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1  | INTRODUC TION

Group A rotavirus (RVA) is the leading aetiological agent respon-
sible for severe acute diarrhoea in children aged less than 5 years 

worldwide. Rotavirus infection results in an estimated 611,000 
deaths annually, mostly in low-income countries (Tate et al., 2012). 
RVA, a member of the family Reoviridae, is a triple-layered, non-en-
veloped virus particle, with 11 segments of double-stranded RNA 
genome encoding six structural viral proteins (VP1-VP4, VP6 and 
VP7) and six non-structural proteins (NSP1–NSP6) (Hu, Crawford, 
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Abstract
Group A rotavirus (RVA) is an important cause of diarrhoea in people, especially chil-
dren, and animals globally. Due to the segmented nature of the RVA genome, animal 
RVA strains have the potential to adapt to the human host through reassortment with 
other co-infecting human viruses. Macaques share food and habitat with people, re-
sulting in close interaction between these two species. This study aimed to detect and 
characterize RVA in rhesus macaques (Macaca mulatta) in Bangladesh. Faecal samples 
(N = 454) were collected from apparently healthy rhesus macaques from nine differ-
ent sites in Bangladesh between February and March 2013. The samples were tested 
by one-step, real-time, reverse transcriptase-polymerase chain reaction (PCR). Four 
percent of samples (n = 20; 95% CI 2.7%–6.7%) were positive for RVA. RVA positive 
samples were further characterized by nucleotide sequence analysis of two structural 
protein gene fragments, VP4 (P genotype) and VP7 (G genotype). G3, G10, P[3] and P[15] 
genotypes were identified and were associated as G3P[3], G3P[15] and G10P[15]. The 
phylogenetic relationship between macaque RVA strains from this study and previously 
reported human strains indicates possible transmission between humans and macaques 
in Bangladesh. To our knowledge, this is the first report of detection and characterization 
of rotaviruses in rhesus macaques in Bangladesh. These data will not only aid in identify-
ing viral sharing between macaques, human and other animals, but will also improve the 
development of mitigation measures for the prevention of future rotavirus outbreaks.

K E Y W O R D S

genotyping, group A rotavirus, Macaca mulatta, phylogenetic analysis, rhesus macaque

www.wileyonlinelibrary.com/journal/tbed
mailto:
https://orcid.org/0000-0002-9210-3351
https://orcid.org/0000-0001-5511-1857
https://orcid.org/0000-0002-5980-3460
https://orcid.org/0000-0002-6071-4692
https://orcid.org/0000-0003-0488-1936
https://orcid.org/0000-0002-6876-0191
https://orcid.org/0000-0002-4103-4835
mailto:arif@ecohealthalliance.org
http://crossmark.crossref.org/dialog/?doi=10.1111%2Ftbed.13431&domain=pdf&date_stamp=2019-12-10


2  |     ISLAM et AL.

Hyser, Estes, & Prasad, 2012). Structurally, the viral capsid has three 
layers—the VP2 protein composes the innermost layer, the VP6 com-
poses the middle layer, the VP4 and VP7 compose the outermost 
layer. The VP4 (protease-sensitive) and VP7 (glycoprotein) trigger 
the production of antibodies in host. These two proteins VP4 and 
VP7 also determine the P genotype and G genotype of the virus, 
respectively (Matthijnssens et al., 2010; Sai et al., 2013). At present, 
RVA genotypes are studying as the genotype constellation based on 
the 11 genomes. Thirty-six distinct G genotypes and 51 P genotypes 
have been identified (RCWG).

