
antibiotics

Article

Molecular Detection, Serotyping, and Antibiotic Resistance of
Shiga Toxigenic Escherichia coli Isolated from She-Camels and
In-Contact Humans in Egypt

Mohamed Said Diab 1 , Reda Tarabees 2, Yasser F. Elnaker 3, Ghada A. Hadad 4, Marwa A. Saad 5,
Salah A. Galbat 3, Sarah Albogami 6 , Aziza M. Hassan 6 , Mahmoud A. O. Dawood 7,8,*
and Sabah Ibrahim Shaaban 9

����������
�������

Citation: Diab, M.S.; Tarabees, R.;

Elnaker, Y.F.; Hadad, G.A.; Saad,

M.A.; Galbat, S.A.; Albogami, S.;

Hassan, A.M.; Dawood, M.A.O.;

Shaaban, S.I. Molecular Detection,

Serotyping, and Antibiotic Resistance

of Shiga Toxigenic Escherichia coli

Isolated from She-Camels and

In-Contact Humans in Egypt.

Antibiotics 2021, 10, 1021. https://

doi.org/10.3390/antibiotics10081021

Academic Editors: Manuela Oliveira

and Elisabete Silva

Received: 3 July 2021

Accepted: 18 August 2021

Published: 23 August 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Department of Animal Hygiene and Zoonoses, Faculty of Veterinary Medicine, New Valley University,
El Kharga 72511, Egypt; mohameddiab333@gmail.com

2 Department of Bacteriology, Mycology, and Immunology, Faculty of Veterinary Medicine, University of Sadat
City, Sadat City 32897, Egypt; reda.tarabees@vet.usc.edu.eg

3 Department of Animal Medicine (Infectious Diseases), Faculty of Veterinary Medicine, The New Valley
University, El Kharga 72511, Egypt; yasserelnaker@yahoo.com (Y.F.E.); salahgalbat@yahoo.com (S.A.G.)

4 Department of Animal Hygiene and Zoonoses, Faculty of Veterinary Medicine, University of Sadat City,
Sadat City 32897, Egypt; ghadavet@yahoo.com

5 Department of Food Control, Faculty of Veterinary Medicine, Menofia University, Menofia,
ShebinAl-Kom 32511, Egypt; Drmarwa2200@gmail.com

6 Department of Biotechnology, College of Science, Taif University, P.O. Box 11099, Taif 21944, Saudi Arabia;
dr.sarah@tu.edu.sa (S.A.); a.hasn@tu.edu.sa (A.M.H.)

7 Department of Animal Production, Faculty of Agriculture, Kafrelsheikh University, Kafrelsheikh 33512, Egypt
8 The Center for Applied Research on the Environment and Sustainability, The American University in Cairo,

Cairo 11835, Egypt
9 Department of Animal Hygiene and Zoonoses, Faculty of Veterinary Medicine, Damanhour University,

Damanhour 22511, Egypt; sabah_ibrahim@vetmed.dmu.edu.eg or sabahibrahim2010@gmail.com
* Correspondence: Mahmouddawood55@gmail.com or mahmoud.dawood@agr.kfs.edu.eg

