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Abstract

Neonatal calf diarrthea (NCD) is one of the most important concerns in cattle production.
Escherichia coli is the most important bacterial agent of NCD. Although vaccination and anti-
biotic treatment are common in NCD, the high antigenic diversity of E. coli and the increase
in antibiotic resistance cause difficulties in the control. The study aimed to investigate the rate
of E. coli in calf diarrhea, isolate an agent of the NCD E. coli strain, determine antimicrobial
resistance, and find out about some surface antigens. Fecal samples (n=115) were analyzed
to isolate pathogenic E. coli strains with nine mixed infections; sixty-one strains isolate from
fifty diarrhoeic calves. Among the isolates from diseased animals, 22 K99+STa+F41, 3 K99+STa,
3 strains F41, 2 strains Stx1, one strain K99, one strain eae, and one strain Stx2+eae were detec-
ted. 27 strains of F17- associated fimbriae have been identified. 17 strains F17a, 6 strains F111,
3 strains F17c, one strain carrying the F17a and F17c gene regions, whereas subfamily typing
of one strain could not be performed. Serotypes were determined by molecular and serological
methods: 32/61 (52.5%) isolates were O101 and 2/61 (3.3%) isolates were O9 serotypes.
But 27 strain serotypes could not be detected. The antibiotic resistance profiles of the isolates
were determined by the disc diffusion method. The resistance rates to antibiotics were trimetho-
prim-sulphamethoxazole 91.7%, ampicillin 86.7%, enrofloxacin 86.7%, gentamicin 45%,
tobramycin 41.7%, cefotaxime 3.3%, and ceftazidime 1.7%. Due to increasing antibiotic
resistance, prophylaxis is gaining importance. In further research, E. coli surface antigenic
structures should be examined in detail, and it should form the basis for vaccine and hyperimmu-
nization studies to be developed.
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Introduction

Neonatal calf mortality is one of the most signifi-
cant problems of dairy and beef production. Neonatal
calf mortality was found 10.7% in Korea (Hur et al.
2013) and 7.8% in suckling calves in the United States
(USDA 2008). The most important infectious causes of
calf mortality are diarrhea and pneumonia. Calf diar-
rhea causes 15-56% calf mortality (USDA 2008, Gul-
liksen et al. 2009, Hur et al. 2013). Calf diarrhea either
results in death, or calves recovering from the disease
have lower body weight, and a decrease in milk yield
(Donovan et al. 1998, Caffarena et al. 2021). Many in-
fectious agents, such as bacteria, viruses, and protozoa,
cause calf diarrhea (Cho and Yoon 2014).

Escherichia coli is the most important bacterial
agent in neonatal calf diarrhea (NCD). Some E. coli
pathotype strains, such as Enterotoxigenic E. coli
(ETEC), Shiga Toxigenic E. coli (STEC), Enteropatho-
genic E. coli (EPEC), and Enterohemorrhagic E. coli
(EHEC) cause NCD (DebRoy and Maddox 2001, Du-
breuil et al. 2016, Pervez et al. 2018). ETEC strains
such as K99 (F5), F41, the F17 family, and STa are one
of the main causative agents of NCD, causing diarrhea
by the effect of the fimbriae and the toxin (Dubreuil et
al. 2016). Furthermore, ETEC strains pathogenic ability
correlates with calf age. ETEC strains are more patho-
genic in newborn animals younger than one week
(Yuyama et al. 1993). Shiga Toxigenic E. coli (STEC) is
present in cattle as a reservoir. At the same time, STEC
causes calf diarrhea depending on the age, immune sys-
tem, and gastrointestinal system conditions of calves
(Bielaszewska et al. 2000, Algammal et al. 2020). Be-
sides the presence of Shiga toxin, Enterohemorrhagic
E. coli causes bloody diarrhea in calves due to its at-
taching and effacing effect, likewise Enteropathogenic
E. coli (Thiry et al. 2017).

Antimicrobial resistance is spreading rapidly
among Escherichia coli strains. Antibiotic resistance
is increasing due to the overuse and misuse of anti-
biotics in cattle breeding. Although most of the antibiot-
ics are consumed by livestock breeding (Van Boeckel
et al. 2017), there is poor antibiotic diversity. The in-
crease in antibiotic resistance in E. coli could cause dif-
ficulties in treatment and increase the mortality rate
of NCDs.

