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Abstract

Escherichia coli field isolates from calves were characterized and categorized into the most significant diarrheagenic pathotypes
using polymerase chain reaction (PCR) assays with different specific primers. The used PCR systems were designed to detect
sequences representing the group-specific virulence genes encoding fimbriae /5 (K99), Shiga toxins (stx; and stx,), heat-stable
enterotoxins (s?), heat-labile enterotoxins (/¢), intimin (eae), hemolysin (4yIA), and EAEC heat-stable enterotoxin (astA). In the
present work, a total of 150 E. coli field isolates were recovered from 150 fecal swabs collected from 100 diarrheic and 50
apparently healthy in-contact cattle and buffalo calves under 3 months old. Out of these 150 isolated E. coli, 106 isolates from 77
diarrheic and 29 in-contact calves harbored one or more of the investigated virulence genes. The pathotyping of the isolates could
classify them into shigatoxigenic E. coli (STEC), enteropathogenic E. coli (EPEC), enterotoxigenic E. coli (ETEC), and
enteroaggregative E. coli (EAEC) with a 30.7, 2.7, 12.7, and 7.3% distribution, respectively. Meanwhile, the detection rates of
13, stx;, stx,, st, It, eae, hylA, and astA genes were 17.3, 27.3, 6.7, 10, 37.3, 17.7, 9.3, and 20.7%, respectively. These virulence
genes were found either single or in different combinations, such as stx/eae, stx/st/f5, eae/st/f5, or st/lt/f5. Four attaching-effacing
shigatoxigenic E. coli isolates (AE-STEC) harboring stx/eae were retrieved from diarrheic calves. Although none of the stx-or
eae-positive isolates was verified as O157:H7, STEC isolates detected in apparently healthy calves have potential pathogenicity
to humans highlighting their zoonotic importance as reservoirs. Atypical combinations of ETEC/STEC and ETEC/EPEC were
also detected in percentages of 14.7 and 2.7%, respectively. Most of these atypical combinations were found more in buffalo
calves than in cattle calves. While STEC and EPEC isolates were detected more in cattle calves than in buffalo calves, ETEC
isolates were the same in the two species. The pathogenic E. coli infection in calves was recorded to be higher in the first weeks of
life with the largest numbers of virulence factor-positive isolates detected at the age of 4 weeks. Histopathological examination of
five intestinal samples collected from four dead buffalo calves revealed typical attaching and effacing (AE) lesion which was
correlated with the presence of intimin encoding virulence gene (eae). Other lesions characterized by hemorrhagic enteritis,
shortening and fusion of intestinal villi and desquamation of the lining epithelium of intestinal mucosa had also been detected.

Keywords Diarrhea - Calves - E. coli - Virulence gene profiles - Multiplex PCR - Histopathology - Pathotypes

Introduction

Escherichia coli has been implicated as a significant infec-
tious cause of neonatal calf diarrhea (NCD) (Nguyen et al.
>4 Mohamed S. Kamel 2011), which is considered one of the most important prob-
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ems in young calves provoking great economic losses, in-
Department of Medicine and Infectious Diseases, Faculty of Cludlng high morbidity and mor‘Fahty rates, dlmlnls'hed grow'th
Veterinary Medicine, Cairo University, Cairo, Egypt rate, high treatment costs, and time wasted for caring the dis-
eased calves (Ok et al. 2009).
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Veterinary Medicine, Cairo University, Cairo, Egypt Several E. coli pathotypes are involved in NCD according
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University, Cairo, Egypt enteropathogenic (EPEC), shigatoxigenic (STEC) which
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include subgroup enterohemorrhagic (EHEC),
enteroinvasive (EIEC), enteroaggregative (EAEC), and
enteroadherent E. coli (EAJEC) (Nagy and Fekete 2005;
Andrade et al. 2012).

In the past, the ETEC pathotype was considered as the
significant inducer of calf diarrhea, especially in the first
4 days of life (Nagy and Fekete 2005; Nguyen et al. 2011;
Andrade et al. 2012). Its pathogenicity is attributed to the
expression of fimbrial antigens, such as F5, and the elabora-
tion of one or more enterotoxins like heat-stable enterotoxins
(ST) and heat-labile enterotoxins (LT) (Welch 2006). Later
on, EPEC pathotype inducing attaching and effacing (AE)
lesions on intestinal cells due to the production of the protein
intimin (Eae) has been involved in young calf diarrhea and
dysentery (Moxley and Smith 2010; Mainil and Fairbrother
2014). Intimin is required for producing intestinal AE lesions,
which are depicted by intimate adherence of E. coli to the
enterocyte, leading to obliteration of the brush border micro-
villi and destroying the gastric microvillus brush border
(Franck et al. 1998; Nataro and Kaper 1998). The pathogenic-
ity of the STEC pathotype is attributed to the production of
Shiga toxins 1 and 2 (Stx; and Stx,) which had been impli-
cated in calf diarrhea, although they are harbored in the intes-
tines of both healthy and diarrheic calves (Sandhu and Gyles
2002; Constable et al. 2017). A highly virulent strain of
STEC, enterohemorrhagic E. coli (EHEC), harbors several
genes coding for shigatoxins (Stx1 and Stx2), the protein
intimin (Eae), and the plasmid encoding E. coli hemolysin
(HlyA) (Law 2000; Kamel et al. 2015). This pathotype is
associated with severe clinical signs in humans characterized
by hemorrhagic colitis and hemolytic uremic syndrome
(DebRoy and Maddox 2001). EHEC strains from animals that
produce Shiga toxins and induce AE lesions are termed AE-
STEC (Piérard et al. 2012; Fakih et al. 2017; Thiry et al.
2017).

