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Abstract: Neonatal calf diarrhea is one of the most important problems facing livestock causing great economic losses.
E. coli is one of the most dangerous pathogens induced neonatal calves diarrhea from birth until about 3 months of age.
This study investigated the prevalence of E. coli infection in diarrheic calves in middle Egypt Governorates (Giza, El
Fayoum and Beni-Suef) to determine the virulence gene markers for E. coli isolates; using multiplex-PCR, detecting their
pathotypes especially ETEC. Fecal samples were collected from 58 cross breed diarrheic calves up to 3 months and 38
E. coli isolates were recovered with prevalence of 65.5%. The highest prevalence was recorded in El-Fayoum (71.4%),
followed by Giza (66.7%) while the lowest prevalence was Beni-Suef (57.1%). Serogrouping of E. coli isolates showed
that 10 O-serogroups were identified. The serogroup O was the most prevalent (21.1%) followed by O+o3 (18.4%) then,
serogroups Ogs and O444 (13.2% and 10.5%, respectively). Moreover, other serogroups were recorded; O449, O127 and
O1s7 (5.3% for each) and O1g, O44 and O+ss (2.6% for each) while, 13.2% of E. coli isolates were untyped. Analysis of
multiplex PCR results for different E. coli serotypes showed that ETEC, AEEC, EHEC genes were possessed in 70%,
70% and 30% of isolates, respectively while none of the isolates possessed STEC gene. The in in-vitro susceptibility
testing of E. coli isolates was applied. Mostly, E. coli isolates showed high resistances against the majority of

in Middle Egypt:

antimicrobials used while; high sensitivity was observed to neomycin only.
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1. INTRODUCTION

Neonatal calf diarrhea (NCD); also known as calf
scouring, is a commonly reported disease in young
animals, and still a major cause of productivity and
economic losses to the bovine industry worldwide [1].
According to the 2007 National Animal Health
Monitoring System (NAHMS) for U.S. dairy [2], 57% of
unweaned calf mortality was due to diarrhea especially
in calves less than one month old. In Egypt, NCD
continues to be the first cause of calf mortality ranging
between 27.4 to 55% of the total deaths in young
calves [3]. The economic losses occur not only from
mortality but also from other costs including treatment,
diagnostics, labor, veterinary intervention and
decreased number of herd replacements [4] as well as
subsequent chronic ill thrift and impaired growth
performance [5].

NCD is multifactorial syndrome resulting from the
interaction of a number of variables including pathogen
(infectious NCD) as well as non-infectious factors
related to the animal (immunological and nutritional
status), the environment or the management [6]. The
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multifactorial nature of calf diarrhea makes this disease
difficult to be controlled effectively in modern cow-calf
operations [1].

Infectious diarrhea is the most significant cause of
morbidity and mortality in neonatal dairy calves
throughout the world [7]. It can be caused by a variety
of pathogens including, viruses (rotavirus and
coronavirus), protozoa (Cryptosporidium parvum) and
bacteria [6]. Among bacteria, enterotoxigenic E. coli
(ETEC) and Salmonella species are known to be the
most common and economically important agents [8],
but other bacteria have also been identified as cause of
enteric disease and NCD, e.g. Clostridium species [9]
and Campylobacter species [10]. Co-infection is
frequently observed in diarrheic calves although a
single infection can be recorded in some cases. The
prevalence of each pathogen and disease incidence
can vary by geographical location of the farms, farm
management practices, and herd size [1]. Identification
of the possible causative agent in outbreaks of diarrhea
is important to allow targeted preventative measures,
such as vaccination, and identification of possible risk
factors or sources of infection [6].

E. coli can be classified into six pathogroups based
on virulence scheme: enterotoxigenic (ETEC),
attaching and effacing (AEEC)/or enteropathogenic
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(EPEC), enteroinvasive (EIEC), enteroaggregative
(EAEC), enterohaemorrhagic (EHEC) and shiga toxin-
producing E. coli (STEC) but the most common cause
of NCD is ETEC stains that produce the K99 (F5)
adhesion antigen (E. coli K99+) and heat-stable (STa
or STh) and/or heat-labile (LT71 or LT2) enterotoxins
[11]. E. coli causes a watery diarrhea and weakness in
1-4 day old newborn calves. Death usually occurred
within less than 24 hours due to severe dehydration [9].
The fimbrial adhesion F5 (K99) promotes the
attachment of bacterial cells to glycoproteins on the
surface of epithelial cells of the jejunum and/or ileum,
and bacterial enterotoxin also causes damage to the
epithelial cells, resulting in fluid secretion and diarrhea
[12]. AEEC and STEC have also been identified as
causes of diarrhea and dysentery in calves [13].

The current study was planned to investigate the
prevalence of E. coli in diarrheic calves in Middle Egypt
Governorates as well as investigation of virulence gene
markers for E. coli isolates; using multiplex-PCR, to
detect their pathotypes especially ETEC.

2. MATERIAL AND METHODS

2.1. Animals

A total of 58 cross breed diarrheic calves up to 3
months of age (exhibiting signs of systemic disease;
poor appetite, dehydration, decreased mentation and
reduced suckle reflex, and had pasty watery feces)
reared in different Middle Egypt Governorates (Giza,
EL-Fayoum and Beni-Suef) were examined during the
period from April to December 2017 (Table 1).

Table 1: Number of Samples Collected from Diarrheic
Calves from Different Governorates

Collected samples
Governorates
Number %
Giza 9 15.5
El-Fayoum 28 48.3
Beni-Suef 21 36.2
Total 58 100

%: Percentages were calculated according to the total No. of samples.

