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ABSTRACT 

Calf diarrhea is a major economic concern in bovine industry all around the world. 

Therefore, the present study was designed to investigate seasonal and age variations in 

the prevalence of E. coli and Salmonella species in diarrheic calves and their virulence 

genes, pathotypes, serogroups and antibiogram. Bacteriological examination of 120 

fecal samples collected from diarrheic calves less than three months of age in dry and 

rainy seasons showed that, 71 (59.5%) and 36 (30%) were positive for E. coli and 

Salmonella species, respectively while 26 (21.66%) had mixed E. coli and Salmonella 

species infection. The most prevalent E. coli serogroups were O111 and O26 and 

Salmonella serovars were S. typhimurium and S. enteritidis. Isolation frequency of E. 

coli was significantly higher than Salmonella species isolated from diarrheic calves in 

different ages and seasons (P value=0.004). E. coli and Salmonella species was 

statistically significant higher in rainy season than dry season. PCR investigation of six 

virulence determinants among the MDR E. coli isolates revealed that fimH and iss, 

were the most prevalent (100%), followed by sxt2 (90%), sxt1 (80%), hylA (60% ) and 

eaeA (40%). All examined multiple drug resisitant (MDR) Salmonella species isolates 

harbored both invA and sopB virulence genes. E. coli and Salmonella species isolates 

showed a high sensitivity rate for amikacin (100%), and ciprofloxacin (78.8% and 

77.7%), respectively but showed resistance against amoxicillin and tetracycline. The 

most commonly detected resistance gene was tetA gene. Finally, strict management 

and hygienic measures should be taken in rearing neonatal calves especially in rainy 

seasons. 

Keywords: Neonatal calf diarrhea - E.coli- Salmonellae - virulence and resistance 

genes. 
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INTRODUCTION 
 

Calf diarrhea (CD) is one of the 

most common problems in young 

animals, causing huge economic and 

productivity losses to bovine industry 

worldwide (Cho and Yoon, 2014). In 

Egypt, neonatal calf diarrhea (NCD) 

continues to be the 1st cause of calf 

mortality, which ranges between 27.4% 

and 55% of the total deaths in young 

calves (Younis et al., 2009). The 

economic losses occur not only from 

mortality but also from other costs 

including treatment, diagnostics, labor 

intervention and decreased number of 

herd as well as subsequent chronic ill 

thrift and impaired growth performance 

(Bazeley, 2003). NCD is a multifactorial 

syndrome including pathogen (infectious 

NCD) as well as non-infectious factors 

related to the animal (immunological and 

nutritional status), the environment or the 

management (Izzo et al., 2011). Because 

of the multifactorial nature of NCD, it is 

difficult to be controlled effectively (Cho 

and Yoon, 2014). The number of cases of 

diarrhoea is normally higher during the 

rainy seasons, from October/November 

to March than during the dry seasons, 

from March to October Achá et al. 

(2004). 

 

In spite of the complex etiology of calf 

diarrhea, the involvement of bacterial 

pathogens is still responsible for more 

than 50% cases of diarrhea in neonatal 

calves (Kumar et al., 2012) Among 

bacteria, enterotoxigenic Escherichia coli 

(ETEC) and Salmonellae are the most 

economically important pathogens (Achá 

et al., 2004), also other bacteria have 

been found as causes of enteric disease 

and NCD, e.g. Clostridium species (Cho 

et al., 2010). 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 (Izzo et al., 2011). Salmonella 

enterica colonizes the digestive  system 

of both adult cattle and calves, but the 

infection is more common and often 

causes severe symptoms in 10-day to 3- 

month-old calves (Fossler et al., 2005). 

On the other hand, E. coli K99+ causes a 

watery diarrhea, dehydration, and 

weakness in 1- to 4-dayold newborn 

calves (Acres et al., 1977). Younger age 

and low colostrum feeding calves were 

significantly associated with E. coli 

isolation (Ashenafi and Tesfaye, 2016). 

Diarrhea due to Salmonella infection is 

watery and mucoid with the presence of 

blood and fibrin (Fossler et al., 2005). 

Salmonella pathogenicity island SPI-1 

and SPI-5 including invA and  sopB 

genes are known to influence the type III 

secretion system, and are mainly 

responsible for Salmonella induced 

diarrhea in calves (Treuer and Haydel, 

2011). 

 

Infected cattle and carriers can serve as 

source of infection for other animals or 

even human through food-borne routes or 

direct contact and so the determination of 

Salmonella strains in fecal samples is not 

only important for the diagnosis of 

salmonellosis, but also essential to 

identify the carriers (Warnick et al., 

2003). 

 

E. coli classified into enterohemorrhagic 

(EHEC), enterotoxigenic (ETEC), 

necrotoxigenic (NTEC), enteroinvasive 

(EIEC), enteropathogenic (EPEC) and 

attaching and effacing E. coli (AEEC) 

pathotypes Kaper et al. (2004). The 

diarrhea in calves is  commonly caused 

by enterotoxigenic Escherichia coli 

(ETEC), the most common type of 

colibacillosis in neonatal calves (Nagy 
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and Fekete, 2005). Two of the more 

prominent virulence factors identified for 

ETEC strains are (i) expression of 

fimbrial (pili) antigens that enables the 

bacteria to adhere to and to colonize the 

luminal surface of the small bowel and 

(ii) elaboration of one or more 

enterotoxins that influence the intestinal 

secretion of fluids (Holland, 1990). 

Unlike ETEC, Enteropathogenic E. coli 

(EPEC) strains do not produce toxins, but 

habor an outer membrane protein, 

intimin, which mediates the intimate 

attachment of bacteria to the enterocyte, 

causing typical attaching and effacing 

(A/E) intestinal lesions (Law, 2000). One 

feature EHEC and EPEC have in 

common is the causation of intestinal 

epithelial lesions known as A/E (Moxley 

and Smith, 2010). EHEC strains are a 

subset of STEC strains (Nguyen et al., 

2011). 

 

The most common cause of NCD is 

ETEC strains that produce the K99 (F5) 

adhesion antigen (E. coli K99+) and 

heat-stable (STa or STb) and/or heat- 

labile (LT1 or LT2) enterotoxins (Kaper 

et al., 2004). Another virulence factors 

including Shiga toxin 1 (stx1) and Shiga 

toxin 2 (stx2), the protein intimin (eae) 

and enterohaemolysin or 

enterohaemorrhagic E. coli haemolysin 

(ehly) which are related to the 

pathogenesis of STEC strains (Law, 

2000). 

 
Furthermore, it appears that E. coli, 

particularly serogroups O26, O111and 

O118 are virulent to cattle, particularly 

young calves (Wieler et al., 1998).  E. 

coli O26 has been isolated from clinical 

cases of hemorrhagic diarrhea in young 

and neonatal patients (Pearson et al., 

1999). 

Antimicrobials are commonly used in 

treatment of diseased calves either orally 

or parentally. Some commonly used 

antimicrobials as sulbactam, ampicillin, 

neomycin, cephalosporin, tetracycline 

and sulphonamide- trimethoprim mixture 

have been used (Kumar et al., 2010). 

However, in the last decade or so the 

development of drug resistance and the 

presence of multi drug resistant 

pathogenic bacteria are major problems 

in treating bacterial diseases (Anita et al., 

2013). 

 

Therefore, the present study was planned 

to assess seasonal and age variations in 

the prevalence and serogroup distribution 

of E. coli and Salmonella species in fecal 

sample of diarrheic calves and 

investigate their susceptibility to 

commonly used antimicrobials. 

 

MATERIAL AND METHODS 
 

Sampling and bacteriological 

examination. 

A total of 120 fecal samples from 

diarrheic calves were collected randomly 

from September 2018 to October 2019. 

Seasons of samples collection (rainy and 

dry) and age of diarrheic calves (one 

week to 3 months) were recorded during 

sampling. Fecal samples were taken 

using sterile rectal swabs. All samples 

were transferred in an ice box to the 

laboratory and cultured in the same day 

or stored at 4ºC and cultured within 3 

days. 

 
Isolation and identification of E. coli and 

Salmonella species among the collected 

samples were confirmed based on their 

morphology, cultural and biochemical 

tests using standard bacteriological 

procedures described by Quinn et al. 

(2002) and (ISO 6579, 2002), 
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respectively. Serological identification of 
E. coli and Salmonella species isolates 

was conducted at Serology Unit, Animal 

Health Research Institute, Dokki, Giza, 

Egypt using commercial antisera (Difco, 

Detroit, MI, USA) according to the 

manufacturer’s instructions. 

 
Antimicrobial susceptibility testing. 

In vitro susceptibility of all E.coli and 

Salmonella isolates to commonly used 

antimicrobial drugs was tested by the 

Kirby-Bauer standard agar disk diffusion 

technique as described earlier (Bauer et 

al., 1966), using Mueller Hinton agar and 

commercial antibiotic disks   (Oxoid, 

Basingstoke, Hampshire, England, UK). 