Molecular characterization of pathogenic E. coli based on
the presence of virulence markers is important for the differ-
entiation of E. coli pathotypes by means on the widely used
multiplex PCR (Vidal et al. 2005; Miiller et al. 2007; Nguyen
etal. 2011).

In this study, pathotyping of E. coli isolates recovered from
diarrheic and in-contact cattle and buffalo calves in Egypt was
performed using polymerase chain reaction (PCR) assays with
different specific primers. Our study also aimed to investigate
virulence gene profile combination in different pathotypes and
characterize the pathogenic effect of E. coli through a bacte-
riological and histopathological examination of small and
large intestines collected from dead diarrheic buffalo calves
infected with E. coli. This study also aimed to track the dif-
ferent circulating E. coli pathotypes harboring various viru-
lence genes combinations as it is simple for E. coli to ex-
change virulence genes with other Enterobacteriaceae mem-
bers evolving new strains.
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Materials and methods
Sample collection

A total of 150 fecal swabs were collected from 100 diarrheic
cattle and buffalo calves (51 and 49, respectively) and 50 in-
contact cattle and buffalo calves (19 and 31, respectively)
from different herds in the Nile Delta (Table 1). The age of
the investigated calves ranged from one day up to 3 months.
Based on their age, the calves were divided into 3 groups (up
to 4 weeks, 4-8 weeks, and 812 weeks). Fecal swabs were
directly collected from the rectum of the examined calves via
sterile cotton swabs. The swabs were inserted into the upper
third of the Amies transport media (Oxoid, UK) and after-
wards kept at 4 °C till bacteriological examination.

Five intestinal samples (two small intestine samples from
two dead calves, one large intestine sample from another one
dead calf, and the last dead calf had two samples, one small
intestine and the other from the large intestine) were collected
from four buffalo calves up to one month old died suffering
from diarrhea. Intestines at postmortem examination showed
congestion and distention of intestinal loops with presence of
hemorrhagic fluid content. Each intestinal sample was divided
into two parts; one part was preserved in 10% formol saline
for histopathological examination and the second part was
used for bacteriological isolation and identification.

Isolation of E. coli

Fecal swabs and intestinal samples were inoculated into
Trypticase soya broth (Oxoid, UK) and incubated for 24 h at
37 °C for E. coli propagation. The enriched samples were
streaked on MacConkey and Eosin Methylene Blue (EMB)
agar media (Oxoid, UK) in the meantime and incubated at
37 °C for 24 h. Metallic sheen colonies on EMB agar with
lactose fermenting capabilities on MacConkey agar were bio-
chemically identified using Simmon’s citrate and triple sugar
iron (TSI) agar media (Oxoid, UK).

DNA extraction from the obtained E. coli isolates

Bacterial DNA extraction was performed using the boiling
method (Wani et al. 2003; Bhat et al. 2008). Briefly, single
colonies were inoculated into BHI broth at 37 °C overnight.
From which, 1.5 mL inoculated broth was centrifuged for
10 min at 1200 xg. The pellet harboring the bacteria was re-
suspended in 150 uL of sterile distilled water. The bacteria
were then subjected to lysis via boiling in a water bath for
10 min. Afterwards, the lysate was subjected to a centrifuga-
tion step again to get rid of cellular debris. The supernatant
containing bacterial DNA was exploited as a DNA template
for PCR.
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Table 1 Geographical distribution of diarrheic and apparently healthy in-contact cattle and buffalo calves

Animal locality Diarrheic calves In-contact calves Total

Cattle Buftalo Total Cattle Buffalo Total

Giza governorate 20 46 66 6 31 37 103
Gharbiya governorate 6 - 6 13 - 13 19
Cairo-Alex D.R. 25 3 28 - - - 28
Total 51 49 100 19 31 50 150

Molecular identification of E. coli isolates using PCR

The highly conserved 16S rRNA gene was selected for the
molecular detection of E. coli isolates according to Wang et al.
2002 (Table 2). DNA amplification was accomplished in a
total 25 uL mixture volume, including 5 pL. of DNA template,
5 puL of 5x Taq Master mix (Jena Bioscience, Germany), 1 uL.
of 16S rRNA forward and reverse primers (10 pmol/uL), and
13 uL PCR-grade water (Jena Bioscience, Germany).
Samples were subjugated to initial denaturation for 5 min at
94 °C followed by 35 cycles of denaturation (94 °C, 30 s),
annealing (62 °C, 30 s), and elongation (72 °C, 1 min). These
cycles were followed by a single elongation step (5 min at
72 °C). E. coli serogroup O6 biotype 1 (ATCC®25922™)
reference strain and PCR-grade water were utilized as positive
controls for the 16S rRNA gene of E. coli and negative con-
trols, respectively. The amplified products were separated by
electrophoresis through 1.5% agarose (wt/vol), stained with
0.5 pg/mL ethidium bromide, visualized under UV illumina-
tion, imaged with a GelDoc 1000 fluorescent imaging system
(Bio-Rad) and analyzed by Gel-pro analyzer® version 4
(Media Cybernetics, Silver Spring, MD, USA).

