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Introduction 
Diarrheal disease is a major public health problem globally. It is estimated 

525, 000 deaths occur annually in children younger than 5 years due to 

diarrhea, even though diarrheal disease is preventable and treatable ( World 

Health Organization, 2017 ). 

The etiological agents for acute diarrhea include different pathogens. Even 

though diarrhea can be caused by different bacteria and protozoa, 75% or 

more of cases can be caused by viruses ( Mohammad et al., 2020 ) which 

includes, rotavirus, norovirus, and human astrovirus (HAstV), enteric 

adenovirus, and Sapporo virus. 

Astroviruses are known to infect variety of mammalian species ( Koci and 

Schultz-Cherry, 2002 ; Chu et al., 2008 ; Toffan et al., 2009 ) and are 

transmitted by fecal oral route causing gastroenteritis. Viruses within the 

family “ Astroviridae,” are non-lipid enveloped, single-stranded RNA viruses 

with 6. 4–7. 3 kb genome size. The genome is coded for three open reading 

frames: ORF1a, 1b, and 2 which encode a serine protease, an RNA-

dependent RNA polymerase (RdRp) and a capsid precursor protein, 

respectively ( Mendez and Arias, 2007 ; Kapoor et al., 2009 ). 

Human astrovirus were initially identified and classified into eight serotypes (

Kjeldsberg, 1994 ; Kazushi et al., 2000 ) and these are estimated to cause 

about 10% of sporadic diarrhea cases ( Kirkwood, 2005 ). HAstV type 1 is the

most prevalent, whereas HAstV 7 and HAstV 8 are rare ( Wang et al., 2001 ). 

A highly divergent types astrovirus HAstV-MLB was detected in a child with 
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diarrhea in Australia ( Finkbeiner et al., 2008 , 2009 ) and India ( Finkbeiner 

et al., 2009 ). Verma et al. (2010) described “ sporadic cases of AGE in 

children due to dual genotype HAstV strains from Western India in 2010.” 

Recently, different variant and inter-genotype recombinant HAstV strains 

have been reported from Kolkata to cause gastroenteritis in infants, children,

and adults ( Pativada et al., 2011 ). Two novel astroviruses VA4 and MLB3 

have been identified from pediatric stool samples collected from Nepal and 

India ( Jiang et al., 2013 ). Many studies reported diarrhea caused by various 

viruses but less information is available about human astrovirus causing 

gastroenteritis in <5 years of children in Nepal. This study aims to find the 

prevalence, age distribution, seasonality, and genetic diversity of human 

astrovirus in a longitudinal birth cohort of children followed for 3 years in 

Bhaktapur, Nepal. 

Methods 
Study Population and Sample Collection 
The stool samples used in this study were collected from June 2010 through 

February 2015 under the protocol titled “ Etiology, Risk Factors, and 

Interactions of Enteric Infection and Malnutrition and the Consequences for 

Child Health and Development in Nepal (MAL-ED)” and archived. This was 

part of a multicenter study carried out simultaneously at 8 countries 

including Bangladesh, Brazil, India, Pakistan, Peru, South Africa, Tanzania, 

and Nepal. The study population and procedures for sample collection done 

in Nepal has been described in previously published paper ( Investigators, 

2014 ; Shrestha et al., 2014 ). 
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Different enteric pathogens were identified from stool samples following 

standard procedures in the MAL-ED study ( Houpt et al., 2014 ). A total of 5, 

224 stool samples, 1, 160 diarrheal stool samples and 4, 064 non-diarrheal 

monthly stool samples were collected from 240 children from birth up to age 

of 36 months and were screened for enteric viruses Astrovirus, Rotavirus and

Adenovirus using commercial ProSpect T enzyme linked immunosorbent 

assay (ELISA) (Remel, obtained from Fisher Scientific, Pittsburgh, PA), 

according to manufacturers' instructions. Preserved stool samples that were 

screened positive for Astrovirus were selected for strain identification. 

Nucleic Acid Extraction and Real-Time PCR 
A 10% suspension of fecal samples were prepared in 0. 85% NaCl and 

centrifuged at 4, 000 g for 20 min. One hundred and forty microliter of the 

supernatant was used as starting material for viral nucleic acid extraction by 

the QIAamp Viral RNA kit (QIAGEN, Hilden, Germany). Astrovirus detection 

was performed using reverse transcription polymerase chain reaction (RT-

PCR) for astrovirus detection, was performed as described by Noel et al. 

