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ABSTRACT

Rotavirus is a major pathogen responsible for diarrheal disease in calves resulting in loss of
productivity and economy of farmers. However, various facets of diarrheal disease caused by rotavirus
in calves in Ethiopia are inadequately understood. A cross sectional study was conducted with the aim
of isolation and molecular characterization of rotavirus in calves from central part of Oromia
(Bishoftu, Sebata, Holeta and Addis Ababa), Ethiopia from November 2018 to May 2019. The four
study areas were purposively selected and fecal samples were collected by simple random sampling
for diagnosis of rotavirus infection by using antigen detection Enzyme linked immunosorbent assay
(Ag-ELISA) kit. In addition, this study was carried out to have insight in prevalence and associated
risk factors of rotavirus infection in calves. Different farm levels (floor of the calf) and calf level (sex,
age) factors were measured the level of association between variables. During the present study 83
diarrheic and 162 non-diarrheic fecal samples collected from calves less than 4 weeks of age were
screened for rotavirus. Of the 83 diarrheic samples, 6 samples (7.2%) were found to be positive for
rotavirus antigen (Ag) by Ag-ELISA. All the non-diarrheic samples were negative for rotavirus Ag.
The overall prevalence of rotavirus infection in calves was estimated as 2.45% (6/245). All samples
(6) of ELISA test positive were propagated in Madin Darby bovine kidney cells. After 3 subsequent
passages, progressive cytopathic effect (CPE) i.e. rounding, detachment as well as destruction of
mono-layer cell of four sample (66.7%) were observed. At the molecular stage, reverse transcriptase
polymerase chain reaction (RT-PCR) technique was used to determine the presence of rotavirus
nucleic acid by using specific generic primers for VP4 genetic regions in feces samples. The 4 samples
that were rotavirus antigen positive by ELISA and develop CPE on cell culture were also positive on
RT-PCR technique. Infection prevalence peaked have been obtained at 1%t and 2" weeks of age in
male calves. Considering that diarrheal disease caused by rotavirus is a vital health problem in calves
that interrupts production benefits with reduced weight gain and increased mortality, and its potential
for zoonotic spread. So the present findings revealed rotavirus infection in calves in Ethiopia that
needs to be addressed by practicing early colostrums feeding in newborn calves, using vaccine, or

improving livestock management.

Key word: Calf diarrhea, ELISA Test, Ethiopia, Rotavirus, Central Oromia.
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1. INTRODUCTION

Diarrhea in neonatal calves is one of the most challenging clinical syndromes encountered by the
practicing large animal veterinarian worldwide. It is caused by multifactorial agents like viruses,
bacteria, protozoa (de Graaf et al., 1999; Lorenz et al., 2011). Among these agents implicated in calf
diarrhea, bovine rotavirus (BRV) group A and bovine corona virus (BCV) act as viral agents,
Salmonella species, E. coli K99+ and Clostridium species act as bacterial agents and Cryptosporidium
species as a protozoan agent (Bhat et al., 2013, 2012; Singla et al., 2013), which are collectively
responsible for 75-95% of infection in neonatal calves worldwide. Among these etiological agents of
calve diarrhea, rotavirus alone accounts for about 27- 36% (Cho and Yoon, 2014). According few
reports have been made under local conditions, the incidence and risk of diarrhea in calves varies from
20.05% to 52.51% (Malik et al., 2012; Megersa et al., 2009; Samad, 2008; Wudu et al., 2008). It has
been estimated that 75% of early calf mortality in dairy herds is caused by acute diarrhea in the pre-
weaning period (Bartels et al., 2010; Uhde et al., 2008).

Clinically calf diarrhea is diagnosed as infectious enteritis but it is very difficulties to diagnosis at
clinical or laboratory level, because of frequent nonspecific clinical signs and lesions, the presence of
asymptomatic infections, the involvement of multiple agents and other factors (Athanassious et al.,
1994). However, many laboratory diagnostic tests based on the different methods such as direct
electron microscopic test, ELISA, latex agglutination, polyacrylamide gel electrophoresis, RT-PCR
as well as immuno-electron microscopy. Among these methods, ELISA using monoclonal antibody
as a sensitive, fast, and inexpensive method is used for the simultaneous detection of BRV in the feces

of diarrheic calves (Mayameei et al., 2010).

Bovine rotavirus is the most recognized pathogens causing acute diarrhea in cattle and buffalo calves
under one month of age worldwide (Alfieri et al., 2006; Barrington et al., 2002). It has also been
recognized as the major pathogens of acute diarrhea in both humans and animals. So it has the
potential of zoonotic and economic impact (Cook et al., 2004). Infection appears and spreads rapidly
causing extensive damage to the intestinal lining which results in rapid fluid loss and dehydration
(Foster and Smith, 2009). Genetic re-assortment is one of the important mechanisms for generating
genetic diversity of rotaviruses and eventually for viral evolution (Martella et al., 2010a; Zhou et al.,



2015). There is no treatment for BRV, but early and confirmatory diagnosis helps to make appropriate
prevention and control measures, which could prevent the great economic losses to farmers and the

livestock industry (Barua, 2019).

Rotavirus is environmentally distributed worldwide and was extensively studied (Straw et al., 2006;
Zimmerman, 2006). In different studies BRV infection rates of 20-60% in samples of diarrhea have
been reported (Bjorkman et al., 2003; Garaicoechea et al., 2006; Uhde et al., 2008). Prevalence of
rotavirus was estimated ranging from 11.8% to 26.8% in India among diarrheic calves (Basera et al.,
2010; Jindal et al., 2000; Malik et al., 2013; Nataraju et al., 2009). Also in European countries
rotavirus infection was widely examined. In Sweden between 1993 and 2006 estimated prevalence
was 24-47% (De Verd Er, 2006), 42% in diarrheal outbreak in the UK (Reynolds et al., 1986), and 37
to 47.4% in France (Bendali et al., 1999; De Rycke et al., 1986). In Asian countries like Bangladesh,
prevalence of rotavirus infection in calf feces varied from 0 to 7% (Alam et al., 2011; Samad and
Ahmed, 1990; Selim et al., 1991). In developing country like Ethiopia the prevalence of rotavirus was
16.7% (Abraham et al., 1992).

Rotavirus in calves is not well studied in Ethiopia. However, only one report by Abraham et al. (1992)
indicated presence of 16.7% rotavirus in calves in central Ethiopia. But among children < 5 years of
age rotavirus prevalence range from 18%-28% of diarrhea hospitalizations (Hagbom et al., 2011) and
such absence of the information could be the reason for lack of the Ethiopian government not to have
any strategy for control of rotavirus infection of calves through vaccination. Absence of study
conducted on isolation and molecular characterization of rotavirus in calves in Ethiopia may
exacerbate the problem. Hence, detecting the circulating strains of rotavirus isolate and molecular

evolution of the virus is needed for planning a proper control and preventive measure in the country.

Therefore, the objectives of current study were:
v" To detect rotavirus from calves less than one month of age and
v To estimate the prevalence and identify the risk factors rotavirus in calves

v To Isolate and characterize the virus at molecular level in study area.



2. LITERATURE REVIEW

2.1. Calf Diarrhea

Neonatal calf diarrhea (NCD) is one of the major health challenges in beef and dairy cattle herds
around the world. More than 20% of beef cattle owners consider that calf diarrhea has a significant
impact on their economic productivity (Foster and Smith, 2009). In several countries, such as
Belgium, Sweden, Italy, Switzerland and Brazil, the prevalence and incidence of risk factors for NCD
in calves less than 30 days old, have been reported to be 19.1 and 33.7%, respectively (Collins et al.,
2014; Papp et al., 2013). Bacteria, viruses and parasites, by attacking the lining of the calf's intestine,
give rise to diarrhea. It is a commonly reported disease and a major cause of economic loss to cattle
producers. The 2007 National Animal Health Monitoring System (NAHMS) for U.S. dairy
(Mayameei et al., 2010) reported that 57% of weaning calf mortality was due to diarrhea and occurred
in calves less than 1 month old. A similar mortality rate of 53.4% for dairy calves due to calf diarrhea
was reported in Korea (Hur et al., 2013). Calf diarrhea is attributed to both infectious and non-
infectious factors (Bartels et al., 2010; Izzo et al., 2011).

NCD is a pathological condition with complex multifactorial etiology that is influenced by infectious,
nutritional and environmental factors, as well as by management practices (Blanchard, 2012; 1zzo et
al., 2011; Martella et al., 2010b). Some of studies show that the most important pathogen agents in
calf diarrhea are rotavirus, coronavirus, enterotoxigenic E. coli, Salmonella species and
cryptosporidium (Reynolds et al., 1986; Steiner et al., 1997). Seventy five percent to ninety percent
of calf diarrhea is related to rotavirus, coronavirus, enterotoxigenic E. coli and cryptosporidium
(Radostits et al., 2007). Currently, enterotoxigenic E. coli (ETEC), Clostridium perfringens,
Cryptosporidium parvum, rotavirus and coronavirus appear to be the most significant infectious
causes of calf diarrhea (Blanchard, 2012; Meganck et al., 2015).

In some reports, rotavirus is the most prevalent pathogen in less than one month old diarrheic calves
(Radostits et al., 2007; Reynolds et al., 1986; Snodgrass et al., 1986). Bovine rotavirus usually causes
diarrhea in calves at 1 to 2 weeks of age. The milk uptake by calves can provide a good environment



for rotavirus survival under a wide range of gastrointestinal pH levels and infection of the intestine
epithelia cells. This may explain why calves are more susceptible to calf diarrhea. The virus has a very

short incubation period (12 to 24h) and induces per acute diarrhea in affected calves (1zzo et al., 2011).

2.2.  Discovery of Rotavirus

Rotavirus was discovered in 1972 by an Australian research group led by Dr. Ruth Bishop (Bishop et
al., 1973). The virus was recognized by direct electron microscopy visualization in the duodenal
biopsies of a child with acute diarrhea and named duovirus. The virus was subsequently observed in
large numbers in feces as demonstrated by direct thin layer electron microscopy and significant
antibody titre was shown between acute and convalescent sera from the children by immune electron
microscopy (Bishop et al., 1974). The virus was renamed rotavirus because of its characteristic wheel-
shaped (rota is a latin word which means wheel) morphology when viewed under an electron
microscope (Paredes et al., 1993).

2.3. Epidemiology of Rotavirus and Geographical Distribution

2.3.1. Epidemiology of rotavirus in humans

Rotavirus is distributed evenly across the globe and 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; Troeger et al.,
2018). However, the consequences of infection are markedly severe depending on where the child
lives and the majority of deaths due to rotavirus diarrhea occur in the developing countries of the
Indian subcontinent and sub-Saharan Africa due to limited access to medical intervention (Parashar
et al., 2006). Rotavirus causes approximately 258 million episodes of gastroenteritis requiring home
care and about 24 million cases requiring medical attention (Troeger et al., 2018). 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; Tate et al., 2016). Table 1 is summarized some study

of epidemiology of rotavirus in human.



Table 1: Seroprevalence of rotavirus in humans in different countries.

Country Prevalence of Rotavirus
African 40 %
Ethiopia 25%
Uganda 37 %
Narobi Kenya 31.5%
Western Kenya 27%
Brazil 33.3%
Indian 35.5%
Vietnam 46.7%
China 30%
South India 40%

Reference
Mwenda et al. (2010)
Gelaw et al. (2018)
Bwogi et al (2016)
Agutu et al. (2017)
Khagayi et al. (2014)
Carvalho-Costa et al. (2019)
Giri et al (2019)
Huyen et al (2018)
Yu et al. (2019)
Rajendran and Kang (2014)

Molecular epidemiological studies of rotavirus have identified 5 common serotypes, including G1,
G2, G3, G4, and G9, which tend to predominate globally (Desselberger et al., 2003). G1 is the most

prevalent strain worldwide whereas G9 is the fastest emerging worldwide (Kirkwood et al., 2003;

Nyangao et al., 2010; Page et al., 2010). However, in developing countries, additional serotypes may

circulate and even predominate in some setting (eg, G5, G8, G10, and G12). Of the 27 VP4 genotypes

identified, genotypes P[8], P[4] and P[6] are detected most frequently in children (Hoshino et al.,

2004; Hoshino and Kapikian, 2000). Analogously to VP7 epidemiology, supplementary P genotypes,

including P[9] and P[10] may also predominate or circulate at lower levels in developing countries

(Santos and Hoshino, 2005).



2.3.2. Epidemiology of rotavirus in animals

Diarrhea in the neonatal calf is a serious welfare problem and a cause of economic loss due to
mortality, treatment costs and poor growth. Two facts are of which is importance in the epidemiology
of rotavirus infections in calves. First, virus particles are present in very large numbers (10 -10*2
particles/ml) in infected feces. Second, the virus is resistant to inactivation. It has been shown that calf
rotavirus can survive for 9 months at room temperature in fecal material, and can resist 60°C for one
hour (Woode, 1978). Furthermore rotaviruses are not easily inactivated by the commonly used
disinfectants (Snodgrass and Herring, 1977). This means that environmental contamination is both
heavy and persistent.

Rotavirus surviving in a contaminated environment from one calving season to the next may therefore
be the source of infection in an outbreak. However Woode (1978) has suggested that adults are the
major source of infection for calves. Once an outbreak is underway it appears that the major source
of infection is environmental rather than maternal. While it is known that rotaviruses have some ability
to cross species barriers, it is not generally believed that cross-infection from other species is
significant in the epidemiology of rotavirus infections in calves. Whatever the source of the virus,
infection spreads predominantly by fecal-oral contact (Mcnulty, 1983).