Determination of virulence gene profile

For virulence gene detection (3, st, It, eae, stx;, stx,, hylA, and
astA), three PCR systems with three different primer sets and
different reaction conditions as shown in Tables 2 and 3 were
performed using a T-Personal thermal cycler (Biometra,
Germany). As a positive control for stx;, stx,, hylA, and eae
genes, the E. coli serogroup O157 (ATCC®700927™) refer-
ence strain was used, while the E. coli standard serotype
0O101: F5 reference strain was used as a positive control for
/5 and st genes.

Histopathological examination

Five tissue specimens collected from dead calves were fixed
in 10% formol saline, dehydrated in ethyl alcohol, cleared in
xylene, and embedded in paraffin wax. Tissue paraffin sec-
tions of 5 um thickness were obtained and stained by

hematoxylin and eosin for microscopic examination of path-
ological lesions (Luna 1968).

Statistical analysis

Statistical analyses were accomplished using SPSS 22.0
(IBM, USA). The obtained data were analyzed by the chi-
square test for evaluating the association and significance be-
tween variables. A P value <0.05 is deemed significant.

Results

A total number of 150 E. coli isolates were detected and iden-
tified via biochemical and molecular assays employing PCR
targeting the E. coli-specific 16s TRNA gene (Fig. 1a).
Different multiplex and singleplex PCR assays were imple-
mented to determine the harbored virulence genes of patho-
genic E. coli as stx;, eae, hylA, and astA (Fig. 1b), stx, (Fig.
lc), and /3, st, and It (Fig. 1d). Out of 150 isolated E. coli, 106
(70.7%) isolates from 77 diarrheic and 29 in-contact calves
harbored at least one virulence gene, namely stx;, stx,, eae,
hylA, astA, f5, st, and It (from buffalo calves only) in 37.3,
17.7,10, 9.3, 20.7, 17.3, 27.3, and 6.7%, respectively. On the
other hand, 29.3% of the obtained isolates were considered
non-pathogenic, based on the absence of the studied genes in
these isolates. The virulence gene profile showed that the most
common virulence gene combinations within STEC isolates
was stx/ and the AE-STEC that was detected in 4 E. coli
isolates harboring stx/eae/hylA combinations. EAST-1
encoding gene (ast) was also detected as a single virulence
gene in 11 isolates (EAEC) and as an additional gene in 20
isolates of various E. coli pathotypes, as shown in Table 4.
The highest spectrum of virulence gene combinations of
ETEC was f5/st. Different combinations of virulence genes
of STEC and ETEC were detected in 22 isolated E. coli with
a predominant gene profile of f5/s¢/stx, as shown in Table 4.
Based on virulence gene characterization, E. coli isolates
were classified into pathotypes as STEC (30.7%), ETEC
(12.7%), EAEC (7.3%), and EPEC (2.7%). In addition, mixed
pathotypes, such as ETEC/STEC (14.7%) and ETEC/EPEC
(2.7%), were also identified (Table 5). The ETEC, EPEC,
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Table 2  Primer names, target genes, oligonucleotide sequences, and the product size used in PCR

Pathotype Primer name (target gene)

Oligonucleotide sequences (5'-3")

Product size (bp) References

For molecular identification of E. coli
E16S (16S rRNA)

F: CCCCCTGGACGAAGACTGAC 401

Wang et al. (2002)

R: ACCGCTGGCAACAAAGGATA

For detection of virulence factors encoding genes

EPEC EAE (eae) F: TCAATGCAGTTCCGTTATCAGTT 482 Vidal et al. (2005)
R: GTAAAGTCCGTTACCCCAACCTG
STEC Stx1 (stx;) F: CGATGTTACGGTTTGTTACTGTGACAGC 244 Miiller et al. (2007)
R: AATGCCACGCTTCCCAGAATTG
Stx2 (stxz) F: CCATGACAACGGACAGCAGTT 779 Gannon et al. (1992);
R: CCTGTCAACTGAGCAGCACTTTG Kamel et al. (2015)
HIyA (hlyA) F: AGCTGCAAGTGCGGGTCTG 569 Wang et al. (2002)
R: TACGGGTTATGCCTGCAAGTTCAC
ETEC LT (i) F: GGCGACAGATTATACCGTGC 450 Stacy-Phipps et al. (1995)
R: CGGTCTCTATATTCCCTGTT
ST (st) F: ATTTTTMTTTCTGTATTRTCTT 190
R: CACCCGGTACARGCAGGATT
Fimbrial F5 (k99) F: TATTATCTTAGGTGGTATGG 314 Franck et al. (1998)
R: GGTATCCTTTAGCAGCAGTATTTC
EAEC EASTI (astA) F: TGCCATCAACACAGTATATCCG 102 Miiller et al. (2007)