(1995) . Screenings of classical human astrovirus were done by specific 

primers MON269 (forward 5′- CAACTCAGGAAACAGGGTGT-3′) and MON270 

(reverse 5′-TCAGATGCATTGTCATTGGT-3′), which amplify a 449 bp region 

located in ORF2. QIAGEN One-Step RT-PCR kit (QIAGEN, Hilden, Germany) 

following cycling conditions: 30 min RT step, 94°C hold for 10 min, followed 

by 40 cycles of 94°C for 30 s, 56°C for 30 s, and 72°C for 50 s was used in 

the reaction. The final products (10 ul) were visualized after electrophoresis 

on a 1. 5% agarose gel with SYBR stain. If the results from the specific 

screening primers were negative, the sample was retested using the 
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consensus primers SF0073 (5′-GATTGGACTCGATTTGATGG-3′) and SF0076 

(5′-CTGGCTTAACCCACATTCC-3′) targeting highly conserved regions in the 

ORF 1b (RNA polymerase) of both classical as well as novel types (MLB and 

VA) astroviruses. 

Astrovirus Typing 
Molecular characterization of HAstV strains was performed using PCR 

products which were sequenced using the same pair of primers used for the 

amplification reactions, MON269 and MON270 or SF0073 and SF0076 

primers in both directions using the ABI Prism 3, 500 Genetic Analyzer and 

Big Dye Terminator Cycle Sequencing Kit v. 3. 1 (Applied Biosystems, Foster 

City, CA). 

Data Analysis 
All analysis was done using excel. The odds ratio and corresponding 95% 

confident intervals were calculated for each age group in diarrhea vs. normal

stools. All tests were considered to be statistically significant at a p < 0. 05. 

Phylogenetic Analysis 
The sequences were analyzed and aligned by Sequencher version 5. 4. 6 

(GeneCodes) and BioEdit version 7. 2. 5 ( Hall, 1999 ) programs. Similarity, 

NCBI basic local alignment search tool (BLAST) was used to compare 

sequence data against the library Genebank database. Reference sequences 

available for the same genomic region (ORF1b or ORF2) and size were 

selected considering each genetic type of HAstV for phylogenetic analysis. 

All sample data has been deposited into GenBank (accession numbers 

MW340996–MW341109). Trees were created by MEGA software version 6. 
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The neighbor-joining method and bootstrap analysis with 100 reads were 

used in the analysis. 

Ethical Approval 
The study was approved by ethical committee of the Nepal Health Research 

Council as national IRB of Nepal (Reg. no. 222/2015) and the Norwegian 

regional committee for medical and health research ethics (REK-sør-øst B 

42335). 

Results 
Prevalence and Coinfection 
A total of 149 stool samples from 110 children were screened positive for 

Astrovirus by ELISA. Out of the 149 positive stool samples, 55/1, 160 (4. 7%) 

were from diarrheal and 94/4, 064 (2. 3%) were from non-diarrheal stool. 

Children enrolled in this study were classified in different age groups 0–12, 

13–25, and 26–36 months ( Table 1 ). Diarrhea due to HAstV, was seen in all 

age groups with odd ratio (OR) more than 1 but was significant only in age 

groups 13–25 months ( p < 0. 00) and 26–36 months ( p < 0. 039). Mono-

infection with only astrovirus was found in 57/149 (38%) samples, whereas 

mixed infection with one or more target pathogens were found in 92/149 

(62%) ( Table 2 ). Coinfection with bacteria was detected in both diarrheal as

well as non-diarrheal stools but was seen more frequently in asymptomatic 

stool. In contrast to this, viral coinfection was seen more in stool with 

diarrhea. Astrovirus was mostly seen as a coinfection with bacteria as 

compared to virus and parasites. Astrovirus was detected together with E. 

coli , Campylobacter and Shigella spp. and also found coinfecting with other 

enteric viruses like Norovirus GII and Rotavirus. Astrovirus was detected 
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multiple times in 26 children in 36 months of age ( Figure 1 ). Average stool 

collection including diarrheal and non-diarrheal for those 26 children is 24 

times except for one child whose stool was collected only two times. Out of 

26 children reoccurrence of astrovirus detection was seen in 18 children, 4 

children showed prolong detection in subsequent stool samples and both 

prolonged astrovirus detection and reoccurrence was noted in 4 children. 

