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			Abstract | Acute diarrhea is a common infectious disease among children under 5 years old worldwide. The estimated mortality rate is 1.6-2.5 million cases annually, occurring in developing countries. Human adenovirus F40/41 is considered a major cause of epidemic diarrhea and one of the main factors causing severe gastroenteritis in infants and young children. The study aims to investigate the detection of adenovirus associated with acute gastroenteritis in children under 5 years old at the Maternity and Children’s Hospital using rapid testing and diagnosis of enteric adenovirus types F40/41 in diluted stool samples causing acute diarrhea due to gastroenteritis using molecular techniques. Real-Time PCR. In a cross-sectional descriptive study over three months, 72 samples from children were collected and stool was tested using the rapid test. Subsequently, the virus’s DNA was extracted, and all positive and negative samples were examined using Real-Time PCR. These results revealed using the rapid test that 16.66% of the positive samples were under two years old, all of whom were male. At the same time, the Real-Time PCR reaction showed that 40 (55.6%) out of 72 samples were positive in children with gastroenteritis. The results of this study revealed that adenovirus F40/41 is the causative agent of gastroenteritis in the city of Diwaniya and provides basic data on the potential role of adenovirus in causing diarrhea in children. There is a need for more extensive epidemiological surveys to better understand the disease burden and its clinical impact. While rapid testing and Real-Time PCR help us achieve early diagnosis and avoid the overuse of antibiotics. 

			Novelty Statement | This is the first study in Al-Diwaniyah City to identify adenovirus F40/41 as a major cause of diarrhea in children under five using both rapid testing and Real-Time PCR, providing valuable local data and highlighting the importance of molecular diagnostics in early detection.
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			Introduction

			Children younger than five years old die from diarrhea more than any other disease in the world (Rafie et al., 2021). All age groups may have acutegastroenteritis, the causative agents and clinical course could differ depending on age and causative agent. Children aged below five years have greater rates of the epidemics and fatalities linked to diarrhea connected to gastroenteritis, which results in around 1.5 million deaths annually, a serious public health concern (Bicer et al., 2014). 

			The digestive system, due to its continuous contact with the external environment primarily via the mouth is a sensitive organ susceptible to infections. Gastroenteritis, which is also known as stomach flu, is a disease of the digestive tract. The symptoms and signs are abdominal pain, emesis, and diarrhea. Additionally, fever, fatigue, and dehydration may occur (Hussein et al., 2018). Doctors warn about severe dehydration. Usually, there are no clinical signs until the child loses 5% or more of their body weight, and recent weight loss is a good indicator of the degree of dehydration (Elliott, 2007). The only two types, Adenovirus species F40\41 stand out as the only with a pronounced gastrointestinal tropism (Mahmood et al., 2015). Prior studies indicate that alterations in the primary and secondary proteins responsible for regulating shell morphology, together with the presence of two fibrous proteins unique to non-intestinal species, may explain its stability and alignment with the digestive system (do Nascimento et al., 2022). The F40/41 virus strains, prevalent in developing areas, account for 3.2% to 12.5% of acute diarrhea cases in children and infants worldwide. Children under two years old are often affected by these viral strains, which specifically target tiny intestine cells and induce watery diarrhea. If left untreated, it may lead to severe dehydration and could result in death, particularly in those with weakened immune systems and chronic conditions (AL-Nasrawy et al., 2022). Children and infants living in remote areas are particularly susceptible to diarrhea, stunted growth, neurodevelopmental impairment, and increased mortality associated with recurrent episodes of moderate to severe diarrhea. Elevated infection rates resulting in gastrointestinal illnesses induce immune system impairment (Ali et al., 2021) . Adenovirus infections are found all year round, according to epidemiological research conducted in many parts of the globe; the winter season increases their frequency (Mohammadian and Kargar, 2011).

			Healthcare for this infection is provided by treating the symptoms and complications. Whereas this infection can be fatal in young children and hosts with compromised immunity, it is rarely seen in healthy individuals (Zhang et al., 2023). Diarrhea ranks as a main cause of disease and mortality in Iraq. Many studies have so shown the rotavirus presence as well as viral infections in youngsters. So, the present work investigated the association of adeno virus with arrehea and prevalence in the children of Al-Diwaniyah city of Iraq.

			Materials and Methods 

			Sample collection 

			Stool samples were obtained from 72 children aged between less than one month and 5 years at the Women’s and Children’s Hospital in Diwaniya City, from November 2024 to February 2025. 