R: ACGGCTTTGTAGTCCTTCCAT

EAEC, and ETEC/EPEC pathotypes were isolated at the
highest rate from the 1st 4 weeks old calves, while the highest
rate of STEC pathotype was isolated from 4 to 8 weeks. The
3rd age group, from 8 to 12 weeks, was characterized by a
higher rate of ETEC/STEC and absence of EPEC, ETEC, and
ETEC/EPEC pathotypes (Fig. 2a,b). In opposite to age-based
subgroups, there were no statistically significant differences
between different E. coli pathotypes and animal sex
(Fig. 3a,b). The influence of winter and summer seasons on
the pathogenic E. coli prevalence in calves was investigated
where their rate was found to be higher in the winter season
(Fig. 3b).

Bacteriological and histopathological examinations of in-
testinal samples were characterized by congestion and disten-
tion of intestinal loops with the presence of hemorrhagic fluid
content. These intestinal samples were bacteriologically posi-
tive for E. coli. Detection of E. coli virulence genes from
intestinal isolates revealed the presence of gene encoding
intimin (eae) in all isolates which was in charge of intestinal
AE lesions. The histopathological data of the small intestine
were in correlation with the results revealing shortening and
fusion of intestinal villi (Fig. 4a) with desquamation of the
lining epithelium and infiltration of leucocytes in the lamina
propria (Fig. 4b,c). On the other hand, histopathological le-
sions in the large intestine were more severe than the small
intestine. The histopathological alterations were characterized
by massive necrosis of the intestinal mucosa (Fig. 4d) and
vasculitis of the blood vessels in the submucosa (Fig. 4e).
There were basophilic bacilli present in the necrotic mucosa
and in the lamina propria (Fig. 4f).
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Discussion

Despite the major progress in the cattle industry, neonatal
diarrhea is still a major health problem causing high mortality
and morbidity in young calves, leading to high economic
losses (Constable et al. 2017). E. coli is the prominent bacte-
rial cause of calf diarrhea (Radostits et al. 2007). Molecular
characterization of pathogenic £. coli pathotypes and the har-
bored virulence gene profiles had been investigated using po-
lymerase chain reaction (PCR) assays with different specific
primers, and the pathological effect on calf intestines was
analyzed to identify the virulence potentials of different
E. coli pathotypes in cattle and buffalos.

As a normal gut inhabitant, it was expected to detect a
reasonable percentage of non-pathogenic E. coli among the
isolates. These isolates may be non-pathogenic, and the diar-
rheic animals may be affected by other infectious agents or
these isolates might carry virulence genes not included in this
study. The remaining (70.7%) harbored at least one virulence
gene, which was nearly similar to the results that detected
pathogenic E. coli from diarrheic and apparently healthy
calves at a percentage rate of 76.76 and 44.9% (Giiler et al.
2008; Andrade et al. 2012).

The classification of different . coli pathotypes depending
on virulence gene distributions has been categorized into
ETEC (f3, st, and If), EPEC (eae), STEC (stx; and stx,), AE-
STEC (stx;, stx,, eae, and hylA), and EAEC (astA). In this
study, enterotoxigenic E. coli (ETEC) isolates represented
12.7% of isolated E. coli with a similar rate between cattle
and buffalo calves. Comparable results were previously re-
corded the percentage rate of ETEC as 10 to 11% (Giiler
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Table 3

Components and amplification PCR conditions utilized for detecting genes encoding virulence factors

Genes encoding virulence factors PCR components and volume (jtl)

PCR conditions References

5 puL Master Mix

5 uL DNA template

0.5 puL of each F&R primer
(with total 4 pL)

11 uL PCR-grade water

SIX; 5 puL Master Mix

5 uL DNA template

13 uL PCR grade water

1 uL of F&R primers
(with total 2 pL)

5 puL Master Mix

S uL DNA template

12 uL PCR-grade water

0.5 pL of each F&R primers
(with total 3 pL)

eae, hlyA, stx;, and astA

It, st, and f5

First condition Chandra et al. (2013)
1 cycle [94 °C, 5 min], 35 cycles
[94 °C, 30 s/62 °C, 30 s/72 °C, 1 min],

and 1 cycle [72 °C, 5 min]

Gannon et al. (1992);
Kamel et al. (2015)

Second condition

1 cycle [95 °C, 3 min], 35 cycles
[95 °C, 20 s/58 °C, 40 s/72 °C, 90 s],
and 1 cycle [72 °C, 5 min]

3rd condition

1 cycle [95 °C, 5 min], 40 cycles
[95 °C, 45 s/50 °C, 1 min/72 °C, 1 min],
and 1 cycle [72 °C, 7 min]

Aranda et al. (2004)

et al. 2008; Pourtaghi et al. 2015). On the contrary, a lower
rate of ETEC was reported by Andrade et al. (2012) in Brazil,
Borriello et al. (2012) in Italy, and Manzoor et al. (2015) in
India.