Calves most often become infected with rotavirus during the first week of life. The corresponding
figure in a Dutch survey was 7.7 days in six herds with over 60% of calves excreting the virus and
with less than 40 % of the calves infected. Given that over 90% of adult bovines possess antibody
against rotavirus (De Leeuw et al., 1980), it is surprising that so many colostrum fed calves are
susceptible to infection so soon after birth. Depending on the antibody titre of the colostrum and on
the interval between birth and feeding, calves fed colostrum absorb a variable amount of passively
derived maternal antibody against rotavirus into the blood. However circulating antibody is not
protective. Instead protection is dependent on the presence of colostral antibody to rotavirus within
the gut lumen (Snodgrass and Wells, 1978). Neutralizing antibody to rotavirus is present in cows’
milk for only a few days after calving. The elimination of this antibody from the gut renders the calf
totally susceptible to infection (Snodgrass et al., 1986). The following (Table 2) is to summarized the

some study of rotavirus in animals in different part of the world.



Table 2: Prevalence of rotavirus infection in animals.

Country Prevalence Rotavirus Reference

Western Algeria 14.63% Ammar et al. 2014)
Northern India 26.8 % Jindal et al. (2016)
Ethiopian 16.7% Abraham et al. (1992)
Indian 15.68% Rai et al. (2011)

Iraq 15.5% Al-Robaiee and Al-Farwachi (2013)
Brazilian 20.2% Alfieri et al. (2006)
Tunisia 22.8% Zrelli et al. (1990)
Brazilian 25.1% Langoni et al. (2004)
Algeria 21.84% Kam et al. (2011)
England 42% Reynolds et al. (1986)
Scotland 50% Snodgrass et al. (1986)
Spain 42.7% De la Fuente et al. (1998)
Australia 79.9% Izzo et al. (2011)

2.3.3. The status of rotavirus in human and animals in Ethiopia

Ethiopia is one of the five countries with the greatest rotavirus burden worldwide and accounts for
6% of all rotavirus deaths globally (Tate et al., 2012). It is estimated that 28 percent of all under-five
diarrheal disease hospitalizations in Ethiopia are caused by rotavirus (WHO, 2013). Also some study
said, among children < 5 years of age rotavirus prevalence range from 18%-28% of diarrhea
hospitalizations (Hagbom et al., 2011). In a cross-sectional study carried out in Jima Hospital,
Ethiopia, to reveal the prevalence of rotavirus infection among 154 infants and young children,
rotavirus was detected in 26.6 % of fecal specimens and 90.2% (37/41) occurred in children under 2
years. The highest rate of rotavirus antigen detection was observed among the 7-12 months of age
group (34%) (Bizuneh et al., 2004).



A study to see the epidemiology of rotavirus and norovirus in Awassa, southern Ethiopia from 200
under five children with diarrhea 2008-2009, the prevalence of rotavirus was 22% and the genotyping
showed G3P[6] (48%, globally uncommon strain), G1P[8] (27%) and G2P[4] (7%) being the strains
most commonly identified (Yassin et al., 2012). Data from hospital based surveillance of rotavirus
gastroenteritis among children less than five years from 2007-2011 in Addis Ababa, Ethiopia showed
that rotavirus was prevalent in 20% of children enrolled from 1,749 diarrheal samples collected in the
five year period (Tadesse, 2012). As the current study showed the prevalence of rotavirus 25% in
children less than five years in northwest Ethiopia by Gelaw et al. (2018). Only one report by Abraham
et al. (1992) indicated presence of 16.7% rotavirus in calves in central Ethiopia.

2.4.  Virology of Rotavirus

2.4.1. Structure and its genome

Bovine rotavirus (BRVS) is a primary etiological agent of calf diarrhea. Rotaviruses are double
stranded RNA (dsRNA) held in the inner core of the three-layered virus (Varani and Allain, 2002).
Rotavirus is a non-enveloped virion possessing 11 dsRNA segments which a size range 16~21 kilo
base pairs within the family Reoviridae and is very stable over a wide pH range with heat liability.
There are seven serogroups (A-G) of rotaviruses based on antigenic and genetic similarities of the
intermediate capsid protein of VP6. Group A rotaviruses are the major cause of rotavirus infection in
domestic animals and initially known as neonatal calf diarrhea virus, was one of the first identified
viral causes of diarrhea (Foster and Smith, 2009). Most BRVs (95%) belong to group A, although

groups B and C rotaviruses have also been identified in field cases (Murphy et al., 1999).

Genome segments code for structural proteins found in the virus particle and the non-structural
proteins found in infected cells but not part of the mature particles. The genome consists of 18,555
nucleotides in total. Each segment is a gene, numbered 1 to 11 by decreasing size. The segmented
genome can be separated by polyacrylamide gel electrophoresis (PAGE) to reveal an RNA migration
pattern or electropherotype. The RNA pattern is both constant and characteristic for a particular strain
and has been widely used in epidemiological studies for monitoring the transmission and spread of
rotavirus (Ved, 2014).



2.4.2. Proteins

The nomenclature of the viral proteins designates the structural proteins as VP and nonstructural
proteins as NSP followed by sequential numbering from 1 to 6 (Estes and Kapikian, 2007). Analysis
of gene encoding segments shows that there are six structural proteins (VP1 to VP4, VP6 and VP7)
and six non-structural proteins (NSP1 to NSP6). The structural proteins build up the viral particle
(Figure 1) and the NSPs have function either in the viral replication cycle or interaction with host
proteins to influence the pathogenesis or immune response. Each of the 11 segment of dSRNA encode
a single viral protein except segment 11 which encodes two proteins (Anderson and Weber, 2004).
Figure 1 is summarized the six structural (VVP) and six non-structural protein (NSP). The functions of
each protein are summarized in Table 3.

GENONME ENCODED VIRION SCHENMATIC
SEGNVENTS PROTEINS {Protein Locations)

— A0 T NSP4

_( NSP5 —
Fli P NSP6 (Not Yisible,

off bottom of gel)

Figure 1: Diagrammatic representation of the rotavirus particle and its genome coding.

() The migration pattern of 11 dsSRNA genome segments of rotavirus on a polyacrylamide gel. (1)
Virus proteins encoded by specific genome segments in section I. The proteins were blotted onto a
cellulose membrane and detected with rotavirus-specific antibodies. (I11) Schematic diagram of
rotavirus particle showing the cross-section arrangement of viral proteins through the three capsid
layers namely: outer (VP4, red; VP7, yellow), inner (VP6, blue) and the inner core (VP2, green).
Source: (Pak, 2011).



The proteins encoded by the rotavirus genes are well established. Except for segment 11, which
encodes for two proteins NSP5 and NSPG, rest all segments encode a single protein. The six viral
proteins (VP1, 2, 3, 4, 6 and 7) form the virus particle (virion). VP1 is the RNA-dependent, RNA
polymerase for rotavirus, located in the core of the virus particle (Rodrigo et al., 2010; Varani and
Allain, 2002). VP2 is a replication intermediate, forms the core layer of the virion and binds the RNA
genome while VVP3 is an enzyme guanylyl transferase that catalyses the formation of the 5' cap in the
post-transcriptional modification of mMRNA. VP4 determines the rotavirus P serotype as well as host
specificity, virulence and protective immunity, it also binds to molecules on the surface of cells called
receptors and drives the entry of the virus into the cell (Maunula and von Bonsdorff, 2002). VP6 is
highly antigenic and can be used to identify rotavirus species (Estes et al., 2001) and it also determines
the A-G groupings, and I, Il sub-groupings of rotavirus. VP7 is a glycoprotein that determines the G

serotype and that is involved in immunity to infection (Laird et al., 2003).
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Table 3. Rotavirus proteins, genome segments, and structural localization.

Protein dsRNA Location  Function Numbers
segment  In virus ofmolecules/virion
No capsid
VP1 1 Core dsRNA synthesis (RNA 12
dependent RNA polym
erase) _
VP2 2 Core Inner shell protein 120
VP3 3 Core Capping enzyme 12
VP4(Cleaved to 4 Outer Viral attachment, P 120
VP5 and \/P8) Capsid type neutralization
antigen
VP6 6 Inner Middle shell protein 780
Capsid o _
VP7 9 Outer Gtype neutralization antigen 780
Cansid
NSP1 5 INF antagonist -
NSP2 8 Viroplasm formatim -
NSP3 7 EnhanceviralmRNA -
synthesis,
NSP4 10 Outer capsid assembly, Reg =
ulate calcium
NSP5 11 Viroplasm formation -
NSP6 11 Viroplasm formation e

Source:(Hagbom, 2015).

The six non-structural proteins (NSP1, 2, 3, 4, 5 and 6) are only produced in cells infected by rotavirus
(Anderson and Weber, 2004; Graff et al., 2002). NSP1 binds interferon regulatory factor 3 and may
inhibit interferon response during rotavirus infection (Graff et al., 2002). In conjunction with NSP5,
NSP2 is involved in the synthesis and packaging of viral RNA, creation of viroplasms and is required
for genome replication. NSP3 binds viral mRNA at the 3’ end, promotes viral protein synthesis and
is responsible for the shutdown of host cell protein synthesis. NSP4 is a viral enterotoxin and induces
diarrhea during infection (Dong et al., 1997). NSP6 is an RNA binding protein encoded by gene 11

from an out of phase open reading frame (Rainsford and McCrae, 2007).
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In comparison to most cellular mRNAsS, rotavirus mRNAS are unique in that they contain 5'-terminal
caps but lack 3'-terminal poly (A) tails. During replication, the viral mMRNAs serve two functions: (i)
Direct synthesis and (ii) act as templates for the synthesis of minus-strand RNAs to produce dsRNAs
(Chen et al., 1994). The synthesis of dsSRNAs is an event that follows or occurs simultaneously with
the packaging of mMRNA templates, as naked dsRNA cannot be detected in infected cells. Likewise,
the absence of free dsSRNA in the infected cell indicates that dSRNA remains particle associated once
synthesized. Given that the 11 genomic dsRNAs are present in equimolar concentration in both
infected cells and virions, the packaging and replication of the 11 species of viral mMRNAs into

dsRNAs must be a highly coordinated process (Patton and Gallegos, 1990).

Both outer capsid protein VP7 and VP4 (the spike protein) are targets for neutralizing antibodies.
VP4, VP6, and VP7 play a major role in maintaining viral structure, virus attachment, and antigenicity.
Although early studies implicated VP7 in the cell entry process, subsequent studies increasingly have
indicated that VP4 is the major player in this process. VP4 is susceptible to proteolysis and viral
infectivity is increases several folds when VP4 is proteolytic cleavaged and facilitates virus entry into
cells. During proteolysis, VP4 is cleaved into VP8* (amino acids 1 to 247) and VP5* (amino acids

248 to 776), and the cleavage products remain associated with the virion (Arias et al., 1996).

2.4.3. Classification and serogroups

Based on the group specific epitopes localized in an immunodominant site of VP6 between amino
acid residue 48 and 75, rotaviruses have been divided into five serological species (A-E) and two
additional tentative species (F and G) according to the International Committee on Taxonomy of
Viruses (ICTV) (Matthijnssens et al., 2011). These rotavirus species are commonly referred to as
rotavirus groups. Rotaviruses belonging to group A, B, C and H (RVA, RVB, RVC and RVH,
respectively) have been associated with acute gastroenteritis in humans and animals, whereas group
D, E,Fand G (RVD, RVE, RVF and RVG, respectively) rotaviruses are known to infect only animals,
mostly birds (Estes and Greenberg, 2013). A novel tentative group | was recently described in
Hungarian sheltered dogs (Mihalov-Kovacs et al., 2015). Table 4 is summarized the rotavirus group

with respective host species.
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Table 4: Rotavirus group detected so far in different mammalian and/or avian host species.

Rotavirus group/species Host species

A A wide variety of mammalian and avian species

B Humans, cattle, goats, pigs, rat and sheep

C Humans, cattle, dogs, goats, juvenile ferrets and pigs
D Chicken and turkey

E Pigs

F Chicken

G Chicken

H Humans and pigs

Source: (Ghosh and Kobayashi, 2014).

Group A rotaviruses (RVA) can be further classified into P or G types based on genetic and antigenic
similarities of VP4 and VP7. VP4 (P protein for ‘protease-sensitive’ due to its trypsin mediated
cleavage required for virus adsorption into cells) determines the P serotypes. VP7 (G protein for
‘glycoprotein’ forming the matrix of the capsid) defines G serotypes (Laird et al., 2003). For G types,
serotypes (determined by neutralization assay) and genotypes (determined by RT-PCR) are largely
identical, thereby allowing the use of the same numbering system. For P types, more genotypes than
serotypes have been identified, owing to lack of mono-specific P antisera. As a result, P types are
identified as serotypes by Arabic numbers and as genotypes by Arabic numbers in square brackets.
Thus, the serotype of prototype human rotavirus strain Wa is described as G1P [8]. To date, at least
27 G types and 37 P types have been found in humans and animals (Matthijnssens et al., 2011; Tonietti
et al., 2013). Unlike P types, correlation between G serotypes and genotypes is complete. Therefore,
where available, P serotypes and genotypes are designated jointly with genotypes in square brackets,
for instance, RVA/Human-tc/USA/DS-1/1976/G2P1B[4] (Matthijnssens et al., 2011).

Although the dual typing system has been widely used in most epidemiological and molecular
characterization studies, its use is primarily limited to classifying rotavirus strains. The dual typing
system cannot determine factors that are involved in viral tropism and virulence of rotavirus strains.