The segmented nature of the virus genome provides the oppor-
tunity for genetic reassortment that may lead to a new combination 
of genes with potentially altered viral infectivity and pathogenesis 
(Maunula & von Bonsdorff, 2002). The majority of ongoing research 
on rotaviruses (RVs) is focused on the reassortment of VP7 and VP4. 
Different combinations of G and P genotypes have been detected in 
humans (Aydin & Aktaş, 2017; Saudy, Elshabrawy, Megahed, Foad, & 
Mohamed, 2016). The most common G types, which are found glob-
ally in humans are G1, G2, G3 and G4 in conjunction with P[8] or P[4], 
followed by G9 associated with P[8] or P[6]. G1P[8] has been found 
mainly in Australia, North America and Europe whereas G8 has been 
found primarily in Africa. P[6] is the most frequently detected P 
type and unusual combinations such as G8P[6] or G8P[4] have also 
been identified in people in Africa (Santos & Hoshino, 2005). G5, 
G8 and G10 have been identified recently in different parts of the 
world, including India, Ghana, Australia, Argentina, Paraguay and 
Malawi (Hoshino, Jones, Ross, & Kapikian, 2003). Recently, the G12 
genotypes have been re-emerged in humans in the United States 
(Wylie, Stanley, Tekippe, Mihindukulasuriya, & Storch, 2017), Spain 
(Cilla, Montes, & Arana, 2014) and Tunisia (Moussa et al., 2017). 
The remarkable diversity of human RVA strains is associated with 
three major evolutionary mechanisms: the accumulation of point 
mutations leading to antigenic drift; reassortment of cognate ge-
nome segments promoting antigenic shift; and the reassortment of 
genes in strains found in animals that could introduce new antigen 
types into humans (Martella, Bányai, Matthijnssens, Buonavoglia, & 
Ciarlet, 2010; Matthijnssens et al., 2010).

Experimental models have identified RVA in numerous animal 
species, which are host-specific (Brugere-Picoux & Tessier, 2010). 
Despite host–virus specificity, zoonotic transmission has been iden-
tified by cross-infection where there is a close genetic relationship 
between certain human and animal rotaviruses (Brugere-Picoux & 
Tessier, 2010). The potential for cross-species transmission of viral 
pathogens, in general, exists where humans and non-human pri-
mates (NHP) come into contact and has been documented between 
humans and several species of NHP in a variety of contexts and in 
diverse geographic areas (Epstein & Price, 2009; Jones-Engel et al., 
2008; Schillaci et al., 2005).

Human–NHP interaction is common in Asia, particularly in 
Bangladesh, where humans and NHP have lived sympatrically for 
centuries (Engel et al., 2010; Sha et al., 2009). The contexts of con-
tact between humans and NHPs in Bangladesh are a microcosm of 
what is seen throughout much of South and Southeast Asia. Their 

population densities vary from a single troop of less than 20 ani-
mals in urban areas like Dhamrai and Bormi, Bangladesh to multiple 
troops (up to 200 individuals) roaming through the villages (Feeroz 
et al., 2013). In Bangladesh, free-ranging rhesus macaques are found 
in a broad range of habitats, from protected forests and nature pre-
serves, where there is little overlap with humans, to rural villages, 
gardens and religious sites and to densely populated cities. This 
synanthropic monkey particularly thrives in human-altered habitats 
(Oberste et al., 2013).

This study was of interest because rhesus macaques in 
Bangladesh live in close proximity to human populations, and thus, 
there is the possibility of interspecies transmission of rotaviruses. 
The present study reinforces the hypothesis that human rotaviruses 
might be able to cross the species barriers, and the lack of systematic 
surveillance of rotavirus infection in animals hinders the ability to 
establish firm epidemiologic connection.

2  | MATERIAL S AND METHODS

2.1 | Specimen collection and preparation

In Bangladesh, rhesus macaques are found in both forest habitats 
and urban areas. This study focused on macaques from nine sites in 
Bangladesh (Figure 1). The macaques were baited with food (e.g. ba-
nanas, breads, puffed rice etc.) and monitored at the feeding site for 
defecation. Approximately 500 µl of faeces per animal was collected 
from macaques from February to March 2013. The health status, 
sex and age of each macaque were visually assessed. A conveni-
ence sampling method was used for sample collection. The faecal 
samples were collected in a tube containing lysis buffer immediately 
following defecation. The samples were preserved at −80°C until 
laboratory testing. All precautions were taken to minimize the risk 
of exposure of our staff to different zoonotic pathogens and to mini-
mize the risk of anthropogenic transmission back to the macaques. 
Appropriate PPE was used, and biosafety measures were taken dur-
ing sampling and sample processing/testing.

