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Chapter I

PLAN OF STUDY

The countrywide implementation of variocus livestoock
development and production programmes on an intensive manner
especially in cattle is seriously impaired by an increase in
the incidence of morbidity and mortality among young calves,
This malady due to various causes poses series of problems
not only in rearing cross-bred anl buffalo calves but also on
the economy of the livestock breeders,

The involvement of various viruses as aetioclogical
factors causing calf darrhoea leading on to morbidity and
mortality has not been fully investigated into, Some viral
diseases like rinderpest and foot~and-mouth are easily
recognised by their pathognomonic Symptoms while other viral
infections of respiratory and alimentary systems have not been
fully identified probably because of absence of olear-cut
disease symptoms

Despite several reports of viral involvement in this
malady of calf diarrhoea from other countries, not much work
has been done in India. In U.S,A, Olafson et al., (1946)
reported ob a highly contagious disease of cattle which was
called virus diarrhoea. Similar reports were made by



pritehard et al., (1956), Ramsay end Chivers (1953) in U,3.4.
and Oorrea ot al,, (1972) in Brasil.

Parbyshire et al., (1965) studied Adenoviruses affecting
respiratory and alimentary systems indueing diarrhoea and
paeumonia in calves, More investigatlon into dlarrhoea
disease of calves was encouraged by the recognition of Rota-
viruses as a cause of gastro-enteritis in calves (Almeida et al,,
1978), It was reported that Rotavirus in the presence of
other viruses and Eschericnia coli (B, coli) causes serious
soouring in neonatal calves,

Purther proof goes to show that reovirus-like particles
were reported to cause diarrhoea in newbarsm calves in
Nebraska in U,S.A., (Flewett et al,, 1974). A polyarthritic
disease of newborn calves in U.S.A, known as weak calf syndrome
was deseribved and Bovine viral diarrhoea (BVD) virus, Bovine
adeno type 5 (BA) were isolated from such ailing calves
(MeOlurkin and Coria, 1975).

Neonatal calf diarrhoea was extensively investigated
since it poses health problems (Morin et &l., 1974). Though
B, 0014 was oconsidered to be the main cause of neonatal calf
diarrhoea for several years, other agents like Chlamydia and
viruses sueh as BVD, IBR, Adenovirus, Parvovirus and Entero-
viruses were suggested as possible causes of the disease
(Morin et al,, 1974).




In India, Chandrasekaran and Balasubramaniam (1962)
reported on mugosal disease complex affecting buffalo calves

in Madras., Sapre (1962) reported that mucosal disease occurred

in eattle and buffaloes in all age groups irrespective of

sex causing low morbidity with high mortality. Similar

observations were made by Parmaik et al,, (1964) in a dairy
farm in Bombay, ZEnterovirus infections were identified as
mucosal disecse (MD) in Maharashtra, Himachal Pradesh and
Gwalior region (Nilakanian, 1963), Parainfluensa type 3,
Adenoviruses, Reovirus type 2, Entero and Rhinoviruses were
isolated from cattle (Datt and Raghavan, 1969; Raghavan and
Datt, 1973). The ebove reports olearly indicatedthat the
viruses as aetiological agents playecd significant role in
causing pneumonia and diarrhoea in young calves,

In order to gain more insight into the aspect of viral
astiology of calf morbidity and mortality, this work was
undertaken by attempting to isclate the viruses from the
throat and rectal swabs and dung samples collected from
diarrhoeiec and non-diarrhoeie, pneumonic and non-pneumonie
calves, in tissue oulture system using bovine calf kidney and
to identify and characterise them by applying various
techniques,
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Chepter II

REVIEW OF LITERATURE

Some of the enteric viral diseases in cattle like
rinderpest, foot-and-mouth disease are easily recognised by
their pathognomonic syndromes and necessary control measures
are already available to contain them, The agents causing
Bovins viral diarrhoea (BVD)/mucosal disease were not
involved in the calf scour syndrome (Woode and Bridger, 1975).
Calves under 3 months of age were not susceptible to BVD
(Olafson et al., 1946; and Olafson and Rickard, 1947)., But
there are other viral infections of respiratory and alimentary
systems especially in neonatal ealves whose involvement as
aetiological agents have not been fully and properly identified
and hence these ametiological agents of these infections are
not in the lime light as to their role in the causation of the
disease, Neomatal calf diarrhoea or calf scour and other
viral syndromes of neonates involving respiratory and enteriec
tragts leading to weak calf syndrome and calf mortality had
besn recognised as 1lporta:£ Daaun of economio loss (Millas,
1776). The economic loss is due to mortality which varies
between O to 80 per cemt but also to medical costs and poor
growth of calves (Voode and Bridger, 1975).
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1. Heonatal calf diarrhoea

(1) History and disease synirome: Neonatal calf diarrhoea
(NCD) or calf scour is an important dlsease syndrome causing
economic loss both in beef and dairy herds (Morin et al,, 1974
Woode and Bridger, 1975; England, 1977) and the discussion
here is limited to the roles of the neonatal calf diarrhoea

viruses, vis. Rotavirus and Coronavirus., KCD agcounted for a
greater toll of very young calves from birth to 2 weeks of

age (Amstuts, 1965; White et al., 1970). Although many
microbial organisms had been associated with the disease there
is dowbt concerning their role as causative agents and the role
of viruses has gained much importance in recent years,

Por several years E,coll was comsidered to be the main
cause of the disease (White et al., 1970; Morin et al., 1974;
VWoode and Bridger, 1975), but the diffioculty in reproducing
the disease with various E,c0li isolates by various workers
like Lambert and Fernelius (1963), White et al., (1970),

Mebus et al,, cited by Woode and Bridger (1975), made 1t doubt-
ful a8 to their role im all outbreaks of calf scours,

Other agents like Chlamydia and six viruses, vis,
Reovirus, Coronavirus, Bovine Viral Diarrhoea (BVD) virus,

Parvovirus, Enterovirus, Adenovirus, were suggested as the




potential mgents in the necnatal calf diarrhoea causing mixed
infection (Fernelius, 1973; Morin et al., 1974; MeClurkin,
1977). Even among the viruses reovirus-like agents, calf
Uoronavirus (Morin et al,, 1974} Woode and Bridger, 1975) and
Bovine Viral Diarrhoea Virus were considered to be the
primary viruses associated with neomatal calf diarrhoea,
sinecs they were the most often isolated ones (England, 1977).

In recent years reovirus-like agents and calf Coronavirus
were shown to be the primary cause of neonatal ealf diarrhoea
(Morin et al., 1974; Voode and Bridger, 1975; Holmes e} al.,
1974; Pastoret and Schoenaers, 1977; Almeida et al., 1978;
Marsolais et al., 1978),

The symptoms observed were rapid onset, depression,
watery yellow or yellowish green faeces (White et al,, 1970;
Morin et al,, 1974) and white to yellow coloured diarrhoeis
fasces (Woode and Bridger, 1975), the small intestine, caecum,
oolon and rectum were distended by a watery yellow content
with large amount of mucosal debris free in the intestinal
contents and with white membranes attached to several areas
of the intestinal mucosa (Morin et al,, 1974).

Histopathologically diminution of small intestinal villi,
progressive replacement of epithelium with sguamous and
cuboidal eells that lack brush borders were observed,

oy



Several villi were blunt and covered with vacuolated eolumnay
epithelial cells. The galf Coronavirus caused more severe
lesions with a greater dwarfing of tne villi and lesions were
also observed in the colon and mesenteric lymph bodea

(Morin et al,, 19743 Mebus et al,, 1973a; Woods and Bridger,
19753 Dubourguier et al,, 1973).

(11) Incidence: Calves with an acute febrile illness
sccompanied by rhinorrhoea and dlarrhoea had been recorded in
Oregon, U,S8,A, in maturally ocourring infection of calves
(Mattson, 19735)., QRanches in Hebraska and surrounding States
of America were troubled with diarrhoea in neonatal calf
for several years causing 90 -100 per cent morbidity with a
mortality rate upto 50 per cent, the causative agent being a
virus detected in 135 of 2357 faecal samples by fluorescent
antibody technique (White et al,, 1970). Electron
microscopic examination revealed Coronavirus like agents
(3tair et al,, 1972).

A reo~like neonatal ¢alf diarrhoea virus was demonstrated
in Denmaxk by fluorescent antibody staining in the intestinal
smear that dled of diarrhoea (Meyling, 1974) and Corona-
viruses were alsec implicated im Great Britain and Denmark
(Bridger et al, 1978). Neomatal ealf diarrhoea which was a

consistent problem of neonatal calves for two years was




recorded in a Quebes dalry herd causing 100 per odnt morbidity
with 25 to 45 per cent mortality, The cause was due to two
NHebreska WOD virus (Morin et al.,, 1974). Cases of acute
gastiroenteritis in young children reported in sustralia and
United Kingdom and outbreaks of diarrhosa in newborn oalves
that ocourred in Nebraaka and Berkshire were caused by human
infantile diarrhoea virus and Neonatal ¢alf diarrhoea reolike
(NOPR) virus respeotively and thesse viruses were found to be
indistinguishable from each other (Flewett et al,, 1974
Albrey and Muxphy, 1976). Outbreaks of diseases in cattle
with respiratory and diarrhoea sympioms in Japan were
reported to have been caused by new serotiypes of Reovirus
(Rurogl et al., 1974).

There were three serious outhreaks of enteritis in
newborn calves sinoce 1975 in North-Eastern Italy, mortality
recurring in each outbreak; and of the 256 serum saxples
oollected in the area which had shown episodes of gastro-
enteritis, 214 were positive for reo-like virus (Camcellotsi
et al,, 1976),

Diarrhoee in neonatal calves were reported in Frence in
which reo-like virus (oalf Rotavirus) was shown to be the
causative agent (Scherrer et al,, 1976). Similar reports of
meonatal calf diarrhoea were reported in Federal Respublio of



Germany in 1977 which were caused by Rota and Corona viruses
a8 reported In U.S,A,, Belgium, Oanada, England and New
Zealand (Dirkeen end Baghmann, 1977; Frey et al.,, 1979).
Fifityeight calves and yearlings were affected with dliarrhoea
in New Zealand and Enteroviruses and reolike viruses were
responsible for this ailment (Durham and Burgesa, 1977).
Yearlings and heifers were affected with scours in New Zealamd
and Adenovirus was reported to be reaponsible for suech
scourings (Thompson, 1977).

outhreaks of neonatal calf Marrhoea among 1354 calves
were reported in Canada; Pluoreseent antibody astaining
technique (FAT) and Elm'23')11"1»[*/s mioczroacoplo (EM) study revealed
Nebragke viruses as causslk (Mersclais et al,, 1978),

(111) Age and breed: HNeonatal calf diarrhoea was
reported to have ocoourred in Nebraska and surrounding States

affeating the calves from 12 hours to seversl weeks of age
(¥hite et al., 1970), Keonatal salves in 19 herds in Western
Nebraska wers affeoted with neonatal ealf diarrhoea in which
corons virus-like agsnt was deteoted (Ssair et al., 1972).
Ooourrence of neonatal ealf diarrhoea in % day old ealves

were reported in Quebec dairy herd., Neeropsy findings indicated
the presence of rem-like and eorona-like viruses (Morin et al,,
1974). Rotavirus was isoclated from 6 of 16 faeeal specimens



from newborn calves with gastroenteritis (scours) and a
morphologloal similarity to infant Rotavirus were desoribed
(Albrey and Murphy, 1976). Calf diarrhoea was observed in a
farm in New Zealand and sll eklves commenced scouring when
they were 1-4 days old (Burges and Simpson, 1976), Of the
40 galves studied, 350 per cent of the calves developed
diarrhosa befors 10 days of age (Aores et al,, 1975).
Outbreaks of virus diarrhoea affecting 3-6 months old were
reported (Kharlambiev et al,, 1976; Galiev et al,, 1978),

(1v) Seasgn: Infeotious ealf diarrhoea, & major problem
in besf and dairy herds was observed to affect calves during
all aeasons but it was mosat prevalent during winter months
(Amstuts, 1965), A field outbreak of diarrhoea in North
Central Nebraska had ocourred in March 1969 affecting the
young calves (White et al,, 1970). In September and October
1971, there ware outbreeks of virml diarrhosa in gattle herds
in Brasil causing 20 per cent mortality among affected eattle
(Correa ot al., 1972).

(v) Characteristies of astiological agent.

A. Rotaviruses

&) Physico-chemiocal features: The nucleic soid of calf
Rotavirus showed to contain RNA initiated by the imability of

5-10d0-2~de0xy uridine to inhibit the multiplication of the




virus at a concentration upto 500 ug/ml and also by
actinomyein D (Weloh and Thompson, 1973) the genome was
double stranded and segmented with a total mel, wt, of

1112 x 10% (Newman et al., 1975). Polyssrylamide gel
electrophoretic analysis of purified preparation of human and
calf diarrhoea virus indicated eight %o nine polypeptide
components (Rodger et al., 1975). Rotaviruses peewpy a
position between Reovirus and Orbivirus in their suscepti-
bility $o various inactivating agents, All the three
viruses were resistant to the aection of chloroform and ether,
Reovirus and Rotaviruses were stable at pH 3 and stabilised
by Mg ions for heat inactivation whereas Orbiviruses were

not (Welch and Thompson, 1973; MeNulty, 1978). Calf Rotavirus
was inagtivated when heated at 50°C in the presence of

1 N-}g 01, whereas reovirus was not (Estes et al,, 1979).

Preparation of calf Rotavirus agglutinated erythrocytes
from a variety of animals, A component on the outer capsid
layer of the virus was found to be responsible for haemagglu-
tination (Inaba et al., 1977; Fauvel et al,, 1978). Double
shelled partiocles agglutinated erythrooytes, but single-
shelled particles did mot (Fauvel et al., 1978). Further
it was reported that development of inmhibitoxrs in cell culture
olosely correlated with the decline in haemagglutinin titre



between days 2 to 7 rendering a tissue oculture isolate
harvested during the above period to an undetectable level
of haemagglutination aotivity (Inaba e% al., 1977).

b) Biclogieal and serological features: Experimentally

diarrhcea was produced in colostrum deprived calves by
incoulation of feecal material from field cases, Bacteria
cultured from the faeces of dlarrhoeioc ocalves 41id not cause

the 4isease, whereas basteria-free fascal filtrate did,

Further characterisation showed that it was similar to
Rpovirnsrin morphology but was serologically unrelated to
Reovirus types 1 and 3 and occupied a poaition intermediate
between Recvirus and Orbiviruses named as Rotavirus

(MoNulty, 1978) Newsan ¢4 al,, 1975,Dertyshire and Woods, 1979,

A review of aetliology, diagnosis and treatment of viral
neonatal diarrhoea in the calvea suggested that Retavirus
and Joronavirus play the leading role (Pastoret and
Schoenasrs, 1977). Rotsavirus infeotion ocourred oharacteris-
tieadlly in young animals and Rotavirus associated diarrhoea
oocurring in the first week of life had been desoribed in
calves (VWoode and Bridger, 1975; Holmes et al., 1974).

Comparative atudies had confirmed that the Rotaviruses
of human infants, calves, pigs and foals were morphologioally
indistinguishable from each other and from Episzootie
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diarrhoea of infant mice (EDIM) virus, S.A,11 virus and the
'0! agent (Kapikian et al., 1975; Flewstt et al., 1974;
Holmes et al., 1974; Sharpee and Mebus, 1975) and it was
Buggested that it might be possidle to immunise against the
human disease utilising the calf virus if the calf virus is
proved capable of infecting man without causing disease
(Kapikian st al,, 1975).

a) Electron microseopic demonstration of virus: Electron
niaroscopisc study of the virus revealed that intaot viral

particles were 60 nm to 66 nm in dlameter, They consisted
of an electron dense gentre about 36-38 nm in which short
eylindrical capasomeres Eadiated outwards, Attached to the
snds of these capsomeres an additional outer layer of
capsomeres gave an appsarange of & sharply defined rim
attached to short spokes upon a wide hub suggestive of a
wheel, The Rotavirus differod from Reovirus and Orbivirus
whioh did not possess the well defined ciroular outline
(Flewett et al,, 1974).