To prevent NCD, practices such as active immuni-
zation of pregnant cows and passive immunization of
calves are carried out (Dubreuil et al. 2016). The effi-
ciency of these applications is necessary to reveal the
diversity of surface antigenic structures and adhesion
factors of region-specific E. coli strains. In this study,
surface antigenic structures and adhesion structures,
some virulence genes, and antibiotic resistance profiles

of E. coli strains that cause diarrhea in calves were de-
termined.

Materials and Methods

Sample collection

Study stool samples were taken from 1-10-days-old
115 calves with diarrhea in Kars, Turkey. Stool samples
from calves diagnosed with diarrhea were taken direct-
ly from the rectum using a swab by the veterinarian and
quickly delivered to the laboratory under the cold chain.

Bacterial strains isolation, PCR analysis
and identification

The isolation of E. coli strains was applied by mod-
ifying the method of Coura et al. (2015). Briefly, the
samples were dissolved in 3 ml of PBS. Then, 1 ml was
inoculated into 9 ml of buffered peptone water and in-
cubated for 18 hours at 37°C in a shaking incubator. At
the end of the pre-enrichment, DNA extraction was per-
formed by the boiling method (Franck et al. 1998), and
K99 (F5), F41, Stabile Toxin a (STa), intimin (eae), Shi-
ga toxin 1, 2 (Stx1,2) gene regions, and F17 fimbriae
and subfamilies were investigated by PCR, which is
described below. Samples with at least one of the inves-
tigated gene regions were selected, passaged on Mac
Conkey agar, and incubated at 37°C for 18 hours. Ten
colonies similar to E. coli strains were selected, pas-
saged on EMB agar, and incubated at 37°C for 18 hours.
Metallic green colonies were selected and subcultured
on nutrient agar incubated at 37°C for 18 hours.

DNA isolation and PCR analysis

Fresh subcultured strains were homogenized in 100
ul of nuclease-free water, boiled at 100°C for 10 min-
utes, then centrifuged at 8000 rpm for 3 minutes, and
the supernatant was stored at -20°C as a source of DNA
(Franck et al. 1998). The samples were analyzed for
STa, K99 (F5), F41, Stx1, Stx2, and, eae gene regions
as previously reported by Franck et al. (1998) (Table 1).
The PCR assay was carried out in a total volume of 50
pl of a mixture containing 5 pl of 10xPCR buffer, 1.5
mM MgCl,, 1 mM dNTP (Ampligon), 0.5 uM of each
primer sequence (Sentebiolab), 1.25 U Taq polymerase
(Thermo Fisher), and 5 pl of bacterial DNA, and com-
pleted with nuclease-free water up to 50 pl. Samples
were amplified under the following conditions: 1 min-
ute for the initial denaturation at 94°C, 25 cycles begin-
ning with 30 seconds denaturation at 94°C, annealing
for 45 seconds at 50°C, extension for 1,5 minutes at
70°C. The extension time was ramped for an additional
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Table 1. The primers used for determination of Shiga toxin 1(Stx1), Shiga toxin 2 (Stx2), intimin (eae), F41, K99 (F5), Stabile toxin

a (STa) genes.
Primer PCR
Virulence Factor Primer 3°-5° product Referance
Name
(bp)
Shiga Toxin 1 Stx-1 TTCGCTCTGCAATAGGTA 555 (Paton et al. 1995)
TTCCCCAGTTCAATGTAAGAT
Shiga Toxin 2 Stx-2 GTGCCTGTTACTGGGTTTTTCTTC 118 (Paton et al. 1993)
_ AGGGGTCGATATCTCTGTCC
% Intimin eae ATATCCGTTTTAATGGCTATCT 425 (Jerse et al. 1990,
f-‘: AATCTTCTGCGTACTGTGTTCA Yu and Kaper 1992)
_%; F41 F41 GCATCAGCGGCAGTATCT 380 (Fidock et al. 1989)
= GTCCCTAGCTCAGTATTATCACCT
= K99 K99 TATTATCTTAGGTGGTATGG 314 (Roosendaal et al. 1984)
GGTATCCTTTAGCAGCAGTATTTC
Stabile Toxin a STa GCTAATGTTGGCAATTTTTATTTCTGTA 190 (Sekizaki et al. 1985)

AGGATTACAACAAAGTTCACAGCAGTAA

3 seconds per cycle, and 10 minutes at 70°C for the final
extension (Franck et al. 1998).