TABLE 1  

Astrovirus prevalence in different age groups. 

TABLE 2  

Astrovirus co-infections with bacteria, virus, and parasites. 

FIGURE 1  

Astrovirus detection in children at different time period. Numbers inside 

circle represents frequency of astrovirus detection in that particular year. 

Confirmatory Astrovirus PCR Test 
One hundred and forty eight out of the 149 astrovirus positive samples 

available were tested using specific primers for detection of classical 

Astrovirus type 1–8. Only 123 (83%) samples were positive for classic type 

astrovirus type (1–8). Negative samples ( N = 25), were screened using the 

second set of primers targeting the highly conserved region of both classical 

and novel MLB and VA Astrovirus, and showed one positive sample ( Figure 2
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). This positive sample will be further characterized by sequencing method. 

In total 16% (24/148) of samples were negative and 124/148 were positive 

(84%) for HAstV with PCR. 

FIGURE 2  

Schematic diagram of RT-PCR screening of astrovirus for sequencing. 

Genotypes and Seasonal Distribution of Astrovirus Infection 
During the 2010–2015 study period, a wide variety of astrovirus genotypes 

were circulating in this child population as identified through sequencing. Of 

the 124 PCR positive samples, 121 were successfully sequenced with 114 

samples generating high quality data to be included in this analysis. Overall, 

seven different genotypes of classic type human astrovirus (HAstV 1, HAstV 

2, HAstV 3, HAstV 4, HAstV 5, HAstV 6, and HAstV 8) were identified as 

shown in Figure 3 . HAstV 5 genotype (51/121, 42. 2%) dominated among 

other HAstV, followed by HAstV 1 (42/121, 34. 7%), HAstV 2 and HAstV 8 

(9/121, 7. 4%), HAstV 4 (5/121, 4. 1%), HAstV 3 (4/121, 3. 3%), and HAstV 6 

(1/121, 0. 8%). The distribution of genotypes varied across the study period. 

HAstV 5 dominated in 2011 and 2013 whereas in 2012 HAstV 1 was the 

predominant genotype. HAstv 1 was detected throughout all years of the 

study. Similarly, HAstV 5, and HAstV 8 were circulating in 2010–2013, while 

HAstV 6 was only detected in 2013. 

FIGURE 3  

Astrovirus genotypes identified by sequencing in different stool types. 
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Astroviruses were detected throughout the year but were more frequent 

from December to February ( Figure 4 ). Six different genotypes of human 

astrovirus were found in children between 6 and 14 months old, whereas 4 

different astrovirus genotypes were seen among the children in the younger 

or older age groups. HAstV 1, HAstV 5, and HAstV 8 were seen in all age 

groups of children as shown in Figure 5 . 

FIGURE 4  

Seasonal distribution of astrovirus genotypes. Different color bars represents

different genotypes of astrovirus. Red line is total cases of astrovirus 

detected monthly. 

FIGURE 5  

HAstV genotype distribution among age groups (0–36 months). 

Phylogenetic Analysis of HAstV Strain 
Phylogenetic analysis of nucleotide sequences from 114 HAstV (ORF1 and 

ORF2) fecal samples from infants and children showed large genetic variety 

among Nepalese children with all genotypes being detected except HAstV 7. 