Eleotron microscopic atudy to implicate the presence of
virus as saetioclogical agent in a widely disseminated cases of
calf dlarrhoea was conducted which revealed the presence of
reovirus-~like particles from faeces and intestinal mucosa

of experimentally infected calf (Welch, 1971; Turner et al., 1973}




Vyn-Jones et al,, 1978), Sixtytwo specimens from sixty
patients most of them delow 5 years of age, were examined for
the presence of virus by electron mioroscopy. 66 nm Rotavirus
particles were demonstrated in 19 out of 35 patients with

acute gastroenteritis and from none of 25 patients with other
diseasses, BEchovirus type 7 and Adenovirus were detected

along with Rotavirus, Based on ths demonstration of virus
particles in 54 per cemt of the patients, it was concluded

that the Rotavirus may be an aetiologloal agent in infantile
acute gastroenteritis (Orstavik et al., 1974/Paniker gt al; 1977)

Electron mioroscopic examination of the faeces of calves
with diarrhoea revealed in 33 of 35 faeces samples reovirus-
like particles, corona virus-like particles and also the
presence of myxovirus and mycoplasma-like particles
(MeNulty et al,, 1975, 1976a). Of the T4 faecal samples
examined from natural oceses in field outhreak of neomatal
galf diarrhoea and from experimental animals by immune
eleotron microscopy and immunofluorescence, 98 per cent of the
reports were in agreement in diagnosing the presence of
virus (Bridger and Woode, 1975; Burges and Simpson, 1976;
England et al,, 1976).

A reolike-virus (ealf Rotavirus) was shown to be

assoclated with cases of neonatal calf diarrhoea in France,




By elegtron microscopy and immunoflucrescent studies virus
could be detected in more than 50 per cent diarrhoeic faecal
samples, which was closely related or identiecal to the

agent isolated in the United States (Scherrer et al., 1976).
Direct virological examination of faecea in calves of two
herds in the Federal Republie of Cermany revezled the
ogcurrence of both Rota and Uoronaviruses akin to the viruses
deseribed in U,3,A,, Belgium, Canada, England and New Zealand.
Rotavirus infection was fatal in one ‘ot the 14 calves,
Coronavirus infection g¢aused sickness in 10 calves and death
in 4 calves (Dirksen and Bachmann, 1977).

One hundred and thirty four samples were examined by
electron microscopy and fluorescent antibody technigue for
the detection of viruses associated with neonatal calf
diarrhoea. In 107 cases (80%) Nebraska virus had been
demons trated evidencing their role in the causation of calf
scouring (Marsolais et al.,, 1978; Almeida et al,, 1978;
Frey et al,, 1579).

d) Fluoresgent microsgopic demonstration of virus: The
virus which was capable of causing diarrhoea was detected by

the fluorescent antibody technique in 135 of 237fascal samples
collected on ranches from calves with diarrhoea and in
intestinal contents firom 14 of 22 dead calves (White et al,,1970).




Two Nebraska NCD virus were detected im the cytoplasm of

many absorptive cells of the small intestine from a calfl
submitted for necropsy and the disease was reproduced expari-
mentally in 2 day-old colostrum deprived calf with a bacteria-
free intestinal homogenate obtained from ths naturally infected
calf (Morin et al., 1974; Blackmer, 1376), in Denmark by
Meyling (1974), in Italy by Cancellotti et al,, (1976).

In an area where diarrhoea was causing heavy oalf losses,
Reovirus and Coronavirus were demonstrated by fluorescent
antibody tests on sections of small intestine and colon from
dead animals, The results of vaccination trial %o which all
calves born in a period were dosed with virus followed by a
period in whieh calves were not treated, gave more impressive
results, only 3 per cent mortality upto three weels of age
in the treated group compared with 22 per cent in the
untreated group (Blackmer, 1976).

Fluoresgcent virus precipitin test conducted on faeces of
thirty four ocalves and five infants for the presence of
neonatal calf diarrhcea virus and reovirus-like infantile
diarrhoea agent had revealed that fourteen celf stools
contained detectable neonatal ealf diarrhoea (NOD) virus and
four of the five infents' stools contained the reovirus-like
human agent (Peterson et al,, 1976).



e) Immunodiffusion demonstration of virus: Immuno-
diffusion test with polyethylenme glycol (PEG) appeared to be
more sensitive than electron microscopy which allowed guick
and early deteetions of Rotavirus antigen in faoecal materials

and in organs of ocalves that died of digestive troubles
(Ven Opdenboseh et al., 1979).

Sera from 266 infants and children were tested for
Rotavirus specific antibody in counier immuncelectrophoresis,
A dilute swspension of Rotavirus rich human fasces was used
as antigen, It reacted with rabbit antibody to a calf
Rotavirus but not with normel rabbit serum. A total of 182
sere (68,4%) were found %o be positive, The result indicated
that Rotaviruses were very common infectiows agents in
infants and preschool children (Jesudoss et al,, 1978;
Hohaumed e% al., 1978),

£f) Cell culture demonstration of virus: Attemptis to
isolate the reovirus-like particles in cell cultures were not
sucocessful (Orstavik et al., 1974; MoNulty et al,, 1975).
However, attempts were made to produce cytopathogenic virus
on e¢alf embryo kidney cells, secondary bovine kidney cultures
and Madin-Darhy Bovine kidney (MIBK) cells, The virus grew
in all these cells and CPE was produced eonasistenily only in
MDBK cells consisting of cytoplasmic vacuolation,
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eosinophilio intracytoplasmic inclusions, degeneration and
detachment of cells from the monmolayer (MeNuliy et al., 197T;
Lemeahev and Pilul, 1977; Welech and Twiehaus, 1973).

Rotavirus generally difficult to isclate and culture
in vitro was made possible by treatment of fasoal samples
ocontaining Rotavirus with %rypsin which enhanced the infecti-
vity of the virus resulting in inoreased virus spread and in
virus yleld (Babiuk et al.,, 1977)., Passaging the virus in
the culture in the presence of 5 ug/ml trypsin retained the
infeativity of the calf Rotavirus (Babiuk and Mohammed, 1978)
and pig Rotavirus (Theil ef al,, 19738)., The use of traces of
trypsin at a conceniration of 1 ug/ml was found to incirease
the growth by two log 10 in excess of 108 imnunofl uoresecent
units per ml, Such a technigue was used favourably for
isolating Rotavirus in continuous linn' of bovine kidney cells
(MDBE ), LLO-MK2, and He La cells (Clark et al., 1979).

g) Demomstration of virus by experimental reprodustion:

Ranghes in NeWraska and surrounding States had been troubled
with dlarrhoea in neonatal calves for seversl years causing
90100 per oent morbidity with a mortality rate upte 50 per
cent, Death ococurred in some calves before diarrhoea was
evident. Using the virus that was isolated from a field out-
break of dlarrhoea in bacteris-free calves typical meomatal
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calf diarrhoeca was reprodused charasterised bWy yellow and
liquid faeges (White et al., 1970).

Kewborn colostrum deprived calves imooculated by live
vacoine prepared with a reovirw-like calf diarrhoea agent
resisted $o the challenged virulent virus given 43-72 hours
after vagcination, Vagcination of the calves reduced the
frequency of diarrhoss, suggesting that exposure of small
inteatinal epithelium to virus was more important than
cireulating antibedy in producing resistance to the infestion
(Mebus e% al,, 1973b; Woode et al., 1978).

A virus isolated from cdlves with diarrhcea in England
waz inoculated in colostrum deprived and gnotabiotic calves,
All the calves developed diarrheea with reisclation of the
agent, On the Wasis of morphology, serclogy and pathogenesis,
it was found as reovirus-like agent (Woode et al., 1974}
Koves st al,, 1977).

Neonatal calf diarrhosa induced with several agents of
infection was studied by scanning eleotron mioroscopy.
Infection with E,e0li (pathegenic s¥rain) produced lesion
prineipally of the distal, fleum, small inteastine émﬂng
desquametion and puffinessg of miorovilli, whereas Rotavirus
caused stunting of and fusion of villi seenr prinoipally in the
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proximal and middle small intestine., The abomasum was
covered with abundant mucus film and appeared to be desquamated
(Yubourguier et al., 1978; Pearson et al,, 1973).

B, Coronavirus
a) Physico-chemical features: In cell culture the virus

was found to produce CPE in embryonic tissues of trachea., In
negatively stained preparations the viruses were sden to be
pleomorphie, enveloped particlea of the sisze of 120 nm in
diameter with large petal-shaped peplomers 15-20 nm long
(Fenner et al,, 1974). The fringe of projections resembled
the solar corona, The genome consisted of single stﬁmnd.d RHA
with a lipoprotein envelope multiplying in the eytoplasm as
evidenced by the presence of cytoplasmic inclusions (Fenner
et al,, 1974a).

b) Biological and serological features: Neonatal calf

diarrhoea (NCD) has been extensively investigated simce it is
known to be a major health problem in young calves causing
morbidity appreoaching 100 per cent and mertality varying from
20 to 45 per cent, Generally diarrhoea appeared at three days
of age. By the fluoresecent antibody tissue seetion technique,
reo-like and corona-like viruses were detected in the oytoplasm
of many absorptive cells of the small intestine. Reo-like



virus antigen was not detected in the absorption eells and
orypt oells of the colon but Coronavirus antigen was present
(Morin et al,, 19T4; Woode and Bridger, 1975). The

isolates on 1nnéu1nt19n in gnotobiotic colostrum deprived
calves produced diarrhoea in all the oalves with recovery
of the agent in the faeces (Stair et al,, 1972). ILeaions
induced by a bovine Coronavirus in gnotobiotic and colostrum
fed calves were studied histologically and electron micros-
copically, Lesions in gnotobliotio calves were present in
the c¢olon, mesenteric lymph nodes and all segments of the
small intestine, Calves killed at 4 hours after the onset
of diarrhoea had immunofluorescent epithelial cells on the
villl of the small intestine and surface of the colon,
Calves killed at 44 hours had shortened intestinal villi amd
cuboidal epithelial eqlln. The villi to arypt ratio
averaged 1,0 compared with 5.3 in the control calf (Mebus
ot al,, 1973b).,

Serum samples and ocolostrum obtained from 45 cows and
serum obtained from 20 fattening cattle, 15 suckling calves
of 10 days age, and 10 fattening calves aged 4-5 months were
screened for the presence of antibodies teo Coronavirus,
Antibody to Coronavirus were found in all the cows, fattening
cattle and calves aged 4-5 months and in all dut one sugkling
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calves. Colostrol titres were correlated with serum titres,
Antibody %o reo~-like virus was found in 93 per cent of the
cows and T0 per cent of the fattening cattle but only one of

suckling calves, It was concluded that mixed infection with
these two viruses were common but infection could occur with
Coronavirus alone (Zygraich et al., 1975).

¢) BElectron microscopic demonstration of virus: Under

electron microscope the viruses were found to be pleomerphic
enveloped particles about 120 nm in Aiameter with large 4
petal-shaped peplomers 15-20 nm long and quite narrow at the
base, No evidence of a spherical or tubular nucleocapsids
insidé the shell had been demonstrated (Femner et al., 1974a).

Coronaviruses were demonstrated by electron microscope
examination of the faeces and intestinal contents, In
neonatal calves with dlarrhoea in Great Britain and Denmark,
serially passaged samples in gnotoblotio czlves produced acute
diarrhoea and examination of large and small intestines
under EM revealed the presence of Coronavirus whioch were
morphologically and antigenically similar to bovine Coronmavirus
isolated in U,8, (Bridger et al., 1978). Samples of faeces
from calves aged 2-9 days with diarrhoea were homogenised,
centrifuged and the supernatant was centrifuged on saccharose

gradient, EM revealed virus particles resembling Reovirus,
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Uoronavizrus and Enterovirus in 5 of S samples (Bogatyrenke
et al,; 1976). Elestron microscopy along with fluorescent
antibody technique were used to detect Rotavirus and Corona-
virus in faeces from calves with diarrhoea. Of 134 saumples
examiped, Rota and Corona viruses were detected in 107 (80%)
(Marsolais et al., 1978),

d) Fluorescent microscopic demonsiration of virus: A
corona-like virus was demonstrated in 3 of the 15 calves
infeoted with feovirus-like virus and a nonpathogenic strain
of bovine virus diarrhoea virus (Acres et al., 1975).
Comparison of results cbtained by different procedures showed
that FAT? was specific and would be a useful additiom %o
avellable methods for identifying infections serologically
(Monto and Rhodes, 1977).

FAT was favourably employed to demonstrate the presence
of Coronavirus in the absorptive cells of small intestine
(Morin et al., 19745 Woode and Bridger, 1975) and in the
epithelial cells on the villi of the small intestine and
surface of the colon (Mebus et al., 1973a).

e¢) Haemadsorption-slution-hae ,utination demonstyation;
Bovine Coronavirus was detected in calf faeces by employing

haemadsorpticn-elution-haemagglutination assay, The method
aonsisted of adsorption of virus onto mouse erythrocyte
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at 4°C, removal of unadsorbed material and elution of
adsorbed viral material at 37°C, The elute was then used
in a heemagglutination test, The sensitivity of the test
appeared to be better than that of electron microscaopy
(Vanbalken et al,, 1979),

@, Other viruses

Electron microscopie study of faeces of 17 eraossbred
calves with scour during the winter months for several years
had revealed that only one calf of 17 showed the presence of
virus, In addition to Rota and Corona, a third type of virus
was present, This was small cubic virus of 30 nm in diameter
designated as Astro and Calici viruses (Almeida et al., 1978;
Woode and Bridger, 1978), Norwalk type, Small Round Virus
(SRV) were also found (Madeley, 1979).

Electron microscopic examination of faecal sample from
17 diarrhoeic lambs revealed the presence of 30 nm viral
particles in S lambs showing their surface structure arranged
in the form of six pointed star referred to as Astrovirus
(Snodgrass and Gray, 1977).



2. VWeak oalf syndrome

Besides neonatalcalf dlarrhoea, an idiopathic
polyarthritis popularly known as weak calf syndrome (WCS)
eould bring about a heavy loss in calf rearing enterprises,

i) History and disease syndrome: Weak calf syndrome
(WcS), a disease condition of neonatal calves, was first
observed in 1964 in the Bitterroot valley of Montana and more
recently the weak calf syndrome has been seen in Idaho, Utah,
Oregon, Colorado and Nevada (Tvanoff and Renshaw, 19753
MeClurkin and Coria, 1975) and had been known to exist in
the eastern Idaho, South-Western Montana area for 6 to 10
years (Cutlip and MeClurkin, 1975).

It was suggested that the gause of weak calf syndrome
was due to adverse environmental faotors, nutritional depri-
vation of the pregnant cow and/er microbial agents
(Ivanoff and Renshaw, 1975) bBut the study on maturally
oscurring infection of newborn calves revealed the preasence
of bovine Adenovirus type 3 (Mattson, 1973) and the
isolation of bovins Adenovirus type 5 from newborn calves
with polyarthritio disease (MoClurkin and Coria, 1975).
Experimental reproduction of the disease with bovine
Adenovirus type 5 (Cutlip and MeClurkin, 1975 MeClurkin
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and Coria, 1975) with bovine Adenovirus type 7 (Stauber and
Card, 1978) had revealesd that the causative agents were bovine

Adenoviruses.

The disease syndrome associated wish W03 infeoted with
bovine Adenovirus type 5 was that the affeoted aalves were
usually weak at birth, often unable to get up and nurase,
marked pyrexia, mild diarrhcea and sore leg joints (MeUlurkin
and Ooria, 1975). The disease was characterised by hasmorrhages
and osdema of subcutanscus tisaues of the knee and hook joints,
with %lowd tinged synovial fluid (Ivenoff and Renshaw, 1975}
MoCluxkin and Coria, 1975)., Haemorrhages and oedema of the
subserosa of the gastrointestinal traot was present and
mioroscopically haemorrhages were evident in the kidneys and
adrenal glands., There were multiple foei of necrosis and
oellular response with intranuelear inolusions in perivascular
cells in the kidneys and sadrenal glands (Cutlip and MeOluvrkin,
19751 Bulmer et al,, 1975).

The olinical skgns included in the nmaturally cceurring
infection of newborn ocalves with bovine Adenovirus type 3
were exceasive ocoular and nasal disoharge, tympanitis, celic
and diarrhoea (Mattson, 1973), dyspnoea, diarrhoss with
pyrexia; at necropsy, areas of consolidation of lungs, lywph-
adenitis wers reported (Darbyshire et al., 1965).
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Experimental infeotion of three, third frimesier foetuses with
Adenovirus type 7 associated with weak ocalf syndroms resulted
in pretera delivery of elinically ill-calves charssterised by

weakness, sevars depression and inability to stand and nurse,
Postmortem lesions were petichael and echymotic haemorrhages
and oedema of the gastro-intestinel trast, Histologleal
lesions inolmiied necrosis of the mucosa of the stomash, acute
non-suppurative focal nearosis of liver, kidney and adrenal
glands (Stauber et al,, 1976; Stauder and Card, 1978),

(11) Incidence: Weak calf syndrome, a disease condition
of neonatal calves was first observed in 1964 in the Bisterroot
Valley of Montana (Ivanoff end Renshaw, 1975).

