Molecular epidemiology of group A rotaviruses (RVA) in children of Imphal, Manipur, India

CHAPTER1

INTRODUCTION

1.1. Gastroenteritis and rotavirus

Diarrhoeal diseases are one of the leading causes of deaths in children worldwide.
Currently, there are five enteric viruses known to cause gastroenteritis in humans: rotavirus,
astrovirus, adenovirus, norovirus and sapovirus. Among these, group A rotavirus (RVA) is
the most common viral causative agent of diarrhoea worldwide. Rotavirus (RV) particles are
excreted in the stools of infected individuals and the main modes of transmission are

through fecal-oral route, close-contact, and fomites.

RVs are non-enveloped RNA viruses and belong to the family Reoviridae. The 11-dsRNA
genome segments of rotavirus encode six structural proteins and six non-structural proteins
[1]. The mature infectious rotavirus particles are made up of three layers of capsid proteins:
outer (VP7 and VP4), middle (VP6), and core (VP2). Rotavirus is further divided into nine
serogroups (A-1) based on group specific VP6 antigen [2,3]. The dual genotyping system
(G-P typing) is used based on variations in the nucleotide sequences of the VP7
(Glycoprotein) and VP4 (Protease sensitive protein) genes [4,5,6].

1.2. History of rotavirus discovery

Since the mid-20™ century viruses were assumed of being significant causes of
gastroenteritis (GE) as the etiology remained unknown frequently [7]. Efforts made to
identify the etiological agents were unsuccessful in the 1950, the "golden age" of virology,
when several new viruses were discovered using newly developed animal tissue culture
technology [8]. Kapikian et al. (1972) first identified Norwalk virus (or Norovirus) a 27 x 32
nm particle in feces after a sharp outbreak of acute group I (Gl) in Norwalk, Ohio [9] as a
cause of Gl using immune electron microscopy [10]. Another breakthrough occurred whena
second virus measuring 70 nm in size was identified by electron microscopy of thin sections
of duodenal mucosa from infants suffering from diarrhoea [11]. This particle was
subsequently designated as rotavirus and within 5 years, RVs were recognized as the
primary cause of infectious diarrhoea in newborns and young children globally accounting

for approximately one third of severe diarrhoea cases [12]. The word ‘rota’ derived from

YD Devi 2022 1



Molecular epidemiology of group A rotaviruses (RVA) in children of Imphal, Manipur, India

Latin word means ‘wheel-like’. The name was suggested when the structure was observed
to be a wheel-like particle and it was later officially recognized by the International
Committee on Taxonomy of Viruses (ICTV) [13].

1.3. Burden of rotavirus diarrhoea: hospitalization, mortality, and economic burden

Rotavirus is highly contagious afflicting infants and young children. An estimated 453,000
children under the age of 5 die annually from rotavirus diarrhoea and developing nations in
Asia and Africa account for more than half of all child deaths [14,15]. In 2019, it resulted
45.5 million disability-adjusted life year (DALYS) in children under five-year-old [37]. In
2013, an estimated 215,000 of global death were due to RV with more than 90% occurring
in developing countries like India. Of these, 47100 RV deaths occurred in India, making up
22% of all RV deaths worldwide [16]. In 2017, three countries-Nigeria, India, and the DRC
(Democratic Republic of the Congo) were reported to account for half of all RV deaths, with
India contributing 16% of all global deaths among children under the age of five. This is
according to a recent report by the Rotavirus Organization of Technical Allies (ROTA)

council [17]. According to the published report of national rotavirus surveillance network
(NRSN), RV causes approximately 34% of all deaths in children [18,19,20].

Numerous studies have been conducted in different countries to assess the economic cost of
rotavirus disease treatment [17]. For a cohort of infants born in 2011, there were an
estimated 11.37 million cases of rotavirus GE in India, totalling 3.27 million outpatient and
872,000 inpatient admissions, costing Rs. 10.37 billion ($171 million) from birth to age five,
or Rs. 382 ($6.30) for each child born that year [21]. A middle-income nation like Malaysia
reported a cost of $33.5 million in 2013, or $19 for every child under the age of five [17,22].
Similar to this observation, in high-income nations like Germany (2012) and Sweden
(2015), each hospitalised child cost the health care system more than $2,000 on average
[17,23,24].

