Introduction
Rotavirus is a non-enveloped double stranded RNA viruse belonging to the family Reoviridae, genus Rotavirus; other members of the family Reoviridae include genera such as Orthoreovirus, Orbivirus, Coltivirus, Cypovirus, Phytoreovirus, Aquareovirus, Oryzavirus, Seadornavirus, Idoreovirus, and Mycoreovirus (Mertens 2005).  Rotaviruses are the most common cause of diarrhea disease among infants and young children. Rotavirus is the leading cause of severe gastroenteritis in infants and young children worldwide. it was reported to be responsible for about 128,500 deaths in 2016, with over 70% of cases occurring in sub-Saharan Africa (Jonesteller  et al., 2017). Rotavirus causes approximately 258 million episodes of gastroenteritis requiring home care and about 24 million cases requiring medical attention (Troeger  et al., 2018). Rotavirus associated mortality has drastically reduced with 528,000 deaths (range, 465,000–591,000) in 2000 to 215,000 (range, 197,000–233,000) in 2013, of which 75% occur in Africa and Asia. India and Nigeria accounted for 22% and 14%, respectively (Tate et al., 2013). Six countries India, Nigeria, Congo, Ethiopia, China, and Pakistan account for more than half of the global mortality burden of rotavirus diarrhea (Payne et al., 2016).
Rotavirus was discovered around 1973 when pictures from electron micrographs revealed small particles from thin sections of duodenal mucosa by Bishop et al. (1973) and subsequently found in specimen of stool samples from children with gastroentritis (Bishop et al.,  1974). After the discovery of rotavirus, several other agents that were earlier associated with animal diarrhea diseases were later discovered to be rotaviruses from their similar morphological characteristics, such as the epizootic diarrhea of infant mice (EDIM) and simian agent 11 (Felwitt et al.,1978).
Rotavirus infects the mature villus epithelial cells of the small intestine and infection often leads to fever, vomiting, Lethargy, dehydration, hypovolemia, diarrhea and eventual death in children (Udeani et al., 2018). Dehydration and electrolyte disturbances are the major clinical sequel of rotavirus infection occurring mostly among infants. Rotavirus infection is usually localized to the intestine; however, some studies have reported antigenemia or viremia in children with rotavirus diarrhea (Blutt et al., 2007). Evidence of  Rotavirus infection in extra-intestinal sites, such as respiratory tract, liver, kidney, lymph nodes, and central nervous system, has also been reported (Bishop 1996). Rotavirus is transmitted from person to person through the fecal-oral route. 
The earliest report of rotavirus induced diarrhea was conducted around communities in Oyo State, by Fagbami et al. (1987) Other follow-up studies revealed a high prevalence of rotavirus infection among children less than 5 years of age with acute gastroenteritis in Ibadan (Fagbami et al., 1987). These early studies established the presence and circulation of rotavirus among children in Nigeria with several other studies that have been conducted in the South West region of the Nation. Yet, there is dearth of information on the current sero-prevalence of human rotavirus infection in Kwara state.
Rotavirus infection is not routinely diagnosed in most Nigerian hospitals probably due to the cost of its diagnosis and its clinical spectrum of signs and symptoms are similar to other gastroenteritis, also certain environmental, climatic, sanitary and behavioral factors are associated with the infection. Hospitals may serve as a source for the spread of rotavirus infection leading to nosocomial transmission of the virus.  It is therefore very essential that a long-lasting solution be introduced into the society via research as well as assisting health policy makers to implement strategies in coping rotavirus infection.
Methodology
This is a retrospective study which involved the collection and analysis of stool samples obtained from children less than five years of age presenting with diarrhoea at the department of Pediatrics wthin the study sites viz: General Hospital and Specialist Hospital Alagbado, Ilorin and Children Specialist Hospital Centre-Igboro Ilorin Kwara State. 
Diarrhoea stool samples were collected from diarrhoeic children less than 5 years of age who presented at the study hospitals. The samples were obtained following parental consent and ethical approval from the medical research ethics committee of the hospitals. Fresh stool samples were collected aseptically in sterile commercial stool containers adequately labeled (patient ID and date of collection) by the care-givers or the hospital staff from each child with instructions on proper method of collection. The stool samples were then transported under ice to the Rotavirus Laboratory in University of Ilorin Teaching Hospital, Kwara State where the stool samples were analyzed using Enzyme linked immunosorbent assay (ELISA) techniques to demonstrate the presence of Rotavirus Antigens in the stool samples.
Results
A total number of three hundred (300) stool samples were collected from children suffering from diarrhea. Enzyme Linked Immunosorbent Assay (ELISA) method was used to determine the presence or absence of Rota virus associated gastroenteritis
TABLE 1: PREVALENCE OF ROTAVIRUS AMONG THE PARTICIPANTS
	Serology
	Frequency
	Percentage (%)

	
	
	

	Positive
	86
	28.7

	Negative
	214
	71.3

	Total
	300
	100%


Table 2 shows descriptive analysis of Age distribution of Rotavirus among the study participants. Majority of the Rotavirus positive participants were within 3-5 years (29.1%) follow by 0-2 years (28.2)  with mean age 2.61±1.51 years.
There was no statistical significance association of age between Rotavirus positive and Rotavirus negative at p-value < 0.05 (chi-square test).
TABLE 2
AGE DISTRIBUTION OF ROTAVIRUS AMONG CHILDREN IN ILORIN
	Age (years)  
	Total no
	Positive (%)
	Negative (%)

	
	
	
	

	0-2
	142
	40 (28.2)
	51(71.8)

	3-5
	158
	46 (29.1)
	56(70.9)

	Total
	300
	86 (28.7)
	214 (71.3)


Table 3 shows descriptive analysis of Gender distribution of Rotavirus among the study participants. Most of positive participant in this study are males 54(32.5%) in which 112 (67.5) are negative. Positive female participant are 32(23.9%) while the negative are 102 (76.1%).
TABLE 3
GENDER DISTRIBUTION OF ROTAVIRUS AMONG CHILDREN IN ILORIN
	Gender  
	Total no
	Positive (%)
	Negative (%)

	
	
	
	

	Male 
	166
	54 (32.5)
	112(67.5)

	Female 
	134
	32 (23.9)
	102(76.1)

	Total
	300
	86 (28.7 )
	214 (71.3)


Table 4 shows descriptive analysis of distribution of Rotavirus based on Location of Residence among the study participants. Majority of positive participant resides in rural area (41.8%), followed by Semi Urban (25.5%) and then Urban area (16.7%).
There was statistical significance association of location of Residence, between Rotavirus positive and Rotavirus negative at p-value < 0.05 (chi-square test).
TABLE 4
DISTRIBUTION OF ROTAVIRUS AMONG CHILDREN IN ILORIN BASED ON LOCATION OF RESIDENCE
	Location of Residence  
	Total no
	Positive (%)
	Negative (%)

	
	
	
	

	Urban 
	96
	16(16.7)
	80(83.3)

	Semi Urban 
	94
	24 (25.5)
	70(74.5)

	Rural 
	110
	46(41.8)
	64(58.2)

	Total
	300
	86 (28.7 )
	214 (71.3)


Table 5 shows descriptive analysis of distribution of Rotavirus based on Educational status of Parent/Guardian among the study participants. Majority of positive participants’ parents/guardians had Primary level of education (40%) followed by Secondary level (29.6%) and the lowest is Tertiary level (15.2%). 
There was statistical significance association of education of parent/guardian between Rotavirus positive and Rotavirus negative at p-value < 0.05 (chi-square test).
TABLE 5
DISTRIBUTION OF ROTAVIRUS AMONG CHILDREN IN ILORIN BASED ON EDUCATIONAL STATUS OF PARENT/GUARDIAN
	Education of parent/guardian 
	Total no
	Positive (%)
	Negative (%)

	Primary 
	 100
	   40 (40)
	   60 (60)

	Secondary                                                 
	108
	32 (29.6)
	76 (70.4)

	Tertiary 
	92
	14 (15.2)
	78 (84.8)

	Total
	300
	86 (28.7 )
	214 (71.3)


As shown in Table 6, Drug using participants among Rotavirus positive are 28 (23.3%) while those that aren’t using drugs are 58 (32.2). Also the drug using participant among Rotavirus negative are 92(76.7%) while those that aren’t using drugs are 122 (67.8%). Most got their drinkable water from borehole (36). Eight participants had blood in stool and fourteen had mucous in stool. Majority of the Rotavirus positive participants are out patients (84).
There was statistical significance association of source of drinking water, blood in stool, mucous in stool between Rotavirus positive and Rotavirus negative at p-value < 0.05 (chi-square test).
TABLE 6: ASSOCIATED RISK FACTORS
	Variables
	Positive (percentage)
	Negative (%)