2.2. Samples

Fecal samples were collected directly every 4
weeks for a period of 5 months from the rectum of
diarrheic calves individually using sterile rectal swabs.
All samples were transferred in an ice box to the
laboratory of Bacteriology, Mycology and Immunology
Department, Faculty of Veterinary Medicine, Beni-Suef

University, Egypt, with minimal delay for bacteriological
examination.

2.3. Bacteriological Examination

Isolation of E. coli strains was done according to El-
Seedy et al. [14]. Briefly, 1 gram of each fecal sample
was diluted in 3 mL sterile saline. Then, a loopful from
the diluted specimens was inoculated into
MacConkey's agar and incubated at 37C for 18-24 hrs.
Lactose fermenter (pink) colonies were streaked onto
and eosin methylene blue agar and confirmed as E. col
using the standard biochemical tests [15, 16].

2.3. Serogrouping of E. coli Isolates

E. coli serogroups were identified serologically by
slide agglutination test using standard polyvalent and
monovalent E. coli antisera [17].

2.4. Multiplex PCR for Detection of Virulence Genes
in E. coli Isolates

Multiplex-PCR was applied according to Pourtaghi
et al. [18] on all E. coli isolates to investigate 5
virulence gene markers of E. coli to identify their
pathotypes by amplifying genes encoding fimbrial gene
K99 (F5) and heat-stable enterotoxin a (STa) to identify
ETEC beside genes encoding the gene of adherence
factor intimin (eaeA), shiga toxin 1 (Stx7) as well as
HIlyF gene to identify AEEC, STEC and EHEC,
respectively (Table 2).

2.5. Antimicrobial Susceptibility Testing of E. coli
Isolates

All E. coli isolates recovered from diarrheic calves
were tested for their antimicrobial susceptibility to 10
different antimicrobial discs including; penicillin (10ug),
amoxicillin  (10pg), enrofloxacin  (10pg), gentamicin
(10ug), erythromycin (15ug), cefotaxime sodium
(30ug), tetracycline (30upg), streptomycin (10ug),
sulphamethoxazol-trimethoprim (25ug) and neomycin
(20pg). (Oxoid, Basing Stoke, UK). Antimicrobial
susceptibility testing was performed using disc diffusion
method on Muller Hinton agar according to Clinical and
Laboratory Standards Institute [22]. The antibiotic
susceptibility was based on the induced inhibition
zones according to the guidelines of the CLSI [22].

3. RESULTS

3.1. Prevalence of E. coli in Neonatal Diarrheic
Calves in Different Governorates

The overall prevalence of E. coli was 65.5% (38/58).
On the other hand, 20 samples showed negative E. coli
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Table 2: Primers used in Multiplex-PCR for Detection of Virulence Genes in E. coli Isolates

Primer Primer Sequences Size of product Reference
F 5'-TTCGCTCTGCAATAGGTA- 3’
Stx1 555 bp [19]
R 5'-TTCCCCAGTTCAATGTAAGAT- 3'
F 5'-GGCCACAGTCGTTTAGGGTGCTTACC- 3'
HiyF 450 bp [20]
R 5'-GGCGGTTTAGGCATTCCGATACTCAG- 3'
F 5'-ATATCCGTTTTAATGGCTATCT- 3'
eaeA 425 bp [21]
R 5'-AATCTTCTGCGTACTGTGTTCA- 3'
F 5'-TATTATCTTAGGTGGTATGG- 3'
K99 (F5) 314 bp
R 5'-GGTATCCTTTAGCAGCAGTATTTC- 3’
[19]
F 5'-GCTAATGTTGGCAATTTTTATTTCTGTA- 3’
STa 190 bp
R 5'-AGGATTACAACAAAGTTCACAGCAGTAA- 3’

Table 3: Prevalences of E. coliin Neonatal Diarrheic Calves in Different Governorates

E. coli isolates Negative isolation
Governorates No. of samples
No. % No. %
Giza 9 6 66.7 3 33.3
El-Fayoum 28 20 71.4 8 28.6
Beni-Suef 21 12 57.1 9 42.9
Total 58 38 65.5 20 34.5

%: Percentages were calculated according to the corresponding No. of samples.

isolation (34.5%). The highest prevalence was
recorded in EI-Fayoum Governorate; as 71.4% (20/28),
followed by Giza; as 66.7% (6/9). Meanwhile the lowest
prevalence was recorded in Beni-Suef Governorate as
57.1% (12/21%) (Table 3).

3.2. Serogrouping of E. coli Isolates

Out of 38 E. coli isolates, 10 O-serogroups were
identified. The serogroup O, was the most prevalent
represented 21.1% (8 isolates) followed by serogroup
O103 as 18.4% (7 isolates) then, serogroups Ogg
(13.2%; 5 isolates) and Oq11 (10.5%; 4 isolates).
Afterthat, serogroups Oj19, Oq7 and O457 were
represented as 5.3% (2 isolates) for each. And finally,
serogroups Oig, Oy and O4s3 were represented as
2.6% (1 isolate) for each. Moreover, there were 5
isolates (13.2%) were untyped with the available
antisera (Table 4).