Abstract: This study aims to determine the prevalence of STEC in she-camels suffering from mastitis
in semi-arid regions by using traditional culture methods and then confirming it with Serological
and molecular techniques in milk samples, camel feces, as well as human stool samples for human
contacts. In addition, an antibiotic susceptibility profile for these isolates was investigation. Mastitic
milk samples were taken after California Mastitis Test (CMT) procedure, and fecal samples were
taken from she-camels and human stool samples, then cultured using traditional methods to isolate
Escherichia coli. These isolates were initially classified serologically, then an mPCR (Multiplex PCR)
was used to determine virulence genes. Finally, both camel and human isolates were tested for
antibiotic susceptibility. Out of a total of 180 she-camels, 34 (18.9%) were mastitic (8.3% clinical and
10.6% sub-clinical mastitis), where it was higher in camels bred with other animals. The total presence
of E. coli was 21.9, 13.9, and 33.7% in milk, camel feces, and human stool, respectively, whereas the
occurrence of STEC from the total E. coli isolates were 36, 16, and 31.4% for milk, camel feces, and
stool, respectively. Among the camel isolates, stx1 was the most frequently detected virulence gene,
while hlyA was not detected. The most detected virulence gene in human isolates was stx2 (45.5%),
followed by stx1. Camel STEC showed resistance to Oxytetracycline only, while human STEC showed
multiple drug resistance to Amoxicillin, Gentamycin, and Clindamycin with 81.8, 72.7, and 63.6%,
respectively. Breeding camels in semi-arid areas separately from other animals may reduce the risk
of infection with some bacteria, including E. coli; in contrast, mixed breeding with other animals
contributes a significant risk factor for STEC emergence in camels.
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1. Introduction

Camels are characterized by their remarkable ability to adapt to the extreme desert
ecosystem and their high resistance to many pathogenic microorganisms (MOs) compared
to other domesticated animals in the same area [1]. Dromedary camels contribute strongly
to human survival in the Middle East, and North and East Africa regions. The main reason
for raising camels is to produce milk, as camels produce more milk for a longer period
when compared to other dairy animals. However, its role in human transportation and
as an essential source of meat cannot be ignored [2–4]. Camel milk is one of the main and
important components in the human diet in these regions because it has a high nutritious
value such as a high proportion of vitamin C, antibacterial substance, lactoferrin as well
as some minerals, and minimum sugar and cholesterol content in comparison to cow
milk [5,6].

Few published scientific studies are dealing with the causative agents of camel dis-
eases, including mastitis [7], which is one of the most important diseases that affect dairy
animals, that results in severe economic losses, including a decrease in milk yield, and the
cost of treatment in addition to the public health risks [8–10]. Mastitis is an uncommon
disease in camels compared to cows, but its incidence often increases with several things,
including teat deformities, hand milking, and herd management [6]. On the other hand,
Bessalah et al. [11] pointed to camel diarrhea as the main cause of economic loss associated
with poor growth, medication costs, and animal death. Mastitis has extreme zoonotic
and economic importance since it causes multiple hazardous effects on human health and
animal production. Moreover, in these regions, the daily consumption of camel milk mainly
occurs in the raw form [12,13].

Shiga Toxigenic Escherichia coli (STEC) is a significant foodborne zoonotic pathogen re-
sponsible for mild to severe diarrhea, hemorrhagic colitis, and hemolytic uremic syndrome.
STEC virulence factors are derived from Shiga toxin genes (stx1 and stx2), which are the
chief factors accountable for the clinical signs, intimin (eae), and hemolysin (hlyA) [14,15].
Hand-to-mouth transfer, considered as direct contact with farm animals, is the dominant
mode of STEC transmission to human. Ruminants, mainly cattle, are considered the
primary source of STEC infection for humans [16,17]; some authors exclude the role of
camels [18,19]. Diagnostic methods using molecular techniques are faster and more accu-
rate than traditional culturing methods for determining the different bacterial species [20].

The excessive and misuse of antibiotics in humans, animals, and plants was con-
sidered one of the main contributors to increasing the incidence of multidrug-resistant
bacteria [21–23]. In the past, some authors asserted that there were no multiple drug-
resistant bacteria among the causes of mastitis [24,25]. However, recently, bacteria such as
E. coli have been discovered that are resistant to many antibiotics, which may be transmitted
from milk-producing cows to humans [26,27]. Little information is presented about an-
timicrobial resistance among pathogenic MOs in camel [28]. Even if the resistance rates to
antibiotics are relatively low, it can be dangerous due to the possibility of the transmission
and spread of resistance genes between strains [29]. The nomadic nature of this region and
the reliance on medicinal plants as natural antibacterial agents may have been an influential
factor in the discovery of low levels of multi-antibiotic resistance [6,30–32]. This may have
a positive impact on both veterinary and public health [33]. Consequently, this work aimed
to study the role of STEC in mastitis and diarrhea in she-camels and its incidence among
human beings in the same area. Additionally, antibiotic susceptibility tests for the isolates
were performed.

