
	
	
	
	
	
	
	
	
	

	No

	93 (31)
	81 (27)
	0.994
	1.263 (0.798- 1.999)
	191 (63.7)
	9 (3)
	0.364
	1.597 (0.577-4.422)
	2 (0.7)
	172 (57.3)
	0.110
	0.281 (0.054-1.474)

	Yes

	60 (20)
	66 (32)
	
	
	117 (39)
	9 (3)
	
	
	5 (1.7)
	121 (40.3)
	
	

	Others in the same household with diarrhoea
	
	
	
	
	
	
	
	
	
	
	
	

	No

	108 (36)
	92 (30.7)
	0.142
	1.435 (0.886-2.324)
	191 (63.7)
	9 (3)
	0.364
	1.597 (0.577-4.422)
	5 (1.7)
	195 (65)
	0.787
	1.256 (0.239-6.593)

	Yes

	45 (15)
	55 (18.3)
	
	
	93  (31)
	7 (2.3)
	
	
	2 (0.7)
	98 (32.7)
	
	

	Diarrhoea patient visited
	
	
	
	
	
	
	
	
	
	
	
	

	No

	79 (26.3)
	106 (35.3)
	0.000
	0.413 (0.255-0.667)
	174 (58)
	11 (3.7)
	0.549
	0.719 (0.243-2.125)
	6 (2)
	179 (59.7)
	0.185
	3.821 (0.454-32.155)


	Yes
	74 (24.7)

	41 (13.7)
	
	
	110 (36.7)
	5 (1.7)
	
	
	1(0.3)
	114 (38)
	
	




Association of rotavirus or adenovirus infection and co-infection in relation to diarrhoiec child’s parental socioeconomic status were studied. Table 7 compares virus identification to several demographic characteristics. Mother's occupation, education level, and viral infection were not significantly correlated (p>0.05). However, there was a significant difference between that of the father’s (p<0.05). This difference is inconsistent with other research that asserted diarrhoea is more prevalent among children of parents with low levels of education [27]. The study, however, is consistent with Dreibelbis et al. [28], who demonstrated that behavioural change rather than educational status could play a role in transmission.












Table 7. Association of rotavirus and/or adenovirus infection and co-infection in relation to diarrhoiec child’s parental socio-economic status
	Variable
	Rotavirus ELISA
	Adenovirus ELISA
	Rotavirus and Adenovirus Co-infection

	
	Negative (%)
	Positive (%)
	Χ2 Value
	P-Value
	Negative (%)
	Positive (%)
	Χ2 Value
	P-Value
	Co-Infection (%)     
	No Co-Infection (%)     
	Χ2 Value
	P-Value

	Father’s Educational Status
	
	
	
	
	
	
	
	
	
	
	
	

	Informal
	3 (1)                        
	7 (2.3)                   
	7.903
	0.048
	9 (3)                        
	1(0.3)                   
	2.391
	0.495
	0 (0)                     
	10 (3.3)                        
	2.311      
	0.510                           

	Primary
	19 (6.3)                  
	29 (9.7)           
	
	
	47 (15.7)                   
	1 (0.3)           
	
	
	1 (0.3)                  
	47 (15.7)           
	
	

	Secondary
	28 (9.3)                  
	34 (11.3)
	
	
	57 (19)                      
	5(1.7)
	
	
	3 (1.0)                  
	59 (19.7)
	
	

	Post -Secondary                                  
	103 (34.3)               
	77 (25.7)
	
	
	171 (57)                    
	9 (3.0)
	
	
	3 (1.0)                   
	177 (59)
	
	

	Total
	153 (51)                  
	147 (49)                         
	
	
	284 (94.7)                 
	16(5.3)
	
	
	7 (2.3)                   
	293 (97.7)                         
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	Mother’s Educational Status
	
	
	
	
	
	
	
	
	
	
	
	

	Informal
	5(1.7)                      
	5 (1.7)                  
	3.523
	0.474
	10(3.3)                      
	0 (0)                  
	3.919
	0.417
	0 (0)                     0.343
	
	4.495       
	10 (3.3)                    

	Primary
	12 (4.0)                   
	10 (3.3)           
	
	
	20(6.7)                       
	2(0.7)           
	
