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Abstract 

PUkalI., R. DvoUk, J. Franz, J. St!panek: Rapid Identification oj BOfJine 
RotafJirus by Electrophoresis in Agarose Gel. Acta vet. Smo, 60, 1991: 253-261., 

Horizontal electrophoresis of the rotavirus genome in aprose (EPA), indirect 
immunoenzymatic analysis (ELISA) and,counter-immunoelectroosJnOphoresis 
(CIEOP) were compared for the identification of .rotavirus in 94 feces .samples 
collected from scouring calves in 6 rearing premises. Positive results by all three 
methods were obtained in 48 animals (51 %), most effective being ELISA and 
EPA (both 43) and least effective CIEOP (29); The sensitivity of the rotavirus ge
nome demonstration by EPA was equal to that of indirect ELISA (88 %), which 
demonstrates the group-specific. rotavirus antigen. The sensitivities of . EPA and 
BLISA were higher by 31 % than that of CIBOP. Identical results of BLlSAand 
EPA, CIBOP and EPA, and BLISA and CIBOP were. obtained in 89.3, 82.9 and 
80.8 %, respectively. Compared with BLISA and CIBOP, EPA iSR straightforward 
procedure involving neither a complicated processing of samples, nor the prepa
ration of a specific hyperimmune serum. The time required for BP.A equals to one 
half and one fifth of the time necessary for BLISA and CIBOP,respectively. 

BOfJine rotafJinu, diagnosis, electrophoresis -. EPA, ELISA, CIEOP 

Gastroenteral infections in calves, manifested by scours and associated with increased morta
lity, pose a serious problem in local cattle herds. They affect newborn calves mostly and are 
associated with considerable econOmic losses, resulting from retarded growth, impairment of the 
general condition and increased treatment ~ts and. mortality. • ' •.. .... . . 

In most cases, rotaviruses have been identified in the gut cOntents in many animal species and 
children affected with acute gastroenteritis (Bishop.et al. 1973; McNulty et al. 1976). Also 
attempts to demonstrate rotaviruses as causative a~ts of gastroenteritis in calves have been reported 
repeatedly. For a long time, however, such a~empts were limited to experimental infections 
and to virus propagation in cell cultures (Mebus et al. 1969, 1977; Bridger and Woode 1975). 
Owing to the poor adaptability of bovine rotaviruses to serial propagation in cell cultures, labo
rious and sophisticated procedures are necessary for this purpose and therefore rapid methods 
of direct and indirect detection and identification have been introduced into laboratory diagnostics. 
Originally, only electron and immunoelectron microscopy were used (Bridger and Woode 
1975), later the techniques of counter-immunoelectroosmophoresis - CIBOP (Middleton et 
al. 1976), complement fixation (Zissis et al. 1978), immunoenzymatic analysis - BLISA (Bid
well et al. 1977; Bllens and de Leew, 1977), radioimmunoanalysis - RIA (Sarkinen et al. 
1980) and reverse passive haemagglutination and latex haemagglutination (Sanekata et al. 
1981) were developed. Recently, methods based on the effects of the electric field on the rotavirus 
genome, extracted from clinical samples directly, have been· introduced. The arrangement of the. 
rotavirus genome, formed by segments of double-stranded RNA with molecular mass ranging 
between 0.2 x 10· and 2.0 x 10· (Clarke and McCrae 1981) .and consequently with . va,rious 
migration speeds in polyacrylamide and agarose .gels, results in· a: charactedstic distribution Called 
electrophorogramme (pedley et al. 1983). A comparisOn of RNA electrophoretogrammes of rotli
viruses isolated during an epidemic outbreak of scours allows to use the genome analysis not Only 
for the aetiological diagnosis, but also for epidemiological investigations (Fijtman et al. 1981). 
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The aim of our experiments was to develop and test the simplest procedures of horizontal electro
phoresis in agar (EPA) for routine detection and characterization of the rotavirus RNA separated 
from feces collected from scouring calves. 