Furthermore, some evolutionary pathways like re-assortment and recombination followed by all the
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11 genome segments of rotaviruses cannot be studied because the dual classification is restricted only

to outer capsid encoding genome segments (Matthijnssens et al., 2008).

In addition to the G and P genotyping of rotavirus, a whole genome-based genotyping system was
recently proposed based on the assignment of genotypes to all the 11 gene segments (i.e., G/P and
non-G/P genes) (Matthijnssens et al., 2008). In the new genotyping system, the acronym Gx-P[x]-1x-
Rx-CxMx-Ax-Nx-Tx-Ex-Hx, where X is an integer, defines the genotype of the VP7-VP4-VP6-VP1-
VP2-VP3-NSP1-NSP2-NSP3-NSP4-NSP5 genes of a given rotavirus strain. Following the advent of
hybridization techniques, researchers could investigate the occurrence of re-assortment events
between human strains that belong to different genogroups or between human and animal strains
which frequently lead to generation of novel rotavirus strains. Human rotaviruses were classified into
two major (represented by the Wa and DS-1 reference strains) genogroups and one minor (represented

by the AU-1 reference strain) genogroup (Nakagomi et al., 2005).

The Wa-like strains are characterized by non-G/P genotypes (11-R1-C1-M1-A1-N1-T1- E1-H1), and
tend to have G/P genotypes G1P[8], G3P[8], G4P[8], or G9P[8] (Dennis et al., 2014). In contrast, the
DS-1-like strains are characterized by non-G/P genotypes (12-R2-C2-M2- A2-N2-T2-E2-H2), and
tend to have G/P genotype G2P[4]. The third minor AU-1-like strains are characterized by non-G/P
genotypes (13-R3-C3-M3-A3-N3-T3E3-H3) and tend to have G/P genotype G3P [9]. Whole genome-
based analysis is a reliable method for obtaining conclusive data on the origin of an RVA strain and
for tracing its evolutionary pattern (Ghosh and Kobayashi, 2011; Matthijnssens et al., 2008). RVA of
VP7 and VP4 genotypes with their respective host species are summarized in the Table 5.

Table 5: Common RVA G and P genotypes found in humans and animals.

Host species Typical RVA VP7 and VP4 genotypes
Cattle G6, G8, G10, P[1], P[5], P[11]

Pigs G3-G5, G9, G11, P[6], P[7]

Horses G3, G14, P[12]

Cats and dogs G3, P[3], P[9]

Humans G1-G4, G9, G12, P[4], P[6], P[8]

Source :(Ghosh and Kobayashi, 2014).
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Rotavirus surveillance also generates valuable data on the circulating rotavirus strains (Table 6). These
data are vital to improving vaccine development tracking emergent types, and helping to assess
vaccine effectiveness and changes in strain diversity after vaccines are introduced. Globally, G1, G2,
G3, G4, and G9 are the most prevalent VVP7 serotypes; P[4], P[6], and P[8] are the most common VP4
genotypes, and G1P[8], G2P[4], G3P[8], G4P[8], and G9P[8] comprise 70-90% of circulating
rotavirus strains (CDC, 2008a; Iturriza-Gomara et al., 2009; Santos and Hoshino, 2005; Sharma et al.,
2009; Wu et al., 2009). In Taiwan, G1 (40%), G3(27%), G9 (18%), and G2 (8%) are the most common
VP7 serotypes (Chen et al., 2007; Hwang et al., 2011; Lai et al., 2005; Lin et al., 2008, 2006; Wu et
al., 2011). G6 and G10 type are reported to be the most prevalent in cattle (Martella et al., 2007). The
geographic distribution of rotavirus serotypes are summarized in Table 6.

Table 6: Geographic distribution of rotavirus serotypes.

Region Rotavirus serotypes

GIP[8]  G2P[4] G3P[8] G4P[8] G9 Other

North America 73% 11% 6% 1% 3% 5%
South America 34% 23% 2% 9% 16% 11%
Europe 2% 9% 2% 11% 4% 1.4%
Australia 82% 14% 1% 2% 05% 0.1%
Asia 34% 13% 1% 20% 12% 14%
Africa 23% 2% 21% 4% 7% 27%
Taiwan 40% 80% 27% 0% 18% 8%

Sources: (CDC, 2008a; Iturriza-Gomara et al., 2009).

2.4.4. Re-assortment and antigenic variation

Re-assortment is one of the important mechanisms for generating genetic diversity of rotaviruses and
eventually for viral evolution. Although host species barriers and host range restriction exist in
rotavirus, re-assortment can result in interspecies transmission, which also contributes to the diversity
and evolution of rotavirus (Martella et al., 2010a; Zhou et al., 2015). A crucial factor in the generation

of re-assortant viruses is the frequency of co-infection. In developing countries, the rate of RV co-
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infection can be as high as 20%, while in developed countries, the rate is typically less than 5% (WHO,
2011). It may be because of the high rate of co-infection that the genetic diversity of viruses in
developing countries can be so much higher than in developed countries. Due to the high frequency
of co-infection, large genetically distinct RV clades may not be detectable in some developing
countries (Patton, 2012).

Sequence analysis has shown that the antigenic epitopes of VP7 and VP4 proteins assigned to the
same G and P type, respectively, will frequently show amino acid variation (Jin et al., 1996;
McDonald et al., 2009; Wu et al., 2011; Zeller et al., 2012). This has been seen for VP7 and VP4
proteins of viruses recovered from different countries in the same year or that belong to different co-
circulating clades at one site. Such amino acid variation may ultimately have an impact on vaccine
efficacy, particularly if protection is based chiefly on G and P type specific homotypic responses. In
fact, Hoshino et al. (2005) have shown that the effective titer of a G type specific neutralizing
antiserum is affected by the amino acid composition of VVP7 antigenic epitopes, even if the VP7

proteins are of the same G type.

2.4.5. Replication

Viruses interact with the host at all stages of replication; cell entry, viral transcription, translation,
genome synthesis and packaging, and cell exit. These interactions are not only important for producing
new virus progeny, but also enable the host to recognize the presence of an infectious agent. As host
species have evolved mechanisms to defend against pathogens, viruses have in turn evolved strategies

to avoid the host immune response (Randall and Goodbourn, 2008).

Rotavirus replication takes place in the cytoplasm of infected cells, in viroplasms being electron dense
structures near the nucleus and ER (Lamb and Kurg, 2001) . Newly made viruses budded out from
viroplasms into ER, through binding to the tail of the ER transmembrane viral glycoprotein NSP4.
Although the virus replication process includes synthesis and transport of glycoproteins, the Golgi
apparatus is not involved in rotavirus replication. Instead rotavirus replication, morphogenesis and
pathogenesis are regulated by intracellular calcium concentrations. The rotavirus toxin NSP4 has been

shown to be released very early during an infection, first as a cleavage product including the toxic
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region released from infected cells, starting at 4 hours post infection (Zhang et al., 2000) and later
during infection as fully glycosylated NSP4 (Bugarcic and Taylor, 2006).

Based on cell culture studies, the general steps of rotavirus replication are as follows (Lamb and Kurg,
2001) (Figure 2): Virus attachment to cell surface by VP4 or the cleavage product VP8. The
conformational change is protease-dependent, where VP4 is cleaved into VP8 and VVP5. Rotavirus has
tropism for mature enterocytes but the exact receptor for viral binding in vivo has not yet been
identified, although sialic acid, integrins, histo-blood group antigens (Diederichsen De Brito et al.,
2000; Svensson et al., 2014) and toll-like receptors (TLR) have been suggested (Pott et al., 2012).
Cell entry, by receptor-mediated endocytosis occurs via VP5, thus indicating that cleavage of VP4
into VP5 and VP8 is required. Calcium dependent endocytosis has also been shown. Non-clathrin,
non-caveolin-dependent endocytosis delivers the virion to the early endosome. It has also been
suggested that rotavirus can enter the cell by direct entry or fusion. Uncoating of the TLP, reduced
calcium concentrations in the endosome are thought to trigger the uncoating of VP7 and loss of the
outer capsid (VP7, VP5 and VP8). Double-layered particles (DLP) (core proteins and inner capsid
VP6) are released into the cytosol (Kaljot et al., 1988).

Transcription and translation takes place in the cytoplasm of the cell. The internal polymerase complex
(PC) (VP1 and VP3) starts to transcribe capped (+) RNAs from each of the eleven dsRNA segments.
(+)RNA serves either as mMRNA for direct translation, synthesis of viral proteins by cellular ribosomes
or as a template for (-) RNA synthesis of viral genome replication, taking place in viroplasms (Kaljot
et al., 1988). Assembly is the NSP2 and NSP5 interact to form viroplasms, where replication and sub-
viral particle assembly takes place. DLPs are formed within the viroplasms. The assembly process of
the outer capsid is not fully understood but it is thought that the transmembrane protein NSP4 recruits
DLPs and the outer capsid protein VP4 to the cytosolic side of the ER membrane. The NSP4/VVP4/DLP
-complex then buds into ER. The removal of the ER membrane and NSP4 takes place in the ER
through interaction with ER-resident VVP7 and the final TLP is formed. Virus release from the infected
cell is through cell lysis or Golgi-independent non-classical vesicular transport. In the GIT the virion
will be exposed to trypsin-like proteases, which will cleave the protease-sensitive VP4 into VP5 and

VP8, thus resulting in a fully infectious virion (Lamb and Kurg, 2001).
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Figure 2: The rotavirus replication cycle.
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The rotavirus triple layered particles (TLPs) first attach to sialo-glycans (or histo-blood group
antigens) on the host cell surface, followed by interactions with other cellular receptors, including
integrins. Virus is then internalized by receptor-mediated endocytosis. Removal of the outer layer,
triggered by the low calcium of the endosome, results in the release of transcriptionally active double-
layered particles (DLPs) into the cytoplasm. The DLPs start rounds of mMRNA transcription, and these
MRNAS are used to translate viral proteins. Once enough viral proteins are made, the RNA genome
is replicated and packaged into newly made DLPs in specialized structures called viroplasms, which
interact with lipid droplets. The newly made DLPs bind to NSP4, which serves as an endoplasmic
reticulum (ER) receptor, and bud into the ER. NSP4 also acts as a viroporin to release Ca?* from
intracellular stores. Transiently enveloped particles are seen in the ER. The transient membranes are
removed as the outer capsid proteins VP4 and VP7 assemble, resulting in the maturation of the TLPs.
The progeny virions are released through cell lysis. In polarized epithelial cells, particles are released
by a non-classical vesicular transport mechanism.

Source: (Estes and Greenberg, 2013).
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2.5. General Pathophysiology

The severity and localization of rotavirus infection vary among animal species and between studies,
but pathological changes are almost exclusively limited to the small intestine. Rotavirus infects the
mature non-dividing enterocytes in the middle and top parts of the villi in the small intestine
(Lundgren and Svensson, 2001). At the cellular level, the infection is characterized by vacuolization,
blunting and shortening of the villi. Rotavirus also produces the enterotoxin NSP4, which is thought
to play an important role in the pathophysiology and clinical symptom of rotavirus disease (Ball et
al., 1996; Ge et al., 2013; Morris et al., 1999). The incubation time is 24 to 48 hours and illness usually
last from 3 to 5 days, longer in immune-compromised individuals (Fields et al., 1996). There are few
pathology studies of the duodenal mucosa of infants infected with rotavirus. Biopsies have displayed
shortening and atrophy of villi, distended endoplasmic reticulum, mononuclear cell infiltration,

mitochondrial swelling and loss of microvilli (Davidson and Barnes, 1979; Holmes et al., 1975).

Systemic spread of rotavirus has been reported but is very rare and its clinical importance remains
unclear (Bugarci¢ and Taylor, 2006). In a few cases rotavirus RNA has been detected in cerebrospinal
fluid (CSF) (Medici et al., 2011), possibly associated with meningitis (Wong et al., 1984),
encephalopathy (Nakagomi and Nakagomi, 2005) and encephalitis (Ushijima et al., 1987). Several
recent studies have demonstrated that antigenemia, viremia and limited systemic replication seems to
occur frequently in different body sites, but there is little evidence that this systemic spread and
replication is responsible for any specific pathologic findings in the host (Ramani et al., 2010;
Ushijima et al., 1987). In severely immunocompromised infants it has been shown that rotavirus can

replicate and cause abnormalities in the liver and other organs (Gilger et al., 1992).

2.6.  Pathogenesis of Rotavirus Infection

Bovine rotaviruses group A are entero-pathogenic agents more commonly associated with neonatal
diarrhea in calves up to 30 days old (Alfieri et al., 2006). The mechanism of rotavirus-induce diarrhea
is not completely known. The major mechanism appears to be a decreased absorption of salt and water
related to selective infection of the absorptive intestinal villous cells, resulting in net fluid secretion

(Dhama et al., 2009). The main place for rotavirus infection is brush border of villous epithelial cells

19



in the small intestine. The infected cells are rapidly replaced with undifferentiated crypt cells and
results in reducing activity of lactase in villous (Carlton and McGavin, 1995).