	
	1 (0.3)                   
	21(7.0)           
	
	

	Secondary
	26 (8.7)                   
	36 (12)
	
	
	58 (19.3)                    
	4 (1.3)
	
	
	3 (1.0)                   
	59 (19.7)
	
	

	Post -Secondary                                  
	110 (36.7)                
	96 (32)
	
	
	196 (65.3)                 
	10 (3.3)
	
	
	3 (1.0)                  
	203 (67.7)
	
	

	Total
	153 (51)                   
	147 (49)
	
	
	284 (94.7)                  
	16 (5.3)
	
	
	7 (2.3)                  
	293 (97.7)
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	Father’s Occupation

	
	
	
	
	
	
	
	
	
	
	
	

	Artisan
	25 (8.3)                   
	39 (13)             
	10.264
	0.006
	64 (21.3)                  

	0 (0)                
	5.786
	0.055
	0 (0)                     
	64 (21.3)                
	1.954         
	0.377               

	Trader
	62 (20.7)                 
	69 (23)
	
	
	124 (41.3)                
	7 (2.3)
	
	
	4 (1.3)                  
	127 (42.3)
	
	

	Civil Servant
	220 (66)                  
	39 (13)
	
	
	96 (32)                      
	9 (3.0)
	
	
	3 (1.0)                  
	102 (34)
	
	

	Total
	153 (51)                 
	147 (49)
	
	
	284 (94.7)                 
	16 (5.3)
	
	
	7 (2.3)                   
	293 (97.7)
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	Mother’s Occupation

	
	
	
	
	
	
	
	
	
	
	
	

	Artisan
	11 (3.7)                     
	11 (3.7)           
	1.323            
	0.724               
	21 (7)                         
	1 (0.3.)            
	2.426
	0.489
	1 (0.3)                    
	21 (3.7)               
	2.182
	0.536

	Trader
	30 (10)                      
	26 (8.7)
	
	
	55 (18.3)                     
	1 (0.3)
	
	
	0 (0)                      
	56 (8.7)
	
	

	Civil Servant
	70 (23.3)                    
	61 (20.3)
	
	
	124 (41.3)                   
	7 (2.3)
	
	
	3 (1.0)                  
	128 (20.3)
	
	

	Housewife
	42 (14)                      
	49 (16.3)
	
	
	84(28)                         
	7(2.3)
	
	
	3 (1.0)                    
	88 (16.3)
	
	

	Total
	153 (51)                    
	147 (49)
	
	
	284 (94.7)                    
	16 (5.3)
	
	
	7 (2.3)                    
	293 (49)
	
	








Seasonality distribution of rotavirus and adenovirus infection

Rotavirus and adenovirus infections’ seasonality distribution was analyzed. Figure 2 depicts the seasonality of viral infection; rotavirus positivity was highly seasonal (P< 0.05), peaking from December to March (Figure 2a) during the dry, chilly months, in line with findings from other authors [12, 24, 29, 30]. Adenovirus showed an almost similar trend (Figure 2b). These show that during these seasons, a higher percentage of contaminated droplets may be suspended in the air and spread easily by the dried air.

[image: C:\Users\kenneth\Desktop\Picture1.png]
Conclusions
The research highlights a high prevalence of rotavirus and adenovirus infection among children aged 0-5 years in Awka, Anambra, Nigeria. The majority of children in the area have not received rotavirus vaccination, citing ignorance or cost as barriers. Vaccination remains crucial in preventing rotavirus infection as the absence of rotavirus infection was observed among vaccinated children. Gender was found to be a negligible risk factor for diarrhoea, with both sexes having similar infection rates. Most infected children are under 2 years old, while older children appear to have immunity. Dehydration, a leading cause of diarrhoeal fatality, was prevalent in most viral diarrhoea cases. Teething and recent visits from diarrhoea patients were identified as significant risk factors for diarrhoea. Risk factors also include the father's educational background and occupation. Viral diarrhoea affects virtually all households with children under 5 years, occurring in intermittent waves and peaking during cooler months. These findings underscores the need for continued surveillance and immunization to curtail the burden of these infections among children.
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Figure 2. Seasonal distribution of virus infection. Rotavirus (a), Adenovirus (b)