The tested   antibiotics and   their 

concentrations   in  μg/disk  were  as 

following:  amoxicillin   (AX;10), 

spectinimycin(SPT:100), 

amikacin(AK:30), ceftriaxone   (CTX; 

30), colistin(CT:10), tetracycline (TE; 

30),  sulfamethoxazole/trimethoprim 

(SXT; 25), streptomycin (S; 10), 

gentamicin (CN; 10), and ciprofloxacin 

(CIP; 5). The inhibition zones, in 

millimeters, were measured in duplicate 

and scored as sensitive, intermediate, and 

resistant categories in accordance with 

the critical breakpoints recommended by 

the Clinical and Laboratory Standards 

Institute (CLSI, 2011). 

 
Polymerase chain reaction procedure 
DNA extraction: 

DNA extraction from bacterial samples 

was performed using the QIAamp DNA 

Mini kit (Qiagen, Germany, GmbH) with 

modifications from the manufacturer’s 

recommendations. 

 

Oligonucleotide Primer: 

Primers used were supplied from 

Metabion (Germany). Primer sequences, 

amplicon size and references are listed in 

table (1). 

 

PCR amplification: 

Primers were utilized in a 25- µl reaction 

containing 12.5 µl of EmeraldAmp Max 

PCR Master Mix (Takara, Japan), 1 µl of 

each primer of 20 pmol concentration, 

4.5 µl of water, and 6 µl of DNA 

template. E. coli virulence genes (stx1, 

stx2, hlyA and eaeA) were performed in 

Multiplex DNA amplification reaction. 

The reaction was performed in an applied 

biosystem 2720 thermal cycler. 

 
Analysis of the PCR Products: 

The products of PCR were separated by 

electrophoresis on 1.5% agarose gel 

(Applichem, Germany, GmbH) in 1x 

TBE buffer at room temperature using 

gradients of 5V/cm. For gel analysis, 20 

µl of the products was loaded in each gel 

slot. Gelpilot 100 bp (Qiagen, Germany, 

GmbH) was used to determine the 

fragment sizes. The gel was 

photographed by a gel documentation 

system (Alpha Innotech, Biometra) and 

the data was analyzed through computer 

software. 

 
Statistical analysis. 

The SPSS (Statistical Package for the 

Social Sciences) software (Ver. 24) and 

Chi-square test were used to study the 

statistical relationship between the 

incidence of a bacterium in various ages, 

and seasons and also between the 

frequency of various virulence genes, 

antibiotic resistance genes and 

serogroups. P-value < 0.05 was 

considered statistically significant. 

 

RESULTS 

 

Occurrence of E. coli and Salmonella 

species among the examined samples. 
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Out of 120 fecal samples collected in 

both dry and rainy seasons from diarrheic 

calves between 1 week and 3 month of 

age, 71 (59.1%) and 36 (30%) were 

characterized as E. coli and Salmonella 

species, respectively. From examined 

samples 26 (21.66%) had mixed E. coli 

and Salmonella species infection as 

represented 11/60 (18.33%) in dry and 

15/60 (25%) in rainy seasons). 

Prevalence of E. coli and Salmonella 

species in the tested samples were listed 

in (Table 2). 

 

Effect of seasonal and age variations 

on E. coli and Salmonella species 

isolated from diarrheic calves. 

The results of E. coli and Salmonella 

species prevalence in fecal swabs 

obtained from diarrheic calves showed 

that E. coli and Salmonella species 

significantly higher in rainy season 

40/60(66.6%), 22/60(36.6%) than dry 

season 31/60(51.6%), 14/60 (23%), 

respectively also, their isolation rate 

significantly different according to age of 

diarrheic calves. 

 

E. coli isolates were significantly higher 

occurrence in diarrheic calves with age 

<2 month 54/76 (71%), than diarrheic 

calves with age 2-3months 17/44 

(38.6%), irrespective of seasons. On the 

other hand, Salmonella spp. isolates were 

significantly lower occurrence in 

diarrheic calves with age <2 month 

16/76(21%) than diarrheic calves with 

age 2-3months 20/44 (45.4%), 

irrespective of seasons. 

 

Totally, E. coli isolates were significantly 

higher than Salmonella species isolates in 

diarrheic calves with different age and 

seasons (p-value=0.004) (Table 2). 

 

E. coli were serogrouped to O111, O26, 

O119, O124, O17 and O8. The most 

common serogroups were O26 and O111 

(35.2% and 32.3 %, respectively), 

followed by O124, O119, O17 and O8. 

There was different between the 

pathotypes of E.coli in different seasons 

as we found that in dry season the 

prevalence of EHEC and EPEC 

pathotypes were 64.5% and 35.4% while 

in rainy season EHEC, EIEC and ETEC 

pathotypes were 70%, 20%, and 10%, 

respectively (Table 3). 

 
Serotyping results revealed that 

Salmonella species belonged to 4 

different serovars. S. typhimurium was 

accounted for 61.11% of total Salmonella 

isolates and others serotypes were 

38.88% included: S. enteritidis (25%), S. 

infantis (11.1%) and S. essen (2.8%) as 

listed in table (3). 

 

Antimicrobial sensitivity test among E. 

coli and Salmonella species isolates. 

 

Antibiogram results illustrated the 

presence of multi-drug resistance in most 

of E. coli and Salmonella species isolates 

recovered from diarrheic calves against 

the ten used antibiotics. Interestingly, E. 

coli isolates were resistant to most of the 

tested antibiotics as amoxicillin, colistin, 

tetracycline, streptomycin, gentamycin 

sulfamethoxazole/trimethoprim and 

spectinomycin with percentage of (100%, 

100%, 83% ,  81,6%,  77.4%,  73.2%,and 

67,6%, respectively) while all examined 

Salmonella species isolates exhibited 

absolute resistance (100%) to them 

except tetracycline (88.8%), 

streptomycin (80%) and gentamycin 

(69.4%). On the other hand amikacin and 

ciprofloxacin were found to be the 

effective drugs for E.coli and Salmonella 

that showed sensitivity rate 100% for 

amikacin and in case of ciprofloxacin 

(78.8% and 77.7%), respectively as listed 

in table (4). 
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Virulence and resistant genes among 

E. coli and Salmonella species isolates. 

Ten MDR E. coli isolates were examined 

by PCR to detect 6 virulence genes 

(fimH, iss, stx1, stx2, eaeA,, and hlyA) 

(Fig.  1-3) (Table 5). All isolates were 

positive for both fimH and iss genes 

(100%). Amongst isolates that carried the 

stx genes, 8 (80%) were stx1, 9 (90%) 

were stx2 and 4(40%) were have both 

stx1/stx2.  Moreover, hlyA gene was 

detected in 60% of isolates. Only 4 E. 

coli isolates carried eaeA gene  (40%) 

that includes 3 and 1 isolates in dry 

season and rainy season, respectively. 

Our results illustrated that 40% of the 

analyzed E. coli isolates harbored all 6 

examined virulence genes and 20% of 

isolates had at least  three  virulence 

genes. 

 
Screening the presence of tetA, aadB, 

aacC genes in the most MDR E. coli by 

PCR technique revealed that distribution 

of resistance genes among 10 

phenotypically resistant E. coli were as 

the following: all examined isolates were 

positive for tetA genes with percentage 

of (100%) (Fig. 4) while 3 isolates were 

positive for aacC (30%) (Fig. 5) and 

aadB gene were not detected. 

 

All examined ten MDR Salmonella 

species isolates had both invA and sopB 

virulence genes (100%) (Fig. 6 and 7). 

Interestingly, the results of tetA gene 

(100%) (Fig. 8) but, aadB and aacC 

genes were not detected. 
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Table 1: Primers sequences, target genes, amplicon sizes and cycling conditions. 
 

 
 

Target 

 
Amplified 

 
 

Primary 

 
Amplification (35 cycles) 

Final 

gene 
Primers sequences segment 

(bp) 
denaturation Secondary 

denaturation Annealing Extension 
extension 

Reference 

 

 

stx1 

ACACTGGATGATC 

TCAGTGG 614 95°C 
 

 

CTGAATCCCCCTC 3 min. 

95°C 

20 sec 

58˚C 

40 sec. 

72˚C 

90 sec. 

72˚C 

5 min. 
Dhanashree 

and Mallya, 

(2008) 

 

 

 

Stx2 

 

 

 

 
eaeA 

 

 

 

hlyA 

CATTATG 

CCATGACAACGG 

ACAGCAGTT 779 

CCTGTCAACTGAG 

CAGCACTTTG 

GTGGCGAATACTG 

GCGAGACT 890 

CCCCATTCTTTTTC 

ACCGTCG 

ACGATGTGGTTTA 

  TTCTGGA  165 

CTTCACGTGACCA 

TACATAT 

 

 

 

 

 

 

95°C 

 

3 min. 