2. Results

The data presented in Table 1 revealed that the general occurrence of camel mastitis
was 18.9% (8.3% clinical and 10.6% subclinical mastitis). Moreover, the results presented in
Table 2 showed that the prevalence of clinical and subclinical mastitis among she-camels
reared separately with no contact with other animal species was 4.1 and 5.6%, respectively,
while the rates of infection in camels raised with other animal species increased, reaching
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11.1 and 13.9%, respectively. There was a statistically significant difference between the
two breeding systems, either in separate or mixed breeding.

Table 1. Occurrence of clinical and subclinical mastitis in she-camel.

Milk
180 she-camels

Total (34/180) = 18.9%

Clinical mastitis 15 (8.3%)

Subclinical 19 (10.6%)

720 milk samples per quarter level
(180 animals ∗ 4 quarters)

Clinical mastitis 43 (5.9%)

subclinical 71 (9.9%)

Fecal Samples 180
Diarrhea 9 (5%)

Normal 171 (95%)

Table 2. Occurrence of E. coli in mastitic she-camel’s milk in relation to camel breeding system (mixed
with other species).

Types of
Mastitis

Separate (no 72) Mixed Breeding (no 108)
Chi-Square Value p-Value

No. % No. %

Clinical
mastitis 3 4.1 12 11.1

6.58 0.04Subclinical
mastitis 4 5.6 15 13.9

Total 7 9.7 27 25
p-value is significant at <0.05.

The results presented in Table 3 showed that E. coli was isolated using conventional
culture methods from 25.6 and 19.7% of the examined clinically and sub-clinically mastitic
camel’s milk. Concerning the isolation of E. coli from the fecal samples, our results showed
that E. coli was isolated from 44.4 and 12.3% of the examined fecal samples collected from
diarrheic camels and apparently healthy she-camels, correspondingly, as shown in Table 3.

Table 3. Isolation of E. coli from milk samples/quarter and fecal samples of the examined she-camels.

Camel Samples E. coli Conventional Isolation STEC (PCR)/Total Cases STEC (PCR)/E. coli Isolates

No. % No. % No. %

Clinical mastitis/quarter n = 43 11 25.6 3 6.9 3 27.3

Subclinical/quarter n= 71 14 19.7 6 8.5 6 42.9

Total/quarter n = 114 25 21.9 9 7.9 9 36

Diarrhea n = 9 4 44.4 1 11.1 1 25

Normal feces n = 171 21 12.3 3 1.8 3 14.3

Total n = 180 25 13.9 4 2.2 4 16

Regarding human stool samples (Table 4), our results showed that E. coli was isolated
from 23.2 and 37.2% of the examined stool samples collected from contact and non-contact
individuals, respectively, with no statistically significant difference (p > 0.05). Among
these isolates, STEC represented 16.7 and 34.5%, respectively. Concerning the seasonal
prevalence of STEC, our results presented in Table 5 revealed a higher prevalence of STEC
in a cold climate than in hot climates.
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Table 4. Isolation of E. coli from human stool samples.

Human Samples E. coli Conventional Isolation STEC (PCR)/Total Cases STEC (PCR)/E. coli Isolates

No. % No. % No. %

Contact n = 26 6 23.2 1 3.8 1 16.7
Non-contact n = 78 29 37.2 10 12.8 10 34.5

Total n = 104 35 33.7 11 10.6 11 31.4
Chi-square value 1.73 1.66 1.66

p-value 0.19 0.18 0.18

Table 5. Occurrence of STEC in relation to the hot and cold season.

