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Theprevalenceof coronavirusin fecal samplesof neonatal calf
diarrheausing electron microscopic examination
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I ntroduction

Diarrheain newborn calves under 30 days of age
isone of the most common disease complexes. Itisa
significant cause of economic lossin both dairy and
beef herds. The bovine coronavirus is an important
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Abstract:

BACK GROUND: Neonatal calf diarrhea(NCD), alsoknownas
calf scours, is caused by viruses, bacteria, and parasites.
Coronavirusisone of the important causes of NCD syndrome.
Electron microcopy has been used for demonstration of viruses
in fecal samples of diarrheic calves since 1969. OBJECTIVES:
The aim of this study was to determine the prevalence of
coronavirus in fecal samples of neonatal calf diarrhea using
electron microcopy examination of fecal samples. METHODS:
For thepurposeof thisstudy, atotal of 100 cases(under 2 months
of age) of diarrheic calves from 25 commercia farms in four
districts of East Azerbaijan province of Iran were used. Fresh
Fecal samplesusing sterile swab were collected from every calf
withclinical diarrhea. All samplesweretransferredinto asterile
container and then were sent to thel aboratory to bekept in-20°C
freezer until examination. Electron microscopic examination
was applied to all fecal samples. Chi-square test was used to
anayzethedata. RESULTS: Accordingtotheresultsof thisstudy,
coronavirus was present in 15% of cases and a significant
difference was found between the prevalence rate and the
seasons(p<0.05). Thehighest prevalencewasrecordedinwinter
(28%) and theleast prevalencewas seen in summer (4%). There
was not any significant difference in both age groups and
different districts according to the prevalence rate of infection.
CONCLUSIONS: Neonatal calf diarrhea is a multi-etiological
syndrome. Among theviral diarrhea, bovine coronavirusisone
of the maor causes of this syndrome. For detection of
coronavirusin feces, electron microscope examinationisagold
standard diagnostic technique. It seemsthat coronavirus can be
considered as one of the important etiologies of neonatal calf
diarrheain east Azerbaijan of Iran.

cause of diarrheain calvesfrom birth to 3 months of
age, but mostly between 1 and 2 weeks of age.
Coronavirus was first isolated from calves with
diarrheain 1971 during an experimental field trial to
evauate a rotavirus vaccine. All known corona-
viruses are single stranded RNA viruses of the

85



The prevalence of coronavirusin fecal samples...

Coronaviridae family (Anderson 1992). Experi-
mental studiesshowedthat theincubationperiodis20
to 30 hours. Generally, coronavirusdiarrheais more
watery and greater inseverity thanrotavirusdiarrhea,
leading more rapidly to dehydration and acidosis
(Andrewset al., 2004). Theviruscan beshed by upto
70% of adult cows despite the presence of specific
antibodies in their serum and feces. The peaks of
shedding are during the winter and at parturition in
North America (Radostits et a., 2007). Calves born
from carrier cowsareat ahigher risk of diarrhea. The
pathogenesis of coronaviral enteritis in calves is
similar to the rotavirus infection. The villous
epithelial cells of the small and large intestines are
commonly affected. In 1969, for the first time,
electron microcopy was used to show the respons-
ibility of avirusin calf diarrhea (Brugere-Picoux,
Tessieer, 2010). Electron microscopy examinationis
a gold standard diagnostic technique for demonstr-
ation of thevirusinfeces. Subclinical persistenceand
recurrent infections are also common in both
neonatal and older calves. Demonstration of thevirus
in feces using electron microscopy (EM) has been
introduced as a standard diagnostic technique. The
EM techniqueis currently used in Texas Veterinary
Medical Diagnostic Laboratory in USA for calf
diarrhea pathogen identification (Schroeder et al.,
2012). It is easier to see the virus if it has been
concentrated by ultracentrifugation or clumped by
immune electron microscopy using specific anti-
serum. With electron microscopy, the virus can be
detected for up to 6 to 10 days after the onset of the
diarrhea. Immunofluorescent staining is used as
another technique for detection of the virusin feca
samples and can be conducted in a few hours. The
fluorescent antibody technique can only detect the
virus within epithelial cellswhich are present in the
feces for 4 to 6 h after the onset of the diarrhea.
However, in some studies the fluorescent antibody
technique detects the virus in only 20% of the
samples, while electron microscopy detected the
virus in about 60% of the samples (Radostits et al.,
2007). ELISA technique has aso been used for
demonstration of coronavirus antibodies in serum
samples (Rabbani et al., 2007). More recently, RT-
PCR has been introduced as a modern test for
detecting RNA of the virusin fecal sasmples (Zhu et
al., 2011). Theaimof thisstudy wasto determinethe
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prevalence of coronavirusin neonatal calf diarrhea
fecal samplesintheEast Azerbaijan provinceof Iran,
during a12-month period.