 

 

 

 

 

 

95°C 20 sec  58˚C 

40 sec. 

 

 

 

 

 

 

72˚C 

90 sec. 

 

 

 

 

 

 

72˚C 

5 min. 

 

 

 

 

 

 

Mazaheri et 

al., (2014) 

 

 

 
Fratamico 

et al., (1995) 

 

 
iss 

 

 

 
fimH 

 

 

 

 
invA 

 

 

 

 
sopB 

 

 

 

 
aadB 

 

 

 

 
aacC 

 

 

 

 
tetA(A) 

ATGTTATTTTCTG 
  CCGCTCTG  

CTATTGTGAGCAA 

TATACCC 

TGCAGAACGGAT 

AAGCCGTGG 
 

 

GCAGTCACCTGCC 

CTCCGGTA 

GTGAAATTATCGC 

CACGTTCGGGCAA 
 

 

TCATCGCACCGTC 

AAAGGAACC 

TCAGAAGTCGTCT 

AACCACTC 
 

TACCGTCCTCATG 

CACACTC 

GAGCGAAATCTGC 

CGCTCTGG 
 

CTGTTACAACGGA 

CTGGCCGC 

GGCGCGATCAAC 

GAATTTATCCGA 
 

CCATTCGATGCCG 

AAGGAAACGAT 

GGTTCACTCGAAC 

GACGTCA 
 

CTGTCCGACAAGT 

TGCATGA 

266 94˚C 

5 min. 

 
 

508 94˚C 

5 min. 

 

 

 
284 94˚C 

5 min. 

 

 

 
517 94˚C 

5 min. 

 

 

 
319 94˚C 

5 min. 

 

 

 
448 94˚C 

5 min. 

 

 

 
576 94˚C 

5 min. 

94˚C 

30 sec. 

 
 

94˚C 

30 sec. 

 

 

 
94˚C 

30 sec. 

 

 

 
94˚C 

30 sec. 

 

 

 
94˚C 

30 sec. 

 

 

 
94˚C 

30 sec. 

 

 

 
94˚C 

30 sec. 

54˚C 

30 sec. 

 
 

50˚C 

45 sec. 

 

 

 
55˚C 

30 sec. 

 

 

 
58˚C 

40 sec. 

 

 

 
58˚C 

40 sec. 

 

 

 
60˚C 

40 sec. 

 

 

 
50˚C 

40 sec. 

72˚C 

30 sec. 

 
 

72˚C 

45 sec. 

 

 

 
72˚C 

30 sec. 

 

 

 
72˚C 

45 sec. 

 

 

 
72˚C 

40 sec. 

 

 

 
72˚C 

45 sec. 

 

 

 
72˚C 

45 sec. 

72˚C 

7 min. 

 
 

72˚C 

10 min. 

 

 

 
72˚C 

7 min. 

 

 

 
72˚C 

10 min. 

 

 

 
72˚C 

10 min. 

 

 

 
72˚C 

10 min. 

 

 

 
72˚C 

10 min. 

Yaguchi et 

al., )2007) 

 

 

Ghanbarpo 

ur and 

Salehi, 

)2010) 

 
Olivera et 

al., )2003) 

 

 

 
Huehn et 

)al., 2010) 

 

 

 
Frana et al., 

)2001) 

 

 

 
Lynne et al., 

)2008) 

 

 

 
Randall et 

al., (2004) 
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Table 2: Occurrence of E. coli and Salmonella spp. in diarrheic calves. 
 

Season/Age (n) * E. coli (%)** Salmonella spp. (%)** E. coli and Salmonella spp.(mixed) 

Dry season 

<2 month(38) 

 
24 (63.15%) 

 
6 (15.78%) 

 
5(13.15%) 

2-3 months (22) 7 (31.81%) 8 (36.36%) 6(27.27%) 

Total of dry season (60) 31 (51.6%) 14 (23%) 11 (18.33%) 

Rainy season 

<2 month(38) 
30 (78.94%) 10 (26.31%) 6(15.78%) 

2-3 months (22) 10 (45.45%) 12 (54.54%) 9(40.90%) 

Total of rainy season (60) 40 (66.6%) 22 (36.6%) 15(25%) 

Total of two seasons (120) 71 (59.16%) 36 (30%) 26(21.66%) 

Mean± SE*** 17.75±5.51 9±1.29 6.50±0.86 

* Significant differences in isolation rate according to seasons and ages diarrheic calves (P> 0.05). 
** Significant differences between isolation rate of E. coli and Salmonella species in diarrheic calves (P 

<0.05).*** mean ± stander error 
 

Table 3: serological identification of E. coli and salmonella species isolated from diarrheic 

calves in different seasons. 
 

 

 

Isolates(n) 

Season/ Age 
 

 

Dry season Rain season 
 

<2month 2-3 months <2month 2-3 months 

 

 

 

E.coli (71) 

 
EHEC 

O111 (5) 
EHEC

 O111 (3) 
EHEC

 
O111 
(12) 

EHEC(7) 

 
O111 (3) 

EPEC 

(10) 

 

O119 (7) 

EPEC 

(1) 

 
O17 

 

ETEC 
O8 ETEC (1) O8 

(3) 
 

 

 

 
 

Salmonella 

(36) 

 
S.typhimurium (5) S.typhimurium(6) 

S.typhimurium (5) S.typhimurium (6) 
 

S. enteritidis(4) S. enteritidis(5) 

 
 

S.infantis (1) S.infantis (2) S.infantis (1) S. essen(1) 

EHEC (Enterohemorrhagic Escherichia coli), EPEC (Enteropathogenic Escherichia coli), ETEC 

(enterotoxigenic Escherichia coli, EIEC (Enteroinvasive Escherichia coli). 

(14) 
O26 (9) 

(6) 
O26 (3) 

(21) 
O26 (9)  O26 (4) 

 O17 (3)   EIEC (6) O124 EIEC (2) O124 
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Table 4: Antimicrobial susceptibility profiles of E.coli and Salmonella spp. isolates. 
 

E. coli (71) Salmonella spp.(36) 

Antimicrobial agent 
Sensitive (%) Resistant (%) Sensitive (%) Resistant (%) 

amikacin(AK) 71 (100%) 0 (0%) 36 (100%) 0 (0%) 

ciprofloxacin (CIP) 56 (78.8%) 15 (21.1%) 28 (77.7%) 11 (30.5%) 

ceftriaxone (CTX) 37 (52.1%) 34 (47.8%) 0 (0%) 36 (100%) 

spectinimycin(SPT) 23 (32.3%) 48 (67.6%) 0 (0%) 36 (100%) 

sulfamethoxazole/trimethoprim 
(SXT) 

19 (26.7%) 52 (73.2%) 0 (0%) 36 (100%) 

gentamicin (CN) 16 (22.5%) 55 (77.4%) 11 (30.5%) 25 (69.4%) 

streptomycin (S) 13 (18.3%) 58 (81.6%) 7 (19.4%) 29 (80.5%) 

tetracycline (TE) 12 (17%) 59 (83.1%) 4 (11.1) 32 (88.8) 

amoxicillin (AX) 0 (0%) 71 (100%) 0 (0%) 36 (100%) 

colistin(CT) 0 (0%) 71 (100%) 0 (0%) 36 (100%) 

Table 5: Distribution of virulence and resistant genes of E. coli and Salmonella species from 

diarrheic calves. 

 

Isolates/genes(n) Dry season Rainy season Total (%) 

E. coli (10) 

stx1 

 

4 

 

4 

 

8(80%) 

stx2 5 4 9(90%) 

eaeA * 3 1 4(40%) 

hlyA 3 3 6(60%) 

iss 5 5 10(100%) 

fimH 5 5 10(100%) 

tetA(A) 5 5 10(100%) 

aacC** 1 3 4(40%) 

aadB ND ND ND 

Salmonella spp. (10) 

invA 
5 5 10(100%) 

sopB 5 5 10(100%) 

tetA(A) 5 5 10(100%) 

aacC ND ND ND 

aadB ND ND ND 

* Significant differences according to seasons in presences of eaeA gene (P> 0.05). 

** Significant differences according to seasons in presences of aacC gene (P> 0.05). 
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Figure 1: PCR amplicons of fimH gene of E.coli. Lane L: 100-bp ladder; lane Neg.: negative 

control; lane Pos.: positive control; lanes 1–10: positive isolates at 508 bp 

amplicons. 

 

Figure 2: PCR amplicons of iss gene of E.coli. Lane L: 100-bp ladder; lane Neg.: negative 

control; lane Pos.: positive control; lanes 1–10: positive isolates at 266 bp 

amplicons. 