Hot Climate Cold Climate

Clinical mastitis 0 3

subclinical 1 5

Diarrhea 0 1

Normal feces 0 0

Human isolates 1 10

Table 6 showed that six different STEC serotypes were recovered from camel samples,
including O26, O45, O103, O111, O121, and O145 in percentages of 6, 2, 2, 6, 4, and 6%,
respectively, whereas O26, O45, O103, and O145 serotypes were recovered from human
stool samples in percentages of 11.4, 8.6, 5.7, and 5.7%, respectively.

Table 6. Serotyping of E. coli isolates.

Species
Serotypes of STEC

O26 (%) O45 (%) O103 (%) O121 (%) O145 (%) O111 (%)

Camel isolates n= 13 3 (6) 1 (2) 1 (2) 2 (4) 3 (6) 3 (6)
Human isolates n = 11 4 (11.4) 3 (8.6) 2 (5.7) 0 2 (5.7) 0

Total n = 24 7 4 3 2 5 3

Table 7 showed that 13 (26%) and 11 (31.4%) of the examined E. coli isolates recovered
from camel and human samples, respectively, were positive for at least one of the examined
genes for STEC. Among the tested camel isolates, the most prevalent virulence factors were
stx1, Eae, and stx2 by rates of 46.2, 30.7, and 23.1%, respectively.

Table 7. Occurrence of virulence factors in relation to isolates.

Species
Virulence Genes

stx1 stx2 stx1 & stx2 eae hlyA stx1 + eae stx2 + eae stx1 & stx2 + eae

STEC Camel
isolates (13)

No. 6 3 4 4 0 3 1 0

% 46.2 23.1 30.7 30.7 0 23.1 7.7 0

STEC human
isolates (11)

No. 4 5 1 5 3 1 2 1

% 36 45.5 9 45.5 27.3 9 18.1 9

In the present study, 13 and 11 of the STEC isolates recovered from camel and human
samples, respectively, were screened for their antimicrobial susceptibility, as shown in
Table 8. The current study results showed that the camel STEC isolates were sensitive to the
most tested antibiotics, except for Oxytetracycline, to which the isolates showed resistance
with 53.8%, while the human isolates of STEC showed the highest resistance to Amoxicillin,
Gentamycin, and Clindamycin with ratios of 81.8, 72.7, and 63.6, respectively.



Antibiotics 2021, 10, 1021 5 of 12

Table 8. Antibiotic sensitivity test for STEC isolates against different antibiotics using CLSI breakpoint [34].

Antibacterial Agent
No. of Resistance among Camel Isolates No. of Resistance among Human Isolates

No. R (%) I (%) S (%) No. R (%) I (%) S (%)

Streptomycin

13

1(7.7) 2(15.4) 10(77)

11

5 (45.5) 5(45.5) 1(9)
Gentamycin 1(7.7) 4(30.8) 8(61.5) 8 (72.7) 1(9) 2(18.2)
Clindamycin 0(0) 1(7.7) 12(92.3) 7 (63.6) 2(18.2) 2(18.2)
Amoxicillin 0(0) 2(15.4) 11(84.6) 9 (81.8) 1(9) 1(9)
Ampicillin 1(7.7) 3(23.1) 9(69.2) 4 (36.4) 1(9) 6(54.5)

Oxytetracycline 7(53.8) 4(30.8) 2(15.4) 2 (18.2) 4(36.4) 5(45.5)
Ciprofloxacin 1(7.7) 3(23.1) 9(69.2) 7 (63.6) 1(9) 3(27.3)

R = resistant; I = intermediate; S = susceptible.