			Sample inclusion criteria

			The study included children and infants suffering from diarrhea due to gastroenteritis. The data considered in this study were age, gender, type of nutrition, as well as the extent of dehydration and nutritional condition evaluated during the assessment. Each child diagnosed with acute gastroenteritis had 5 ml of stool collected. The sample was then divided into two parts, with the first part (2 ml) immediately used for general direct stool examination and detection of enteric viruses using a rapid test. 

			Real time PCR detection of adenovirus

			The second part of the stool (3 ml) was stored at -20 oC until it was used to detect enteric viruses by real-time PCR technique. A particular kit (Adenovirus combination quick test cassette CTK, USA) was used to test the samples for adenovirus antigen. Colored immunochromatographic technique for concurrent qualitative identification of viral antigen in fecal specimens, this one-step lateral flow tests the maker of this product established a process for conducting this test, which followed. These actions were followed: Before the test started, the specimen, buffer, and cassette were placed at room temperature. The specimen collection tube was filled with 50 microliters of feces, and the mixture was stirred gently to mix with the extraction buffer. In the meanwhile, the specimen collection tube stood upright and the tip cap was removed. In a specimen well inside the test cassette, two drops of the extracted material were placed after the specimen collecting tube was inverted. Ten minutes of specimen dispersion produced the desired outcome. While the test area (T) has neither pink nor red lines, nor the control region (C) has a single-colored line, indicating that the answer is zero. One colored line in the test line zone and another in the control line region, however, indicate a favorable result. Following manufacturer guidelines, viral DNA was isolated from feces samples using the Presto stool DNA extraction kit. The concentration of the isolated DNA was quantified using the Nano Drop spectrophotometer (Thermo, USA). Using primers and a TaqMan probe specific for human adenovirus, real time PCR was used to find human adenovirus from patient stool samples. Following company guidelines, the main mix was made using the GoTaq® Probe qPCR Master Mix and this method was executed. The major PCR mixture’s components were placed in the Exispin vortex centrifuge for three minutes at 3000 rpm. After that, it was placed in the BioRad, USA Real-time PCR Thermocycler. The BioRad real-time polymerase chain reaction tools set the settings for the real-time polymerase chain reaction cycle based on the original heating temperature and the directions that came with the TaqMan kit.

			Statistical analysis

			Data collection and analysis were aided by SPSS (Statistical Package for Social Sciences, version 20, IBM, Armonk, New York). The quantitative data was summarized using the mean and standard deviation. Qualitative data were presented as numbers (n) and percentages (%). One may determine correlations using Spearman correlation, chi square, and P-values.

			Results

			Rapid immunochromatographic of diagnostic adenovirus

			The results of our current study through detection of Adenovirus using the method of rapid immuno-chromatographic analysis as shown in Figure 1.
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			Figure 1: Pie chart displaying fast test for viral antigens detection results in gut samples of gastrointestinal disease patients.

			Classification of adenovirus infection between male and female by real-time PCR, Adenovirus infection according to types of gender, feeding, adenovirus and infection by Real-Time PCR

			Table 1 showed the presence of 72 children with diarrhea during the period from November, 2024, to February 2025, at the Women’s and Children’s Hospital in Diwaniya. The male category had the highest incidence, with 24 (60.0%). In terms of nutrition, breastfeeding constituted the highest percentage at 18 (45.0%), and regarding the type of infection, the secondary infection rate was higher at 22 (55.0%).

			P-values < 0.05 indicated that there was statistically significant variation in the data. The demographic characteristics and clinical features are shown in Table 1. In this investigation, age matching was accomplished to avoid variations in parameter outcomes that could arise from the substantial age variance.

			Adenovirus detection with RT- PCR

			Total cases of adenovirus infection: Out of 72 stool samples tested using the polymerase chaiRapid antigen tests (RATs) for adenovirus are capable of providing rapid results but lack sensitivity when compared with PCR tests. A study in Ireland showed that the sensitivity and specificity of RAT were 88 and 98.5%, respectively, for adenovirus compared to PCR (Barsoum, 2020). This diminished sensitivity can also result in false negative test results, especially if viral loads are low or infection is early in the disease. On the other hand, the real-time PCR assay described by Buckwalter et al. (2012) showed 100.0 % sensitivity and 99.0 % specificity for all 57 known human adenovirus genotypes from different specimen sources using real-time PCR, which indicated that our method had high diagnosis accuracy. From a clinical standpoint, the implementation of PCR-diagnosis can also greatly improve patient care. Rapid, sensitive, and specific diagnosis of viral pathogens by PCR not only enables timely and appropriate antiviral therapy, but also contributes to antimicrobial stewardship. A report that analyzed children who were hospitalized and presented with adenovirus respiratory tract infection, observed that higher C-reactive protein and the presence of seizures were predictors to a bigger prescription of antibiotics independent of the viral nature of the condition (Buonsenso et al., 2024). Rapid and accurate PCR diagnostics can help clinicians differentiate between viral and bacterial infections, which not only reduces the unnecessary use of antibiotics, but can also help fight antibiotic resistance n reaction technique, the results indicated that 40 (55.6%) were positive (Figures 2 and 3).