The primary mode of transmission of rotavirus is fecal-oral, although some studies have reported low
titers of virus in respiratory tract secretions and other body fluids, indicating the possibilities for air-
borne and water-borne transmissions of rotavirus (Dennehy, 2000). After ingestion, the rotavirus
particles exclusively infect the mature differentiated enterocytes in the mid and upper part of the villi
of the small intestine leading to structural changes in the intestinal epithelium (Lundgren and
Svensson, 2001). The virus replicates in the cytoplasm of epithelial cells of the mature absorptive and
enzyme producing enterocytes of small intestinal villi. Destruction of mature entrecotes in the villi,
leading to rupture and sloughing of the enterocytes with release of virus to infect adjacent cells
(Martella et al., 2010b). Unlike the parvovirus, rotavirus can infect neither the immature villous crypt
cells nor the colonic enterocytes. Rotavirus attaches to its cellular receptors (sialoglyco-protein and
integrins) via the VP4 protein. The virus is thought to invade target cells in two possible ways; by

direct entry or fusion with enterocytes and through Ca?*-dependent endocytosis (Pérez et al., 1998).

Three mechanisms have been described by which rotavirus might cause diarrhoea. First, within 12-24
hours post-infection, enterocytes are intact but the levels of the brush-border dissacharidases (sucrase,
maltase, and lactase) are greatly reduced. As a result, dissacharides in the diet cannot be hydrolysed
to monosaccharides and thus cannot be absorbed, leading to osmotic diarrhoea (Anderson and Weber,
2004). Second, NSP4 has an effect in opening calcium channels in the enterocytes. This causes an
efflux of sodium and water, producing secretory diarrhea (Dong et al., 1997; Jayaram et al., 2004).
Finally, the raised intra-enterocyte calcium concentration causes enterocytes to die by oncosis. The
rate of death of the mature villous tip enterocytes exceeds the rate of growth of immature enterocytes
that are regenerated from the stem cells in the crypt, causing villous blunting and thus malabsorption
(Leung et al., 2005). Infection resolves both as the virus runs out of susceptible mature enterocytes

and an immune response is generated (Lundgren and Svensson, 2001).
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Recently, Hagbom et al. (2011) demonstrated that emesis, which is a hallmark of the rotavirus disease,
is caused by serotonin (5-hydroxytryptamine, 5-HT). 5-HT is secreted by enterochromaffin cells (EC)
that can be directly infected with and replicate rotaviruses in humans. The 5-HT activates vagal
afferent nerves connected to the nucleus of the solitary tract and area postrema in the brainstem

structures associated with nausea and vomiting.

2.7.  Immune Response to Rotavirus

The mechanisms responsible for immunity to rotavirus infections are not completely understood.
Animal models have been useful in elucidating the role of antibodies and in exploring the relative
importance of systemic and local immunity (Desselberger and Huppertz, 2011). In humans, rotavirus
infection has been shown to induce a good humoral immune response and protection increases with

each new infection and reduces the severity of the diarrhea (Velazquez et al., 1996).

Primary rotavirus infections induce production of rotavirus-specific memory B and T cells (Velazquez
et al., 2000). Since the immunity against severe diarrhea in humans resulting from series of childhood
rotavirus infections often wanes with age, elderly persons become more susceptible to rotavirus re-
infection (Glass et al., 2006). The significance of the systemic presence of IgA, IgG and IgM
antibodies towards protection against rotavirus infection in both humans and animals remain to be
understood (Desselberger and Huppertz, 2011; Fischer et al., 2005; Ramig, 2004). However, it is
known that maternal 1gG antibodies may play a role in protecting infants under the age of three months
from developing severe diarrhoea caused by rotavirus infections as evidenced by the neutralising
activity of antibodies detected from transitional milk and colostrum specimens (Chan et al., 2011;
Herrmann et al., 1996; Yang et al., 2001).
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CD4+ helper T (TH) cells also play a vital role in the successful clearance of a rotaviral infection
(Vancott et al., 2001). Thus the correlates of immunity to rotavirus include both the presence of high
amounts of cross reactive secretory IgA, and serotype specific serum IgA and IgG, which requires a
rotavirus-specific TH cell response as well as a rotavirus-specific CTL response (Anderson and
Weber, 2004). Protection of neonates against rotavirus infection appears to be conferred by both
transplacentally acquired maternal antibodies and by antibodies and other factors in breast milk.
Interestingly, rotavirus infection in neonates often results in asymptomatic infection unless novel

serotypes emerge, and rotavirus can circulate silently in neonatal units (Patel et al., 2009).

2.8.  Factors Affecting Disease Severity

The factors that influence the severity of the disease as well as pathogenesis are reduced intake of
colostrum, age and health status of the calves, immune status of the dam, degree of exposure and
virulence of virus, and the presence of secondary pathogens (Steele et al., 2004). If rotavirus infection
occurs in combination with E. coli or corona virus, the mortality rate could be high. Several other
factors like dehydration, unhygienic environment, temperature variations or chilling during winter and
high population density in farms may also enhance disease severity. However the major stress factors
that potentiate the infection have been found to be cold climate and marked fluctuations in the ambient
temperature between day and night. An age related resistance has also been observed. As there is
competition between the rate of replication of rotavirus and replacement of enterocytes in older

animals; highly virulent strains can only cause diarrhea in adult calves (Dhama et al., 2009).
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2.9. Clinical Features of Rotavirus Infection

2.9.1. Symptoms in animals

Rotavirus diarrhea in calves presents an acute disease having very short incubation period of 12-24
hours or at times ranging from 18-96 hours. Fortunately, most rotavirus infections are mild and self-
limiting, although there is usually high morbidity. Variations in clinical disease observed in calves
depend on a number of factors, including difference in virulence among rotavirus strains, age of the
host, host immune status, dose of the inoculum, occurrence of mixed infections, environmental stress
(weather conditions, housing, overcrowding) and nutrition. These factors, along with systemic
consequences of electrolyte imbalances, fluid loss and metabolic acidemia, anorexia, profuse watery
diarrhea and various degrees of systemic dehydration (Holland, 1990). In severe cases, death occurs

as a result of electrolyte imbalances, dehydration and cardiac arrest (E Pérez et al., 1998).

2.9.2. Clinical sign in human

Rotavirus is the major cause of acute gastroenteritis in young children, worldwide (Tate et al., 2012).
The outcome of rotavirus infection varies from asymptomatic through mild short-lived watery
diarrhea, to an overwhelming gastroenteritis with dehydration leading to death. The onset of
symptoms is abrupt after a short incubation period of 1-3 days. The disease is characterized by fever,
frequent abdominal pain and vomiting for 2-3 days, followed by pale watery or loose non-bloody
diarrhea for 3-8 days. Diarrhea can be profuse, with patients commonly having 10-20 bowel
movements each day. Such severe diarrhea without fluid and electrolyte replacement may result in
death. Patients continue to excrete virus for extended periods of time and may thus be a reservoir for
infecting others. However, infections can also be asymptomatic, especially in neonates, older children
and adults (Lundgren and Svensson, 2001). Cases of asymptomatic infections in older children and
adults are probably due to active immunity. Usually all children have become infected several times
during the 24 first months of life and by the time they reach 5 years of age most children have had
repeated infections and developed a life-long lasting immunity to rotavirus disease (Lundgren and
Svensson, 2001).
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2.10. Transmission

Rotaviruses are highly contagious, ubiquitous in the environment and relatively resistant to
disinfectants. The adult animals are the main source of infection in newborn animals, and serological
surveys revealed that 50-100% of adult animals might show immune response against RVA. Young
calves, especially 1-3 weeks aged are most vulnerable to the rotavirus infection and infection rates
declines as age of calf increases (Soltan et al., 2016). The infectious dose is low (as few as 10 particles)
(Ward et al., 1986), and the virus is shed in large quantities (as many as 10! particles per gram of
stool) both before the onset of symptoms and for several weeks afterward. The virus transmits through
a fecal-oral route and calves are most often infected by contact with other calves, primarily or
secondarily through objects, feed and water. It has been proposed that calves can also be infected by
virus shed by the dam at birth. The infected calves shed virus through the feces from the second day
of infection and the shedding may last for 7-8 days. The virus primarily affects neonatal individuals,
and calves more than 3 months of age are usually not affected. Rotavirus that infects calves causes

often severe and sometimes life threatening diarrhea (Dhama et al., 2009).

Transmission to susceptible individuals occurs mainly by the fecal-oral route through direct contact
with the rotavirus, including children and adults with asymptomatic illness and contact with
contaminated fomites, food, water, and environmental surfaces (Barnes et al., 2003; Ramani et al.,
2008). Rotavirus has been reported that improvements in hand hygiene in hospitals can decrease the
incidence in healthcare-associated rotavirus infections (O’ryan et al., 2009; Zerr et al., 2005). It has
also been suggested that aerosol transmission might be important. Evidence of the airborne spread of
rotavirus gastroenteritis is primarily circumstantial, including the short incubation period (1-3 days)
and the fact that the virus often presents in explosive outbreaks (Dennehy, 2000). Rotavirus has also
been detected in the respiratory secretions from a small number of patients, and cases of pneumonia
have been described. Rotavirus epidemics exhibit a seasonal pattern (Bernstein, 2009). In temperate
climates, rotavirus infections peak in the winter months. Seasonality is less marked closer to the
equator, but the disease is more common during drier and cooler months. Recent data suggest that the
seasonality of rotavirus could have been changed by the introduction of rotavirus vaccines (CDC,
2008; Hull et al., 2011).
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2.11. Diagnosis of Rotavirus

Laboratory diagnosis of rotavirus is very important for management and control of outbreak of disease
related with rotavirus infection in calves. Viral gastroenteritis is caused by different types of viral
antigens like corona virus, noroviruses, astroviruses and adenoviruses. It is very difficult to diagnose
specific causal agents by clinical examination, so laboratory diagnosis is vital for confirmatory
diagnosis. This can be carried out by using various tests (Barua, 2019). Rapid and accurate detection
of the etiological agent is important to further contain the spread of infection in animals. Rotavirus is
shed in high concentration in the stool (~10*2 viruses/gram) of children with gastroenteritis. Therefore
measurement of rotavirus antigen in the stool has been used to identify rotavirus infected patients.
Generally, the diagnosis of rotavirus is based on isolation and identification of the virus in intestinal
contents or feces (Holland, 1990). Isolation of rotavirus has been performed in rotavirus specific cell
line MA-104 (Simian origin), and direct detection has been facilitated by electromicroscopy.
Immunofluorescence test (IFT), immunoperoxidase test (IPT) and viral RNA-based PAGE have also
been employed to detect the infectious agent. Latex agglutination test (LAT) has also been used for
the rapid detection of rotavirus antigens (Hammami et al., 1990; Reidy et al., 2006). ELISA, being a
highly sensitive and specific test, has been developed by many workers and used for the identification
of rotaviruses (Murphy et al., 1999).

2.11.1. Antigen capturing enzyme-linked immunosorbent assay (Ag-ELISA)

Ag-ELISA is an assay for rapidly detecting a pathogen in a clinical specimen based on antibody (e.g.,
monoclonal antibody) recognition of the target antigen (Lequin, 2005). It has antibody attached to a
solid surface which can be a glass, plastic material or membrane filter. This antibody captures the
target antigen if present in the sample. Then there will be a cascade of colorimetric reactions to verify
capturing of the antigen and visualize the antigen-antibody reaction. Antigen can be quantitatively
estimated as optical density (OD) measured by a spectrometry positively correlates with the amount
of antigen. In some situations, the commercial kit may be expensive, particularly for veterinary
medicine (Barua, 2019).
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2.11.2. Electron microscopy (EM)

Electron microscopy (EM) is used for virus detection and identification based on morphological
characteristics. There are two types of EM methods: direct EM and immune-electron microscopy
(IEM) (Brandt et al., 1981). Two different staining techniques (positive and negative staining) are
used to visualize the presence of target. In the direct EM, virus particles in a fluid sample matrix are
applied directly to a solid support and then are visualized by EM after a contrast stain is applied. It is
commonly referred to as “negative straining EM”, whereas positive staining is generally used in a
thin-section EM on fixed tissues. In comparison, IEM has a higher sensitivity and specificity than
direct EM as a specimen is incubated with antibody specific for the target virus in order to agglutinate
the virus before staining. The visualization of viruses, particularly non-cultivatable ones, is a major
advantage of EM with rapid turnaround (Yong-il, 2012). Most of bovine enteric viruses, such as BRV,
BToV and BCV, are difficult to isolate or propagate in cell culture, but these viruses can be
differentiated by their morphology under an electron microscope. The cost of electron microscopes
and requirement of skilled laboratory personnel is still a challenge for the EM test being used as

routine diagnostic test (Duckmanton et al., 1998).

2.11.3. Isolation of virus in cell culture

Virus isolation test is a confirmatory diagnostic test that still measured as ‘gold standard’ for detecting
the presence of viral pathogens in specimens (Yong-il, 2012). Cell culture techniques are commonly
used for virus isolation for diagnostic purpose, as well as virus propagation for vaccine production or
further virus characterization such as antigenic variation or gene sequencing (Ribes et al., 2002). The
isolation of rotavirus in cell culture from fecal samples is the most conventional way of confirmatory
diagnosis of rotavirus infection and gives the ultimate proof of virus association with the disease but
it is less sensitive and is laborious process. Isolation of BRV is performed in rotavirus specific primary
cell cultures (calf kidney cells) and cell lines (MA 104-Simian origin, MDBK, HT-29 and PK-15).
Presence of virus is suspected by occurrence of cytopathic effect (CPE) including rounding and
detachment of cells in cell culture system. Enhancement of CPE has been shown to be increased by
incorporation of trypsin in the medium in minute quantities and by the pretreatment of fecal samples

with trypsin (Steele et al., 2004). The viability of target virus in a specimen is critical for the success
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of virus isolation (Schielke et al., 2011). Specimens should be kept at a low temperature and in a
transport medium during shipping to a diagnostic laboratory and delivered to the lab as soon as
possible after collection (Schielke et al., 2011).

