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Abstract

Neonatal calf mortality is a major concern to livestock sector worldwide. Neonatal calf diarrhoea (NCD), an acute severe
condition causes morbidity and mortality in calves. Amongst various pathogens involved in NCD, E. coli is considered as
one of the major causes. The study was targeted to characterize E. coli isolates from neonatal calves for diarrhoeagenic
Escherichia coli (DEC) types (pathotyping), antimicrobial resistance (AMR) profiling and to correlate with epidemiological
parameters. From neonates, a total of 113 faecal samples were collected, out of that 308, lactose fermenting colonies were
confirmed as E. coli. Pathotypable isolates (12.3%) were represented by STEC (6.1%), EPEC (2.9%), ETEC (1.9%), EAEC
(0.9%) and EHEC (0.3%). Occurrence of STEC was more in non-diarrhoeic calves, whereas ETEC was observed more in
diarrhoeic calves. EPEC occurrence was observed in both diarrhoeic and non-diarrhoeic calves. Fishers extract test showed
no significant association for occurrence of DEC types to type of dairies, health status, species, breed, age and sex of neonatal
calves. Two hundred and eighty isolates were tested for antimicrobial susceptibility. The isolates showed maximum resistance
towards ampicillin (55.4%) followed by tetracycline (54.3%), while minimum resistance was observed towards meropenem
(2.5%). Multidrug resistant E. coli isolates were found to be 139 (49.6%), and Extended-spectrum beta-lactamase (ESBL)
producers were 120 (42.9%). DEC pathotypes like STEC, ETEC, EHEC and EAEC that are also multidrug resistant present
in neonatal calves have zoonotic potential and hence are of public health significance.
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Abbreviations Introduction
NCD  Neonatal calf diarrhoea
DEC  Diarrhoeagenic E. coli Neonatal calf mortality is one of the most common losses
EPEC Enteropathogenic E. coli in dairy farming which includes direct loss due to neo-
STEC  Shiga toxin-producing E. coli nate’s death and indirect losses like treatment cost, reduced
EHEC Enterohemorrhagic E. coli lifetime, productivity and survivorship (Waltner-Toews
EAEC Enteroaggregative E. coli et al. 1986; Randhawa et al. 2012). As per Blood and Rados-
ETEC Enterotoxigenic E. coli tits (1989), there is a 40% reduction in profit if calf mortality
AMR  Antimicrobial resistance is of 20%. Calf mortality in India mostly ranged from 12.5
ESBL Extended-spectrum beta-lactamase to 30% (Verma et al. 1980), which may be as high as §1% in
rare conditions (Tiwari et al. 2007). Infectious causes lead to
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Neonatal calf diarrhoea (NCD) is considered as a com-
plex multifactorial condition that causes calf morbidity and
mortality in early months of life, characterized by onset of
secretory diarrhoea and dehydration (Malik et al. 2012).
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Infectious causes that lead to NCD mainly include E. coli,
rotavirus, coronavirus and Cryptosporidium parvum. The
reported prevalence of E. coli ranges from 2.6 to 45.1%
(Meganck et al. 2015). E. coli is a lactose fermenting Gram
negative rod belonging to family Enterobacteriaceae with
categorization of diarrhoea causing E. coli into Enteropatho-
genic E. coli (EPEC), Shiga toxin-producing E. coli (STEC),
Enterohemorrhagic E. coli (EHEC), Enteroinvasive E. coli
(EIEC), Enteroaggregative E. coli (EAEC), Enterotoxigenic
E. coli (ETEC), Diffusely adherent E. coli (DAEC), and
Adherent invasive E. coli (AIEC), a new pathotype asso-
ciated with Crohn’s disease which is not a diarrhoeagenic
disease (Croxen et al. 2013; Liu 2015). Non-infectious risk
factors that predispose for occurrence and severity of NCD
are stress, inappropriate colostrum feeding with reference to
quality, quantity and time of feeding and inadequate nutri-
tion to pregnant dam mainly during the third trimester of
gestation period. Along with these, poor hygienic condition
of shed and nearby surrounding, overcrowding in calving
shed and neonate’s calf shed and close association with adult
cows and housing of various age groups together contribute
towards risk factors associated with NCD. Along with the
stated non-infectious factors, other factors like low tempera-
ture and/or contaminated incoming air and inadequate ven-
tilation also play role in lowering the defence mechanism in
early age of calf (Lance et al. 1992; Tewari 2012; Muktar
et al. 2015).