	Administering drugs  
Yes 
No
Source of drinking water
Tap 
Well 
Borehole
River
Blood in stool
Yes 
No 
Mucous in stool
Yes
No
Nature of Admission
In patient
Out patient
	28 (23.3)
58 (32.2)
10 (14.3)
30 (30)
36 (31.6)
10 (62.5)
8 (80)
78 (26.9)
14 (77.8)
72 (25.5)
2 (50)
84 (28.4)
	92(76.7)
122 (67.8)
60 (85.7)
70 (70)
78 (68.4)
6 (37.5)
2 (20)
212 (73.1)
4 (22.2)
210 (74.5)
2 (50)
212 (71.6)


	
	
	


CHAPTER FIVE
5.1
DISCUSSION
Diarrheal diseases remain a major cause of death in developing countries, especially in preschool children (Teleb, 2006; Khuri-Bulos and Al-Khatib, 2006). Children under 3 years of age may experience as many as 10 episodes of diarrhea per year. Rotavirus is among the most common causes of diarrhea Worldwide, accounting for 134 million episodes/year (Khuri-Bulos and Al-Khatib, 2006). 
Rotavirus antigen was detected in children 0-5years in Ilorin, Kwara state with a prevalence of 28.7% in this study. The result is lower compare to 36.5% recorded in Kano Northern Nigeria (Wada-Kura, 2011) and 35.0% recorded in Lagos Southern Nigeria (Audu et al., 2002). However the prevalence is higher than the 15.6% (Ozkana, 2007) and 23.8% (Gutierrez-Gimeno et al., 2006) previously reported in Zaria, the 11.0% (Mohamood and  Feachem, 1987) and 13.8% (Junaid et al., 2011) reported in Jos, 18.0% in North-western Nigeria, (Aminu et al., 2010) 19.2% in Benin City (Iyoha and Abiodun, 2010). This observed difference in prevalence could be due to the time and season of sample collection, sample storage, geographical location or environmental factors. The hospital-based WHO global networks for surveillance of rotavirus diarrhea report estimated the rotavirus rate to range from 39-52% in the African region (Nakawesi et al., 2010). The 28.7% obtained in this study, though high, did not fall in this WHO African region range probably because of small sample size.
Rotavirus was recorded in all age groups in this study. Although highest prevalence was recorded among children in age group 3-5 years, there was no statistical significant association between age and the prevalence of rotavirus. This agrees with the findings of Wada-Kura, (2011), who reported higher prevalence in children between 41-50 months in Kano and Coluchi et al., (2002), who recorded higher prevalence in children within age group 24-35 months in Paraguay. The result however, is in contrast with the report of Junaid et al., (2011) and Aminu et al., (2010) in studies conducted in Jos and Zaria respectively, who reported that the detection of rotavirus infection is more in children under the age of two years. The higher prevalence recorded in children among this age group (3-5 months) in this study could be due to behavioral activities of children at this age, who tend to play outside with possibly fecally contaminated materials. 
In this study Gender was found not to be associated with rotavirus diarrhea in children, this agrees with previous findings conducted in Nigeria (Pennap and Umoh, 2010; Wada-Kura, 2011) Even though in this study, males (32.5%) had a slightly higher prevalence than females (23.9%). This difference could be due to chance because at this age there is no difference in life styles between the boy and girl child. The result contradicts the finding of Junaid et al., (2011) in Jos, who reported statistically significant association between Gender and rotavirus infection.
There was statistical significance association of location of Residence (P=0.01), education of parent/guardian(P=0.03) between Rotavirus positive and Rotavirus negative at p-value < 0.05. This disagrees with the findings of Aminu et al., (2010) and Junaid et al., (2011). Children whose parents had primary education had the highest prevalence while those whose parents had tertiary education had the least. Those children residing in rural area had highest prevalence and least in urban. This shows more educated parents had better knowledge about the prevention of Rotavirus, likewise those in urban. Also, there was statistical significance association of source of drinking water (P=0.04), blood in stool (P=0.01), mucous in stool (P=0.01) between Rotavirus positive and Rotavirus negative at p-value < 0.05 (chi-square test). However, there was no statistical significance association of administering drugs, nature of admission between Rotavirus positive and Rotavirus negative at p-value < 0.05. Inability to find any association shows administering drugs and nature of admission in hospital unlikely could be the cause of  progressive diarrheal disease among the children in this study.
5.2
CONCLUSION
This study in Ilorin, Kwara state found rotavirus infection in 28.7% of children < 5 years old hospitalized with diarrhea, predominantly in the age group 3-5 years. Rotavirus is associated with location of Residence and Educational status of the parent/guardian. Also Rotavirus is not associated with gender. The study has revealed that rotavirus remains an important cause of acute diarrhea in children under five years in Ilorin, Kwara state.
REFERENCES
Abe, M., Ito, N., Masatani, T., Nakagawa, K., Yamaoka, S., Kanamaru, Y., Suzuki, H., Shibano, K., Arashi, Y. and Sugiyama, M. (2011). Whole genome characterization of new bovine rotavirus G21P[29] and G24P[33] strains provides evidence for interspecies transmission. Journal of General Virology. 92:952-960.
Adah M. I., Rohwedder A., Olaleye O. D., Durojaiye O. A., Werchau H. (1997). Serotype of Nigerian rotavirus strains. Tropical Medicine & International Health. 2(4):363–370. 
Adah, M.I., Rohwedder, A., Olaleye, O.D. and Werchau, H. (1996). “Sequence analysis of VP7 gene of two Nigerian rotavirus strains,” Acta Virologica. 40(4): 187–193.
Adah, M.I. and Olaleye, O.D. (1998). “Distribution of serotypes and genotypes of rotavirus in Nigerian children,” Nigerian Journal of Pediatrics. 25(1): 20–24.
Adah, M.I., Wade, A. and Taniguchi, K. (2001).“Molecular epidemiology of rotaviruses in Nigeria: detection of unusual strains with G2P[6] and G8P[1] specificities,” Journal of Clinical Microbiology. 39(11): 3969–3975.
Adeniran, K.A., Akpenpuun, T.D., Akinyemi, B.A. and Wasiu, R.A. (2017). The Effectiveness of Moringa oleifera seed as a coagulant in domestic wastewater treatment. African Journal of Science, Technology, Innovation and Development. 9(3): 323-328.
Aderamo, A.J. and Omolaran, O. I. (2006). Accessibility Problem and the Incidence of poverty in Nigerian Rural Environment: A Case of Offa Local Government Area of Kwara State. Geostudies Forum. Publication of the Department of Geography, University of Ilorin (3) 2: 45-56.
Adiku TK, Dove W, Grosjean P, Comber P, Nakagomi T, Nakagomi O, et al. Molecular characterization of rotavirus strains circulating among children with acute gastroenteritis in Madagascar during 2004-2005. J Infect Dis 2010, 202 (S1): 175-179.
Ahmadi E, et al. (2015) Efficacy of probiotic use in acute rotavirus diarrhea in children: a systematic review and meta-analysis. Caspian J Intern Med.  6:187–195. 
Akelma, A.Z., Kutukoglu, I., Koksal, T., Cizmeci, M.N., Kanburoglu, M.K., Catal, F., Mete, E., Bozkaya, D., Namuslu, M. (2013). Serum transaminase elevation in children with rotavirus gastroenteritis: seven years’ experience. Scand J Infect Dis. 45(5):362–367. 