2.11.4. Rotavirus dsRNA PAGE

The rotavirus dsRNA can be detected in clinical specimens by extraction of viral RNA and analysis
by electrophoresis on a polyacrylamide gel followed by silver staining. During electrophoresis the 11
segments of the rotavirus dsRNA, which are negatively charged molecules, separate according to size
(WHO, 2009). The patterns of dsSRNA can be visualized in the gel by staining with silver nitrate,
because silver ions form a stable complex with nucleic acids. The gel can be stored after staining. The
migration patterns of the segments of rotavirus dsSRNA allow the classification of rotavirus strains into

the “short” and “long” electropherotypes (Cho, 2012).

2.11.5. Polymerase chain reaction (PCR)

Polymerase chain reaction (PCR) is frequently used test method for detecting rotavirus. It is a
thermocyclic enzymatic amplification of specific sequence of the target genes using a pair of
oligonucleotide primers that hybridize on each cDNA strand of interest region in the genomic
sequence. The detection of rotavirus dsRNA in fecal specimens consists of 4 steps: i) Viral dSRNA
Extraction ii) Denaturation of the rotavirus dsRNA iii) Reverse transcription of dsRNA iv)
Amplification of cODNA by PCR; PCR consists of: a) heating the DNA to be amplified to separate the
template strands, b) annealing of two primers that are complimentary to the region to be amplified, c)
extension of the primers by a heat stable DNA polymerase enzyme that uses each DNA strand as
template, d) repeating the process 30-40 times with the newly synthesized cDNA heat denatured and
the enzymes extending the primers attached to the separated single DNA strand. After completion of
the reaction, the PCR products can be visualized on an agarose or acrylamide gel by electrophoresis
technique and special staining with ethidium bromide. Amplification of the target sequence is

determined based on molecular size and/or sequencing of the PCR product (Barua, 2019).
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2.11.6. Real-time PCR

Real time PCR is a PCR method which amplifies the target sequence and also quantifies the amount
of the target with higher sensitivity (Wong and Medrano, 2005). Real-time reverse transcription-PCR
is a high throughput robust easy to perform, quantitative, sensitive and specific assay to detect viral
nucleic acids (Espy et al., 2006). Multiplex Real time PCR based on SYBR Green and TagMan assay
have been developed for detection of group A human rotavirus. Multiplex real-time PCR has also
been described to detect rotavirus along with other enteric pathogens in bovine fecal samples (Cho et
al., 2010). Compared to conventional RT-PCR, real time RT-PCR has been shown to be more rapid
and more sensitive for the detection and quantitation of rotavirus (Kang et al., 2004; Pang et al., 2004).
For rapid diagnosis of rotavirus in faecal samples a SYBR Green based Real-Time PCR assay was
developed targeting the NSP4 gene (Kang et al., 2004).

2.11.7. Rotavirus genotyping using RT-PCR

Reverse transcription- polymerase chain reaction (RT-PCR) ever since the initial report by Kary
Mullis and coworkers in 1986 about in vitro enzymatic amplification of specific DNA fragments from
complex nucleic acid samples using PCR, a number of different applications of the technique have
grown exponentially. Gouvea et al. (1990) was the first one to report a novel G-typing method based
on RT-PCR amplification of the VP7 gene with type-specific primers. Subsequently, Nakagomi and
Nakagomi, (1991) used RT-PCR for serotyping of rotavirus virus and reported that six VVP7 serotypes
or G-types (G1-G4, G8, and G9) Occur in group “A” human rotaviruses. In their study they could
type about 89% of the samples. Gentsch et al. (1992) described the sequence information and
developed a RT-PCR based typing method to detect four genetically distinct gene 4 types. Taniguchi
et al. (1984) used PCR for identifying serotypes of human and bovine rotaviruses and PCR was shown
to be more sensitive (93%) than ELISA (82%) in his study.

28



RT-PCR is more sensitive (100%) and specific (99%) in comparison to ELISA and PAGE (Hussain,
1996). As against RNA electrophoresis and ELISA, it provides for a more accurate detection of
rotaviruses by 18.8% and 26.5%, respectively. In recent reports, it has been shown that increased
detection and quantification of group “A” rotavirus can be done by real-time RT-PCR. For easy
screening of the faecal samples for rotavirus A, a diagnostic RT-PCR assay was developed by
targeting the group specific VP6 gene (Kang et al., 2004).

Fukuda et al. (2012) developed a one-step multiplex RT-PCR method for the simultaneous detection
of five viruses causing diarrhoea in adult cattle i.e. bovine group A rotavirus (rotavirus A), bovine
group B rotavirus (rotavirus B), bovine group C rotavirus (rotavirus C/GCR), bovine coronavirus
(BCV) and bovine torovirus (BToV). In his study, the one step multiplex RT-PCR was found to have
higher sensitivity to detect rotavirus A than a single RT-PCR with conventional primers. The results
indicate that the one-step multiplex RT-PCR developed can be used for the detection of rotavirus A,
rotavirus B, rotavirus C, BCV and BToV and can be expected to be a useful tool for the rapid and

cost-effective diagnosis and surveillance of viral diarrhea in adult cattle (CDC, 2008b).

2.11.8. Restriction fragment length polymorphism (RFLP)

Restriction Endonuclease (RE) analysis of field rotaviruses is a powerful tool to understand genomic
diversity of rotaviruses circulating in environment. Apart from proving useful in monitoring the extent
of genetic variation among rotavirus strains within a population, RFLP may also prove valuable in the
examination of interspecies transmission and possible source of origin of rotavirus strain. Chang et
al. (1996) used RFLF for P and G genotyping of bovine rotavirus A. Gouvea et al. (1990) analyzed
194 strains of rotavirus A representing all known G types digestion with three restriction enzymes
(Sau96l, BstYl, Haelll) by direct digestion of amplified cDNA copies or by deduction of the
restriction patterns from known sequences. Digestion with Sau961 and Haelll identified restriction
sites commonly used for all, or mostly for all, strains of rotavirus studied, whereas BstY | was the most

discriminating among rotavirus strains.
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2.11.9. Reverse transcription loop-mediated isothermal amplification (RT-LAMP)

Nemoto et al. (2015) developed RT-LAMP for detection of equine rotavirus targeting P [12], the most
predominant P genotype worldwide. The results indicated that the RT-LAMP assay was specific for
equine rotavirus and was found more sensitive than semi-nested RT-PCR. Because RT-LAMP is easy
to perform without the need for a thermal cycler or gel electrophoresis, so the RT-LAMP assay should

be applicable to diagnosis of equine rotavirus infections in diagnostic laboratories.

2.11.10. Hybridization assays

The assessment of the genetic variability of rotavirus by hybridization assay, including blot techniques
such as Northern and Southern blot and also liquid assays, has been an alternative approach to PCR
assays. Most Northern blot and liquid hybridization assays have utilized cDNA or sSRNA probes
synthesized from all segments in a single hybridization reaction and thus limit the amount of segment
specific information available from the test (Nakagomi et al., 1992). Non-radiolabeled cDNA probes

have been used for G and P genotyping of bovine rotavirus A (Prasad et al., 2005).

2.11.11. Latex agglutination test (LAT)

LAT is in principle similar to ELISA test (Polpanich et al., 2007). Antigen or antibody is coated on
the surface of latex particles, which captures antibody and the target antigen, respectively. The test
has been applied for the detection of a wide range of targets, such as bacteria, virus, hormones, drugs
and serum protein (Park et al., 2004). Latex particles are made of synthetic rubber and emulsified as
billions of micelles of the same size of a desired diameter. Usually the size of particles ranges between
0.05 to 2um in diameter, and the presence of sulfate ions provides an inherent negative surface charge
to the particles (Perez-Amodio et al., 2001). This prepared latex particle can be further functionalized
by special processing, such as amidation, amination, carboxyation, hydroxylation or magnetization,
to increase their binding stability and analytic attachment depending upon the purpose of test (Perez-
Amodio et al., 2001). The latex agglutination test is frequently employed in diagnostic lab. because it

can be a semi-quantified test and is relatively cheap with rapid turnaround (Gurjar et al., 2008).
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Caution should be taken in interpreting marginal results as false positive/negative results frequently
occur due to non-specific binding or interference (Polpanich et al., 2007).

2.12. Treatment

There is no specific treatment for rotaviral infections. Treatment is based in providing supportive care
and managing clinical signs and potential complications. In livestock and companion animals, fluid
administration is essential to replace losses from diarrhoea or vomiting, to correct acidosis and to
restore electrolytes imbalance. Adequate sodium concentration and appropriate glucose to sodium
ratios are the most important components of an efficient rehydration solution (Lorenz et al., 2011). In
young animals, administration of fluids can be performed by means of oesophageal catheter; in older
animals, intravenous administration is preferable. In affected piglets, administration of a plasma
protein mixture, consisting of immunoglobulins, growth factors and other biologically active peptides,
has been advocated to enhance small intestine recovery (Corl et al., 2008).

2.13. The Zoonotic Potential of Rotavirus

Rotaviruses have a wide host range, infecting many animal species as well as humans. As it was found
that certain animal rotavirus strains had antigenic similarities to some human strains, speculation
increased about whether animals play a role as a source of rotavirus infection in humans. There is
however an alternative view that animal rotaviruses can indeed infect humans and cause disease
whenever the chance exists. This is based on the identification of unusual rotavirus types, with
properties of strains more commonly found in animals, which were isolated from various cases of
human infection. These unusual human rotavirus types may have arisen either as whole virions or as
genetic re-assortants between human and animal strains during co-infection of a single cell (Gorziglia
et al., 2006). The segmented nature of the genome suggests that, like other viruses with segmented
genomes such as influenza virus, rotaviruses are able to form new strains by a mechanism of re-
assortment. Re-assortment can occur when two rotaviruses of two different strains infect the same
cell, and during replication and packaging they exchange genome segments (Ramig, 2002). The 11
genome segments of the parental virus strains can theoretically re-assort into 2048 (Flores et al., 1983;
Ramig, 2002) different possible genome constellations, if re-assortment is random.
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Gouvea and Brantly (1995) hypothesized that rotaviruses exist as mixed populations of reassortants,
and that re-assortment was the driving force behind diversity. A prerequisite of diversity is co-
circulation of many different rotavirus types in a population; and more diversity, and more frequency
of uncommon strains, is seen in years with the highest number of co-circulating strains (lturriza-
Gomara et al., 2001; Jain et al., 2001). Gouvea and Brandtly considered that mixed populations of
rotaviruses are being continually propagated in human and animal hosts, resulting in new and diverse
progeny populations of rotavirus. With regard to new rotavirus strains arising through re-assortment,
a concept of zoonotic genes may be developed. These can be defined as genes originating in animal
rotaviruses which can interact with genes of human rotaviruses, to form infectious rotavirus particles

which are serially propagated in the human population (Cook et al., 2004).

Until recently, specific rotavirus types have been associated with specific animal species. For
example, human rotaviruses most commonly belong to G types 1- 4 and P types [4] and [8] (Gentsch
et al., 2011), whereas bovine rotaviruses most commonly belong to G types 6, 8 and 10 and P types
[1], [5] or [11] (El-Attar et al., 2002). The rotaviruses have been characterized, the host species
specificity of P and G types has become less distinct. Human group A rotavirus strains that possess
genes commonly found in animal rotaviruses have been isolated from infected children in both
developed and developing countries. Strains such as G3 (found commonly in species such as cats,
dogs, monkeys pigs, mice, rabbits and horses), G5 (pigs and horses), G6 and G8 (cattle), G9 (pigs and
lambs), and G10 (cattle) have been isolated from the human population throughout the world
(Desselberger et al., 2003).

G and P type combinations which are found in man have also been found in animal species. For

example, G10P[11] was found in American and Canadian cattle by Lucchelli et al. (1994). and in
Indian cows and buffaloes by Gulati et al. (1999) G3P[6] and G4P[6] were found in pigs in Poland
and the USA by Winiarczyk et al. (2002) and G1P[8] and G5P[8] were found in pigs in Brazil by
Santos et al. (1999). The emerging G9 strains 26-28 may have arisen in humans through transfer from

animals. They have been found in lambs and pigs (Koch-institut, 1995; Santos et al., 1999).
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In humans, they appear to cause more severe symptoms than the common rotavirus strains, (Cubitt et
al., 2000; Widdowson et al., 2000), which might be due to less immunity to these emerging strains,
or to greater virulence being conferred by their genetic makeup. Several studies have indicated
symptomatic infection of humans by animal viruses. Nakagomi and Nakagomi, (1989) reported that
almost all gene segments of a rotavirus G3 strain (AU228) isolated from a child with a pet cat were
identical to those of a feline rotavirus strain (FRV-1). Strains very similar to this may have become
established in humans (Nishikawa et al., 1989). A three week-old baby in an Israeli household which
had a young dog (< 6 months old) was infected with an animal rotavirus G3 strain (Nakagomi et al.,
1992). Das et al. (1993) reported that a G8 rotavirus which had widely circulated in newborn infants
in India, causing asymptomatic infection, had VP7 and VP4 gene sequences which were identical to

those of a bovine rotavirus strain.