Antimicrobial resistance (AMR) is an important emerg-
ing multi-faceted problem worldwide as it is affecting
livelihood in terms of livestock morbidity and mortality,
causing huge economic losses. In veterinary and human
medicine, multidrug resistant E. coli is an emerging issue.
E. coli being intrinsically sensitive to most of the antimi-
crobial classes, but through horizontal gene transfer, it can
acquire and donate resistance genes. Gene transfer occurs
through mobile genetic elements like plasmids (multidrug-
resistant plasmids), transposons and gene cassettes. In India,
few studies are reported in neonatal calves with respect to
carriage of DEC. The present study was carried out in and
around Bareilly, India with an objective to identify carriage
of DEC in neonatal calves and to infer significant epidemio-
logical factors. Considering present threat of antimicrobial
resistance, E. coli isolates were also screened for antimicro-
bial susceptibility.

Materials and methods
Sample collection
Calves up to one month age were selected for faecal sample

collection, from Bareilly city, Uttar Pradesh, India. Sample
collection was carried out from 24 dairy farms in the region,
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out of which two were organized and 22 were unorganized
dairies. In the present study, government or Institute’s dairy
farm is considered as organised dairy farm, where standard
housing and management practices for keeping the cattle
are practiced. The small farms which mushroomed in and
around a city without standard housing and management
practices of animals are classified as unorganised dairies. A
total of 113 neonate’s faecal samples were collected, among
that 57 were from diarrhoeic and 56 were from non-diar-
rhoeic calves. From each calf, approximately 10 g of faecal
sample were collected per-rectally and transported on ice for
laboratory processing.

Isolation and identification of E. coli

A loop full of faecal material was inoculated in nine ml Mac-
Coneky broth (HiMedia, India) and incubated overnight at
37 °C. Enriched culture was further plated on MacConkey
agar (HiMedia, India) and incubated at 37 °C for 24 h. Three
to four lactose fermenting colonies suspected as E. coli were
further plated on selective media, Eosin methylene blue agar
(HiMedia) and incubated at 37 °C for 24 h. Colonies produc-
ing green metallic sheen were further confirmed by gram
staining and IMViC (HiMedia) test for confirmation as E.
coli.

Pathotyping of E. coli isolates

Isolates confirmed as E. coli were processed for DEC patho-
typing by PCR technique using boiled extracted DNA as
template. The multiplex PCR protocol followed for detec-
tion of shiga toxin producing E. coli (stxI, stx2 and eae),
enterohemorraghic E. coli (eae, stx1, stx2 and hly), enter-
opathogenic E. coli (eae and bfp), enterotoxigenic E. coli
(elt, esta, and esth), enteroaggregative (aggR and pic) and
enteroinvasive E. coli (ipaH and invE) (Vidal et al. 2005) is
mentioned in Table S1. For enterotoxigenic E. coli detec-
tion, an additional multiplex PCR protocol was followed
(Johura et al. 2017). The Enterotoxigenic E. coli MTCC 723
(H10407) strain was used as positive control. The primer
sequence, gene name, amplicon sizes and references are
listed in Table S1 and PCR protocols are represented in
Table 1.

Phenotypic characterization of antimicrobial
resistance

Antimicrobial susceptibility testing of isolates was per-
formed against 14 antibiotics (HiMedia) belonging to eight
different antimicrobial classes by disk diffusion method
(CLSI 2018). The antibiotics selected were ampicillin;
AMP (10 pg), ceftazidime; CAZ (30 pg), cefepime; CPM
(30 pg), cefotaxime; CTX (30 pg), ciprofloxacin; CIP (5 pg),
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Table 1 PCR protocols used in the present study. Reaction conditions employed for pathoyping of E. coli (1), Enterotoxigenic E. coli (ETEC)
detection (2), carbapenem (3) and extended spectrum beta-lactamase (ESBL) resistance gene detections (4, 5, 6, 7)

Sr.no Initial activation Denaturation Annealing Extension Elongation

1 E. coli Pathotyping Temperature 95 °C 95 °C 63 °C 72 °C 72 °C
Duration 5 min 30s 1:30 s 1:30s 15 min
Cycles 1 35 35 35 1