 

Figure 3: Multiplex PCR of stx1 (614 bp), stx2 (779 bp), eaeA (890 bp) and hlyA (165 bp) 

virulence genes of E. coli. L:100-bp ladder; lane Neg.: negative control; lane Pos.: 

positive control 
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Figure 4: PCR amplicons of tetA(A) gene of E.coli.. Lane L: 100-bp ladder; lane Neg.: 

negative control; lane Pos.: positive control; lanes 1–10: positive E.coli isolates at 

576 bp amplicons. 
 

Figure 5: PCR amplicons of aacC gene of E.coli.. Lane L:100-bp ladder; lane Neg.: negative 

control; lane Pos.: positive control; lanes 6,8,10: positive E.coli isolates at 448 bp 

amplicons. 
 

Figure 6: PCR amplicons of invA gene of salmonella. Lane L:100-bp ladder; lane Neg.: 

negative control; lane Pos.: positive control; lanes 1–8: positive salmonella isolates at 

284 bp amplicons; lane 9-10: negative isolates 
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Figure 7: PCR amplicons of sopB gene of salmonella. Lane L:100-bp ladder; lane Neg.: 

negative control; lane Pos.: positive control; lanes 1–8: positive salmonella isolates at 517 bp 

amplicons 
 

Figure 8: PCR amplicons of tetA(A) gene of salmonella. Lane L:100-bp ladder; lane Neg.: 

negative control; lane Pos.: positive control; lanes 1–8: positive salmonella species isolates at 

576 bp amplicons 
 

 
DISCUSSION 

Neonatal calf diarrhea (NCD) remains as 

one of the most important problems 

encountered by livestock industry, 

causing great economic losses. Calves 

are at greatest risk of diarrhea within the 

first month of life and the incidence of 

diarrhea decreases with age (Garcia  et 

al., 2000). 

 

Herein, the prevalence of E. coli and 

Salmonella in neonatal diarrheic calf was 

59.5% and 30%, respectively. From 

examined samples 18.33 % and 25% had 

mixed E. coli and Salmonella species 
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infection in both dry and rainy season, 

respectively. 

 
The prevalence of E. coli in the current 

study had nearly coincided with the 

findings of Osman et al. (2013) (63.6%), 

and Hassan (2014) (50%), while higher 

than those of Azzam et al. (2006) (5.4%) 

and El-Shehedi et al. (2013) (35.83%), 

and lower than that obtained by Ibrahim, 

(1995) (100%). In comparison to other 

countries, the present results were similar 

to that mentioned by Hemashenpagam et 

al. (2009) in India (75%), while it was 

higher than those obtained by Joon and 

Kaura (1993) in India (23%), Viring et 

al. (1993) in Sweden (11.5%), Steiner et 

al. (1997) in Germany (42%). 

 
E.coli isolation rate in rainy season was 

significant higher than dry season. 

Similar finding obtained by Masoud  et 

al. (2014) who found that prevalence of 

E.coli in samples collected in the winter 

had (54.92%), but in summer (2.53%). 

One possible explanation for the high 

prevalence of E. coli strains in calves in 

winter is that climatic variables such as 

heat, rain and thunderstorms, together 

with variable barometric pressure may 

have affected the autonomic nervous 

systems. These variables could affect 

immunity, thus making calves more 

susceptible to infections. Alternatively, 

Norheim et al. (1985) stated that the 

higher prevalence of E. coli strains in 

winter may be related to the fact that the 

mean serum IgG1 concentrations were 

low in winter born calves and increased 

during the spring and summer. 

 
We found that in case of calves less than 

2 month age had the highest incidence  of 

E. coli (71%), while the 2-3 months age 

calves had the lowest incidence (38.6%) 

similarly    to    previous    mentioned  by 

Masoud et al. (2014). Similarly, another 

study found that E. coli is the most 

common agent causing diarrhea in calves 

during the first week of life (Pereira et 

al., 2011 and Wagdy et al., 2016). 

 
Serogrouping of E. coli isolates showed 

that six O-serogroups were identified; out 

of them O26 and O111 were the most 

prevalent groups (35.2% and 32.3 %, 

respectively) followed by O124, O119, 

O17 and O8. These findings were also 

nearly similar to that obtained by Wieler 

et al. (1998) who revealed that E. coli, 

particularly serogroups O26, O111 and 

O118 are virulent to cattle, particularly 

young calves. Also, Pearson et al. (1999) 

mentioned that E. coli O26 has been 

isolated from clinical cases of 

hemorrhagic diarrhea in young and 

neonatal patients. EHEC Pathotype was 

the most common pathogenic E.coli 

isolates (67.6%) obtained from examined 

diarrheic calves, while, higher than stated 

by Pereira et al. (2011) (38%). On 

contrary to previously recorded by 

Nataro and Kaper (1998) who found the 

most common cause of neonatal diarrhea 

is ETEC stains. Interestingly, we found 

that in dry season the prevalence of 

EHEC and EPEC pathotypes were 64.5% 

and 35.4%, respectively. EHEC, EIEC 

and ETEC pathotypes in rainy season 

were 70%, 20%, and 10%, respectively. 

The previous study by Nasr-Eldin et al. 

(2018) characterized pathogenic E.coli 

and the common detected pathogroups 

were EPEC and EHEC, ETEC and EIEC. 

Conversely, another study by Borriello et 

al. (2012) reported infrequent 

occurrences of ETEC strains. 

 
The prevalence of Salmonella in the 

present study (30%) was similar to those 

of other studies in Australia by Izzo et al. 

(2011) (23.8%), while higher than that 
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reported by Riad et al. (1998) (18.2%); 

Seleim et al. (2004) (17.5%); Youssef 

and El-Haig, (2012) (18.66%); Haggag 

and Khaliel, (2002) (4%), and Younis et 

al. (2009) (4.09%). On contrary, much 

higher prevalence was reported by 

Moussa et al. (2010) (43.53%) and Akam 

et al. (2004) (66.6%). 

 

In our study the differences in prevalence 

rates of Salmonella and E.coli isolated 

from diarrheic calves in comparison to 

the previous studies could be explained 

in the light of species and geographical 

locations and hygienic measures, and 

these factors significantly influence the 

prevalence of salmonellosis in calves 

(Younis et al., 2009). 

 

The diarrheic calves in both dry and 

rainy season with age <2 months had the 

lower Salmonella species isolation rate 

(21%) than diarrheic calves with age 2-3 

months (45.4%) that in accordance with 

finding of Wagdy et al. (2016) and Achá 

et al. (2004) whom stated that E. coli and 

Salmonella are the most common 

identified pathogens in scouring calves 

less than 2 months of age. 

 

Of interest, S. typhimurium (ST) and S. 

enteritidis (SE) were the most prevalent 

serotypes with percentages 61.1% and 

25%, respectively. This result supported 

by many previous reports in Egypt 

(Seleim et al., 2004; Younis et al., 2009; 

Moussa et al., 2010 and Youssef and El- 

Haig, 2012) and reports from the other 

countries by Smith-Palmer et al. (2003) 

in Scotland and Rothenbacher (1965) in 

the USA. On contrary to previous 

obtained by El-Seedy et al. (2016) who 

found that S. enteritidis (60.9%), S. 

typhimurium (30.4%). 

 

Antimicrobial resistance of Salmonella 

and E.coli is particularly worrisome in 

view of its potential to extend into the 

human food chain, posing a challenge to 

public health. The data from the present 

study showed widespread resistance of 

E. coli and Salmonella species isolates 

against the tested antibiotics especially 

against amoxicillin and colistin (100%) 

followed  by   tetracycline   (83% and 

88.8%, respectively) that in consistence 

with   previous   related  studies  on 

antimicrobial resistance (De Verdier et 

al., 2012 and Call et al., 2008). On the 

other   hand,   they  were sensitive   to 

amikacin    (100%)    followed  by 

ciprofloxacin       (78.8%,      77.7%, 

respectively) as reported previously by 

El-Seedy et al. (2016). Similar findings 

have been found by Pereira et al. (2011) 

who  found  that   the most  prevalent 

multidrug   resistant  pattern   within  all 

isolates was   tetracycline-ampicillin- 

streptomycin-sulfamethoxazole- 

trimethop. Call et al. (2008) attributed 

the epidemiology of resistant E. coli in 

calves to be multifactorial, complex that 

influenced by co-selection due to linkage 

of resistance genes. Totally, most of 

isolates were resistant to at least 6 of the 

tested antimicrobial agents, making them 

MDR. This finding was in agreement 

with that reported by Pereira et al. 

(2011). This is not surprising in view of 

the high level of resistance observed for 

almost all the Salmonella and E.coli in 

this study,  representing a significant 

disease burden in Egypt. This resistance 

may be attributed to indiscriminate use of 

antibiotics at recommended doses or at 

subtherapeutic doses as feed additives to 

promote growth, and as 

chemotherapeutic agents irrespective of 

etiological agents (Kumar et al., 2010 

and Verma et al., 2007). 