3. Discussion

There is a dearth of information on STEC epidemiology in humans, food, and animals
in Sub-Saharan Africa, and the current knowledge of STEC sources needs to be further
improved [17]. Similarly, there is limited information on the occurrence and the character-
istics of STEC in African camels. Therefore, the current study was undertaken to estimate
STEC incidence in the mastitic milk and fecal samples of dromedary camels and in-contact
human stool. In addition, the isolates were further characterized for the presence of some
virulence encoding genes and antibiogram sensitivity patterns.

In the present study, a total of 180 she-camels were investigated for the presence of
clinical and sub-clinical mastitis; the results revealed that the general occurrence of camel
mastitis was 18.9% (8.3% clinical and 10.6% subclinical mastitis). However, the general
occurrence on the udder quarters level was 6.9%. These results were nearly similar to Jilo
et al. [6], who stated that subclinical mastitis was more prevalent than clinical mastitis.
Higher results, 26.3%, were reported by Balemi et al. [35]. Moreover, the results showed
that clinical and subclinical mastitis prevalence among she-camels reared separately with
no contact with other animal species was 4.1 and 5.6%, respectively, while the infection
rates in camels reared with other animals increased, reaching 11.1 and 13.9%, respectively.
There was a statistically significant difference between the two breeding systems, either
in separate or mixed breeding. Similar findings were validated by Clement et al. [23] due
to the possibility of STEC cross-transmission between cattle and camels. Furthermore,
the hygienic conditions of the camels’ housing and milking conditions were pursued by
the owners.

E. coli is a Gram-negative rod, representing an important component of the microbiota
of mammals and birds. However, several strains of E. coli, mainly diarrheagenic E. coli, are
pathogenic to human and animals and cause several gastrointestinal disorders, including
diarrhea [36]. Despite the seriousness of diarrheagenic E. coli, especially STEC, the studies
conducted in Egypt were limited to cattle and sheep [37–39], compared with those con-
ducted on camels. Therefore, the milk samples collected from clinically and sub-clinically
mastitic she-camels and feces were further examined for the presence of E. coli. The results
showed that E. coli was isolated using conventional culture methods from 25.6 and 19.7% of
the examined clinically and sub-clinically mastitic camel’s milk. These findings are lower
than those previously obtained by Abo Hashem et al. [40], who reported that E. coli was
the most predominant isolated bacteria from she-camel’s milk with isolation rates of 35.4
and 27% from apparently healthy and mastitic she-camel’s milk, respectively. Concerning
the isolation of E. coli from the fecal samples, our results showed that E. coli was isolated
from 44.4 and 12.3% of the examined fecal samples collected from diarrheic camels and
apparently healthy she-camels, correspondingly, as shown in Table 3. Similar detection
rates of E. coli from she-camels were observed by Al Humam [41], who detected isolates in
26% of cases. Contrariwise, these findings were lower when compared with those formerly
reported by El-Hewairy et al. [42] and Al-Ajmi et al. [43]. Conversely, our findings are
higher than those reported by Shahein et al. [7], where E. coli was isolated from 17.1% of
the examined fecal samples collected from diarrheic camels. Several studies were under-
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taken to assess the prevalence of E. coli in fecal samples collected from diarrheic camels
in Qatar [44], United Arab Emirates [43], Kenya [45], and Nigeria at 3.8% [46]. However,
El-Sayed et al. [18] failed to detect any STEC from camel feces. These differences in findings
could be attributed to the area of samples collections and the hygienic conditions of the
housing and the milking procedures.

Regarding the human stool samples (Table 4), our results showed that E. coli was
isolated from 23.2 and 37.2% of the examined stool samples collected from contact and
non-contact individuals, respectively. Among these isolates, STEC represented 16.7 and
34.5%, respectively, with no statistically significant difference. These findings are similar to
those reported by EL-Alfy et al. [47], where E. coli was isolated from 31.4% of the examined
diarrheic human stools. On the contrary, Ramadan et al. [48] stated that E. coli was isolated
from 58.6 and 71.4% of the examined diarrheic and healthy individuals’ fecal samples,
respectively.