2.2 | RNA extraction and qRT-PCR

The samples were transported to the Virology Laboratory at icddr,b. 
Total viral nucleic acid was extracted from the faecal samples 
using magnetic particle-based InviMag® Virus DNA/RNA Mini Kit 
(STRATEC Molecular GmbH) according to the manufacturer's in-
structions. The detection of RVA was carried out by real-time, one-
step, reverse transcriptase-polymerase chain reaction (qRT-PCR) 
according to the procedure described by Jothikumar, Kang, and Hill 
(2009). qRT-PCR was carried out using the QIAGEN® One-step RT-
PCR Kit (QIAGEN) according to the manufacturer's instructions. PCR 
positive samples were then assayed with a conventional RT-PCR for 
the amplification of VP7 and VP4 genes fragments using the con-
sensus primer pairs Beg9/End9 (5′-ATG TAT GGT ATT GAA TAT ACC 
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AC-3′/5′-AAC TTG CCA CCA TTT TTT CC-3′) and Con2/Con3 (5′-
ATT TCG GAC CAT TTA TAA CC-3′/5′-TGG CTT CGC TCA TTT ATA 
GAC/A3′), respectively (Gentsch et al., 1992; Rahman et al., 2007).

Denaturation of viral dsRNA was carried out by heating at 95°C for 
5 min and subsequent rapid cooling on ice prior to actual reverse tran-
scription reaction. After that the RT-PCR was carried out with an initial 
reverse transcription step at 50°C for 30 min, initial PCR activation 
step at 95°C for 15 min, followed by 40 cycles of amplification (30 s at 
94°C, 30 s at 50°C, 1 min at 72°C) and final extension at 72°C for 7 min 
in a thermal cycler (T3000 Thermocycler; Biometra). PCR products were 
run on a 1.5% agarose gel, stained with ethidium bromide and visual-
ized under a UV transilluminator (Bio-Rad Laboratories).

2.3 | Nucleotide sequencing

Nucleotide sequencing of amplified PCR products was carried out in 
an automated ABI 3500 xL Genetic Analyzer (Applied Biosystems) 

and Big Dye Terminator v3.1 Cycle Sequencing Kit (Applied 
Biosystems') as per kit protocol. The chromatogram sequencing files 
were inspected using Chromas 2.3 (Technelysium). Sequences were 
compared with existing GenBank database using the BLASTN pro-
gram at the National Center for Biotechnology Information (BLAST). 
The sequences obtained from the study were submitted to GenBank 
under the accession numbers MK610258 through MK610264 and 
MK628594 through MK628596.

2.4 | Analysis

The samples were presented as frequency and percentage along 
with 95% confidence interval (CI) according to different variables. 
Study sites were categorized as peri-urban, urban and rural areas 
based on geography and macaques were classified as adult, sub-
adult and neonate based on the PREDICT Operating procedures 
Non-Human primate sampling.

F I G U R E  1   Rhesus macaque sampling 
sites (9 areas) from Bangladesh, 2013
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To perform phylogenetic analysis, sequences were edited and 
analysed using BioEdit (Hall, 1999). The evolutionary relatedness 
was inferred by using the maximum likelihood method based 
on the Kimura 2-parameter model (Kimura, 1980). The tree was 
drawn to scale, with branch lengths measured in the number of 
substitutions per site. All positions containing gaps, and miss-
ing data were eliminated. Evolutionary analyses were conducted 
in MEGA6 (Tamura, Stecher, Peterson, Filipski, & Kumar, 2013). 
Bootstrap values (n = 1,000 replicates) are shown at branch nodes, 
and the scale bar represents the number of changes per nucleotide 
position.

3  | RESULTS

3.1 | Detection of rotavirus

A total of 20 (4%; 95% Confidence Interval/CI: 2.7–6.7) of 454 
samples collected from apparently healthy individual rhesus ma-
caques were positive for RVA by one-step qRT-PCR assay. The 
prevalence of RVA was highest in adults (4.9%; 95% CI: 2.6–8.2), 
male (5.0%; 95% CI: 2.5–8.8) and peri-urban areas (5.3%; 95% CI: 
2.2–10.7) (Table 1).