 

The use of PCR-based technology to 

identify virulence genes has become 

widely adopted to distinguish pathogenic 
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E. coli strains from normal gut flora. 

Concerning E.coli, PCR was applied on 

10 isolates representing all the recovered 

serogroups for screening some virulence 

genes, all E.coli isolates were harbored 

both fimH and iss genes. Similar 

prevalence has been found by De Verdier 

et al. (2012). Our findings contradicted  

to that recorded by Wagdy et al. (2016) 

who found that iss gene was not detected 

in any isolates while fimH were positive 

in all isolates (100%). Nguyen et al. 

(2011) reported that 31.30% of E. coli 

strains of diarrheic calves had one of the 

fimbrial genes. 

 

Amongst isolates that carried the stx 

genes: (80%) were stx1, (90%) were stx2 

and (40%) were have both stx1/stx2. 

Similarly, high percentages (40% or 

more) of stx gene in E. coli strains 

(STEC) have been reported in Brazil by 

Salvadori et al. (2003) and in India by 

Arya et al. (2008). However, Osek et al. 

(2000) has reported a lower rate (less 

than 10%) of STEC in diarrheic calves. 

Only 4 E. coli isolates carried eaeA gene 

(40%) includes three isolates in dry 

season and one rainy season, respectively 

that higher than reported by Natalia et al. 

(2015) who found that eaeA gene was 

(12.8%). 

 

Interestingly, the hlyA gene was detected 

at high percent (60%) as it considered 

pathogenic virulence factor, supported 

our results Wieler et al. (1992) who 

mentioned that enterohemolysin (hlyA) 

gene can be used as a diagnostic marker 

because its presence is strongly 

correlated with Shiga toxin. Nataro and 

Kaper (1998) stated that the role of 

enterohemolysin hlyA gene in causing 

diarrhea in calves has not been 

demonstrated, but may be compliment 

the effects of Shiga toxin. 

We found that the EPEC pathoytpe were 

expressed both sxt1 and sxt2 beside iss 

and fimH genes but most of the virulence 

profiles were compatible with EHEC 

strains and almost equally distributed in 

the both dry and rainy seasons. While, 

Natalia et al. (2015) found that most of 

the virulence profiles were compatible 

with ETEC strains. 

 

Our results illustrated that 40% of the 

analyzed E. coli isolates harbored all 6 

examined virulence genes and 20% of 

isolates had at least three virulence 

genes. The successful combinations of 

virulence factors have persisted to 

become specific E. coli pathotypes that 

are capable of causing disease in healthy 

individuals Kaper et al. (2004). Another 

study recorded that (30.1 %) were found 

to be positive for at least one of the 

virulence genes Natalia et al. (2015). 

 

PCR was applied on 10 isolates of 

Salmonella species to determine the 

virulence invA gene that encodes a 

protein in the inner membrane of 

bacteria, which is responsible for 

invasion to the epithelial cells of the host. 

Malorny et al. (2003) mentioned that 

invA gene has been recognized as an 

international standard for detection of 

Salmonella. The results revealed that all 

tested isolates harbored invA gene 

(100%). These results were similar to 

those obtained by Soliman (2014). With 

respect to PCR screening of sopB gene in 

Salmonella species isolates found that all 

isolates had sopB gene which similar to 

results obtained by Rahman, (2006). This 

study revealed that there was association 

between virulence genes and 

antimicrobial resistance of the tested E. 

coli and Salmonella species isolates, 

similar to previous study by Wagdy et al. 

(2016). 
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Of interest, PCR screening for some 

resistant genes among phenotypically 

MDR E. coli isolates showed that all 

isolates were positive for tetA genes with 

percentage of (100%) while 3 isolates 

were positive for aacC (30%) and aadB 

gene not detected. In case of examined 

MDR Salmonella species, harbored 

tetA(A) gene (100%) but, aadB and 

aacC genes were not detected The 

prevalence of tetA gene was relatively in 

accordance with phenotypic 

antimicrobial susceptibility in E. coli 

isolates as mentioned before by Chopra 

and Roberts (2001). In case of examined 

MDR Salmonella species, aadB and 

aacC genes were not detected on 

contrary to previously study by Masoud 

et al. (2014) who found that genes 

encode resistance to streptomycin, 

sulfonamide, gentamicin, ampicillin and 

trimethoprim antibiotics, were the most 

common antibiotic resistance genes in  

the diarrheic calves. 

 

The discrepancies between genotypic and 

phenotypic antimicrobial sensitivity 

results for streptomycin and gentamicin 

in E.coli and Salmonella spp. were 

justified by the possibility of carrying 

other drug resistance genes or harboring 

some other extra-chromosomal genetic 

elements or antimicrobial resistance by 

other resistance mechanism as efflux 

pump (Jouini et al., 2009). The wide 

distribution of tetA gene across gram- 

negative genera, including Escherichia 

and Salmonella, indicates that it is highly 

likely that horizontal transfer of 

tetracycline resistance occurs (Chopra 

and Roberts, 2001). 

 

CONCLUSION 

 

This work provides updated information 

on the molecular characterization of 

MDR pathogenic E. coli and salmonella 

spp. isolates obtained from diarrheic 

calves. In rainy season pathogenic E. coli 

and Salmonella species were higher 

isolation rate than dry season. 

Furthermore, EHEC (O26) and S. 

Typhimurium were most predominant 

serogroups. Almost of pathogenic 

isolates were resistances to commercial 

used antibiotics. Therefore, we advise for 

routine bacteriological screening of fecal 

samples from diarrheic calves followed 

by testing for antimicrobial susceptibility 

that are important to formulate a suitable 

treatment against E. coli and Salmonella 

species, to reduce or prevent the losses. 

Application of strict hygienic measures 

in rearing calves especially in rainy 

season and calves age less than 2 months 

to decrease infections. 

 

REFERENCES 
 

Achá, S.J.; Kuhn, I.; Jonsson, P.; 

Mbazima, G.; Katouli, M. and 

Mollby, R.S. (2004): Studies on calf 

diarrhoea in Mozambique: 

prevalence of bacterial pathogens. 

Acta Vet Scand; 45: 27–36. 

Acres, S.D.; Saunders, J.R. and 

RaTestits, O.M. (1977): Acute 

undifferentiated neonatal diarrhea 

of beef calves: the prevalence of 

enterotoxigenic E. coli, reo-like 

(rota) virus and other 

enteropathogens in cow-calf herds. 

Can Vet J 18:113–121. 

Akam, A. Khelef, D. Kaidi, R. Othmani, 

A. Lafri, M. and Tali-Maamar, H. 

(2004): Frequency  of 

Cryptosporidium parvum, 

Escherichia coli K99 and 

Salmonella spp. isolated from 

healthy and unhealthy calves in six 

breeding farms from Mitidja, 

Algeria (preliminary results). Rev 

Sci Parasitol;5:13–21. 



Assiut Veterinary Medical Journal Assiut Vet. Med. J. Vol. 66 No. 165 April 2020, 21-43 

37 

 

 

Anita; Kumar, A.; Verma, A.K.; Gupta, 
M.K. and Rahal, A. (2013): Multi 

drug resistant pathogenic 

Escherichia coli in water sources 

and Yamuna river in and around 

Mathura, India. Pak. J. Biol. Sci.. 

TEI 10.3923/pjbs/2013. 

Arya, G.; Roy, A.; Choudhary, V.; Yadav, 
M.M. and Joshi, C.G. (2008): 

Serogroups, atypical biochemical 

characters, colicinogeny and 

antibiotic resistance pattern  of 

Shiga toxin-producing Escherichia 

coli isolated from diarrhoeic calves 

in Gujarat, India. Zoonoses Public 

Health, 55, 89-98. 

Ashenafi, G.E. and Tesfaye, S.T. (2016): 

Characterization of Escherichia coli 

isolated from calf diarrhea in and 

around Kombolcha, South Wollo, 

Amhara Region, Ethiopia. Trop. 

Anim. Health Prod. 48, 273–281. 

Azzam, R.A.; Hassan, W.H.; Ibrahim, 
M.A. and Khaled, M.S. (2006): 

Prevalence of verocytotoxigenic E. 

coli O157: H7 in cattle and man in 

Beni- Sueif Government. Alex J  

Vet 2006; 24 (1): 111–22. 

Bauer, A.W.; Kirby, W.M.M.; Sherris, 

J.C. and Turck, M. (1966): 

Antibiotic suscepti-bility testing by 

a standardized single disk method. 

Am J Clin Pathol 45: 493-496. 