Materials and Methods 

Samples and their processing: 
Feces samples, collected from scouring calves, and culture media, collected after repeated passa

ges of rotavirus isolates in the cell lines MA 104 or MDBK, were examined for the presence of 
rotaviruses. The examinations were performed currently since January to May 1990, i. e. during 
a period when frequent scours were recorded in 3- to 14-day-old calves in 6 separated rearing 
premises in the South Moravian county. A total of 94 calves were examined. 
1) Feces: The samples were collected into plastic bottles, frozen on dry ice immediately and 

transported to the laboratory. A 20 % suspension was prepared in the. Eppendorf test tubes 
containing 400 pI of respective bUffered solution using and adapted bacteriological loop. The 
composition of the buffered solutions was as follows: 
a) 0.01 M phosphate buffer pH 7.2 for ELISA, 
b) extraction bUffer pH 7.4 for EPA, consisting of 0.02 M.Tris-hydrochloride, 0.3 M sodium 

chloride, 0.01 Mmagnesium chloride, 0.1 % sodium dodecylsulphate, S mM EDTA, 
4 % saccharose and 0.04 % bromphenol blue, 

. c) veronalbuffer pH 8.S for CIEOP, consisting of O.OS M sodium veronal, 3 mM citric acid 
and 0.3 mM oxalic acid. 

An equal part of a phenol + chloroform mixture (1: 1) was added to the samples suspended 
in the extraction buffer 'and the test tubes were shaken gently for 60 seconds to obtain a homo
geneous suspension before centrifugation. All suspensions were processed in the K - 24centri
fuge Ganetzki) at8 000 g for 10 minutes. The supernatants for ELISA and CIBOP were 
stored at +4 ·C, while those for EPA (the aqueous phase containing the double-stranded 
RNA segments) were transferred into other test tubes and kept at room temperature until 
examined. 

2) Culture media: Samples of Culture media were diluted ·and centrifuged in the same way 
as the feces samples. The volume of the aqueous phase was measured and, after adding 3 
parts of 96% ethanol to 1 part of the fluid, the mixture was left to precipitate at -20 ·C over
night. Mter processing in the K-24 centrifuge Ganetzki) at 10000 g for 30 minutes, the pre
cipitate was resuspended in SO pI of the extraction:· buffer and used for EPA. 

Electrophoresis in agarose gel (EPA): 
A modifica~~on of horizontal electrophoresis in a S-mm-thick layer of I.S% agarose, as described 

by Chudzio et a1. (1989), was used. The gel was prepared by boiling agarose (Sigma) in 0.09 M 
Tris-borate buffer pfl 8.2. Approx. 3S ml of the Hquid gel were poured into an adapted micro
titre plate lid 8.5 x 8 em, . into which a comb had been placed· to form starts. After solidification 
the comb was removed, the lid was put into an electrophoretic vessel (own design) and approx. 
300 ml of Tris-borate. buffer were poured into it. SO pI of the processed sample were applied 
on respective start by a micropipette. The electrophoretic .vessel was then connected to a voltage 
generator so .that cathode passed the vessel on the side of the agarose layer, where the samples 
were applied. The reaction was left to run at 100 V for I.S hours. After switching off the voltage 
generator, the gel was stained in ethidiumbromide solution (1 pg • ml-1) for 10 minutes. The 
stained segments were viewed under ultraviolet light at 312 nm (Transiluminator, UVP, Cam-
bridge). . 

Enzymoimmunoanalysis: 
The modification described by Bidwell et al. (1977) was used for rotavirus demonstration. The 

IgG fraction of rabbit antiserum to rotavirus (100 pg • ml-1) was pipetted into each well of a micro
titre plate and left there for 18 hours. Mter a thorough washing of the wells, 0.1 ml of the examined 
suspension, 0.1 ml of the optimal dilution of the positive calf serum to rotavirus and 0.1 ml of 
a solution of swine antibody to bovine IgG, conjugated with horse-radish peroxidase (SwAB/Px, 
USOL, Prague, diluted 1 : 2 000), were pipetted into the wells sequentially. Each step was followed 
by a thorough washing and each component was left in the wells for 120 minutes. Finally, 0.1 ml 
of substrate (S-aminosalicylic acid + O.OOS% hydrogen peroxide) was pipetted into each well. 
After 30 minutes, the colour reaction of the samples was compared with that of positive and 
negative controls. 
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Fig. 1. Electrophoresis of rotavirus RNA, extracted from fecal = fecal samples . 
. Bands A, B = sample TM-207, rands C, D = sample TM-224, bands E, F = sample 