Study of naturally ccourring infection of newborn calves
over a period of 4 ysars in Oregon had revealed that the
causative agent was & bovine Adenovirus type 3 (Mattson, 1973).
More reocently weak calf syndroms (WCS) was observed in Idaho,
Montano (MeOlurkin and Corlis, 1975), Urah, Oregon, Colorade
and Nevada affeoting 20 per cent of the calves (Ivanoff and
Renshaw, 1975) causing morbidity in 6 te¢ 15 per cent of the
calves in a herd and mortality 60 to 80 per cent of the
untreated celves (Cutlip and MeClurkin, 1975),



A viral agent designated Idaho-1 (Id-1) was isoclated
from the buffy coat of a calf with weak calf syndrome,
resembled Adenovirus type 7 (3tauber et al,, 1976),
Experimental infeation of calves with bovine Adenovirus type 5
isolated from weak calf syndrome ¢losely resembled lesions
seen in naturally occurring weak calf ayndrome of Easternm
Idaho and South-Western Montana (Cutlip and MeQlurkin, 19753
MeClurkin and Coria, 1978). Isolation of Adenovirus from
sgouring and ill-thrifty calves in New Zealand had been
reported (Thompson, 1977). |

(111) Age and breed; Serum samples from 919 (51.8%)
of the 1,771 grasing cattle were positive for Adenovirus
type 6 infection(Sato et al., 1969). Naturally oocurring
infection of newborn calves in a large beef herd which was
due to bovine Adenovirus type 5 had affected calvea between
1 to 4 week old (Mattaon, 1973), Observation on two week old
calves with pyrexia, diarrhoea and subssquent dehydration had

revealed that the causative agent was a bovine Adenovirus
(Bulmer et al,, 1975), Oealves becams affected with weak ocalf
ayndroms at birth to 10 days of age (Jutlip and MeOlurkin,
1975) had developed diarrhoea a few days after birth
(MoClurkin aend Coria, 1975), most calves had shown clinical

u'p- at birth and ths majority had signs between 3 and 7 days

B e -
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of age (Ivanoff and Renshaw, 1975), Observation of idsnovirus
infeotion in yearlings of Friesian heifers were reported in
New Zealand (Thompson, 1977).

(iv) Seasons: The study of Mattson (1973) on infeation
of newborn calvead owr a period of 4 years had revealed that
. tha disease began during the calving season and the incidence
washigh in calves during epizootios,

The percentage of weak calf syndrome affected calves
were high during inclement weather conditions (Ivanoff and
Renshaw, 1975) and cold and wet weather were beliesved o
influence the ocourrence and severity of the disease complex
(MeOlurkin and Caoria, 1979).

(v) Charagteristics of astiological agents.

Adenoviruses

The virus isolated from infeotion of newborn calves was

serologically identieal to bovins Adenovirus type 3, strain
WBRI (Mattson, 1973). The virus isolated from ¢alves with
naturally occeurring weak calf syndrome and experimentally
induced illness was identifisd by neutralisation technique
using homologous serum on Adenovirus type 5. Necropsy
findlnp indicated multiple intranuclear inclusions in the
interstitial oells of lamina propria of duodenum (MeClurkin
and Corie, 19753 Cutlip and MeCQlurkin, 1975), numerous large

gt
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amphophilic intramuclear inclusions in endothelial e¢ells of
blood vessels in abomasum, endothelial cells of adrenal
cortical sinusoids and glomeruli (Bulmer et al,, 1975;
Stauber and Card, 1978). The viral agent isolated from the
buffy coat of a oalf‘ suffering from weak c¢alf syndrome, on
culture on bovine salivary gland caused a CPE characterised by
rounding and elumping of cells, Stained preparations of
infected monolayers revealed multiple intranuclear inclusions,
resistant to chloroform, ether and sensitive to a temperature
of 70°C and was neutreal ised by Adenovirus type 7 antiserunm,
and the genome consisted of DNA (Stauber et al., 1976).

3. Qalf mortality

Jalf mortality is an important cause of economic loss
and the death of young calves may markedly increase the
produstion costs of both dairy and dairy-beef produsts,
Though faotors suwh as management and housing, adverse olimatie
conditions and/or nuitritional status of the calf are attri-
buted to the cause of morbidity and mortality, microbial agents
Play a vital role in causing calf mortality by causing
infection of either respiratory or alimentary system or both.
Among the miorobial agents the most common virus that affected
Pespiratory system causing great loss was Infectious Bovine
Rhinotrachitis (IBRT) virus (Bartha et al., 1974) and
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infection of parainfluensza virus 3 (P1-3) (Zebrowski et al,,
1973), The most common virus that affect enteric system
other than rec-like and Coronavirus which are cited elsewhere
were Bovine Viral Diarrhoea (BVD) virus (Lambert and
Fernelius, 1963; Nilskantan, 1963) and Enteroviruses (Dunne
et al,, 1974).

Adenovirus affected both respiratory and alimentary
system causing pneumeenteritis (Darbyshire et al., 1965;
mttﬂon. 1?”).

(1) History and disease synirome: Severe loss in herds
with febrile disease with respiratory symptoms caused by
Bovine Rhinotragheitis (IBR) were reported (Bartha et al,,
1974). Death of 15 animals were reported in an outhreak due
to IBR (Gibs et al., 1975) in Cyprus. The disease was
characterised by fever upto 41°C to 42°C, listlessness, serous
nesal discharge, foamy salivation, dyspnoea, dry cough
(Bartha et al., 1974), lacrimation, rhinitis (Grandel, 1974),
attaxia, blindness, respiratory symptoms and kerato-
conjunctivitis (Gibs et al., 1975).

Quthreaks of diarrhoea in a herd caused 50 per cent
morbidity with 20 per cent mortality in Brasil and the causative
agent was Bovine viral dlarrhoea virus (Correa et al,, 1972),
viral diarrhoea affected 35 of 4170 calves causing desath of 47




calves (Kharalambiev et al,, 1976). The disease syndrome
ineluded were rise of temperature upto 40°C, loss of appetite,
nasal discharge, bdlood stained faeces, mild enteritis,
ulceration of oral mucosa (Sapre, 1962; Nilakantan, 1963),
leucopenia (Parnmaik et al.,, 1964), loss of appetite, profuse
diarrhoea (Sehipper, 1973, Correa et al,, 1972), erosions of
the digestive tract (Tambert et al,, 1974)., The viral aetio-
logy was shown by isolating a cytopathogenic virus neutralised |
by sexum against Bovine diarrhoea virus (Kharalambiev e% al,,

1976) and by mecropsy findings (Correa et al., 1972). |

Calves dying from diarrhoea was reported to be due %o
bovine Enterovirus which was isolated in bovine kidney cultures
(KErasnikov and Belokeonov, 1970),

Experimental infection of bovine Enterovirus into
eolostrum deprived calves had resulied in the death of calves
(Punne e% al,, 1974), the symptoms included were diarzhoea,
fever and leucopenia (Punne et al,, 1974). |

(11) Incidence; A febrile disease due %o Infectious
Bovine Rhinotracheitis causing severe loss in herds had been
reported to have occurred in Hungery (Bartha et al,, 1974) in
Cyprus (Gibe et al,, 1975).




There weres outbreaks of viral diarrhoea in herds in
Sao Paulo State causing morbidity of 50 percent with 20 per cent
mortality (Correa et al,, 1972), Virus diarrhoea affected 85
of 170 calves causing death of 47 calves (Kharalambiev et al,,
1976).

In India the disease simllar to the mucosal disease as
obaerved in U,5,A,, Australias, Binnml. France, Germany,
Sweden, Denmark, ete, had been reported to cause mortality of
86 per cent in young stook in Uttar Pradesh, Madhya Pradsesh,
Maharashtra, Himechala Pradesh (Nilakantan, 1963)., A disease
fimilar to British mucosal diseass had hteen reported in a farm
in Bombay (Parmalk e% al,, 1964),

There were disease outbreaks in cattle within Poland and
Enterovirus was isolated from 20-T70 per aent of faecal samples
(Zebrowski et al., 1973).

(111) Age and breed: 3evere loss in herds of 1 to 6 months
0ld rearing calves due to IBR had been reported in Hungary,
affecting less often growing cattle and breeder cows
(Bartha et al., 1974) and beef lots in Cyprus (Gids et al.,
1975 ).

Mucosal disease affected cattle and buffaloes in all age
groups (Sapre, 1962), the disease was severe in 4 to 12 month
0ld calves causing 86 per cent mortality than in adult cattle



20,9 per cent (Nilekantan, 196%), 3.6 months o0ld calves wexrs
affected by Bovine Viral Diarrhoea Virus (Kharalambdiev et al,,
1976),

Experimental infection of Bovime Enterovirus in the one
day 0ld to 8 week old calves deprived of colostrum resulted in
death of 50 per cent of the calves (Dunne et al., 1974).

(iv) Season: In Sao Paulo State the 8 outbtreaks of virel
diarrhoea in cattle herds had oscurred in September and
October 1971 causing 20 per cent mortality (Correa et al,, 1972).
Time series studies indicated that the death loss in oalves
increased in winter months being 20 per oent than in summer
(Martin et al,., 1975).

(v) Ohamm;gtic;o of aetiologie agents,

A. Infectious Bovine Rhinotracheitis: Infectious Sovine
Rhinotracheitis virus (IBR) was propagated in culture of calf

kidoey or rabbit spleen cells (Armstwong et al,, 1961), in
bovine kidney eells (Gillespie et al., 1957; Darbyshire at al,,
1962). The virus produced characteristic eytopathogenie
aeffect (CPE) with intramiclear inclusion of Cowdry type A
(Armstrong et al,, 1961); eosinophilic inclusions was reported
by Darbyshire et al,, (1962), The virus was ether sensitiwe,
in tissue cultures intranuclear virus particle each with one

membrane with a diameter of 115 to 150 ma were observed




.’ bl
3

(Aﬂh‘oﬂg et ll.’ 19‘1] Mwﬂhm !3_ g., ’m). DNA d.lll.
multiplied in the nucleus and matured by budding at the
nuclear membrane (Fenner et al., 1974d).

B, Parainfiuensa - 3 had been reported to be having
lipoprotein envelope 100 to 300 mm in diameter, with specifie

haemagglutinin and neuraminadase, The virus, a RNA viruws,
multiplied in cytoplasm and matured in the ecytoplasmic membrane
or ecytoplasm (Femner et al., 19740). The virus was shown %o
grow in bovine kidney cell cultures (Reisinger et al,, 1959)
and shown to possess haemadsorption propsrty to red oells of
guinea pigs, cattle, human and avian (Andrewes and Pereira,
1972).

C, Bovine Viral Diarrhoea virus: As per detailed study
of the virus, the virus was reported to be RNA virus, sensitive
teo 1lipid solvents and trypsin; approximately 40 nm in diameter,
The virus was ether sensitive and spherical and possessed
envelope with surface projection (Galiv et al,, 1973), The
virus was propagated in bovine kidney cells which produced
eytopathogenic effect (CPE) in 6 to 8 days, the affected cells
became rounded and gradually detached from the sheet
(¢illespie et al., 1957).




D, Bovine Enterovirus: Entercoviruses were RNA virus,
the sise of the viral particle were 22-25 nm in diameter,
inactivated at 50°C but stabilised by molar Mg 01'. insensi-
tive to the action of chloroform, acid pH (Raghavan and Datt,
1975; Taylor et al,, 1974; Mattson and Reed, 1974; Durham and
Burgess, 1977). Enterovirus were readily propagated in
bovine kidney cells with ease causing of rounding of ocells
and detachment from the sheet (Datt and Raghavan, 1969).
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COLLECTION OF SAMPLES AND PROCESSING IN TISSUE CULIURE
FOR VIRUS ISOLATIONS

1. Introduction

With the recent advances in cell culture technology and
its increasing use in virological field, it had become possible
to ungover a wide variety of viruses affecting anmimals and alse
to undertake systematic characterization of the viruses, This
had been particularly so in the case of viruses inhabiting the
respiratory and alimentary traot of animals, Information on
certain obscure typeas of respiratory/alimentary ailments in
animals had been forthcoming by isolation of viruses in tissue
culture system since the use of kidney and lung cultures of
appropriate host species were said to be ideal for isoclation of
respiratory/entere viruses (Datt and Raghavan, 1969). Viruses
that produce visible and characteristic cytopathogenie effect
(CPE) 4n cell cultures like Adenovirus (Datt and Raghavan, 1969
Staubsr et al., 1976), Entero, Rhino viruses (Datt and Raghavan,
1969), Infectious Bovine Rhimotracheitis (IBR) wvirus
(Gillespie et al,, 1957; Armstrong et al,, 1957), Bovine Viral
Diarrhoea (BVD) virus (Gillespie et al., 1957) and other COPE
producing viruses were isolated, purified and characterised by

P




different titrations, assays in tissue culture systems like
bovine kidney, teatis, foetal bovine kidney and lung cells

(Datt and Raghavan, 1969), salivary glands (Stauber et al,, 1976)
and other susceptible eell lines,

In the present work, ¢alf kidney cell cultures were uased
for isolation and further studies with materials collected from
ailing and apparently hsalthy ealves,

2, Materials and Method

i) Collection of les: Rectal swaba and throat swabs
were collected in accordamce with the procedure adopted by Datt
and Raghavan (1969) and Masillamony (1972) with slight
modifications,

Rectal swabs and throat swabs were ¢ollected from calves
generally below 3 months of age that were ailing from
respiratory/enteric affections as well as from calves that wers
apparently healthy, The materials were collected from different
- farms in the State during different seasons of the year,

1i) Method of collection.

A, Rectal swab: Specially designed glass tampon tubes
measuring 20 cm by 1 em to hold 15 ml of the medium was used

for collecting rectal swabs, Uotton swabs were made &t one end
of a aluminium rod measuring 28 ecm forked at the tip for keeping

e
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the swab in position while collecting the sample. The rectal
samples were collected by inserting the sterile alsorbent
tampon moistened with serum-free maintenance medium (MM)
sufficiently inside the reoctal wall aveiding dung mass with a
gentle rotatory astion, The swabs were collected in a tampon
tube containing 5 ml serum-free maintenance medium and plaged
at 4°0 for 20 minutes and then squeesed with sterile foreeps,
The extracted fluids were transferred to sterile tubes which
were transported to the laboratory by liquid nitrogen container
at «196°C, The samples were centrifuged at 3000 rpm for 350
minutes at 4°0 and the supernatant collected, labelled and
stored at -20°0 for further processing,

B. Throat swab: By ocarefully securing the calf, throat
swabs were c¢dllected by inserting the swab well inside the
pharyngeal region without toushing the tongue and upper
palate and immediately soaked in 5 wl of the serum-free
maintenance medium (MM) which was transferred to the tampon
at the time of collection, After a brief storage at 4°C the

swabs were squeesed with forceps and fluid transferred %o
sterile tubes, These samples were transported in a liquid
nitrogen container at -196°0 and the swad extracts were centri-
fuged at 3000 rpm for 30 minutes at 4°C and the supermatant
collected, labelled and stored at -20°C for further processing.




111) primary oslf kidney oell culture.