Based on the ORF2 phylogeny, 39 specimens were HAstV 1, 8 were HAstV 2, 

4 were HAstV 3, 4 were HAstV 4, 48 were HAstV 5, 1 was HAstV 6, and 3 

were HAstV 8 ( Figure 6A ). The ORF1b phylogenetic tree additionally 

indicated that one more specimen was HAstV 1 while 6 fell in the HAstV 8 

genotype ( Figure 6B ). 
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FIGURE 6  

(A)Evolutionary relationships of taxa (ORF2) Neighbor-joining tree based on 

the ORF2 region. Sixteen reference strains were included in the phylogenetic

analysis and are denoted by black open triangles with GenBank accession 

numbers indicated. Numbers at each node of the tree show bootstrap 

percentages obtained after 100 replicates. The viral strains identified in this 

study are listed by GenBank accession numbers with black diamonds, and 

groups of samples (> 3) with identical strains are indicated by colored 

diamonds.(B)Evolutionary relationships of taxa (ORF1) Neighbor-joining tree 

based on the ORF1b region. Fourteen reference strains were included in the 

phylogenetic analysis and are denoted by black open triangles with GenBank

accession numbers indicated. Numbers at each node of the tree show 

bootstrap percentages obtained after 100 replicates. The viral strains 

identified in this study are listed by GenBank accession numbers with black 

diamonds. 

Discussion 
In this study, we described the prevalence, monthly distribution and the 

different strains of astroviruses circulating in cohort of children from birth till 

36 months of age from a community in Bhaktapur, Nepal. In our study, 

astrovirus was found more in diarrheal stool samples than in non-diarrheal 

stool. Similarly, results from a birth cohort study completed in Vellore, India 

has also shown that astrovirus was associated with diarrhea ( Holtz et al., 

2011 ). 
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In this study, RT-PCR although it is a very sensitive assay, detected only 124 

samples out of the 148 total positive samples by EIA. This could possibly be 

due to the presence of RT-PCR inhibitors present in fecal derived RNA or 

could be because of less PCR concentration ( Lopez et al., 2017 ). 

Like other studies from Ethiopia and Uruguay ( Gelaw et al., 2019 ), we 

observed astrovirus infections in children older than 12 months old. Children 

<6 month of age were less likely to have astrovirus infections. This could 

explain the facts that at this age generally, infants are at home and are 

protected from direct contact with people and environment. Moreover, they 

will have breastfeed which in known to be protecting against viral and non-

viral acute gastroenteritis ( Lopez et al., 2017 ). 

Astroviruses were detected throughout the year, but most frequently from 

December to February. Seasonality of astrovirus infections varies from one 

geographic region to another. United States, France, and Finland ( Chikhi-

Brachet et al., 2002 ) reported the occurrence of astrovirus in winter and 

spring whereas in Vietnam ( Nguyen et al., 2008 ), it is reported in March to 

May. 

Previous studies from Egypt, Italy, France, China, and Spain reported HAstV 1

as the predominant strain ( Pang and Vesikari, 1999 ; Jeong et al., 2011 ). In 

countries like Korea, China and Japan HAstV 1 was reported in 70% of all 

HAstV infections, while Thailand reported 28%. In Mexico, HAstV 1 

prevalence was low (10%) in comparison to HAstV 2 (42%), HAstV 4 (23%), 

HAstV 3 (13%), HAstV 5 (6%), and HAstV 7 (6%) in their study population (

Walter and Mitchell, 2003 ). A study in Madagascar reported high prevalence 
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of the HAstV 8 strain ( Papaventsis et al., 2008 ). In contrast to all these 

studies, we found HAstV 5 as the most frequently detected genotype (42. 

2%), followed by HAstV 1 (34. 7%), HAstV 2 and HAstV 8 (7. 4%), HAstV 4 (4. 

1%), HAstV 3 (3. 3%), and HAstV 6 (0. 8%). However, predominant 

genotypes may change from one geographic region to another. In southeast 

Brazil, outbreaks associated with HAstV 2 have been reported among infants 

and children below 6 years of age ( Gabbay et al., 2006 ) this is also reported

in daycare centers in Virginia and hospitals in Melbourne, Australia. Similarly,

infections with HAstV 3 were reported in Argentina, Wuhan in China and 

Thailand. The highly divergent human astrovirus MLB1 strain was identified 

from children with acute diarrhea in both Australia and USA. Novel strains 

(Ast-VA1) were also associated with an acute gastroenteritis outbreak 

reported from USA. Other novel human astrovirus closely related to mink and

bovine astroviruses was found in human stool which indicates the zoonotic 

transmission. Novel astroviruses were not detected in our study, but to 

better understand genetic changes within the viral genome due to genetic 

evolution, it is important to analyze full genome sequences. 

Data Availability Statement 
The raw data supporting the conclusions of this article will be made available

by the authors, without undue reservation. 