Concerning the seasonal prevalence of STEC, our results revealed a higher prevalence
of STEC in a cold climate than in hot climates. A similar result was reported by Persson
et al. [49], who declared that the prevalence of STEC was more prevalent in the wet season.
These findings are inconsistent with those of Monaghan et al. [50] and Moses et al. [51],
who reported an increased prevalence of STEC in the summer–early autumn among the
camel population. These differences could be attributed to the management process and
the isolation techniques used in different laboratories. However, further investigations are
required to declare the effect of seasons on the prevalence of STEC.

Our results showed that six different STEC serotypes were recovered from camel
samples, including O26, O45, O103, O111, O121, and O145 in percentages of 6, 2, 2, 6, 4 and
6%, respectively, whereas the O26, O45, O103, and O145 serotypes were recovered from
human stool samples in percentages of 11.4, 8.6, 5.7, and 5.7%, respectively. These results
are nearly comparable to those obtained by Shahein et al. [7], who isolated several E. coli
serotypes from fecal samples of camel neonates, including O26, O103, O111, and O45 in a
percentage of 33.3, 25, 25, and 16.7%, respectively, and Bakhtiari et al. [52], who concluded
that the most recovered STEC serotypes from human isolates were O26, O45, O103, O111,
O121, and O145.

STEC represents a significant health problem worldwide as it is accountable for an
estimated 2,801,000 acute illnesses yearly [17]. STEC causes many infections in humans,
including gastrointestinal illnesses including non-bloody or bloody diarrhea, hemorrhagic
colitis, and hemolytic uremic syndrome [53], which has been infrequently identified in
camels. The transmission of STEC usually occurs through contaminated foods, water, and
person-to-person spread [54,55].

Our results showed that 13 (26%) and 11 (31.4%) of the examined E. coli isolates
recovered from camel and human samples, respectively, were positive for at least one of the
examined genes for STEC. Among the tested camel isolates, the most prevalent virulence
factors were stx1, eae, and stx2 by rates of 46.2, 30.7, and 23.1%, respectively. These results
were similar to the finding of Ranjbar et al. [56] and Rashid et al. [57], who stated that
stx1 was the most common virulence gene of STEC, and Mashak [58], who stated that the
presence of this large combination of virulence factors increases the pathogenicity of the
isolates. In contrast, none of the tested camel isolates were found to have the hlyA encoding
gene. Despite this, Adamu et al. [46] found that virulence genes were present in substantial
amounts in camel STEC and that stx1 and stx2 were present in 43.5% of the tested isolates.
In addition, the hlyA gene was present in 69.6% of the isolates. On the other side, stx2 was
shown to be the most frequently detected in human isolates (45.5%), which is consistent
with the findings of Miara et al. [31], Hakim et al. [39], and Adamu et al. [46].

The extensive use of antibiotics in treating infectious diseases and as feed additives
has resulted in the emergence of multi-drug-resistant bacteria [59–62]. The emergence
of multi-drug-resistant STEC is one of the concerns of health and food safety authorities
worldwide [63,64], as the resistance genes can be reproduced and transmitted not only to
other bacteria but also to other hosts, including humans. Previous reports showed that
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antibiograms are considered more reliable for detecting antibiotic resistance than genotypic
resistance gene detection [65]. In the present study, 13 and 11 STEC isolates were recovered
from camel and human samples, which were screened for antimicrobial susceptibility.
The current study results showed that the camel STEC isolates were sensitive to the most
tested antibiotics, except Oxytetracycline, to which the isolates showed resistance with
53.8%, while the human isolates of STEC showed the highest resistance to Amoxicillin,
Gentamycin, and Clindamycin, with ratios of 81.8, 72.7, and 63.6, respectively. The closest
results to this study for the resistant strains of several human isolates were reported by
Momtaz et al. [66], who determined that the isolates were more resistant to Oxytetracycline
86%, and Ranjbar et al. [67], Gentamycin, Ciprofloxacin, and aminoglycosides. Higher
results for antibiotic resistance were observed by Ababu et al. [68], who noted that the
resistance of the isolates for both Oxytetracycline and Gentamycin was 100%. On the other
hand, Al-Ajmi et al. [43] stated that 100% of STEC isolates were susceptible to Ciprofloxacin
and 84% for Amoxicillin. The relatively little discovery of multiple drug-resistant human
isolates to many antibiotics in this study may be due to the dependence of people in this
region on traditional methods, which may have a prominent effect on maintaining human
health [32,33].