TM-123, band G = sample TM-249. 
1 through 11 = segment numbers 



Coupter-immunoelectroosmophoresis: 
The modified method, described by Dea et aI. (1980), was used for the rotavirus antigen de

monstrl!.tiQO. 1 %agarose gel in. veronal buffer (pH 8.S};W"s placed into an electrophoretic vessel 
«(]SqL~Prague) and the proceueijfeces ~les wm:appliedinto starting wells (diameter 4 mm) 
(In the!=l1thodic,side. The op~ite,;~ells.'~t a distanc~ of 10inm, were filled with ro~virus antise
tum. The reactIon was left tonm a~ ISOY fot: 90.mlnuteS. l\fter ,a thorough washing of the gel 
i,nphysiologie;al saline Overnight anao rinsing Wi~'Aistil~ed waterjthe, precipitation lines were 
visualized bya treatment.~'thl % t~kaci4 for' 1S to 20 minUtes.;:;"; . 

';t, .. .. f[:' ,~. :,t.i ' . 

. \ ... ~ ..3;>f;~' .. " ...... . 
Al1,.lysjst·O(.·1i;9Javir:l:1$i',8e..P,:O.~ "l?$;;4h9ri~()~~al electroplctoresis in 

~.~~~,~~~~ 
i;:dnible:ib.!;t;n~~;IFig.<l~;·TJUs~:~~>J$less than. described for 

~~=H~S~=a:; 
~1U'lAsegmf.#ts~s:ted frOin thes. .... ,TM~207 (lanes A and B)" TM-l~3 
(4anes P A}l~:m8J14:T~-22i.and TM- . es C, D and G) can be seen In 
Fag.'l,:'I\it~~~l;etQgta#ltnesOf ;' " ..... ~.' J'M-224 aIld TM-249 were 
themost.m?lcat'fot t;4emi&rij?;PIl 9.f the t9~Vjtu*,1tNA segments extracted from 

=~=~:=11f!:t!0(~:.~~~:'h)~»~:: ~:a~~mc:~~ t 
~~ted~~pttd;torgJ;,,~in "tP.:e '. ,;: '. ":¥A-~04from the feces samples 
rM,-2U'~'TM-20k •. E1~~reticp .. ,Jbeu: genomes after 6 passages 
inth~. ~~l()4!.ce1ls .(Fig.,2,lanes B.and C,' .' inp~able with that of the strain 
BR~'iD:.ts408tb.,:~ein,tl1e celllif)~;J~lP;S~·(Fig. 2, lanes A and E). The, 
s~tdiStri~qpQij,of ~elow-passage~()~C$/.TA1-207 and TM-224 did not 
di1fer'ftom.thc; orjjl'@ Att~:~ Y!~t~i1t:;:l!~ 1. Marked differences both 
in' thc;.~umbet()fse8in,~~in~'n1igration.p¢ed of some of them can be 
seen jnthehigp-pasSage,sttahiBR-408:, ~>,;.:> . ., .. ' .. "', 
. . Negative .~pl~: w~eeasil¥ipti1iable .. fonningno similar arrangem~t in 
~ose. SporadiCa11y,an~evated light background was· observed. It was obVIOUS
ly.due .to imP.uri9~ :andCOUld,l?e~~i111!~a~'\)ya furtherp~cation of the exa
miIled mat#ialmmost cases.$lIDp~ettyand speed are Important features of: 
EPA. The average. interval. \letWee.ntha\Ving·of saplples and reading of results . 
was 2.5 hours. The rotavirus RNA extracted from the examined samples, was 
stored at room'temPerature withoutaIlY marked decrease of nucleic acid concen
tration for two' months. Fourteen % of .theoriginally positive samples became 
negative after 6 months of storage. ' 

