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ABSTRACT

Bovine Rotavirus (BRV) is a major cause of acute gastroenteritis in newborn calves
throughout the world causing economic losses to beef and dairy industries. Neomycin B, an
aminoglycoside antibiotic has been shown to inhibit rotavirus replication in-vitro. The current
study was carried out to study the availability of neomycin B as preventive and chemotherapeutic
mean for rotavirus infection. It was conducted by following up the replication of virus inside the
infected and infected treated mice. Moreover the shedding of virus by infected and infected treated
mice was determined by immunofluorescence (IF). The group of mice inoculated with BRV and
simultaneously treated with neomycin had significant reductions in virus shedding by 1.43 and 1.7
logs at first day and 5th day post BRV inoculation respectively. It was revealed that neomycin has
an interfering effect on rotavirus replication in-vive (in mice), when the drug administered before,
during and after viral infection. Further studies for field applications of neomycin as therapeutic
measure for Bovine Rotavirus infection in newbomrn calves especially in calves born from non

vaccinated animals or born with low titer of antibodies need to be done.

INTRODUCTION

Rotaviruses constitute a genus of the
family Reoviridae. The virus contains 11
genome segments of double-stranded RNA in
a 70 nm, double-shelled, icosahedral capsid.
Rotaviruses are common causes of severe

gastroenteritis in neonatal calves throughout

the world (1). Rotavirus is composed of three
layers of structural capsid proteins. The core
comprises of three viral proteins VP1, VP2
and VP3. The inner capsid consists of the most
abundant protein, VP6, to which a majority of
the group specific antibodies is directed (2).
The outer capsid layer contains the major
surface glycoprotein, VP7 (glycoprotein, G)
and VP4 (Protease sensitive, P). Rotaviruses
are classified into seven serogroups (A-G)
determined by the antigenic properties of VP6.
Group A, the most common, is further divided
into serotypes determined by VP4 (P type) and
VP7 (G type) (3). Although rotavirus vaccines
are often administered to pregnant animals to
increase levels of rotavirus antibodies in
colostrum, neonates frequently exhibit
rotaviral diarrhea. The later may be attributed

to failure of passive transfer from dam to calf
(4). Therefore other therapeutics need to be
considered for controlling of Rotavirus
infection. Neomycin B has been shown to
inhibit  viral replication by several
mechanisms, including blockage of viral
penetration or inhibition of viral nucleic acid
synthesis (5). Neomycin B inhibits the
replication of BRV in-vitro on Rhesus monkey
kidney fetal cells (MA-104) with dose
dependent manner (6). To enforce the
significance of previous in-vitro studies and
examine the efficacy of field application of
neomycin for rotavirus infection, this work
was aimed to study the availability of using
neomycin as preventive or therapeutic mean
for rotavirus infection in-vive (in mice).

MATERIAL AND METHODS

Cells: Rhesus monkey kidney fetal cells (MA-
104) were obtained from American Type
Culture Collection (ATCC).

Bovine rotavirus (BRV): Nebraska -calf
diarrhea virus (NCDV) was obtained from
Department of Veterinary Sciences, South
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Dakota State University (SDSU), USA. Iis
titer is 10° TCID50/ml.

Neomycin B (Sigma, USA) was prepared as a
stock solution 30 mg/ ml 1x MEM

Antibody: Anti-NCDV VP6 monoclonal
antibody prepared in mice and labeled with
fluorescin  isothiocyanate (FITC) obtained
from Department of Veterinary Sciences,
SDSU, USA. It used in IF.

Mice: Swiss albino mice were obtained from
Veterinary Serum and WVaccine Research
Institute, Abbassia, Cairo and used at 9-12
days of age with average body weight 7-13
gm. Mice were housed in microisolation
cages and shown to be rotavirus negative
before use by analyzing serum samples for
the presence of rotavirus antibodies.

Detection of specific BRV antibodies using
serum neutralization test (SNT)

Test sera of two fold serial dilution in
MEM were distributed by four wells for
each dilution. Pretiterated standard diluted
BRV of 100 TCIDsq per 50 pl was then
added to each well and incubated at 37°C
for one hour. Confluent monolayers of MA-
104 grown in 96-well plates were inoculated
with 100 pl of virus-antiserum mixtures. Cell
and virus controls (1, 10 and 100 TCIDsy)
were included .The plates were incubated at

37°C for one hour in 5% CO, condition. The

excess inoculum was decanted and replaced
with 150 pl of maintenance media containing
25pg/ml trypsin (BRV needs trypsin in
protein cleavage in its replication). Plates
were incubated at 37°C for 3 days with daily
observation for the development of CPE (7).

Preparation of therapeutic
Neomycin B

The therapeutic dose of neomycin used in
the experiment was 30 mg/ kg body weight
(8). Stock solution of neomycin B was
prepared by mixing 30 mg neomycin in 3ml 1x
MEM, sterilized by filtration and maintained
at 4°C, Each mouse was treated with neomycin
according to its body weight.