Materialsand M ethods

For this study, the following solution and
materials were prepared, as described previously
(Nourmohammadzadeh et al., 2012).

Antibioticsolution: To prevent thegrowth of the
bacteriawhich can interferewith the existence of the
virus in the samples, an antibiotic mixture was
prepared and added into each sample. For this
purpose, 10ml sterilized purified distilled water was
added into a vial containing 1 million units of
Penicillin G procaine and 1 gr of streptomycin. The
mixture was shaken in order for the antibiotic to be
completely dissolved. All sampled calves were
located in the Province of Azerbaijan of Iran. The
region was divided into four districts: northwest,
northeast, southwest, and southeast. The number of
the dairy farmsin each district was determined, and
the sampling of the diarrheic calves was done in a
period of twelve months.

Totally, onehundredfecal sampleswerecollected
fromdiarrheic calvesof industrial dairy farmswithin
the first week of the onset. Fecal samples were
collected after cleaning the anus of the calf. Each
fecal samplewastakendirectly fromtherectumof the
calf via a sterile swap, transferred into a sterilized
glass vessel with lids, on which the number of each
calf and the specimen were written. One ml of the
antibiotic solution was added into each vessel. After
fixingthelid, itwasshakento provideamixtureof the
feceswith antibiotic solution.

All samples were placed into an ice container at
thefarm and then within 12 hourstransferred into a-
20°C freezer until the time of examination. For
conducting the el ectron microcopy examinations, all
freezed sampleswere carried to the Virology section
at Razi Vaccine and Serum Research Institute, in
Karg). Ingeneral, thisprocesswas set up so that each
samplegroup wastested in lessthan oneweek.

To prepare the samplesfor the el ectron microscope
examination, they were taken out of thefreezer to be
melted at room temperature. When the samples
turned from the frozen state into the liquid, 5 mL of
each sample was transferred into a centrifuge tube
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and then spun at 10000 rpm for 15 minutes using a
centrifuge. As the viruses are lighter than the other
particlesinthefeces, they floated uptotheupper part.
Onedrop of the upper part was spread on the cooper
grid. When it became dried, it was dyed by the
negative PTA method, as described by Bozzola and
Russell, and then observed by the electron
microscope (Philips 400) (Bozzola and Russell,
1999). If a sample contained coronavirus virus, it
would be photographed.

Results

Among the 100 collected fecal samples, 15 cases
were found to have coronavirus using electron
microscopic examination. Thisresult indicated that
the prevalence of coronavirus contamination in the
whole area of East Azerbaijan province of Iran was
equal to 15%. Therate of contamination in the dairy
farms of northwest, northeast, southwest, and
southeast was equal to 10.71%, 20%, 15.38%, and
12.5%, respectively (Table 1) which shows the
highest prevalencerateinthenortheast and thel owest
ratein the northwest area.

Comparing the prevalence of coronavirus in-
fectionsduring thefour seasons, asshownintable 2,
indicatesthat the highest prevalencewasrecordedin
winter (28%) andthelowest wasfoundinthesummer
(4%). There is a significant difference between
different seasons (p<0.05). Table 3 showstherate of
infection in five age groups, which indicates that the
highest prevalenceratewasseenat 2to4 weeksof age
(19.23%) and the least during the first week of age
(10%). Figure 1 shows a photograph of a complete
and also an empty coronavirus particle from a
positivefecal sample.