A, Kidney dissection: Heal thy male calves less than
15 days old brought on the day prior to culturing kidney cells
were slaughtered and kidneys were collected in a sterile
beaker containing chilled Hanks' BS3 (Basal salt solution)
with antibiotics, The kidneys were taken to the tissue
culture laboratory provided with laminar flow, After removing
the renal fat and capsule, the kidneys were washed twice or
thrice with Hanks' buffer, The fragments of kidney cortex
alone were dissected by means of sterile scissors and placed
in a sterile 250 ml beaker containing Banks' B35, The tissue
was uinced into small pieces with the help of seissors, washed
3 or 4 times and finally transferred to a trypsinisation flask
conteining magnetic pellet (Parker, 1961),

B, Cell dispersion: In general multiple extraction
procedure of Tyrrell et al., (1960) was followed., Sufficient
quantity of prewarmed 0,25 per cent trypsin solution at pH 7.8
containing antiviotics was added to the trypsinising flask
containing minced kidney tissue and agitated for 15 minutes at
37*C using a magnetic stirrer geared to about 200 rpm and the
supernatant was discarded to remove dead cells and toxie
factors. Fresh trypsin solution was added and trypsinised for

45 minutes at 37°C, The supernatant cell suspension was




4

oollected in a beaker, The procedure was repeated and the
cell suspension pool was filtered through sterile muslin
cloth to remove sediments and coarse particlea., The filtrate
was transferred to 30 ml centrifuge tube and centrifuged in a
refrigerated centrifuge at 600 rpm for 10 minutes. The
supernatant mas dissarded and the seldinmented cell cluaps were
vigorously pipetted with a few ml of growth medium, The cells
were diluted with growth medium ocontaining 10 per ocent
inagtivated goat serum, antibiotics, peniecillin 500 I,U,,
Streptomyoin 250 ug and Myoostatin 50 units per ml (Datt and
Raghavan, 1969) to acontain 1.5 %0 3 x 10’ eslls per ml,

C. Standardisation of cell suspension: Cell suspenaions

were pooled in 10 ml of growth medium, 1 ml of cell suspension
was taken to whioh 2 ml of citric acid-orystal viclet solution
was added, mixed and kept at room temperature for 15 minutes,
This stained cell suspension was carefully filled in both
chambers of haemosytometer and cells were counted in ¥,B.0,
counting chamber, OCells with intact boundaries with clear
nucleus were counted and gell olumps were counted as one gell

and the number of cells salculated as follows,




s
‘

Number of uns‘tn 4 corner sguares X 10000 2 3 =

number of cells per ml of pooled suspension,
The suspension was suitably diluted to contain 1,5 to
3 x 10° cells per ml (Merohent e% al., 1964),

D. Seeding of cells in oulture tubes and bottles: The
diluted suspension was mixed uniformly and 1 ml transferred
to culture tubes akd 10 ml to culture bottle, plugged with
sterile rubber cork and kept in slanting position in racks and
trays and placed in the imoubator at 370,

B, © 0 owth medium: Depending on the rate of
growth and rapidity of fall of pH, fresh growth medium was
added after 4 or 5 days and inoubated at 37°C,

¥, Change to maintenance medium: One to two days after
the change of growth medium when confluent sheet had formed

growth medium was replaced by serum-free maintenance medium
pH 7.8 %0 8 and kept for one day before inooulation of the
samples,

iv). Inoculation of sample and virus isolation %tec ue i
0.2 ml of each sample was inoculated into 4 tubes with good
sheet leaving one tube as control and imoubated at 37°C. Each
day the tubes were examined for characteristic eytopathogenio
effect (CPE) for 14 days., On the day when the tubes that




showed a 4+ OPE were harvested and stored a% -20°C, The samples
that did not show any CPE were harvested after 14th day and
frozen, The tubes were frosen and thawed three times to
release the virus from the cells. Each sample was pooled and
nnt;-ihpl at 2000 to 3000 rpm for 10 minutes, the supermatant
was collected, labelled as first passage and stored at -20°C.

The first passage samples irrespective of whether they
showed OPE or not were passed for a second time in calf kidney
cell cultures to rule out negatives and to estallish positives.
The negative ones were discarded and the positive ones were
harvested and given an isolate number and stored at -20°C for
further characterisation,

5. Results and Discussion

From the nature of CPE produced by the agents in cell
culture it was possible to classify the agents broadly into
groups (Datt and Raghavan, 1969)., Three types of CPE were
recognised in the present study.

A, Adenovirus Type CPE: It was characterised by refractile
rounded oells, appearing on the 2nd day and forming clusters
and bunches in 24 hours %o 48 hours and oecupying the whole

sheet in 48 to T2 hours, resulting in falling off the oells
thereafter,




B. Enterovirus Type OPE: The changes startiappearing by
24-48 hours as smll refractile round cells occurring indivi-
dually strewn all over the sheet. In 48-72 hours the whole

sheet was observed with these cells, In some areas, destruction

of sheet was observed which progressed to the entire sheet
resulting in falling off the sheet from the glass,

0. Rotavirus Type of CPE: This type of CPE was observed
to ocour in 56«72 hours, also ocourring as refractile rounded

cells individually followed by the appearanceof granularity ia
the cell sheet with destrusction of sheet from 48-72 hours
onwards, Some of the cells were seen floating with long
processes attaching to the glass surfasce, The entire sheet
gave a moth-eaten appearance (MeNulty et al,, 1976b).

Two hundred rectal ani throat swabs collected from calvea
generally below 3 months of age, from different farms in the
State, in different periods were screened in calf kidney tissue
culture for the presence of viruses, Particulars regarding the
samples collected were tabulated chronologically, gliving a
separate serial number, Place of collection, breed, sex, age
and condition of the animal at the time of collection were
obtained carefully and furnished in Table 1,
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Out of the 200 samples sorsened 31 (15.5%) were proved to
be tissue culture positives with 14 (T%) for Enterovirus type
of cytopathogenic effect (CPE), 12 (6%) for Adenotype CPE and
5 (2.5%) for Rotatype OPE (Table 1),

Farmwise incidence of viruses, season-wise incidence of
viruses, age-wise inoidence of viruses, breed and symptom-wise
incidence were tabulated and the data were analysed statistioally
employing the Heterogeneity Chi-square using the formula

2

I° a p-%— (£ ap - n, p) to know the significance of inoidence

of the viruses on location, season and age (Ostle, 1966).

1) Parmvise distribution: Results of farm-wise incideuce

iz presented in Table 2, Chi-square walues on the ococurrence

of viruses in different farms is given in Table 3, The overall
value of viral agents was 138,35 per cent which was found to be
highly significant statistically (P <0,01) (Table 3). The
incidence was higher in Distriot Livestock farms, Orathanad
(29%), Pudukottal (23%) and Large Animal Clinic (LAC) of Madras
Veterinary College (224) than the other 3 places with 6 per cent
end less (Table 3. The higher overall incidence of viral agents
in livestock farms was probably due to an intensive ¢alf rearing

progranms on the respective farms,
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Among the oeccurrence of individual viruses, Enterovirus
ogourrence was more in Madras Veterinary College with 22 per
cent and District Livestock Farm, Orathanad 14 per cent than the
other farms with 7 per cent and less (Table 4) which was also
statistically significant farmwise, But here it was observed
that the incidence of Enterovirus was highest in L,A.0, of
Madras Veterinary College since ailing animals showing symptoms
of diarrhoea were brought in for treatment, Occurrence of
Adenovirus was more in District Tivestoock Parm, Pudukottai with
15 per cent and Orathanad 12 per cent which are statistically
significant and gero with the other farms (Table 5). Here
again it was observed that the presence of Adenovirus was found
to correlate with calf-rearing, COccurrence of Rotavirus was
more or less equal in all the farms (Pable 6) but were not
statistically significant, 7Yet it could be observed that
isolation of Rotavirus in tissue culture (TC) were not reported
in India and that 1t was rather difficult to get T¢ isolates,

In the preaent study theee types of tissus culture gyto-
pathogenio agents, entero, adeno and rota in calf kidney cell
cultures were demonstrated from the samples of ailing and
apparently healthy animals from different farms, It was
reported that samples from 378 cattle of belowone year from
different areas were screened using bovine kidney and testicular
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culture and 2 entero and 22 respiratory cytopathogenic agents
were isolated (Datt and Raghavan, 1969), Four cytepathogenie
agents were isolated from rectal samples of 100 healthy calves
in Eraslava district and identified as Enterovirus by serolo-
glcal test (Rumyantseva et al,, 1972).

In the present study 31 oytopathogeniec agents from 200
samples from calves from different farms in the State were
isolated and the occurrence of these agents in different areas
suggest their wide oocurrence., The occurrence of Enterovirus,
Adenovirus and Rotavirus observed in one and the same farm
gaggests higher frequency of incidence in calf-rearing programme

of these farus,

ii) Season-wise distribution: The season-wise distribution
of overall viral agents consisting of Enterovirus, Adenovirus
and Rotavirus is presented in Table 7, Statistical amalysis on
the occurrence of thege viruses during the different seasons
(Jayarajan, 1963) is given in Table 3, The Ohi-square value
was found to be 9,9481, a statistically significant one,

The incidence as evidenced from the Table 8 was more in
South-west monsoon with 21 per cent than in winter with 16 per
oent and with no incidence observed during Forth-east monsoon

and summer, The incidense of Enterovirus was more in South-west
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monsoon than in winter season (Table 9), For Adenovirus its
occurrence was more in winter than in South-west monsoon

(Table 10), The incidence of Rotavirus was more during South-
weat monsoon than in cold-weather seasom (Table 11)., It was
obsarved that the above variations among seasons for the
individual viruses were not statistically significant

(Tables 9, 10 & 11) though the incidence of overall viral agent
was quite significant (Table 8).

It had been reported that infectious calf diarrhoea from
which virus and bdacteria isclated were observed to affect
ealves during all season but was more prevalent, during winter
(Amstuts, 1965), The severity and complexity of disease like
weak calf syndrome due to Adenovirus infection was found to be
influenced by cold and wet weather (MoClurkin and Coria, 1975)
- and 4t had been reported that incidence of Rotavirus in human
beings was more in winter season but their reflection of
increased survival rate of virus was not olear at this low

temperature (MeNulty, 1978),

In the present observation on the occurrence of viruses in
South-west monsoon and cold weather seasons lend support %o
the @ove observation,
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111). Age-wise dlstribution: Ocecurrence of viruses that
were tissue eulture positives, in different age groups myre
given in Table 12, The grouping of age of the calves tested
were done with a view to find out the effect of colostral
antibody on virus isolation rate, Statiastical analysis of the
data revealed their occurrence in different age groups as
significant one, with the heterogemeity value being 15,56103,
ocourring more in the 1-2 months age group with 50 per cens,
followed by 30 per cent in 2 %o 3 months group, with 26 per cent
in 15 days to 1 month old calves and sero im 0 to 15 day old
ealves (Table 13),

As for individual viruses, Enterovirus cccurred more in
1 %o 2 months age group with 16 per cent followed by 15 days %o
1 month calves with 15 per cent and 2 %o 5 wonths group with
13 per cent (fable 14), Adenovirus ocourred more in the 1 %o B
months age group following the similar pattern as Enterovirus
(Tatle 15). Rotavirus ocourred more in 1 %o 2 months group
with 12,5 per oent than in 2-35 months group with 6 per cent,
with gero value in O %o 1 month and above 7 months group
(Tavle 16).

A oritical review of the abvove findings, brings out the
fact that colostral antibody which is likely to be 20tive in
the period O to 15 days of age is very important and essential
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for the warding of the wiral infeotions. As a matter of faot
there were no virus isolations in the age group of0-15 daya
(Table 12) and was found to inorease as the ooioﬂml antibody
wanes away in the higher age group of 15 days to ons month
and 1 to 2 months,

It had been reported that enterooytopathic agents were
isolated in bovine kidneys from throat and rectal samples of
313 ocalves below 1 year (Datt and Raghavan, 1969), Two strains
of Enterovirus were isolatad in bovine embryo kidney cells
from faecal samples of 15 dairy ecowmm and twoe strains of Entere-
virus from nasal swabe of 100 beef calves (Flammini and Allegri,
1969), Five Entero-virus wers isolated in monkey kidney cells,
bovine embryonic kidney and lung cells from 53 faecal samples
of calves and yearling cattle (Purham and Burgess, 1977).

In the present study, 14 enterocytopathogenic agents were
isolated in calf kidmey cells from 200 reotal and throat swabs
of calves below 3 months age, The observation now made that
Enterovirus ocourring in different age group gathers support
from the above authors suggesting that Enterovirus can occur in
any age group when the colostral antibody wanes away.

MeNulty et al,, (1976e) had alsc demonstrated colostrum fed to
calves during the first three weeks of 1life had prevented the

occurrence of Rotavirus and also diarrhoesa,.
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The ocouwrrence of Adenovirus type eytopathic agenss Ln‘
the present study occurring in 15 days to 1 month age group
and above lends support of the findings of Mattson (1973)
that Adenovirus affected rarely calves less than ons week ald.

Though Rotavirus affected characteristically young animsls
affeoting newborn celves (Plewett et al,, 1974; Albrey amd
- Murphy, 1976), 3 days of age (Morin et al,., 19T74), 1-4 day old
(Burges and Simpson, 1976), 5 to 7 dam of age (Woode and
Bridger, 1975), it had also been reported that Rotavirus
affected bBoth newborn and young animals (Holmes et al., 1974)
and no age reaistance had been observed (MeHulty, 1978).

In the present atudy it had been observed that infeotion
was seen in 1 to 2 months and 2 t¢ 3 wmonths age group which ims
in line with the findings of Holmes et al., (1974) and
MoRulty (1978). But in calves above 5 months of age there
were no virus isclatiens probably because the animals had
developed sufficient resistance due to sarlier infection in
1ife.

iv)species and symptemwise distribution: Distribution of
the three cytopathogenic agents among breedwise and symptomwise

are given in Table 17. The incidence was more in white cattle
with 17.7 per eent than black cattle (buffaloes) with 11.8 per e
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Among the white cattle the incidence in ailing animals was
16.6 per cent and apparently healthy animals 18,5 per cent.
In black cattle it was 9 per cent and 15,9 per cent respecti-
vely.

The observation of Almeida et al.,, (1973) that host may
be a factor to alter the clinical course of infeotion
produced by enteropathic viruses supports the observations
made in the present study and might be the reason that
incidence was more in white cattle than blask cattle,

Apart from iseolation of enteropathogenic vizus from the
vovine kidney cell cultures from diarrhoeic cases (Krasnikov
and Belokomov, 1970), from herds showing respiratory and
enteric symptoms (Flammnini and Allegri, 1969; Raghavan and
Datt, 1973) and from faecel samples of calves with diarrhoea
(Purham and Burgess, 1977), viruses were isclated in bovine *
snbryonic kidney cells from faecal samples of healthy calves
also (Rumyantseva et al., 1972; Zebrowski et al., 1973).

Isolation of some -mﬁ of Adenovirus from apparently
healthy animals (Mattson, 1973) and the observations about the
symptoumless infection of Rotavirus (MeNulty, 1979; Almeida
et al,, 1978) correlates well with the present findings that
viruses were isclated even in apparently healthy calves,
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Sywptomless infection could exist in maturally occurring
avirulent strains of the viruses (McNulty, 1978) which
explains the presence of virus isolations in healthy calves as
well, Such a symptomless earriers of infection could prove
to be a potential source of infection within the herd (Woode
and Bridger, 1975), leading to development of sufficient
resistance in animals beyond three months of age,

4, Summary

Higher overall incidence of viral agents in livestock
farms was observed where large socale calf-rearing schemes are
in progress, Adenoviruses, Enteroviruses and also Rotaviruses
were found to be present, Incidence was found to be more in
South-west monsoon and winter seasons. Calves of 1 to 2 months
of age showed the highest isolation rates followed by the
group 2 to 5 months, TherewaS no virus isolates in the age
group of 0-1%5 days indiocating  the importance and the
activity of colostral antibodies. Symptomless carriers were
also demonstrated by virtue of the fact that there were virus
isolations in apparently healthy calves,
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Qhapter IV

CHARACTERISATION OF TISSUE OULTURE ISOLATES

1. Intreduction

After broadly classifying the viral isolates inte
different categories based on their tissue culture cytopatho-
genicity one or two typical isolates in each group were taken

for further charasterisation with a view to identify
the isclates, Techniques employed to characterise the virus

isolates are desoribed in this chapter and the results of the
me thods adopted for identification of them are also discussed,

2. Mate 8 and Methods

i) Preparation of stoock virus isolates: Selected isoclates
at the second passage level were inoculated in 0,2 ml aliquots
into each of four bottles of calf kidney cell culture containing
sdrun-free maintenance wmedium, When these bottles showed
advanced cytopathic changes in the sheet they were harvested,
fromen and thawed three times to release the viruses from the
eells, The harvested flulids of representative isclates were
pooled together and transferred to 30 ml sterile centyrifuge
tubes and centrifuged at 2000 rpm for 10 minutes, The super-
natant fluid was collected and distributed into small aliguots
of 5 ml each and were stored at -20°C for further study.
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Of the three groupa of TC eytopathic agents discussed in
Chapter III representative isolates A042 from Adenovirus
groups, A142 from Enterovirus group and A192 and A126 from
Rotavirus group were chosen and stocks were prepared,

11) Titration of the stock isolates: Titration of these
viruses was done by making 10 fold serial dilution in serum-

free maintenance medium (MM) using separate pipettes, 0,1 ml
of the dlluted virus suspension starting from 1071 40 1078
dilution was inoculated inte each of four calf kidney (CK)
culture tubes., Next, virus suspension was also inoculated into
4 0K tubes as ocontrol, The inooulated tubes were incubated at
37*C. All the inooculated tubes were examined daily for the
evidence and progress of OPE and recorded according to the
progressive nature of CPE as + to 4+. The higheat dilutiom of
the virus sample that gave + CPE was taken as the end dilution,
The end titre of the virus was calculated as per Reed and
Muensh (1933) method.

