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Abstract: In this paper, we reported lethal episodes in buffalo calves, due to rotavirus and concurrent infection with E. coli O157:H7,
in a closed community in Italy. A first detection of group A rotavirus infection was made by using an immunochromatographic assay,
the virus isolation was performed on Monkey kidney cells (MA-104), and the rotavirus isolates were G and P characterized by a
reverse transcription (RT)-PCR assay using a nested multiplex method. Co-infection with E. coli strains was demonstrated by
classical bacteriological procedures. The E. coli isolates were analysed by Vero cell assay and PCR. This study showed the presence
of group A rotavirus of G6-P5 serotypes and verocytotoxin producing or non-producing E. coli O157:H7 in faecal samples. So far the
concomitant presence of rotavirus and E. coli O157:H7 in cases of enteritis in Bubalus bubalis in Italy is not reported in the literature,
as well as the mortality of buffalo calves probably due at an additional virulence factor, Shiga toxin 1 (stx1) gene, of the E. coli
O157:H7 strains.
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1. Introduction Infectious causes of buffalo-calf scours include

enteric strains of rotavirus and coronavirus,

The Mediterranean buffalo (Bubalus bubalis)

. . Escherichia coli, salmonellae, strains of clostridia, and
represents a separate genus within the family of

. .. . . coccidia and cryptosporidia. Noninfectious causes
Bovidae and enteritis attributed to virus or/and Typtosp

C . . . include environmental conditions (wet, drafty quarters
bacteria in this species has not been much investigated. “ v (wet, yau ’

Interest in buffalo farming is growing in Ttaly, and dirty pens, stress) and nutritional factors (over-feeding,

particularly in South where is about 80% of the poor quality milk replacer) [2].

national buffalo assets are present [1]. Rotavirus is the major etiologic agents of severe,
buffalo-calf
continues to pose a major health and economic threat
for the buffalo-breeding. Affected buffalo-calves

develop severe diarrhoea, leading to dehydration,

acute dehydrating diarrhoea in many mammalian

Neonatal diarrhoea, or scours,

species, including man, calves, buffalo and pigs. The
rotaviruses (Reoviridae family) are characterized by
the presence of 11 segments of double-stranded RNA

electrolyte imbalance, and acidosis. Death, impaired
performance, retarded growth, and the added time and
expense of treating sick animals all contribute to

economic loss.
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(dsRNA) enclosed in a triple-shelled protein capsid.
The outer capsid of the rotavirus is made up of two
structural proteins, VP7 and VP4, which elicit
neutralizing antibodies. VP7, which is a glycoprotein
and hence designated G, is the major neutralization
antigen of the virion and defines its G serotype. VP4,
designated P, is a protease-sensitive protein, and
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infectivity is activated by the cleavage of this protein.
Both G and P form the basis of rotavirus classification
and description [3]. On the basis of sequence and
antigenic differences, 15 G types and 21 P types have
been described [4, 5].

Knowledge of the diversity and distribution of G
and P types circulating in a community is crucial to
the formulation of an adequate vaccine as well as the
after  vaccination.

evaluation of  protection

Furthermore the significant number of animal
reservoirs in combination with the various strains of
rotaviruses provides the possibility for dramatic
genetic shifts in the virus. This drastically increases
the microbial virulence of the disease.

The new-born buffaloes present diarrhoea mainly
over the first four weeks of age. Ram Mohan et al. [6]
and El-Ghari et al. [7], in India and Egypt, also
observed the highest occurrence of diarrhoea during
this period. Among bacterial pathogens, E. coli is the
most prevalent agent observed in diarrhoeic calves,
and often is isolated alone. Cattle, especially young
animals, have been implicated as a principal reservoir
of enterohemorrhagic E. coli (EHEC) serotypes and
the well-publicized outbreaks of infection with E. coli
O157:H7 [8]. E. coli O157:H7 is an emerging cause of
foodborne illness. It is known that most strains of E.
coli are harmless and live in the intestines of healthy
humans and animals. However, E. coli O157:H7
produces a powerful toxin and can cause severe illness,
and it is well-known that complications can be very
serious, even deadly.

Little is known about the association of E. coli
0157 with the diseases in naturally infected calves
and of the characteristics of isolates. In a recent past,
experimental infections have demonstrated that the
organism is not pathogenic in older calves and adults
[9, 10]. More recently the occurrence of E. coli 0157
in young calves associated with/without diarrhoea has
been investigated and no significant difference was
found in the occurrence rates between these diarrhoeic

and non-diarrhoeic calves [8].