			Table 1: Classification of adenovirus infection by real-time PCR.
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							Gender

						
							
							Adenovirus +ve

						
							
							Adenovirus –ve

						
							
							X2

						
							
							P value

						
					

					
							
							Real-Time PCR

						
							
							Male, n (%)

						
							
							24 (60.0%)

						
							
							18 (56.2%)

						
							
							0.103

						
							
							 0.748 

							 ¥  NS

						
					

					
							
							Female, n (%)

						
							
							16 (40.0%)

						
							
							14 (43.8%)

						
					

					
							
							Types of feeding

						
							
							Adenovirus +ve

						
							
							Adenovirus –ve

						
							
							1.553

						
							
							0.670

							 ¥  NS

						
					

					
							
							Breast, n (%)

						
							
							18 (45.0%)

						
							
							12 (37.5%)

						
					

					
							
							Artificial, n (%)

						
							
							8 (20.0%)

						
							
							10 (31.2%)

						
					

					
							
							Mixed, n (%)

						
							
							4 (10.0%)

						
							
							4 (12.5%)

						
					

					
							
							Food, n (%)

						
							
							10 (25.0%)

						
							
							6 (18.8%)

						
					

					
							
							Type of infection

						
							
							Adenovirus +ve

						
							
							Adenovirus –ve

						
							
							13.918

						
							
							0.001*

						
					

					
							
							Primary, n (%)

						
							
							18 (45.0%)

						
							
							28 (87.5%)

						
					

					
							
							Secondary, n (%)

						
							
							22 (55.0%)

						
							
							4 (12.5%)

						
					

				
			

			¥, Chi-square test; *, significant at P ≤ 0.05.
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			Figure 2: Percentages of enteric adenoviruses by real-time PCR diagnosis of stool samples.
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			Figure 3: Blue curve shows the expression of Enteric Adenoviruses (20–30 Ct) by the RT-PCR amplification of them.

			Discussion

			Samples of the 72 stool samples examined in this investigation, 12 (16.66%) were positive for adenovirus. The rotavirus infection rate was greater than the viral infection rate. Viruses caused gastroenteritis at rates comparable to those reported in prior studies of viral diarrhea in children in Iraq and other countries, according to previous research conducted in that country. This was accomplished by evaluating stool samples rapidly. According to research conducted in Baghdad, the prevalence of rotavirus infection was greater than that of adenovirus infection in newborns and young children (Mahmood et al., 2015) that used rapid tests to detect adenovirus infection in stool samples from children and infants, where the vast majority of cases were rotavirus, while adenovirus showed an 8% rate in the samples. A study (Al-Sayidi et al., 2014) also showed that out of 450 diarrhea cases, 2.8% were infected with adenovirus, especially in children aged between 3 and 4 years. While the results differed from those obtained by Al-Ali et al. (2011) and Al-Shuwaikh (2016). Which were identified by this immunological test, adenoviruses were 0% in the exit samples. Furthermore, research conducted in Sulaymaniyah city by Jaff et al. (2015) revealed that 3% of three out of one hundred exit samples had positive results for this virus. In southern Iran, the results conducted by Sharifi-Rad et al. (2015), indicated that the prevalence of the virus among children with diarrhea was 20.30%. In Turkey (Rad and Gözalan, 2010) the result was 2.6% in 77 positive samples out of a total of 2962 samples from discharge samples. Using the fast cassette test kit for rotavirus/ Adenovirus (Acro Biotech), adenovirus antigens were investigated also in Turkey (Öner et al., 2022). Winter had the greatest incidence of adenovirus infection; 180 samples (2.2%) tested positive for the virus. In situations of gastroenteritis, particularly in children, winter and spring should not be taken for granted regarding adenovirus and rotavirus. In 2022, the frequency of adenovirus declined. The results of the current study for detecting adenovirus also approached the result obtained in America (Rodriguez-Baez et al., 2002), which is (0.8%). This difference in viral infection rates in Iraq and other countries is attributed to variations in sample collection methods and conditions, as well as differences in the areas from which samples are collected. In some previous studies, sample collection was limited to children in hospitals, while in other studies, the collection process focused on children in outpatient clinics and hospitalized patients. Some people chose to collect from hospitals in the center of the province. In this study, adenovirus was found to be the second virus that causes vomiting in kids, after rotavirus. Children’s stool samples commonly show adenovirus antigen, particularly in fall and winter utilizing fast test. Still, because quick tests are cheap and simple to administer, we advise using them in diagnosis.

