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ABSTRACT

This study reports potential causes of diarrhea in neonatal calves,
leading to calf mortality, from the selected population of the three
Provinces of Turkey. A total of 300 fecal samples were collected
purposively from diarrheic neonatal calves distributed to the three
age groups (1-14 days, 15-29 days, and 30-90 days), from Konya,
Karaman, and Aksaray Provinces of Turkey. The fecal specimens
were examined for the existence of Cryptosporidium spp., rotavirus,
coronavirus, and Escherichia coli by commercially available capture
direct enzyme linked immunosorbent assay (ELISA) kit. The oocysts
and coproantigens of Cryptosporidium were identified in 109(36.3%)
and 156 (52%) of the 300 calves, respectively. While, rotavirus, E. coli
and coronavirus antigens were detected (P<0.05)in 57(19%), 17(5.6 %)
and 6(2%) calves, respectively. Mixed infection of the study pathogens
has also been found in this report. These results provide a baseline
information on the frequent causes of neonatal calf diarrhea in the
studied Provinces which can be used to develop a prophylaxis plan.
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RESUMEN

Este estudio informa sobre las posibles causas de diarrea en terneros
recién nacidos, que conducen a la mortalidad de los terneros, de
la poblacion seleccionada de las tres provincias de Turquia. Se
recolectaron intencionalmente un total de 300 muestras fecales
de terneros recién nacidos con diarrea distribuidos en tres grupos
segun la edad (1-14 dias; 15-29 dias y 30-90 dias), de las provincias
de Konya, Karaman y Aksaray de Turquia. Las muestras fecales se
examinaron para detectar la existencia de Cryptosporidium spp.,
rotavirus, coronavirus y Escherichia coli mediante un kit de ensayo
inmunoabsorbente ligado a enzimas (ELISA) de captura directa
disponible en el mercado. Los ooquistes y coproantigenos de
Cryptosporidium se identificaron en 109(36,3 %)y 156 (52 %) de los 300
terneros, respectivamente. Mientras que se detectaron antigenos de
rotavirus, E. coliy coronavirus(P<0,05)en 57(19 %), 17(5,6 %)y 6(2 %)
terneros, respectivamente. En este informe también se ha encontrado
una infeccion mixta de los patogenos del estudio. Estos resultados
brindan informacion de referencia sobre las causas frecuentes de
diarrea neonatal en terneros en las Provincias de estudio que pueden
utilizarse para desarrollar un plan de profilaxis.
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INTRODUCTION

Entericinfections involving diarrhea, dehydration, and weight loss
are considered to major health problems throughout the World and
are significant issues on dairy farms[1]. The diarrhea becomes worse
if the host susceptibility is compromised, e.g. in neonatal period,
which includes the first 28 days following birth, and is refered as the
neonatal calf diarrhea(NCD)[2]. The predominant causative agents
of the NCD include: bacterial (Escherichia coli K99, Clostridium spp.,
Salmonella spp. and Campylobacter spp.), parasitic (Cryptosporidium
spp. and Coccidia spp.), and viral (rotavirus and coronavirus)agents
[2, 3]. Immunological conditions (vaccination and receiving quality
of colostrum), management factors (environmental and hygienic
conditions)and nutritional factors (feeding of adequate amounts of
milk) also play arole in predisposing the animals towards the NCD[1].

Cryptosporidiosis has been reported as the cause of serious
problems in many types of animals such as calves(Bos taurus), lambs
(Ovis aries), and kids in the neonatal period. In particular, 1-3-week-old
calves are highly susceptible to the disease, as it has beenreported
that oocysts can be found in calves as young as 4 days old, with severe
diarrhea after three days of ingesting oocysts, and lasting for 2-14
days[4, 5]

Neonatal period has also been identified at risk for rotavirus
infections [6, 7, 8]. Cattle of all ages are sensitive to rotavirus
infections; however, higher prevalence has been reported in calves
under one year [3]. Clinical findings of rotavirus infection are like
to those of cryptosporidiosis [10]. Rotavirus infection involves only
the small intestine; however, coronavirus infection involves both the
small and large intestines and can lead to more severe outcomes and
higher mortality rates[11].

E. coliis normal intestinal flora of humans and animals having
various serotypes with different pathogenic courses, depending on
the animal species[12]. The E. coli K99 strain is the most well-known
enteropathogenin calves[10]. NCD E. coli-caused can be fatal due to
rapid and excess loss of water and electrolytes from the body leading
to severe weakness and hypothermia[13].

In this study, the aim was to identify the prevalent etiological
agents causing NCD in Konya, Karaman, and Aksaray Regions of
Turkey through Enzyme- linked immunosorbent assay (ELISA) for
coproantigen detection.