Nakagomi and Nakagomi (1989) considered that available evidence suggested that whereas some
feline and canine rotavirus strains have spread into human populations as whole virions, bovine
rotaviruses were involved in re-assortment with human rotaviruses, leading to the emergence of
unusual strains in various parts of the world. Apparent dual infection with human and animal
rotaviruses has been observed Nakagomi and Nakagomi,(1989) recovered G1P[5] and G1P[8] strains
from an infant with severe diarrhoea. The G1P [5] rotavirus was genotypically similar to bovine
strains. It was not isolated from the infant in high titre, and possibly had little if any effect on the

child’s disease. Nonetheless it would have had the potential to reassort with the co-infecting strain.

2.14. Control and Prevention of Rotavirus Infections

Rotaviruses are very infectious and comparatively resistant to inactivation by chemical disinfectants
and antiseptics. Control and prevention measures against rotavirus infection are not so easy for its
mass distribution and tendency to stability in different climate situation and are shed in high
concentrations in faeces of infected animals. The primary strategy to reduce the burden of rotavirus
infections is vaccination. Vaccination protocol differs from the approaches implemented to protect

infants and children against rotavirus disease (Martella et al., 2010b).
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In humans, the primary objective is the reduction of maternal antibody level by the age of 4-6 months,
active immunity induced by vaccination is elicited to last during the first few years of children lives
when the risk of severe infections is the greatest (Doro et al., 2015). In order to decrease the incidence
of disease in the herd, a good producer should maximize colostrums transfer, increase environmental
sanitation, reduce stressors such as overcrowding or poor nutrition and vaccinate bred cows for

rotavirus at 60 and 30 days before calving (1zzo et al., 2011).

First-milking colostrums are source of nutrients and of passively absorbed maternal antibodies, critical
to protect the newborn calf against infectious disease in the first weeks and months of life. The calf is
born without most antibodies, including those that fight the infectious agents which cause diarrhea.
The calf will acquire these antibodies only from colostrums (Edwards et al., 1982). Because of this,
any effort to prevent diarrhea by vaccinating cows is wasted unless the calf actually receives
colostrums, preferably before it is two to four hours old. As the calf grows older, it rapidly loses its
ability to absorb colostral antibodies. Colostrums given to calves that are more than 24 to 36 hours
old are practically useless; antibodies are seldom absorbed this late in life. The neonatal calf should
ideally receive 2 to 3L (for beef calves) or 3 to 4L (in dairy calves) of colostrums within the first 6
hours after birth. The colostrums contains antibodies, immune cells (neutrophils, macrophages, T and
B cells), complements, lactoferrin, insulin-like growth factor-1, transforming growth factor,

interferon, and nutrients (Larson et al., 2004).

To improve the passive immunization of calves against rotavirus and corona virus as well as against
different strains of E. coli vaccination of the pregnant dam can be proposed. Usually cows are
vaccinated twice (6 to 8 and 2 to 3 weeks) before parturition to stimulate the production of specific
antibodies. The primary function of colostrums is to enhance the calf’s immune system through the
passive transfer of both antibody and cell-mediated immunity. Ideally, calves should receive
colostrums from their dams although colostrums from several cows is often mixed and administration
of colostrums feeding is the transmission of BVDV, bovine leukemia us, an John’s disease that can

be spread by infected or purchased colostrums (Berge et al., 2006).

34



Specific 1gG present in colostrums may protect against the more common Enteropathogens causing
calf diarrhea, such as rotavirus, corona virus and E. coli. Although vaccination of the dam prior to
calving may boost colostrums 1gG concentrations (Heckert et al., 2005; Lorenz et al., 2011).
Vaccinate the cows and pregnant heifers with any necessary calf diarrhea vaccines well prior to
calving. Vaccines that contain rotavirus, corona virus, and the K99 E. coli antigens can be helpful in
preventing calf diarrhea. These are best given to the cow prior to calving so it can make antibodies
and secrete them into the colostrums. When the calf ingests this enriched colostrums, it will be
protected against these major agents (Pithua et al., 2009). In animals, the concept of passive
immunization is based on maternal antibodies that are transferable through the placenta or are secreted
in the colostrum providing transient protective immunity to offspring against clinically manifest RVA
infection. Rotavirus vaccines have been developed to control the neonatal calf diarrhea associated
with rotavirus infection. Most of the commercial vaccines are combined with more than one agent
(Papp et al., 2013b).

Commercial RVA vaccines are administered parenterally to cows and sows during the late stage of
gestation, in order to elicit a strong maternal immunity that is readily conferred to newborn animals.
Some studies have demonstrated vaccine failure or breakthroughs that have been related to a number
of factors, including inadequate managing conditions of animals or antigenic differences between
vaccine and field RVA strains, even if vaccine and field strains shared partially their surface antigen
specificities (Saif and Fernandez, 1996). Moreover, optimum management and hygienic practices can
minimize the incidence of rotaviral diarrhea in farm animals (Holland, 1990; Steele et al., 2004). To
control secondary bacterial infection antibiotics and fluid and electrolyte therapy to restore the fluid
reserve, has to be given due importance so that the mortality rate in calves could be minimized (Steele
et al., 2004).
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3. MATERIAL AND METHODS

3.1.  Description of the Study Area

The current study was conducted in four selected areas of central part of Oromia, Ethiopia (Bishoftu,
Sebata, Holeta and Addis Ababa) from November 2018 to May 2019 (Figure 3). Fecal samples were
collected from four selected of dairy farms. There are many small, medium and large-scale dairy
farms in four selected area that supply milk and milk products to consumers of the town and
surrounding urban areas. These dairy farms contain either local or exotic breeds depending on the

scale of production.

Bishoftu town is found in east Shewa Zone, Oromia Regional State, located about 45 km South-east
of the capital city, Addis Ababa. The area is located at 9°N latitude and 40°E longitude at altitude of
1850 m.above sea level. According national meterology agence (NMA) (2016), annual rain fall of 866
mm of which 84% is in the long rainy season (June to September) with annual minimum and
maximum temperature of 11land 29°C, respectively. The domestic animals reared in Bishoftu town
are 30887cattle, 43138 poultry, 9322 equine, 9294 sheep and 4753 goats (Bishoftu City
Administration Agricultural Desk, 2014).

Sebeta town is located in the Oromia Special Zone Surrounding Finfinne (Addis Ababa) of Oromia
Region. The district is located 25 km south west of Addis Ababa at an altitude of 1800-3385 m above
sea level and at latitude and longitude of 8°55-8.917°N and 38°37-38.617°E respectively. It receives
an average annual rainfall of 1073 ml and has temperature that ranges from 11.3-28°C. It has a total
area of 102,758 km (SHFDO, 2018). According to the information obtained from Sebeta Hawas
district Administration Office (2018), both livestock rearing and crop production are the main
economic activities of the majority of communities. The major livestock reared in the district include

cattle, sheep, goats and poultry.
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Holeta Town is located in the central part of the country, 31 km west of Addis Ababa in Oromia
Regional state, west Shewa Administrative Region. The area is bounded between latitude 8° 53 75”
to0 9° 14’ North and longitude 38° 21’ 40” to 38° 36 14” East. The Town has an area of 5550 hectares.
Holeta Town found at an average 2449 m above sea level. The annual mean maximum and the
minimum temperatures are 25.9 and 7.2°C, respectively (HTRADO, 2009).

Addis Ababa, the capital city of Ethiopia, lies at an elevation of 2300 m above sea level and is featured
by a grassland biome. It is geographically located at 9°1'48"N latitude and 38°4424"E longitude. It
has a typical highland climate with temperature ranging from 11°C-24 °C. Addis Ababa has a mean
annual rainfall of 1300 mm with bimodal distribution (NMA, 2016).
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Figure 3: Map of study area and sampling sites.
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3.2.  Study Population

The study was conducted in both apparently healthy cow calves and calves having clinical sign of
diarrhea namely profuse watery diarrhea, systemic dehydration and depressed during investigation.
Cow calves up to 30 days of age groups, all breed and sex reared under intensive management
conditions were included in the study. Diarrhea was considered if feces are semi-liquid to liquid, with
or without other abnormal characteristics such as presence of blood or mucous. Any calf with feces

without these characteristics was considered non-diarrheic or apparently healthy (Ammar et al., 2014).

3.3.  Study Design

A cross-sectional study was conducted in different dairy farms found in four selected site of (Bishuftu,
Sebeta, Holeta and Addis Ababa) central part of Oromia, Ethiopia from November 2018 up to May
2019. Information about the calves was gathered by interviewing farm owners and animal health
workers of selected study sites. The information collected were recorded on data collection sheet, and
then calves were clinically examined for presence of diarrhea or not and fecal samples were collected
for diagnostic testing as follows. At the time of sampling the name of the farm, date of sampling,
consistency of feces, age, breed, and tag number was recorded for each calf on proper recording format
(APPENDIX-I).

3.4.  Sampling Technique and Sample Size Determination

Before the commencement of the actual study, preliminary data were sourced from the respective
District Agricultural Office and dairy cooperatives to document the lists of dairy farm in to large scale,
medium scale, and small scale dairy farm to estimate the size of study population. The Study areas
were purposively selected and identified based on transport accessibility, geographical location and
on the abundance of dairy farms to get more calves. Clinically diseased and non-diseased calves were
sampled for isolation and characterization of rotavirus. The calves from the seven large scale dairy
farms namely; Genesis farm, Asterwaqu dairy farm, Mama dairy Farm, Sisay dimma dairy farm,
Haddish dairy Farm, Fantu dairy farm, Holeta agricultural research center dairy farm and a

representative random sample of calves from 680 medium and small scale dairy farm were selected
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for the study. The sampling units were both local and crossbred dairy calves aged between birth and
1 month. Farms were categorized in to small, medium and large based on the herd size of (5-20), (21-
50), and greater than 50 heads of cattle, respectively. In larger farms, a minimum of 10% of the all

calves in the farm were sampled.

Considering individual members of dairy cooperatives in each study location as a cluster, cluster
sampling method was used to select calves from medium and small scale dairy farm. In this study,
sampling frame for study herds was taken from the dairy cooperatives located in Bishuftu, Sebeta,
Addis Ababa and Holeta. A total of 680 medium and small scale dairy producers were registered in
the dairy cooperatives of study areas. Accordingly, 170 dairy producer were sampled by using
systematic random sampling technique (every 4™ dairy producer) from the documented sampling
frame. When a selected dairy farmer did not have calf or no pregnant cows with due calving date in
the six month cohort period, it was then replaced by another dairy farmer mostly from the nearby area.
Sample size for cluster sampling was determined by adjusting the sample size calculated for simple
random sampling. The adjustment is the function of average cluster size and intraculster correlation,
and mathematically expressed as follows;
n’ =n[(1+ ((m -1)*p)]
Where; n’ = sample size for cluster sampling

n = sample size calculated for simple random sampling

m = average cluster size

p = intracluster correlation
However, in the present study the average herd (cluster) size (calves per each dairy farm) was 1.6. As
clustering was found small, the effect of intracluster correlation would be small and n’ would
approximate n. So the sample size calculated for random sampling was taken directly to be the sample
size for this study. To estimate the prevalence of bovine rotavirus in calves, sample size was
determined by using simple random sampling method (Martin et al., 1987; Thrusfield and Christley,
2018).

p= Expected prevalence
n= 1.96%(p) (1-p) d= Desired level of precision (5%)

o2 n= Sample size
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Using expected rotavirus prevalence 16.7% in central Ethiopia (Abraham et al., 1992), confidence
level of 95% and required absolute precision of 5%; a total of 214 sample size was determined for
medium and small scale dairy farm of selected study area. However, a total of 245 calves were enrolled
during the study period to enhance precision and to compare prevalence across different herd sizes.
Of which, 214 calves were from 680 medium and small scale dairy farm and 31 calves from seven

large scale dairy farms.

3.4.1. Collection of fecal samples

Fecal samples were collected in sterile tube after cleaning of the anal area with a paper towel and beats
by rectal stimulation with the index finger using disposable sterile plastic gloves (Ammar et al., 2014).
Approximately 30 grams of fecal material was collected directly from the rectum of calves using
disposable latex glove. Collected samples were placed into universal ice box containing ice packs and
transported to the virology laboratory at National Animal Health Diagnostic and Investigation Center
(NAHDIC), Sebeta and were stored at -80 °C until processing.

3.5.  Laboratory Techniques

3.5.1. Detection of bovine rotavirus antigen by ELISA

Multiscreen Ag ELISA Calf digestive (BIO K 314/1, Belgium) is the type a sandwich ELISA
capturing mixture of monoclonal antibodies (MAbs) against bovine rotavirus (BRV) was used to
detect BRV Ag in the fecal suspensions. These antibodies capture the corresponding Ag in the fecal
samples. The sandwich ELISA procedure was performed according to the manufacturer instruction
(Kit reference BIO K 314/1, Belgium).

The ELISA was performed to detect rotavirus Ag in the fecal samples. The 96 well plates provided in
the kit contained two different capture antibodies. Rows C, E, D, F, H and G were coated with
rotavirus specific capture antibodies and rows A and B coated with non-specific antibodies, which
acted as controls (positive and negative control). These control rows allow the differentiation between

specific immunological reaction and non-specific bindings so as to eliminate false positives.
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Feces were diluted in the dilution buffer provided in the kit. A volume of 100l of diluted sample was
added to corresponding wells of specific and non-specific antibody coated rows, respectively.
Similarly both the positive and negative controls were added to their respective well per plate. The
plate was incubated at 25°C for 0.5 hour and washed 3 times with washing solution (diluted in the
ratio 1:20 with distilled water) provided in the kit. Ready to use conjugate of rotavirus specific
monoclonal antibody labelled peroxidase was used as such and poured in 100l quantities per well.
The plates were covered with a lid and incubated at 25°C for 0.5 hour in a dark room and washed
three times with the provided washing buffer. Then 100 pl of the chromogen (tetramehtyl benzidine)
solution added to each well on the plate. The plates were then incubated for 10 minutes at 25°C without

covering and away from direct light.