. Identification of bovine rota virus by EP A, ELISA and CIEOP 
The results of comparative. examjnations of the feces samples collected from 

scouringc8lves by the three methods are summarized in Table 1. Identical re
sults by all three methods were obtained from 48 (51 %) of the 94 examined sam
ples. EPA, ELISA and CIEOP yielded 43, 43 and 29 positive results, respectively. 
Results of combinations of two methods agreed in 89,3 % (89/94) in Group I 
(ELISA + EPA), in 82.9 % (78/94) in Group II (CIEOP + EPA) and in 80.8 % 
(76/94) in Group III (ELISA + CIEOP). Comparisons of the results obtained 
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Fig. 2. Electrophoresis of RNA, extracted from bovine rotavirus isolates grown in teU cultures 
MA-I04 or MDBK. 
Bands A, E = strain BR-408, band B = strain TM-224, band G = strain TM-207, band 
D = reference strain Lincoln • 
1 through 11 = segment numbers 
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'Table I 

Comparisoa of resalts of ."..m1aadoas of 94 feces samples for, the preseace of boviDe rotavirus, obtaJDecI 
by EPA, ELISA aDd cmop 

Pairs of methods I Identical results I Controversial results I Total 

I. ELISA +; EFA + 38 ELISA +; EFA - 5 
ELISA -; EFA - 46 ELISA -; EFA + 5 

Total 84 10 94 

II. CIEOP +; EFA + 28 CIEOP +; EFA- 1 
CIEOP -; EFA - 50 CIOOP -; EFA + 15 

Total 78 16 94 

III. ELISA +; CIEOP + 27 ELISA + ; CIEOP - 16 
ELISA - ; CIEOP - 49 ELISA -; CIEOP + 2 

Total 76 18 94 

+ /- positive, or negative result of respective method 

by individual methods revealed differences in their relative sensitivities. While 
EPA and ELISA were positive in 96 % (28/29) and 93 % (27/29) of the CIEOP
-positive samples" the relative sensitivity of CIEOP was only 65 % (29/43) and 
62 % (27/43)" when compared with EPA and ELISA" respectively. 

The sensitivity of the rotavirus genome demonstration by EPA was equal to 
that of ELISA (88 %" 38/43)" although controversial results were obtained in 
10 cases. However" higher numbers of controversial results were obtained from 
the comparison of EPA and CIEOP (16)" or ELISA and CIEOP (18). 

Discussion 

Horizontal electrophoresis of the rotavirus genome in agarose" immunoenzy
matic analysis and counter-immuno-e1ectroosmophoresis were used for the iden
tification of rotavirus in 94 feces samples collected from scouring calves in 6 rearing 
premises. Although all three methods detected the bovine rotavirus" they differed 
in sensitivity and specificity. The most reliable results were obtained by electro
phoresis of the extracted RNA in agarose" allowing a direct identification of 
rotaviruses" based on the characteristic arrangement of the RNA segments in 
the gel and on evaluation of respective e1ectrophoretogrammes. Rotavirus was de
monstrated in 43 of the examined 94 feces samples by this method. Moreover" 
comparative evaluations of the electrophoretogrammes allow to analyse positive re
sults in the epidemiological context and in time sequence (Fijtman et al. 1987)" 
thus increasing the diagnostic value of EPA. Similarly as PAGE" EPA can be used 
for the differentiation of the rotavirus RNA not only within a single animal spe
cies" but also between various species (Rodger et al. 1979). On the other hand, 
in the form described here" EPA cannot be used for the differential diagnosis of 
further enteropathogenic viruses that may cause diarrhoea in calves either alone" 
or in combination of rotaviruses, such as bovine coronavirus" calicivirus" astro
virus" etc. The necessity to consider further enteropathogenic viruses in the aetio
logical diagnosis of calf scours is stressed by the fact that" in our experiments" 
rotavirus could not be detected by any of the methods used in 49 % of the diar-
rhoeic calves under study. . 