Akpenpuun, T.D., Adeniran, K.A. and Wasiu, R.A. (2016). Assessing the Effectiveness of Moringa Oleifera Seed as a Coagulant in Domestic Sewage Treatment, Published by Department of Chemical Engineering, Faculty of Engineering University of Benin, Benin. Research Journal of Engineering and Environmental Sciences. 1(1): 180-189.
Akpenpuun, T. D. and Mijinyawa, Y. (2018). Evaluation of a Greenhouse Under Tropical Conditions Using Irish Potato (Solanum Tuberosum) as the Test Crop. ACTA Technologica Agriculturae, The Scientific Journal for Agricultural Engineering. 21(2): 56 - 62.
Akran V, Peenze I, Akoua-Koffi C, Kette H, De Beer MC, Steel AD. Molecular characterization and genotyphing of human rotavirus strains in Abidjan, Cote d’ivoire. J Infect Dis 2010, 202 (S1): 220-30.
Ali, A., et al., (2015). Impact of withholding breastfeeding at the time of vaccination on the immunogenicity of oral rotavirus vaccine-a randomized trial. PLoS ONE. 2015; 10:e0145568. 
Alkali, B.R., Daneji, A.I., Magaji, A.A., Bilbis, L.S. and Bande, F. (2016). “Molecular characterization of human rotavirus from children with diarrhoeal disease in Sokoto State, Nigeria,” Molecular Biology International. 2016: 1-9. Article ID 1876065.
American Academy of Pediatrics. (2003). “Rotavirus infections”. In: Pickering L. K, editor. Red Book: 2003 report of the Committee on Infectious Diseases. 26th ed. Elk Grove Village, IL: American Academy of Pediatrics. Pp 534-536.
Aminu, M., Page, N., Ahmad, A., Umoh, J., Dewar, J. and Steele, A. (2010). “Diversity of Rotavirus VP7 and VP4 genotypes in Northwestern Nigeria. Journal of Infectious Diseases. 202(1): 198–204.
Aminu M, Ahmad AA, Umoh, JU. Rotavirus infection in four states in North-western Nigeria. Nig J Med 2008a, 17 (3): 258-290.
Aminu M, Esona MD, Geyer A, Steele, AD. Epidemiology of rotavirus and astrovirus infections in children in Northwestern Nigeria. Ann Afr Med2008b,7 (4): 168-174.
Andrews, P.L. and Horn, C.C. (2006). Signals for nausea and emesis: Implications for models of upper gastrointestinal diseases. Auton Neurosci. 125:100–115. 
Angel, J., Steele, A.D. and Franci, M.A. (2014). Correlates of protection for rotavirus vaccines: possible alternative trial endpoints, opportunities, and challenges. Hum Vaccin Immunother. 10(2):3659–3671. 
Aoki, S.T., Settembre, E.C., Trask, S,D., Greenberg, H.B., Harrison, S.C. and Dormitizer, P.R. (2009). Structure of rotavirus outer-­layer protein VP7 bound with a neutralizing Fab. Science. 324:1444-1447.
Aoki, S.T., Trask, S.D., Coulson, S.B., Greenberg, H.B., Dormitizer, P.R., Harrison, S.C. (2011). Cross-­linking of rotavirus outer capsid protein VP7 by antibodies or disulfides inhibits viral entry. J Virology. 85:10509-10517.
Arias, C.F., Silva-Ayala, Daniela., Lopez, S. (2015). Rotavirus entry: a deep journey into the cell with several exits. J Virol. 89:890–893.  
Arias, C.F., Dector, M.A., Segovia, L., Lopez, T., Camacho, M., Isa, P., Espinosa, R. and Lopez, S. (2004). RNA silencing of rotavirus gene expression. Virus Research Journal. 102:43-51.
Armah G, et al. (2016). A randomized, controlled trial of the impact of alternative dosing schedules on the immune response to human rotavirus vaccine in rural Ghanaian infants. J Infect Dis. 213:1678–1685. 
Audu R, Omilabu SA, Beer MD, Peenze I, Steele D. Diversity of human rotavirus VP6, VP7, and VP4 in Lagos state, Nigeria. J Health Popul Nutr 2002, 20 (1): 59-64
Ayolabi, C.I., Ojo, D.A. and Armah, G.E. (2013). “Electropherotypes and G-types of Group A rotaviruses detected in children with diarrhea in Lagos, Nigeria,” ISRN Virology. 2013: 1-5. Article ID 179871.
Banyai, K., Matthijnssens, J., Szucs, G., Forgach, P., Erdelyl, K., Tanst, M.V., Lorusso, E., Decaro, N., Gabriella, E., Martella, V. (2009) Frequent rearrangement may explain the structural heterogeneity in the 11th genome segment of lapine rotaviruses-short communication. Acta Vet Hung. 57:453-461.
Becker-Dreps S, et al. (2017). The association between fecal biomarkers of environmental enteropathy and rotavirus vaccine response in Nicaraguan infants. Pediatr Infect Dis J. 2017; 36:412–416. 
Bhandari N, et al. (2014). Efficacy of a monovalent human-bovine (116E) rotavirus vaccine in Indian infants: a randomised, double-blind, placebo-controlled trial. Lancet. 383:2136–2143.  
Bhattacharya, S.K. (1994). History of development of oral rehydration therapy. Indian J Public Health. 38:39–43. 
Bhowmick R., Halder, U.C., Chattopadhyay, S., Chanda, S., Nandi, S., Bagchi, P., Nayak, K.M., Chakrabarti, O., Kobayashi, N., Chawla-Sarker, M. (2012). Rotaviral enterotoxin nonstructural protein 4 targets mitochondria for activation of apoptosis during infection. J Biol Chem. 287:35004–35020. 
Bialowas, S., Hagbom, M., Nordgren, J., Karlsson, T., Sharma, S., Magnusson, K.E., Svensson, L. (2016). Rotavirus and serotonin cross-talk in diarrhoea. PLoS ONE. 11(7):e0159660. 
Bishop R. F. (1996) Natural history of human rotavirus infection. Archives of Virology. 12: 119–128.
Bishop R. F., Davidson G. P. (1974) Discovery of rotavirus; implication for child health. Journal of Gastroenterology and Hepatology. 24(3):81–85.
Bishop R., Davidson G., Holmes I., Ruck B. (1973). Virus particles in epithelial cells of duodenal mucosa from children with acute non-bacterial gastroenteritis. The Lancet. 302 (7841):1281–1283.
Blutt, S.E., (2007). Rotavirus antigenemia in children is associated with viremia. PLoS Med. 4:121. 
Blutt S. E., Conner M. E. (2007). Rotavirus: To the gut and beyond! Current Opinion in Gastroenterology. 23(1):39–43.
Broquet, A.H., Hirata, Y., McAllister, C.S. Kagnoff, M.F. (2011). RIG-I/MDA5/MAVS are required to signal a protective IFN response in rotavirus-infected intestinal epithelium. Journal of Immunology. 186:1618–1626.
Cascio A, Vizzi E, Alaimo C, Arista S. Rotavirus gastroenteritis in Italian children: can severity of symptoms be related to the infecting virus? Clin Infect Dis 2001, 32: 1126-1132..
Charpilienne A., Lepault J., Rey F., Cohen, J. (2002). Identification of rotavirus VP6 residues located at the interface with VP2 that are essential for capsid assembly and transcriptase activity. Journal of Virology. 76(15):7822–7831.
Chen, S.C., Tan, L.B., Huang, L.M., Chen, K.T. (2012a). Rotavirus infection and the current status of rotavirus vaccines. Journal of the Formosan Medical Association. 111:183-193. 
Chen, C.C., Huang, J.L., Chang, C.J., Kong, M.S. (2012b). Fecal calprotectin as a correlative marker in clinical severity of infectious diarrhea and usefulness in evaluating bacterial or viral pathogens in children. J Pediatr Gastroenterol Nutr.  55:541–547. 
Chen, J.Z., Settembre, E.C., Aoki, S.T., Zhang, X., Bellamy, A.R., Dormitzer, P.R., Harrison, S.C. and Grigorieff, N. (2009) Molecular interactions in rotavirus assembly and uncoating seen by high-­resolution cryo-­EM. Proc Natl Acad Sci USA. 106:10644-10648.
Chen MY, et al. (2017). Rotavirus specific maternal antibodies and immune response to RV3-BB neonatal rotavirus vaccine in New Zealand. Hum Vaccin Immunother. 13:1126–1135.  