2 ETEC PCR Temperature 94 °C 94 °C 57 °C 72 °C 72 °C
Duration 4 min 1 min 1 min 1:30 s 7 min
Cycles 1 35 35 35 1

3 Carbapenem Resistance genes Temperature 94 °C 94 °C 60 °C 72 °C 72 °C

(Two multiplex PCR assays) Duration 10 min 30s 40s 50s 5 min

Cycles 1 35 35 35 1

4 AmpC Temperature 94 °C 94 °C 60 °C 72 °C 72 °C
Duration 5 min 1 min 1 min 1 min 5 min
Cycles 1 30 30 30 1

5 TEM Temperature 94 °C 94 °C 55°C 72 °C 72 °C
Duration 5 min 1 min 1 min 1 min 7 min
Cycles 1 35 35 35 1

6 SHV Temperature 94 °C 94 °C 60 °C 72 °C 72 °C
Duration 5 min 30s 50s 50s 10 min
Cycles 1 35 35 35 1

7 CTX-M Temperature 94 °C 94 °C 52°C 72 °C 72 °C
Duration 5 min 25s 1 min 1 min 6 min
Cycles 1 30 30 30 1

co-trimoxazole; COT (25 pg), colistin; CST (10 pg), gen-
tamicin; GEN (10 pg), imipenem; IPM (10 pg), meropenem;
MRP (10 pg), piperacillin; PI (100 pg), piperacillin-tazo-
bactam; PIT (100/10 pg), sulphadiazine; SZ (100 pg) and
tetracycline; TE (30 pg). Phenotypically extended-spectrum
beta-lactamase (ESBL) production by E. coli was deter-
mined by combined disk diffusion method (CLSI 2018).
The third generation cephalosporins used were cefotaxime
and ceftazidime along with the ESBL inhibitor clavulanic
(CLA) acid.

Genotypic characterization of antimicrobial
resistance

E. coli isolates observed to be carbapenem resistant and as
ESBL producer by phenotypic approach were processed for
antimicrobial resistance gene detection based on PCR. Two
standardized multiplex PCR reported for the detection of
blagp, blayyy, blagpy (Poirel et al. 2011) blagy, 3 (Paul
et al. 2017) and blagy s s, blagpc, blag;c and blaypy (Poirel
etal. 2011) respectively were employed for the detection of
carbapenem resistance genes. The reference strains used as
positive controls were blayyy, positive Klebsiella pneumo-
niae NCTC 13440, blaypy, positive E. coli ATCC 2469 and
blagy a4s positive K. pneumoniae NCTC 13442. The primer

details are listed in Table S1 and PCR protocols are repre-
sented in Table 1.

E. coli isolates were subjected to PCR assays for the
detection of blacrxy (Woodford et al. 20006), bla . (Féria
et al. 2002), blargy, (Bhattacharjee et al. 2007), blagyy, (Lob
et al. 2015) genes associated with ESBL production. A sin-
gle multiplex PCR was employed for CTXM family detec-
tion, including CTXM-1, CTXM-2, CTXM-8, CTXM-9
and CTXM-25. The reference strains used as positive con-
trol include blagyy positive K. pneumoniae ATCC 700603
and blargy positive E. coli ATCC 35218. The primer details
are listed in Table S1 and PCR protocols are represented in
Table 1.

Statistical analysis

Statistical analysis was performed using SPSS ver. 22.0 (IBM
Corp., Armonk, NY) on Windows platform. The association
between DEC occurrence, health status, and type of dairy, spe-
cies, breeds, sex and age group was performed by Fisher’s
exact test.
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Results

Out of the 113 faecal samples collected from neonatal
calves, 35 were from organized dairies and 78 were from
unorganized dairies. Among 380 colonies (approximately
three per sample) initially selected from MacConkey agar,
308 colonies produced green metallic sheen on EMB agar.
These 308 isolates confirmed as E. coli by gram stain-
ing and biochemical characterization were subjected to
pathotyping. Thirty eight isolates (12.3%) were found
to be DEC. Among DEC, STEC: 19 isolates (6.1%) was
found to be the most predominant followed by EPEC: nine
isolates (2.9%), ETEC: six isolates (1.9%), EAEC: three
isolates (0.9%) and EHEC: one isolate (0.3%). The preva-
lence of DEC pathotypes varied in organized dairies and
unorganized dairies and was 10% and 13.5%, respectively.
The details of distribution of different DEC are presented
in Table 2. Statistically no significant difference (p > 0.05)
was observed in occurrence of E. coli pathotypes in differ-
ent types of dairy, species, breed, sex, health status, and
age of neonatal calves.