Bazeley, K. (2003): Investigation of 

diarrhoea in the neonatal calf. In 

Pract; 25: 152–9 

Borriello, G.; Lucibelli, M.; De Carlo, 

E.; Auriemma, C.; Cozza, D.; 

Ascione, G.; Scognamiglio, F.; 

Iovane, G. and Galiero, G. (2012): 

Characterization of enterotoxigenic 

E. coli (ETEC), Shiga-toxin 

producing E. coli (STEC) and 

necrotoxigenic E. coli (NTEC) 

isolated from diarrhoeic 

Mediterranean water buffalo calves. 

Res Vet Sci. 2012; 93: 18-22. 

Call, D.R.; Davis, M.A. and Sawant, A.A. 

(2008): Antimicrobial resistance in 

beef and dairy cattle production. 

Anim Health Res Rev, 9:159-167. 

Cho, Y. and Yoon, K.J. (2014): An 

overview of calf diarrhea-infectious 

etiology,     diagnosis, and 

intervention. J Vet Sci; 15 (1): 1– 

17. 
Cho, Y.; Kim, W.; Liu, S.; Kinyon, J.M. 

and Yoon, K.J. (2010): 

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; 22: 509– 

17. 

Chopra, I. and Roberts, M. (2001): 

Tetracycline antibiotics: mode of 

action, applications, molecular 

biology, and epidemiology of 

bacterial resistance. Microbiol. 

Mol. Biol. Rev. 65: 232–260. 

Clinical and Laboratory Standards 

Institute (CLSI)  (2011): 

Performance standards for 

antimicrobial susceptibility testing; 

twenty-first  informational 

supplement, CLSI Tecu-ment 

M100-S21. Wayne, PA: CLSI. 68- 

76. 

De Verdier, K.; Nyman, A.; Greko, C. 

and Bengtsson, B. (2012): 

Antimicrobial resistance and 

virulence factors in Escherichia coli 

from Swedish dairy calves. Acta 

Vet Scand; 54:2. 

Dhanashree, B. and Mallya, S. (2008): 

Detection of shiga-toxigenic 

Escherichia coli (STEC) in 

diarrhoeagenic stool and meat 

samples in Mangalore, India. Indian 

J. Med. Res., 128: 271-277. 

El-Seedy, F.R. Abed, A.H. Yanni, H.A. 

Abd El-Rahman S.A.A. (2016): 

Prevalence of Salmonella and E. 



Assiut Veterinary Medical Journal Assiut Vet. Med. J. Vol. 66 No. 165 April 2020, 21-43 

38 

 

 

coli in neonatal diarrheic calves. 

Beni-suef university journal of 

basic and applied science (5): 45- 

51. 
El-Shehedi, M.A.; Eraqi, M.M. and Ali, 

A.R. (2013): Characterization of 

Escherichia coli from diarrheic 

calves with special reference to 

plasmid profile. J Am Sci; 9 (7). 

Fossler, C.P.; Wells, S.J.; Kaneene, J.B.; 

Ruegg, P.L.; Warnick, L.D.; 

Bender, J.B.; Eberly, L.E.; Godden, 

S.M. and Halbert, L.W.(2005): 

Herd-level factors associated with 

isolation of Salmonell in a multi- 

state study of conventional and 

organic dairy farms II. Salmonella 

shedding in calves. Prev Vet Med, 

70, 279-291. 

Frana, T.S.; Carlson, S.A. and Griffith, 
R.W. (2001): Relative distribution 

and conservation of genes encoding 

aminoglycoside-modifying 

enzymes in Salmonella enterica 

serotype Typhimurium phage type 

DT104. Applied and Environmental 

Microbiology 67, 445–8. 

Fratamico, P.; Sackitey, S.; Wiedmann, 

M. and Deng, M. (1995): Detection 

of Escherichia coli O157:H7 by 

multiplex PCR. J. Clin. Microbiol. 

33: 2188- 2191. 

Garcia, A.; Ruiz-Santa-Quiteria, J.A.; 

Orden, J.A.; Cid, D.; Sanz, R.; 

Gómez-Bautista M. (2000): 

Rotavirus and concurrent infections 

with other enteropathogens in 

neonatal diarrheic dairy calves in 

Spain. Comp Immunol Microbiol 

Infect Dis; 23:175–83. 

Ghanbarpour and Salehi (2010): 

Determination of  Adhesin 

Encoding Genes in Escherichia coli 

Isolates from Omphalitis of Chicks. 

American Journal of Animal and 

Veterinary Sciences 5 (2): 91-96, 

2010. 

Haggag YN. and Khaliel SA. (2002): 

Public health importance of certain 

bacteria isolated from calves and 

small ruminants. 2nd Vet Cong, Fac 

Vet Med, Minufiya Univ, Egypt; 

2(1): 173–84. 

Hassan, A.M. (2014): Some studies on 

bacteriological causes of enteritis in 

calves J Vet Adv 2014;4(5):503–7. 

Hemashenpagam, N.; Kiruthiga, B.; 

Selvaraj, T. and Panneerselvam, A. 

(2009): Isolation, identification and 

characterization of bacterial 

pathogens causing calf diarrhea 

with special reference to 

Escherichia coli. Internet J 

Microbiol; 7 (2). 

Holland, R.E. (1990): Some infectious 

causes of diarrhea in young farm 

animals. Microbiol. Rev. 3,345- 

375. 

Huehn, S.; La Ragione, RM.; Anjum, M.; 

Saunders, M.; Woodward, MJ.; 

Bunge, C.; Helmuth, R.;  Hauser, 

E.; Guerra, B.; Beutlich, J.; 

Brisabois, A.; Peters, T.; Svensson, 

L.; Madajczak, G.; Litrup, E.; Imre, 

A.; Herrera-Leon, S.; Mevius D.; 

Newell DG. and Malorny B.  

(2010): Virulotyping and 

antimicrobial resistance typing of 

Salmonella enterica serovars 

relevant to human health in Europe. 

Foodborne Pathogens Dis; 7:523- 

35. in calves. J Vet Adv; 4 (5): 

503–7. 

Ibrahim, A.M. (1995): Sanitary studies 

on newly born calves [Ph. D. thesis 

(Animal Hygiene)], Faculty of 

Veterinary Medicine, Suez Canal 

University, Egypt. 

International Organization for 

Standardiza-tion (ISO) (2002): 

Microbiology of food and animal 

feeding stuffs-horizontal method  

for the detection of  Salmonella 

spp., 4th edition. Geneva: ISO. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Huehn%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20039795
http://www.ncbi.nlm.nih.gov/pubmed?term=La%20Ragione%20RM%5BAuthor%5D&cauthor=true&cauthor_uid=20039795
http://www.ncbi.nlm.nih.gov/pubmed?term=Anjum%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20039795
http://www.ncbi.nlm.nih.gov/pubmed?term=Saunders%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20039795
http://www.ncbi.nlm.nih.gov/pubmed?term=Woodward%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=20039795
http://www.ncbi.nlm.nih.gov/pubmed?term=Bunge%20C%5BAuthor%5D&cauthor=true&cauthor_uid=20039795
http://www.ncbi.nlm.nih.gov/pubmed?term=Helmuth%20R%5BAuthor%5D&cauthor=true&cauthor_uid=20039795
http://www.ncbi.nlm.nih.gov/pubmed?term=Hauser%20E%5BAuthor%5D&cauthor=true&cauthor_uid=20039795
http://www.ncbi.nlm.nih.gov/pubmed?term=Hauser%20E%5BAuthor%5D&cauthor=true&cauthor_uid=20039795
http://www.ncbi.nlm.nih.gov/pubmed?term=Guerra%20B%5BAuthor%5D&cauthor=true&cauthor_uid=20039795
http://www.ncbi.nlm.nih.gov/pubmed?term=Beutlich%20J%5BAuthor%5D&cauthor=true&cauthor_uid=20039795
http://www.ncbi.nlm.nih.gov/pubmed?term=Brisabois%20A%5BAuthor%5D&cauthor=true&cauthor_uid=20039795
http://www.ncbi.nlm.nih.gov/pubmed?term=Peters%20T%5BAuthor%5D&cauthor=true&cauthor_uid=20039795
http://www.ncbi.nlm.nih.gov/pubmed?term=Svensson%20L%5BAuthor%5D&cauthor=true&cauthor_uid=20039795
http://www.ncbi.nlm.nih.gov/pubmed?term=Svensson%20L%5BAuthor%5D&cauthor=true&cauthor_uid=20039795
http://www.ncbi.nlm.nih.gov/pubmed?term=Madajczak%20G%5BAuthor%5D&cauthor=true&cauthor_uid=20039795
http://www.ncbi.nlm.nih.gov/pubmed?term=Litrup%20E%5BAuthor%5D&cauthor=true&cauthor_uid=20039795
http://www.ncbi.nlm.nih.gov/pubmed?term=Imre%20A%5BAuthor%5D&cauthor=true&cauthor_uid=20039795
http://www.ncbi.nlm.nih.gov/pubmed?term=Imre%20A%5BAuthor%5D&cauthor=true&cauthor_uid=20039795
http://www.ncbi.nlm.nih.gov/pubmed?term=Herrera-Leon%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20039795
http://www.ncbi.nlm.nih.gov/pubmed?term=Mevius%20D%5BAuthor%5D&cauthor=true&cauthor_uid=20039795
http://www.ncbi.nlm.nih.gov/pubmed?term=Newell%20DG%5BAuthor%5D&cauthor=true&cauthor_uid=20039795
http://www.ncbi.nlm.nih.gov/pubmed?term=Malorny%20B%5BAuthor%5D&cauthor=true&cauthor_uid=20039795


Assiut Veterinary Medical Journal Assiut Vet. Med. J. Vol. 66 No. 165 April 2020, 21-43 

39 

 

 

Izzo, M.M.; Kirkland, P.D.; Mohler, 

V.L.; Perkins, N.R.; Gunna, A.A. 

and House, J.K. (2011): Prevalence 

of major enteric pathogens in 

Australian dairy calves with 

diarrhea. Aust Vet J; 89 (5): 167– 

73. 