111) Studies on biophysigal and biochemical charascters of

the isolates.
a) Determination of sige: 5 ml of the stock virus of the
each representative samples, namely AO42, 4142, A112 and A126

were taken out of the freeser and thawed at room temperaturej
2 ml each of the stook virus was filtered through sterile
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millipore filters of 100 mu and 50 mu by using a sterile syringe
and piston, Each filtrate was made into 10 fold dilution with
serum-free MM and titrated in UK cell cultures, The unfiltered
samples were also titrated simultencously in tissue culture
tubes, A difference of more then 2 1log,, dilution was taken
as significant.

b) Ether sensitivity test: The stook viruses of

representative sanples were subjected to ether treatment,
Bqual volumes of the steck virus and diethyl ether (20% v/v)
were taken in a sterile eulture tube fitted with rubber cork
and kent in an inoubator at 3T7eC for t howr with periodiecal
shaking at interval of 5 minutes, Untreated samples were also
kept at 37*0 for the same perioed in the incubator., Both the
ether treated end untreated samples of the each isoclate suepen-
sion was poured in sterile petridishes, partially covered in a
sterile condition in a laminar flow cabin for evaporation of
the ether, After this the samples were made into 10 fold
serial dilution with serum-free VM starting from 10° 1 %0 1078
and titrated in ¢alf kidmey cell culture as deseribed sarlier.
Simltaneous titration of untreated gamples were also carried

out,

The end point of the virus titration in terms of mn,o of
both the ether treated and the untreated samples were calculated
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as per Reed and Muench formulas (1938). 4 two logyo fall or
more of the virus titre of the virus isolate indicated that
the isolate was ethér sensitive and if there was no change in
the titre value, the iscolate was considered to be ether
resistant,

¢) Cationic stabilisation: Stabvilisation in cationie
salts, viz. Magnesium sulphate (Mg So4) and Magnesium chloride
(Mg lllz) solutions on heating at 50°C was done as per the
method of Wallis and Melnick (1962).

The stock viruses were takcen out of the freesér, thawed in
room temperature and an aliquot was mixed with egual volumes
of 2 Molar Mg 01z and 2 Molar Mg So4 solutions, The 2 molax
cationic solutions were sterilised by sintered glass filtratiom
and the mixtures were poured inteo preheated sterile tubes and
were subjected to 50°0 in a circulating water bath for a peried
of 1 hour,

After heat treatment the viral aliquots were titrated in
CK tabea, Simultaneous titration of the umheated aliquots was
also performed and the titres were compared, A two 10;10 fall
was taken as positive result for sensitivity to cations on
heating,



4) (Oytological and eytochemical studies,

1) BPreparation and incculation of coverslip cultures:; OK
cell cultures were prepared on flying coverslips (Masillamony,
1972), When the sheet was fully formad the coverslips were

emptied in a sterile petridish aseptically. The stoock virus
isolates of each representative sample containing a multiplicity
of infeation of 1:30 was ineoculated into the respective petri-
dishes containing coverslips and incubated at 37°C for 2 hours
for viral adsorption,

Then the coverslips were taken out using a separate spatula
and dipped in petridishes containing MM to wash off the surface
unadsorbed virus. Each coverslip was transferred to sterils
tubes containing 1 ml of MM and inoubated at 370,

The infected tubes of each sample were harvested at
8, 12, 16, 20, 24, 48, T2, 96 hours after infection, At each
harvest 10 coverslips were renewed, 6 were fixed in Carnoy's
fluid (absolute alocochol, chloroform and scetie acid 6:13:1),
two for hasmatoxylin and eosin staining (HkE), two for ensyme
digestion studies and 2 stored at 4°C for FA studies
(Masillamony, 1972). Uninfeeted coverslips were also harvested

to serve as control,
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11) Haematoxylin and Eosin stainming: Two infected cover-
slips and one uninfeated eoverslip from saeh isolate were

stained with H & E with the standard method (Dacie and Lewis,
1968),

111) Giemsa staining: Two infeoted and one uninfected
coverslip as conirol from each lsolate were also stained with
Giemsa wivh the standard staining proeedure of Dacie and Lewis
(1963),

iv) Aoridine Orange staining: Two infeoted and one uninfected

coverslips from each isolate, namely AO42, A112, A126 and A142
fixed in Carnoy's fluid were treated with McIlvaine oltrate-
phosphate buffer (Cruickshank, 1972) ef pH 4.0 for S8 minutes
with one ohange of buffer at the 4th minute, They were
stained with Acridine Orange fluorochrome - A0 (BDH) 0,01 per
eent solution for 3 mimutes and washed in the buffer solution
for 4 mimites and then examined under fluoresesnce microscope,

An Olympus fluorescence miorossope with a mercury vapeur
lamp (HBO200Q) was used for observation., A eombination of BG12
exiter filter and 0G1 as barrier filter was used, Photomiere-
graphy were taken in Sakura golour negatives, Aeridine Orange
fluorescence stains RNA flame red, DNA yellowish green,
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v) Ensyme digestions 1In order to characterise the virel

inclusion whether RNA or DNA, ensyms digestion was performed with
ribonuclease (RNAse) and deoxy-ribonuclease (DNAse).

Deoxyribonuclease (DNAse) digestion was carried out as per
the progedure of Rhim et al,, (1962), Deoxyribonuclease II
exbovine spleen (Koch-Light) was used as & souree of DHAse and
made into a solution containing 100 units of the enzyme per ml
of 0,025 ml M Veronal buffer containing 0,005 M Magnesium
sulphate, Infected and uninfected cells of A042, A112, A126
and AY42 were exposed to enzyme digestion for 30 minutes a%
rrom temperature., As a aontrol, one infected coverslip culture
from each harvest was ingoubated with the ensyme diluent al one,
Then the coverslips were stained with A0 fluorcohrome as
desocribed above,

Ribonuelease (RNAse) dligestion was carried out using
Ribonuclease from bovine pancreas (3igma) at a concentration of
0.01 per ocent in 0,00% M Magnesium ochleride solution (Gomatos
et al,, 1962), Infected and uninfeoted sells of AO42, At112,
A126 and A142 were exposad to ensyme digestion for 1 hour at
room temperature, Then they were stained with X,

vi) Fluorescent antibody (FA) studies: The FiA studies were
oarried out as per the method of Cherry e% al., (1960). Ths
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infected coverslip cultures of AO42, A112, 4126 and A142 of the
representative isolates were air dried, fixed {in acetons for

10 minutes, covered with immune serum prepared in rabbit
against the respective isolates for 30 minutes, drained and
finally ocoversd with fluorescence-tagged anti-rabbit gamma
globulin prepared in goats (Difeo Laboratory, Detroit, U,.S.A.).
After 30 minutes they were washed in Coon's buffer and mounted
in 10 per cent duffersd glycerol (Cherry e% al,, 1960),
uninfected ul‘h incubated with immune serum and infected cells
incubated with pre-immunised serum served as controls in thease
testa, As an additional cheock on stain specificity, the
infeoted cells were directly treated with anti-rabblt globulin,
The results were interpreted ascording to the nature of

fluoresaoence either cytoplasmio or nuslear,

vii) Study of haemagglutinating activity (HA) of the virus
isolates: Certain viruses possess the

property of agglutinating exrythrooytes of different species,
some having narrow range like Enterovirus and others having

broad range, This property is useful in differentiating
viruses at group level and subgroup level,

HA titrations of the virus isolates A042, A112, A126 and
A142 were carried out at 37°0 by using 2-fold dilution
 starting from 1:5 to 5120, The RBQ used were from human - 0,



- e———

59

monkey, bovine, sheep, goat, rabbit, rat, guinea pig and mouse,
The method of HA titration was done by using the microtitre
technique of Sever (1962).

viii) Serum neutralisation studies,
A, Type specific antisera: Attempts were made to get type

gpecific sera from various sources for Bovine Adenovirus

type 1, 5 and 5, Bovine Enterovirwms and Rotavirus, Bovine
Adenovirus type 5 sera was kindly donated by Dr, R,Raghavan,
Bangalore Veterinary College, Hebbal, Bovine Adenovirus

type 1, 5 and 5 were donated by Dr, 0,7,Perry, Ministry of
Agriculture, Fisheries and Food, Oentral Veterinary Labotareory,
New Haw, Weybridge, Surrey, whereas Bovins Enterovirus sera
could not be obtained from any sources, Rotavirus serum was
also not available but Dr, T.J.John, Director, Enterovirus
Laboratory, Christian Medical College was kiad enough %o test
the isolates in counter immunoelectrophoresis against SA11
antiserua,

The Bovins Adenovirus serotype 1 (Dr. Perry), type 3
(Dr, Perry), Bovine Adenovirus serotype 5 (Dr. Perry and
Dr, Raghavan) were used in the serum neutralisation tests
againat A042 isolate,

B. Test procedure: A comstant virus of 100 mrn,o in 0,1 ml
was used for esach tube containing 0K eells, Doubls fold
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dilution of the serum samples was made upto 1 im 640 in 1,
Equal amount of (0.5 ml) the diluted serum samples and the
recons tituted constant virus sugpension were taken in amall
test tubes and closed with sterile rubber corks., These tubes
containing serumivirus mixture were incubated for {1 hour at
37°0 and inooulated into each of the tubes containing 0,8 wl of
the OK cells suspension, For each dilution of serum 4 tubes
were used, Along with the inoculation of the serum:virus
mixture, a check titration of the virus suspension used, was
also conducted simultaneowsly. All the tubes for serum neutrali-
sation were examined daily for inhibition of CPE. Tubes for
check titration were also examined daily to confirm the
appearance of OPE. The highest dilution of the serum capable
of neutralising the ocytopathogenic effeet (CPE) of 100 mrn,o
of the virus was taken as the end titre,

Two days after the appearance of characteristic OPE in the
control tubea, final reading in the other tubes were made and
serum neutralising titre caleulated s per Reed and Muench (1938)
method and expressed as number of SNg, units/inoculum volume
(Hoskins, 1967),.

ix) Counter immunocelectrophoresis: The two tissue culture
isolates A112 and A126 were sent to Christian Medical College,
Vellore for counter immunoelectrophoresis (CIEP) against SA11




antiserum which is closely related to calf Rotavirus -
Nehraska Calf Piarrhoea Virus,

The procedure of QIEP is described in detail in Chapter V.
The test was repeated at Madras Véterinary College using
antisera prepared in rabbits against the isolate A126,

3. Results and Disoussion

The results of the tests for determination of size by
millipore filtration (Table 18) for ether semsitivity (Table 19),
Cationiec stadilisation (Table 20) and for the presence of
baemagglutinins (Table 21) of the four isolates, vism., AD42,
A112, A126 and A142 are presented and discussed for identifica-
tion of the viral isolates, In addition to the above, the
type of formation of inclusien body in ¢ell culture, their
staining features in Glemsa, and Huematoxylin and Eosin under
conventional microscopy and in Aeridine Orange fluorochrome
with or without nuclease digestion under fluorescent mioroscopy
were taken into consideration while identifying the isolates,

The results of serum neutralisation test againat type
specific sera of Adenovirus type 1, 3 and 5 are presented in
Table 22,
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Table 18
Size Determination of the Virus Isolate

ER AR AR g A o WP R AR ey e R me SR SR Er SR W WP S W MR B e e B s e WD -

Titre of virus after

Virus isolate [Neat millipore filtration Sige range
VY CY NN 50m 100 ma
A042 10° 1027 108 50 mu - 100 mu
A112 1075 10 1055 s0mu- 100m
A126 1055 10° 10%% 50 mu - 100 m
A142 105+3 10% 10 >50 ma
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Tadtie 1

Ethéer Sensitivity Test

Titre of virus <10rvfor);
- - Interpretation
Neat Ether

105‘5 105'5 Ether resistant
107 9053 Bther resistant
4083 107 Ether resistant

107+3 10*?  Ether resistant

N ap w R Be E Ot W Mh s W WS ab M W aR A sk W W W W



Zable 20
Test for Cationic Stabilisation

- O e o oEm W S SR S WP SN SR SE N P SR R TR W W em M MR RS SR SR W oan owm AW e S

Titration after Result of stabili-
heating at 50°0 sation after heating

Virus isolate Neat for one howr at 50°C for one
with hour with

1H-Mgl, 1H-Hgs0, TH-MgIL, 1M-NMgS0,

- e W e S e e W - W

AO42 10’" 10’ 10’ negative negative
A112 1097 16T 10*%  negative positive
A126 108 10° 103  negative positive

A142 107' 3 1 ol*3 107" positive positive

. w W W W S SR G T WE W W SR S e S R SR SR G SR SR SR R O R W SR AR SR e -



Zable 21
Test for Haemmgglutination Activity of
the Virus Isolates

Virus Isclate
(RBO) AG42  A1912 A126  A42

B A e W Ee s M S S S O S S SR SF T R e S O W aE W S o o o =W

Bovine 40%
Sheep

Goat

Rat

Mouse

Human0
Rabbit

© © © ©o ©¢ 0 ©o ©o o9

0
0
0
0
Monkey 0
o
0
Guinea pig 0

0

OHQOOOOOOO
GEOQOOOOOO

Cell culture (contrel)

- MR G em W MW YR me R S Sm S YR me NN W RS SR e WA W AP MR wm SR W M e W W e

HD = Not done
# . Reciprocal of the highest dllutien showing Ha,



Sakle 22
Serum titre against 100 TCIDg, of AO42
Serum Neutralisation titre
Adenovirus type 1 10
type 3 10
type 5 80

- O - . A W - e w» W = W= - - O S Ve o - - o - -— . -
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1) Adenovirus group

A. Isclate o, A042

a) Biophysical and bioohemical features: A042 was found so
be having a size ranging from 50 mu to 100 msu (Table 18),

resistant to diethyl ether (Tabdle 19) and was not stabilised by

Cationa 1 molar Magnesium chloride and 1 molar Magnesium
sulphate on heating at 50°¢ for one hour (Table 20),

®) Cytological and cytochemical features: A042 was found
tc prodwse delayed cytopathogenic effest (CPE) in the first
passage level which started eppearing quickly and rapidly in
CK cell culture at the second passage. By the 3th hour of
injection with a higher multiplicity of the virus unstained
preparations showed the presence of rounded refractile cells
in the midst of normal sheet which became more prominent by
16 hours having a tendency to clump like ¢luster of grapes by
24 hours post-infection (Pigure 1).

Flying coverslip preparations showing grapelike clusters
of irdenovirus infeetion when stained with Haematoxylin and
Eosin showed the presence of basophilic muclear inelusions,

The chromatins of the nucleii were pushed to the periphery and
basophilic omsses of viral inclusions with halo around were
seen in the centre of the nucleii (Figure 2). VWhen stained with
Giemsa these nuclear inolusions remained basophilie indicating



Figure 1: A042, The advanced CPE of CK cell sheet showing
the rounded refractile cells clumped like
clusters of grapes, Unstained preparation - 200X
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that they are DNA materials (Figure %), These grapelike
¢lusters on staining with Acridine Orange fluorochrome (AQ)
showed the presence of nuclei and chromatin inolusions pushed
to the periphery and large masses intranuclear greenish yellew
(Figure 4),

Cytochemical studies with RNAse digeation followed by AD
staining and viewing under fluorescence miorosoope did not
remove the intranuclear yellowish green viral inolusions
whereas the eytoplesmie RNA got digested (Figure 5). A similar
preparation with DNAse digestion did remove the yellowish green
intramuclear DNA viral inclusions as well as the cellular DA
but not the flame red oytoplasmic RNA (Figure 6), These
intranuclear inclusions gave a positive fluorescence at the
nuclear site against type specific Adenovirus antisers prepared
in rabbit and coupled with 1labelled antirabbit gamma globulin
(Pigure 7). Theas oytological and oytochsmical changes
accompanying the infeotion of A042 4id reveal that the virus
isolate is a doudle stranded DNA virus eapabls of produeing
apsoific virus meoprotein at the nuclear site of the esll,
which has a tendensy to cluster like a bundle of grapes,

¢) Serological feature: A042 was found to possesa a low
titre of HA aotivity against bovine ocells but not with othey

RBO (Table 31), The results of serum neutralisation against
100 1'011)50 of Adenovirua type 1, 3 and 5 showed that the virus
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Pigure 3: asdenovirus isolate AO42 - A grapelike cluster of
adenovirus infected cells showing nuclear
inclusions basophilie in nature, Glemsa 1000X
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Plgure 4: Adenovirus AQ42 - Crapelike cluster of ecells,
Nucleoli are pushed to outer edge of the nucleus
and greenish nuclear inoclusions seen,

AD staining 600K




Pigure %
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Adenovirus 4042 -~ RNAse digestion, The infeoted
cell cluster retains the greenish nuclear inclusions
and the nuclear material whereas the red cyte-
Plasmic RNA got digested out dus to the action of
RNAse, AD staining 600X
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Flgure 63 Adenovirus AQ42 -~ DiAse digestion, The infeoted
adenovirus ¢ell clusters show the absence of
greenish yellow nuclear inclusions and the nucleii
matérial due to the digestion of DiAse, Cells show
punched out appearamce at the nuclear sites whereas
flame red cytoplasmic RNA is not digested out.