Out of 308, only 280 E. coli isolates were tested for
antibiotic sensitivity test (ABST). Percentages of isolates
observed to be resistant against various antibiotics are
as follows: ampicillin (55.4%), tetracycline (54.3%), co-
trimoxazole (44.6%), sulphadiazine (44.3%), cefotaxime
(42.1%), ciprofloxacin (35.4%), cefepime (33.2%), ceftazi-
dime (23.9%), imipenem (20.4%), piperacillin (13.2%),

Table 2 Pathotype associations to health, farm and animal factors.
Occurrence of diarrhoeagenic E. coli (DEC) with different factors
like health, type of dairy, species and breed, sex, age group of neo-
natal calves. Statistically no significant difference (p=15.68, p>0.1)

piperacillin-tazobactam (5.4%), gentamicin (3.9%), and
meropenem (2.5%). In polymyxin group none of the E.
coli isolates were resistant to colistin. Forty five isolates
(16.1%) were resistant to one antibiotic, 20 (7.1%) to two
antibiotics, 29 (10.4%) to three antibiotics, 34 (12.1%) to
four antibiotics, 27 (9.6%) to five antibiotics, 17 (6.0%) to
six antibiotics, 24 (8.6%) to seven antibiotics, 25 (8.9%)
to eight antibiotics, four (1.4%) to nine antibiotics, two
(0.7%) to ten antibiotics and two (0.7%) to more than
ten antibiotics. Isolates sensitive to all antibiotics were
51(18.2%) out of 280. Multidrug resistant (MDR) E. coli
isolates were found to be 139 (49.6%), which are resistant
to at least three antimicrobial classes. The occurrence of
antimicrobial resistance with respect to type of dairies,
health status and species of neonatal calves are depicted
in Table 3. Antimicrobial resistance pattern shown in diar-
rhoeagenic E. coli is depicted in Table 4.

Altogether 120 (42.9%) E. coli isolates were found as
positive for ESBL production by combined disk diffusion
method. Based on cefotaxime and cefotaxime plus clavu-
lanic acid resistance pattern, 80 (28.6%) E. coli isolates were
found to be ESBL producers. Based on ceftazidime and cef-
tazidime plus clavulanic acid antibiotic resistance pattern, 88
(31.4%) E. coli isolates were found to be ESBL producers.
Fifty three isolates (18.9%) were resistant to carbapenem
drug phenotypically. Whereas, none of the isolates with phe-
notypic carbapenem resistance showed the presence of any
of the carbapenem resistance genes (blapyp, blayyy, blagpy
blagx 3. blagxa.ag, blagpe, blagyc and blaypy,) screened

was observed in occurrence of E. coli pathotypes with different fac-
tors like, health, type of dairy, species and breed, sex, and age group
of neonatal calves.

Factors No. DEC (%) STEC (%) EPEC (%) ETEC (%) EAEC (%) EHEC (%) P value

Health Non-diarrhoeic 151 17(11.2) 13 (8.6) 01 (0.7) 02 (1.3) 01(0.7) 0 0.86"S
Diarrhoeic 157 21(13.4) 06 (3.8) 08 (5.1) 04 (2.5) 02(1.3) 01(0.6)

Type of dairy ~ Organized dairy 100 10(10.0) 08 (8.0) 02 (2.0) 0 0 0 0.46NS
Unorganized dairy 208 28 (13.5) 11(5.3) 07 (3.4) 06 (2.9) 03(1.4) 01 (0.5)

Species Cattle 176 24 (13.6) 13(7.4) 07 (3.4) 01 (0.6) 03(1.7) 0 0.49NS
Buffalo 132 14 (10.6) 06 (4.5) 02 (1.5) 05 (3.8) 0 01 (0.7)