			The current study concludes that the Adenovirus positive patients by gender showed 24 (60.0%) cases in men and 16 (40.0%) in women. The frequency distribution of Adenovirus negative patients by gender was 18 (56.2%) cases in men and 14 (43.8%) instances in women; the difference was non-significant at (P= 0.748). The results of our present research matched those of the researchers (Hamza and Mohammed, 2021) in Al-Diwaniyah city, where the proportion of men was 0.55% while the percentage of women was 0% . The current study also agrees with the results of the Egyptian researcher (Allayeh et al., 2018) in Cairo. According to several research carried out both within and outside of Iraq, the infection rate was 7.2% for men and 6% for females who tested positive for this virus. These findings are consistent with each other. However, in Iran, (Sanaei-Dashti et al., 2016) indicated in their study that the male-to-female ratio is 1.7 among children infected with adenoviral infection, suggesting a higher prevalence of adenoviral gastroenteritis among males compared to females in the under-five age group. These findings were comparable to the results of some studies in Turkey (Tüzüner et al., 2016) that included 5,156 pediatric patients, 46.6% of the adenovirus-positive cases were female, while 53.4% were male. The study recorded infection rates among patients with thyroid virus infection who were fed through natural, artificial, mixed, and dietary means. As shown in the Table 1. That showed the percentage of children infected with Adenovirus infection who were fed through Breastfeeding was 18 (45.0%), 8 (20.0%) cases were with Artificial feeding, 4 (10.0%) cases with mixed feeding and 10 (25.0%) cases with food feeding. The frequency distribution of Adenovirus-negative patients by feeding technique was as follows: 6 cases (37.5%) were breastfed, 10 cases (31.2%) were artificially fed, 4 cases (12.5%) were mixed-fed, and 6 cases (18.8%) were food-fed; P= 0.670 indicates that the difference was not statistically significant. There are no notable differences between the two groups, according to statistical analysis (p > 0.05). 

			The current research observed that the incidence of infants with Adenovirus who are breastfed exceeds that of children using other feeding methods. The study by Al-fatlawi and Mohammed (2020) indicated that the prevalence of adenovirus infections in breastfed newborns in Diwaniya was 58.06%, whereas in children with mixed feeding, it was 59.32%. No statistically significant differences in adenovirus infection rates were observed across the various dietary types. As a study in southern Iran (Ziaei et al., 2013) clarified, the kind of diet made no bearing on the frequency of diarrhea among youngsters. This study (Guga et al., 2022) in low-resource countries agrees with our study that breastfeeding was protective against both adenovirus 40/41 95% (0.48-0.85). The study’s findings indicated positive Adenovirus infections throughout both main and secondary phases, with substantial variations between these infections, as seen in Table 1. The frequency distribution of Adenovirus-positive patients by infection type included 18 (45.0%) instances of original infection and 22 (55.0%) cases of secondary infection. The frequency distribution of Adenovirus-negative patients by residency included 28 cases (87.5%) with initial infection and 4 instances (12.5%) with secondary infection. The current study observed that the incidence of secondary infections in children with Adenovirus exceeds that of primary infections, and statistical analysis reveals significant differences between the two groups (p= 0.001). The study (De Francesco et al., 2021) indicates that adenovirus infections in hospitalized children can be primary, as they are found in 7.1% of stool samples. Additionally, 23.5% of the patients infected with this virus indicate the possibility of a secondary infection. Another study (LeMay et al., 2023) indicates that patients receiving hematopoietic stem cell transplants who have an adenovirus infection can be classified as a secondary infection due to immunocompromised status.