Chin, J. (2000). Control of Communicable Disease Manual. Wash. DC: American Public Health Association. J Clin Microbiol. 125 (17):910–917
Churgay, C.A. and Aftab, Z. (2012). Gastroenteritis in children: Part II. Prevention and management. Am Fam Physician. 85:1066–1070.  
Ciarlet, M., Liprandi, F., Conner, M.E. and Estes. M.K. (2000). Species specificity and interspecies relatedness of NSP4 genetic groups by comparative NSP4 sequence analyses of animal rotaviruses. Arch Virology. 145:371-383.
Crawford, S.E., Mukherjee, S.K., Estes, M.K., Lawton, J.A., Shaw, A.L., Ramig, R.F. and Venkataram Prasad, B.V. (2001). Trypsin cleavage stabilizes the rotavirus VP4 spike. J Virology. 75:6052-6061.
Crawford, S.E., Ramani, S., Tate, J.E., Parashar, U.D., Svensson, L., Hagbom, M., Franco, H.A., Greenberg, H.B., O’Ryan, M., Kang, G., Desselberger, U. and Estes, M.K. (2018). Rotavirus infection. Nature review Disease Primers. 3:17083. 
Criglar, J.M., Hu, L., Craewford, S.E., Hyser, J.M., Broughman, J.R., Venkataram Prasad, B.V. and Estes, M.K. (2014). A novel form of rotavirus NSP2 and phosphorylation-­dependent NSP2-­NSP5 interactions are associated with viroplasm assembly. J Virology. 88:786-798.
Coluchi N, Munford V, Manzur J, Vazquez C, Escobar M. Detection, subgroup specifity, and
genotype diversity of rotavirus strain in children with acute diarrhea in Paraguay. J Clin Microbiol 2002, 40 (4): 1709-1714.
Cunliffe NA, Ngwira BM, Dove W, Thinwa BDM, Turner MA, Broadhead LR, et al. Epidemiology of rotavirus infection in children in Blantyre, Malawi 1997- 2007. J Infect Dis 2010, 202 (S1):S168-S174.
Das, S., Gupta, P.K., Das, R.R. (2016) Efficacy and safety of Saccharomyces boulardii in acute rotavirus diarrhea: double blind randomized controlled trial from a developing country. Journal of Tropical Pediatrics. 62:464–470. 
Davidson, G.P. and Barnes, G.L. (1979). Structural and functional abnormalities of the small intestine in infants and young children with rotavirus enteritis. Acta Paediatr Scand. 68:181–186. 
DeCamp, L.R., Byerley, J.S., Doshi, N., Steiner, M.J. (2008). Use of antiemetic agents in acute gastroenteritis: a systematic review and meta-analysis. Arch Pediatr Adolesc Med. 162:858–865. 
de Queiroz CA, et al. (2014). Zinc treatment ameliorates diarrhea and intestinal inflammation in undernourished rats. BMC Gastroenterol. 14:136. [PubMed: 25095704] 
Dessel, B.U., Gray, J. and Ester, M.K.. (2005). Rotavirus In:chapter 44,Topley and Wilsons microbiology and microbial infections,virology.Brain WJ,Mahy,Meutwn VT(edta).10th edition,vol – II,Hodder Arnold Publications,London. Pp 946 – 958.
Desselberger, U. and Huppertz, H.I. (2011). Immune responses to rotavirus infection and vaccination and associated correlates of protection. Journal of Infectious Disease. 203:188–195. 
Diaz-Salinas, M.A., Romero, P., Espinosa, R., Hoshino, Y., Lopez, S. and Arias, F.C. (2013). The spike protein VP4 defines the endocytic pathway used by rotavirus to enter MA104 cells. Journal of Virology. 87:1658–1663. 
Donker, N.C., Boniface, K., Kirkwood, C.D. (2011). Phylogenetic analysis of rotavirus A NSP2 gene sequences and evidence of intragenic recombination. Infectious Genetic Evolution. 11:1602-1607.
Dormitzer, P.R., Nason, E.B., Prasad, B.V.V. and Harrison, S.C. (2004). Structural rearrangements in the membrane penetration protein of a non-­enveloped virus. Nature 430:1053-1058.
Duggan C, et al. (2004). Scientific rationale for a change in the composition of oral rehydration solution. Journal of American Medical Association. 291:2628–2631. 
Emperador, D.M., et al. (2016). Interference of monovalent, bivalent, and trivalent oral poliovirus vaccines on monovalent rotavirus vaccine immunogenicity in rural Bangladesh. Clin Infect Dis. 62:150–156. 
Eskilsson, A., Mirrasekhian, E., Dufour, S., Schwaninger, M., Engblom, D., Blomqvist, A. (2014). Immune-induced fever is mediated by IL-6 receptors on brain endothelial cells coupled to STAT3-dependent induction of brain endothelial prostaglandin synthesis. J Neurosci. 34(48):15957–15961.
Estes, M.K. and Kapikian, A.Z. (2007). RotaVirus.In:chapter 53,Field’s virology,Knipe DM,Howley PM, Ciffin DE,Lamb RA,Martin RA , Roizman B, Straus S.E. (eds) vol.2,section II. (5th Ed.). Wolters Kluwer, Lippincott Williams and Wilkins publication,Philadephil. Pp.1924.
Estes, M.K. and Greenberg, H.B. (2013). Field’s Virology. Knipe, DM., Howley, PM., editors. Lippincott: Williams & Wilkins. Pp 1347-1401.
Estes, M.K. (2001). Rotaviruses and their replication, p. 1747-1785. In Knipe, D.M. and Howley, P.M. (ed.), Fields virology. Lippencott-Raven Publishers, Philadelphia.
Fagbami A. H., Oyejide C. O., Enahoro, F. (1987). Neonatal rotavirus infection in urban and rural communities in Nigeria. Tropical and Geographical Medicine. 39(4):341–344.
Felwitt T.H. and Woode G.N. (1978). The rotavirus. Archives of Virology. 57(1):1–23.
Flewett, T.H., Bryden, A.S. and Davies. H. (1973). Letter: Virus particles in gastroenteritis. Lancet. 2:1497.
Florez, I.D., Al-Khalifah, R., Sierra, J.M., Granados, C.M., Yespes-Nunez, J.J., Garcia, C.C., Gaxiola, G.P., Zea, A.M., Hernandez, G.M., Veroniki, A,A., Guyatt, G.H., Thabane, L. (2016). The effectiveness and safety of treatments used for acute diarrhea and acute gastroenteritis in children: protocol for a systematic review and network meta-analysis. Syst Review.  20(5):14.  
Franco, M.A. and Greenberg, H.B. (1997). Immunity to rotavirus in T cell deficient mice. Virology. 238:169–179.
Franco, M.A., Angel, J., Greenberg, H.B. (2006). Immunity and correlates of protection for rotavirus vaccines. Vaccine. 24:2718–2731. 
Freedman, S.B., et al. (2015). Gastroenteritis therapies in developed countries: systematic review and meta-analysis. PLoS ONE. 10:e0128754. 
Gaffey MF, et al. (2013). Dietary management of childhood diarrhea in low- and middle-income countries: a systematic review. BMC Public Health.  13(3):17. 
Gambo A. Prevalence of rotavirus and cryptosporidium pavum infections and their co-infection among children with acute gastroenteritis in Zaria, Nigeria 2014, An unpublished M.sc research thesis submitted to the school of postgraduate studies, Ahmadu Bello University, Zaria.
Gladstone, B.P., Ramani, S., Mukhopadhya, I., Muliyil, J., Satkar, R., Rehman, A.M., Jaffar, S., Gomara, I.M., Gray, J.J., Brown, D.W.G., Desselberger, U., Crawford, S.E., John, J., Babji, S., Estes, M.K. and Kang, G. (2011). Protective effect of natural rotavirus infection in an Indian birth cohort. N England Journal Medicine. 365(4):337–346. 
Glass, R.I., ilgore, P.E., Hol,an, R.C., Jin, S., Smith, J.C., Woods, P.A., Clarke, M.J., Ho, M.S. and Gentsch, I.R. (1996). The epidemiology of rotavirus diarrhea in the United States: surveillance and estimates of disease burden. Journal of Infect Dis. 174(1):5–11.
Greenberg, H.B. and Estes, M.K. (2009). Rotaviruses: from pathogenesis to vaccination. Gastroenterology. 136:1939–1951. 
Groome, M.J, et al. (2017). Safety and immunogenicity of a parenteral P2VP8-P[8] subunit rotavirus vaccine in toddlers and infants in South Africa: a randomised, double-blind, placebo-controlled trial. Lancet Infect Dis. 17:843–853. 