Finally the reaction was stopped by adding stop solution (1M phosphoric acid) provided in the Kit.
The optical density was measured at 450nm after stopping the reaction with 50ul per well of stop
solution. The optical density was measured at 450 nm using an ELISA plate reader at 450nm
immediately after stopping the reaction with the stop solution. The test was validated using the
positive control and data sheet provided by the kit. The net optical density of each sample was
calculated by subtracting the reading for each sample well from corresponding negative control. Net
optical density (O.D.) = (O.D. of specific binding -O.D. of non-specific binding. The ELISA reader
was used to transfer optical density values to excel spread sheet of computer connected to the reader.
Even positive and negative reaction results in ELISA was decided based on color changes after adding
stop solution as well as calculating the optical density value. Blue color changed to yellow after adding
stop solution was recognized as positive and optical density value was > 0.15 Elisa units (EU) for

positive and < 0.15 Elisa units (EU) for negative to bovine rotavirus.
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3.5.2. Extraction of rotavirus RNA

Rotavirus RNA was extracted from the fecal suspension using QlAamp viral RNA mini kit (Qiagen,
Crawley, West Sussex, UK) following the manufacturer’s instructions. About 1g of fecal sample was
added to 1ml of phosphate buffer saline (PBS). The mixture was vortexed vigorously for 40 seconds
followed by centrifugation at 10,000 rpm for 5 minutes. All the supernatant (about 500ul) was

transferred to new tubes.

Briefly, 140 pl of original fecal supernatant was added in to 560 pl buffer AVL-carrier RNA in the
microcentrifuge tube, vortexed for 15 seconds to ensured efficient lysis and homogeneous solution,
then the incubated at room temperature (15-25°C) for 10 minutes to lysis viral particle. The solution
was centrifuged to remove drops from the inside of the lid then 560 ul ethanol (96%) was added in to
the sample, mixed by vortexing for 15 seconds and again centrifuged the tube to remove drops from
inside the lid. Then 630 pl from the solution was taken and pipetted in to the QlAamp Mini column
and centrifuged at 8000 rpm for 1 minutes and the filtered was discarded. This action was repeated

twice.

Then 500 pl buffer AW1 was added to QlAamp Mini column and centrifuged at 8000 rpm for 1 min.
The filtrate was discarded and the column was placed in a fresh 2ml collection tube .Then 500ul of
buffer AW2 were added to the column then centrifuged at 14,000 rpm for 3 min and the filtrate was
discarded. Carefully the QlAamp mini column was opened and added 60 ul Buffer AVE equilibrated
to room temperature. Then 65ul of Buffer AVE was added to the column, equilibrated at room
temperature for 1 minute then centrifuged at 8000 rpm for 1 minute. Finally, the nucleic acid of the
virus was obtained. A double elution using 2 x 40 pl Buffer AVE was performed to increased yield.

Final extracted viral RNA was stored in -80°C for further processing.
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3.5.3. Viral isolation

All ELISA positive fecal samples were taken forward for virus isolation. Approximately 1 gram fecal
sample was mixed with 9 ml sterile PBS containing antibiotic. The fecal suspension was then
centrifuged at 800 rpm for 15 minutes. The supernatant fluids contain rotavirus positive were filtered
through 0.45 pm membrane syringe filter and filtrates were mixed with an equal volume of Dulbecco's
Modified Eagle Medium (DMEM) containing 5% fetal calf serum (FCS) and 10 pg/ml crystalline
trypsin and incubated at 37°C for 60 minutes. After incubation, one ml of the mixture was inoculated
into the culture flasks with confluent monolayer of Madin Darby bovine kidney (MDBK) cell lines
and kept for 1hour incubation to adsorption virus. After the adsorption at 37°C for 1 hour, the cells
were washed three time with plain of DMEM maintenance media and incubated at 37°C in a
humidified incubator having 5% CO2. Monolayers were observed daily for development CPE for five
days and viruses were sub-cultured blindly every two days after being subjected to 3 cycle of freezing
and thawing. CPE was observed after 48 hours in positive case and it was characterized by a
destruction of the monolayer cell, cell rounding and infected cells were disrupted and detached from
the flask. Cells showing characteristic CPE were harvested by freezing and thawing thrice and
centrifuged at 16,000 rpm for 20 minutes at 4°C for the removal of cell debris. The supernatant
containing the virus was collected and stored at -80°C for further passages. If no CPE was observed,
the sample was considered as ‘no virus detected’ (NVD) and the culture was frozen at -80°C, then
thawed and centrifuged at 3,000 rpm for 10 minutes to collect supernatant for second blind passage
(P2). This was repeated for third passage (P3); and if no CPE was observed on the third passage after

48 hours inoculation, then the sample was considered negative for rotavirus.

3.5.4. Reverse transcription polymerase chain reaction (RT- PCR)

The RT-PCR reaction was performed by using a RT-PCR Kit (QIAGEN) for the confirmation of
bovine rotavirus A. Primers for the amplification of gene segments VP4 were synthesized (Table 7)
based on the previous study (Park et al., 2006). For the desired amplification of VP4 gene (880 base
pairs) of bovine rotavirus, optimization of PCR conditions was done by using the varying
concentrations of dSRNA, primers and Taq polymerase in RT-PCR reaction mixture with total volume
of 25 pl. Optimized reaction mixture for RT-PCR was dsSRNA 2.5 pl, PCR buffer 2.5 pl, dNTPs 2.5
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pl, MgC» 2.5 ul, Forward Primer F (10 pmol) 3.0 pl, Reverse Primer 10uM (6ul), DNase/RNase free
water 6 pl. Conditions for the amplification of VP4 gene of bovine rotavirus includes, before applying
RT-PCR reaction, 2.5ul of viral dsSRNA were denatured at 95°C for 5 minutes and chilled immediately
for 5 minutes. Then, reaction was carried out under the following conditions. RT-PCR was carried out
with an initial reverse transcription step of 60 minutes at 42°C, followed by PCR for activation at 94°C
for 15 minutes, 40 cycles of amplification (30 seconds at 94°C, 45 seconds at 55°C (annealing), and
45 seconds at 72°C (extension)), with a final extension of 7 minutes at 72°C. To analyze the PCR
product, agarose gel electrophoresis was performed. For this, 1.5% gel was prepared and 1 pl of 100
base pair (bp) ladder along with the PCR product was run at 110 volts for 45 minutes. The size of the
PCR product for VP4 gene (880 bp) was illuminated in a gel documentation system and a photograph

was taken.

Table 7: Primer details.

Primer Primer sequences Size of amplicons Melting Temp Primer Length
VP4-F TGGCTTCGCTCATTTATAGACA 880 bp 54.2 22
VP4-R  ATTTCGGACCATTTATAACC 880 bp 47.4 20

3.6. Data Management

The collected data were entered in Microsoft Excel. The contingency table was used at 5%
significance to assess the differences among the proportions of fecal samples positive to rotavirus
variables such as age group and sex of the animals studied by using Chi Square. Quantitative data was
coded and entered in a computer spread sheets and the Stata 13 software was used for the data analysis.

3.7. Ethical Considerations

All procedures for this study was approved by the Animal research ethics and review committee of

College of Veterinary Medicine and Agriculture, Addis Ababa University.
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4. RESULTS

In total, 245 diarrheic and non-diarrheic fecal samples of calves and their relevant herd and farm level
information were collected and analyzed to determine the prevalence of rotavirus infection in dairy
calves, in central part of Oromia, Ethiopia. Among 245 calves, 83 (33.88%) had diarrhea and 162
(66.12%) had no diarrhea at the time of sampling. The overall prevalence of rotavirus infection in
calves less than four weeks of age was estimated as 2.45% (6/245) by antigen capture sandwich ELISA
(Figure 4) in selected dairy farm.

Positive samples Negative samples
Figure 4: Results of ELISA in a Plate.

All the arrow with yellow color indicated the positive sample and non-arrow with yellow color

positive control while arrow with white color was negative control.

45



When the results was calculated separately for the two groups of calves (i.e. diarrheic and none
diarrheic calves), a prevalence of 7.23% (6/83) of rotavirus was observed in diarrheic calves and all
none diarrheic samples were negative (0/162, Table 8). Distribution of antigen positive samples
corresponding to ages, breed and sex of calves were shown in Table 8. The results indicate a
prevalence for calves in the first week of ages was 4%. This shows that new born calves of 1-2 weeks
of age were more susceptible to rotavirus infection. But the observed rotavirus prevalence in different

calve ages were not significant (P> 0.05).

Current research showed that the males were more susceptible to rotavirus infection as compared to
female calves. A higher prevalence of 6.2% (5/81) was associated with male calves, while a
prevalence of 0.6% (1/164) was recorded in female calves. The prevalence were significant for
rotavirus between male and female calves (Chi-square = 7.0239; p = 0.008). A higher prevalence
(4.9%) of rotavirus Ag was observed among calves fed colostrum’s from 30 minutes to 2 hours
compared to calves given colostrum’s within 30 minutes of birth (0 .8%). New born calves of cross
breed cows were more susceptible to rotavirus infection than local breed (1.4%). The result showed a
prevalence of cross breed was 2.9%. The rotavirus prevalence was not significant (P> 0.05) for breed
and between times of colostrums feeding. The current study indicated that the prevalence of rotavirus
infection was higher in Sebeta (4%) as compared with other selected site. The rotavirus prevalence

was not significant (P> 0.05) between the selected locations.

Calves floor area was concrete, more susceptible to rotavirus infection than the calves floor area was
brick or muddy. The result showed a prevalence of 2.8%. The rotavirus prevalence was not significant
(P> 0.05) between the calves floor area. The result indicated that 6.9% calves separated immediately
after birth from dam were found positive, whereas rotavirus was detected in 2.6% samples of calves
separated greater than 24 hours after birth from dam (Table 8). The prevalence’s were not significant
(P> 0.05) for rotavirus between the times of separations of calves from dam. See Table 8 for stratified

prevalence of other variables.
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Table 8: Distribution of bovine rotavirus in screened both diarrheic and none-diarrheic samples.

Distributions Level Number of Number Prevalence Chi P-
of calf samples of (%) square  value
parameters screened samples
positive
Calves Health Diarrheic 83 6 7.23 12.0048 0.001*
Non- 162 0 0
diarrheic
Sex Male 81 5 6.2 7.0239  0.008*
Female 164 1 0.6
Age 15 week 100 4 4 2.1263  0.547
2" week 106 2 1.8
3" week 18 0 0
4" week 21 0 0
Location Bishoftu 60 2 3.3 1.3771 0.711
Addis Ababa 123 3 2.4
Sebeta 25 1 4
Holeta 37 0 0
Breed Cross 174 5 2.9 0.0461 0.830
Local 71 1 1.4
Floor of the Concrete 179 5 2.8 0.4364 0.804
calves area
Brick 60 1 1.7
Muddy 6 0 0
First colostrum Within 30 132 1 0.8 43263 0.115
feeding  after minutes
birth Within 2 103 5 4.9
hours
Within 2-6 10 0 0
hours
Separation  of Immediately 29 2 6.9 42418 0.120
calves from after birth
dam <24 hours 71 0 0
>24 hours 145 4 2.6

NOTE: P value - Level of significance. Significant when P-value <0.05.

47



In this study, MDBK cell line was used to isolate the virus from all samples of Ag-ELISA test positive
samples. Out of 6 samples cultured on MDBK cell line, CPE was observed in 4 (66.7%) samples,
while CPE was not observed on the remaining 2 samples (33.33%) even on third blind passage. In the
first passage, infected cells did not show any CPE. But from second passage onwards the infected
cells started showing characteristic CPE. At 24 hours post infection (p.i,) the infected cells became
round and clumped. At 48 hours p.i, the cells were thin and round shaped. At 72 hours p.i, the cells

became small and majority of monolayer detached (Figure 5).

Figure 5: Characteristic CPE of rotavirus inoculated on Madin Darby bovine kidney cell
line.
Shows rounding and cell detachment from the flask and lysis of cells (indicated by arrow) against

respective controls (A).
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Out of 6 positive samples 4 samples were screened by RT-PCR for molecular characterization due to
the non-availability of sufficient quantity of fecal sample in the remaining samples. RT-PCR
amplification of the 880 base pair fragment of the VP4 gene in the four samples that developed a CPE
allowed to confirm the presence of rotaviruses (Figure 6). The Ag-ELISA negative calves sample and
negative on cell culture did not amplify by PCR. After RNA extraction and RT-PCR was done for
amplification of VP4 gene. Out of the 4 fecal samples examined by RT-PCR technique, all samples
were identified as positive (100%) and as expected, length of VP4 gene (880 bp) was generated for

rotaviruses (Fig.6).

Figure 6: cDNA band corresponding to rotavirus VP4 genes detected on agarose gel.