Small proportions of the resistance of camel isolates to many antibiotics may be due to
the nature of their breeding in these semi-arid desert areas and the lack of excessive use of
antibiotics, whether in treatment or as growth stimulants, except for Oxytetracycline [58,66].
A high resistance to Oxytetracycline among camel isolates in our study was discovered,
possibly because of the extensive use of these broad-spectrum antibiotics by paramed-
ical personnel and camel holders. None of the isolates were resistant to Clindamycin,
which is not surprising because there is no trade medicine for veterinary use that contains
Clindamycin for large animal treatment as an active ingredient in Egypt.

4. Materials and Methods
4.1. Study Area and Animals

This study was conducted in Wadi El-Natroun, which is a semi-arid area in El-Behira
governorate, Egypt, located in the Western desert, which is located 23 m (75 ft) below
sea level and 38 m (125 ft) below the Nile River level. This study was conducted on
180 she-camels and humans in contact with these animals in the same area.

4.2. Sampling

Milk samples: Between 2020 and 2021, 720 milk samples were collected from 180 she-
camels (4 udder quarters per animal). The camels were randomly selected, as they are
bred sporadically in this semi-arid nomadic region and feed mainly on the grasses that
grow in it. A part of each milk sample was tested using the California mastitis test (CMT),
and the other portion of milk samples were placed directly in the icebox and sent to
the laboratory with minimum delay. The CMT test is used to determine whether or not
mastitis is present. Differentiation between subclinical and clinical mastitis was based on
the apparent symptoms of mastitis (e.g., swelling and redness of the udder in addition to
milk clotting).

Fecal samples: A total of 180 fecal samples were collected from the examined she-
camels using rectal swabs in order to reduce potential environmental contamination, then
placed directly in an icebox and sent to the laboratory as soon as possible.

Stool samples: A total of 104 stool samples were collected from people living in the
same breeding areas as these camels. All the people in this work live in the same study
area, some of them are in direct contact with the tested camels, and they carry out various
care operations such as milking, providing them with food, and cleaning, and their number
is 26. Others live in the same breeding areas only, but they are not in direct contact with
the camels, and their number is 78. Then, the samples were placed directly in an icebox
and sent to the laboratory with minimum delay. CMT was performed according to the
procedure of Hoque et al. [69].
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4.3. Isolation and Identification of E. coli

Of the tested milk samples, 25 mL was added to 225 mL of buffered peptone water.
Additionally, the fecal and stool swabs were immersed in Macconkey broth. The samples
were incubated aerobically at 37 ◦C/24 h. After that, the samples were streaked aerobically
on Macconkey agar media at 37 ◦C/24 h; the suspected colonies were picked up and
re-streaked on EMB at 37 ◦C/24 h for further processing purification. The presumptive
green sheen metallic colonies were biochemically tested according to Quinn et al. [70]. The
suspected lactose fermenter colonies were first picked up from Macconkey agar media then
re-cultured on EMB for further purification. Finally, a pure separate colony was picked up
for further investigation and identification.

4.4. Serotyping

Serological identification of E. coli isolates was performed according to Kok et al. [71].

