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ABSTRACT

Ceftiofur is primarily approved for the treatment of respiratory tract infections in food-
producing animals. The rise of ceftiofur resistance among Enterobacteriaceae has allegedly
been attributed to the misuse and abuse of this popular antibiotic. In this study, we aimed
to investigate the prevalence and antimicrobial susceptibility profiles of ceftiofur-resistant
Enterobacteriaceae inraw milk and kareish cheese samples collected from Menoufia
governorate, Egypt. A total of 80 samples, 40 each of raw cow’s milk and kareish cheese,
were analyzed by enrichment in Enterobacteriaceae enrichment broth supplemented with
ceftiofur (8 pg/ml) and plated on violet, red bile glucose agar plates with ceftiofur (8
pg/ml). The isolates were subjected to antimicrobial susceptibility testing against 10
antibiotics. The study found that 90% of raw cow's milk samples and 95% of kareish
cheese samples had ceftiofur-resistant Enterobacteriaceae. Higher resistance rates to
cefepime (80.95%), cefotaxime (95.24%), and ceftriaxone (95.24%) were found among
raw milk isolates compared to ciprofloxacin (69.05%) and oxytetracycline (52.38%).
Conversely, ceftazidime (14.29%), gentamicin (2.38%), meropenem (2.38%), and colistin
(2.38%) showed lower resistance rates. Similarly, Enterobacteriaceae isolates of kareish
cheese samples showed high resistance rates to cefepime (97.61%), ceftriaxone (78.57%),
cefotaxime (71.43%), oxytetracycline (71.43%), and ciprofloxacin (69.05%), but
low resistance rates to gentamicin (11.90%) and ceftazidime (9.52%). No resistance was
observed to meropenem and colistin. Our findings suggest that raw milk and karish cheese
may serve as potential reservoirs for the transmission of ceftiofur-resistant
Enterobacteriaceae to humans. It is critical to monitor the frequency of ceftiofur-resistant
bacteria in food items and modify the legislation controlling the use of ceftiofur in food
animals.

Keywords: Antimicrobial resistance, Ceftiofur, Egypt, Enterobacteriaceae, Kareish cheese and
Raw milk.
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INTRODUCTION

Milk and dairy products are increasingly
favored as sources of animal protein due to
their high levels of essential nutrients,
including high-quality protein,
carbohydrates, fats, vitamins, and minerals
(Mladenovi et al., 2021). However,
contamination of raw milk and dairy
products with bacteria during milking
process or from environmental factors poses
a significant risk to public health (Van
Asselt et al., 2017). Enterobacteriaceae is a
diverse group of Gram-negative rods that
are commonly found in the intestinal
microbiota of humans and animals. It
comprises  several genera, including
Enterobacter, Escherichia coli, Salmonella,
Shigella, Klebsiella, Serratia, and Proteus.
They are widely distributed in the
environment and can contaminate milk
through various sources, as fecal matter,
bedding, uncleaned teats, milk bad
handling, and contaminated equipment
(Cohen et al, 2017). As a result,
Enterobacteriaceae is often used as a
reliable indicator of fecal contamination and
the sanitary quality of food, particularly
dairy products (Martin et al., 2010).
Furthermore, the presence of
Enterobacteriaceae in dairy products can
cause changes in product quality, which can
render them unsellable and unsuitable for
human consumption.

Antimicrobial resistance (AMR) is a
phenomenon that describes the ability of
microorganisms to withstand the bactericidal
effects of antimicrobial treatments, thereby
allowing them to survive and proliferate
(Matamoros-Recio et al., 2021). The use of
antibiotics in animals can impact the food
industry, as antibiotic-resistant bacteria from
animals can be transmitted to food products
(Rolain, 2013). Additionally, there is an
indirect risk  of resistance  genes being
transferred to harmful microbes at various
points in the food chain (Capita and Alonso-
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Calleja, 2013 and Capita et al., 2020). The
transfer of resistant microorganisms from
animals to humans is a primary concern
related to AMR in the context of livestock
production, particularly in dairy systems
(Sharma et al., 2018).