A0 1000X




Figure T3 OK cell aggregates showing positive fluorescence
of the nucleii indicating the presences of adeno
viral protein in the nuocleus, IFA staining against
specific antiserum prepared in rabbits coupled with
labelled anti-rabbit gamma globulin - 1000x
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was neutralised by prototype Adenovirus type 5 antiserum
(Table 22),

Hence 1t could be concluded that AQ42 isolate was Adeno-
virus type 5.

i1) Rotavirus group
A, ;!_glltl :!!.: A112.

a) Blophysical and biochemical features; A112 was found
to be having a sise ranging from 50 mu to 100 mu (Table 18)

resistant %o ether (Table 19) and was not stabilised by 1 molar
Magneaium ¢hloride whereas stabilised by 1 molar Magnesium
sulphate on heating to 50°C for one hour (Table 20) which is a
characteristic feature of Rotavirus (MoNulty, 1978; Bates g% al,,
1979).

b) COytological and cytochemical features: The eytepatho-
genic effect following the infection of A112 was found %o

appear only by Tth or 3th post-infection day at the firet
passage, 7The sheet of UK cells presented a moth-saten appearance

and became granular, The appearance of CPE got advanced %o
the 2nd or 3rd post-infeotion day as the virus got comcentrated
in the sulsequent passages,

At a higher multiplicity of infection, the virus produced
granular, moth-eaten type of CPE with extensive vacuolation and
eytoplasmic processes making cells to flutter in the fluid
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and get stuck to the surface of the glass by these processes
(Figure 8).

Flying coverslip pmparations when stained with haema-
toxylin and eosin showed the presence of eosimophiliec cyto-
Plasmic inclusions with extensive pykRotiec nucleii and
vacuolations at the perinuclear area (Figure 9)I10).At higher
magnification it was seen that the nuclear chromatin was pushed
to one side and the cytoplasm showed abundant eosinophilie
masses of viral inclusioms which did not soalesce to form large
inclusions as seen in gcells infected with reovirus (MeNulty,
1978). These oytoplasmiec inclusions flucresced specifiecally
with FA stalning,

These oytoplasmio inclusions presented a metachromatic
staining resction with Giemsa showing basophilic inclusions
(Figare 11). Higher magnification showed the presence of
small vacuoles in the oyteplasm with particulate basephilie
viral inglusions (Pigure 12), Under oil immersion these baso-
philiec inclusions were seen as spherical particulate bodies
strewn in the oisternae of the endoplasmic reticulum (Figure 13)
giving pieture of reticulum-like inclusions which fail to
condense at the perinuclear area umlike Reovirus (MeFulty, 1978).

With A0 staining the inclusions were stained yellowish
green (Figures 14 and 15) which got digested out with RNAse
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Figure 83 A112 -~ Advanced CPE of CK cell sheet showing
grapular (Retavirus type) cells like moth- eaten |
appearance with some cells hanging on, L
Unstained preparation, 200X







Figure 101 Rotavirus A112 - Advanced OPE of CK cells
mwmmun i~
mﬂumuum '

H&B 1000



Pigare 11 ._' irus A112, Advanced OPE -~ OKO cells
stained with Giemsa showing blue cytoplasmic

ns - nucleus are pushed to one side,




Figure 121 Rotavirus 4112, Infected calf kidney cells
showing basophilic oytoplasmic inclusions
stalning blue with Giemsa stain, Uytoplasm of
the infected cells show extensive vacuoles,

Giemsa ~ 400X
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Pigure 13: Rotavirus A112, Advenced CPE of the OK cells
showing pyknotic nucleus, numerous oytoplasuic
vacuoles which colllesce at the perinuclear area
pushing the nucleus to one side with characteristic
basophilic eytoplasmic inclusions in cisternae
of cytoplasm with Giemsa staining - 1000X



Figare 14: Rotavirus A112, A pair of cells seen in the
centre of the ploture one without any change and
the other showing greenich material filling the
entire eytoplasm in which the nucleus is pushed
to ome side, AO staining 600X




Figure 15:

Rotavirus A112, Yellowish green viral
inclusions are seen in the cyteplasm,
Vagcuolation of eytoplasm also seen,

AD staining 400X

115
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digestion (Pigures 16) leaving the nuslear DNA iamtact, DNAse
digestion of these virus Wwearing ¢ells showed the absense of
nuclear DNA fluerescence with undiasturded greenish viral
inclusion (Pigure 17), indicating that the ensyme IlNAse did
not digest the Rotavirus inclusion staining greenish yellew im
AD dut RNAse 414 sinmce the nmucleie acid ef the Rotsavirus
happened to W a double stranded RNA virus,

o) Serological features: Rotavirus sera could not be
obtained from other sources, 3o the antigen A112 was tested
against antiserum prepared against A126 and wes found to produce
specific preeipitation band in CIEP (Figure 18), Further
antigen A112 and A126 in turn were tested against SA11 at
Christian Medical College, Vellore by CIEP and found %o prodwuce
specific precipitation reaction, SA11 and calf Retavirus are
reported to be identical with Nebraska ealf diarrheea virus,

B. Isolate ie, 4126,

&) Bio gal and bieehemieal features: A126 was found
%o be having a sise ranging from 50 mu to 100 mu (Table 18),
resistant to ether (Table 19) and was not stabilised by 1 molar
Mg C1, muu stabilised by 1 molar Mg So4 on heating to 50°¢C
for ome hour (Table 20) which is a characteristic feature of
Rotavirus (MeNulty, 1973),
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Figure 161 A112, RNAse digestion - A Rotavirus infected
cluster of cells shows the absence of
eytoplasmic iaclusions digested by the action
of ribonuclease, AD staining 600 X
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Pigure 17: A112 isolate - calf kidney ocells infected with
DHAse digestion - The nuklear DNA got digested
leaving behind the yellow nucleii as yellow spots,
Some undigested nucleii are also seen whereas red
stained RNA oytoplasm and yellowish green semi-
lunars double stranddd RNA inclusions remained
unaffected, Suggestive of double stranded RNA
viruses, vis, Rotaviruses - A0 staining 400 X
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Figure 18: Well one represents A126, a tissus oculturs isolate
showing specific preciplitating line against ita
ewn antiserum prepared in rabbits and the antiserum
A126 oross~reacted with another tissue oulture
isolate A112 in well Ho.3. No specific precipi-
tating line was observed with antiserum A126
againat A142 (entero type) in well No, 2 and
control cell culture fluid in well No. 4 as evie
denced from counter immuncelectrophoresis,
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b) Oytolegieal and gytochemical features: As seen in
A112 the sytopathogenio effect was noted only during the second
week of observation by which time the sheet presented a moth-

saten appearanee and begams granular, In subseguent passages
the characteristie features of Rotavirus (OPB started appearing
by ths 2nd or 3rd day after infection,

Unstalined preparation by the 4th day after infection
showed the presence of long oytoplasmic processes with detache
ment of cells fluttering in the fluid (Figure 19),

Flying covarslip preparations when stained with haema-~
toxylin and eosin showed the presence of eosinophiliec oyto-
Plasmic inclusi ons with extensive pyknotio nuocleii anmd
vaguolations at the perinuclear area (Pigure 20) and oytoplasmie
processes are gquite evident in the colour plate (Figure 21),

A similaxr preparation when stained with Giemsa showed the
presence of metashromatic reaction of basophilic inclusions
(Figure 22), Advanced CPE is characterised by the presence of
large vaouoles of the cytoplasm basophilic inclusions in the
reticulum and displaced pyknotic nuoleii (7igure 23).

- The inclusions fluoreszoed yellowish green with A0 stalning
(PLgure 24) and also with PA staining around the denss yellowish
nucleus in the perinuclear area, In some cells the entire

oytoplasm is filled with viroplasm showing a marginal amount of




Pigure 19: A126, Advanced stage of CPE seen on the 4th day
after infection showing detachment of cells with
eytoplasmie long processes aticking to the glasa
surface, Sheet showing granularity

- unstained 200 X
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Pigure 20: A126 (Rotavirus) COK Cells showing cytoplasmic
inclusions pushing the pyknotic nucleus %o
one side, Cells show extensive wacouolation
and cytoplasmic inclusions which do not
coalesas at the perinuclear area,

H&E - 600 X




=
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Figure 211 Rotavirus Isolate No,A126 - Advanced OPE of
the CK cells showing pykmotic nucleus, |
vacuolation of the oytoplasm with eceinophilic
inelusions displacing the nucleii to the sides,
The infected cells show long processds by which
they remain stuok to the glass - H& B 600 X

a— —_—




Pigure 223 A126, OK cells infected with Rotavirus
showing pyknotic nucleii and basophilie
mumm-u-m

| Giemsa 1000 X




—
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Figare 23: Rotavirus (Isolate A126) - Advanced CPE
showing large coalesced perinuclear vasuolation
and basophilic eytoplasmic inclusions, Nucleii
are condensced, pyknotic and displaced to one
side - Giemsa 1000 X
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Figure 24: Qalf kidney cells infeoted with A126 isolate
showing the presence of yellowksh green ¢yto-~
plasmic inclusioms around the dense yellowish
nuecleus in the perinuclear area - a character-
istic feature of Rotavirus infection

AD staining - 1000 X

———— .
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flame red eytoplasmioc RNA (Figure 25), The DNAse digestion in

sueh infeected cells remocved only the nuclear DNA and the

nuoleolar mtter remalned yellowish with the viral nusleic asid 4
undi gested at the inclusion sites (Figure 26), whereas Rliise
digestion removed the viral nucleic aecid,

¢) Serclogical features: 4126 prodused specific arc with
SA11 antiserum in CIEP when tested along with other faecal
samples at Christian Medical College, Vellore (Figure 30), It

also produged similar arc against its own antiserum prepared in

rabbits (Figure 18), The antiserum of A126 prepared in rabbits
gross-reacted with A112 antigen in CIEP (Figure 13) whereas the |
antiserum of A126 did not react with another RNA virus A142 |
a and also against control cell oulture fluid (Pigure 18). '

Henoce it could be concluded that 4126 and A112 were two
tissue culture ecytopathogenic agents which are Rotavirus isocla-
tion in calf diarrhoea '

11i) Enterovirus group.

A. Isolate Jio. A142.

a) Biophysical and biochemical features; A142 was found to

be having a size below 50 mu (Table 13) ether resistant (Table 19)
and got stabilised with 1 molar Magnesiuw sulphate and 1 molar
Magnesium chloride on heating to 50°C for ons hour (Table 20)
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Fligure 25: Rotavirus (A126), Oells show the presence of
yellowish green inclusion in the eytoplasm
and large vecuolations around the ineclusions,

A0 staining 600 X



Filgure 263
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Rotavirus - DNAse digestion (Isolate A126).
Rotavirus infected gells retained the greenish
inclusions in the oytoplasm whereas the nuoleii
lost their greenish nuclears component due to
DNAse digestion., The bright yellow nucleoli of
the nucleii remained intact,

AD staining - 1000X
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which is a charscteristio feature of Enteroviruses (Wallis and
Melnick, 1962),

®) Ortolegical and cytochemic:l features: Unstained prepa-
rations of K cell sheets with A142 showed small refractile

rounded cells ogourring individually snd were strewn throughout
the sheet (Figure 27)., Haematoxylin and eosin staining did not
reveal any inclusioms. Acoridine Orange staining showed
characteristic retraction of cell margins, with high cytoplasmie
REA activity stahing flame red in colour and distortion of
nueleii leading to contortion and lysis of cell (Figure 28),

TA staining showed positive oytoplasmic fluorescence., 3uch a
feature was described as the characteristio CPE of Enteroviruses
(Wenner and Behbehani, 1963), Diise digestion removed only the
nuclear DHA material leaving the viral and eytoplasmic RNA
intact (Figure 29),

¢) Serological fea : Haemagglutination test using red
cells of bovine, sheep, goat, human O, bomnet monkey, rabbit,
rat and gulnea pigs did not reveal the presence of any
haemagglutinine either at 4° or 37°C (Table 21).

OIEP test did not produce any speocific precipitation are
againa®t A126 antiserum prepared in rebbits (Figure 18),
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Figure 27: A142 (Enterovirus type). Advanced CPE of the
0K cell showing refractile rounded cells
occcurring individually and are strewn throughout
the sheet, Unstained preparation in CKC 200X
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Pigure 283 RNA virus (A142) Rounded cells showing flame
red oytoplasmic staining indicating intense
synthesis of viral RNA and nuclear distortion.

AD staining 600 X

lq“

e —— -



Figuare 29: Entero (A142) - Diise digeation,
The infeocted cells showed the absence of
greenish yellow fluorescence of nuoleii
material due to the digestion of DNA whereas
the RNA viral component remained undigested.
A0 staining 400X




Serum neutralisation test could not be done agahst any
prototype Enterovirus antiserum since nc such prototype sera
eould be obtained,

Based on the cytopathogenic effect and othser biophysical
and biochemical properties A142 could b identified as Bovine
Enterovirus,

4. Summary
The four eytopathogenic agents A042, 4112, A126 and A142
were subjected to various blophysical, biochemical, cytological
and cytochemical studies with a view to identify them individually,

It was found that AO42 proved to be Adenovirus Iype 5,
A112 and 4126 were found to be Rotaviruses and 4142 was Bovine
Enterovirus,




Chapter ¥

COLLECTION OF SAMPLE AND PROCESSING FOR
OOUNTER~IMMURDELECTROPHORESIS

1. Introduction

Counter immuncelectrophoresis (CIEP) is one of the rapid
mathods employed to detest the virus and virus antigen using
hyperimmune serum which in an elsctric field forms clear
precipitating line in agarose gel, CIEP was found to be
four times sengitive than Agar gel immunodiffusion (AGID)
regardless of which the antigen was either faecal or tissue
antigen as observed by Mohammed ¢t al., (1978) in deteoting
bovine Rotavirus, OIEP was sucoessfully employed in deteeting
Rotavirus from stools of children with gastro-enteritis
(Jesudoas et al,, 1978),

In this chapter detection of Rotavirus using CIEP from |
dung samples of calves is presented,

2, Materials and Methods

i) Collection and processing: Dung was collected frem
44 calves showing diarrhoea, debility and apparently healthy

condition from different places and were tramsported in liguid
nitrogen at -196°C and stored in the laboratory at «20°*C for

further processing,
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11) CIEP antigen,

a) Fasoal antigen: A twenty per cent dung suspension of
each sample was made in Phosphates Buffer Solution (PBS) for
centrifugation, The centrifuge tubes were prerinsed with
nutrient broth containing 0,05 per cent bovine albumin to
avoid stioking of viral protein matter to the sidea., High
speed centrifugation at 10,000 rpm for 30 minutes was done at
Christian Medical College, Vellore and at Biochemistry
Department, A,0., College of Technology campus, Adyar, Madras,
The supernatant obtained vwas used as fascal antligen in QIEP.

b) Tissue culture antigen for identifieation in CIEP;:
Along with the dung samples, fluids from the two tissue
culture positive isolates A112 and 4126 whose OPE was sugges-

tive of rota type were also screened in CIEP. The stoock

virus was used in these tests,

1i1) Antiserum for QIEP: SA11 antiserum was used against

the samples gupplied by Enterovirus Laboratory, Christiam
Medical College Hospital, Vellors,

iv) Procedure for counter immuncelectrophoresis: OIEP was

performed at the ICMR centres for advanse research in virology,
Christian Medical Colleges Hoapital, Vellore as per the
procedure dssoribed by Jesudoss et al., (1973) and was alse
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repeated at Madras Veterinary College, Madras 7, by using

2 per sent agarose in Tris-barbitone buffer pH 8,6, Wells
were cut with a distance of 3 mm between the two wells. The
fluid of the each sample was put in the negative terminal
and the 3A11 antiserum in the positive terminal. The slide
was then plaged in a electrophoretic tamk containing the
buffer, The slide was connected with a filter paper between
the terminals, OCurrent was applied with 150 volts for 30
minutes, After electrophoresis, the slides were washed over-
night in oold saline (0,15M) and for one hour in distilled
water, They were dried at room temperature and stained with
Coomassie blue for fifteen minutes, The slides were there-
after dsstained with destaining solution consisting eof
ethanol (96%) 4 parts, glacial acetic acid 1 part and distilled
water 4 parts, The siides were observed for the presemce of
pRecipitating lines against each sample, In all the teats
SAT11 MK3 Rotavirus antigen was used as contrel,

A similar procedure was repeated at our laboratory using
antiserum prepared in rabbit inoculated with A126 antigen
(which was positive against SA11 serum) against 4112, A142

and norwal oell culture fluid as oontrol,
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3. Results and Discussion

1) Demonstration of faecal Rotavirus by OIEP: Out of

44 Qung samples (25 from diarrhosic and 19 from apparsntly
healthy calves) screened in CIEP for the presence of Rota-
virus against SA11 antiserum, 57 samples were found %o be
positive ancountingf§4.1 per cent (Figures 30 and 31),

Among the 25 diarrhoeisc and debility samples screemed,
23 samples were found to be positive accounting.92 per cent
(Table 23) which closely resembled the findings of Bridger and
Woode (1975) who reported the presence of Rotavirus in
88 per cent of the diarrhoeic sample when examined by immuno-
fluorescence and electron microscope. Other werkers had also
reported abvout the presence of Rotavirus in 53,3 per cent of
the faecal samples in one herd and 72,3 per cent in another
herd by employing electron mieroscope and virus isolation
methods (Frey et 2l,, 1979).