Joon, D.S. and Kaura, Y.K. (1993): 

Isolation and characterization of 

same of the enterobacteria from 

diarrhoeic   and non-diarrhoeic 

calves. Ind J Anim Sci; 63: 373–83. 

Jouini, A.; Ben Slama, K.; Sa´enz, Y. and 

Klibi, N.  (2009):  Detection of 

multiple-antimicrobial resistance 

and characterization of the 

implicated genes in Escherichia 

coli isolates from foods of animal 

origin in Tuni-sia. J Food Protect 

2009; 72: 1082–1088. 

Kaper,  J.B.  Nataro,   J.P.  and  Mobley, 

H.L. (2004): Pathogenic 

Escherichia coli. Nat Rev Microbiol 

, 2(2):123–140. 
Kumar, A.; Rahal, A.; Dwivedi, S.K. and 

Gupta, M.K. (2010): Prevalence 

and antibiotic profile of bacterial 

isolates from bovine mastitis in 

Mathura. Egyptian J. of Dairy Sci. 

38(1): 31-34. 

Kumar, R.; Verma, A.K.; Kumar, A.; 

Srivastava, M. and Lal, H.P. 

(2012): Prevalence of 

campylobacter spp. in Tegs 

attending veterinary practices at 

Mathura, India and risk indicators 

associated with shedding. Asian J. 

of Anim. Vet. Adv., 7(8):754-760. 

Law, D. (2000): Virulence factors of 

Escherichia coli O157 and other 

Shiga toxin-producing E. coli. J 

Appl Microbiol 2000, 88(5):729– 

745. 

Lynne, A.M.; Rhodes-Clark BS.; 

Kimberly Bliven, Shaohua Zhao, 

and Foley, S.L. (2008): 

Antimicrobial Resistance Genes 

Associated with Salmonella enteric 

Serovar Newport Isolates from 

Food Animals. Antimicrobial 

agents and chemotherapy, 353–356 

Vol. 52, No. 1 

Masoud, S.; Farhad, S.; Dehkordi, and 

Hassan, M. (2014): 

Characterization of Escherichia coli 

virulence genes, pathotypes and 

antibiotic resistance properties in 

diarrheic calves in Iran. Biological 

Research 2014, 47:28. 

Mazaheri, S.; Ahrabi, S. and Aslani, M. 

(2014): Shiga toxin-producing 

Escherichia coli isolated from 

lettuce samples in Tehran, Iran. 

Jundishapur J. Microbiol., 7 (11): 1- 

6. 

Moussa, I.M.; Ashgan, M.H.; Mahmoud, 

M.H.; Mohamed, K.F.H. and Al- 

Tess, A.A. (2010): Rapid detection 

of Salmonella species in new-borne 

calves by polymerase chain 

reaction. Int J Gen Mol Biol 

2010;62–6. 

Moxley, R.A. and Smith, D.R. (2010): 

Attaching-effacing Escherichia coli 

infections in cattle. Vet Clin North 

Am Food Anim Pract, 26(1): 29– 

56. 
Nagy, B. and Fekete, P. (2005): 

Enterotoxigenic Escherichia coli in 

veterinary medicine. Int J Med 

Microbiol.; 295: 443-54. 

Nasr-Eldin, M. Aref; Abdel-Raheem, A. 

Abdel-Raheem; Hanaa F. Kamaly 

and Soher Z. Hussien (2018): 

Clinical and sero-molecular 

characterization of Escherichia coli 

with an emphasis on hybrid strain 

in healthy and diarrheic neonatal 

calves in Egypt. Open Veterinary 

Journal, Vol. 8(4): 351-359. 

Natalia, Y.P.; Fabrisio, E.A.; Romina, 

V.B.; María C.G.; Carlos, E.M.; 

Alejandro, J.L.; Claudina, V. ; 

Karina, I.T.; Horacio R.T.; Ana, 



Assiut Veterinary Medical Journal Assiut Vet. Med. J. Vol. 66 No. 165 April 2020, 21-43 

40 

 

 

R.M. and Adriana, B.V. (2015): 

Molecular screening of pathogenic 

Escherichia coli strains isolated 

from dairy neonatal calves in 

CorTeba province, Argentina. Rev 

Argent Microbiol. 2015; 47 (2): 95- 

--102. 

Nataro, J.P. and Kaper, J.B. (1998): 

Diarrheagenic Escherichia coli. 

Clin Microbiol Rev 1998, 11, 142- 

201. 
Nguyen, T.D.; Vo, T.T. and Vu-Khac, H. 

(2011): Virulence factors in 

Escherichia coli isolated from 

calves with diarrhea in Vietnam. J 

Vet Sci, 12(2): 159–164. 

Norheim, K.; Simensen, E. and Gjestang, 
K.E. (1985): The relationship 

between serum IgG levels and age, 

leg injuries, infections and weight 

gains in dairy calves. Nordisk Vet 

Med 1985, 37: 113–120. 

Olivera, S.D.; Rodenbusch, C.R.; Ce, 

M.C.; Rocha, S.L.S. and Canal, 

C.W. (2003): Evaluation of 

selective and non selective en- 

richment PCR procedures for 

Salmonella de-tection. Lett. Appl. 

Microbiol., 36: 217-221. 

Osek, J.; Gallien, P. and Protz, D. 

(2000): Characterization of 

Shigatoxin-producing Escherichia 

coli strains isolated from calves in 

Poland. Comp Immunol Microbiol 

Infect Dis, 23, 267-276. 

Osman, K.M.; Mustafa, A.M.; Elhariri, 
M. and Abdelhamed, G.S. (2013): 

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. 

Pearson, G.R; Bazeley, K.J; Jones, J.R; 

Gunning, R.F; Green, M.J; 

Cookson, A; Woodward, M.J. 

(1999): Attaching and effacing 

lesions in the large intestine of an 

eight-month-old heifer associated 

with Escherichia coli 026 infection 

in a group of animals with 

dysentery. Vet. Rec. 145, 370-373. 

Pereira, R.V.V.; Santos T.M.A.; Bicalho, 

M.L.; Caixeta, L.S.; MachaTe, V.S 

and Bicalho, R.C. (2011): 

Antimicrobial resistance and 

prevalence of virulence factor genes 

in fecal Escherichia coli of Holstein 

calves fed milk with and without 

antimicrobials. J. Dairy Sci. 94: 

4556–4565. 

Quinn, J.P.; Carter, M.E.; Markey, B.K. 

and Carter, G.R. (2002): Clinical 

Veteri-nary Microbiology. 4th ed. 

Harcourt Publish-ers Ltd., LonTen, 

UK. p61-63. 

Rahman, H. (2006): Prevalence and 

phenotypic expression of sopB gene 

among clinical isolates of 

Salmonella enterica. Indian J Med 

Res 123: 83-88. 

Randall, L.P.; Cooles, S.W.; Osborn, 

M.K.; Piddock, L.J.V. and 

Woodward, M.J. (2004): Antibiotic 

resistance genes, integrons and 

multiple antibiotic resistance in 

thirty-five serotypes of Salmonella 

enterica isolated from humans and 

animals in the UK. Journal of 

Antimicrobial Chemotherapy. 53, 

208–216. 

Riad, E.M.; Tanios, A.I. and El-Moghny, 
A.F.A. (1998): Antigen capture 

ELISA technique for  rapid 

detection of Salmonella 

typhimurium in fecal samples of 

diarrheic cow calves. Assiut Vet 

Med J .1998; 39(78): 324–33. 

Rothenbacher, H. (1965): Mortality and 

morbidity in calves with 

salmonellosis. J Am Vet Med 

Assoc, 147, 1211-1214. 