In the present study we described the detection of

rotavirus and concurrent infection with
enterohemorrhagic E. coli O157:H7 in eight young
buffalo-calves diarroheic faecal specimens of a field
outbreak in southern Italy. Furthermore, the death of
four animals of this studied group seemed to be
related to strains of verocytotoxin-producing E. coli
O157:H7. The data presented herein adds to the
current knowledge on the buffalo calf diarrhoea
causes, and we retain this result very important also
for the major potential risk factors to which the rural

population is exposed.
2. Materials and Methods
2.1 Specimen Collection

Diarrhoeic ~ faecal  samples from  young
buffalo-calves, of about 30 days old, from a farm
located in the province of Caserta (South Italy), were
used in this study. All animals showed similar clinical
symptoms and history of diarrhoea, and never had
been vaccinated against rotavirus or E. coli infection.
Other animals (small or large ruminants) were not

present in the buffalo herd examined.
2.2 Rotavirus Isolates

A first detection of group A rotavirus was made by
using an immunochromatographic assay (Rotascreen
Dipstick M580 Microgen Bioproducts, Camberley,
UK) according to the manufacturer’s instructions.
Monkey kidney cells, MA-104, were used for virus
isolation. The cells were grown in Dulbecco’s
minimal essential medium (D-MEM), supplied with
10% foetal calf serum. The isolates rotavirus strains
obtained from the faeces of the animals affected by
severe diarrhoea were characterized. Specimens were
collected directly from the rectum ampulla, diluted 1:5
in phosphate-buffered saline (PBS) and homogenized.
The resulting faecal suspension were centrifuged at
4 °C for 30 min at 3,000 g and the supernatants
diluted 1:2 in D-MEM containing 1,000 pg/mL of
trypsin and filtered by 0.22 um filters (Millipore,
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Bedford, MA). Each sample was inoculated onto the
MA-104 cell monolayer. After 60 min adsorption at
37 °C, the cells were supplied with D-MEM enriched
with 1% (v/v) of foetal calf serum and 5 pg/mL of
trypsin. In the presence of cytopathic effect (CPE), an
indirect immunofluorescence test (IFI) was carried out
on the infected cells using rabbit hyperimmune serum

to rotavirus.

2.3 Reverse Transcription-Polymerase Chain Reaction
(RT-PCR) Genotyping

The genomic dsRNA of each isolate was extracted
from the infected cell lines showing 50% CPE, using
the Trizol reagent (Invitrogen-Life Technologies,
Milan, Italy) according to the technique described by
the manufacturer. RNA suspensions were stored at
-20 °C until tested. The reverse-transcription followed
by polymerase chain reaction (PCR) for G and P
rotavirus genotyping was performed in two steps, as
described by Gouvea et al. [11-13] and Gentsch et al.
[14] respectively. All the RT-PCRs were performed
with viral RNA extracted from reference sample as the
positive control and water as the negative control.
for RNA extraction, first
amplification, second amplification, and gel analysis,

Four separate rooms,

were used to avoid cross-contamination of samples.
For the first amplification, a mixture of primers
Beg9/End9 (G-genotype) and Con2/Con3 (P-genotype)
was used. To asses both G and P broad reactivity the
mixture was cycled in a termocycler (Eppendorf)
being submitted to 35 cycles of amplification at 94 °C
for 1 min, 42 °C for 2 min, and 72 °C for 1 min. The
amplicons were then electrophoresed on a 1.5%
agarose gel in Tris-Borate-EDTA buffer (TBE). The
gel was stained with ethidium bromide (0.5 pg/mL)
and cDNAs visualized and photographed with a
Polaroid camera. The nested-PCR was carried out
using a mixture for the G-genotypes, using as forward
primer Beg9 and a pool of specific reverse primers for
the G5, G6, G8, G10, and G11 genotypes; and another
mixture for the P-genotypes, using as forward primer

Con2 and a pool of specific reverse primers for the P
genotypes P6, P [7], P [1], P [5], and P [11]. The
mixtures were subjected to 10 min of incubation at
94 °C for activation of the DNA polymerase and 25
cycles at 94 °C for 1 min, 55 °C for 2 min, and 72 °C
for 1 min. All amplicons were subsequently subjected
to electrophoresis on 1.5% agarose in TBE buffer
containing ethidium bromide (0.5 ug/mL).