3.1.1 | Distribution of G and P genotypes

Seven (35%) of the positive samples were able to be genotyped. Five 
strains were detected at the same place, Bandar, Narayanganj. G3 
and G10 genotypes were identified within the seven samples among 
which G3 was most prevalent (6/7; 85.7%; 95% CI: 4.1–99.6), while 
only one G10 was detected (1/7; 14.3%; 95% CI: 0.3–57.8). Among 
the seven samples genotyped as G3/G10, only three samples were 
also successfully genotyped for the VP4 protein (P genotype), with 
the final resultant combinations of G3P[3], G3P[15] and G10P[15] 
(Table 2).

3.2 | Phylogenetic analysis

Nucleotide sequence similarity of the VP7 gene fragments of the 
strains detected in Bangladesh revealed that 5 of the 6 G3 genotype 
RVA strains from macaques in Bangladesh (PGB-690, PGB-691, PGB-
692, PGB-700 and PGB-701) were identical to each other and belonged 
to RVA genotype G3 lineage 1. The strains were close relatives of the 
simian-like bat, human, simian-like human and alpaca RVA strains with 
93% sequence similarity at the nucleotide level and clustered tightly 
in the phylogenetic tree (Figure 2). However, the nucleotide sequence 
similarity of these strains with other relatives of RVA genotype G3 
lineage 1 ranged from 85% to 86%. In contrast, the strain PGB-980 
isolated from Madaripur clusters with feline, canine and feline/canine-
like G3 RVA. The strains had 97%–99% nucleotide sequence similarity 
of its VP7 gene fragment with that of the feline/canine strains within 
G3 lineage 3 (Figure 2). PGB-876 was the only strain which belonged 
to genotype G10 and clustered closely with human and bovine RVA 
strains with 95.5%–98.5% nucleotide similarity in the VP7 gene frag-
ment. This strain also had 91%–95.5% nucleotide sequence similarity 
with Bangladeshi strains isolated in 2009–2010 from goat and cattle 
and within the same cluster as lineage 5 (Figure 3).

Two P[15] rotavirus genotypes, G10 and G3, PGB-876 and 
PGB-980, respectively, clustered closely with bovine RVA strains 
isolated in India and Bangladesh and were distantly related to 
the human and caprine P[15] RVA strains (Figure 4). The high-
est similarity was found with a Bangladeshi strain RVA/Cattle/
BGD/GBNL0014/2009/G10P15, which had a 97%–100% nucleo-
tide similarity. The P[15] strains also had similarities (96%) with 
the strains isolated from a cow (GenBank: FJ798615) in India 
(Figure 4). The VP4 gene fragment of PGB-692 clustered with 
the simian and simian-like RVA group with a nucleotide similarity 
of 85% (84.8%–86.5%) as compared to the VP4 gene fragments 
(PGB-876 and PGB-980) that clustered with bovine RVA strains 
from India (Figure 5).

4  | DISCUSSION

Rhesus macaques are native to Bangladesh and widely distributed 
throughout the country (Hasan et al., 2013). This study identifies the 
presence of RVA in rhesus macaques of Bangladesh and investigates 

TA B L E  1   Distribution of rotavirus in Macaca mulatta by age, sex 
and habitat in Bangladesh, 2013 (N = 454)

Variables Category
Number 
positive (%) 95% CI

Age Adult (266) 13 (4.9) 2.63–8.21

Neonate (47) 2 (4.3) 0.52–14.54

Sub-adult (141) 5 (3.6) 1.16–8.08

Sex Female (234) 9 (3.85) 1.77–7.18

Male (220) 11 (5.0) 2.52–8.77

Types of habitat Peri-urban (131) 7 (5.34) 2.18–10.7

Rural (122) 5 (4.1) 1.34–9.31

Urban (201) 8 (3.98) 1.73–7.69

Abbreviation: CI, confidence interval.