3.3. Multiplex PCR for E. coli Isolates

Multiplex-PCR was applied on 33 isolates of E. coli
representing all the identified serogroups to investigate
5 virulence gene markers of E. coli to identify their

pathotypes by amplifying genes encoding fimbrial gene
K99 (F5) and heat-stable enterotoxin a (STa) to identify
ETEC beside genes encoding the gene of adherence
factor intimin (eaeA), shiga toxin 1 (Stx7) as well as

Table 4: Serogroups of E. coli Recovered from
Diarrheic Calves
E. coli Serogroup No. %
O2 8 211
O1o3 7 18.4
Ogs 5 13.2
O114 4 10.5
O119 2 53
O127 2 53
O1s7 2 53
Oss 1 2.6
Ous 1 2.6
O1ss 1 2.6
Untyped 5 13.2
Total No. of isolates 38 100

%: was calculated according to the total No. of isolates.
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Table 5: Prevalence of Virulence-Associated Genes among the Examined E. coli Isolates
Virulence Genes
Serogroups N"i's‘(’)‘: atf:sted Stx1 HIyF eaeA K99(F5) STa

No % No % No % No % No %
Oss 1 0 0 0 0 1 100 1 100 1 100
Oy 8 0 0 0 0 6 75 5 62.5 5 62.5
Ous 1 0 0 0 0 0 0 1 100 1 100
Ogs 5 0 0 2 40 4 80 3 60 0 0
O1o3 7 0 0 5 71.4 5 71.4 0 0 0 0
O114 4 0 0 0 0 0 0 4 100 4 100
O11g 2 0 0 0 0 2 100 2 100 2 100
O127 2 0 0 0 0 0 0 2 100 2 100
Oiss7 2 0 0 2 100 2 100 0 0 0 0
Oiss 1 0 0 0 0 1 100 0 0 0 0

%: was calculated according to the corresponding No. of testeds isolates.

HIlyF gene to
respectively.

identify AEEC, STEC and EHEC,

The results shown in Table 5 revealed that all the
tested serogroups (n=10) carried at least one virulence
gene marker. Seven serogroups (70%) possessed
ETEC virulent genes; 6 serogroups included O4g, Oy,
044, 0111, 0119 and 0127 carried both K99 and STa
genes while Ogg carried K99 gene only. Moreover, 7
serogroups (70%) included 018, 025, OSB; 0103, 0119,
0457 and Oqs5, possessed AEEC virulent gene (eaeA)
while 3 serogroups only (30%); Ogs, O103 and Ojs7,
possessed EHEC gene (HIyF). On the other hand,
none of the isolates possessed STEC gene (Sitx7).

3.4. Antimicrobial Susceptibility Testing of E. coli
Isolates

Results of in-vitro Antimicrobial sensitivity tests of E.
coli isolates against 10 antimicrobial agents revealed
that the different serogroups as well as the untyped
group showed different degrees of sensitivity against
the tested antibiotics. Mostly, E. coli isolates showed
high resistances against the majority of antimicrobials
used while; high sensitivity was observed against
neomycin only (Table 6).

4. DISCUSSION

Neonatal calf diarrhea remains one of the most
important problems facing livestock and causing great
economic losses not only from calf mortality and
treatment costs, but also from losses in future growth
and production [23]. Calves are at greatest risk of

developing diarrhea within the first month of life and the
incidence of diarrhea decreases with age [24].

NCD is still problematic due to the multifactorial
nature of the disease. Along with infections with
multiple enteric pathogens, many additional parameters
such as nutritional factors, management practices,
hygiene conditions and environmental factors, also
contribute to the final outcome of the disease [25, 26].
Overfeeding, overpopulation, cold temperature, bad
hygiene, stress and colostrum deprivation, are all non-
infectious factor which can be important in the complex
etiology of NCD [9]. The multifactorial nature of NCD
makes this disease hard to control effectively.
Therefore, prevention and control of such disease must
be based on a good understanding of those disease
complexities during the calving period before disease
outbreaks [1]. Identification of the possible causative
agent in outbreaks of diarrhea is important to allow
targeted preventative measures, such as vaccination,
and identification of possible risk factors or sources of
infection [6].

Among bacteria, E. coli and Salmonella are the
most common identified pathogens in scouring calves
less than 2 months of age [8]. Their prevalences vary

by geographical location of the farms, farm
management practices, and herd size [1].
The current study aimed to investigate the

prevalence of E. coli in diarrheic calves in Middle Egypt
Governorates as well as investigation of virulence gene
markers for E. coli isolates; using multiplex-PCR, to
detect their pathotypes especially ETEC.
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In the present study, the prevalences of E. coli in
neonatal diarrheic calves in different Governorates
were illustrated in Table 3. Out of 58 faecal samples
collected from diarrheic calves, 38 E. coli isolates were
recovered with prevalence rate of 65.5%. The negative
isolation of some fecal samples (20 samples; 34.5%)
may be attributed to presence of other bacteria
especially Salmonella which need pre-enrichment
selective media such as selenite F broth or
tetrathionate broth [15] and it wasn't aimed to be
studied in the current study. Also, some
microorganisms can't grow on the used culture media
either bacteria as Clostridium species [9] and
Campylobacter species [10] that requiring specific or
enriched culture media, viruses that requiring tissue
culture or protozoa. Additionally, the presence of
antibiotic residues may explain falsely negative
bacteriological results because the withdrawal time is
not regarded in our herds.

The prevalence of E. coli in the current study was
nearly coincided to other findings in Egypt; 63.6%, [27]
while higher than others; 5.4% [28], 35.83% [29] and
50% [30]. On the other hand, it was lower than other
studies; 100% [31], 82% [32], and 75.6% [14].

Regarding other countries, it was similar to that
recorded in Mexico; 63.7%, [33]. Meanwhile it was
higher than those recorded in India; 23% [34], Sweden,;
11.5% [35], Pakistan; 54%, [36], Germany; 42% [37],
France; 20.3% [38], Northern Spain; 35.9% [39] and
Australia; 17.4% [6]. On contrary, this result was lower
than those reported in India; 75% [40] and Iran (86.7%)
[18]. The differences of the prevalence rates of E. coli
in diarrheic calves may be attributed also to the
geographical locations and management practice as
well as hygienic measures where ETEC infection
occurs mainly through ingestion of contaminated food
or water [1].