A Dbacterium that resists many drugs is
referred to as a multi-drug resistant
organism (MDR). The multi-antibiotic
resistance (MAR) index, a cost-effective and
valid method, is utilized to track antibiotic-
resistant organisms and is calculated by
dividing the number of antibiotics to which
an isolate is resistant by the total antibiotics
to which it is exposed. A MAR index >0.2
indicates a high contamination risk in areas
with frequent antibiotic usage (Davis and
Brown, 2016; Sandhu et al., 2016).
Enterobacteriaceae’s resistance to multiple
antibiotics has become a significant issue
in modern medicine (Rock and Donnenberg,
2014). Remarkably, some Enterobacterales
are capable of producing enzymes known as
extended-spectrum beta-lactamases (ESBLS)
that allow it to resistant the routinely used
antibiotics, such as penicillins and
cephalosporins including third generation
cephalosporins, as they are broken down and
destroyed by ESBL enzymes, rendering
them useless for treating infections. Of note,
the World Health Organization's (WHO)
most recent list of medically necessary
antimicrobials includes third generation
cephalosporins as "highest priority critically
important antimicrobials." Therefore, it is
crucial for public health to continually
monitor the emergence and dissemination
of antibiotic resistance in food of animal
origin (Hammad et al., 2022).

Ceftiofur is an appealing antimicrobial drug
option for producers due to its broad-
spectrum  therapeutic range and its
parenterally administered formulations have
zero hour milk and 9 days pre-slaughter
withdrawal periods (Pereira et al., 2019). It
is commonly used for treating mastitis and
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other diseases in dairy cattle (USDA, 2014;
Redding et al., 2019). A serious public
health concern is that the usage of ceftiofur
and other drugs in food-producing animals is
not regulated in Egypt. Furthermore, it is
unclear how the use of ceftiofur in food-
producing animals affects the emergence
and spread of antibiotic-resistant bacteria,
such  as Enterobacteriaceae, in  food
products (Wittum, 2012). Therefore, the
objective of our study was to investigate the
incidence and prevalence of antimicrobial
resistance phenotypes among a collection of
ceftiofur-resistant Enterobacteriaceae
isolates obtained from raw cow’s milk
and kareish cheese samples collected from
local markets in Menoufia governorate,

Egypt.
MATERIALS AND METHODS

Sample collection, preparation, and

transportation

Sample collection was carried out over a
four-month period from April to July 2022.
A total of 80 samples 40 each of raw cow’s
milk and kareish cheese samples, were
randomly purchased from various sources,
including dairy shops, street vendors, and

small-scale supermarkets in Menoufia
governorate, Egypt. The samples were
immediately transferred in aseptic
packages and transported, under sterile

conditions in an insulated ice box, to the
Food Hygiene and Control Laboratory,
Faculty of Veterinary Medicine, University
of Sadat City, Egypt.

Isolation and identification of
Enterobacteriaceae

Each raw milk samples (10 ml) and kareish
cheese samples (10 g) were enriched in
Enterobacteriaceae enrichment broth (EE
broth) (Oxoid, UK) supplemented with
ceftiofur (8 pg/ml) and incubated for 24
hours at 37°C. The enriched samples were

then streaked onto violet, red-bile glucose
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agar (VRBG agar) (Merck, Germany) plates
containing ceftiofur (8 pg/ml) and incubated
for 18 to 24 hours under aerobic
conditions at 37°C. All colonies showing
different colors and morphologies were
selected and purified on MacConkey agar

plates with ceftiofur (8 pg/ml).
Subsequently, Gram staining was performed
on positive samples. All
Enterobacteriaceae-like  colonies  were

subjected to a panel of biochemical tests,
which included triple sugar iron agar(TSI)
test, lysine iron agar (LIA) test, kligler's iron
agar (KIA) test, motility test, hydrogen
sulfide test, indole test, methyl red test,
voges proskauer test, citrate utilization test,
urease test, ornithine decarboxylase test,
phenylalanine  deaminase  test, beta-
glucuronidase test, oxidase test, catalase test,
and nitrate reduction test, as described by
(Brown and Smith, 2017and Procop et al.,
2017). A 25% glycerol stock was prepared
for the bacterial culture and stored at -20°C
for future use.