Breeds Cattle Vrindavani 34 03 (8.8) 03 (8.8) 0 0 0 0 0.60N8
Cattle Non-descript 91 12(13.2) 02(2.2) 07 (7.7) 0 03(3.3) 0
Cattle Crossbred 51 09 (17.6) 08 (15.7) 0 01(1.9) 0 0
Buffalo Murrah 120  13(10.8) 06 (5.0) 02 (1.7) 05 (4.2) 0 0
Buffalo Non- descript 12 01 (8.3) 0 0 0 0 01 (8.3)

Sex Male 162 22(13.6) 13(8.0) 4(2.5) 4(2.5) 0 1 (0.6) 0.60N
Female 146 16(10.9) 06 (4.1) 05(3.4) 02 (1.4) 03(2.0) 0

Age group 0-10 days 67 05 (7.5) 02 (2.9) 02 (2.9) 0 01(1.5) 0 0.02"
11-20 days 90 19(21.1) 10(11.1) 05 (5.5) 02(2.2) 02 (2.2) 0
21-30 days 151 13 (8.6) 07 (4.6) 02 (1.3) 04 (2.6) 0 01(0.7)

NS- non significant; *- Significant at 95% confidence level
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Tal?le 3 Antimicrobial Antibiotics  Total Number of Resistance E. cole isolates

resistance pattern among E.

coli isolates. Antimicrobial Type of Dairy Health Status of neonate Species of neonatal

resistance pattern with respect calves

to type of dairy, health status - - - - - -

and species of neonatal calves Orga'mzed Unlor‘gamzed Non-diarrhoeic (%) Diarrhoeic (%) Cattle (%) Buffalo (%)

Dairies (%) Dairies (%)

AMP 63 (64.3) 92 (50.5) 72 (52.2) 83 (58.4) 80 (54.0) 75(56.8)
CAZ 26 (26.5) 41 (22.5) 38 (27.5) 29 (20.4) 34 (22.9) 3325
CTX 44 (44.9) 74 (40.7) 60 (43.5) 58 (40.8) 64 (43.2) 54 (40.9)
CIP 42 (42.8) 57 (31.3) 44 (31.9) 55(38.7) 55(37.2) 44(33.3)
COT 61 (62.2) 64 (35.2) 61 (44.2) 64 (45.1) 61 (41.2) 64 (48.5)
CPM 20 (20.4) 73 (40.1) 46 (33.3) 47 (33.1) 49 (33.1) 44 (33.3)
GEN 08 (8.2) 03 (1.6) 07 (5.1) 04 (2.8) 07 (4.7) 04 (3.0
IPM 28 (28.6) 29 (15.9) 32 (23.2) 25 (17.6) 25(16.9) 32(24.2)
MRP 03 (3.1) 04 (2.2) 06 (4.3) 01 (0.7) 06 (4.0 01 (0.8)
PI 07 (7.1) 30 (16.5) 20 (14.5) 17 (11.9) 14 (9.5) 23 (17.4)
PIT 01 (1.0) 14 (7.7) 11(7.9) 04 (2.8) 10 (6.7) 05 (3.8)
SZ 63 (64.3) 61 (33.5) 61 (44.2) 63 (44.4) 60 (40.5) 64 (48.5)
TE 54 (55.1) 98 (53.8) 63 (45.6) 89 (62.7) 78 (52.7) 74 (56.1)

Table 4 Antimicrobial resistance among different pathotypes of diar-
rhoeagenic E. coli (DEC). Antimicrobial resistance observed among
isolates belonging to various DEC pathotypes are represented in both
number of isolates and in percentage

Antibiotics  STEC (%) EPEC (%) ETEC (%) EAEC (%)
AMP 06(31.6)  05(55.5) 00 (0) 03 (100)
CAZ 01 (5.3) 01(11.1) 00 (0) 02 (66.7)
CTX 05(263)  03(33.3)  00(0) 02 (66.7)
CIP 01 (5.3) 01(11.1) 00 (0) 03 (100)
COT 09 (47.4)  03(33.3)  00(0) 03 (100)
CPM 00 (0) 01(11.1) 00 (0) 02 (66.7)
IPM 01 (5.3) 00 (0) 02(333)  00(0)
MRP 00 (0) 00 (0) 00 (0) 01 (33.3)
PI 00 (0) 00 (0) 00 (0) 02 (66.7)
PIT 00 (0) 00 (0) 00 (0) 02 (66.7)
V4 09 (47.4)  03(33.3)  00(0) 03 (100)
TE 12(632)  04(444)  05(83.3) 03 (100)