TA B L E  2   Genotypes of RVA strains found in rhesus macaques 
(Macaca mulatta) by site in Bangladesh, 2013

No. Genotype Isolate ID Sampling area

1 G3 PGB-690 Bandar, Narayanganj

2 G3 PGB-691 Bandar, Narayanganj

3 G3P[3] PGB-692 Bandar, Narayanganj

4 G3 PGB-700 Bandar, Narayanganj

5 G3 PGB-701 Bandar, Narayanganj

6 G10 P[15] PGB-876 Rampur, Narsingdi

7 G3 P[15] PGB-980 Charmuguria, Madaripur

info:ddbj-embl-genbank/FJ798615
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F I G U R E  2   Phylogenetic analysis of nucleotide sequence of VP7 gene of G3 rotavirus strains from Bangladesh 2013. Reference 
sequences were retrieved from the GenBank database. The study strains were denoted with black triangle (▲). Bootstrap values (1,000 
pseudo-replicates) above 80 are shown. The evolutionary history was inferred by using the Maximum Likelihood method based on the 
Kimura 2-parameter model (Kimura, 1980). The tree is drawn to scale, with branch lengths measured in the number of substitutions per site. 
The analysis involved 27 nucleotide sequences. All positions containing gaps and missing data were eliminated. There were a total of 835 
positions in the final dataset. Evolutionary analyses were conducted in MEGA6 (Tamura et al., 2013).

RVA/PGB-700/Rhesus macaque/BD/2013/G3P X

RVA/PGB-701/Rhesus macaque/BD/2013/G3P X

RVA/PGB-692/Rhesus macaque/BD/2013/G3P 3

RVA/PGB-691/Rhesus macaque/BD/2013/G3P X

RVA/PGB-690/Rhesus macaque/BD/2013/G3P X

RVA/Bat/GKS-912/Hip gig/GAB/2009/G3P3

RVA/Human-wt/AUS/RCH272/2012/G3P 14

RVA/Human-wt/PER/FRNM/2014/G3

RVA/Alpaca-wt/PER/Alp22/2010/G3

RVA/Human-wt/THA/CMH222/2001/G3P3

RVA/Bat-wt/CHN/2015/G3P 3

RVA/Mouse/CHN/2013/G3

RVA/Horse-wt/ARG/E3198/2008/G3P 3

RVA/Simian-tc/USA/RRV/1975/G3P 3

RVA/Horse-wt/ARG/E9562-3/2010/G3P 12

RVA/Human-wt/BRA/AM-16-67/2016/G3P 8

RVA/Human-wt/THA/2013/G3P 8

RVA/Human-wt/HUN/ERN8263/2015/G3P 8

RVA/Human-wt/IDN/SOEP144/2016/G3P 8

RVA/Human/CN/1996/G3

RVA/Human-wt/China/2003/G3

RVA/Porcine/THA/CMP096/2006/G3

RVA/Bovine/UK/2002/G3

RVA/Human-wt/HUN/ERN5523/2012/G3P4

RVA/Hu/RUS/Moscow-346/2010/G3

RVA/Human wt/1081850/BGD/VP7/2016/G3P8

RVA/Hu/RUS/Nov11-N2317/2011/G3P 8

RVA/Human/CMH229/THA/2004/G3

RVA/Human-tc/JPN/AU-1/1982/G3P 9

RVA/Cat/Aus/Cat2/2008/G3P 9

RVA/Cat-tc/JPN/1986/G3P 9

RVA/DOG/JPN/2004/G3

RVA/Human-tc/KOR/CAU14-1-262/2014/G3P 9

RVA/Human-wt/CHN/E2451/2011/G3P 9

RVA/Human-wt/VNM/0248/2016/G3P 8

RVA/PGB-980/Rhesus macaque/BD/2013/G3P 15

RVA/Human/THA/2011/G3P 9

RVA/Hu/CU-B1263/KK/2011/G3P 9

RVA/Bov/West bengal-IND/RUBV3/2006/G3P3

RVA/Human-wt/BEL/2002/G6P 6
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the origin and ancestry of the virus. Macaques have a tendency 
to acquire enteric viruses from humans (Oberste et al., 2013), and 
rotaviruses have been identified in samples from them previously 
(Jiang, McClure, Fankhauser, Monroe, & Glass, 2004). Macaques 
thrive in the human-altered habitats within villages, urban areas and 
religious sites found throughout Bangladesh. The close association 
of macaque and human populations in Bangladesh provides con-
ditions favourable for the interspecies transmission of infectious 
agents (Oberste et al., 2013). Habitat destruction and anthropo-
genic changes to the environment have dramatically reduced the 
ability of macaques to naturally disperse and have likely increased 
human–macaque interactions (Altizer et al., 2018). Therefore, it is 

not surprising that we have detected rotaviruses from the rhesus 
macaque population of Bangladesh.