Among the 19 apparently healthy samples screaned, 14
sanples were found to be positive (Figure 31) for Resavirus
aooountiné?ﬁ?.? per cent (Table 24), In District Livegtook
FParm, Orathanad, it was seen that apparently healthy calves
were completely free from Rotavirus, whereas Government Dairy
FParm, Madhavaram did show the presense of Rotavirus whether or

not they were diarrhoeic or healthy. Probably in this farm




139

Y ‘s t1 [ X Lae Xt

Figure 30: Wells 16 and 17 represents tissue culture
isolates A112 and A126 respectively showing
sharp precipitating line against SA11 anti-
serum, Wells 13, 19, 20 and 21 represents
dung semples of 0,553, 0,554, Loyola College
sample and Aliken (private dairy) sample
respeotively all diarrhoeio samples showing
clear precipitating lines against SA11 anti-
serum - as seen in counter immunocelesctro-
pharesis,
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Figure 31: Well lo.1 represents SA11 tissue culture fluid

rotavirus antigen and shows sharp precipitating
lines againat 3A11 antiserum, Well No, 2
representing £652 diarrhoeic sample showing
precipitating line, Well Neos, 3, 4, 5, 6, 7, 8,
9 10, 11, 12, 13, 14, 15 and 16 represent dumg
samples from apparently healthy cal ves of K123,
K151, K163, P745, P814, P818, P928, X405, X407,
X408, X413, X414 and X419 respectively showing
specific precipitating lines against SA11 anti-
serum,

Well Nos, 17, 18, 19, 20 and 21 represents dung
samples also from apparently healthy calves of
0.519, 0.529, 0,535, 0.539, 0,540 and 0,544

respectively showing no specific lines indicating

negative againgt SA11 serum as seen in counter
immune electrophoresis (CIEP).

s
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the infection of Rotavirus had run right through the neonates,
This finding is in line with the reports of Albrey and Murphy
(14976) that Rotavirus was found to be exereted in 52 per cent
of the neonates without any accompanying diarrhoea and the
findings of Woode and Bridger (1975) who had observed the
excretion of virus from clinically normal calves, It is
probable that severe disease of the small intestine of young
animals producing malabsorption syndrome and thus loss of
essential nutrients would have permanent effect on the
general metabolism leading to growth retardation (Voode and
Bridger, 1975). Hence Rotavirus could be a major ¢ ,torin the
causation of diarrhoea as well causing recurrent infection
within the herd by virtue of harbouring in the elinically
normal calves, The demonstration of Rotavirus in calves in
India had not been reported so far,

1i) Identification of Rotavirus %8 in t The
two tissue culture positive isolates, namely A112, A126 were
also found %0 be positive in CIEP against SA11 antiserum
indicating that the isoclates were Rotavirus (Figure 350). The
serum raised in rabbits against A126 ercss-reacted with A112
but d4id not react with A142, a different isolate and with
norml cell culture fluids, The SA11 MKP35 and P6 Rota antigen
which were used as control also gave positive results in all
the tests done (Figure 31).
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The characters desoribed for A112 and 4126 (Chapter IV)
in addition to the occurrense of distinet precipitation are in
CIEP suggested that the isolates were Rotavirus,

le

4. Summary

Counter immuno-electrophoresis (QIEP) had been employed
to demonstrate the presence of faecal Rotavirus in the dung
samples of calves showing diarrhoeic symptons as well as
those which were apparently healthy. There was a slightly
higher percentage (92%) of Rotavirus isclation in CIEP in the
dung of diarrhoeic calves than in apparently healthy calves
having a percentage of 73.7. Im all, 84,1 per cent of dung
samples examined showed the presence of Rotavirus,

The two virus isolates (A112 and A126) were identified
as Rotavirus giving a positive specific arc against SA11
antiserum in QIEP, Isolates A112 and A126 showed similar aros
against their own type specific antiserum and were also found

to be cross-reactive with eash other,
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Chapter VI

COLLECTION OF SAMPLE AND PROCESSING FOR
ELECTRON MICROSCOPIC STUDY

1. Introduction

Viruses were among the first biological entities to be
examined in electron mieroscope when it first became a
practical instrument for biologlcal ressarch in the late 1950's
(Habel and Salsman, 1969). The vast improvements in the
instrument and the development of various preparations,
techniques have greatly widened the scope of electron micros-
copy in virology (Habel and Salsgman, 1969)., PFor example
those viruses which did not grow in routine cell oultures and
the small virus like Small Round virus (SRV), Astro virus and
Calicivirus which were found along with other virus like
Ademovirus, Rotavirus could be seen and detected only by means

of the electron mioroscope and the identification of different
| viruses with eleotron microseope depends on the recognition
of characteristic morphological features (Madeley, 1979).

2, Materials and Methods

a) Oollection and processing: Dung samples from 59 calves
30 diarrhoeic and 29 non-diarrhoeic, were collected in sterile
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tudbes from different farms and were transported in liguid
nitrogen at -196°C to the laboratory where they were stored
at -20°0 for further proceasing,

The 30 diarrhoeic samples were processed at Christian
Medical College Hospital, Vellors <following the method of
Mlewett (1973) with little modifications, 10 ml of 20 per
cont dung suspension was made in phosphate buffer solution
{(PB3) in a centrifuge tubs which was prerinsed with nutrient
broth with 0,05 percent bovime albumin, Preliminary ceniri-
fugation of the suspension was spun in a refrigerated
centrifuge (angle type) at 10,000 g for 30 minutes, The
supernatant obtained, was again eentrifuged at 25,000 g for
120 minutes in a refrigerator ultracentrifuge. The pellet
was then resuspended in 0,5 mli to 1 ml sterile distilled water
and homogenised,

The 29 non-diarrhoeic samples were firat centrifuged at
5000 rpm in a refrigeration centrifuge in our laboratory for
one hour and the supernatant was ocentrifuged at 50000 g for
1 hour in a MSE refrigeration centrifuge attached to the
Biochemistry department of University of Madras at Adyar
campus, The pelletHNENE was then resuspended in 0.5 ml
to 1 ml sterile distilled water for staining and screening

under electron miocroscope (EM),
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») Staining the sample for EM examination: A drop ef

the suspension was placed on a sarbon-formvar electron
microscope grids and lsft for 10 minutes for sufficient
adsorption of viral agents, the excess fluid was drained Yy
blotting, A drop of 5 per cent ammonium molybdate solution was
then plaged on the grid as suggested by Grist et al., (1979)
and left 3 for 10 minutes, the exceas stain was drained amd
dried in a dessieator, The grids were then examined under

EM, 100 Jem 0, Joel Japan,

Photomiorographs were taken by using electron sensitive
Kodak fi{ne grain plates,

3. Reaults and Discussion

Electron microsoopic examinations of the dung samplesa
from neonatal calves had revealed a host of viruses. These
viruses could be classified inte three groups as was done Wy  _
Madeley (1979) in human stools, Group I included those
viruses that can be recovered from atools by oell eulture like
Adenovirus, Parainfluenss virus, ete, Uroup II i.neludol
thoss viruses that cannot be growm routinely in esll cultures,
and group III comprises”the bdacteriophage and other viruses
which are parasitic on thedacterial flora of the gut, The
viruses observed in faeoal samples under elsctron mierosoopic
study are presented in Taeble 27,




Group I viruses: idenovirus, Parainfluensa virus,

Paramyxovirus and Enteroviruses were observed under the
electron microscope in the faecal samples (Table 27). ZThese
are the virus-that could be grown in the routine tissue

culture and are demonstrable under electron microscope.

Adenoviruses with icosahedral bright profile of 60«30 mm
(closed arrows - Figure 32) were observed in the dung sample.
Further in the same field of observation numerous small
regularly spherical satellite viruses (open arrows - Figure 32)
and bacteriophages (dotted arrows - Figure 32) which are
spherical bodies with filamentous tail were observed,

Parainfluensa virus with lipoprotein envelope filled
with tubular nucleocapsid were also observed (Figure 33),
Strands of such tudbular capsids of size 18 nm were seen
extruding out of the viral envelope (closed arrow - Figure 33)
like springs and were also seen free in the area (open arrow -

Pigure 33).

A partially disrupted Paramyxovirus | - | showing
loosely packed tubular structures which are helical nucleo-
capsid and Enteroviruses of sise 30 nm were alao
observed in the faecal samples under electron microscope.




Figure 32: Electron micrograph of a dung sample showing

one large Adenovirus with a bright icoschedral
profile of 60-80 nm (eclosed arrow) and numerous
small regularly spherical statellite viruses
(open arrows) and other bacteriophage like
bodies (dotted arrows) with spherical objects
attached with filamentous tail, Direct micros-
copic mmgnification 50,000, Photographie
magnification 1,50,000K,




Figure 33: Parainfluenza virus showing lipoprotein
envelope filled with numerous linear tubular
strands of nucleocapsid. Strands of such capsids
are seen projecting out of the envelope and
broken bits of strands are seen free in the
field, Direeot microscopic magnification 26,000X.
Photographic magnification 78,000X




Figure 34: Paramyxovirus: partially disrupted paramyxo-
virus showing tubular structures of the
helical nuclegcapsid, Direct microscopie
magnification 20,000x,

Photographle magnification 60, 000K




Picure 35: Enterovirus (closed arrows) particles of sise
50 nm with icosohedral in shape,
Direct uioroscopic magnification 50, 000K
Photographie magnifieation 2,25,000X




e,
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Group II viruses: Rotaviruses, Coronavirus and Small
Round viruses were the other animal viruses (Table 27) which
eould be demonstrated im the dung samples., These viruses
could not be grown in the routine cell culture technigue
(Madelay, 1979). Prominent among these is Rotavirus which
showed the characteristic feature of electron demse central
hud with radiating capsomeres with an outer shell (Figure 34) .
In many samples amll round viruses of sisze 30 mm with a
central slectron dense viral genome were seen (FPigure 39).

In one sample membrane bound structures were found packed with
numerous irregular pleomorphic coronavirus (?) without any
corona jewels (FPigure 38).

Group III viruses: In addition to the above aniual
viruses in the dung sample, many other bacterial viruses and

phages with or wikhout tail were seen in the faecal samples
(Table 27). PFigure 32 shows the presence of tailed bacterio-
phages (dotted arrow)., These bacteriophages are normal
inhabitants of the intestins whioh are not implicated in any
digease (Madeley, 1979) and hence will not be discussed further,

The results of diarrhoeic fascal samples examined under
eleotron microscope are presented in Table 25 and the non-
dierrhoeio samples in Table 26,



Figure 3% Rotavirus: Characteristic feature of
electron dense central hub with radiating
capsometes with outer additional shell
consisting of capsomeres giving an appearamsce
of a sharply defined rim attached short spokes
upon a wide hubd,

Direct mieroscopic magnification 20,000 Xx
Photographie magnification 60,000 X



Pigure 33: Jmall round viruses (SRV). A high maguifi-
cation of small round virus with a spherical
contour of sige 30 nm filled with electron
dense viral genome,

Direct magnification 66,000X
Photographic magnifisation 2,30,000X




Figure 38:

"Other agenta" seen -undu' EM.

Direct mieroscopic magnification 50,000X
Photographic maganification 2,00,000X

158



| o

=
- ANE ¥ snajaeyoy au - via op OeeH op Li
-l A¥S ¢ snatawqoy L - via op ccH b 6L°k1"9Z 9%
ANS ¥ SnxTA®3OY S - Lysnii op ZLX o op *ci
ANS £ via op €SIy s 6L°0L"LE ¥
ANS ® nigs op PE6X e op ‘€L
AuE ¥ enxyaegoy au vig op ShIX op *z4
ANS ¥ GNITAUOy @ INgS peaqseox)d CFLd e 6L°E"LE °L)
AdS fa Aysvy  oresynd COGd ’e cp 0k
suayaoxeuy ¥ AMS o - Aqsny op 6Lz e op *6
ANS ¥ snxiawgoN i - Aueni op Sz2¥ e op o
A¥E ? snxjawgoy aq - Fat o op OO2N o op by
enIjARy0Y = - Lqeny op BN weIvaRypwl op 9
poxq urej Lfxyeq
ANES ¥ WITARION sa via 88030 GiiY JUSHUISACD GLA%GZ °S
mIjaQxsiuy
fenajaesoy a0 Aqsui! ep ¥s°0 “ op i J
A¥NE ¥ enajaoxSm
-paud {onIiAwioy a0 - via TWuls £65°0 .u..“sa op <
SITARY 0N @@ INgs o1 nd 99S°0 -waQ ‘uwxeyg op i
asoIo J00388AT"]
BRI TARIOY H5a - via Lesxop Z¥S*O FOTXOTA 6L°9%6Z "}
o - - W S - . e A A W e Mnag """""
Ldoosoxsm s/3a/ae -ydesy ojaxeyny
ucI3o0Te . ‘uotsy
Jo By TnseH uOT1TpuOD 1TowWlu®e oy Jo posag Jequnu UCTICALTOD -0BTY00 ‘ON°S§
tezauey Luw JT smosdefsg Temjuy JO 80wld JO egug

- W W Em W G G Pa mm R A W R SS Ne SR AN SE AR SR W SR W AR @GR WS R R R MR R e MR R R W e e W S e e

»d00SOIOTE WOILOSLS JOPUN PouEEXe seTdwes Bung OTEOUITEI(Q




SnXTA punoy TITwWS $A¥S suogdufes Lxoyexydeey $ dSHM

seoyIIT (I VI Peop) i@
PILOoS S t INES Xuee) in
10038 L3538y Aysmy L471108@  'ET
A¥S b A4 - via op &6 LY ‘0 op (s]4
A¥S aa - h piin cp 14 i cp 62
A¥US aa - YIia op SND 4 op 62
A4S a - Yia op 6L6T “ op “Le
- WeIeAWYPEN .
AYE i via op 6zvEa sTun £XTED op 92
A¥S A - YIO pyemqewoad 664 eatad 08°y°L ‘&2
s ITAOUSYY
puUR MMITA®L0Y A -  Lymol op 6 e ne op ¥
- wexyednj el .
ANE ¥ #nITAOUGDY A Yia ap YOO~ sgorawag op g2
A¥S ¥ ssusnijuy yorv eesy
-exed {snITAERq0Y o dedy  Ayeni oreyind ¢6EH 2 XoWeealI 06°L°L °c¢
A¥S pus *guIp el
( {) Snx jaBUOIOY ™ - YIid op - afe1100 ®T0L0 6L°2L°0L °i2
*SeIpel
‘3Tum Lxpep
I jaoxesuy a» - Yia op - #eatxd o6L°€L°t “0¢
snriAeyOy A - Ings o0 o0zBZ " epgwg o0 ‘6L
ANS ¥ sIjAwioy aa - YIG@ pexqesoapn g6od ALxteqe3acd 6L°11°92 °Si
Lxogex
£doosoxoym A/90/qd ~1desy oOLIjul »e
UoI1 0870 peslg JoqENE WOPOOTTO0 ..o-.a.nww ~oN°g
Jo s3TneeH uoI3Tpuod TeWIuR Wy Jo Temiuy JO adeld JO e3e(

Texeoue) Luw 1 smojdmfg

- e ek ws e ws o W OB WP Gy N Gk M) WS W Sk A W EF Sk Gk W S Ms @ o A W@ W W S S e W R = @ W W W e