			Adenovirus detection with real-time PCR, Human Adenovirus F, including serotypes 40 and 41, sometimes referred to as Enteric Adenoviruses, is among the primary viral agents responsible for gastroenteritis in humans. Several studies were conducted to investigate the presence of Adenovirus and many intestinal viruses and their spread in the Iraqi Governorates because these viruses are of great importance as they cause the death of tens of children. Given that these viruses are often shed in great quantities into symptomatic individuals’ stools. The molecular method (real-Time PCR) was used in the present study to detection the DNA of Enteric Adenoviruses in stool samples. The current study showed that 40 (55.6%) positive samples out of 72 samples were from children with acute diarrhea and acute gastroenteritis. These results are more clarified in Figure 2. The adenovirus is the second most prevalent virus in the positive samples, according to the study’s findings, after the rotavirus, as it constitutes the highest infection rate. The results of this study, performed by RT-PCR method for adenovirus, were compatible with those obtained in other molecular studies in the same region. For example, research in Baghdad that was done by Al-Janabi et al. (2022) found 14% adenovirus positives in stool from children with gastroenteritis, RT-PCR. This very closely corresponds to the 16.66% in the current study. Additionally, Khan et al. (2022) identified adenovirus DNA in 14.8% of stool samples analyzed from hospitalized Pakistani under-five children with community acquired GE, adding to the dependability of molecular diagnosis. These findings underscore the enhanced sensitivity of RT-PCR relative to immunochromatographic assays, which can be markedly more insensitive and which are more likely to underestimate true infection rates. Thus RT-PCR may be introduced in clinical diagnostics to increase the accuracy of diagnostic detection and develop more suitable treatment options. This finding differs from the results obtained from testing the samples using the immune chromatographic assay. this test has been adopted by many researchers, and they obtained different rates, some of which were low Molecular methods such as PCR and microRNA applications have recently gained attention for the diagnosis and monitoring of infectious and cancerous cases in Iraq. For example, in a study in Baghdad (Al-Janabi et al., 2022) reported the results of detecting enteric adenovirus by RT-PCR, showing 7 (14%) positive samples. A study by (Yılmaz et al., 2022) found that 13 samples (13.8%) from Central Turkey tested positive for adenovirus. A separate study conducted in Pakistan (Khan et al., 2022) indicated that 14.85% of adolescents (n= 57/384) tested positive for adenovirus by RT-PCR. A global study in low-resource countries (Guga et al., 2022) detected adenovirus in 698 (10.3%) out of 6748 samples. While Research in Tanzania (Moyo, 2014) showed that the adenovirus rate is (3.5%) among children aged under five years.

			Conclusion

			This study provides basic data on the prevalence of adenoviral gastroenteritis in the city of Diwaniya, Iraq. In conclusion, our study highlights that this virus is significantly spreading in the community as an important causative agent of acute gastroenteritis in children under the age of five. Although this study does not represent the true picture of adenoviral gastroenteritis in Iraq, it draws the attention of healthcare professionals for future studies, aiding in understanding the true picture of adenoviral gastroenteritis in Iraq.

			Declarations

			Acknowledgement

			We sincerely thank the medical staff at the Women and Children’s Hospital in Al-Diwaniyah for their kind cooperation and support during the sample collection phase. Our deep appreciation also goes to the University of Al-Qadisiyah – College of Education for providing the necessary facilities and encouragement that enabled us to complete this study.

			Funding

			No funding was received for this study

			IRB approval

			This study was reviewed and approved by the Institutional Review Board (IRB) of the University of Al-Qadisiyah, College of Education, under Reference No. 14864, dated 10/11/2024.

			Ethics approval

			The research conducted was approved by the Ethical Approval Committee (Reference No. 14864, dated 10/11/2024). The University of Al-Qadisiyah, College of Education, also approved this study.

			Declaration of generative AI and AI-assisted technologies in the writing process

			No Generative AI and AI-assisted technologies wer used in the writing process.

			Statement of conflict of interest

			The authors have declared no conflict of interest.

			References

			AL-Nasrawy, L.M., Jawad, S.M. and AL-Nasrawy, W.D. 2022. Human Adenoviruses 40/41 and cytokines response in children with diarrhoea. Egypt. J. Hospital Med., 89(2):7025-30.

			Al-Ali, R.M., Chehadeh, W., Hamze, M., Dabboussi, F., Hlais, S. and Mallat, H., 2011. First description of gastroenteritis viruses in Lebanese children: A pilot study. J. Infect. Publ. Hlth., 4: 59-64. https://doi.org/10.1016/j.jiph.2011.01.002

			Al-fatlawi, M.S. and Mohammed, G.J., 2020. The effect of age, gender, type of feeding and receiving atreatment on the distribution of Enterovirus infection among chidren in Al-Diwaniyah city, lraq. Al-Qadisiyah J. Pure Sci., 25: 7-17. https://doi.org/10.29350/qjps.2020.25.3.1159

			Ali, S., Mumtaz, S., Shakir, H.A., Khan, M., Tahir, H.M., Mumtaz, S., Manzoor, I., Mustafa, G., Akash, M. S.H., Moin, S., Fatima, N., Ahmad, Z. and Tahir, M.I., 2021. Current status of beta‐thalassemia and its treatment strategies. Mol. Genet. Genom. Med., 9: e1788.