Discussion

Coronavirusis an important cause of diarrheain
calveswith prevalence estimates ranging from 11 to
81%. (Radostits et a., 2007). Coronaviruses are
particularly common in 5 to 30 days old calves, and
they have been detected in feces of morethan 70% of
clinically normal cows. Calves born to carrier
animals are at ahigher risk for developing diarrhea.
Calves may beinfected with coronavirus by the oral
or respiratory route(Smith, 2009). InAustralia, it has
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Table 1. Prevalencerate of coronavirusin fecal samplesinfour
districtsof Eastern Azerbaijan.

Number of
District Ngan%bpﬁréf positive Prg’g ?/;ce
samples

North - West 28 3 10.71
North - East 30 6 20
South - West 26 4 15.38
South - East 16 2 125

Total 100 15 15

Table 2. Prevalence rate of coronavirus in fecal samples in
different seasons.

Number of

S n Number of positive Prevalence
samples rate%
samples
Spring 25 3 12
Summer 25 1 4
Autumn 25 4 16
Winter 25 7 28
Total 100 15 15

Table 3. Prevalence rate of coronavirus in fecal samples in
different age groups.

Agegroups  Number of Ng(r)r;t;ieir/;f Prevalence
(Week) samples samples rate%
1 20 2 10
1-2 26 5 19-23
2-4 21 3 14.23
4-6 18 3 16.66
6-8 15 2 13.33
Total 100 15 15

been reported that 21.6% diarrheic calves were
infected with coronavirus, using RT-PCR method
(Izzoetal.,2011). Inanother study conducted by Zhu
etal., 7.14% of diarrheic caveswerefound infected
with coronavirus, using RT-PCR (Zhu et al., 2011).
However, thestudy of thecoronavirusinfectionusing
ELISA inIndiashowed that 11.76% of theclinically
diarrheic calveswere positive (Rai et al ., 2011).

In Iran, astudy in 2007 showed that coronavirus
antibodies are presented in 82% of the diarrheic
calvesand in 72% of the healthy calves (Rabbani et
al.,2007). Inanearlier serological study conductedin
Markazi Province of Iran, it was shown that 34% of
the diarrheic calves younger than 30 days old were
positive against coronavirus, using ELISA test
(Ghaemmaghami et al., 1999). The Study of corona-
virus infection using cELISA in diarrhoic calvesin
Mashhad district showedthat 3.7% of thecalveswere
infected (Mayamesi et al., 2010).

In the present study, using fecal electron
microscopy examinations, 15% of the diarrheic
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Figure 1. Photograph of coronav ecal sémpe of a
diarrheic calf using negative stain transmission electron
microscopy.

calvesshowed coronavirusinfection. Comparing the
resultsof thepresent study withother studiesrevealed
that the rate of coronavirus infection is different in
different geographical and climate conditions.
However, the high prevalence rate of coronavirusin
serological studies in comparison to the virus
detection methods showed that the serological
methods could not demonstrate the accurate clinical
pattern of theinfection.

The results of our study show that the highest
prevalence rate of infection was found in the
northeast (20%) and thelowest rate wasfoundin the
northwest area(10.7%). However, statistical analysis
using chi-squaretest showsthat thereisnosignificant
difference between districts according to the
prevalence rate of coronavirus infection. Nonethe-
less, resultsof chi-squaretest, shownintable2, reveal
that there is a significant difference between the
prevalencerate and the season (p<0.05). The highest
prevalenceratewasrecordedinwinter (28%) andthe
lowest was found in the summer (4%). The high
prevalence of coronavirusinfectionsin winter inthe
present study is in agreement with other studies
(Radostits et al., 2007). It seems that in cold
conditions, asinwinter, theabsorption of thelgG1 by
calvesisdecreased which can cause reduction of the
serum 1gG level. As a result, this can reduce the
immunity of the calves and increase the rate of
coronavirus infection in calves born during winter
(Badiei etdl., 2013).

Theresults of the present study also indicate that
thehighest prevalenceratewasseen at 2to 6 weeksof
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ageand theleast during thefirst week of ageand 6 to
8 weeks of age. However, statistical analysis of the
data shows that there is no significant difference
between age groups.
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