Regarding the prevalence of E. coli isolation in
different Middle Egypt Governorates, the highest
prevalence was recorded in El-Fayoum (71.4%),
followed by Giza (66.7%) while the lowest prevalence
was recorded in Beni-Suef Governorate (57.1%). The
highest prevalence was in El-Fayoum because this
governorate has highly intensive calves rearing
systems, they collect young suckling calves from
different sources or localities to be reared in closed
farms and that system usually put the young calves
under stressful conditions leading to decreased
immunity and later on increases susceptibility for
infectious diseases specially E. coli infection. Giza and

later on Beni-Suef had lower prevalence rates due to
the lower intensive calf rearing and production systems

In the current study, serogrouping of E. coli isolates
represented in Table 4 revealed that 10 O-serogroups
were identified. The serogroups Oy was the most
prevalent (21.1%) followed by serogroup Oqo; (18.4%)
then, serogroups Ogs and Oq11 (13.2% and 10.5%,
respectively. Moreover, serogroups Oqq9, O127 and Oqsz7
were represented as 5.3% for each while serogroups
O1s, O44 and O453 were represented as 2.6% for each.
Meanwhile, 13.2% of E. coli isolates were untyped with
the available antisera. These results run hand to hand
with other studies in Egypt where the most common E.
coli serotypes in isolated diarrheic calves were Oy
(23.52%), O103 (19.6%), and O449 (17.64%) followed by
Osgs, O111, and Ois7 (5.88%); Ous, Oqzs, and Oqzg
(3.92%); O7g (1.96%); and untyped E. coli (7.84%) [41].
In another study, Oz and O493 were the most prevalent
serogroups (17.7% for each) followed by O1.7 (14.6%)
and Oqq9 (13.6%) then serogroups Ogg, O114 and Oqs7
(5.2% for each), as well as Oy and Oisg (4.2% for
each) and finally serogroup O75 (3.1%) and untyped E.
coli isolates (9.4%) [14]. Moreover, Ibrahim [42]
recovered E. coli serotypes Oy, Ogs, Oq14 and Oqy7
from scouring calves. The present findings were also
nearly similar to those obtained by other authors in
Egypt; where 102 E. coli strains were recovered from
diarrheic calves, goat and sheep belonging to seven O
serogroups; Oas, O7s, Ogs, O119, O1s8, O1e4 and Oysy
[27]. Also, 8 E. coli serogroups were recovered
including 055, 0111, 026, 0153, Og, 018, OSG; 0157, and “5”
isolates were untyped from diarrheic calves at different
localities in Qalyoubia Governorate [29]. Concerning
the other countries, in Japan the most common E. coli
serogroups isolated from diarrheic fecal samples were
0119, 0111, 0126, and 078 [43] found that. Slmllarly,
Badouei et al. [44] recovered O4s57.H7, Oqq4, and Oog
serotypes from diarrheic and non-diarrheic calves and
the most common serogroup was O (18.4%).

In the current study, Multiplex-PCR was applied on
33 isolates of E. coli representing all the identified
serogroups to investigate 5 virulence gene markers of
E. coli to identify their pathotypes by amplifying genes
encoding fimbrial gene K99 (F5) and heat-stable
enterotoxin a (STa) to identify ETEC beside genes
encoding the gene of adherence factor intimin (eaeA),
shiga toxin 1 (Stx7) as well as HIyF gene to identify
AEEC, STEC and EHEC, respectively.

The results illustrated in Table 5 indicated that all
the tested serogroups carried at least one virulence
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gene marker. Regarding ETEC virulent genes, K99
gene was detected in 7 serogroups (70%) of them, 6
were mixed with STa gene included 018, 026, 044, 0111,
O119 and Oyy7 while Ogg carried K99 gene only
meanwhile O4p3, O157 and O4sg possessed neither K99
nor STa genes.

Analysis of these results revealed that 70% of the
tested E. coli isolates were ETEC due to carrying K99
and STa genes. A close correlation between
enterotoxigenicity and the presence of the K99 antigen
has been confirmed by some authors [45, 46], but
others have reported non-enterotoxigenic E. coli
possessing the K99 antigen [47]. Most bovine ETEC
produce STa enterotoxin and K99 fimbriae [48]. Also,
all ETEC were reported to carry K99 fimbriae and
possess STa enterotoxin gene [18]. Although, Acha et
al. [8] not detected enterotoxins; neither STa nor LT, in
any E. coli isolates from the diarrheal calves, 40% of
these isolates were K99 positive. The present results
was supported with that obtained by other authors [11,
49] who reported that the most common cause of NCD
was ETEC stains that produce the K99 (F5) adhesion
antigen (E. coli K99+) and heat-stable (STa or STb)
enterotoxins. K99 is a fimbrial adhesin distinct from the
capsular polysaccharide K antigens [50] promoting the
attachment of bacterial cells to glycoproteins on the
surface of epithelial cells of the jejunum and/or ileum
[51]. After colonization of the gut epithelium, heat-
stable toxin production induced by ETEC causes
damage to the epithelial cells, resulting in up-regulation
of chloride secretion into the gut. This osmotically pulls
water into the intestinal lumen and leads to the
development of secretory diarrhea in calves [12].