in the study. Among 120 phenotypic ESBL producers, 105
(87.5%) isolates were genotypically positive for ESBL, while
15 (12.5%) isolates were genotypically negative. Among
the six genes, blayy,c 90 (75%) was observed maximum,
followed by blacrxy.; 34 (28.3%) and blatgy 10 (8.3%).
Graphical representation of ESBL resistance gene presence
in E. coli isolates is depicted in Fig. 1A. ESBL resistance
genes shared among E. coli isolates were found as, presence
of both blacrxy., and blayy,,c were 24 (20.0%), bla s, and
blargy were seven (5.8%), blacrxy.g and bla y,,c were two
(1.7%), blacrxy.; and blagy, was one (0.8%) and for three
genes blacryy.1s blasmyc, and blaggy were two (1.7%). E.
coli positive for only blay,,c, blacrxm.i» blacrxw.g alone

were 60 (50%), 08(6.7%) and one (0.8%), respectively.
Graphical representation of sharing of ESBL resistance gene
among E. coli isolates is depicted in Fig. 1B.

Discussion

In the study, DEC was characterized from both organized
and unorganised dairies. In organized dairies, colostrum
feeding in calves within eight hours after birth and there-
after milk feeding two times in a day was practiced. In case
of unorganized dairies, insufficient colostrum feeding 8 h
after birth was observed and suckling of dam milk was not
regularly practised. Considering housing facility, organized
dairies were having concrete flooring with separate area for
calves. In unorganized dairies, muddy flooring with limited
or absence of segregation in housing of adult and calves,
healthy and diseased animals was observed. As per livestock
schedule, deworming and vaccinations were carried out at
the third and fourth month, respectively in organised farm.
Deworming and vaccination was not practiced in calves in
unorganized dairies. This indicates organized and unorgan-
ized diaries differed with respect to feeding, housing and
management practices followed.

E. coli are a normal commensal of human and animal
intestine whereas DEC is pathogenic by producing several
virulence factors (Picco et al. 2015). In the present study,
among diarrhoeagenic E. coli (DEC) pathotypes, STEC
(6.1%) was found to be the most prevalent followed by EPEC
(2.9%), ETEC (1.9%), and EAEC (0.9%) in faecal samples
of neonatal calves. A similar observation with a higher prev-
alence of STEC (30.7%) followed by ETEC (12.7%), and
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«Fig. 1 ESBL resistance gene presence in E. coli isolates. ESBL
resistance genes (six) and number of E. coli isolates are shown in X
and Y axis respectively. Figure 1A represents ESBL resistance gene
presence and Fig. 1B represents sharing of ESBL resistance genes

EPEC (2.7%) was reported by Awad et al. (2020). In 2019,
study conducted by Coura et al. reported the presence of
STEC in diarrhoeic calves as 23.8% followed by Necrotoxic
E. coli (NTEC) (19.0%), EPEC (3.6%), EHEC (3.6%) and
ETEC (2.4%). In case of non-diarrhoeic calves, presence of
NTEC as high as 42% followed by STEC (34%) and EHEC
(2%) was reported (Coura et al. 2019).

Several studies reported that cattle are the reservoir
for EHEC, and calves are the carrier of DEC pathotypes
of public health importance (Suleiman et al. 2020; Cengiz
and Adiguzel 2020). Intimin gene (eaeA) observed in EPEC
were found to be more pathogenic in humans than in calves
and are involved in zoonotic transmission (Thiry et al. 2017).
Similarly, Janke et al. (1989) and Moxley and Smith (2010)
reported that EPEC and STEC are less commonly associated
with diarrhoea in cattle as they lack receptors in vascular
endothelium that enables binding of STEC/EHEC leading
to systemic disease. Hence, with the help of immunomodu-
lation and intestinal colonization they survive and multiply
in intestine. In the present study, isolates belonging to DEC
did not showed significant association to diarrhoeic calves.
Similar observations were made based on meta-analysis
study data where STEC, EHEC and EPEC presence were
reported in both diarrhoeic and healthy calves with some
studies also reports their presence more in healthy calves
(Kolenda et al. 2015).