1.4. Global rotavirus strains distribution

Globally, the most common RV A genotypes are G1P[8], G2P[4], G3P[8], G4P[8], G9P]8],
and G12P[8] [25,26]. Prior to vaccination, G1P[8] was the most common strain in India,
followed by G2P[4], GOP[4], GOP[8], and G12P[6], which together accounted for 49.5% of
cases. In the post-vaccine era, G3P[8] was the most common G-type, followed by G1P[8],
G2P[4], G9P[4], and G1P[6] [27]. As a result of co-infection with animal and other human
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strains, there have been instances of other strains, in particular, unusual, rare, or novel
strains due to sequential point mutations (antigenic drift), genomic rearrangement
(intragenic recombination), and genetic reassortment (antigenic shift) [28,29,30].

1.5. Rotavirus vaccine in universal immunization program (UIP)

Vaccination is considered the most reliable preventive measure to avoid serious
consequences of rotaviral gastroenteritis that can even lead to death. Two global oral live
attenuated RV vaccines, Rotarix (monovalent, GSK Biologicals) and RotaTeq (pentavale nt
bovine-human reassortant, Merck) are available since 2006 for immunization of Indian
children [31]. Rotavac™, developed by the Bharat Biotech International, Hyderabad is
based on rotavirus strain 116 E with GOP[8] genotype which has been licensed in 2015 and
included in Universal Immunization Program (UIP) of 16 states [32,33]. Another indigenous
vaccine, RotaSIIL® (Serum Institute of India) was licensed in 2017 and introduced in UIP
in Jharkhand. This suggests the need for continuous surveillance of circulating rotavirus
strains during pre- and post-vaccination period to measure the efficacy of the oral vaccines

in the population.
1.6. Lack of rotavirus surveillance studies in North-eastern states (NER) of India

There is scarcity of rotavirus surveillance studies in north-east region which is
geographically as well as ethnically distinct from the rest of India. As opposed to the
tropical climate of the northern, southern, or eastern states where rotavirus surveillances
have been previously conducted, the region has both temperate and tropical climatic
conditions. It is critical to look at the prevalence and circulating strains of rotavirus in each
state of India to comprehensively understand the rotavirus disease burden in the country.
Systematic search of literature on health conditions is the first step towards obtaining an
idea about its burden in society. In Manipur, during the year 1979 to 1988, few rotavirus
outbreaks were reported with evidence supporting zoonotic transmission [34,35]. A
hospital-based surwveillance study conducted in Manipur by Mukherjee et al. (2010) in
children with acute diarrhoea have found the prevalence of G12 genotype strains [36]. There
is a scarcity of research on diarrhoea and comprehensive epidemiological considerations
pertaining to such investigations as relevant to northeast India require urgent attention. This
emphasizes the need to understand the rotavirus strain diversity, the mechanism by which

these strains emerged over time and their long-term impact on vaccination.

YD Devi 2022 3



Molecular epidemiology of group A rotaviruses (RVA) in children of Imphal, Manipur, India

The present study investigates the prevalence and frequency of rotavirus strains circulating
in Manipur, a state in northeast India before the inclusion of indigenous RV vaccine(s) in
national immunization program. The findings will help in implementation of programs for
improvement of child health, and it also provides a reference to measure the effectiveness of
an indigenous oral vaccine in post-immunization schedule in Manipur and other
northeastern states. Further, comprehensive investigations of the prevalence and diversity of
four common enteric viruses after introduction of vaccines for rotavirus-led diarrhoea will
be helpful to provide further understanding of efficacy of vaccines in children under five-
year-old of Northeast India. Moreover, it is known that both double and triple layer particles
are shed in stools of patients. But the present ELISA based diagnosis method is based on
VP6 which is middle layer capsid protein. It limits detection of only double layer particles
during diagnosis. A mobile, indigenous, more sensitive and economical diagnostic tool
based on VP6 and outer layer protein VP4 and VP7 will be of immense application for
monitoring of rotavirus surveillance in developing countries. The present study has been
carried out with the following objectives.

1.7. Objectives
1. Molecular characterization of group A rotavirus (RVA) in children under five-year-
old in Imphal, Manipur, India
2. Characterization of unusual or untypeable rotavirus isolates by electropherotyping
and whole genome sequencing
3. ldentification of B- and T-cell epitopes in the rotavirus proteome and development
of chimeric antigen for diagnosis of rotavirus

1.8. Bibliography

[1] Estes MK & Greenberg HB (2013). Rotaviruses. In: Field’s Virology. Knipe DM,
Howley PM, editors, pages 1347-1401, Lippincott: Williams & Wilkins.