On the other hand, 70% of serotypes also were
AEEC (carried AEEC virulent gene; eaeA); of which
30% were mixed with ETEC onIy (018, 026 and 0119),
20% were mixed with EHEC (O403 and O1s7), 10% were
mixed with both ETEC and EHEC (Oge) and 10% was
pure AEEC (O4s5). Unlike ETEC, EPEC strains do not
produce toxins [52]. Enteropathogenic E. coli (EPEC)
Or Attaching and effacing E. coli (AEEC) produces an
outer membrane protein, intimin, which mediates the
intimate attachment of bacteria to the enterocyte,
causing typical A/E (attaching and effacing) intestinal
lesions. Intimin (eae) protein is considered one of the
most important virulence factors in E. coli strains [53].
These results were supported with those recorded in
Egypt where eaeA gene was detected in 6 E. coli
isolates from calves and high gene combinations were
found between eaeA, hylA, K99 and Stb genes [27]. On
the other hand, other authors investigated the presence

of virulence genes in 156 E. coli isolates recovered
from neonatal diarrheic calves with 2 multiplex PCR
protocols and reported that none of the isolates carried
eaeA gene [18].

Moreover, 30% of serotypes (Ogs, O103 and Oqs7)
were EHEC (carried HlyF gene). All of them were
mixed with EAEC and 10% were mixed with ETEC
(Oge). These results were supported with other studies
in Egypt [27].

On the contrary, none of the isolates possessed
STEC gene (Stx1). These results run parallel to those
obtained by others who fund that E.coli strains
recovered from diarrheic calves were negative for both
stx1and stx2 [27]. On the contrary, the present results
were not coincided with many authors who identified
shiga toxin-producing E. coli (STEC) as a cause of
diarrhea and dysentery in calves [13]. Nguyen et al.
[54] found that 50 E. coli isolates recovered from
diarrheic carried genes for Shiga toxins while another
study reported that Stx7 represented 82.8 % of the
virulence markers identified [49].

Despite the increased availability of vaccines
against ETEC and other pathogens associated with
NCD and continued emphasis on optimizing colostral
transfer of passive immunity, improved treatment
protocols for calf diarrhea are required. Although the
administration of intravenous fluids and oral electrolyte
solutions plays a central role in treatment, the efficacy
of antimicrobial agents in treating calf diarrhea is
controversial [55].

One of the steps in the treatment of NCD is the use
of the appropriate chemotherapeutic agents. Many
authors reported that calves with diarrhea are more
likely to have failure or partial failure of passive
transfer, and this group of calves, in turn, is more likely
to be bacteraemic [55-57] and this is an additional
cause that antimicrobial agents might be indicated in
the treatment of calf diarrhea. On the contrary, other
authors mentioned that antibiotics rarely affect the
outcome of this disease, while fluid support is critical to
survival [58]. Vaccination of dry cows and good
colostrum feeding can eliminate this problem. The type
of antibiotic drug should better be selected on the basis
of its sensitivity which could be detected by laboratory
examination and the antimicrobial treatment of
diarrheic calves should therefore be focused against
bacteria in the twosites of infection; the small intestine
and blood [55].
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Amoxicillin, chlortetracycline, neomycin,
oxytetracycline, streptomycin, sulfachloropyridazine,
sulfamethazine, and tetracycline administered orally
are currently labeled in the United States and all over
the world for the treatment of calf diarrhea [55]. These
antimicrobials were nearly similar to those used in the
present study to perform the in-vitro sensitivity tests for
the recovered Salmonella serotypes and E. coli
serogroups.

In the present study, in-vitro antimicrobial sensitivity
test of E. coli isolates against 10 antimicrobial agents
was applied. The results represented in Table 6
revealed that the different E. coli serogroups as well as
the untyped group showed different degrees of
sensitivity against the tested antimicrobials. Mostly, E.
coli isolates showed high resistances against the
majority of antimicrobials used while; high sensitivity
was observed against neomycin only. These findings
were in agreement with studies in pre-weaned dairy
calves obtained by other many authors [59-61].

The high occurrence of antimicrobials resistance
can be anticipated since a large proportion of the
animals are probably treated with antimicrobials [60].
Other authors discussed the epidemiology of resistant
E. coli in calves as multifactorial, complex and e.g.
influenced by co-selection due to linkage of resistance
genes [62]. But widespread resistance is fundamentally
a consequence of historical and current use of
antimicrobials and associations between use of
antimicrobials and resistance in enteric E. coli of calves
have been documented [61, 63, 64]. One proposed
factor is a linkage between resistance genes and
genes conferring selective advantage to colonize the
intestinal lumen of calves. Walk et al. [64] hypothesized
that, regardless of use of antimicrobials, antibiotic
resistance in E. coli is co-selected in calves by an
unknown “beneficial mutation”.

5. CONCLUSION

Neonatal calf diarrhea is one of the most important
problems facing livestock causing great economic
losses despite vaccination programs and management
measures, necessitating treatment with antibiotics and
fluid therapy. E. coli is one of the most dangerous
pathogens induced neonatal calves from birth until
about 3 months of age. The serogroup Oz, O103, Ose
and O4¢4y were the most prevalent serogroup. Analysis
of multiplex PCR results for different E. coli serotypes
showed that ETEC, AEEC, EHEC genes were
possessed in 70%, 70% and 30% of isolates,

respectively while none of the isolates possessed
STEC gene. Mostly, E. coli isolates showed high
resistances against the majority of antimicrobials used.
The in in-vitro susceptibility testing of E. coli isolates
mostly showed high resistances against the majority of
antimicrobials used while; high sensitivity was
observed to neomycin only.

REFERENCES

[1] Cho Y, Yoon KJ. An overview of calf diarrhea - infectious
etiology, diagnosis, and intervention. J Vet Sci 2014; 15(1):
1-17.
https://doi.org/10.4142/jvs.2014.15.1.1

[2] USDA. Dairy. Part Il: Changes in the U.S. Dairy Cattle
industry, 1991-2007. 2007; pp. 57-61, USDA-APHIS-VS,
CEAH, Fort Collins, 2007 (http://
nahms.aphis.usda.gov/dairy/index.htm)

[3] Ahmed AA. Calf Sources in Egyptian buffalo-cows. Egyptian
German Seminar on the mortality of newly-born calves.
1980; pp. 19-21.