4.5. Procedures for Determination of O-Antigen Group

Two separate drops of saline were put on a glass slide, and a portion of the colony from
the suspected culture was emulsified with the saline solution to give a smooth, reasonably
dense suspension. To one suspension, control, one loopful of saline was added and mixed.
One loopful of the undiluted antiserum was added to the other suspension and tilted back
and forward for one minute. Agglutination was observed using indirect lighting over a
dark background. When a colony gave a strongly positive agglutination with one of the
pools of polyvalent serum, a different portion of it was inoculated onto a nutrient agar
slant and incubated at 37◦C for 24 h to grow as a culture for testing with monovalent sera.
A heavy suspension of bacteria from each slope culture was prepared in saline, and slide
agglutination tests were performed with the diagnostic sera to identify the O-antigen.

4.6. PCR Template Preparation

One or two colonies of each confirmed STEC isolate were thoroughly mixed in 1 mL
of distilled water then boiled for 10 min. The boiled suspension was centrifuged at
1200 rpm/3 min, then 1 µL of supernatant was used as a DNA template.

PCR procedure was carried out in a total volume of 20 µL. Each 20-milliliter PCR
reaction mixture contained 10 mL of the 2X Fast Cycling PCR master mix (Qiagen Fast
Cycling PCR Kit, Qiagen, Valencia, CA, USA); 4 mL of the primer master mix (stx1, stx2,
eae, and hlyA) (Table 9); 5 mL of DNase, RNase-free water; and 1 ml of template DNA
(200 e900 ng/mL). The reaction was performed in an Applied Biosystems 2720 thermal
cycler under the following conditions.

Table 9. Primers used were supplied from Metabion (Germany).

Target Gene Primer Sequence (5′–3′) Fragment Size (bp)

[72]

stx1
F: ATAAATCGCCATTCGTTGACTAC
R: AGAACGCCCACTGAGATCATC 180

stx2
F: GGCACTGTCTGAAACTGCTCC
R: TCGCCAGTTATCTGACATTCTG 255

eae F: GACCCGGCACAAGCATAAGC
R: CCACCTGCAGCAACAAGAGG 384

hlyA F: GCATCACAAGCGTACGTTCC
R: AATGAGCCAAGCTGGTTAAGCT 534

Samples were subjected to 35 PCR cycles, each consisting of 1 min of denaturation at
95 ◦C; 2 min of annealing at 65 ◦C for the first 10 cycles, decrementing to 60 ◦C by cycle 15;
and 1.5 min of elongation at 72 ◦C, incrementing to 2.5 min from cycles 25 to 35. Amplified
DNA fragments were resolved using gel electrophoresis.
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4.7. Antibiotic Susceptibility

STEC isolates were tested against the different antibiotics according to the CLSI break-
point [34]. We limited the design of the experiment to the group of antibiotics used in the
place of the study, knowing that the Bedouin nature makes them more inclined to use medic-
inal herbs in treatment. The tested antibiotics were Streptomycin (10 µg/disk), Gentamycin
(10 µg/disk), Clindamycin (2 µg/disk), Amoxicillin (30 µg), Ampicillin (10 µg/disk),
Oxytetracycline (30 µg), and Ciprofloxacin (5 µg/disk) (Table 10).

Table 10. Interpretation criteria.

Antimicrobial Agent Disk Content Zone Diameter
Interpretive Criteria (Nearest Whole mm)

Clindamycin 2 µg S I R

Ampicillin 10 µg ≥19 16–18 ≤15

Gentamycin 10 µg ≥17 14–16 ≤13

Streptomycin 10 µg ≥15 13–14 ≤12

Tetracycline 30 µg ≥15 12–14 ≤11

Ciprofloxacin 5 µg ≥15 12–14 ≤11

Amoxycillin 30 µg ≥31 21–30 ≤20
R = resistant; I = intermediate; S = susceptible.

4.8. Statistical Analysis

The chi-square test was employed to compare differences between different values. A
p-value of <0.05 was considered to indicate statistically significant differences.
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