Antimicrobial susceptibility test

All isolates were subjected to antimicrobial
susceptibility testing against ten
antimicrobials (Oxoid, Hampshire, UK)
using a disc diffusion technique according to
the Clinical and Laboratory Standards
Institute (CLSI) recommendation (CLSI,
2020). The antimicrobials tested, along with
their corresponding g concentrations, were
as follows: ceftiofur (30), cefepime (30),
cefotaxime  (30), ceftazidime  (30),
ceftriaxone  (30), ciprofloxacin  (5),
gentamicin (30), meropenem (10), colistin
(10), and oxytetracycline (30). To determine
the multiple antibiotic resistance (MAR)
index for each strain, the procedure outlined
by Osundiya et al. (2013) was followed.
This involved dividing the number of
antibiotics to which an isolated showed
resistance by the total number of antibiotics
tested.
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Visualization _of _antibiotic __resistance
patterns and incidence of isolates

Complex Heat map (v2.6.2) R package (Gu
et al., 2016) was used to plot a summary
heatmap for the presence or absence of
resistance to antibiotics. The incidence of

isolates was visualized using Excel program.

RESULTS AND DISCUSSION

1. Prevalence of _ceftiofur-resistant
Enterobacteriaceae_in_raw _cow’s milk and
kareish cheese:

A. Raw cow’s milk

The findings of our investigation revealed a
high prevalence of Enterobacteriaceae
in raw milk samples. Out of the 40 raw milk
samples analyzed, 36 (90%) were found to
be positive for  Enterobacteriaceae,
indicating a potential risk of exposure to
antimicrobial-resistant bacteria through the
consumption of raw milk and milk products.
Interestingly, Citrobacter youngae was the
most commonly isolated ceftiofur-resistant
Enterobacteriaceae strain in the raw milk
samples (16strains, 36.11%). This may be
explained by the overproduction of
chromosomal AmpC p-lactamase and
reduced outer membrane permeability in
Citrobacter  species (Harris et al.,
2018). Klebsiella  pneumoniae was  the
second most commonly isolated strain, with
8 strains (19.05%) identified. Other strains
isolated from the raw milk samples
included Citrobacter  braakii (6  strains,
14.29%), Citrobacter  freundii (4  strains,
9.52%), Proteus mirabilis (3 strains, 7.14%),
as outlined in Table (1) and Figure (1-
A).The identification of Klebsiella
pneumoniae as the second most commonly
isolated strain is concerning, as this species
is known to produce extended-spectrum
beta-lactamases  (ESBLs) that confer
resistance to a broad range of beta-lactam
antibiotics, including cephalosporins.
Furthermore,  the identification  of
other Enterobacteriaceae strains in the raw
milk samples, such as Citrobacter braakii,
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Citrobacter freundii, and Proteus mirabilis,
also raises concerns about the potential
transmission  of  antimicrobial-resistant
bacteria through milk products.

B. Kareish cheese

The results from this study indicate
that kareish cheese, which is a popular soft
cheese variety in Egypt, is highly
contaminated with ceftiofur-resistant
Enterobacteriaceae. Specifically, 95% of the
examined kareish cheese samples were
found positive for these bacteria. The
examination of Kareish cheese samples
revealed the presence of eight distinct

genera of ceftiofur-resistant
Enterobacteriaceae, namely Citrobacter,
Klebsiella,  Escherichia,  Enterobacter,

Yersinia, Kluyvera, Pantoea, and Hafnia,
with Citrobacter braakii being the most
common species, accounting for 28.57% (12
strains). Different species were identified
including Citrobacter youngae (14.29%),
Citrobacter amalonaticus (9.52%),
Citrobacter farmeri (4.76%), Citrobacter
koseri (2.38%), Klebsiella pneumoniae
(14.29%), E. coli (7.14%), Enterobacter
gergoviae (2.38%), Yersinia
pseudotuberculosis  (4.76%),  Yersinia
kristensenii (4.76%), Kluyvera spp. (2.38%),
Pantoea agglomerans (2.38%),and Hafnia
alvei (2.38%) as presented in Table (1) and
Figure (1-B). These findings highlight the
potential risk of exposure to antimicrobial-
resistant bacteria through the consumption
of kareish cheese. Additionally, the
identification of a diverse range of bacterial
strainsin the Kkareish cheese samples
suggests  that  multiple  sources  of
contamination may be contributing to the
prevalence of antimicrobial-resistant
bacteria in this milk product.