[4] De la Fuente R, Garcia A, Ruiz-Santa-Quiteria JA, et al.
Proportional morbidity rates of enteropathogens among
diarrheic dairy calves in central Spain. Prev Vet Med 1998;
36: 145-52.
https://doi.org/10.1016/S0167-5877(98)00077-4

[5] Bazeley K. Investigation of diarrhoea in the neonatal calf. In
Practice 2003; 25: 152-59.
https://doi.org/10.1136/inpract.25.3.152

[6] Izzo MM, Kirkland PD, Mohler VL, Perkins NR, Gunna AA,
House JK. Prevalence of major enteric pathogens in
Australian dairy calves with diarrhea. Aust Vet J 2011; 89(5):
167-73.
https://doi.org/10.1111/j.1751-0813.2011.00692.x

[7] Lanz UF, Kaufmann T, Sager H, et al. Prevalence of four
enteropathogens in the faeces of young diarrhoeic dairy
calves in Switzerland. Vet Rec 2008; 163: 362-6.
https://doi.org/10.1136/vr.163.12.362

[8] Acha SJ, Kuhn |, Jonsson P, Mbazima G, Katouli M, Mollby
RS. Studies on calf diarrhoea in Mozambique: prevalence of
bacterial pathogens. Acta vet Scand 2004; 45: 27-36.
https://doi.org/10.1186/1751-0147-45-27

[9] Cho Y, Kim W, Liu S, Kinyon JM, Yoon KJ. Development of a
panel of multiplex real-time polymerase chain reaction
assays for simultaneous detection of major agents causing
calf diarrhea in feces. J Vet Diagn Invest 2010; 22: 509-17.
https://doi.org/10.1177/10406387 1002200403

[10] Myers LL, Firehammer BD, Border MM, Shop DS.
Prevalence of enteric pathogens in the feces of healthy beef
calves. Am J Vet Res 1984; 45: 1544-8.

[11] Kaper JB, Nataro JP, Mobley HL. Pathogenic Escherichia
coli. Nat Rev Microbiol 2004; 2: 123-40.
https://doi.org/10.1038/nrmicro818

[12] Acres SD. Enterotoxigenic Escherichia coli infections in
newborn calves: a review. J Dairy Sci 1985; 68: 229-56.
https://doi.org/10.3168/jds.S0022-0302(85)808 14-6

[13] Mainil JG, Jacquemin E, Kaeckenbeeck A, Pohl P.
Association between the effacing gene (eae) and the Shiga-
like toxin-encoding genes in Escherichia coli isolates from
cattle. Am J Vet Res 1993; 54: 1064-8.

[14] El-Seedy FR, Abed AH, Yanni HA, Abd El-Rahman SAA.
Prevalence of Salmonella and E. coli in neonatal diarrheic
calves. Beni-Suef Univ J Basic Appl Sci 2016; 5: 45-51.
https://doi.org/10.1016/j.bjbas.2015.11.010

[15] Collee JG, Fraser AG, Marmion BP, Simmons A. Practical
Medical Microbiology.14"™ Ed 1996.




22

World Journal of Veterinary Science, 2019, Vol. 7

Abed and Menshawy

[16]

7]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

(25]

[26]

[27]

(28]

[29]

[30]

(31]

[32]

Quinn PJ, Markey BK, Carter ME, Donnelly WJC, Leonard
FC, Maguire D. Veterinary Microbiology and Microbial
Disease. Published by Blackwell 2002; pp. 113-6.

Edwards PR, Ewing NH. Identification of
Enterobacteriaceae.3 Ed. Burgeon publishing, Co. Atlanta,
USA 1972; pp. 208-339.

Pourtagh H, Dahpahlavan V, Momtaz H. Virulence genes in
Escherichia coli isolated from calves with diarrhoea in Iran.
Comp Clin Pathol 2013; 22: 513-5.
https://doi.org/10.1007/s00580-012-1442-5

Frank SM, Bosworth BT, Moon HW. Multiplex PCR for
enterotoxigenic, attaching and effacing, and shiga toxin-
producing Escherichia coli strains from calves. J Clin
Microbiol 1998; 36: 1795-97.

Morales C, Lee MD, Hofacre C, Maurer JJ. Detection of a
novel virulence gene and a Salmonella virulence homologue
among Escherichia coli isolated from broiler chickens.
Foodborne Pathog Dis 2004; 1: 160-5.
https://doi.org/10.1089/fpd.2004.1.160

Jerse AE, Yu J, Tall BD, Kaper JB. A genetic locus of
enteropathogenic  Escherichia coli necessary for the
production of attaching and effacing lesions on tissue culture
cells. Proc Natl Acad Sci USA 1990; 87: 7839-943.
https://doi.org/10.1073/pnas.87.20.7839

Clinical and Laboratory Standards Institute (CLSI).
Performance Standards for Antimicrobial Susceptibility
Testing; Twenty-Fourth; Informational Supplement 2014;
34(1): M100-S24.

Germine SS, Ebied MH, Ibrahim FK, Mettias KN, Daoud AM.
Field evaluation of egg yolk antibodies in prevention and
treatment of enteric colibacillosis in calves. Benha Vet Med J
2011; (1): 108-14.