[2] Matthijnssens J, Ciarlet M, McDonald SM, Attoui H, Banyai K, Brister JR, Buesa J,
Esona MD, Estes MK, Gentsch JR, Iturriza-Gémara M, Johne R, Kirkwood CD,
Martella V, Mertens PP, Nakagomi O, Parrefio V, Rahman M, Ruggeri FM, Saif LJ,
Santos N, Steyer A, Taniguchi K, Patton JT, Desselberger U, Van Ranst M (2011).
Uniformity of rotavirus strain nomenclature proposed by the Rotavirus Classification
Working Group (RCWG). Arch Virol, 156(8):1397-413. https://doi.org/10.1007/s00705-
011-1006-z.

YD Devi 2022 4



Molecular epidemiology of group A rotaviruses (RVA) in children of Imphal, Manipur, India

[3] Mihalov-Kovéacs E, Gellért A, Marton S, Farkas SL, Fehér E, Oldal M, Jakab F,

Martella V, Béanyai K (2015). Candidate new rotavirus species in sheltered dogs,
Hungary. Emerg Infect Dis, 21(4):660-3. https://doi.org/10.3201/eid2104.141370.

[4] Estes MK (1996). Advances in molecular biology: impact on rotavirus vaccine
development. J Infect Dis, 174 (1):S37-46. https://10.1093/infdis/174.supplement_1.s37.

[5] Kapikian AZ, Chanock RM (1996). Rotaviruses. In: Straus SE, editor. Field’s virology:
Volume 2. 3“ Ed, pages 1657-708, Philadelphia: Lippincott-Raven. pp.

[6] ZhaolL, Shi X, Meng D, GuoJ, LiY, Liang L, Guo X, Tao R, Zhang X, Gao R, Gao L,
Wang J (2021). Prevalence and genotype distribution of group A rotavirus circulating in
Shanxi  Province, China during 2015-2019. BMC Infect Dis, 21:94.
https://doi.org/10.1186/s12879-021-05795-4.

[7] Kapikian A. Z. (1993). Viral gastroenteritis. JAMA, 269(5):627—630.

[8] Kapikian, A. Z., Hoshino, Y., Chanock, R. M., & Pérez-Schael, 1. (1996). Efficacy of a
quadrivalent rhesus rotavirus-based human rotavirus vaccine aimed at preventing severe
rotavirus diarrhea in infants and young children. The Journal of Infectious Diseases,
174(1): S65-S72. https://doi.org/10.1093/infdis/174.supplement_1.s65.

[9] Adler, J. L., & Zickl, R. (1969). Winter vomiting disease. The Journal of infectious
diseases, 119(6):668-673. https://doi.org/10.1093/infdis/119.6.668.

[10] Kapikian, A. Z., Wyatt, R. G., Dolin, R., Thornhill, T. S., Kalica, A. R., & Chanock, R.

M. (1972). Visualization by immune electron microscopy of a 27-nm particle associated

with acute infectious nonbacterial gastroenteritis. Journal of virology, 10(5):1075-1081.
https://doi.org/10.1128/JV1.10.5.1075-1081.1972.
[11] Bishop, R. F., Davidson, G. P., Holmes, I. H., & Ruck, B. J. (1973). Virus particles in

epithelial cells of duodenal mucosa from children with acute non-bacterial
gastroenteritis. Lancet, 2(7841):1281-1283. https://doi.org/10.1016/s0140-

6736(73)92867-5.
[12] Parashar, U. D., Bresee, J. S., Gentsch, J. R., & Glass, R. I. (1998). Rotavirus. Emerging
infectious diseases, 4(4):561-570. https://doi.org/10.3201/eid0404.980406.

[13] Flewett, T. H., Bryden, A. S., Davies, H., Woode, G. N., Bridger, J. C., & Derrick, J. M.

(1974). Relation between viruses from acute gastroenteritis of children and newborn

calves. Lancet, 2(7872):61-63. https://doi.org/10.1016/s0140-6736(74)91631-6.

[14] Kumar, Shaveta & Singh, Tejinder (2015). Rotavirus Disease in Developing World.
Pediatrics and Therapeutics, 5:3. https://doi.org/10.4172/2161-0665.1000e128.