Two distinct multiplexes of PCR were used to in-
vestigate the existence of F17 fimbriae and its subfami-
ly, as described by Bertin et al. (1996) (Table 1). The
PCR assay was conducted using mix consisting of 5 pl
of 10xPCR buffer, 1.5 mM MgCl,, 1 mM dNTP (Am-
pligon), 0.6 uM of each primer sequence (Sentebiolab),
1.25 U of Taq polymerase (Thermo Fisher), 5 pul of bac-
terial DNA, and nuclease-free water was added up to 50
pl. For the amplification process, the following proce-
dures were applied: 5 minutes for the initial denatur-
ation at 94°C, 25 cycles of denaturation at 94°C for 2
minutes, annealing at 55°C (mPCR1) and 59°C
(mPCR?2) for 45 seconds, extension at 72°C for 1 min-
ute, and 5 minutes at 72°C for the final extension (Ber-
tin et al. 1996).

At the end of the PCR, the result showed a single
type of virulence gene profile, and a randomly selected
strain was kept for further studies. In mixed infections,
a strain was selected for each profile. E. coli was identi-
fied with positive results for catalase, indole, and meth-
yl red, and negative results for oxidase, hydrogen sul-
phate, Voges-Proskauer, citrate, and urease. Identified
E. coli strains were stored at -20°C in TSB with 20%
glycerin.

Serotyping of E. coli isolates

The serotypes of virulent E. coli strains were deter-
mined using molecular and serological methods. Sero-
types O5, 08, 09, 015, 020, 026, 055, 086, 0101,
and O118, which are the most common in calf diarrhea,
were selected and investigated. The PCR assay was car-
ried out in a total volume of 50 ul of a mixture contain-

ing 5 pl of 10xPCR buffer, | mM MgCI2, 1 mM dNTP
(Ampligon), 0.5 uM each primer sequence (Sentebio-
lab), 2 U Taq polymerase (Thermo Fisher) and 5 pl of
bacterial DNA, and completed with nuclease-free water
up to 50ul. For the amplification process, the following
procedures were applied: 5 minutes for the initial dena-
turation at 94°C, 25 cycles of denaturation at 94°C for
30 seconds, annealing at 58°C 30 seconds, extension at
72°C for 2 minutes, and 10 minutes at 72°C for the final
extension (Iguchi et al. 2015). The strains serotyped by
PCR were serologically confirmed with monovalent an-
tisera (SSI diagnostica).

Antimicrobial susceptibility test

Antibiotic susceptibility tests for E. coli strains
were performed by disk diffusion test according to
CLSI M100-ED31-2021 standards. Ten different anti-
microbial agents belonging to four different antimicro-
bial families were tested [(ampicillin (10 pg), cefotax-
ime (30 pg), ceftazidim (30 pg), ertapenem (10 pg), and
meropenem (10 pg), trimethoprim-sulphamethoxazole
(1.25/23.75 pg), gentamicin (10 pg), kanamycin (30
lg), enrofloxacin (5 png)]. ATCC 25922 strain was used
as a quality control strain.

Results

Isolation and pathotyping

In the present study, E. coli carrying at least one
virulence gene was isolated in 50/115 (43.5%) calves
with diarrhea. PCR was performed on 10 colonies taken
from each of the samples in which the presence of viru-
lence gene region was detected as a result of pooling
PCR. As a result of PCR performed on 506 isolated col-
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Table 2. Distribution of Enterotoxigenic Escherichia coli (ETEC), Enteropathogenic E. coli (EPEC), Shiga Toxigenic E. coli (STEC),
and Enterohemorrhagic E. coli (EHEC) strains pathotyped according to virulence gene presence.