2.4 Bacteriological Techniques

Faecal samples were cultured in defibrinated sheep
blood-agar, MacConkey agar and tetrathionate base.
The microorganisms isolated were identified on the
basis of cultural, morphological and biochemical
characteristics. A loopful of the stool was inoculated
on air-dried Sorbitol MacConkey (SMAC, Oxoid CM
813, Basingstoke, Hants, UK) agar plates, and
incubated at 37 °C for 24 h. Colonies that were
colourless to pale, flat and smooth, circular or serrated
at the edge were selected for further testing as
presumptive sorbitol-nonfermenting E. coli. They
were subcultured on freshly prepared SMAC, and
identified according to accepted techniques [15]. E.
coli O157:H7 strain ATCC 43895 was used as quality

control strains.
2.5 E. coli O157 Latex Test

A latex agglutination test for the identification of E.
coli serogroup O157 was used (E. coli O157 latex test,
Oxoid). Sorbitol MacConkey Agar was used as the
primary screen. Non-sorbitol fermenting colonies
were then tested with the latex reagents, to determine
whether the isolate belongs to the O157 serogroup and
therefore a potential verocytotoxin-producing strain.

2.6 Vero Cell Assay

The assay described by Konowalchuk et al. [16]
and modified by Pai et al. [17] was employed for
testing the isolates for cytotoxicity. Briefly, a single
colony from a pure culture in tryptone soy broth was
incubated at 37 °C for 24 h in a “roller drum”, a
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multipurpose low-speed (20 rpm) rolling device
employed for incubating enterohaemorrhagic E. coli,
extracting toxin, and purifying the supernatant by
sedimentation. The culture filtrates obtained were
seeded onto Vero cell cultures. Cytotoxic activity was
confirmed by microscopy. E. coli EDL933 O157:H7
was included as standard positive control, while 0.05
mL sterile physiological saline was used as negative

control.
2.7 PCR Amplification

E. coli O157 isolates were examined by polymerase
chain reaction (PCR) assay to determine the presence
of Shiga toxins 1 and 2 genes (Stx1 and stx2) [18] and
the E. coli O157:H7 hemolysin specific target gene
(hlyA) [19]. Template DNA was prepared from pure
culture of isolates, grown in TSB for 18 h at 37 °C. A
1.5 mL aliquot of grown culture was centrifuged, and
the pellet was resuspended in 0.1 mL of InstaMatrix
(Bio-Rad, Richmond, CA, USA). The suspension was
heated at 100 °C for 10 min and then centrifuged at
12,000 x g for 5 min. The supernatant was used for
PCR template.

3. Results

In this study, eight field faecal samples collected
from animals involved in an outbreak of neonatal
buffalo calf diarrhea in a farm of the province of
Caserta (South Italy) were found to be positive for
group A rotaviruses by an immunochromatographic
assay (Rotascreen Dipstick). By RT-PCR analysis, we
confirmed the detection of rotavirus RNA in the eight
specimens tested. Primers Beg9/End9 were used for
RT-PCR of the full-length VP7 gene (G-genotype)
(Fig. 1), and primers Con2/Con3 for VP4 (P-genotype)
(Fig. 2). Further characterization of the G and P
serotypes of the rotavirus positive samples was carried
out by a nested-PCR typing assay and a common G-
and P-genotype combination, G6-P [5] rotavirus strain,
was identified.

The bacteriological analysis of the samples revealed

Fig. 1 A representative RT-PCR for G-genotype using
Beg9/End9 primers (1,062 bp).

Fig. 2 A representative RT-PCR for P-genotype using
Con2/Con3 primers (880 bp).

the presence of E. coli which cultured on Sorbitol
MacConkey agar (Oxoid CMS813) resulted to be
Lack of
fermentation within 24 hours has been considered a
stable phenotypic character of E. coli O157:H7.
Therefore, McConkey agar containing sorbitol was

unable to ferment sorbitol. sorbitol

used as selective media for differentiation of E. coli
O157:H7 from other enteric bacteria. At the latex
agglutination test for the identification of E. coli
serogroup O157 all eight strains resulted to be positive.
And, furthermore four of E. coli strains exhibited
cytotoxicity in the Vero cell assay, and resulted to be
positive when they were analyzed as E. coli O157:H7
by PCR for stx1 gene. The Table 1 shows the results
of the PCRs for the detection of virulence genes. The
health conditions of four buffalo calves, positive for
coli OI157:H7 (Table 1),

deteriorated gradually resulting in their death in about

sxtl-producing E.

two weeks after the laboratory examinations.
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Table 1 Results of the PCR of the isolated E. coli
O157:H7.