All ETEC isolates were retrieved from diarrheic calves
except one isolate originated from in-contact buffalo calf
which may be in the incubation period. This was an indicator
of the pathogenic effect of ETEC on calves causing diarrhea
and agreed with Nagy and Fekete (2005) who mentioned that
ETEC is the most common etiology of NCD. In this study, the
most ETEC isolates from calves were F5 positive and pro-
duced ST toxins. The reason for this association is that both
virulence genes are commonly encoded in the same plasmid
(Osman et al. 2013; Ghanbarpour et al. 2017). The gene
encoding heat-labile enterotoxin (/¢) of ETEC could only be
detected in buffalo calves E. coli isolates. This result was
correlated with Borriello et al. (2012) who detected only the
It gene in ETEC isolates from water buffalo calves in Italy.
The absence of It gene in cattle calves was mentioned in sev-
eral studies by many authors (Nagy and Fekete 2005; Osman
et al. 2013; Manzoor et al. 2015). The lack of LT toxin in
cattle calves was not unexpected as LT toxin is assumed to
be an atypical gene in bovine ETEC isolates (Woodward and
Wray 1990).

The EPEC pathotype represented 2.7% of E. coli isolates
and was found in diarrheic calves only which indicated that
EPEC was a calf pathogen as mentioned by Moxley and
Smith (2010). On the other hand, Foster and Smith (2009)
claimed that the significance of EPEC as a calf pathogen is
questionable, as can be found in both healthy and diarrheic
calves. Lower frequency of EPEC was also mentioned by
Giiler et al. 2008 in Turkey, Nguyen et al. (2011) in
Vietnam, Andrade et al. (2012) in Brazil, and Badouei et al.
(2016) in Iran. In this study, the rate of STEC was 30.7% with
a predominance in cattle calves (45.7%) than in buffalo calves
(17.5%). This was nearly comparable to that reported by Arya

et al. (2008) and Nguyen et al. (2011) who found that the rate
of STEC in cattle calves was 45.55 and 51%, respectively.
Previous studies investigated the lower rate of STEC which
was 3.3% in cattle calves (Giiler et al. 2008) and 6.8% in
buffalo calves (Borriello et al. 2012).

Among the STEC isolates, the rate of stx; (37.3%) was
higher than that of stx, (17.7%). Our result was in accord with
Borriello et al. (2012); Dehdashti et al. (2019), and Taghadosi
et al. (2018) who delineated stx; predominance over stx, in
STEC isolates. In other studies, equal distribution of s#x; and
stx, within STEC isolates in calves had been reported (Arya
et al. 2008; Nguyen et al. 2011). It is now known that calves
are the reservoir of STEC in the herds (Wani et al. 2003);
however, the direct pathological link/relationship between
the detection of STEC isolates in calves and the health status
of the calves (presence of diarrhea) is debated. While many
literatures confirm the positive correlation between them
where STEC prevalence was higher in diarrheic calves rather
than in in-contact ones (Ok et al. 2009), other team denied this
correlation and could isolate STEC from in-contact calves at a
higher frequency than from diarrheic calves (Giiler et al.
(2008). Others could not find any differences in STEC prev-
alence in both calf groups (Roopnarine et al. 2007; Aref et al.
2018). Although both healthy and diarrheic calves carried
STEC, it had been incriminated as a cause of calf diarrhea as
detected by Sandhu and Gyles (2002) and confirmed by Coura
et al. (2015) who proved that STEC acts as the sole agent in
the feces of diarrheic calves.

In the present study, the astA gene was found in 20.7% of
E. coli isolates with a higher rate in buffalo calves than in
cattle calves. This result was higher than that obtained by
Gharieb et al. (2015) and Yuste et al. (2006) who detected
the astA gene in 14.28 and 15.6% of E. coli isolates, respec-
tively. This gene was found as the sole virulence factor in
7.3% of E. coli isolates that are known to be enteroaggregative
E. coli (EAEC). Moreover, the astA gene was reported in 5
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Fig. 1 a 16s rRNA gene PCR product. Lane M: 100-1000 bp. DNA
marker. Lanes from 1 to 12: positive samples at 401 bp. Lanes 13 and
14 represent negative and positive control, respectively. b Multiplex PCR
for detecting stx;, eae, hylA, and astA genes in E. coli strains. Lane M:
100-1000 bp DNA marker. Lanes 1, 5, and 6: positive samples of astA
gene at 102 bp. Lane 2: positive sample of astA and eae genes at 104 and
482 bp, respectively. Lanes 3 and 12: positive samples of astA and stx;
genes at 102 and 244 bp, respectively. Lanes 4 and 8: positive samples of
stx; gene at 244 bp. Lanes 7 and 9: positive samples of eae and /y/A genes
at 482 and 569 bp, respectively. Lanes 10—11: negative samples. Lane 13
represents negative control. Lane 14 represents positive control for stx;,
eae, and hylA genes at 244, 482, and 569 bp, respectively. ¢ Multiplex

ETEC isolates which agreed with Mahanti et al. (2014). The
results also showed the presence of the astA gene in isolates
from 7 STEC, 7 ETEC/STEC, and 1 EPEC isolate as men-
tioned by Shabana et al. (2013), Gharieb et al. (2015) and
Badouei et al. (2016). This finding indicated that this gene
constitutes an additional determinant in the pathogenesis of
E. coli causing diarrhea in calves.