Guarino A, et al. (2014). European Society for Pediatric Gastroenterology, Hepatology, and Nutrition/European Society for Pediatric Infectious Diseases evidence-based guidelines for the management of acute gastroenteritis in children in Europe: update 2014. J Pediatr Gastroenterol Nutr. 59:132–152. 
Gutierrez-Gimeno MV et al. Nosocomial rotavirus gastroenteritis in Spain: a multicenter prospective study. Pediatric Infectious Disease Journal, 2006, 25(5):455–457.
Ha, T.P.M., Kim, H.J.,Saif, L.J., Jeong, Y.J., Kim, h.j., Kwoin, J.H., Park, S.J., Cho, K.O. (2009). Sequence analysis of unusual P[7]G5 bovine rotavirus strains reveals evidence of interspecies transmission. Journal Clinical Microbiology. 47:3329-3332.
Hagbom, M., Istrate, C., Engblom, D., Karlsson, T., Rodriguez-Diaz, J., Buessa, J., Taylor, J.A., Loitto, V.M., Magnusson, K.E., Ahlman, H., Lundgren, O., Svensson, L. (2011). Rotavirus stimulates release of serotonin (5-HT) from human enterochromaffin cells and activates brain structures involved in nausea and vomiting. PLoS Pathog. 7(7):e1002115.
Harris VC, et al (2017a). Significant correlation between the infant gut microbiome and rotavirus vaccine response in rural Ghana. J Infect Dis. 215:34–41. 
Harris, V., et al. (2017b) Rotavirus vaccine response correlates with the infant gut microbiota composition in Pakistan. Gut Microbes. 2017. 
Hemming, M., Huhti, L., Rasanen, S., Salminen. M., Vesikari, T. (2014). Rotavirus antigenemia in children is associated with more severe clinical manifestations of acute gastroenteritis. Pediatr Infect Dis J. 33:366–371.  
Holloway, G., Dang, V.T., Jans, D.A. and Coulson, B.S. (2014). Rotavirus inhibits IFN-induced STAT nuclear translocation by a mechanism that acts after STAT binding to importin-alpha. J Gen Virology. 95:1723–1733. 
Hu, L., Sue, E.C., Czako, R., Cortes-Penfield, N.W., Smith, D.F., LePendu, J., Estes, M.K,and Venkataram Prasad, B.V. (2012). Cell attachment protein VP8* of a human rotavirus specifically interacts with A-­type histo-­blood group antigen. Nature. 485:256-259.
Hu, L., Crawford, S.E., Hyser, J.M., Estes, M.K., Prasad, B.V.V. (2012). Rotavirus non-­structural proteins: structure and function. Current Opinion Virology. 2:380-388.
Ianiro, G., Delogu, R., Baba, M. (2015). “Molecular characterization of group A rotavirus strains detected in children with diarrhea admitted toNigerian hospitals in 2013,” Archives of Virology. 160(6): 1511–1517.
International Committee on Taxonomy for Viruses International Committee on Taxonomy for Viruses 2014. Available at: http://www.ictvonline.org/.
Isanaka S, et al. (2017). Efficacy of a low-cost, heat-stable oral rotavirus vaccine in Niger. N Engl J Med.  376:1121–1130. 
Istrate, C., Hagbom, M., Vikstrom, E., Magnusson, K.E., Svensson, L. (2014). Rotavirus infection increases intestinal motility but not permeability at the onset of diarrhea. J Virology. 88:3161–3169.
Iturriza-Gomara, M., Dallman, T., Banyai, K., Bottiger, B., Buesa, J., Diedrich, S., Fiore, L., Johansen, K., Koopmans M., Korsun, N., Koukou, D., Kroneman, A., Laszlo, B., Lappalainen, M., Maunula, L., Mas Marques, A., Matthijnssens, J., Midgley, L., Mladenova, Z., Nawaz, S., Poljsak-Prijateji, M., Pothier, P., Ruggeri, F.M., Sanchez-Fauquier, A., Steyler, A., Sidaraviciute-Ovaskeviciene, I., Syriopoulou, V., Tran, A.N., Usonis, V., Ranst, M.V., De Rougemont, A., Gray, J. (2011). Rotavirus genotypes co­circulating in Europe between 2006 and 2009 as determined by EuroRotaNet, a pan-European collaborative strain surveillance network. Epidemiol Infectious. 139:895-909.
Iyoha O, Abiodun PO. Human rotavirus genotypes causing acute watery diarrhea among under-five children in Benin city, Nigeria. Nig. J. Clin. Prac. 2015, 18: 48-51.
Japhet, M.O., Adesina, O.A., Famurewa, O., Svensson, L. and Nordgren, J. (2012). “Molecular epidemiology of rotavirus and norovirus in Ile-Ife, Nigeria: high prevalence of G12P[8] rotavirus strains and detection of a rare norovirus genotype,” Journal of Medical Virology. 84(9): 1489–1496.
Jawetz, E., Malnick, J.L., Adelberg, E.A. (2007). Reovirus: Rotavirus and Calcivirus,In:chapter 37 medical microbiology. (24th Ed). ,Jancet, F., ,Jim, R., Harriet, L., Barbara, R. (eds). Lange medical publisher, Los Angeles,California.Pp 503-506.
Jawetz, E., Malnick, J.L., Adelberg, E.A. (2007). Reovirus,Rotavirus and Calcivirus,In:chapter 37, medical microbiology. (24th Ed.). Jancet F,Jim R,Harriet L,Barbara R(eds).Lange medical publisher,Los Angeles,California. Pp 505-506.
Jere, K.C., Esona, M.D., Ali. Y., Peenze, I. (2014). Novel NSP1 genotype characterised in an African camel G8P[11] rotavirus strain. Infect Genet Evolution. 21:58-66.
Jiang, B., Magaldi, S.P., Dennehy, P., Keyserling, H., Holman, R.C., Bresee, J., Gentsch, J., Glass, R.I. (2003). Cytokines as mediators for or effectors against rotavirus disease in children. Clin Diagn Lab Immunol. 10:995–1001. 
Jonesteller C. L., Burnett E., Yen C., Tate J. E., Parashar U. D. (2017), Effectiveness of rotavirus vaccination: a systematic review of the first decade of global postlicensure data, 2006-2016. Clinical Infectious Diseases. 65(5):840–850.
Jourdan, N., Maurice, M., Delautier, D., Quero, A.M., Servin, A.L. and Trugnan. G. (1997). Rotavirus is released from the apical surface of cultured human intestinal cells through nonconventional vesicular transport that bypasses the Golgi apparatus. Journal of Virology. 71:8268-8278.
Junaid SA, Umeh C, Olabode AO, Banda, JM. Incidence of rotavirus in children with gastroenteritis attending Jos University Teaching Hospital, Nigeria. Virol J 2011 8 (1): 233-238.
Kazi AM, et al., (2017). Secretor and salivary ABO blood group antigen status predict rotavirus vaccine-take in infants. J Infect Dis. 2017; 215:786–789. 
Khuri-Bulos N, Al Khatib M. Importance of rotavirus as a cause of gastroenteritis in Jordan: a hospital based study. Scandinavian Journal of Infectious Diseases, 2006, 38(8):639–644.
Kilgore, P.E., Unicomb, L.E., Gentsch, J.R., Albert, M.J., McElroy, C.A., Glass, R.T. (1996). Neonatal rotavirus infection in Bangladesh: strain characterization and risk factors for nosocomial infection. Pediatr Infect Dis J. 15(8):672–677. 
King, C.K., et al. (2003). Managing acute infectious gastroenteritis among children: oral rehydration, maintenance, and nutritional therapy. MMWR Recomm Rep. 52:1–16.
Ko, E.A., Jin, B.J., Namkung, W., Ma, T., Thiagarajah, J.R. and Verkman, A.S. (2014). Chloride channel inhibition by a red wine extract and a synthetic small molecule prevents rotaviral secretory diarrhoea in neonatal mice. Gut. 63(7):1120–1129. 
Komoto, S., Adah, M.I., Ide, T., Yoshikawa, T. and Taniguchi, K. (2016). Whole genomic analysis of human and bovine G8P[1] rotavirus strains isolated in Nigeria provides evidence for direct bovine-to-human interspecies transmission. Infection,Genetics and Evolution. 43: 424–433.
Kotloff, K.L. et al., (2013) “Burden and aetiology of diarrhoeal disease in infants and young children in developing countries (the Global Enteric Multicenter Study, GEMS): a prospective, casecontrol study”. Lancet. 382(9888): 209-222.
Lachapelle, V., Sohal, J.S., Lambert, M., Brassad, J., Fravalo, P., Letellier, A., L’Homme, Y. (2014). Genetic diversity of group A rotavirus in swine in Canada. Arch Virology. 159:1771-1779.