While Kalica et al. (1978) described 11 segments resulting from PAGE of 
the rotavirus RNA" in our experiments only 8 and in one case 9 bands were dis-
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cernible in 1.5 % agarose. Basing on a closer analysis of our electrophoretogrammes 
and on data published by other authors, we presume that this reduction of the 
number of bands is due to the positions of the segments 2 and 3, and 7, 8 and 9, 
which are so close in agarose that the segments become indiscernible. Despite 
this reduction, we were able to demonstrate a certain number of variants of dis
tribution of the rotavirus genome segments, extracted both from feces of scouring 
calves and from virus suspensions cultured in vitro (Fig. 1 and 2). The most mar
ked migration speed deviations were seen in the genome of the strains BR-408, 
TM-207 and TM-I23, showing a slower migration of the 11th segment, thus 
forming the "shortened RNA electropherotype", which has been described for 
the bovine rotavirus by Paul et al. (1988). A closer analysis, using more effective 
methods of molecular biology and serological and biological comparisons with 
other rotavirus isolates and reference strains, will be necessary for the investiga
tions of possible associations between changes of bovine rotavirus genome and 
serological properties. 

The examinations of feces samples showed a good agreement of results and 
equal sensitivities of ELISA and EPA. A similar agreement in the identification 
of rotaviruses has been reported for PAGE, ELISA and electron microscopy by 
other authors (Ed wards et al. 1987). The fact than not only complete virions, 
but also their morphological protein subunits may be demonstrated in clinical 
samples by ELISA and CIEOP (Dea et al. 1980; Ellens et al. 1977) could 
explain the controversial results of the type "ELISA-positive, CIEOP-positive, 
EPA-negative". Although polyclonal antibodies to the inner bovine rotavi
rus capsid were used in ELISA and CIEOP (Franz et al. 1984), controversial 
results of the type "ELISA-positive, EPA-negative" require further analysis to 
demonstrate the possible existence of another serological group of bovine rota
virus, even if no deviation from the "long RNA electropherotype", typical for 
the Group A rotaviruses (Kalica et al. 1978) was observed in genome extracted 
from respective samples. . 

The major advantages· of EPA are the straightforward procedure, involving 
no complicated sample processing and preparation of specific immune sera, and 
its speed, both making this method usable in routine investigations. 

Rychhi diagnosdb bovinDiho rotaviru pomocl elektroforezy 
v agar6zovem gelu 

K detekci rotavirU ve feces prujmujicich telat byly vyuZity a navzajem porovna
vany tfi diagnosticke techniky: horizontalnf elektroforeza genomu rotaviru v aga
r6ze (EFA), nepffma imunoenzymaticka metoda (ELISA) a protism&ova imuno
elektroosmoforeza (CIEOP). Jejich prostiednictvfm bylo vysetieno celkem 94 
vzorkU feces odebranych od prujmujicich telat ze 6 r1iznych chow. Rotavirus byl 
detekovan vsemi diagnostickjmi testy celkem ve 48 vzorclch (51 %). Nejvfce po
zitivnfch vjsledkU bylo ziskano metodami ELISA a EFA (43 %), nejmene me
todou CIEOP (29 %). Metoda EFA se citlivostf detekce rotaviroveho genomu vy
rovnala nepffmemu testu ELISA (88 %), kterjm byl prokazovan skupinove 
specifickj rotavirovj antigen. Obe metody svou citlivostf 0 31 % pfevySovaly 
metodu CIEOP. Shoda ve vjsledcich po vyhodnocenf jednotlivjch diagnostic
kjch postupu byla mezi ELISA a EFA testy 89,3 %, mezi CIEOP a EFA testy 
82,9 % a mezi ELISA a CIEOP testy 80,8 %. . 
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EFA test poskytoval metodicke vYhody oproti obema zbyvajidm metodam 
a) jednoduchYm provedenim, ktere neyyZadovalo sloZitou prepar~ci vYchoziho 
materi8lu ·ani pfipravu specifickeho hyperimunnfho sera, b) rychloSti provedeni, 
ktera dvojnasobn! pfedCila nepfimy ELISA testa p!tinasobn! CIEOP test. Na
vic mOZnost vzajemneho posouzeni e1ektroforetogram,u zyy§ila diagnostickou hod
notu EFA testu, protoZe pozitivita vy§etfovanych vzork'li mohla bYt analyzovana 
v epidemiologi~ch souvislostech v wovem sledu. 