In general, the differences between the findings of E. coli
pathotypes and their virulence genes may be attributed to the
differences in geographical locations or may be due to man-
agement factors, such as overcrowding, exposure to severe
environmental conditions, and insufficient intake of colos-
trum, which allow the opportunistic E. coli to express viru-
lence genes causing disease in calves (Cho and Yoon 2014).
The presence of pathogenic E. coli in apparently healthy con-
tact calves in our study may be attributed to the time of sam-
pling before calves showing diarrhea as these calves were
sampled for one time. Another possible explanation may be
attributed to the immunity of the animal as these calves may
have a robust immune response which prevented the effect of
pathogenic E. coli.

In the present study, some E. coli isolates showed mixed
combinations of ETEC with STEC in 22 isolates (14.7%) and
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PCR for detecting stx, gene in E. coli strains. Lane M: 100—1000 bp DNA
marker. Lanes 1-5, 7-8, and 10-11: positive samples of stx, gene at
779 bp; lanes 6, 9, and 12: negative samples. Lanes 13 and 14 represent
negative and positive control for stx, gene at 779 bp, respectively. d
Multiplex PCR for detection of /3, st, and /f genes in E. coli strains.
Lane M: 100-1000 bp DNA marker. Lanes 1 and 3: positive samples
of /5 gene at 314 bp. Lanes 2, 10, and 11: negative samples. Lanes 4, 7-9,
and 12: positive samples of sz and f5 genes at 190 and 314 bp, respec-
tively. Lane 5: positive sample of /t gene at 450 bp. Lane 6: positive
sample of st gene at 190 bp. Lanes 13 and 14 represent negative and
positive controls for sz and f5 genes at 190 and 314 bp, respectively

ETEC with EPEC in 4 isolates (2.7%). These results agreed
with previous reports that detected mixed combinations of
different E. coli pathotypes (Franck et al. 1998; Ok et al.
2009; Nguyen et al. 2011; Andrade et al. 2012; Sharma
et al. 2017; Aref et al. 2018). Also, Johura et al. (2017) de-
tected that 34% of pathogenic E. coli isolates from different
livestock were carried toxin genes of both ETEC and STEC
(st/stx) and termed them as hybrid strains. The atypical com-
binations may be attributed to the fact that most £. coli viru-
lence genes exist on mobile genetic elements like plasmids (3,
st, and It) and bacteriophages (szx) and can be transmitted
between E. coli isolates through horizontal gene transfer
(Andrade et al. 2012). These atypical combinations may result
in the emergence of new pathotypes which may be more path-
ogenic and cause severe diarrhea in calves. These isolates
were responsible for NCD and are considered a potential pub-
lic health hazard in Egypt (Aref et al. 2018). The evolutionary
history of pathogenic £. coli shows that STEC O157:H7 was
developed from the EPEC strain O55:H7 about 500 years ago.
Feng and his team (the two references in the subsequent texts)
illustrated the stepwise evolutionary pathway of STEC strains
from their common precursor. During this journey, the geno-
type and group of the strains changed via the acquisition or
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Table 4  Distribution of virulence genes profile combinations of pathogenic E. coli strains isolates from diarrheic and apparently healthy in-contact
cattle and buffalo calves

Virulence gene combinations Number (percentage) of the classified E. coli pathotypes Total (150)
Diarrheic calves (100) In-contact calves (50)
stxl stx2 eae hylA astA  f5 st It Cattle Buffalo Total Cattle Buffalo Total