YD Devi 2022 5



Molecular epidemiology of group A rotaviruses (RVA) in children of Imphal, Manipur, India

[15] Tate, J. E., Burton, A. H., Boschi-Pinto, C., Steele, A. D., Duque, J., Parashar, U. D., &
WHO-coordinated Global Rotavirus Surveillance Network (2012). 2008 estimate of
worldwide rotavirus-associated mortality in children younger than 5 years before the
introduction of universal rotavirus vaccination programmes: a systematic review and
meta-analysis. The Lancet Infectious Diseases, 12(2):136-141.
https://doi.org/10.1016/S1473-3099(11) 70253-5.

[16] Tate, J. E., Burton, A. H., Boschi-Pinto, C., Parashar, U. D., & World Health
Organization—Coordinated Global Rotavirus Surveillance Network (2016). Global,
Regional, and National Estimates of Rotavirus Mortality in Children <5 Years of Age,
2000-2013. Clinical Infectious Diseases, 62(2):S96-S105.
https://doi.org/10.1093/cid/civ1013.

[17] Rotavirus Organization of Technical Allies (ROTA) (2020). The Epidemiology And
Disease Burden Of Rotavirus 2017.

[18] Mehendale, S., Venkatasubramanian, S., Girish Kumar, C. P., Kang, G., Gupte, M. D.,
& Arora, R. (2016). Expanded Indian National Rotavirus Surveillance Network in the
Context of Rotavirus Vaccine Introduction. Indian pediatrics, 53(7):575-581.
https://doi.org/10.1007/s13312-016-0891- 3.

[19] Kang, G., Arora, R., Chitambar, S. D., Deshpande, J., Gupte, M. D., Kulkarni, M., Naik,
T. N., Mukherji, D., Venkatasubramaniam, S., Gentsch, J. R., Glass, R. 1., Parashar, U.
D., & Indian Rotavirus Strain Surveillance Network (2009). Multicenter, hospital-based
surveillance of rotavirus disease and strains among indian children aged <5 years. The

Journal of infectious diseases, 200(1):S147—S153. https://doi.org/10.1086/605031.

[20] Kang, G., Desai, R., Arora, R., Chitamabar, S., Naik, T. N., Krishnan, T., Deshpande, J.,
Gupte, M. D., Venkatasubramaniam, S., Gentsch, J. R., Parashar, U. D., Indian
Rotavirus Strain  Surveillance Network, Mathew, A., Anita, Ramani, S.,
Sowmynarayanan, T. V., Moses, P. D., Agarwal, 1., Simon, A., Bose, A., ... Singh, N.
B. (2013). Diversity of circulating rotavirus strains in children hospitalized with diarrhea
in India, 2005-2009. Vaccine, 31(27):2879-2883.
https://doi.org/10.1016/j. vaccine.2013.04.030.

[21] John, J., Sarkar, R., Muliyil, J., Bhandari, N., Bhan, M. K., & Kang, G. (2014).
Rotavirus gastroenteritis in India, 2011-2013: revised estimates of disease burden and
potential impact of vaccines. Vaccine. 32(1):A5-A0.
https://doi.org/10.1016/j.vaccine.2014.03.004.

[22] Loganathan, T., Ng, C. W., Lee, W. S., & Jit, M. (2016). The Hidden Health and

Economic Burden of Rotavirus Gastroenteritis in Malaysia: An Estimation Using

YD Devi 2022 6



Molecular epidemiology of group A rotaviruses (RVA) in children of Imphal, Manipur, India

Multiple Data Sources. The Pediatric Infectious Disease Journal, 35(6):601-606.
https://doi.org/10.1097/INF.0000000000001129.

[23] Aidelsburger, P., Grabein, K., Bohm, K., Dietl, M., Wasem, J., Koch, J., Ultsch, B.,
Weidemann, F., & Wichmann, O. (2014). Cost-effectiveness of childhood rotavirus
vaccination in Germany. Vaccine, 32(17):1964-1974.
https://doi.org/10.1016/j.vaccine.2014.01.061.

[24] Sadiq, A., Bostan, N., Yinda, K. C., Naseem, S., & Sattar, S. (2018). Rotavirus:
Genetics, pathogenesis and vaccine advances. Reviews in Medical Virology,
28(6):2003. https://doi.org/10.1002/rmv.2003.

[25] Santos, N., & Hoshino, Y. (2005). Global distribution of rotavirus serotypes/genotypes
and its implication for the development and implementation of an effective rotavirus
vaccine. Reviews in Medical Virology, 15(1):29-56.
https://doi.org/10.1128/JCM.41.5.2187-2190.2003.