Assiut Veterinary Medical Journal Assiut Vet. Med. J. Vol. 66 No. 165 April 2020, 21-43 

41 

 

 

Salvadori, M.R.; Valadares, G.F.; Leite, 

D.S.; Blanco, J. and Yano, T. 

(2003): Virulence factors of 

Escherichia coli isolated from 

calves with diarrhea in Brazil. Braz 

J Microbiol, 34, 230-235. 

Seleim, R.S.; Sahar, R.M.; Novert, M.H. 

and Gobran, RA. (2004): 

Salmonella infection in calves: 

virulence proteins and its 

immunogenic properties. J Vet 

online 2004; 

<http://www.priory.com/vet/ 

salmonella.htm>. 

Malorny, B.; Tassios, P.T.; Rådström, 

P.; Cook. N.; Wagner, M. and 

Hoorfar, J. (2003): Standardization 

of diagnostic PCR for the detection 

of food borne pathogens. Int J Food 

Microbiol; 83: 39–48. 

Smith-Palmer, A.; Stewart, W.C.; 

Mather, H.; Greig, A.; Cowden. 

J.M. and Reilly, W.J. (2003): 

Epidemiology of Salmonella 

enterica serovars enteritidis and 

typhimurium in animals and people 

in Scotland between 1990 and  

2001. Vet Rec 2003; 153: 517–20. 

Soliman, HA. (2014): Conventional and 

advanced techniques for 

identification of bovine and ovine 

salmonellae. [Ph.D. thesis 

(Microbiology)], Faculty of 

Veterinary Medicine, Beni-Suef 

University, Egypt. 

Steiner, L.; Busato, A.; Burnen, S.A. and 

Gaillard, C. (1997): Frequency and 

aetiology of calf losses and calf 

diseases before weaning in cow calf 

farms. II. Microbiological and 

Parasitological diagnosis in 

diarrhoeic calves. Dtch 

TieraztlWochenschr; 104 (5):169– 

73. 

Treuer, R. and Haydel, S.E. (2011): 

Acid-fast staining and Petroff- 

Hausser chamber counting of 

mycobacterial cells in liquid 

suspension. Curr Protoc Microbiol 

20, 10A.6.1-6.6. 

Verma, A.K.; Sinha, D.K. and Singh, 
B.R. (2007): Salmonella in 

apparently healthy Tegs. Journal of 

Veterinary Public Health. 5(1): 37- 

39. 

Viring, S.; Olsson, S.O.; Alenius, S.; 

Emanuelsson, U.; Jacobsson, S.O. 

and Larsson, B. (1993): Studies of 

enteric pathogens and 

gammaglobulin levels of neonatal 

calves in Sweden. Acta Vet Scand 

1993; 34(3): 271–9. 

Wagdy, R.E.; Sherif, M. and Hussein, M 

G. (2016): Detection of Virulence 

Genes and Antimicrobial 

Resistance of Bacterial isolates of 

Diarrhea in Newly Borne Buffalo 

Calves. RJPBCS 7(4). 

Warnick, L.D.; Kanistanon, K.; 

McTenough, P.L. and Power, L. 

(2003): Effect of previous 

antimicrobial treatment on fecal 

shedding of Salmonella enterica 

subsp. Enterica serogroup b in 

NewYork dairy herds with recent 

clinical salmonellosis. Prev Vet 

Med (Praha); 56: 285–97. 

Wieler, L.H.; Bauerfeind, R. and Baljer, 
G. (1992): Characterization of 

Shiga-like toxin producing 

Escherichia coli (SLTEC) isolated 

from calves with and without 

diarrhoea. Zentralbl Bakteriol, 276, 

243-253. 

Wieler, L.H.; Vieler, E.; Erpenstein, C.; 

Schlapp, T. Steinrück, H.; 

Bauerfeind, R. Byomi, A. and 

Baljer, G. (1998): Shiga 

toxinproducing Escherichia coli 

strains from bovines: association of 

adhesion with carriage of eae and 

other genes. J Clin Microbiol, 34, 

2980-2984. 

http://www.priory.com/vet/


Assiut Veterinary Medical Journal Assiut Vet. Med. J. Vol. 66 No. 165 April 2020, 21-43 

42 

 

 

Yaguchi, K.; Ogitani, T.; Osawa, R.; 

Kawano, M.; Kokumai, N.; 

Kaneshige, T.; Noro,T.; Masubuchi, 

K. and Shimizu, Y. (2007): 

Virulence Factors of Avian 

Pathogenic Escherichia coli Strains 

Isolated from Chickens with 

Colisepticemia in Japan. Avian Dis. 

2007 Sep; 51(3): 656-62. 

Younis, E.E.; Ahmed, A.M.; El-Khodery, 

S.A.;  Osman,  S.A.  and  El-Naker, 

Y.F.   (2009):   Molecular screening 

and risk factors of enterotoxigenic 

Escherichia coli and Salmonella 

spp. in diarrheic neonatal calves in 

Egypt. Res Vet Sci; 87: 373–9. 

Youssef, A.I. and El-Haig, M.M. (2012): 

Herd problems and occupational 

zoonoses of Salmonella enterica 

serovars Typhimurium and 

Enteritidis infection in diarrheic 

cattle and buffalo calves in Egypt. 

Int J Bioflux Soc;4 (3):118–23. 

http://www.ncbi.nlm.nih.gov/pubmed/17992922


Assiut Veterinary Medical Journal Assiut Vet. Med. J. Vol. 66 No. 165 April 2020, 21-43 

 

 
 43 

 

 العوامل المؤثره على عدوى الاسهال فى العجول المسببه بالسالمونيلا و الايشيرشيا كولاى

 
 سالى حامد ابوخضره  ، احمد محمد محمد الهادى ، منى محمد العزونى
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ى  جمرع أنحلء اععلعم. عذعك ، تم تدمرم  عملشر سهال  ى  اععول  صدر  سالرر اتتدليي  ببرر  ى  نالة  ايعتبر الإ

 .E الايشرريشرل بللاى و اعالعملنرلا ت اعملسهمر  واععمري  ى  صعر  انتشل هذ  اعر اسه  علتحقرق صن صرى تلثرر اعتغررا

coli) و (Salmonella   و ايضل ي اسه  جرالت اعضراوة وأنملط اعالالات  .عول  اعت  يظار ةلرال الإسهاللاتاعى

صن   ةرا  براز 102تم جمع  .الايشرريشرل بللاى و اعالعملنرلاوترلس ي ج  اعحالسهر  علمضليات اعحرلي  عكلا صن 

اععول  اعمدلب  بللاسهال   ى  ةمر اتل صن ثلاث  اشار ى  اعملاسهم اعمختلف  )اعولى  واعممطرة(. بعر اعفحص 

ةل  اعتلاع  و  الايشرريشرل بللاى و اعالعملنرلا( إيولبر  عكلا صن ٪62) 63( و ٪5.95) 11اعبكتريلعلج  ، بلنت 

ىلجر ان أنملط اعالالات الأبثر انتشل ا صن الايشرريشرل بللاى و اعالعملنرلا. ( بلنت صختلط  بعروى 01933٪) 03

.و S. enteritidisو  S. Typhimuriumبلنت  و اعالعملنرلا  O26و  O111ه   الايشرريشرل بللاىصركروب 

ختلف الأةمل  بشكل صلحلظ ةن صعزولات اعالعملنرلا ى  اععول  بمالايشرريشرل بللاى الابثر ةريا بلنت صعزولات 

بلنلا أةل  بشكل صلحلظ ى  صلسهم  الايشرريشرل بللاى و اعالعملنرلا(. بمل ان ناب  ةز  P = 0.004واعملاسهم )ترم  

 issو  fimHبلنت ايولبر  بلعااب  عـورالت اعضراو   الايشرريشرل بللاى الأصطل  ةن صلسهم اعوفلف. جمرع ةزلات 

وجمرع صعزولات اعالعملنرلا بلن ةل  اعتلاع   hlyA, Stx2 stx1    eaeA لت عورا ٪42 و %32و %02و %2.و

صعر  حالسهر  ةلع   الايشرريشرل بللاى و اعالعملنرلا. أظارت صعزولات sopBو  invAعريال جرالت اعضراوة 

( ةل  اعتلاع  وعكن أظارت صقلوص  ضر الأصلبارارلرن ٪1191و  ٪1090( وسهربروىللبالسهرن )٪122علأصركلسهرن )

الأبثر شرلةًل صن برن جرالت اعمقلوص  اعت  تم  tetA جرن  واعروباراركلرن والاسهتربتلصرارن واعواتلصليارن.و بلن

لة  حل  الإجراءات اعدحر  واعاظري  اعدل ص  سلن  ى  اعملاسهم اعممطرة ترلسهال. وأسررًا ، يابغ   ىع صاتلى اع

 ى  تربر  اععول  حريث  اعللاية.

 

mailto:monael3zzouny@yahoo.com
http://www.aun.edu.eg/