CKopaR AHal'HOCTHKa 6b1'1bero pOTaBHpyca C nOMO~blO 311eKTpoCl>ope3a 
B arap030BOM relle 

Ansi BbUIBneHHR pOTaBHpyca B nOMeTax TenRT c nOHOCOM npHMeHRnH 
H cpaBHHBanH 3 AHarHOCTH4eCKHX MeTOAOB: ropH30HTanbHbiM sneKTpoq3o
pe3 reHOMa pOTaBHpyca B arap03e (3<1>A), HenpRMblM MeToA' HMMyHO
q3epMeHTHoro aHanH3a (3JU1GA) ~ HMMYHosneKTpoOCMoq3ope3 B npoTH
BononO>KHOM HanpaBneHHH {LlI-1EOn}. npHMeHeHHeM STHX MeTOAOB HC
cneAOBanH 94 np06bl nOMeTa OT Tenu C nOHOCOM npoHcxoAR~HX H3 
6 X03RMCTB. POTaBHpyc 06HapY)l(HnH BceMH AHarHOCTH4eCKHMH MeToAaMH 
Bo06~e B 48 np06ax (51 %). CaMoe 60nbwoe KonH4eCTBO nOnO)l(i.1Tenb
HblX pe3ynbTaToB H3BneKanH MeTOAaMH 3nl-1CA H 3<1>A (43), MeTOAOM 
",I-1EOn TonbKO 29. MeToA 3<1>A no 4YBcTBHTenbHocTH 06HapY)l(eHHR po
TaBHpycHoro reHOMa MO)l(eT cpaBHHTbcR C HenpRMblM MeTOAOM 3nl-1CA 
(88 %), C nOMO~blO KOToporo BblRBnRnH rpynnoBo cneIlHq3H4eCKHM po
TaBHpycHblM aHTHreH. 06a MeToAa no 4YBcTBHTenbHocTH npeBblwanH Me
TOA ",I-1EOn 0 31 %. COBnaAeHHe pe3ynbTaToB nocne OlleHKH OTAenbHblX 
AHarHOCTH4eCKHX MeTOAOB 6b1no Me)l(AY 3nl-1CA H 3<1>A TeCTaMH 89,3 %, 
Me)l(AY ",I-1EOn H 3<1>A TeCTaMH 82,9 % H Me)l(AY 3nl-1CA H ",I-1EOn Tec
TaMH 80,8 %. 

MeToA 3<1>A npeAocTaBnRn MeTOAH4eCKHe BblrOAbl B cpaBHeHHH C APY
rHMH MeTOAaMH: a} npocToe HcnonHeHHe, He Tpe6ylO~ee CnO)l(HOro npe
napHpOBaHHR HCXOAHoro MaTepHana H nOArOTOBKH cneQHq3H4eCKoM rH
nepHMMYHHOM CbIBOPOTKH, 6) CKOPOCTblO HcnonHeHHR, ABa pa3a nepeBbl
waBwero HenHRMblM MeTOA gnl-1cA H nUb pa3 MeTOA ",I-1EOn. BA06aBOK 
B03MO)l(HOCTb B3aHMoo6cY)I(AeHHR sneKTpoq30peTorpaMMOB nOBblCHna 
AHarHOCTH4eCKYIO lIeHHOCTb 3<1>A - TeCTa, TaK KaK nOnO)l(HTenbHOCTb 
HccneAOBaHHblX np06 MornH aHanH3HpoBaTb B snHAeMHonorH4ecKoM 
B3aHMOCBR3H BO BpeMeHHoM nocneAOBaTenbHOCTH. 
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