Among DEC, ETEC is considered the predominant
pathotype associated with NCD (Kolenda et al. 2015). In
non-diarrhoeic calves, predominant pathotype was STEC
followed by ETEC whereas in diarrhoeic calves, predomi-
nant pathotype was EPEC followed by STEC (Table 2). The
ETEC isolation rate was low (1.9%) as compared to earlier
study from Kashmir, India reporting 8 % E. coli isolates
from diarrhoeic calves as ETEC (Wani et al. 2013). Also, the
ETEC isolates recovered in the study from non-diarrhoeic
calf had a past history of diarrhoea indicative of its pos-
sible role in neonatal diarrhoea. It has been reported that
recovered and sub-clinically infected calves shed ETEC
for months after recovery (Acres 1985). The lower preva-
lence of various pathotypes and especially ETEC in diar-
rhoeic samples in present study could also be due to the
presence of other pathogens associated with diarrhoea and
has not been ruled out in the study. Another possible reason
could be due to the under detection of toxin genes which
are mostly encoded in plasmids (Acres 1985) that are lost
during repeated sub culturing of isolates (Sengupta 2011;
Tazzyman and Bonhoeffer 2014).

The prevalence of DEC pathotypes was 10.0% and 13.5%
in organized and unorganized dairies, respectively (Table 2).
This indicates slightly more DEC is associated with unor-
ganized dairies. Unorganized dairies from where samples
were collected had muddy or wet flooring, improper shelter
facilities, poor and small housing in comparison to herd size,
no segregation in housing of adult and calves, as well as
healthy and diseased animals. The dairy owners lack animal
husbandry management knowledge, and dairy was operated
by a family member in leisure time. These non-infectious
factors may contribute to a higher prevalence of diarrhoea-
genic E. coli as Yeshiwas and Fentahun (2017) found the
occurrence of E. coli more in case of a muddy or wet floor.
Recent study indicated significant association of climatic
and management conditions on O157:H7 shedding, while
the study indicated limited role of age or sex for shedding in
Egyptian sheep (Kamel et al. 2015).

Neonatal calves of age group zero to ten days harboured
STEC, EPEC and EAEC with 2.9%, 2.9% and 1.5% preva-
lence, respectively. The presence of DEC in this age group
may be due to the alkaline pH of abomasum, truancy/
absence of competing microflora and sluggish motility of
intestine favouring their growth (Smith 1965). Also, bac-
terial fimbrial binding receptor is more expressed during
younger age in calves favouring binding of pathogenic
bacteria (Acres 1985; Dubreuil et al. 2016). In the present
study, a higher presence of pathotype STEC (8.0%) and
ETEC (2.5%) were observed in male neonatal calves. Male
calves are considered being of no economic importance in
dairy farms, and thus, are insufficiently fed with colostrum
at initial hours after birth (Murugan et al. 2019). During the
sample collection, it has been observed that diarrhoeic male
calves were not provided with proper treatment in unorgan-
ised dairies. A significant association of DEC to age group
10 to 20 days was observed in this study (Table 2). The
increased DEC colonization could be probably associated
with stoppage or reduced milk feeding to calves after few
weeks.

Among all antibiotics used for AMR study, the highest
resistance was observed towards ampicillin (55.4%) fol-
lowed by tetracycline (54.3%) (Table 4). In several coun-
tries, including India, ampicillin, tetracycline, and sul-
phonamide are the most commonly used antibiotics to treat
animals, their misuse or overuse could be related to its high
resistance levels in E. coli (Chantziaras et al. 2014; Maciel
et al. 2019). Studies conducted on E. coli isolates exhibited
75% (Gharieb et al. 2019), 83% (Wani et al. 2013) and 87%
(Gupta et al. 2017) resistance for ampicillin. Several stud-
ies also reported resistance toward ampicillin as 100% in
E. coli isolates from calves (Donaldson et al. 2006; Mailk
et al. 2013; Pandey et al. 2015; Mohammed et al. 2019).
With respect to tetracycline resistance, the resistance level
indicated in this study (54.3%) also corroborated earlier
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studies mostly ranging from 57% (Hang et al. 2019) to 63%
(Srivani et al. 2017; Maciel et al. 2019). Resistance to tet-
racycline to even 100% has been reported in E. coli isolates
(Gupta et al. 2017). The possible reason for acquiring E. coli
ampicillin and tetracycline resistance in neonatal calves may
be from their dams or surroundings or due to the transfer
of resistant genes from one ecosystem to another (Johnson
et al. 2007; Singh 2011).