MATERIALS AND METHODS

Fecal samples

Fecal samples were collected from 300 diarrheic calves aged 0-3
months (159 calves were aged between 0-14 days, 85 calves were aged
between 15-29 days, 56 calves were aged between 30-90 days) from
farms in three different Provinces of Turkey (Konya, Karaman, and
Aksaray)between January 2014 and April 2014. The farms included in the
study had similar climatic conditions. All calves were fed with colostrum
after birth. Almost 20-30 grams (g) fecal samples were taken from the
rectum in 5 mL eppendorf tube (Eppendorf Co., Germany) and kept
in refrigerators (ThermoFisher Scientific, U.S.A.) at 4°C until tested.

Modified Ziehl-Neilsen (MZN) for Cryptosporidium oocysts

Fecal smears were made as per the standard protocols[14]. Briefly,
fecal samples were mixed with 0.09% NaCl solution, spread thinly on
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the glass slide and dried at room temperature followed by modified
Ziehl-Neilsen (MZN) stain to detect Cryptosporidium oocysts in the
fecal smears under microscope (BX43 Olympus, Japan) with oil
immersion lense (X100)[14].

The evaluation considered the number of oocysts in 20 randomly
selected microscope fields in the preparations. The severity of the
infection according to the Cryptosporidium oocyst density were
defined as negative (no oocyst observed), mild(1-5 oocyst), moderate
(6-10 oocyst)and severe (>10 oocyst)[15].

ELISA for coproantigen detection

A commercial ELISA kit (Bio-X Diagnostics, Belgium) was used
to detect the presence of antigens against Cryptosporidium spp.,
coronavirus, rotavirus and E. coliin feces from all 300 diarrheic calves.
Feces diluted in dilution buffer and incubated on the microplate for 1h
at 4°C. After incubation step, the plate washed and incubated for Th
with the conjugate room tempurature, a peroxidase labelled antigen
(Cryptosporidium spp., coronavirus, rotavirus and E. coli) specific
monoclonal antibody. After this second incubation, the plate is washed
again and the tetramethylbenzidine added and incubated 10 min in
room temperature. The enzyme substrate reaction stopped with a
stop solution and the results evaluated in a 450 nm ELISA reader.

Statistical analysis

The results of the research were evaluated by chi-square test
(SPSS 2.0). P<0.05 value statistic was considered significant.

RESULTS AND DISCUSSION

Calves screened during the study were classified into three
categories viz; 0-14 days (n=159), 15-29 days (n=85) and 30-90 days
(n=56). The most common mixed infection was caused by the two
agents viz; Cryptosporidium spp. and Rotavirus in 8% of the studied
calves followed by Coronavirus-E. coli(0.3%)and Cryptosporidium spp.-
Rotavirus-E. coli(0.6%) mixed infections. Mixed infection also followed
the similar pattern of age wide distribution as did the Cryptosporidium
being highest (12.9%) in 15-29 days aged calves followed in order
by those aged 0-14 days (7.5%) and 30-90 days (1.7%). The only
Coronavirus-E. coli mixed infection was observed in the 30-90 days
age group; and Cryptosporidium spp.-Rotavirus-E. coli mixed infection
were detected in 0-14 days (0.6 %) and 15-29 days (1.1%) age groups.

This study found that Cryptosporidium, rotavirus, coronavirus, and
E. coli were the enteropathogens involved in the etiology of NCD,
and that Cryptosporidium and rotavirus were the most important
enteropathogens, among these. It is also suggested that for NCD, it
should be determined if the infection is of mixed nature as the clinical
indications only are not sufficient to provide information about more
than one pathogen involved. Furthermore, the diagnosis should be
promoted by different diagnostic techniques[16]. For pathogen
identification, staining methods such as: the MZN, Trichrome,
Acridine Orange, Modifiye Kdster and Kinyoun acid-fast stains (for
Cryptosporidium) were used. Tests like the fluorescent antibody
test and ELISA techniques (for rotavirus and and coronavirus),
and bacteriological cultures for E. coli, are used [4, 17, 18]. The
distribution of enteropathogens identified through commercial
ELISA according to the age groups in the neonatal diarrheal calves
are demonstrated in TABLE |. Among these, Cryptosporidium spp.
and coronavirus were detected at the highest and lowest rates,
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respectively. Rotavirus and E. coli were found to cause a moderate
number of infections compared to Cryptosporidium spp. in calves
with diarrhea in these regions. In this study, rotavirus was the second
most common agent detected in 19% of diarrheic calves, while the
overall prevalence of E. coliwas 5.6% in diarrheic calves. The lowest
infection rate detected was for coronavirus(2%). Age wide distribution
of coronavirus was found to be 2.5 and 3.5% in 0-14-and 30-90-days
groups, respectively; whereas, no coronavirus antigens were found
in calves (n=85) of 15-29 days group (TABLE I).