In comparison to a study conducted by
Gaffer et al. (2019), our investigation
reveals a higher prevalence of antimicrobial-
resistant bacteria in kareish cheese samples,
specifically ceftiofur-resistant
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Enterobacteriaceae including E. coli,
Citrobacter  spp., Klebsiella pneumonia,
Enterobacter gergoviae, Proteus mirabilis,
Yersinia spp., Kluyvera spp, Pantoea
agglomerans, and Hafnia alvei. In contrast,
Gaffer et al. (2019) found that only 36% of
their kareish cheese samples tested positive
for cefotaxime resistant Enterobacteriaceae
such as E. coli, Klebsiella pneumonia,
Klebsiella oxytoca, Enterobacter aerogenes,
Citrobacter ~ diversus, and  Serratia
liquefaciens. Notably, Sobeih et al. (2020)
identified Hafnia, E. coli, and Serratia
marcescens as the most frequently identified

strains in kareish cheese samples, which
differs from our study. Of note, Citrobacter
braakiiwas the most isolated strain of
ceftiofur-resistant Enterobacteriaceae in our
samples Dutil et al. (2010) observed a
higher prevalence of ceftiofur-resistant
commensal E. coli in Canadian retail
chicken samples compared to -ceftiofur-
resistant  Salmonella Heidelberg.  This
disparity in findings might be attributed to
variances in the types of samples analyzed,
as well as discrepancies in sanitary practices
during food manufacturing and handling.

Table (1): Incidence of ceftiofur-resistant Enterobacteriaceae isolated from raw milk and kareish

cheese.
Raw milk Kareish cheese
Enterobacteriaceae species Numbers of isolated strains Numbers of isolated strains
(%) (%)
(n=42) (n=42)
E. coli 0 3 (7.14%)

Citrobacter youngae
Citrobacter braakii

16 (38.09%)
6 (14.29%)

Citrobacter freundii 4 (9.52%)
Citrobacter amalonaticus 0
Citrobacter farmeri 1 (2.38%)
Citrobacter koseri 1 (2.38%)
Klebsiella pneumoniae 8 (19.05%)
Enterobacter gergoviae 1 (2.38%)
Proteus mirabilis 3 (7.14%)
Yersinia pseudotuberculosis 1 (2.38%)
Yersinia kristensenii 1 (2.38%)
Kluyvera spp. 0
Pantoea agglomerans 0

Hafnia alvei 0

6 (14.29%)
12 (28.57%)
0

4 (9.52%)
2 (4.76%)
1 (2.38%)
6 (14.29%)
1 (2.38%)
0

2 (4.76%)
2 (4.76%)
1 (2.38%)
1 (2.38%)
1 (2.38%)
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Figure (1): Incidence of ceftiofur-resistant Enterobacteriaceae among the examined raw milk
(A) and kareish cheese (B) samples.

2- ___Antimicrobial __ resistance _among Table (2) presents a comprehensive analysis
Enterobacteriaceae: of the antimicrobial resistance of ceftiofur-

. resistant Enterobacteriaceae in raw milk
A- Rawmilk samples. Our investigation of raw milk
samples revealed  that  the isolated
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Enterobacteriaceae exhibited a higher
degree of resistance to cefepime (97.61%),
cefotaxime (95.24%), and ceftriaxone
(95.24%) compared to ciprofloxacin
(69.05%) and oxytetracycline (52.38%).
Moreover, resistance to ceftazidime,
gentamicin, meropenem, and colistin was
relatively low with percentages of 14.29%,
2.38%, 2.38%, and 2.38%, respectively. The
data presented in Table 2 underscore the
high degree of antimicrobial resistance in
Enterobacteriaceae isolated from raw milk
samples, with resistance to modern beta-
lactam antibiotics being particularly notable.
This could be attributed to their frequent use
in animal husbandry. The observed
resistance to other antibiotics such as
ciprofloxacin and oxytetracycline suggests
the potential overuse and misuse of these
antibiotics in animal production and/or co-
selection because of using ceftiofur.