			Al-Janabi, M.K., Al-Ahmer, S.D., Al-Ganabi, A.D. and Aufi, I.M., 2022. Rapid and accurate molecular detection of adenovirus associated with gastroenteritis children in Baghdad city. AIP Conference Proceedings, https://doi.org/10.1063/5.0093770

			Allayeh, A.K., El-Baz, R.M., Saeed, N.M. and Osman, M.E., 2018. Detection and genotyping of viral gastroenteritis in hospitalized children below five years old in Cairo, Egypt. Arch. Pediatr. Infect. Dis., 6: e60288. https://doi.org/10.5812/pedinfect.60288

			Ali, S., Prakash, S., Murali, A.R. 2021. Hepatic manifestations of nonhepatotropic infectious agents including severe acute respiratory syndrome Coronavirus-2, adenovirus, herpes simplex virus, and coxiella burnetii. Gastroent. Clin., 50(2): 383-402.

			Al-Sayidi, R.H., Fadhil, H.Y. and Al-Hamdani, F.G., 2014. Rapid diagnosis of Rota-adenoviruses for acute gastroenteritis in hospitalized children under 4 years old, Baghdad. Int. J. Curr. Microbiol. Appl. Sci., 3: 453-458.

			Al-Shuwaikh, A.M.A., 2016. Frequency of rotavirus, adenovirus and astrovirus among patients with acute diarrhea by chromatographic immunoassay and enzyme. J. Biotechnol. Res. Center, 10: 58-64. https://doi.org/10.24126/jobrc.2016.10.2.485

			Barsoum, Z., 2020. Sensitivity and specificity of rapid antigen testing: Prospective study in one https://doi.org/10.1007/s13337-020-00629-4 region of Ireland. Indian J. Virol., 31: 123–129.

			Buckwalter, S.P., Teo, R., Espy, M.J., Sloan, L.M., Smith, T.F. and Pritt, B.S., 2012. Real-time qualitative PCR for 57 human adenovirus types from multiple specimen sources. J Clin Microbiol, 50: 766–771. https://doi.org/10.1128/JCM.05629-11

			Buonsenso, D., Camporesi, A., Viozzi, F., Lazzareschi, I., Manca, L., Caci, A., Campanozzi, A., De Curtis, M. and Valentini, P., 2024. Determinants of antibiotic prescription in children with adenovirus respiratory tract infections. Eur. J. Pediatr., 183: 3489–3497. https://doi.org/10.1007/s00431-024-05615-2

			Buttari, B., Profumo, E., Caprari, P., Massimi, S., Sorrentino, F., Maffei, L., Facchiano, F. and Rigano, R., 2020. Phenotypical and functional abnormalities of circulating neutrophils in patients with β-thalassemia. Ann. Hematol., 99: 2265-2277. https://doi.org/10.1007/s00277-020-04213-0

			Casu, C., Pettinato, M., Liu, A., Aghajan, M., Lo Presti, V., Lidonnici, M. R., Ferrari, G., Camaschella, C. and Rivella, S., 2020. Correcting β-thalassemia by combined therapies that restrict iron and modulate erythropoietin activity. Blood J. Am. Soc. Hematol., 136: 1968-1979. https://doi.org/10.1182/blood.2019004719

			De Francesco, M.A., Lorenzin, G., Meini, A., Schumacher, R.F. and Caruso, A., 2021. Nonenteric adenoviruses associated with gastroenteritis in hospitalized children. Microbiol. Spect., 9: https://doi.org/10.1128/Spectrum.00300-21

			do Nascimento, L.G., Fialho, A.M., de Andrade, J.S.R., de Assis, R.M.S. and Fumian, T.M., 2022. Human enteric adenovirus F40/41 as a major cause of acute gastroenteritis in children in Brazil, 2018 to 2020. Scient. Rep., 12(1): 11220.

			El-Shanshory, M.R., Sherief, L.M., Hassab, H.M., Ragab, S.M., Yahia, S., Mansour, A.K., Alkady, M.M., Soliman, A.T. and De Sanctis, V., 2021. Prevalence of iron deficiency anemia and beta thalassemia carriers among relatives of beta thalassemia patients in Nile Delta region, Egypt: A multicenter study. J. Egypt. Publ. Hlth. Assoc., 96: 1-8. https://doi.org/10.1186/s42506-021-00088-9

			Elliott, E.J., 2007. Acute gastroenteritis in children. Br. Med. J., 334(7583): 35-40.