Leshem E, et al. (2014). Rotavirus vaccines and health care utilization for diarrhea in the United States (2007–2011). Pediatrics. 134:15–23.  
Leung, A.K. and Robson, W.L. (2007). Acute gastroenteritis in children: role of anti-emetic medication for gastroenteritis-related vomiting. Paediatr Drugs. 9:175–184. 
Li, Z., Baker, M.L., Jiang, W., Estes, M.K., Prasad, B.V.V. (2009). Rotavirus architecture at subnanometer resolution. Journal of Virology. 83:1754-1766.
Lin, J.D., Feng, N., Sen, A., Balan, M., Tseng, H., McElrath, C., Smirnov, S.V., Peng, J., Yasukawa, L.L., Durbin, R.K., Durbin, J.E., Greenberg, H.B., Kotenko, S.V. (2016). Distinct roles of type I and type III interferons in intestinal immunity to homologous and heterologous rotavirus infections. PLoS Pathog. 12:1005600.
Liu, Y., Huang, P., Tan, M., Liu, Y., Biesiada, J., Meller, J., Castello, A.A., Jiang, B. and Jiang, X. (2012). Rotavirus VP8*: phylogeny, host range, and interaction with histo-­blood group antigens. J Virology. 86:9899-9910.
Liu, F., Li, G., Wen, K., Wu, S., Zhangm Y., Bui, T., Yang, X., Kocher, J., Sun, J., Jortner, B., Yuan, L. (2013). Lactobacillus rhamnosus GG on rotavirus-induced injury of ileal epithelium in gnotobiotic pigs. J Pediatr Gastroenterol Nutr. 57(6):750–758. 
Lopez, S. and Arias, C.F. (2004). Multistep entry of rotavirus into cells: a Versaillesque dance. Trends Microbiology. 12:271–278. 
Lo VA, et al. (2016). An international consensus report on a new algorithm for the management of infant diarrhoea. Acta Paediatr. 105:384–389. 
López, S., Tacuba, S.L., Moreno, J., Arias, C.F. (2016). Rotavirus strategies against the innate antiviral system. Annu Rev Virol. 3:591–609. 
Lu, X., McDonald, S.M., Tortorici, M.A., Tao, Y.J., Carpio, R.V., Patton, J.T. and Harrison, S.C. (2008) Mechanism for coordinated RNA packaging and genome replication by rotavirus polymerase VP1. Structure. 16:1678-1688.
Ludert, J.E., Krishnaney, A.A., Burns, J.W., Vo, P.T. and Greenberg, H.B. (1996). Cleavage of rotavirus VP4 in vivo. Journal of General Virology. 77(3):391-395.
Lukacik M, et al. (2008). A meta-analysis of the effects of oral zinc in the treatment of acute and persistent diarrhea. Pediatrics.  121:326–336. [PubMed: 18245424] 
Lundgren, O. and Svensson, L. (2001). Pathogenesis of rotavirus diarrhea. Microbes Infect. 3:1145–1156. 
Mason, B.B., Graham, D.Y. and Estes. M.K.. (1980). In vitro transcription and translation of simian rotavirus SA11 gene products. Journal of Virology. 33:1111-1121.
Matthijnssens, J., Otto, P.H., Ciarlet, M.M Desselberger, U., Ranst, M.V. and Johne, R. (2012). VP6-sequence-based cutoff values as a criterion for rotavirus species demarcation. Arch Virology. 157:1177–1182. 
Matthijnssens, J., Rahman, M., Ciarlet, Max., Zeller, M., Heylen, E., Nakagomi, T., Uchida, R., Hassan, Z., Azim, T., Nakagomi, I., Ranst, M.V. (2010). Reassortment of human rotavirus gene segments into G11 rotavirus strains. Emerging Infect Disease. 16:625-630.
Matthijnssens, J., Ciarlet, M., Heiman, E., Arijis, I., Delbeke, T., McDonald, S.M., Palombo, A.E., Iturriza-Gomara, M., Maes, P., Patton, J.T., Rahman, M., Ranst, V.M. (2008a). Full genome-based classification of rotaviruses reveals a common origin between human Wa-Like and porcine rotavirus strains and human DS-1-ike and bovine rotavirus strains. Journal of Virology. 82:3204-3219.
Matthijnssens, J., Ciarlet, M., Rahman, M., Attoui, H., Banyai, K., Estes, M.K., Gentsch, J.R., Iturriza-Gomara, M., Kirkwood, C.D., Martella, V., Mertens, P.P.C., Ruggeri, F.M., Saif, L.J., Santos, N., Steyer, A., Taniguchi, K., Desselberger, U., Ranst, M.V. (2008b). Recommendations for the classification of group A rotaviruses using all 11 genomic RNA segments. Arch Virology. 153:1621-1629.
Matthijnssens, J., Ciarlet, M., McDonald, S.M., Attoui, H., Banyai, K., Brister, J.R., Bueser, J., Esona, M.D., Estes, K.M., Gentsch, J.R., Iturriza-Gomara, M., Jogne, R., Kirkwood, C.D., Martella, V., Mertens, P.P.C., Nakagomi, O., Parreno, V., Rahman, M., Ruggeri, F.M., Saif, L.J., Santos, N., Steyer, A., Taniguchi, K., Patton, J.T., Desselberger, U., Ranst, M.V. (2011). Uniformity of rotavirus strain nomenclature proposed by the Rotavirus Classification Working Group (RCWG). Arch Virol. 156:1397-1413.
Matthijnssens, J. and Van Ranst, M. (2012). Genotype constellation and evolution of group A rotaviruses infecting humans. Current Opinion Virology. 2:426-433.
Mattion, N.M., Cohen, J. and Estes. M.K. (1994). The rotavirus proteins, p. 169-249. In A. Z. Kapikian (ed.), Viral Infections of the Gastrointestinal Tract. Marcel Dekker, New York. Pp
McClain, B., Settembre, E., Temple, B.R.S., Bellamy, A.R., Harrison, S.C. (2010). X-­ray crystal structure of the rotavirus inner capsid particle at 3.8 A resolution. Journal of Molecular Biology. 397:587-599.
McDonald, S.M., Matthijnssens, J., McAllen, J.K., Hine, E., Overton, L., Wang, S., Lemey, P., Zeller, M., Van Ranst, M., Spiro, J.D., Patton, J.T. (2009). Evolutionary dynamics of human rotaviruses: balancing reassortment with preferred genome constellations. PLoS Pathogen. 5:634.
Mertens P.P.C., Duncan R., Attoui H., Dermody T.S., Reoviridae. In: Fauquet C., Mayo M. A., Maniloff J., Desselberger U., Ball L. (2005). Virus Taxonomy: Eight Report of the International Committee on Taxonomy of Viruses. Amsterdam, Holland, Netherlands: Elsevier, Academic Press. Pp. 447–560.
Mesa, M.C., Guitierrez, L.A., Rey, C.D., Angel. J., Franco, M.A. (2010). A TGF-β mediated regulatory mechanism modulates the T cell immune response to rotavirus in adults but not in children. Virology. 399:77–86. 
Midgley, S.E., Hjulsager, C.K., Larsen, L.E., Falkenhorst, G., Bottiger, B. (2012). Suspected zoonotic transmission of rotavirus group A in Danish adults. Epidemiol Infectious. 140:1013-1017.
Mohammed, A.A., Aminu, M. Ado, S.A., Jatau, E.D., Esona, M.D. (2016). Prevalence of rotavirus among children under five years of age with diarrhea in Kaduna State, Nigeria.  Niger J Pediatrics. 43(4): 264 –268.
Mohamood DA, Feachem RG. Clinical and epidemiological characteristics of rotavirus and EPEC-associated hospitalized infantile diarrhea in Basrah, Iraq. Journal of Tropical Paediatrics, 1987, 33:319–325.
Monnier, N., Higo-Moriguchi, K., Sun, Z.J., Venkataram Prasad, C.V., Taniguchi, K., Dormitzer, P.V. (2006). High-­resolution molecular and antigen structure of the VP8* core of a sialic acid-­independent human rotavirus strain. Journal of Virology. 80:1513-1523.
Morris, A.P., Estes, M.K. (2001). Microbes and microbial toxins: paradigms for microbial-mucosal interactions. VIII Pathological consequences of rotavirus infection and its enterotoxin. Am J Physiol Gastrointest Liver Physiol. 281:303–310. 
Motayo, B.O., Faneye, A.O., Adeniji J.A. (2018). Epidemiology of Rotavirus A in Nigeria: Molecular Diversity and Current Insights. Journal of Pathogen. 2018: 1-7. ArticleID 6513682. https://doi.org/10.1155/2018/6513682 
Mullick, S., Mukherjee, A., Ghosh, S., Pazhani, G.P., Sur, D., Manna, B., Nataro, J.P., Levine, M., Ramamurthy, T. and Chawla-Sarkar, M. (2013). Genomic analysis of human rotavirus strains G6P[14] and G11P[25] isolated from Kolkata in 2009 reveals interspecies transmission and complex reassortment events. Infect Genet Evolution. 14:15-21.