ESBL resistance was observed as 42.9% in E. coli iso-
lates. In the present study, resistance towards cephalo-
sporins were highest for cefotaxime (42.1%) followed by
cefepime (33.2%), and ceftazidime (23.9%). Wani et al.
(2013) reported 83% resistance in E. coli isolates from calf
to cephalosporins. Similar high resistance for ceftazidime
(98%) and cefotaxime (91.8%) was reported by Srivani et al.
(2017). Even 100% resistance to cefotaxime and 91.6%
resistance to ceftazidime were reported by Batabyal et al.
(2018). The result thus indicates the resistance pattern of
cephalosporin in E. coli isolates from calf was lesser than
earlier studies from India. Recent study in neonatal calves
less than 2 weeks old in Germany revealed ESBL-producing
enterobacteria on all farms and 96.5% of the calves investi-
gated shed ESBL-positive bacteria (Waade et al. 2021). The
lower resistance could be due to involvement of more strains
from unorganized dairies that are less exposed to antibiotics
in comparison to organized dairies.

Genotypic resistance was in correlation with phenotypic
ESBL resistance but there was no correlation between phe-
notypic carbapenem resistance and genotypic resistance
as none of the targeted carbapenem resistance genes were
detected (Fig. 1). This possibly indicates the isolates either
harbouring novel resistance genes or are with substantial
genetic variations hindering successful PCR amplification.
A similar study has been reported with less congruence
within phenotypic and genotypic antibiotic resistance in
E. coli isolates of calf origin, and revealed the presence of
blay,,, carbapenemase gene in only 1 out of 81 phenotypi-
cally positive for carbapenem resistant isolates (Murugan
et al. 2019). Another study also reported only 26 Gram nega-
tive bacilli isolates to be genotypically positive for carbap-
enemase gene while by disc diffusion test 111 isolates were
phenotypically resistant. Among 26 isolates, presence of car-
bapenem gene distribution was blay,, in 16, blay;,,in 8 and
blayyays in 2 isolates (Codjoe et al. 2019). Based on genome
sequence, high genetic diversity was observed in genes con-
ferring resistance to seven different antibiotic classes among
E. coli strains isolated from veal calves (Kim et al. 2021).
For food animal’s treatment there is a restriction for the use
of carbapenem drug, so carbapenem resistance observed in
livestock population may be either from natural environment
or through human contact (Murugan et al. 2019).

In the present study, higher antimicrobial resistance was
observed in organized dairies (Table 3) in comparison to
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unorganized dairies towards all antibiotics, except pipera-
cillin and piperacillin - tazobactam. Another study carried
out in piglets of organised farms showed similar kind of
observation with ESBL occurrence of 64% (VinodhKumar
et al. 2019). In unorganized diaries, antibiotic usage history
was not known, whereas, the most commonly used antibi-
otics in organized farms were fluroquinolone, beta lactam
and cephalosporins group. Resistance correlating usage
in farms were observed for some antibiotics especially for
ampicillin (beta lactam) showing 64.3% resistance, cipro-
floxacin (quinolone) showing 42.8% resistance in case of
organized dairies and cefotaxime (cephalosporins) showing
44.9% resistance (Table 3). Other possible reason may be the
role of concrete flooring in organized diaries carrying more
resistant isolates than the muddy or earthen floor, as concrete
flooring led to ineffective cleaning and washing with mild
detergent (Murugan et al. 2019).

Conclusion

The neonatal period of calf life, is considered to be the most
critical period, as majority of mortality occurs due to diar-
rhoea, septicaemia, and pneumonia. Among bacterial causes,
E. coli is one of the most important cause for NCD. Among
308 E. coli isolates from 24 farms, 12.3% represented DEC.
Occurrence of STEC was highest in non-diarrhoeic calves
whereas ETEC occurrence predominated in diarrhoeic
calves. The prevalence of DEC pathotypes was lower in
organized diaries, indicative of the importance of good farm
management and animal husbandry practices followed there.
Multi drug resistant isolates were found to be 49.6% among
all isolates. This indicates the importance of E. coli infec-
tions in calves as well as its public health significance.
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