Garcia A, Ruiz-Santa-Quiteria JA, Orden JA, et al. Rotavirus
and concurrent infections with other enteropathogens in
neonatal diarrheic dairy calves in Spain. Comp Immunol
Microbiol Infect Dis 2000; 23: 175-83.
https://doi.org/10.1016/S0147-9571(99)00071-5

Fernandez D, Rodriguez EM, Arroyo GH, Padola NL, Parma
AE. Seasonal variation of Shiga toxin-encoding genes (stx)
and detection of E. coli O157 in dairy cattle from Argentina. J
App Microbiol 2009; 106: 1260-67.
https://doi.org/10.1111/j.1365-2672.2008.04088.x

Shams Z, Tahamtan Y, Pourbakhsh A, Hosseiny MH, Kargar
M, Hayati M. Detection of enterotoxigenic K99 (F5) and F41
from fecal sample of calves by molecular and serological
methods. Comp Clin Pathol 2010.
https://doi.org/10.1007/s00580-010-1122-2

Osman KM, Mustafa AM, Elhariri M, Abdelhamed GS. The
distribution of Escherichia coli serovars, virulence genes,
gene association and combinations and virulence genes
encoding serotypes in pathogenic E. coli recovered from
diarrhoeic calves, sheep and goat. Transbound Emerg Dis
2013; 60(1): 69-78.
https://doi.org/10.1111/j.1865-1682.2012.01319.x

Azzam RA, Hassan WH, Ibrahim MA, Khaled MS.
Prevalence of verocytotoxigenic E. coli O157:H7 in cattle and
man in Beni-Suef Government. Alex J Vet 2006; 24(1): 111-
22.

El-Shehedi MA, Eraqi MM, Ali AR. Characterization of
Escherichia coli from diarrheic calves with special reference
to plasmid profile. J Am Sci 2013; 9(7).

Hassan AM. Some Studies on Bacteriological Causes of
Enteritis in calves. J Vet Adv 2014; 4(5): 503-7.

Ibrahim AM. Sanitary studies on newly born calves. Ph D
Thesis (Animal Hygiene), Fac Vet Med, Suez Canal Univ,
Egy 1995.

Haggag YN, Khaliel SA. Public health importance of certain
bacteria isolated from calves and small ruminants. 2" Vet
Cong, Fac Vet Med, Minufyia Univ, Egy 2002; 2(1): 173-84.

[33]

[34]

[35]

[36]

[37]

(38]

[39]

(40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

(49]

Valdivia-Andy G, Cervantes-Rosales, DM Soriano-Becerrili F.
Alba-Hurtado, JA. Montaraz-Crespo. Tortora-Prez JL.
Interaction of E. coli verocytotoxin strains and rotavirus in
outbreak of calf’s diarrhoea. Veterinaria Mexico 2000; 31:
293-300.

Joon DS, Kaura YK. Isolation and characterization of same
of the enterobacteria from diarrhoeic and non-diarrhoeic
calves. Ind J Anim Sci 1993; 63: 373-83.

Viring S, Olsson SO, Alenius S, Emanuelsson U, Jacobsson
SO, Larsson B, Linde N, Uggla A. Studies of enteric
pathogens and gamma-globulin levels of neonatal calves in
Sweden. Acta Vet Scand 1993; 34(3): 271-9.

Khan A, Khan M. Bacteria isolated from natural cases of
buffalo and bovine neonatal calf diarrhoea, pneumonia and
pneumoenteritis. Veterinarski Archiv 1997; 67(4): 161-7.

Steiner L, Busato A, Burnen SA, Gaillard C. Frequency and
aetiology of calf losses and calf diseases before weaning in
cow calf farms. Il. Microbiological and Parasitological
diagnosis in diarrhoeic calves. Dtch Tieraztl Wochenschr
1997; 104(5): 169-73.

Bendali F, Bichet H, Schelcher F, Sanaa M. Pattern of
diarrhoea in new born calves in South west France. Vet Res
1999; 30: 61-74.

Oporto B, Esteban JI, Aduriz G, Juste RA, Hurtado A.
Escherichia coli O157:H7 and non- O157 Shiga toxin-
producing E. coli in healthy cattle, sheep and swine herds in
Northern Spain. Zoonoses Pub Hith 2008; 52: 411-550.
https://doi.org/10.1111/j.1863-2378.2007.01080.x

Hemashenpagam N, Kiruthiga B, Selvaraj T, Panneerselvam
A. Isolation, Identification and Characterization of Bacterial
pathogens causing Calf Diarrhea with special reference to
Escherichia coli. Internet J Microbiol 2009; 7(2).
https://doi.org/10.5580/9¢c7

Abd-Elrahman AH. Colibacillosis in Newly Born Buffalo
Calves and Role of Lacteol Fort in Preventing Recurrence of
Calf Diarrhea. Life Sci J 2013; 8(4).

Ibrahim MS. Bacteriological studies of colibacillosis in calves.
MVSc Thesis (Microbiol), Fac Vet Med, Cairo Univ, Egy 1972.

Tamaki Y, Narimatsu H, Miyazato T, Nakasone N, Toma C,
lwanaga M. The relationship between O antigens and
pathogenic genes of diarrhea- associated E. coli. Jpn J Infect
Dis 2005; 58: 65-9.

Badouei MA, Salehi TZ, Khorasgani MR, Tadjbakhsh H,
Brujeni GN, Nadalian MG. Virulence gene profiles and intimin
subtypes of Shiga toxin-producing Escherichia coli isolated
from healthy and diarrhoeic calves. Vet Rec 2010; 167(22):
858-61.

https://doi.org/10.1136/vr.c4009

Lariviere S, Lallier R, Morin M. Evaluation of Various
Methods for Detection of Enteropathogenic Escherichia coli
in Diarrheic Calves. Am J Vet Res 1979; 40: 130-4.