Mukherjee, A., Chattopadhyay, S., Bagchi, P., Dutta, D., Singh, N.B., Arora, R., Parashar, U.D., Gentsch, J.R., Chawla-Sarkar, M. (2010). Surveillance and molecular characterization of rotavirus strains circulating in Manipur, north-­eastern India: increasing prevalence of emerging G12 strains. Infect Genet Evolution. 10:311-320.
Murphy TV, et al. (2001). Intussusception among infants given an oral rotavirus vaccine. N Engl J Med. 344:564–572.  
Nair, N., Feng, N., Blum, L.K., Sanyal, M., Ding, S., Jiang, B., Sen, A., Morton, J.M., He, Xiai-Song., Robinson, W.H. and Greenberg, H.B. (2017). VP4- and VP7-specific antibodies mediate heterotypic immunity to rotavirus in humans. Science Translation Medicine. 9:5434. 
Nakajima, H., Nakagomi, T., Kamisawa, T., Sakaki,N., Mikami, T., Nara, H., Nakagomi, O. (2001). Winter seasonality and rotavirus diarrhoea in adults. Lancet. 357(9272):1950.
Nakawesi J, Wobudeya E, Ndeezi G, Mworozi E, Tumwine JK. Prevalence and factors associated with rotavirus infection among children admitted with acute diarrhea in Uganda. BMC Peadiatr. 2010, 10: 1-11.
Nordgren, J., Nitiema, L.W., Ouermi, D., Simpore J., Svensson, L. (2013). Host genetic factors affect susceptibility to norovirus infections in Burkina Faso. PLoS ONE. 8(7):69557. 
O'Brien, J.A., Taylor, J.A., Bellamy, A.R. (2000). Probing the structure of rotavirus NSP4: a short sequence at the extreme C terminus mediates binding to the inner capsid particle. Journal of Virology. 74:5388-5394.
Offit, P.A. and Clark, M.F. (2000). In: Principle and practice of infectious diseases. 5. Mandell GL, Bennett JE, Dolin R, editor. Philadelphia,PA. Churchill Livingstone. Reoviruses. Pp. 1696–1703.
Ogden, K.M., Synder, M.J., Dennis, A.F. and Patton, J.T. (2014). Predicted structure and domain organization of rotavirus capping enzyme and innate immune antagonist VP3. Journal of Virology. 88:9072–9085.
Ogden, K.M., Hu, L., Jha, B.K., Sankaran, B., Venkataram Prasad, B.V. (2015). Structural basis for 2′-5′- oligoadenylate binding and enzyme activity of a viral RNase L antagonist. J Virol. 89:6633–6645.  
Okebugwu, Q.C., Adebolu, T.T., Ojo B.A. (2017). Incidence of Rotavirus infection in children with gastroentritis in Akure, Ondo State, Nigeria
Ozkana S et al., Water usage habits and the incidence of diarrhea in rural Ankara, Turkey. Transactions of the Royal Society of Tropical Medicine and Hygiene, 2007, 101(11):1131–1135.
O’Ryan M, et al., (2010). An update on management of severe acute infectious gastroenteritis in children. Expert Rev Anti Infect Ther. 8:671–682. 
O’Ryan GM, et al. (2014). Management of acute infectious diarrhea for children living in resource-limited settings. Expert Rev Anti Infect Ther. 12:621–632. 
O'Shea, H., Mulherin, E., Matthijnssens, J., McCusker, M.P., Collins, P.J., Cashman, O., Gunn, L., Beltman, M.E., Fanning, S. (2014). Complete genomic sequence analyses of the first group A giraffe rotavirus reveals close evolutionary relationship with rotaviruses infecting other members of the Artiodactyla. Vet Microbiology. 170:151-156.
Osborne, M.P., Haddon, S.J., Worton, K.J., Spencer, A.J., Starkey, .G., Thornber, D., Stephen, J. (1991). Rotavirus-induced changes in the microcirculation of intestinal villi of neonatal mice in relation to the induction and persistence of diarrhea. J Pediatr Gastroenterol Nutr. 12:111–120.  
Papp, H., Laszlo, B., Jakab, F., Ganesh, B., De Grazia, S., Matthijnssens, J., Ciarlet, M., Martella, V., Banyai, K. (2013). Review of group A rotavirus strains reported in swine and cattle. Veterinary Microbiology. 165:190-199.
Parashar, U.D. (2003). Global illness and deaths caused by rotavirus disease in children. Emerg Infect Disease. 9:565–572.  
Parashar, U.D., Nelson, E.A. and Kang, G. (2018). Diagnosis, Management and prevention of rotavirus gastroenteritis in children. BMJ. 347: 7204.
Parra, M., Harrera, D., Jacome, M.F., Mesa, M.C., Rodriguez, L.S., Guzman, C., Angel, J., Franco, M.A. (2014). Circulating rotavirus-specific T cells have a poor functional profile. Virology. 468–470:340–350.
Patel, M.M., Glass, R., Desai, R., Tate, J.E., Parashar, U.D. (2012). Fulfilling the promise of rotavirus vaccines: how far have we come since licensure?. Lancet Infect Dis. 12(7):561–570. 
Patel, M.M. (2013). Global seasonality of rotavirus disease. Pediatr Infect Disease Journal. 32:134–147. 
Patel, N.C., Hertel, P.M., Estes, M.K., De la Morena, M., Petru, A.M., Noroski, L.M., Revell, P.A., Hanson, I., Paul, M.E., Rosenblatt, H.M., Abramson, S.L. (2010). Vaccine-acquired rotavirus in infants with severe combined immunodeficiency. N Engl J Med. 362(4):314–319. 
Patten, J.T. and Gallegas, C.O. (1990). Rotavirus RNA Replication:SS RNA extends from the replicate particle. J General Virology. 31:1087-1094.
Payne, D.C., Staat, M.A., Sdwards, K.M., Szilagyl, P.G., Gentsch, J.R., Stockman, L.J., Curns, A.T., Griffin, M., Weinberg, G.A., Hall, C.B., Fairbrother, G., Alexander, J. and Parashar, U.D. (2008). Active, population-based surveillance for severe rotavirus gastroenteritis in children in the United States. Pediatrics. 122:1235–1243. 
Payne D. C., Sulemana I., Parashar U.D. (2016). Evaluation of effectiveness of mixed rotavirus vaccine course for rotavirus gastroenteritis. JAMA Pediatrics. 170(7):708–710. 
Pennap G, Umoh J. The prevalence of group A rotavirus infection and some risk factors in pediatric diarrhea in Zaria, North Central Nigeria. Afr J Microbiol Res 2010, 4(14):1532-1536.
Pesavento, J.B., Crawford, S.E., Roberts, E., Estes, M.K., Prasad, B.V.V. (2005). pH-­induced conformational change of the rotavirus VP4 spike: implications for cell entry and antibody neutralization. J Virology. 79:8572-8580.
Pham, T., Perry, J.L., Dosey, T.L., Delcour, A.H. and Hyser, J.M. (2017). The rotavirus NSP4 viroporin domain is a calcium-conducting ion channel. Sci Rep. 7:43487.
Ramachandran, M. (1996). Unusual diversity of human rotavirus G and P genotypes in India. J Clin Microbiology. 34:436–439.  
Ramani, S., Paul, A., Saravanabavan, A., Menon, V.K., Arumugam, R., Sowmyanarayanan, T.V., Samuel, P., Kang, G. (2010a). Rotavirus antigenemia in Indian children with rotavirus gastroenteritis and asymptomatic infections. Clin Infect Disease. 51(11):1284–1289. 
Ramani, S., Cortes-Penfield, N.W., Hu, L., Sue, E.C., Czako, R., Smith, D.F., Kang, G., Ramig, R.F., LePendu, J., Venkataram Prasad, B.V. and Estes, M.K. (2013). The VP8 domain of neonatal rotavirus strain G10P[11] binds to type II precursor glycans. Journal of Virology. 87:7255-7264.
Ramani, S., Hu, L., Venkataram Prasad, B.V., Estes, M.K. (2016). Diversity in rotavirus-host glycan interactions: a “sweet” spectrum. Cell Mol Gastroenterol Hepatol. 2:263–273. 
Ramani, S., Sankaran, P., Arumugam, R., Sarkar, R., Banerjee, I., Mohanty, I. (2010). Comparison of viral load and duration of virus shedding in symptomatic and asymptomatic neonatal rotavirus infections. J Med Virol. 82(10):1803–1807. 
Rodriguez, L.S., Barreto, A., Franci, M.A., Angel, J.  (2009). Immunomodulators released during rotavirus infection of polarized caco-2 cells. Viral Immunol. 22(3):163–172. 