4.1 | RVA prevalence

The prevalence of RVA in macaques in the present study is lower 
than a previous study in a research centre of the United States 
(Jiang et al., 2004). Macaques can become infected with rotavirus 
from various sources, such as contaminated food and water (Kaur 
et al., 2008). A common behaviour of rhesus macaques is swimming 
(Dunbar, 1989), that habit predisposes them to rotavirus infection if 

F I G U R E  3   Phylogenetic analysis of nucleotide sequence of VP7 gene of G10 rotavirus strains from Bangladesh 2013. Reference 
sequences were retrieved from the GenBank database

RVA/Bovine/IND/RUBVM129/2006/G10

RVA/BOV/IND/RUBV81/2006/G10P14

RVA/Bov/Ind/MP/08/B-72/2008/G10

RVA/Human-wt/IND/MCS-KOL-29/2014/G10P14

RVA/PGB-876/Rhesus macaque/BD/2013/G10P15

RVA/Human-wt/ITA/PR457/2009/G10P14

RVA/Por/AM-P66/2012/G10

RVA/cow/Kashmir-IND/2008/G10

RVA/BOV/IND/BRV116/2007/G10P3

RVA/Bovine/West Bengal/RUBVM135/2006/G10

RVA/Cattle/BGD/GBCL0177/2010/G10P11

RVA/Cow-wt/BGD/BAU-BRV3/2017/G10P11

RVA/Cattle/BGD/GBNL0014/2009/G10P15

RVA/Goat/BGD/GBCL0116/2010/G10P1

RVA/Goat/BGD/GBCL0083/2010/G10P1

RVA/Human-wt/GH/86/2001-2003/G10

RVA/Human/CMR/2000/G10

RVA/Human-wt/1784CI/1999/G10

RVA/Human-wt/UK/A64/1987/G10

RVA/Giraffe/UCD/GirRV-1/IRL/G10

RVA/Cow-wt/BRA/1889-PR/2013/G10P11

RVA/Bovine/IRN/2011/G10

RVA/Cow-wt/BRA/1979-PR/2014/G10P11

RVA/Bovine/CHN/XJX-07/2007/G10

RVA/Bovine/IRL/2008/G10

RVA/Cow-wt/ZAF/2009/G10P11

RVA/Human-wt/BRA/R239/2000/G10P 9

RVA/Human/CN/2012/G10P15

RVA/Lamb/CH/LP14/1981/G10

RVA/Human-wt/MLI/2008/G8P6
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the water is contaminated by the virus. Most of the food that ma-
caques consume are from human sources, either as direct handouts 
or from agricultural sources, which can lead to disease transmission 
(Altizer et al., 2018). Additionally, macaques are known to consume 
human excreta, which is primarily the source of rotavirus in the en-
vironment (Kaur et al., 2008; Richard, Goldstein, & Dewar, 1989). In 
our study, all of the rotaviruses detected were in rhesus macaques 
whose home ranges overlapped with humans. Previous studies have 
demonstrated that non-human primates living in close association 
with humans are at risk of infection with human pathogens (Epstein 
& Price, 2009). Macaque in Bangladesh, especially in urban settings 
with high human density and poor waste management, would likely 
be at high risk for acquiring human enteric pathogens. Our findings 
support the zooanthroponotic transmission of RVA to macaques in 
Bangladesh.