TABLEI
Prevalence (%) of enteropathogens in the different
age groups of diarrheic calves

Age (days) 0-14 15-29 30-90 Total
Number of animals (n) 159 85 56 300
Cryptosporidium s 84 50 22 156
yptosp PP (528%)°  (58.8%) (39.2%) (52%) #
Rotavirus 20 34 / o1
(12.5%)° (40%)° (12.5%)° (19%)?
Coronavirus 4 0 2 6
(2.5%)> (0.0%)> (3.5%)° (2%)°
E. coli 8 4 > 17
. (5%)° (4.7%)° (8.9%)° (5.6%)°
Cryptosporidium spp., 12 1 1 24
Rotavirus (7.5%) (12.9%) (1.7%)P (8%)c
Coronavirus, E coli 0 0 1 1
(0.0%)> (0.0%)> (1.7%)> (0.3%)°
Cryptosporidium spp., 1 1 0 2
Rotavirus, E. coli (0.6%) 1.19%) (0.0%) 0.6%)°

Different letters in the same line (*8<P) and columns (2*) are statistically significant
(Chi-square test, P<0.05)

The prevalence of cryptosporidiosis diagnosed by MZN and
commercial ELISA in diarrheal stool specimens was 36.3 and 52%,
respectively. Microscopic fecal examination of MZN-stained smears
revealed Cryptosporidium spp. oocysts in 109 (36.3%) cases. The
highest distribution (47%) was in 15-29 days age group followed in
order by 0-14 days (33.9%) and 30-90 days (26.7%) age groups of
calves. While the highest prevalence in this study was found in the
calves aged 15-29 days, the differences between the age groups was
statistically significant(P<0.05)(TABLE II). It was determined that 43%
of the sick animals were severely infected (>10 oocyst)(TABLE II1). All
acid-fast positive samples showed a positive reaction on the ELISA.

TABLE IT
Prevalence (%) of Cryptosporidium spp. in the different
age groups of diarrheic calves by MZN

Number of animals Infection rate

Cryptosporidium spp.

Age (n) (%)
0-14 day 159 54 33.9°
15-29 day 85 40 472
30-90 day 56 15 26.7°
Total 300 109 36.3

Different letters in the same columns (2) are statistically significant (Chi-square test,
P<0.05)

TABLE III
Infection score according to age groups in calves
infected with Cryptosporidium spp.

Amount of 0-14days 15-29days 30-90 days Total
oocysts

Negative 105 45 41 191

(no oocyst) (does not apply)
Mild 12 11 3 26

(1-5 oocysts) (23.85%)
Moderate 18 10 8 36

(6-10 oocysts) (33.02%)
Severe 24 19 4 47

(>10 oocysts) (43.11%)

Although management factors(e.g., environmental, and nutritional
factors)for calves with concurrent infections of Cryptosporidium spp.
and other agents may affect the outcome of the disease, the results of
this research demonstrate the significance of Cryptosporidium spp. as
the major pathogen responsible for acute diarrhea in neonatal calves.
Regarding the most commonly detected pathogen of NCD, variable
reports are present with rotavirus[19]and Cryptosporidium spp. as the
most prevalent agent [20]. In Turkey, prevalence of Cryptosporidium
spp. has been found 3.9-70.3% [21, 22, 23, 24]. In other Countries,

factors like age and immune status are significant host-related
determinants affecting the prevalence of cryptosporidiosis. The
prevalence of Cryptosporidium spp. as determined through shedding
of Cryptosporidium oocysts in different age groups is variable [ 30].

In this study, the severity of the infection according to the
Cryptosporidium oocyst density was detected as 43%. Infection is
often restricted to younger animals of 8 weeks or less and is most
prevalent in calves that are less than one month of age [31]. The
highest infection rates in this study were in calves of 15-29 days of
age which is different from other reports where calves aged 1-10
[15], 7-14[32], 8-14[22], and 8-21[33] days had been found most
susceptible. The main reason for this was thought to be due to sudden
antibody changes in theirimmune systems in case the calves received
insufficient colostrum due to national and seasonal differences. In
addition, rotavirus infection was found to be considerably positive
in animals in this age group. It is thought that the surface of the
intestinal mucosa may be colonized by Cryptosporidium oocysts due
to the destruction of the intestinal mucosa after rotavirus infection.
Although there are many vaccine studies against Cryptosporidiosis,
the lack of an effective commercial vaccine is another reason for
Cryptosporidium the high rate in NCD[34].