Pathotype Virulence gene Strain number %
K99 Fimbria, Stabil toxin A, F41 fimbria 22 36,1
K99 Fimbria, Stabil toxin A, 3 49
Fl17a 17 27,9
F17d (F111) 6 9,8
Enterotoxigenic E. coli (ETEC

e coli ) F17 fimbria Fl7e 3 49
F17a+F17c 1 1,6

F17
(non-determined) ! 1.6
F41 fimbria 3 49
K99 Fimbria 1 1,6
Enteropathogenic E. coli (EPEC) Intimin 1 1,6
Shiga Toxigenic E. coli (STEC) Shiga toxin 1 2 34
Enterohemorrhagic E. coli (EHEC) Intimin, Shiga toxin 2 1 1,6
Total 61 100

onies, 299 E. coli strains had at least one virulent gene.
In 41 calves, one type of virulent E. coli strain was iso-
lated. Two different virulence gene profiles were detect-
ed in seven calves, and three different virulence gene
profiles were detected in two calves. One strain was
chosen based on each virulent profile. Consequently, a
total of 61 different E. coli strains were randomly se-
lected for further study (Table 2).

Serotyping of E. coli strain

The serotype was determined by molecular and se-
rological methods, revealing that 32/61 (52.5%) iso-
lates were serotype O101 and 2/61 (3.3%) were sero-
type O9 serotypes. The distribution of serologically and
molecularly detected O serotypes according to their
virulence characteristics is shown in Table 3.

Antimicrobial susceptibility test

According to the results obtained, resistance rates to
antibiotics were: trimethoprim-sulphamethoxazole
91.7% (55/60), ampicillin 86.7% (52/60), enrofloxacin
86.7% (52/60), gentamicin 45% (27/60), 41.7% (25/60)
tobramycin, 3.3% (2/60) cefotaxime and 1.7% (1/60)
ceftazidime. The results were summarized in Table 4.
One of the strains was identified as ESBL by the double
disc synergy test.

Discussion

Neonatal calf diarrhea (NCD), which is one of the
most important problems in cattle breeding, causes seri-

ous economic losses and adversely affects animal wel-
fare (Smith 2012). The high rates of morbidity for diar-
rheal agents in general, the high costs of treatment, and
the immense labor force spent on treatment cause diffi-
culties in combating disease. As a result of inadequate
or untreated treatment, calves face problems such as
dehydration, electrolyte imbalances, and metabolic aci-
dosis (Foster and Smith 2009). In calves that survived
the disease, lower body weight, a delay in the first calv-
ing age, and a decrease in milk yield were observed
compared to those who did not get diarrhea at later ages
(Caffarena et al. 2021).

Many infectious and noninfectious factors play a
role in NCD. Escherichia coli is one of the most import-
ant infectious agents (Foster and Smith 2009). E. coli is
also defined as one of the bacteria that develop resis-
tance to antibacterials most frequently in the world
(Boucher et al. 2009). Due to increasing antibiotic resis-
tance, the importance of prophylaxis is increasing day
by day. Vaccination and hyperimmune serum applica-
tions are widely used for prophylaxis. However, E. coli
has surface antigenic diversity. For prophylactic appli-
cations to be effective, regional E. coli diversity should
be revealed, and products specific to regional differenc-
es should be developed. The surface antigenic diversity
of E. coli strains causing NCD has been found to be
very little in the literature.

High antimicrobial resistance (AMR) rates against
the most commonly used antibiotics in veterinary med-
icine were observed, such as trimethoprim-sulfame-
thoxazole, ampicillin, enrofloxacin, gentamicin, and
tobramycin. Our results regarding antibiotic resistance
should be considered worrying. Antimicrobial resis-
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Table 3. Virulence and serotype diversity profiles of the 61 E. coli isolate recovered from diarrheic calves.

Serotype Virulence gene Strain number %
K99+Sta+F41 12 19,7
0101 F17 18 29,5
K99 1 1,6
Stx1 1 1,6
09 K99+Sta 1 1,6
F17 1 1,6
K99+StatF41 10 16,4
K99+Sta 2 33
F17 9 14,8
Non-determined F41 3 49
eae 1 1,6
Stx1 1 1,6
Stx2+eae 1 1,6
Total 61 100

Table 4. Antibiotic resistance/sensitivity profiles of E. coli strains as tested via disc diffusion test.