Ruiz-Palacios GM, et al. Safety and efficacy of an attenuated vaccine against severe rotavirus gastroenteritis. N Engl J Med. 2006; 354:11–22. [PubMed: 16394298] 
Sanderson, C., Clark, A., Taylor, D., Bolanos, B. (2011). Global review of rotavirus morbidity and mortality data by age and region. WHO; 2011. http://www.who.int/immunization/sage/meetings/2012/april/Sanderson_et_al_SAGE_April_rotavirus.pdf
Saxena, K., Blutt, S.E., Ettayebi, K., Zeng, X.L., Broughman, J.R., Crawford, S.E., Karandikar, U,C., Sastri, N.P., Conner, M.E., Opekun, A.R., Graham, D.Y., Qureshi, W., Sherman, V., Foulke-Abel, J., In, J., Kovbasnjuk, O., Zachos, N.C., Donowitz, M., Estes, M.K. (2015). Human intestinal enteroids: a new model to study human rotavirus infection, host restriction, and pathophysiology. J Virology. 90:43–56. 
Seo, N.S., Zeng, C.Q.L., Hyse, J.M., Crawford, S.E., Kim, K.J., Hook, M., Estes, M.K (2008). Integrins α1β1 and α2β1 are receptors for the rotavirus enterotoxin. Proc Natl Acad Sci USA. 105(26):8811–8818. 
Settembre, E.C., Chen, J.Z., Dormitzer, P.R., Grigorieff, N., Harrison, S.C. (2011). Atomic model of an infectious rotavirus particle. EMBO Journal. 30:408-416.
Stirzaker, S.C. and Both, G.W. (1989). The signal peptide of the rotavirus glycoprotein VP7 is essential for its retention in the ER as an integral membrane protein. Cell. 56:741-747.
Surajudeen, A., Umesh, J.C., Olabode, O.A. and Banda, J.M. (2011). Incidence of RotaVirus infection in children with gastroenteritis attending Jos University Teaching Hospital,Nigeria. Virology Journal. 8:233.
Svensson, L., Desselberger, U., Greenberg, HB., Estes, M.K. (2016). Viral gastroenteritis: molecular epidemiology and pathogenesis. Elsevier. Pp  
Tan, M. and Jiang, X. (2014). Histo-­blood group antigens: a common niche for norovirus and rotavirus. Expert Rev Mol Medicine. 16:5.
Tate J. E., Burton A. H., Boschi-Pinto C., Parashar U. D. (2000-2013).  Global, regional, and national estimates of rotavirus mortality in children <5 years of age,. Clinical Infectious Diseases. 62(2):96–105.
Tate, J.E., et al. (2016). Intussusception rates before and after the introduction of rotavirus vaccine. Pediatrics. 138:e20161082. 
Taylor, J.A., O'Brien, J.A., Yeager. M. (1996) The cytoplasmic tail of NSP4, the endoplasmic reticulum-­localized non-­structural glycoprotein of rotavirus, contains distinct virus binding and coiled coil domains. EMBO Journal. 15:4469-4476.
Teitelbaum, J.E. and Daghistani, R. (2007). Rotavirus causes hepatic transaminase elevation. Dig Dis Sci. 52:3396–3398. 
Than, V.T., Park, J.H., Chung, I.S., Kim, J.B., Kim, W. (2013). Whole-­genome sequence analysis of a Korean G11P[25] rotavirus strain identifies several porcine-­human reassortant events. Archive Virology. 158:2385-2393.
Torres-Flores, J.M., Silva-Ayala, D., Esponoza, M.A., Lopez, S. (2015). The tight junction protein JAMA functions as coreceptor for rotavirus entry into MA104 cells. Virology. 2015; 475:172–178. 
Trabelsi A, Fodha I, Chouikha A, Fredj MBH, Mastouri M, Abdelaziz AB, et al. Rotavirus strain diversity in the center coast of Tunisia from 2000 through 2003. J Infect Dis 2010, 202 (S1): 252-257.
Trask, S.D., Kim, I.S., Harrison, S.C., Dormitzer, P.R. (2010). A rotavirus spike protein conformational intermediate binds lipid bilayers. J Virology. 84:1764-1770.
Trask, S.D., Ogden, K.M. and Patton, J.T. (2012). Interactions among capsid proteins orchestrate rotavirus particle functions. Curr Opin Virol. 2(4):373-379.
Trask, S.D., McDonald, S.M., Patton, J.T. (2012). Structural insights into the coupling of virion assembly and rotavirus replication. Nature Review Microbiology. 10:165-177.
Troeger, C., Khalil I.A., Rao P.C. (2018). Rotavirus vaccination and the global burden of rotavirus diarrhea among children younger than 5 years. JAMA Pediatrics. 
Uchiyama, R., Chassaing, B., Zhang, B., Gewirtz, A.T. (2015). MyD88-mediated TLR signaling protects against acute rotavirus infection while inflammasome cytokines direct Ab response. Innate Immunity. 21:416–428.
Uchiyama, R., Chassaing, B., Zhang, B., Gewirtz, A.T.  (2014). Antibiotic treatment suppresses rotavirus infection and enhances specific humoral immunity. Journal of Infect Dis. 210:171–182.  
Udeani, T.K., Ohiri, U.C., Onwukwe, O.S. and Chinedu, C. (2018). Prevalence and Genotypes of Rotavirus infection among Children with Gastroenteritis in Abuja, Nigeria. Research Journal of Microbiology. 13(2):84-92.
VanCott, J.L., Prada, A.E., McNeal, M.M., Stone, S,C., Basu, M., Jr, H.B., Smiley, K.L., Shao, M., Bean, J.A., Clements, J.D., Choi, A.H.C., Ward, R.L. (2006). Mice develop effective but delayed protective immune responses when immunized as neonates either intranasally with nonliving VP6/LT(R192G) or orally with live rhesus rotavirus vaccine candidates. J Virol. 80(10):4949–4961. 
Velazquez, F.R. (1996). Rotavirus infection in infants as protection against subsequent infections. N Engl J Med. 335:1022–1028. 
Venkataram Prasad, B.V., Shanker, S., Hu, L., Choi, J.M., Crawford, S.E., Ramani, S., Czako, R., Atmae, R.L., Estes, M.K. (2014). Structural basis of glycan interaction in gastroenteric viral pathogens. Curr Opin Virol. 7:119–127. 
Vesikari, T., Matson, D.O., Dennecgy, P., Damme, P.V., Santosham, M., Rodriguez, Z. (2006). Safety and efficacy of a pentavalent human-bovine (WC3) reassortant rotavirus vaccine. N Engl J Med. 354:23–33.  
Vlasova, A.N, et al. (2016). Comparison of probiotic lactobacilli and bifidobacteria effects, immune responses and rotavirus vaccines and infection in different host species. Vet Immunol Immunopathol. 172:72–84.  
Wada-Kura A. Molecular characterization of rotaviruses detected in children under the age of five years with diarrhea in Kano State-Nigeria 2011, An unpublished M.Sc research thesis submitted to the school of postgraduate studies, Ahmadu Bello University, Zaria.
World Health Organization. (2004). Department of Child and Adolescent Health and Development & UNICEF. Clinical management of acute diarrhoea: WHO/UNICEF joint statement. WHO. 
World Health Organization. Rotavirus mortality rate in children younger than 5 years, 2013.WorldHealthOrganization(2017).http://www.who.int/immunization/monitoring_ surveillance/burden/estimates/rotavirus/rotavirus_deaths_map_b.jpg?ua=1 
Yoder, J.D., Trask, S.D., Vo, T.P., Binka, M., Feng, N., Harrison, S.C., Greenberg, H.B. and Dormitzer, P.R. (2009). VP5* rearranges when rotavirus uncoats. Journal of Virol. 83:11372-11377.
Zarate, S., Cuadras, M.A., Espinosa, R., Romero, P., Juarez, K.O., Camacho-Nuez, M., Arias, C.F. and Lopez. S. (2003). Interaction of rotaviruses with Hsc70 during cell entry is mediated by VP5. Journal of Virology. 77:7254-7260.
Zhang B., Chassaing, B., Shi, Z., Uchiyama, R., Zhang, Z., Denning, T.L., Crawford, S.E., Pruijssers, A.J., Iskarpatoyi, J.A., Estes, M.K., Dermody, T.S., Iuyang, W., Williams, I.F., Kumar, M.V., Gewirtz, A.T. (2014). Prevention and cure of rotavirus infection via TLR5/NLRC4-mediated production of IL-22 and IL-18. Science.  346:861–865. 
Zhang, X. (2008). Near-­atomic resolution using electron cryomicroscopy and single-particle reconstruction. Proc Natl Acad Sci USA. 105:1867-1872. 