[26] Déro, R., Laszld, B., Martella, V., Leshem, E., Gentsch, J., Parashar, U., & Banyai, K
(2005). Review of global rotavirus strain prevalence data from six years post vaccine
licensure surveillance: is there evidence of strain selection from vaccine pressure?.

Infection, genetics and evolution, 28:446-461.
https://doi.org/10.1016/j. meegid.2014.08.017.

[27] Varghese, T., Alokit Khakha, S., Giri, S., Nair, N. P., Badur, M., Gathwala, G.,
Chaudhury, S., Kaushik, S., Dash, M., Mohakud, N. K., Ray, R. K., Mohanty, P.,
Kumar, C., Venkatasubramanian, S., Arora, R., Raghava Mohan, V., E Tate, J., D
Parashar, U., & Kang, G. (2021). Rotavirus Strain Distribution before and after
Introducing Rotavirus Vaccine in India. Pathogens (Basel, Switzerland), 10(4):416.
https://doi.org/10.3390/pathogens 100404 16.

[28] Iturriza-Gomara, M., Isherwood, B., Desselberger, U., & Gray, J (2001). Reassortment
in vivo: driving force for diversity of human rotavirus strains isolated in the United
Kingdom between 1995 and 1999. Journal of Virology, 75(8):3696-3705.
https://10.1128/jvi.75.8.3696-3705.2001.

[29] Suzuki, Y., Gojobori, T., & Nakagomi, O (1998). Intragenic recombinations in
rotaviruses. FEBS letters,  427(2):183-187. https://doi.org/10.1016/S0014-
5793(98)00415-3.

[30] Desselberger U (1996). Genome rearrangements of rotaviruses. Archives of Virology,
12:37-51. https//10.1007/978-3-7091-6553-9 5.

YD Devi 2022 7



Molecular epidemiology of group A rotaviruses (RVA) in children of Imphal, Manipur, India

[31] Dennehy PH (2008). Rotavirus vaccines: an overview. Clin Microbiol Rev, 21(1):198-
208. https// 10.1128/CMR.00029-07.

[32] Bhandari N, Rongsen-Chandola T, Bavdekar A, John J, Antony K, Taneja S, Goyal N,
Kawade A, Kang G, Rathore SS, Juvekar S, Muliyil J, Arya A, Shaikh H, Abraham V,
Vrati S, Proschan M, Kohberger R, Thiry G, Glass R, Greenberg HB, Curlin G, Mohan
K, Harshavardhan GV, Prasad S, Rao TS, Boslego J, Bhan MK; India Rotavirus
Vaccine Group (2014). India Rotavirus Vaccine Group. Efficacy of a monovalent
human-bovine (116E) rotavirus vaccine in Indian infants: a randomised, double-blind,
placebo-controlled trial. Lancet, 383:2136-2143. https://10.1016/S0140-6736(13)62630-
6.

[33] Reddy S, Nair NP, Giri S, Mohan VR, Tate JE, Parashar UD, Gupte MD, Arora R, Kang
G; Indian Intussusception Surveillance Network (2018). Safety monitoring of
ROTAVAC vaccine and etiological investigation of intussusception in India: study
protocol. BMC Public Health, 18:898. https://doi.org/10.1186/512889-018-5809-7.

[34] Krishnan, T., B. Burke, S. Shen, T. N. Naik, Desselberger, U (1994). Molecular
epidemiology of human rotaviruses in Manipur: genome analysis of rotaviruses of long
electropherotype and subgroup l. Arch. Virol, 134:279-292.
https//10.2471/BLT.12.101873.

[35] Varghese V, Das S, Singh NB, Kojima K, Bhattacharya SK, Krishnan T, Kobayashi N,
Naik TN (2004). Molecular characterization of a human rotavirus reveals porcine
characteristics in most of the genes including VP6 and NSP4. Arch Virol, 149(1):155-
72. https://10.1007/s00705-003-0199-1.

[36] Mukherjee A, Chattopadhyay S, Bagchi P, Dutta D, Singh NB, Arora R, Parashar UD,
Gentsch JR, 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 Evol. 10(2):311-20.
https://10.1016/j.meegid.2010.01.002.

[37] Global Burden of Disease Collaborative Network (2020). Global Burden of Disease
Study 2019 (GBD 2019) Results. Institute for Health Metrics and Evaluation (IHME).
http://ghdx. healthdata. org/gbd-results-tool.

YD Devi 2022 8



	05_chapter 1