Ethics Statement 
The study was approved by ethical committee of Nepal Health Research 

Council (NHRC) and Regional Ethical Committee of Norway (REK42335). 

https://assignbuster.com/genetic-diversity-of-astrovirus-in-children-from-a-
birth-cohort-in-nepal/



 Genetic diversity of astrovirus in child... – Paper Example  Page 13

Author Contributions 
All authors have contributed in planning the laboratory tests and preparing 

and reviewing the manuscripts. 

Funding 
This was part of SS's self-sponsored Ph. D. project. 

Conflict of Interest 
The authors declare that the research was conducted in the absence of any 

commercial or financial relationships that could be construed as a potential 

conflict of interest. 

Acknowledgments 
The authors would like to acknowledge Dr. Kirsti Vainio from Norwegian 

Institute of Public Health (NIPH) for her initial close supervision and guidance 

on laboratory procedures. We also acknowledge Ms. Hege Fremstad and Dr. 

Moustafa Gibory from Norwegian Institute of Public Health for their guidance 

on laboratory work. We also acknowledge Dr. Rose Vikse for her support in 

reviewing and processing application through Regional Ethical Committee in 

Norway for approval process. The authors would also acknowledge 

presentation of poster titled Genetic diversity of Astrovirus from children in 

Nepal with some of these findings at Global Health Conference 2019 being 

held in Bergen 2–3 April 2019. 

References 
Chikhi-Brachet, R., Bon, F., Toubiana, L., Pothier, P., Nicolas, J. C., Flahault, 

A., et al. (2002). Virus diversity in a winter epidemic of acute diarrhea in 

https://assignbuster.com/genetic-diversity-of-astrovirus-in-children-from-a-
birth-cohort-in-nepal/



 Genetic diversity of astrovirus in child... – Paper Example  Page 14

France. J. Clin. Microbiol. 40, 4266–4272. doi: 10. 1128/JCM. 40. 11. 4266-

4272. 2002 

Chu, D. K. W., Poon, L. L. M., Guan, Y., and Peiris, J. S. M. (2008). Novel 

astroviruses in insectivorous bats. J. Virol. 82, 9107–9114. doi: 10. 1128/JVI. 

00857-08 

Finkbeiner, S. R., Holtz, L. R., Jiang, Y., Rajendran, P., Franz, C. J., Zhao, G., et

al. (2009). Human stool contains a previously unrecognized diversity of novel

astroviruses. Virol. J. 6: 161. doi: 10. 1186/1743-422X-6-161 

Finkbeiner, S. R., Kirkwood, C. D., and Wang, D. (2008). Complete genome 

sequence of a highly divergent astrovirus isolated from a child with acute 

diarrhea. Virol. J. 5: 117. doi: 10. 1186/1743-422X-5-117 

Gabbay, Y. B., Chamone, C. B., Nakamura, L. S., Oliveira, D. S., Abreu, S. F. d,

Cavalcante-Pepino, E. L., et al. (2006). Characterization of an astrovirus 

genotype 2 strain causing an extensive outbreak of gastroenteritis among 

Maxakali Indians, Southeast Brazil. J. Clin. Virol. 37, 287–292. doi: 10. 1016/j. 

jcv. 2006. 08. 011 

Gelaw, A., Pietsch, C., and Liebert, U. G. (2019). Genetic diversity of human 

adenovirus and human astrovirus in children with acute gastroenteritis in 

Northwest Ethiopia. Arch. Virol. 164, 2985–2993. doi: 10. 1007/s00705-019-

04421-8 

https://assignbuster.com/genetic-diversity-of-astrovirus-in-children-from-a-
birth-cohort-in-nepal/



 Genetic diversity of astrovirus in child... – Paper Example  Page 15

Hall, T. A. (1999). “ BioEdit: a user-friendly biological sequence alignment 

editor and analysis program for Windows 95/98/NT,” in Nucleic Acids 

Symposium Series (London: Oxford University Press), 95–98. 

Holtz, L. R., Bauer, I. K., Rajendran, P., Kang, G., and Wang, D. (2011). 

Astrovirus MLB1 is not associated with diarrhea in a cohort of Indian children.