4.2 | G and P genotypes

By applying PCR-based direct sequence techniques in this study, 
we have successfully detected and characterized rotaviruses using 
the VP7 and VP4 genes. Among the positive samples, only seven 
were able to be genotyped. However, the detection of six G3 
strains of rotavirus out of seven RVA positive samples of macaques 
in Bangladesh is very interesting, because the G3 strain was last 
reported in the human population in Bangladesh in 2001 (Rahman 
et al., 2007). Until early the 1990s, G3 genotype was one of the 
most important RVA genotypes in humans. The live attenuated 
human rotavirus vaccine, RotaTeq® (Merck & Co.) even includes 
the G3 strain, and is currently used in more than 90 countries in 

the world including Bangladesh (Afrad et al., 2013). The vaccine 
strain can be shed in human stool between days 4–7 following the 
initial dose (Hsieh et al., 2014) and horizontal transmission of vac-
cine strain occurs very frequently (Payne et al., 2010). The vaccine 
strain may be transmitted to macaques as well, due to their fre-
quent interactions with humans or through the contamination of 
food sources or water reserves by human waste and subsequent 
entry to macaque population. Thus, any emergence of a G3 strain 
in future may lead to a possible correlation with the rotavirus 
strains reported here.

Although G3P[3] has been reported in animals from India 
(GenBank: KC416959.1), China (GenBank: KX814954), Japan 
(GenBank: AB055967) and Brazil (GenBank: KR106161), it has only 
been reported as a human infection in Japan (Matthijnssens et al., 
2008) and China (GenBank: KU597745). This is the first report of 
G3P[3] in Bangladesh. It is possible that the reported illegal trade 
of cattle that occurs between India and Bangladesh (Banerjee, 
Hazarika, Hussain, & Samaddar, 1999) may facilitate the movement 
of rotaviruses between the countries. These bovid hosts may come 
into contact with macaques during transport or if the cow is shed-
ding the virus, faeces can contaminate food or water that the ma-
caques consume, permitting the transmission of RVA.

The G3P[15] strain was found in one rhesus macaque sample in 
the study. This is a rare combination which has not been reported in 
any species previously. G10P[15] serotype is also an unusual com-
bination though it was previously detected in cattle from India in 
2007 (Rajendran & Kang, 2014). With the potential to spill over into 
humans, this presents a possible public health threat (Komoto et 
al., 2014). G10, P3 and P15 have not previously been detected in 
Bangladesh.

F I G U R E  4   Phylogenetic analysis of nucleotide sequence of VP4 gene of P[15] rotavirus strains from Bangladesh 2013. Reference 
sequences were retrieved from the GenBank database

RVA/Lamb/CHN/Lamb-NT/2007/G10P15

RVA/Lamb/CHN/CC0812-1/2008/G10P15

RVA/Human-wt/Beijing/12034/2012/G10P15

RVA/Human-wt/Beijing/12059/2012/G10P15

RVA/Human/CHN/2012/G10P15

RVA/Goat/CHN/XL/2010/G10P15

RVA/Lamb/CHN/Lp14/1981/G10PX

RVA/Cow/IND/AD63/2007/G10P15

RVA/PGB-876/Rhesus macaque/BD/2013/G10P15

RVA/PGB-980/Rhesus macaque/BD/2013/G3P15

RVA/Cattle/BGD/GBNL0014/2009/G10P15

RVA/roe deer-wt/SLO/D38-14/2014/G6P15

RVA/Bovine/Tur/E29TR/2006/G10P15

RVA/camel/KUW/s21/2010/G10P15

RVA/Bat-wt/BRA/2013/G3P3

info:ddbj-embl-genbank/KC416959.1
info:ddbj-embl-genbank/KX814954
info:ddbj-embl-genbank/AB055967
info:ddbj-embl-genbank/KR106161
info:ddbj-embl-genbank/KU597745
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4.3 | Phylogenetic analysis