Preparation of infectious dose of BRY

The mice were orally inoculated with
1000 infective dose-50 (ID50) of BRV strain

doses of
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NCDV. BRV was diluted to 10* ID50 per ml
in 1x MEM and each mouse was inoculated
with 100 pl of virus suspension. The stock
virus titer is 10° TCID50/ml,

The experiment

The mice used in the experiment were
assigned randomly into 3 major groups.
Microisolation cages were used to house the
imice.

Group I: Simultaneous treatment assay

Fifteen mice were inoculated with BRY and
neomycin at the same time.

Group II: Pre-infection treatment assay
Thirty mice in this group were divided into
two subgroups;

Subgroup II-1: The mice were treated for one

hour with neomycin and then infected with
BRYV.

Subgroup II-2: The mice were treated for 24
hours with neomycin, and then infected with
the wvirus. Fifteen mice were used at each
time,

Group III: Post-infection treatment assay
Thirty mice in this group were divided into
two subgroups;

Subgroup III-1: The mice were inoculated

with BRV, then after one hour they treated with
neomycin.

Subgroup IIlI-2: The mice were inoculated
with BRV for 24 hours and then treated with
neomycin. Fifteen mice were used at each
time.

Positive and negative controls were
maintained as the followings; fifteen mice
treated and non-infected (Neomycin control
group), fifteen mice non-treated and infected
(Virus control group) and fifteen mice non-
treated and non-infected.

The mice were observed daily for
diarrhea andfor deaths. The results were
recorded.

Collection and Preparation of fecal samples

Fecal samples were collected from each
mouse following rotavirus inoculation by 1, 3,
5,7, and 10 days. They were prepared as either
a 10% (wt/vol) suspension of solid or
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semnisolid feces in Earl’s balanced salt solution
or as a 20% (vol/vol) suspension of liquid
feces in Earl’'s balanced salt solution
containing penicillin 1000IU/ml, streptomycin
1000 pg/ml, homogenized and centrifuged
at1500 xg for 10 min, 4-C to remove debris.
The supernatants were stored in sterile vials at
-80°C (9).

Detection and Titration of rotavirus in fecal
samples using Immunofluorescence (IF)

The quantities of rotavirus shed in the
fecal samples were determined by titration of
rotavirus by immunofluorescence. Serial ten
fold dilutions of the fecal samples were
prepared in test tubes containing 1x MEM
supplemented with 2.5 pg/ml trypsin.
Confluent MA-104 monolayers were
inoculated with sample dilutions 100 pl from
each dilution in 4 wells. The plates were
incubated at 37°C for one hour in 5% COs
condition. The excess inoculum was decanted
and replaced with 150 pl of maintenance
media containing 2.5pg/ml trypsin. The plates
were incubated for 3 days at 37°Cin 5% CO2
condition. IF was performed according to
standard procedures previously described (10).
Briefly after infection period, MA-104 cells
were fixed with 8B0% acetone for 20 minutes.
The cells were incubated for one hour at 37°C
with rotavirus VP6 monoclonal antibodies

labeled with FITC, diluted 1/100 in PBS. The.

plates were washed 3 times with PBS then
examined for specific positive
intracytoplasmic greenish yellow fluorescence
using Fluorescent microscope. The virus end
point was the highest dilution of wvirus that
infects 50% of the inoculated cells TCIDsp.
The virus titer was expressed as Log tissue
culture infective dose 50 per ml using the
formula of (11).

Data analysis

Analysis of variance (ANOVA) (p <
0.05) was done (12). All statistics were run on
the computer using the SPSS program.
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RESULTS

Clinical score of diarrhea in mice post BRY
inoculation

Diarrhea was observed daily in the
animals after opening of intestinal tract.
Diarrhea measured daily in the animals was
assessed as mild or moderate. Mild diarrhea
was characterized by soft yellow feces with
the consistency of paste. Moderate diarrhea
was characterized by bright yellow feces with
a much softer consistency more appropriately
described as a semiliquid gel (Figure 1). Mild
and moderate diarrhea was observed only in
virus control group of mice. There were
significant  differences existed between
different groups of mice. No diarrhea, however
mild was observed in simultaneous treatment
group of mice.

Detection and Titration of rotavirus in fecal
samples using IF

This approach was utilized to estimate
the amount of infectious virus present in feces.
To estimate the level of decrease in viral titer,
the duration and the magnitude of virus
shedding were determined by titration of
rotavirus in fecal samples by IF. The curve of
virus shedding against the number of days
post-inoculation of NCDV for each individual
mice was done. The level of decrease in viral
titer in virus infected and neomycin treated
groups were then calculated. Mice treated with
neomycin before and after virus inoculation
shed significantly lower quantities of rotavirus
in their feces than those shed by infected not
treated mice (Table 1 and Figure 2-4).
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Figure 1. Intestinal tract of mice post BRV inoculation.
A- Virus infected mouse showing moderate mucoid diarrhea.
B- Infected and treated mouse with neomycin showing almost normal intestine

Table 1. Detection and Titration of rotavirus in fecal samples using IF.