Specimen stx1 stx2 EHEC O157:H7 (hlyA)
1 - -

2 - - +

3 - +

4 + - +

5 - - +

6 + - +

7 - - +

8 + - +

- means negative result; + means positive result.

4. Discussion

In TItaly, approximately 350,000 Mediterranean
buffaloes (B. bubalis) are kept, mainly in the central
and southern regions, where they constitute an
important part of the animal industry in terms of milk
and milk-derived products [1]. Moreover taste panel
tests and tenderness measurements conducted by
research teams in several countries have shown that
the meat of the water buffalo is as acceptable as that
of cattle. In this context, it seems necessary to know
better the viral and bacteric pathogens which
determine  disease, both to improve the
buffalo-breeding conditions and to protect the
farmer’s health.

In this study, we demonstrated the concomitant
presence of group A rotavirus and E. coli O157:H7 in
diarrhoic faecal samples of buffalo calves. The
rotavirus isolates were then characterized by
nested-PCR assay for G- and P-type antigens and a
common G- and P-genotype combination, for the
ruminants in Italy and in the world [20-23], was
identified. And genotypic

characterization of rotavirus strains is important for

serotypic and

defining the extent of diversity in circulating strains,
especially prior to and after the introduction of routine
vaccination. Currently, for prophylaxis of rotavirus
neonatal diarrhea of large ruminants at least three
vaccines are available in Italy, a killed vaccine, based
on a porcine-like strain, G5-P [7], and two live

modified vaccines, G6-P [1], and G6-P [5].

Several studies provide evidences that slaughtered
animals like buffalo, cows and goats are reservoirs for
enterohemorrhagic E. coli, including the potentially
virulent strain designated E. coli O157:H7 [24].
Previous studies have documented that prevalence
(ranges from 2%-3% to as high as 80%), and shedding
patterns of E. coli O157:H7 in the faeces of beef cattle
variable [25, 26].
verocytotoxin-producing E. coli O157 from B. bubalis

are  highly Isolation of
in southern Italy [27], in Vietnam [28], in Bangladesh
[24], in Turkey [29] has been reported.

The influence of enterohemolysin on calf intestinal
disease has not been defined, but it has been suggested
that enterohemolysin may complement the effects of
Shiga toxins (stx) [30]. In this study, all the isolates
carried Ehly gene, and four of them resulted to be
positive also for stx1 gene. This implicates that the
Ehly gene, as in bovine E. coli O157 strains, also for
buffalo-calves E. coli O157 strains, may be a
virulence marker, and furthermore the presence of the
virulence gene sStx1 increase remarkably the
pathogenicity of the strain. Authors hypothesize that E.
coli O157:H7 stxl-producing was correlated with the
severe clinical signs and animal death. There is
increasing evidence that haemolytic uremic syndrome
and possibly hemorrhagic colitis result from the
systemic action of Sxt on vascular endothelial cells.
Moreover the isolation of E. coli O157:H7 plus
rotavirus among buffalo with diarrhoea indicates of
enteric pathogens of farm health significance. The
breeding situation could be also a potential source of
infection for humans.

Rotavirus infection in buffalo has been reported by
many authors [20, 21, 23, 31-33]. They are described
as important agents causing diarrhoea in buffalo
calves, either separately or in combination with E. coli
ETEC, Salmonella sp., Clostridium sp. [2, 34]. But
little is known of the association of enterohemorrhagic
0157:H7 with disease in naturally infected calves, and

particularly in naturally infected buffalo calves.
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5. Conclusion

This is the first report that describes the association
of E. coli O157:H7 with viral disease, as rotavirus, in
naturally infected buffalo-calves. Economic interest in
buffalo farming is very large in South Italy, and for
this reason, it will be particularly important to
investigate the role of E. coli O157:H7 pathogenicity
and the diffusion in neonatal buffalo calves not only in
with but
Furthermore, this is the first study reporting evidence
of stx1-producing E. coli O157:H7 and concomitant

combination rotavirus also alone.

rotavirus infection in buffalo farm able to determine
the death of buffalo calves.
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