( pauce) €2 91093



- - TUPUTg LGS0 . op ‘o

= a@
880IX9 }
Adg ao - - Assxepr 6¥6°0 ‘s op “cd
- a - - oTeFinE §¥S°0 “f op 44
- a - - op L¥s°0 ‘¢ op ey
- ® - - Tapuls #¥S°0 ‘“ op i
- a - - orezJng £¥S°0 “ op W
- @® - - op 0O¥5°0 st op or
- ao ~ - op 6£5°0 ‘* op *6¢
Aus a - - TWolg 6£5°0 £ op 8¢
A¥S am ~ - ep &€5°0 o op L€
A¥S i1 - SNOD 0P €570 ‘¢ op 9¢
880J0
- @ - = Lesxer 625°0 ‘ op e 14
Adg! magacIeyUT a - HEs oTeying {25°0 ¢ op b 44
880X0
- 1 - . Leosxer H45°0 € op *¢e
- e - - eTezmE 516°0 .Euq..m-xﬂﬂumm v *z¢
- @ - - TAPUTS GIG°0 —®ATT 30TXINTQ 6L°9°62 i€
| | £xoyex ,
£doomoxomm h\a\@ -3deey olI9qUY 014
aoILIeTE ———-—-—- , iy - PP
poslg JequmE uTOJJON[I00 -—-O9[IOe “ON‘S
B R e e e Ak Temjuy  Jo eveld Jo e3eq

Texsuny JLue JT -I.#Ea

4#doogoIoTE WOX108Te Ispun peujuwexs geldues Funp 07OYIIBTPUCK

== )

9¢ #1qEg



162

gnxys pumoy TTEWS TAMS Jsen Y
peyedyssucy $ENHOD syraed TE
Sunp PTIOSTUEE s THES po0D tad
- @ - - op 6L¥X e “op ‘66
ANS @ - - op X 6 op *8s
- a - - op CLPX ¢ op *LS
- ® - - op EOFX __ .. :o op 9%
puE @ - - o T gtes 7 "6S
- @ - - op Go¥X ey noTIFV  6LO9°LE “$S
gzueniurexed: @ - - op ge6d ¢ op €S
- A¥E ad - - op gLed £t op *2S
A¥E @ - - op ¥i18d ss  EL°PP°LZ IS
- ad - - op ghLd e op *06
A¥S @® - - op ¢9LX ¢ op 6
- @ - - o i TN ¢
A¥E ® SNITACIRUE a@ - - pemssoxd $2ii Lxyeqeasod 6L°0L°L2 ‘LY
............. wuauu.---------..---..--1.-..:---
£doosoIoTM A/ a1/ -jdgey OFIUI -
Houﬂﬂv.%uwm uﬂawwmw E— aﬁ...mm posag Jeqund gojaoe1Ioe —0eTIe® *o§°S
Tezeusy Lwe 71 suosdmks TeEtuy yo sowld Jo o¥=d

““'ll","

‘-“'-“‘,“,"!""-“""“l

-.",I“




163

Zaile 27

Viruses found in dung samplss of calves
under alectron mieroacope

No, of
Eroup samples
l - W W e M i W @b e e ewm B e SN W W Wy e e - W ms Ew e M @S e
' 1. Viruses that can be grown and passaged
a) Enterovirus 5
%) Adenovirus 2
l f E
&) Parainfluensa 2
l. 2, Viruses detected by eleotron microscope
| a) Rotavirus 17
, b) Small Round Virus ' 54
¢) | Other agents 1

3. Bacteriophages
a) Tailed phages multiple
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Of the 30 samples from diarrhoeio calves screened, all
the samples showed the presence of some virus or other, out
of which 17 samples showed the presence of Rotavirus either
alone or in combination with other viruses like Small Round
Virus (SRY), Paramyxovirus, Parainflueasavirus and Adenovirus,
whereas SRV was seen in 23 samples either alone or in combina~
tion with others. SRY alone was seen in 9 gamples and Reta-
virus alone was seen in 4 samples., Three ocalves with diarrhoea
showed the presence of Enteroviruses., Paramyxovirus aleng
with Retavirus and SRY was seen in one calf whioh was shewing
diarrhoea and debility (Table 25), One calf showed the
presence of Other agentsalong with SRY. The Coronavirus did
not show the presence of the peplomer of corona Jewsl. Para-
influensa Virus was sgeen in a debilitated calf that showed
respiratory symptoms along with mushy dung. This calf showed
the presence of Parainfluenza, Rota and SRY.

0f the 29 samples from non-diarrhoeic calves, 11 showed
the presence of SRY, one showed Parainfluensa virus and two
Enterovirus in combination with SRY (Table 26).

Szall Round Virus of sise 20-30 nm was more or less
ubiquitous in diarrhoeic as well as in non-diarrhoele dung
sample, Enteroviral excretion with no evidence of illness is
often found in young children (Bell et al,, 1961
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Patterson and Bell, 1963) and this has toc Be borne in mind
when considering the role of other viruses found in the gut
(Madeley, 1979). But in c=se of the presence of Rota Viruses
it should be borme in mind that morpholegiocally similar
viruses had cauwsed diarrhoea in gnotoblotic animals (Middleten
et al,, 1975; Medbus et al., 1977; Snodgrase et al,, 1977).

4. Summry

Thirty dung samples from diarrhoeic calves and 29 non-
diarrhoeic calves were subjected to high speed centrifugation
to pellet the ¥iruses in them and were examined under electron
microscope, Electron microscopy revealed the presence of
Rotavirus, Small Round Viruses, iAdenoviruses, Enteroviruses,
Paramyxovirus, Parainfluensa Virus eand Other agents
Rotaviruses were seen asaociated with diarrhoeic samples and
Adenovirus was found in a weak diarrhoeis calf, A calf with
respiratory symptoms and diarrhoea showed a mixed infection of
Parainfluensa, Rota Virus and SRV,
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Chapter VI

COMPOSITE PICTURE OF THE STUDY OF RESPIRATORY AND
ENTEROPATHOGENIC VIRUSES IN CATTIE

A study on the respiratory and enteropathogenis viruses
in cattle especielly calves were undertaken in the hope that
our knowledge about the ococurrence of viral agents in negnatal
calves and their disease potential could be extended. Such a
knowledge about the role of wirus infeetion in neonatal calves
woilld go a long way in the progressive livestock breeding and
calf rearing programmes in India in preserving the cross-bred
calves from morbidity end mortality due %o viral infections,

Apparently healthy and diarrhoeic calves of age generally
less than 3 months were selected for the study since older
calves are likely to develop resistance against these infections,
In order to obtain a widespread ploture of the incidence of
viruses in calves various liveatoock farms whioh were invelved
in cross-~bred calf rearing projects, were ohosen and were

studied during the different seasons of one ¢calendar year,

Por the isolation of respiratory and enteropathogeniec
viruses in calves, throat swabs anl restal swabs were colleoted

since these viruses were predominantly seen in them, Oare was
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taken to empley serumn-fres maintenance medius s a vehicle for
the reotal and threat swabs to avolid premeutralisation of the
viruses due to the presense of specific antibodies in the

serun and the samples were straighiaway quenched in liquid
Fitrogen at -196°C and then transported to the laboratory
wherein the samples were inoculated into oalf kidney cell culture
without undue delay in the storage at -20°C,

The routine procedure of calf kidney cell culture with a
slight modification of avoiding two times washing of trypei-
nised kidney cells with Hanks'® B33 and addition of whole serum
to eompletely inhibit the action of trypsin was carefully
standardised with a view not to avoid the presence of trypsin
absolutely. Probably this procedure had helped in the present
study to isoclate Rotaviruses which needed traces of trypsin at
5 ug/ml for isolation (BaMuk et al., 1977). In the present
study the calf kidnsy cell culture was found te be useful ia
glving & good number of iselates of cytopathogsnic agents which
were classified basdd on the nature of CPE, Acocordingly the
isclates were identified as belonging to Adenovirus group,
Enterovirus group and Retavirus group. For the preparation of
stock virus isclate, for the titration of the stock and to etudy
the biephysisal, blochemieal, sytologlcal, oytechemical and
serologieal charzoters of the representative isclates of
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these above groups, calf kidney cell culture was employed and
was found to be useful,

Livestook farms where large scale calf rearing schemes
wore in progress did present a higher overall incidence of
viral agents in young calves, Adenoviruses, Rnteroviruses amd
Rotaviruses were found to be present in every farm and wes more
in South-West monsoon and winter seasons, Nadeley (1979) had
found that ochildren may be found ¢o excrete Enteroviruses and
other 71::1 agents where there was overcrowding, poor sanitation
and hygiene, It is possible that in Tamil Nadu, inclement
monsoon weather would give rise to a poor sanitary and
hygienic oonditions in the farm, resulting in more incidence of

virus infeation,

An analysis of age susceptibility to virua incidence had
brought to light that calves of 1 t0 2 months of age were worst
affected followed by the age group of 2 to 3 months and 15 days
%o 1 month with no incidence in 0-15 days, Hence it could be
said that eolostral antibody is very essential in affording
resistance to these bouts of virus infeetion and that the
oolostral antibodies may wane away completely and natural
infection from apparently healthy calves in the herd takes the
| upper hand, Since apparently healthy calves could act as a carrier
}and become a source of infection for those calves which had less

amount of colostrum, Holmes et al., (1974) and McNulty (1978) had
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reported similar findings in their study oft the role of
coleostral antibodies in the viral infections of newborn calves,

Statistical analysis of the type of viruses isolated had
revealed that Enteroviruses were more commonly isclated
followed by Adenovirus and then Rotavirus, which could well be
anticipated when primary calf kidney eell culture alone was
used for isolation studies, But the presence of Rotavirus in
calves in India had not been reported so far and the present
study hed revealed the occurrence of Rotavirus in almoat every
farm in which the study was undertaken, Hence further investi-
gation is warranted in finding out the astiopathogenic signifi-
cange of Rotavirus im calves,

Only one or two representative isolates of each group of
tissue culture cytopathogenic agenis had been studied in detall
with a view to identify them, It was found that one isoclate
from Adenovirus group was identified as Ademovirus Type 5 which
is responsible for weak calf syndrome, two from Rotavirus group
was taken and identified as Rotavirus and one from Enterovirus
group as Enterovirus, Other samples could not be idemtified
for want of specific sera and time,

While identifying these virus isolates, ether semsitivity
test, size determination by millipore filtration and EM studies,
cationic stabilisation to heat a¢ 50°C, eytological and



oytochemical studies to find out the property of the type eof
viral inclusions and the nucleic acid contained im them, serum

nsutralisation test and counter immunc-electrophoresis wers

smployed,

0f these techniques, counter immuno-elecirophoresis and
electiron mioroscopic screening of dung samples were further
employed to investigate the preasence of viral agents in some
samples collected from diarrhoeic and non-diarrhoeic calves, :

Counter immunoelectrophoresis was found to be easily
operated since 1t 4id not involve any costly instruments like
electron microscope. Further it was quick and quite speaific
in their identification., As a2 matter of fact just with 1/2
hour of agtual electrical run and within another 12-24 hours
results could be made available in typing the faecal or tissue
samples upto the specific serotype if only the type specific
sera is available, It was reported that counter immune-
electrophoresis was four times wmore sensitive than agar gel
immunodiffusion regardless of which the antigen was either
faecal or tissue antigen (Mohammed et al,, 1978)., Further,
MoNulty (1978) while reviewing the various tegchniques of i{denti-
fying the presence of Rotavirus in fasoal sample reported that
opinions on the sensitivity of counter immuneeleetrophoresis

differ and that electron miecroscopic examination of faecal sample
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would be better than CIEP (Middleton et al,, 1976) and
Grauballe et al,, (1977) found CIEP was more sensitive than
eloétron microseopy.

In the present study it was found that CIEP was really
useful in hringing out the presence of 92 per cent Rotavirus
isolation in the dung of diarrhoceic calves and 73,7 per cent of
the same in non-diarrhoeic calves, Whereas electron micros-
copiec study of faeeal samples revealed the presence of Rotavirus
in diarrhoeic atools rather than in non-diarrhoeioc stools.

This is probably due to the fact that for electron micros-
copic study one may require at least 10‘ to 107 viral
particles per 0.1 ml for easy demonstration of the agent

(Grist et al,, 1979). Such a concentration is possible only
when there is active infection, But CIEP requires the presemce
of type-specific antiserum and to get itype-specifie antiserum
one must be in a position to isolate the specific viral agent
and prepare a stook in vitro, Madeley (1979) had obsarved
many more viruses under electron microscope which could not be
routinely :I.sphtcd in cell cultures,

Hence eleotron microsoopy was attempted in the present
study to screen the incldence of resplratory and entero-
pathogenic viruses in calveas, With a little amount of expertise
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this method could also be adopted as a routine diagnostic
method if the equipment is made available,

In the present study, the incidence of respiratory and
enteropathogenic viruses of calves was gtudied by using the
conventional tissue oculture technique and ifdentified the iso-
lates by other conventional virological techniques as well as
the sophisticated modern techniques like counter immuno-
elecirophoresis and electron microscopy.

Incidence of Ademovirus, Rotavirus and Enteroviruses were
established in calves under 3 months old in every Livestock
farm of the State wherein calf rearing programmes are adopted
in large scale, In the present study the conventional tisaue
culture was guite uwseful in isolating Rotavirus, Adenovirwms
Type 5 and Enterovirus from the faecal samples of calves.

This is the first report of the presence of Rotavirus in calf
diarrhoea in India (John, 1980), Muoh work has to be undertaken
in this direction to establish the aetiopathology of Rotavirus.

Besides the gonventional tissue culture technigue,
Rotavirus was found to be present by CIEP and also by electron
microseopy. The results of these sophisticated technigues
confirmed the primary iselation of Rotavirus in calf diarrhoea
~ and the incldence of other viruses in ealves,
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Further work is warranted in finding out the pathogenia
potential of these viruses like Rotavirus, Adenovirus and
Enterovirus in calves, Such a study would help in developing
& polyvalent veccine if need be in India as well against calf
diarrhoea and other related syndrome as already in vogus in
‘the western countries, thus preventing the heavy economio loss

to the farmers who rear orossbred calves,



Ghapter VIIL

Attempts to isolate viruses from throat and rectal swabs
and faegal samples from diarrhoeic and non-diarrhoeic calves
of age generally less than 5 months were undertaken in oxrder
%o gain more insight into the aspects of viral aetiology of
calf morbidity and mortality.

The conventional tissue culture technigue and other
modern virological technigues like counter immuncelectro-
phoresis and electron miarescopy were employed to diagnose

viruses from calves,

Two hundred samples of rectal swabs and throat swabs weme
screened for the presence of tissue culture cytopathogeniec
agenta, Higher overall incidenmce of viral agents in livestock
farme was observed where large scale celf-rearing schemes are
in progress, Adenoviruses, Enteroviruses and Rotaviruses were
found to be present, Incidence was found to be more in South-
West Monsoon and Winter seasons, Calves 1 to 2 months of age
ghowed the heaviest isolation rates followed by the group 2 %o
3 months, There were no virus isplation in the age group
0=15 days demonstrating the importance and the activity of



175

colostral antibedy, Symptomless carriers were also
demonstrated by virtue of the fact that there were virus
isolations in apparently healthy calves,

Various biophysical, biochemical, oytological, oytoe-
ochemical, serclogicel and counter immunoelectrophoretic (GIEP)
atudies were employed to characterise one or two of the
representative isolates belonging to Adenovirus, Enterovirus
and Rotavirus groups. Such a characterisation revealed the
identity of Adenovirus Type 5, Rotavirus related to SA11 and
bovine Enterovirus in ealves,studied, The present Rotavirus
in calves is recorded for the firat time in India,

Since Rotavirus isolations were obtained in the routine
virus isolation studies and were easily identified as Retavirus
in OIBP, 44 faecal samples from calves with or without
diarrhoea were soreened for the presence of Rotavirus in CIEP.
It was found that 92 per cent of diarrhoeic calves, 73,7 per
aent of non-diarrhoele calves and an overall per cent of 54,1

of dung samples examined, showed the presence of Rotavirus, /
‘If'_,(" /_

Direct examination of faecal viruses in calves weére also
done under electron microscope. 30 diarrhoeic and 29 non-
diarrhoeic faecal samples were subjected to high speed centri-
fugation to pellet viruses preeent in the dung of calves,
These pellets were stained and examined under eleoctron
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uicroscope, Elestron microscopy revealed the presence of
Rotavirus, Small Round Viruses, Adenoviruses, Enteroviruses,
Paramyxovirus, Parainfluenzavirus, Corona-like viruses and
bacteriophages, Rotaviruses were seen associated with
diarrhoeic samples and Adenovirus was found in a weak
diarrhoeio calf, A calf with respiratory symptoms and
diarrhoea showed a mixed infection of Parainfluensa virus,
Rotavirus and 3mall Round Virus,

The pathogenie potential of these viruses like Rotavirus,
Adenovirus Type 5 and Enteroviruses in calves have to be
studied in greater detail to undefstand their aetiologic and
pathogenie significance by experimental infection so that a
polyvalent vaccine if need be, could be evolved to protect
against the natural infection of these viruses in calves.
Such a study is warranted to prevent the heavy economic loss
encountered by livestock mreeders,
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