Days post virus inoculation (BRV titer Log 10 TCID50/ml)

e ¢ P e i g 10°
I 203+008b | 23+005¢ 3.1£005¢ 2.1x021a 1.1+0.1a
SubgroupII-1 | 3.13+x008a | 29+0.08b | 406+0.12b | 1.3%0.14b -
SubgroupII-2 | 3.13£0.12a | 25+0.06c¢ 53+0.12a | 2.03+0.03a -
Subgroup ITI-1 | 3.26 £0.06 a 3.1£005b T 24+0.14c 206+0.15a -
SubgroupII1-2 | 3.15+0.14a | 3.6+008a | 41+£025b | 2.1x£006a | 1.1+0.09a
Viruscontrol | 3.46+0.11a 28+005a 48+0.11ab 22+009a 1.2+0.11a

The Table displays the average of viral titer in fecal samples collected from 3 mice per each group =

standard errors.

Different subscripts in the same column mean significant differences (P < 0.05)




Zag. Vet. J. 141

Virus Titer (TODSO mi)

Wirnus e (TOOED )

e Wter (B0 ned)

o = M W B d

]

Q = KW & O

= N A&&GQD

=== T OUR | —i— Slubgraup 11-1

Virus Titer (FODB0 mi)
O = M W & O O

&— \irus control ~f— \firus control
1st 3rd 5th Tth 10th 1st 3rd Sth 7th 10th
Deays post viral inoculation Deays post viral incculation
B D
C E 5
E y
3
i
—a— Subgroup 11-2 E 2 —— Subgroup 111-1
—— \irus control E 1 —— Virus control
Q
151 3rd 5th Tih 10th 1st ard Bth Tth 10th
Dayspost viral inooulation Deye pas viral Insalstisn

E

—— Subgroup 111-2
il \firus control

15t 3rd 5th Tth 10th

Danys pogt viral inoculatlon

Figure 2. Detection and Titration of rotavirus in fecal samples using IF. A- Difference in viral

Figure 3. Normal MA-104 cells showing no

titer between virus control and Group-1. B- Difference in viral titer between virus
control and sub ruu};-[l—l. C- Difference in viral titer between virus control and
subgroup-1I-2. D- Difference in viral titer between virus control and subgroup-III-1.
E- Difference in viral titer between virus control and subgroup-III-2.

Figure 4. Virus infected cell stained with

NCDV MAD against VP6 labeled
fluorescence. X 100 with 1C, ~ showing
intracytoplasmic greenish yellow
fluorescence. X 10
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DISCUSSION

Rotavirus causes world-wide acute
viral gastroenteritis in neonatal calves (13).
Rotaviruses are ubiquitous viruses in cattle
herds and are associated with almost 50% of
diagnosed calf diarrhea outbreaks; rotavirus
being the most common virus inducing calf
diarrhea (14). Newborn calves are susceptible
to rotavirus infection during the first weeks of
life, thus making it difficult to actively
immunize the animals before exposure to the
virulent pathogen (15). Our goal was to
enforce the significance of previous in-vitro
studies (6) and examine the efficacy of field
application of neomycin for rotavirus
infection. It was conducted by following up
the replication of virus inside infected and
infected-treated mice. Moreover the shedding
of virus by infected and infected-treated mice
was determined using IF.

Swiss albino mice of 9-12 days of age
with average body weight 7-13 gm were orally
treated with neomycin at the same time, before
and after viral infection with 1000 infective
dose-50 (ID50) of BRV strain NCDV. Fecal
samples were collected from each mouse 1, 3,
5, 7, and 10 days post-inoculation. Then the
titer of virus was determined by IF. This
approach was utilized to estimate the amount of
infectious virus present in feces. To estimate
the level of decrease in viral titer, the duration
and the magnitude of virus shedding were
determined by titration of rotavirus in fecal
samples using IF. The curve of virus shedding
against the number of days post-inoculation of
NCDYV for each individual mice was done. The
group of mice inoculated with BRV and
neomycin at the same time, had significant
reductions in virus shedding by 1.43 and 1.7
logs at first day and 5th day post BRV
inoculation respectively (Table 1).

To determine if neomycin would
protect mice from rotavirus shedding after
BRV inoculation, groups of mice were
inoculated with BRV then after one and 24 hrs
post virus inoculation, they were treated with
neomycin. It was observed that mice shed
virus starting 1 day after virus inoculation with
a peak on day 5 and decreased by day 7 in
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virus infected not treated group. While in virus
infected-treated groups was observed that mice
shed virus starting 1 day after virus inoculation
and decreased by day 5. Similar pattern of
rotavirus shedding was reported (16 )and the
peak of virus shedding was conducted at day 5
post challenges of mice with rotavirus.

These results indicated that the
neomycin interfered rotavirus replication even
after beginning of its infection. The previous
results demonstrated a significantly decrease
in titer of virus recovered from neomycin
treated groups in relation to virus recovered
from infected non-treated mice.

It was revealed that neomycin has an
interfering effect on rotavirus replication in-
vivo when the drug administered before,
during and after viral infection.

Further studies for field applications of
neomycin as therapeutic measure for Bovine
Rotavirus infection in newborn calves
especially, in calves born from non vaccinated
animals or born with low titer of antibodies
need to be done.
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