From left to right: Lane M, Molecular weight markers; Lane P, is positive control; Lane N, is negative

control; Lane 1,2,3,4, is positive sample.
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5. DISCUSSIONS

Newly born calves represent worldwide an important source in livestock production for meat or
breeding i.e. replacement stock (Radostits et al., 2007). These industry faces many series disease
problems like calf diarrhea, which usually affect it dramatically. Neonatal calf diarrhea is a prime
disease affecting newborn calves leading to morbidity and mortality in newborn calves, causing
economic losses due to the costs of treatment, diagnostics, weight loss or death in infected animals
and poor growth performance. A crucial period for these calves is the first few days following birth.
In developing countries like Ethiopia, domestic animals are the major income source for poor families.
These families suffered badly due to the neonatal calf mortality curse. Among numerous viral,
bacterial and parasitic causative agents, bovine rotavirus is the foremost cause of neonatal calf diarrhea
in domestic animals. The cause of neonatal calf mortality is specifically related to group A bovine
rotaviruses (Estes and Kapikian, 2007). Fecal contamination plays an important role in transmission
of rotavirus infection and the infection is widespread globally in cattle populations. For the effective

control measures, prompt diagnosis of the disease is important (Dhama et al., 2009).

In the present study, 6 of 245 fecal samples screened using Ag-ELISA was positive for rotaviral
infection and all the positive animals were diarrheic calves while all the non-diarrheic calves were
negative. The prevalence was found to be 7.23% in diarrheic calves. This result is in agreement with
those reported by Prez et al. (1998) in Costa Rica (7%), Duman and Aycan (2010) in Turkey (8.5%),
Yilmaz (2016) in Turkey (8.92%), and Rajendran and Kang (2014) in India (5.5%). Higher prevalence
rate of rotavirus have been reported from many countries including Abraham et al. (1992) in Ethiopia
(16.7%), Ammar et al. (2014) in Algeria (14.63%), Kyle (2007) in Vietnam (15%) , Pisanelli et al.
(2005) in Southern Italy (16.8%), Jindal et al. (2016) in India (27.02%) and Uhde et al. (2008) in
Switzerland (58.7%). However, the result of this study is higher when compared to that reported by
Fiedler et al. (1982) in Oldenburg (1.96%). The discrepancy of results could be attributed to the age
and the sample size difference. Prevalence of rotaviral infection varies depending on the country and
region under study (Basera et al., 2010; Radostitis et al., 2007). All the 6 rotavirus positive samples
were from diarrheic calves under the age of 4 weeks. Similar results were recorded by Sharma (2004)

in bovine calves.
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The current result could suggest that male calves (6.2%) were higher susceptible for rotavirus infection
than female calves (0.6%). Other studies like Dash et al. (2011) and Sharma (2004) also reported
higher susceptibility of male bovine calves (20.37%) and (42.85%) in comparison to female calves
(12.76%) and (28.2%), respectively. The possible justification for this could be due to immune system
in that Odde (1988) reported higher anti-rotavirus 1gG concentrations for female calves compared to
male calves. It could be due to the managemental practices as in most of the dairy farms female calves
are better looked after than male calves. Previously, Ammar et al. (2014) and Dash et al. (2011) also
reported higher susceptibility of male bovine calves in comparison to female calves against rotavirus
infection. In line with this, Clement et al. (1995) noticed that males calves were more susceptible to
diarrhea as compared to female calves.

Age wise, the susceptibility of newborn calves of 1% week up to 2" weeks of age to rotavirus infection
were more than older calves. The occurrence of rotavirus in the fecal samples of diarrheic calves was
found to decrease with increase in the age of the calves. The finding of the present study is in
agreement with the earlier workers reported by Abraham et al. (1992), Jindal et al. (2000) and Singh
et al. (2009), higher occurrence of rotavirus infection in diarrheic calves were mainly restricted to the
first 2 weeks of life. Maximum prevalence of rotavirus diarrhea was observed in 5-21 days old calves
(Radostits et al., 2007). The 2 weeks old calves were the most susceptible to rotavirus infections,
which may be due to decreasing of passive immunity and the absence of the natural resistance against
infection. The 3-weeks-old calves are characterized by absence of rotavirus, this may be highlighted

by an increased natural resistance against infection (Ammar et al., 2014).

The results showed that the prevalence was slightly higher in the Sebeta (4%) than in Bishoftu (3.3%)
and Addis Ababa (2.4%) towns. This could be attributed to sample size of the areas and presence of
higher number of factories in the near farm that can be a source of contamination for animals. In the
present study higher prevalence was recorded in crossbred calves (4.2%) than local calves (2.8%) that
similar to previous report of Sharma (2013).
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In the present study, viral growth in cell culture was assessed by examining inoculated cells for CPE.
Out of 6 samples, Only 4 of the 6 Ag-ELISA positive samples established infection in MDBK cells
as determined by production of characteristic CPE on the second passage and it continued up to third
passages. The CPE observed were characterized by rounding, detachment as well as destruction of
mono-layer cell. The CPE produced in this study were in agreement with previous reports (McNulty
et al., 1977; Nagesha et al., 1985; Saravanan et al., 2006).

The RT-PCR technique confirmed the presence of rotaviruses in fecal samples that were previously
diagnosed by ELISA and growth in cell culture. The RT-PCR-based genotyping method used was
further confirmed to be a useful epidemiological tool and to determine the presence of rotavirus
nucleic acid by using specific generic primers for VP4 genetic regions in feces samples (Desselberger
et al., 2003). This study is comparable with previous reports, (Hammami et al., 1990; Reidy et al.,
2006).
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6. CONCLUSION AND RECOMMENDATIONS

The present investigation was undertaken to investigate the prevalence, isolation and characterization
of rotavirus in calves lessen than one month of age at different selected farms in central Oromia. The
effect of age, sex, breed and house floor of calves on prevalence of diarrhea was also studied. Using
Ag-ELISA, 6 samples were identified as positive, and all of the isolates were obtained from diarrheic
calves in the 1% and 2" weeks of age. The result indicated that there is an association between rotavirus
detection and sex of calves in that the prevalence of rotavirus is higher in male calves than female
calves. In addition, the prevalence is higher in calves kept in concrete floor, these fed colostrum later
(within 2 hours) as well as in local bred calves and in calves separated from their dams immediately
after birth. When the 6 Ag-ELISA positive samples were cultured on MDBK cell line, only 4 samples
showed cytopathic effect (CPE). Observational study and questionnaire survey also indicated that only
awareness of the advantage of colostrum feeding is not enough, but also times of colostrum
administration to neonate calves are crucial for the ultimate development of immune status against
pathogens including rotavirus infection. Calving areas should have well-drained grass lots or pastures
visible from the barn area and calving areas should be selected or landscaped to allow for adequate
drainage. Enteric disease like rotavirus infection is a vital health problem in calves that interrupts
production benefits with reduced weight gain and increased mortality, and the virus potential for its
zoonotic spread, it is imperative to determine the disease burden and responsible risk factors. This is
very useful to execute effective preventive measures such as practicing early colostrum feeding in

newborn calves, vaccination in dams and improving livestock management.

Based on the above conclusion the following recommendations were forwarded:
» Awareness creation for researcher and government regarding the effect of rotavirus infection
in calves health and growth performance and national economy is very important.
» Further study of rotavirus infection in calves covering larger areas of the country need to be
conducted so that representative information of the circulating strains cloud be generated and

understood. Availability of such data are critical for control of the disease.
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8. ANNEXS

ANNEX-1 Record Format for Calf Diarrhea

Date---------------------
Sampling format for calf diarrhea
l. OWNErs NAME-==-==========s=smmmmeeememeceecem e
. Location
I1. Farm name----=---======ccmeommemmmm oo
IV.  Sample ID--------mmmmm oo
V. Address-district/PA--------=-=-=-=mnmmmmmmm oo
VI.  General information
Calf ID--------------=----- Sex------------- Age------------- Breed-------------
VII.  Sample type: Feces
VIII. Floorofthecalfarea........................
IX.  First colostrum feeding after birth............................
X. Separation of calf from dam
XI. Apparent health condition of the calf- e
XIl.  Remark------------ e ELEE R R EE e
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ANNEX - Il Principle of the ELISA Test

In this test, the entire microtitration plate is sensitized with a mixture of antibodies that are specific
for the pathogen (see the diagram on the last page). These antibodies capture the corresponding
pathogens in the faecal samples. The faecal material is diluted in dilution buffer and incubated on the
microplate for 1/2 hour at 21°C +/ - 3°C. Positive and negative controls are also deposited on the plate.
The plate is incubated and washed and then ready-to-use conjugates are added to the wells. The choice
of conjugates is left up to the user. The diagram on the next page gives an example of the arrangement
of samples and conjugates on the plate. Following a second incubation for 1/2 hour at 21°C +/- 3°C,
the plate is washed again and the chromogen tetramethylbenzidine (TMB), is added. This chromogen
has the two advantages of being more sensitive than the other peroxidase chromogens and not being
carcinogenic. If the pathogens being sought is present in the faeces, the corresponding conjugate or
conjugates remain bound to the corresponding micro wells and the enzyme catalyses the
transformation of the colourless chromogen into a blue compound. The intensity of the resulting

colour is proportionate to the titre of the pathogen in the sample.

ANNEX- Il Composition of the Kit

v Microplate: 96-well microtitration plate. The entire plate is sensitised by antibodies specific
for the 2 pathogens for which the test is designed.

v Washing solution: One 100 ml bottle of 20 X concentrated washing solution. The solution
crystallises spontaneously when cold. If only part of the solution is to be used, bring the bottle
to 21°C +/- 3°C until all crystals have disappeared. Mix the solution well and take up the
necessary volume. Dilute the buffer 1:20 with distilled or demineralised water.

v" Dilution buffer: One 50 ml bottle of 5x colored and concentrated buffer for diluting samples.
Dilute this concentrated dilution buffer 1:5 with distilled or demineralised water. If a deposit
forms at the bottom of the container filter the solution on Whatman filter paper.

v' Conjugate: 2 X 12 ml vials of coloured conjugate.The specificity of each conjugate is
indicated on the bottle. The reagents are ready to use.

v" Positive control: 1 vial containing 3 ml of the positive control. The reagent is ready to use.

v Negative control: 1 vial containing 3 ml of the negative control. The reagent is ready to use.

74



v" Single component TMB: One bottle of the chromogen tetramethylbenzidine (TMB). Store
between +2°C and +8°C.protected from light. This solution is ready to use.

v" Stop solution: One bottle of 1 M phosphoric acid stop solution. This reagent is ready to use.

ANNEX- IV Procedure of ELISA Test

1- Bring all the reagents at 21°C +/- 3°C before use.

2- Dilute faecal samples volume per volume into dilution buffer. This is a qualitative dilution only,
which must allow the pipetting of faecal suspensions. Discard any gruds by natural decantation
for about 10 minutes. Do not centrifuge the suspensions.

3- Remove the microplate from its wrapper.

4- Pipette the diluted samples into the wells at the rate of 100 pl. Take care to change pipettes
between two different samples. The arrangement of samples on the plate must be set by the user
according to the number of faecal samples to test and the valences selected for each sample.
Distribute the positive and negative controls over the plate as well (one well per valence tested).
The control solutions are ready to use. If the distribution scheme for the samples and conjugates
is complicated, fill out the layout forms.

5- Cover with a lid and incubate the plate at 21°+ 3°C for 1/2 hour.

6- Rinse the plate with the washing solution prepared as instructed in the section “Composition of
the Kit”. To do this, dispose of the microplate’s contents by flipping it sharply over a container
filled with an inactivating agent. Let the microplate drain upside-down on a sheet of clean
absorbent paper so as to eliminate all liquid. Add 300 ul of the washing solution, and then
empty the plate once again by flipping it over above the containment vessel. Repeat the
entire operation two more times, taking care to avoid the formation of bubbles in the microwells.
After the plate has been washed three times proceed to the next step.

7- Add the ready to use conjugates into the wells at the rate of 100 ul per well.

8- Cover with a lid and incubate the plate at 21°+ 3°C for 1/2 hour.

9- Wash the plate as instructed in Step 6.

10- Add 100 pl of the chromogen solution to each well on the plate. The chromogen solution must
be absolutely colourless when it is pipetted into the wells. If a blue colour is visible, this means

that the solution in the pipette has been contaminated.
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11- Incubate 10 minutes at 21°C +/- 3°C without covering and away from light

12- Interpret the results visually by checking for a blue colour, unless you want to record the
signals using a plate reader. In the latter case, skip to Step 13 and stop the reaction with the stop
solution (read in the yellow range).

13- Add 50 pl of the stop solution to each well directly from the bottle. The blue colour will change
into a yellow colour.

14- Record the optical densities using a plate reader and a 450 nm filter. The readings must be
made as soon as possible after applying the stop solution, for in the event of a strong signal the

chromogen can crystallise and lead to incorrect measurements.

ANNEX-V Interpreting the Results

If spectrophotometer readings are made, calculate the net optical density of each sample by subtracting

from the reading for each sample well the optical density of the corresponding negative control.

Proceed in the same way for the positive control antigens. The test is validated only if the positive

control antigens yield difference in the optical densities at 10 minutes that are greater than the values:
Rotavirus > 1000

Divide the signal read for each sample well by the corresponding positive control signal and multiply
this result by 100 to express it as a percentage.
Delta OD Sample * 100

Val(ue) =
Delta OD positive

Using the following table, determine each sample’s status (positive, negative).

Rotavirus > =600 %
Any sample that yields a difference in optical density that is greater or equal than the percentages
above is considered positive for the valence in question. Conversely, any sample that yields a
difference in the optical density that is less than the percentages above is considered negative for the
valence in question. If the results are interpreted visually (reading of the blue colour), the samples that
produce a more intense blue colour than the colour in the corresponding negative control wells are

considered to be positive.
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ANNEX-VI: Miscellaneous photo During Study Period and Sample Collection.
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