PLoS ONE 6: e28647. doi: 10. 1371/journal. pone. 0028647 

Houpt, E., Gratz, J., Kosek, M., Zaidi, A. K. M., Qureshi, S., Kang, G., et al. 

(2014). Microbiologic methods utilized in the MAL-ED cohort study. Clin. 

Infect. Dis. 59(Suppl. 4), S225–S232. doi: 10. 1093/cid/ciu413 

Investigators, T. M. E. N. (2014). The MAL-ED study: a multinational and 

multidisciplinary approach to understand the relationship between enteric 

pathogens, malnutrition, gut physiology, physical growth, cognitive 

development, and immune responses in infants and children up to 2 years of

age in resource-poor environments. Clin. Infect. Dis. 59(Suppl. 4), S193–

S206. doi: 10. 1093/cid/ciu653 

Jeong, A. Y., Jeong, H. S., Jo, M. Y., Jung, S. Y., Lee, M. S., Lee, J. S., et al. 

(2011). Molecular epidemiology and genetic diversity of human astrovirus in 

South Korea from 2002 to 2007. Clin. Microbiol. Infect. 17, 404–408. doi: 10. 

1111/j. 1469-0691. 2010. 03263. x 

Jiang, H., Holtz, L. R., Bauer, I., Franz, C. J., Zhao, G., Bodhidatta, L., et al. 

(2013). Comparison of novel MLB-clade, VA-clade and classic human 

astroviruses highlights constrained evolution of the classic human astrovirus 

nonstructural genes. Virology 436, 8–14. doi: 10. 1016/j. virol. 2012. 09. 040 
https://assignbuster.com/genetic-diversity-of-astrovirus-in-children-from-a-
birth-cohort-in-nepal/



 Genetic diversity of astrovirus in child... – Paper Example  Page 16

Kapoor, A., Li, L., Victoria, J., Oderinde, B., Mason, C., Pandey, P., et al. 

(2009). Multiple novel astrovirus species in human stool. J. Gen. Virol. 90(Pt 

12), 2965–2972. doi: 10. 1099/vir. 0. 014449-0 

Kazushi, S., Andrew, J. B., and Nick, Z. S. (2000). Gasdynamics in the LINER 

galaxy NGC 5005: episodic fueling of a nuclear disk. Astrophys. J. 533: 149. 

doi: 10. 1086/308647 

Kirkwood, T. B. (2005). Understanding the odd science of aging. Cell 120, 

437–447. doi: 10. 1016/j. cell. 2005. 01. 027 

Kjeldsberg, E. (1994). Serotyping of human astrovirus strains by immunogold

staining electron microscopy. J. Virol. Methods 50, 137–144. doi: 10. 

1016/0166-0934(94)90170-8 

Koci, M. D., and Schultz-Cherry, S. (2002). Avian astroviruses. Avian Pathol. 

31, 213–227. doi: 10. 1080/03079450220136521 

Lopez, F., Lizasoain, A., Victoria, M., Papalardo, C., Castro, S., Arreseigor, E., 

et al. (2017). Epidemiology and genetic diversity of classic human astrovirus 

among hospitalized children with acute gastroenteritis in Uruguay. J. Med. 

Virol. 89, 1775–1781. doi: 10. 1002/jmv. 24854 

Mendez, E., and Arias, C. F. (2007). “ Astroviruses,” Fields Virology , 5th Edn. 

eds D. M. Knipe, P. M. Howley, D. E. Griffin, R. A. Lamb, M. A. Martin, and B. 

S. Roizman and S. E. Straus (Philadelphia, PA: Lippincott Williams & Wilkins), 

981–1000. 

https://assignbuster.com/genetic-diversity-of-astrovirus-in-children-from-a-
birth-cohort-in-nepal/



 Genetic diversity of astrovirus in child... – Paper Example  Page 17

Mohammad, H. A., Madi, N. M., and Al-Nakib, W. (2020). Analysis of viral 

diversity in stool samples from infants and children with acute gastroenteritis

in Kuwait using Metagenomics approach. Virol. J. 17: 10. doi: 10. 

1186/s12985-020-1287-5 

Nguyen, T., Hoang, L., Pham, L., Hoang, K., Mizuguchi, M., Okitsu, S., et al. 