Antimicrobial Susceptible Intermediate Resistant
Antimicrobial Family -
(n=60) n % n % n %

Ampicillin 5 8,3 3 5,0 52 86,7

Cefotaxime 58 96,7 0 0,0 2 3,3
Beta-lactam Ceftazidime 58 96,7 1 1,7 1 1,7

Ertapenem 60 100,0 0 0,0 0 0,0

Meropenem 60 100,0 0 0,0 0 0,0

Gentamicin 26 433 7 11,7 27 45,0
Aminoglycoside

Tobramycin 28 46,7 7 11,7 25 41,7
Sulfonamide Trimethoprim-sulphamethoxazole 4 6,7 1 1,7 55 91,7
Fluoroquinolone Enrofloxacin 6 10,0 2 3,3 52 86,7

tance rates were similar to those reported by Guler et al.
(2008), Mohammed et al. (2019), and Prieto et al.
(2022).

The antibiotic resistance rates in studies on com-
mensal E. coli isolates are significantly lower than the
resistance rates found in this study. Hang et al. (2019)
found resistance to sulfamethoxazole (49.3%), ampicil-
lin (48.6%), trimethoprime (43.8%), and gentamicin
(9.8%) in their study on commensal E. coli strains. In
countries of the European Union, indicator E. coli iso-
lates isolated from cattle less than one year old were
found to be resistant to sulfamethoxazole in 34.6%, am-
picillin in 30.2%, trimethoprim in 24.9%, and gentami-
cin in 4.8%. In this study, the resistance rates of tri-
methoprim-sulphamethoxazole, ampicillin, and
gentamicin were found to be high. Antibiotic resistance

rates in virulent strains of E. coli are high. Antibiotic
resistance increases due to exposure to antibiotics, mis-
use, or inappropriate antibiotic selection. As the con-
centration in the environment increases, it creates a se-
lective pressure and increases the rate of resistant
bacteria (Andersson and Hughes 2011).

In the present study, pathogenic E. coli was isolated
from 50 (43.5%) of 115 diarrheal calves, and with
mixed infections, 61 E. coli strains were isolated.
Among isolated pathogen strains, the most common
virulence factor is the F17 family (24%). F17 was the
only virulence factor found in 21 calves (18.2%). The
prevalence rate was similar to Umpiérrez et al. (2016).
The K99, F41, STa, Stx1, Stx2, and eae gene regions
were examined, and 28.7% (33/115) of E. coli strains
were isolated. This rate is close to 24.81% (33/133)
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found in the study carried out by Cengiz and Adiguzel
(2020). Considering the prevalence of E. coli strains
with the K99 gene, were 22.6% (26/115). Bendali et al.
(1999) and Shahrani et al. (2014) determined similar
rates of 20.3% and 28.41%, respectively.

In the present study, shiga toxins 1 and 2 were de-
termined in 2.6% (3/115) of calves with diarrhea. In
various studies, the presence of Shiga toxigenic E. coli
in calf faces was found to be 2.7-9.73% (Wani et al.
2003, Guler et al. 2008). As a reason for the low pres-
ence of STEC, it was considered to limit the age of the
calf selected for sampling to 1-10 days.

Apart from these isolates, three strains carrying
only the F41 gene were isolated. To (1984) showed in
their in vitro study that strains with the F41 virulence
factor may be the cause of diarrhea. This atypical caus-
ative agent of NCD, which was isolated in an outbreak
of NCD on a farm during the study, resulted in high
mortality rates.

The O antigen is important for vaccine studies and
epidemiological data for monitoring the disease. In the
PCR and antiserum-based study performed to deter-
mine some important O serotypes, 32 of the E. coli
strains isolated were defined as O101 and 2 strains as
09. However, none of the remaining 27 strains could be
serotyped. Studies on the O serotype of E. coli strains
that cause calf diarrhea are scarce. However, commer-
cially recommended NCD-causing E. coli strain O-se-
rotypes were found to be ineffective in detecting sero-
type diversity due to regional differences.

The present research has also shown that E. coli
strains that cause NCD have increased AMR rates. The
importance of prophylactic measures is increasing.
Product selection is required that could affect the anti-
genic structural diversity of E. coli strains due to re-
gional differences. The questions raised by this study
are: serotype determination of non-serotypeable E. coli
strains, determining differences between strains to be
isolated from different regions, and development of ap-
propriate vaccines and hyperimmune serum against
strains that are country-wide.
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