STEC 23 8 31 9 6 15 46
+ 13 5 18 6 3 9 27
+ + 0 1 1 0 2 2 3
+ 5 0 5 0 1 1 6
+ + 0 0 0 1 0 1 1
+ + 2 0 2 0 0 0 2
+ + + 0 1 1 0 0 0 1
+ + + 0 1 1 0 0 0 1
+ + + 1 0 1 0 0 0 1
+ + + 1 0 1 0 0 0 1
+ + 1 0 1 0 0 0 1
+ + 0 0 0 1 0 1 1
+ 0 0 0 1 0 1 1
ETEC 9 9 18 0 1 1 19
0 1 1 0 0 0 1
+ 1 1 2 0 0 0 2
+ 0 1 1 0 0 0 1
+ 4 0 4 0 0 0 4
+ + 0 2 2 0 0 0 2
+ 3 2 5 0 0 0 5
+ + 1 0 1 0 0 0 1
+ + 0 1 1 0 1 1 2
+ + + + 0 1 1 0 0 0 1
EPEC 3 1 4 0 0 0 4
+ 2 0 2 0 0 0 2
+ 1 0 1 0 0 0 1
+ 0 1 1 0 0 0 1
EAEC 3 3 6 1 4 5 11
+ 3 3 6 1 4 5 11
ETEC/STEC 2 13 15 4 3 7 22
+ + + + + 1 0 1 0 0 0 1
+ + + + 1 0 1 0 0 0 1
+ + 0 0 0 3 1 4 4
+ + + 0 0 0 1 0 1 1
+ + + 0 1 1 0 0 0 1
+ + + 0 1 1 0 0 0 1
+ + + + 0 1 1 0 0 0 1
+ + 0 2 2 0 0 0 2
+ + + 0 1 1 0 0 0 1
+ + + 0 1 1 0 0 0 1
+ + + + 0 2 2 0 0 0 2
+ + + + + 0 1 1 0 0 0 1
+ + + 0 0 0 0 1 1 1
+ + 0 1 1 0 0 0 1
+ + 0 1 1 0 0 0 1
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Table 4 (continued)

Virulence gene combinations Number (percentage) of the classified E. coli pathotypes Total (150)
Diarrheic calves (100) In-contact calves (50)
stxl stx2 eae hylA astA  f5 st It Cattle Buffalo Total Cattle Buffalo Total
+ + + 0 0 0 0 1 1 1
+ + 0 1 1 0 0 0 1
ETEC/EPEC 1 2 3 0 1 1 4
+ + 1 0 1 0 0 0 1
+ + + 0 0 0 0 1 1 1
+ + 0 1 1 0 0 0 1
+ + + 0 1 1 0 0 0 1

loss of virulence genes, such as the Shiga toxin-encoding bac-
teriophages (stx1, stx2, stx2e, stx2f), mobility, ability to fer-
ment sorbitol, or the acquisition of the LEE pathogenicity
island (Feng et al. 2007; Zhou et al. 2010). The horizontal
gene transfer via mobile genetic elements was shown to influ-
ence their pathotypes and is responsible for the continuous
development of new clones. This occurs through the acquisi-
tion or loss of virulence genes which results in changing the
lineage and enables the evolution of new variants with new
properties and new pathogenesis (Ahmed et al. 2008).

In the present study, ETEC, EPEC, EAEC, and ETEC/
EPEC pathotypes were isolated at the highest rate from the
Ist age group (up to 4 weeks). This indicated that most path-
ogenic E. coli pathotypes were found at 1st weeks of life and
so the neonatal calves were found to be at higher risk of £. coli
infection. The presence of most E. coli pathotypes in the 1st
weeks of life came in agreement with previous results
(DebRoy and Maddox 2001; Andrade et al. 2012; Hossain
et al. 2014) and this may be attributed to the fact mentioned
by Villarroel (2009) that young neonates are more susceptible
due to their naive immune system. Also, Constable et al.

(2017) mentioned that young calves are highly susceptible,
especially newborn animals that had ingested insufficient co-
lostrum or had absorbed insufficient colostral immunoglobu-
lins. In the present study, ETEC was surprisingly isolated
from calves till 2 months old, although the first week of age
is the major cause of neonatal diarrhea (Nataro and Kaper
1998). A possible explanation for the presence of ETEC in
older diarrheic calves may be attributed to concurrent infec-
tion with other enteropathogens. This result came in line with
Coura et al. (2015) who isolated ETEC in 30-day-old calf with
concurrent infection with coronavirus.

The rate of E. coli infection was found to be higher in
winter season than in summer, especially for STEC, EPEC,
EAEC, and ETEC/EPEC. This result agreed with Sharma
et al. (1984) and Shahrani et al. (2014) who recorded the
highest prevalence rate of E. coli infection in the winter. The
seasonal higher prevalence in the winter was attributed to
climatic variables and the collection of calves together in a
closed place which affects the immunity, making calves more
prone to infections. It may also be attributed to the mean
serum IgG1 concentration which was low in winter-born

Table 5 Distribution of different pathotypes of investigated E. coli strains
Pathotypes Number (percentage) of the classified E. coli strains Total (150)
Diarrheic calves (100) In-contact calves (50)
Cattle 51 Buffalo 49 Total 100 Cattle 19 Buffalo 31 Total 50
STEC 23 (45.1) 8 (16.3) 31 (31) 9 (47.4) 6(19.3) 15(0.3) 46 (30.7)
ETEC 9 (17.7) 9(18.4) 18 (18) 0 1(3.2) 1(0.2) 19 (12.7)
EPEC 3(5.9) 12 44 0 0 0 42.7)
EAEC 3(5.9) 3(6.1) 6 (6) 1(5.3) 4 (12.9) 5(10) 11(7.3)
ETEC/STEC 2(3.9) 13 (26.5) 15 (15) 4 (21.1) 309.7) 7 (14) 22 (14.7)
ETEC/EPEC 1(1.9) 2 (4.1) 33 0 1(3.2) 1) 42.7)
TP 41 (80.4) 36 (73.5) 77 (77) 14 (73.7) 15 (48.4) 29 (58) 106 (70.7)
NP 10 (19.6) 13 (26.5) 23 (23) 5(26.3) 16 (51.6) 21 (42) 44 (29.3)
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Fig. 2 a Distribution of various E. coli pathotypes strains (ETEC, STEC,