			Guga, G., Elwood, S., Kimathi, C., Kang, G., Kosek, M.N., Lima, A.A., Bessong, P.O., Samie, A., Haque, R., Leite, J.P. and Bodhidatta, L., 2022. Burden, clinical characteristics, risk factors, and seasonality of adenovirus 40/41 diarrhea in children in eight low-resource settings. Open Forum Infect. Dis., 9: ofac241. https://doi.org/10.1093/ofid/ofac241

			Hamza, M.S. and Mohammed, G.J., 2021. The immunological detection about some viral etiologies in children with acute gastroenteritis in Al-diwaniyah city, Iraq. Biochem. Cell. Arch., 21.

			Hussein, A.A., Hussein, R.A. and Shaker, M.J., 2018. Enteric viruses co-infection with giardiasis among diarrheal children in Diyala Province-Iraq. J. Pure Appl. Microbiol., 12(2): 793-799.

			Jaff, D.O., Aziz, T.A. and Smith, N.R., 2015. The incidence of rotavirus and adenovirus infections among children with diarrhea in Sulaimani Province, Iraq. J. Biosci. Med., 4: 124-131. https://doi.org/10.4236/jbm.2016.41015

			Khan, N.U., Shamsullah, Shahidullah, Shah, A.A., Zaidi, S.S.Z. and Chen, Z., 2022. Epidemiology of human adenovirus in Pakistani children hospitalized with community-acquired gastroenteritis under the age of five years. Int. J. Environ. Res. Publ. Hlth., 19: 12534. https://doi.org/10.3390/ijerph191912534

			LeMay, D., Handley, G., Baluch, A. and Greene, J.N., 2023. Adenovirus enterocolitis in hematopoietic stem cell transplant patients: A report of 2 cases and literature review. Infect. Dis. Clin. Pract., 31: e1203. https://doi.org/10.1097/IPC.0000000000001203

			Mahmood, D.B., Al-suhail, R., Al-Hamdani, F.G. and Salih, R.A., 2015. Detection of adenovirus antigen and its correlation with clinical signs among children with gastroenteritis. Iraqi J. Sci., pp. 1633-1638.

			Mohammadian, K.V. and Kargar, M., 2011. Epidemiological and clinical characteristics of gastroenteritis associated with enteric adenovirus in hospitalized children in Bushehr Province, Iran. African J. Microb. Res., 5(30): 5402-5406.

			Moyo, S.J., 2014. Viral diarrhoea in children under two years of age in Dar es Salaam, Tanzania. Clinical and molecular epidemiology.

			Öner, S.Z., Kaleli̇, İ., Demi̇r, M., Mete, E. and Çalişkan, A., 2022. Rotavirus and adenovirus prevalence in patients with acute viral gastroenteritis in Denizli, Turkey, 2017–2021. J. Med. Virol., 94: 3857-3862. https://doi.org/10.1002/jmv.27834

			Rad, A.Y. and Gözalan, A., 2010. Detection of rotavirus and enteric adenovirus antigens in outpatients with gastroenteritis. 

			Rodriguez-Baez, N., O’Brien, R., Qiu, S.Q. and Bass, D.M., 2002. Astrovirus, adenovirus, and rotavirus in hospitalized children: prevalence and association with gastroenteritis. J. Pediat. Gastroenterol. Nutr., 35: 64-68. https://doi.org/10.1002/j.1536-4801.2002.tb07728.x

			Sanaei Dashti, A., Ghahremani, P., Hashempoor, T. and Karimi, A., 2016. Molecular epidemiology of enteric adenovirus gastroenteritis in under‐five‐year‐old children in Iran. Gastroenterol. Res. Pract., 2016: 2045697. https://doi.org/10.1155/2016/2045697

			Sharifi-Rad, J., Alfatemi, S.M.H., Sharifi-Rad, M. and Miri, A., 2015. Frequency of adenoviruses, rotaviruses and noroviruses among diarrhea samples collected from infants of Zabol, southeastern Iran. Jundishapur J. Microbiol., 8: e15440. https://doi.org/10.5812/jjm.15440

			Tüzüner, U., Gülcen, B.S., Özdemir, M. and Feyzioğlu, B., 2016. Gastroenteritli çocukların dışkılarında adenovirus ve rotavirus sıklığı ve mevsimsel dağılımı. Klimik Dergisi, 29: 121-124.