(2008). Identification of human astrovirus infections among children with 

acute gastroenteritis in the Southern Part of Vietnam during 2005–2006. J. 

Med. Virol. 80, 298–305. doi: 10. 1002/jmv. 21032 

Noel, J. S., Lee, T. W., Kurtz, J. B., Glass, R. I., and Monroe, S. S. (1995). 

Typing of human astroviruses from clinical isolates by enzyme immunoassay 

and nucleotide sequencing. J. Clin. Microbiol. 33, 797–801. doi: 10. 1128/JCM.

33. 4. 797-801. 1995 

Pang, X. L., and Vesikari, T. (1999). Human astrovirus-associated 

gastroenteritis in children under 2 years of age followed prospectively during

a rotavirus vaccine trial. Acta. Paediatr. 88, 532–536. doi: 10. 1111/j. 1651-

2227. 1999. tb00170. x 

Papaventsis, D. C., Dove, W., Cunliffe, N. A., Nakagomi, O., Combe, P., 

Grosjean, P., et al. (2008). Human astrovirus gastroenteritis in children, 

Madagascar, 2004-2005. Emerg. Infect. Dis. 14, 844–846. doi: 10. 

3201/eid1405. 070563 

Pativada, M. S., Chatterjee, D., Mariyappa, N. S., Rajendran, K., Bhattacharya,

M. K., Ghosh, M., et al. (2011). Emergence of unique variants and inter-

https://assignbuster.com/genetic-diversity-of-astrovirus-in-children-from-a-
birth-cohort-in-nepal/



 Genetic diversity of astrovirus in child... – Paper Example  Page 18

genotype recombinants of human astroviruses infecting infants, children and

adults in Kolkata, India. Int. J. Mol. Epidemiol. Genet. 2, 228–235. 

Shrestha, P. S., Shrestha, S. K., Bodhidatta, L., Strand, T., Shrestha, B., 

Shrestha, R., et al. (2014). Bhaktapur, Nepal: the MAL-ED birth cohort study 

in Nepal. Clin. Infect. Dis. 59(Suppl. 4), S300–S303. doi: 10. 1093/cid/ciu459 

Toffan, A., Jonassen, C. M., De Battisti, C., Schiavon, E., Kofstad, T., Capua, I.,

et al. (2009). Genetic characterization of a new astrovirus detected in dogs 

suffering from diarrhoea. Vet. Microbiol. 139, 147–152. doi: 10. 1016/j. 

vetmic. 2009. 04. 031 

Verma, H., Chitambar, S. D., and Gopalkrishna, V. (2010). Astrovirus 

associated acute gastroenteritis in western India: predominance of dual 

serotype strains. Infect. Genet. Evol. 10, 575–579. doi: 10. 1016/j. meegid. 

2010. 01. 008 

Walter, J. E., and Mitchell, D. K. (2003). Astrovirus infection in children. Curr. 

Opin. Infect. Dis. 16, 247–253. doi: 10. 1097/00001432-200306000-00011 

Wang, B., Wu, R., and Lau, K.-M. (2001). Interannual variability of the Asian 

summer monsoon: contrasts between the Indian and the Western North 

Pacific–East Asian Monsoons. J. Clim. 14, 4073–4090. doi: 10. 1175/1520-

0442(2001)014 <4073: IVOTAS> 2. 0. CO; 2 

World Health Organization (2017). Diarrhoeal Disease. Available: 

https://www. who. int/news-room/fact-sheets/detail/diarrhoeal-disease 

(accessed May 27, 2020). 

https://assignbuster.com/genetic-diversity-of-astrovirus-in-children-from-a-
birth-cohort-in-nepal/


	Genetic diversity of astrovirus in children from a birth cohort in nepal
	Introduction
	Methods
	Study Population and Sample Collection
	Nucleic Acid Extraction and Real-Time PCR
	Astrovirus Typing
	Data Analysis
	Phylogenetic Analysis
	Ethical Approval

	Results
	Prevalence and Coinfection
	Confirmatory Astrovirus PCR Test
	Genotypes and Seasonal Distribution of Astrovirus Infection
	Phylogenetic Analysis of HAstV Strain

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Conflict of Interest
	Acknowledgments
	References