EAEC, EPEC, ETEC/EPEC, and ETEC/STEC) at different age groups
(up to 4 weeks, 4-8 weeks, and 812 weeks). b Distribution of total and

calves and increased during the spring and summer as previ-
ously reported (Gay et al. 1983; Norheim et al. 1985). This
was consistent with Snodgrass et al. (1986) who reported that
the winter season affects passive colostral immunoglobulins
transfer in calves. However, increased or decreased IgG1 con-
centrations without ascertaining their specificity to E. coli may
not be linked to E. coli infections in winter, unless the in-
creased concentrations IgG1 can be established specifically

Fig. 3 a Distribution of total a
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non-pathogenic E. coli strains at different age groups (up to 4 weeks, 4—
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to E. coli. No association between different £. coli
pathotypes and animal sex was recorded. This result agreed
with Pourtaghi et al. (2015) who did not find any significant
correlation between sex and prevalence of pathogenic E. coli.
On the other hand, it disagreed with Islam et al. (2015) and
Gebregiorgis and Tessema (2016) who reported the higher
infection rate in female calves in non-performed and per-
formed statistical analysis for their results, respectively.
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Fig. 4 a Shortening and blunting of intestinal villi (arrow) with massive
destruction and inflammatory reaction of the lamina propria (H&E,
x100). b Fusion of small intestinal villi (F) with shortening (double head
arrow) associated with dilatation of blood capillaries (b) and intense
leucocytic infiltration (H&E, x100). ¢ Desquamation of the enterocytes
lining the intestinal mucosa associated with neutrophils, macrophages,
and lymphocyte infiltration in the lamina propria (H&E, x200). d

The correlation between the molecular characterization of
E. coli isolates from intestinal samples and histopathological
examination revealed the presence of eae gene encoding the
intimin protein, the principal key in the E£. coli AE effect
(Nataro and Kaper 1998; Mainil and Fairbrother 2014). The
absence of the /5 gene from intestinal isolates was surprising,
as it was claimed that F5 fimbrial antigen is the most attaching
factor in neonatal calves’ small intestine (Franck et al. 1998;
Nagy and Fekete 2005; Foster and Smith (2009). The histo-
pathological finding of dead calves’ small intestine revealed
shortening and fusion of intestinal villi and desquamation of

@ Springer

Massive necrosis of large intestinal mucosa and the associated glands
with thrombosis (arrow) and extensive edema of the underlying submu-
cosa that extending into underlying muscular layer (H&E, x100). e
Thrombus formation (asterisk) attached to the injured intima (arrow) with
inflammatory cells infiltrating the vascular wall associated with
perivascular edema (H&E, x400). f Presence of small basophilic bacilli
infiltrating the necrosed intestinal mucosa (arrow) (H&E, x400)

the lining epithelium of the intestinal mucosa. Singh et al.
(2013) and Shesh et al. (2015) recorded similar histopatholog-
ical lesions in the intestines of calves due to E. coli infection
but without molecular characterization of these isolates.
Actually, the histopathological lesions in the large intestine
were characterized by massive necrosis of the intestinal mu-
cosa, indicating concurrent infection with other pathogens. As
the calves’ diarrhea is considered a multifactorial disease,
mixed infection with other bacteria, such as Clostridium
spp., indicated by the presence of basophilic bacilli in the
necrotic mucosa and in the lamina propria as these bacilli
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may not relate to E. coli. This result came in line with Garcia
et al. (2013) who isolated Clostridium spp. from the intestine
of calves which caused severe lesions in the colon character-
ized by coagulative necrosis of the intestinal mucosa.

Conclusion

In conclusion, the exploitation of different PCR assays for
detecting genes encoding virulence factors helps to study the
different E. coli pathotypes affecting diarrheic calves. The
presence of atypical combinations between different
pathotypes in E. coli isolates may give rise to the evolution
of new pathotypes which may be more pathogenic and caus-
ing severe diarrhea in calves. Most of these atypical combina-
tions were found more in buffalo calves than in cattle calves as
ETEC/STEC combination was detected in 16 buffalo calves
and only 6 cattle calves, and the ET/EP combination was in 3
buffalo calves and only 1 cattle calves. AstA as an additional
gene was also found in 14 buffalo calves compared to only 6
cattle calves. While STEC and EPEC isolates were detected
more in cattle calves than in buffalo calves, ETEC isolates
were the same in the two species. This study also revealed
that the pathological effect of E. coli on buffalo calves is
mainly attributed to the eae-positive isolates which are char-
acterized by their AE effect on the intestinal mucosa causing
diarrhea. This characterization of the different pathotypes will
actually help in vaccine evaluation and development for con-
trolling E. coli-induced diarrhea which causes high economic
losses and has public health hazards.
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