			Yılmaz, F., Kaya, H. and Özdemir, M., 2022. Investigation of children with acute gastroenteritis by multiplex PCR method in central part of Turkey. J. Pediat. Infect. Dis., 17: 48-52. https://doi.org/10.1055/s-0041-1740372

			Ziaei, K.T., Shamsizadeh, A., Kalvandi, G. and Macvandi, M., 2013. Relative frequency of rotavirus and adenovirus among children aged 1-60 months hospitalized with acute diarrhoea in South-Western, Iran. pp. 47-50. https://doi.org/10.5812/jjm.4072

			Zhang, J., Zhu. Y., Zhou. Y., Gao. F., Qiu. X. and Li. J., 2023. Pediatric adenovirus pneumonia: clinical practice and current treatment. Front. Med., 10: 1207568.

		

	OEBPS/image/Image2587297.png





OEBPS/image/Image2587294.png
positive enteric
adenovirus
n=12,(16.66%)






OEBPS/image/1.png
Research Article

Punjab University Journal of Zoology

40(2): 139-146 (2025)
https://dx.doi.org/10.17582/journal.pujz/2025/40.2.139.146

OPENa ACCESS

®

Check for
updates

Association of F40/41 Diagnostic Adenovirus with Diarrhea Disease
in Children in Al-Diwaniyah City: A Case Study

Hajar Sabeeh Mhyson', Rana Masheel Salem?

lDepartment of Biology, College of Education, University of Al-Qadisiyah, Al-Diwaniyah, Irag
ZDepartment of Basic Sciences, Collage of Dentistry, University of Al-Qadisiyah, Al-Diwaniyah, Irag

Article History

Received: April 17,2025
Revised: May 05,2025
Accepted: May 20,2025
Published: October 01,2025

Authors’ Contributions

Abstract | Acute diarrhea is a common infectious disease among children under 5 years old
worldwide. The estimated mortality rate is 1.6-2.5 million cases annually, occurring in developing
countries. Human adenovirus F40/41 is considered a major cause of epidemic diarrhea and one
of the main factors causing severe gastroenteritis in infants and young children. The study
aims to investigate the detection of adenovirus associated with acute gastroenteritis in children

HSM performed the experiments and wrusadbe SrafeaRMtduptithe Maternity and Children’s Hospital using rapid testing and diagnosis
vised the work and revised the manuscript.of enteric adenovirus types F40/41 in diluted stool samples causing acute diarrhea due to

gastroenteritis using molecular techniques. Real-Time PCR. In a cross-sectional descriptive
Keywords ; -
Adenovirus F40/41, Pediatric diarrhea, Dia%&v‘ébﬂﬁ'ﬁ%@}{ﬁ(@%bs’ 72 samples from children were collected and stool was tested using the
detection, RT-PCR, Childhood infection rapid test. gubsequently, the virus’s DNA was extracted, and all positive and negative samples

were examined using Real-Time PCR. These results revealed using the rapid test that 16.66%
of the positive samples were under two years old, all of whom were male. At the same time, the
Copyright 2025 by the authors. Licensee RReakileimenRCR wagtion showed that 40 (55.6%) out of 72 samples were positive in children
land, UK. This article is an open access anvithdistroedterdtistifhe results of this study revealed that adenovirus F40/41 is the causative
terms and conditions of the Creative CO‘“%“QETT@GP ePd&ftditls in the city of Diwaniya and provides basic data on the potential role of
license (https:// creativecommons.org/licensea/ by/4.0/). . . . . . . . . . .

a s in causing diarrhea in children. There is a need for more extensive epidemiological

o
Corresponding author: Hajar Sabech MESN§X€Ys to better understand the disease burden and its clinical impact. While rapid testing and
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Real-Time PCR help us achieve early diagnosis and avoid the overuse of antibiotics.

Novelty Statement | 'This is the first study in Al-Diwaniyah City to identify adenovirus F40/41
as a major cause of diarrhea in children under five using both rapid testing and Real-Time PCR,
providing valuable local data and highlighting the importance of molecular diagnostics in early

detection.
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case study. Punjab Univ. J. Zool., 40(2): 139-146. https://dx.doi.org/10.17582/journal.pujz/2025/40.2.139.146

Introduction

hildren younger than five years old die from diarrhea

more than any other disease in the world (Rafie ¢7 4/,
2021). All age groups may have acutegastroenteritis, the
causative agents and clinical course could differ depending
on age and causative agent. Children aged below five years
have greater rates of the epidemics and fatalities linked
to diarrhea connected to gastroenteritis, which results in

around 1.5 million deaths annually, a serious public health
concern (Bicer et al.,2014).

The digestive system, due to its continuous contact
with the external environment primarily via the mouth is
a sensitive organ susceptible to infections. Gastroenteritis,
which is also known as stomach flu, is a disease of the
digestive tract. The symptoms and signs are abdominal
pain, emesis, and diarrhea. Additionally, fever, fatigue, and
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