The phylogenetic analysis revealed the ancestral relatedness of dif-
ferent genotypes of RVA sequenced from macaques in Bangladesh. 
Five of the six G3 genotype RVA strains were identical in this study. 
The G3 strains of this study have similarity with feline/canine-like, 
human, simian and simian-like RVAs previously detected in humans 
and other animals. Since the samples were collected from free-liv-
ing, apparently healthy macaques, the finding of this study suggests 
that possible asymptomatic infection of RVA G3 strains in the rhesus 
macaques in Bangladesh may have a long duration. The wide host 
breadth of RVA strains indicated the potential of RVAs for interspe-
cies transmission. Only one G10 strain was identified in the study, this 
strain is uncommon in human (Do et al., 2017; Luchs & Timenetsky 
Mdo, 2016) but are frequently found in animals, particularly in cattle, 
pigs and lambs (Ennima et al., 2016; Komoto et al., 2014; Madadgar, 
Nazaktabar, Keivanfar, Zahraei Salehi, & Lotfollah Zadeh, 2015; 

Mohamed, Mansour, El-Araby, Mor, & Goyal, 2017; Rajendran & 
Kang, 2014). G10P[15] is an unusual combination but has previously 
been reported in a calf in India (Rajendran & Kang, 2014). This indi-
cates possible interspecies transmission among animals as macaques 
also share food and water sources with livestock populations. This 
is the first report on the characterization of rotaviruses from rhesus 
macaques in Bangladesh.

5  | CONCLUSIONS

We identified rotavirus genotype strains of G3, G10, P[3] and P[15] 
from rhesus macaques in three districts of Bangladesh. The study 
results indicate possible interspecies transmission and/or reassort-
ment of RVA between humans and macaques. The close proximity 
and interactions between humans and macaques may facilitate an-
thropozoonotic or zoonotic transmission. Moreover, this strengthens 

F I G U R E  5   Phylogenetic analysis of nucleotide sequence of VP4 gene of P[3] rotavirus strains from Bangladesh 2013. Reference 
sequences were retrieved from the GenBank database

RVA/Dog-wt/BEL/12R051/2012/G3P 3

RVA/Cat-tc/AUS/Cat97/G3P 3

RVA/Human-tc/Israel/Ro1845/1985/G3P 3

EU708915/RVA/Dog-tc/USA/CU-1/1980/G3P 3

RVA/PGB-692/Rhesus macaque/BD/2013/G3P 3

RVA/Bov/India/RUBV3/2006/G3P 3

RVA/Bov/CRP10/IVRI/India/2011/G3P 3

RVA/Bat wt/CHN/BSTM70/2015/G3P 3

RVA/rabbit/13D025/Korea/2013/P3

RVA/Human-wt/THA/CMH222/2001/G3P 3

RVA/BatRV/GKS-954/Hip gig/GAB/2009/G3P3

RVA/BatRV/GKS-912/Hip gig/GAB/2009/G3P3

RVA/Bat/MSLH14/2012/G3P 3

RVA/Bat-wt/4754/BRA/2013/G3P 3

RVA/Rat/CHN/LQ285/2013/G3

RVA/Mouse/CHN/LQ6/2013/G3P 3

RVA/Human/CHN/WZ101/2013/G3P 3

RVA/BatRV/BB89-15/Rhi bla/BGR/2008/G3P 3

RVA/Horse-wt/ARG/E3198/2008/G3P 3

RVA/Human-tc/VEN/RRV NB1215 31/1987/G3P 3

RVA/Simian-tc/USA/RRV/1975/G3P 3

RVA/Bat-wt/CHN/YSSK5/2015/G3P 3

RVA/Bat-wt/CHN/LZHP2/2015/G3P 3

RVA/Human-wt/CHN/M2-102/2014/G3P 3

RVA/Porcine/Korea/66-1/2006

RVA/Cow-wt/UGA/2014/G12P 8
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the evidence for reassortment events between animal and human 
rotavirus strains, which could result novel infectious strains of rota-
virus in humans or macaques.

As the generation of atypical or novel strains is likely more 
common in developing countries (Luchs & Timenetsky Mdo, 2016), 
surveillance for human rotavirus strains can play a crucial role in un-
derstanding rotavirus epidemiology. The role of vaccine strains in 
the generation of novel genotypes should also be investigated fur-
ther, as environmental contamination of human and animal waste 
creates opportunity for interspecies transmission and viral evolu-
tion. Future studies should be aimed to identify methods to limit 
the interspecies transmission in order to reduce viral evolution and 
decreasing the risk to child health.
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