Sherwood D, Snodgrass DR, Lawson GHK. Prevalence of
enterotoxigenic Escherichia coli in calves in Scotland and
northern England. Vet Rec 1983; 113: 208-12.
https://doi.org/10.1136/vr.113.10.208

Moon HW, Whipp SC, Skartvedt SM. Etiologic diagnosis of
diarrheal diseases of calves: frequency and methods for
detecting enterotoxin and K99 production by Escherichia coli.
Am J Vet Res 1976; 37:1025-9.

Kaeckenbeeck A. Toxines des Escherichia coli des diarrhées
du veau. In: Pohl P, Leunen J (eds): Resistance and
pathogenic plasmids. CEC Seminar, NIVR, Brussels1981; p.
275.

Andrade GI, Coura FM, Santos ELS, Ferreira MG, Galinari
GCF, Filho EJF, de Carvalho AU, Lage AP, Heinemann MB.
Identification of virulence by multiplex PCR in Escherichia
coli isolated from calves in Minas Gerais, Brazil. Trop Anim
Hith Prod 2012; 44: 1783-90.
https://doi.org/10.1007/s11250-012-0139-8




Escherichia coli Neonatal Calf Diarrhea in Middle Egypt

World Journal of Veterinary Science, 2019, Vol. 7 23

[50]

[51]

[52]

(53]

[54]

[55]

[56]

[57]

Orskov |, Orskov F, Rowe B. Four new Escherichia coli O-
antigens, 0158, 0159, 0160 and O161, and two new H-
antigens, H53 and H54. Acta Pathol Microbiol Scand [B]
1975; 83 (2): 116-20.
https://doi.org/10.1111/j.1699-0463.1975.tb00079.x

Francis DH, Allen SD, White RD. Influence of bovine
intestinal fluid on the expression of K99 pili by Escherichia
coli. Am J Vet Res 1989; 50: 822-26.

DebRoy C, Maddox CW. Identification of virulence attributes
of gastrointestinal Escherichia coli isolates of veterinary
significance. Anim HIth Res Rev 2001; 2: 129-40.
https://doi.org/10.1079/AHRR200131

Dehkordi FS, Yazdani F, Mozafari J, Valizadeh Y. Virulence
factors, serogroups and antimicrobial resistance properties of
Escherichia coli strains in fermented dairy products. BMC
Res Note 2014; 7: 217.
https://doi.org/10.1186/1756-0500-7-217

Nguyen TD, Vo TT, Vu-Khac H. Virulence factors in
Escherichia coli isolated from calves diarrhea in Vietnam. J
Vet Sci 2011; 12(2): 159-64.
https://doi.org/10.4142/jvs.2011.12.2.159

Constable PD. Review: Antimicrobial Use in the Treatment of
Calf Diarrhea. J Vet Intern Med 2004; 18: 8-17.
https://doi.org/10.1111/j.1939-1676.2004.tb00129.x

Fecteau G, Van Metre DC, Pare J, et al. Bacteriological
culture of blood from critically ill neonatal calves. Can Vet J
1997; 38: 95-100.

Lofstedt J, Dohoo IR, Duizer G. Model to predict septicemia
in diarrheic calves. J Vet Int Med 1999; 13: 81-8.
https://doi.org/10.1111/j.1939-1676.1999.tb01134.x

(58]

[59]

(60]

[61]

(62]

(63]

(64]

Van Bost S, Mainil J. Virulence factors and specific
properties of invasive strains of E. coli: Production of toxins.
Ann Med Vet 2003; 147: 327-42.

Berge AC, Atwill ER, Sischo WM. Animal and farm influences
on the dynamics of antibiotic resistance in faecal Escherichia
coli in young dairy calves. Prev Vet Med 2005; 69: 25-38.
https://doi.org/10.1016/j.prevetmed.2005.01.013

de Verdier K, Nyman A, Greko C, Bengtsson B. Antimicrobial
resistance and virulence factors in Escherichia coli from
Swedish dairy calves. Act Vet Scand 2012; 54: 2.
https://doi.org/10.1186/1751-0147-54-2

Sato K, Bartlett PC, Saeed MA. Antimicrobial susceptibility of
Escherichia coli isolates from dairy farms using organic
versus conventional production methods. J Am Vet Med
Assoc 2005; 226: 589-94.
https://doi.org/10.2460/javma.2005.226.589

Call DR, Davis MA, Sawant AA. Antimicrobial resistance in
beef and dairy cattle production. Anim HIth Res Rev 2008; 9:
159-67.

https://doi.org/10.1017/S1466252308001515

Platt TM, Loneragan GH, Scott HM, Norby B, Thomson DU,
Brown MS, Ives SE, Brashears MM. Antimicrobial
susceptibility of enteric bacteria recovered from feedlot cattle
administered chlortetracycline in feed. Am J Vet Res 2008;
69: 988-96.

https://doi.org/10.2460/ajvr.69.8.988

Walk ST, Miladonicky JM, Middleton JA, Heidt AJ,
Cunningham JR, Bartlett P, Sato K, Whittam TS. Influence of
antibiotic selection on genetic composition of Escherichia coli
populations from conventional and organic dairy farms. Appl
Environ Microbiol 2007; 73: 5982-9.
https://doi.org/10.1128/AEM.00709-07

Received on 01-12-2019

DOL: https://doi.org/10.12970/2310-0796.2019.07.04

© 2019 Abed and Menshawy; Licensee Synergy Publishers.
This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/3.0/) which permits unrestricted, non-commercial use, distribution and reproduction in

any medium, provided the work is properly cited.

Accepted on 16-12-2019

Published on 20-12-2019