In the present study, rotavirus was found in 20.3% of the diarrheic
calves which falls within the range (10.4-53 %) of infections reported
elsewhere in Turkey [35, 36, 37, 38]. Although the prevalence of
rotavirus infection varies depending on factors such as the frequency
of farm hygiene and protection and control measures, the detection
of the disease in one of every five calves in the study group in this
region indicates that the NCD disease is a disease that requires
precautions. The distribution of rotavirus found in this research
(20.3%) was comparable with those reported in diarrheic calves of
Belgium(20%), Switzerland (59%), Netherlands(17.7%), and the Brazil
(6,37%)[19, 31, 39, 40]. The prevalence of rotavirus was found highest
in 15-29 days age-group calves in this study which is in agreement
with the report of Mukhtar et al. from Pakistan [ 41].
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E. coli is another significant NCD causing agent [17]. Previous
studies in Turkey found that E. coli was detected in 9.4% of 192
diarrheal calves in East and Southeast of Turkey [33], 26% of 138
diarrheal calves in Sivas [42], and 24.81% of 133 diarrheal calves in
part of eastern Turkey [43]. The prevalence of E. coli in NCD cases
in other Countries has been reported as 0.9-56.3% [20, 44, 45].
Differences in findings may be due to disparities in the methods
used or in the age groups studied, as well as regional differences in
E. coli serotypes. Factors like shorter shedding period of bacteria
may influence the distribution of E. coli[31]. In addition, the low
rate of infection compared to other regions and studies indicates
that the farms in these 4 regions apply effective protection control
methods such as vaccination during pregnancy and hyperimmune
sera administration to newborn calf against E. coli K99.

It has been stated that calves are quite sensitive to coronavirus
during their first 3-21 days [46]. A yellowish, watery diarrhea,
sometimes with the presence of mucous but rarely blood, develops and
lasts for 3-6 days. Virus can be detected in the stool during this period
[47]. In many former studies in Turkey, the prevalence of coronavirus
infection in calves was reported between one and 37.1% [ 37, 38, 48,
49]. Hasoksuz et al. reported infection rates in 37.1, 25.6 and 18.2%
of the cows in the age groups 0-30 days, 4-12 months, and 2-7 years,
respectively [49]. In other Countries, prevalence of coronavirus in
diarrheic calves has been found between 1.9 and 8% [ 28, 31, 39, 40].
Lower coronavirus prevalence may be associated with the previous
use of antimicrobial drugs and/or cleaning of the housing area[31],
because coronavirus is an opportunistic infectious agent.

Since more than one pathogen can be found in calf diarrhea, it
is emphasized that the severity of the disease is higher in mixed
infections [50]. The most common mixed infection was caused by
the two agents viz: Cryptosporidium spp. and rotavirus (8%)in the
present study. Previous studies also found that Cryptosporidium spp.
and rotavirus were the most prevalent infectious agents in diarrheic
calves[19, 33]. It has also been reported that Cryptosporidium spp.,
which is the main cause of neonatal calf diarrhea, is a risk factor
for the emergence of rotavirus infection [40, 51]. In the etiology of
diarrhea, various researchers have reported that coronavirus can play
arole with or without rotavirus[35, 52]. Conrady et al. reported that
the highest estimated mean Cryptosporidium-rotavirus prevalence
was identified in Ireland (16.7%)[53], the highest estimated mean
Cryptosporidium-coronavirus prevalence was detected in the United
Kingdom (4.3%), and the highest estimated mean Cryptosporidium-E.
coli prevalence in Turkey (4.7%). Alkan reported that seven out of 83
diarrheal calves(13.4%) had mixed infections with both rotavirus and
coronavirus [35]. In a study of 82 diarrheic calves in Konya, three
calves (3.6%) were tested positive for rotavirus and coronavirus
[54]. In a different study involving acute diarrhea in 30 calves from
1-28 days of age, one calf was positive for rotavirus and E. coli at
three weeks of age, and one for rotavirus and coronavirus at two
weeks of age [52]. In research carried out by Icen et al., the rates of
various dual infections were 15.6% (Cryptosporidium spp. rotavirus),
1% (coronavirus- rotavirus), 5.2% (E. coli K99-Cryptosporidium spp.),
and 7.3% (rotavirus-E. coli)[33]. Two different triple infection rates
were reported as 3.1% (Cryptosporidium spp.-E. coli K99-rotavirus)
and 1.0% (Cryptosporidium spp.- coronavirus-rotavirus). While E.
coliand coronavirus infections were less common in this region,
the frequency of rotavirus and Cryptosporidium spp. infections was
found to be higher in calves less than 30 days old.
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CONCLUSIONS

This study concludes that the etiologic agents alone or in combination
may play a role in the frequency distribution of the neonatal calf
diarrhea. Hence, treatment protocols should be designed with a
consideration for mixed infections. The target agents are of primary
zoonotic factors for human infections, with cattle assuming the role
of reservoir host. Hence, the results of this study may be used in
screening of infections in reservoir hosts and for the development
of effective control strategies through better understanding of the
transmission dynamics. Other tools like providing colostrum to the
newborns and an awareness campaign can be useful as a preventive
management of the neonatal calf diarrhea.
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