Notably, Citrobacter youngae isolates from
raw milk exhibited high resistance rates to
seven antibiotics, with the highest resistance
rates observed for cefotaxime, ceftriaxone,
and cefepime (100% each), followed by
oxytetracycline and ciprofloxacin (68.75%
each), and gentamycin (6.25%). Similarly,
Citrobacter braakii isolates from raw milk
were highly resistant to all seven antibiotics,
except for ciprofloxacin, which showed
resistance rate of 50%. Citrobacter freundii
isolates from raw milk also showed high
resistance rates to cephalosporins (100%)
and ciprofloxacin (75%), with lower
resistance rates to ceftazidime,
oxytetracycline, and meropenem (25%
each). Moreover, Citrobacter farmeri and
Citrobacter koseri isolates from raw milk
demonstrated high resistance rates to
ceftiofur, cefepime, ceftriaxone, cefotaxime,
and ciprofloxacin (100% each) in addition to
oxytetracycline (100 %) for Citrobacter
koseri. Adegun et al. (2019) also reported
resistance to ceftriaxone, cefotaxime, and
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gentamycin in Citrobacter species isolated
from fruits and vegetables.

Klebsiella pneumoniae is a pathogen of
significant concern as it is known to cause
both  hospital-acquired infections and
foodborne illnesses including septicemia,
liver abscesses, and diarrhea, which have
been increasingly reported in recent years.
Despite this, there remains a limited
understanding of the characteristics of K.
pneumoniae isolated from food
sources (Zhang et al.,, 2018). Our study
reveals that isolated K. pneumoniae strains
(n=8) obtained from raw milk
samples displayed high levels of resistance
to several antibiotics, including cefotaxime,
ceftriaxone, and cefepime (100% each),
followed by ciprofloxacin, oxytetracycline
(87.5% each), ceftazidime, and colistin
(12.5% each). Enferad and Mahdavi (2020)
similarly found resistance to multiple
antibiotics in K. pneumoniae isolated from
raw milk samples in Iran. Furthermore, our
study identified high levels of resistance to
various antibiotics such as cefotaxime,
ceftriaxone, cefepime, ciprofloxacin, and
oxytetracycline (100 % each)
in Enterobacter gergoviae however, were
sensitive to ceftazidime, colistin,
meropenem, and gentamycin. Proteus
mirabilis, known to cause urinary tract
infections in humans, displayed high levels
of resistance to ceftiofur, ceftriaxone,
cefotaxime, and cefepime (100% each) in
our study, while exhibiting sensitivity to
gentamycin, ceftazidime, ciprofloxacin, and
meropenem. Ronanki et al. (2022) similarly
reported  sensitivity to  gentamycin,
ceftazidime, and ceftriaxone in P. mirabilis
isolates from milk samples. Yersinia, a
foodborne pathogen with multiple species,
was also found to be present in raw milk
samples, with Yersinia pseudotuberculosis
showed notable resistance levels to
ciprofloxacin, ceftiofur, and oxytetracycline
(100% each), while Yersinia kristensenii
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showed significant resistance to
ciprofloxacin and cefepime (100% each).
Jamali et al. (2015) similarly reported
resistance to tetracycline and ciprofloxacin
in Yersinia isolates from food samples.
Interestingly,  several strains  showed
multidrug resistance phenotype. Overall, out
of 84 isolates, 44.05% (37/84) exhibited
resistance to one or two categories of
antimicrobials, with MAR index values
ranging from 0.1 to 0.6, while 55.95%
(47/84) showed resistance to three or four
categories and were classified as MDR.
Notably, 45.45% (20/44) of the MDR
isolates in raw milk displayed resistance to
three categories of antimicrobials with MAR
index values ranging from 0.6 to 0.7. This
finding contrasts with the results of previous
studies that reported lower rates of MDR
Enterobacteriaceae in milk samples
(Amadoret al., 2011 and Sadi et al., 2014).
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Of note, as illustrated in Figure 2, a total of
9 resistance patterns were observed in raw
milk, with the most common being the
resistance pattern "CFM (cefepime) + CRO
(ceftriaxone) + CTX (cefotaxime) + EFT
(ceftiofur) + CIP (ciprofloxacin) + OT
(oxytetracycline).” This resistance
pattern was exhibited by Citrobacter
youngae (n=7), Citrobacter freundii (n=1),
Citrobacter  koseri  (n=1), Klebsiella
pneumonia  (n=6), and  Enterobacter
gergoviae (n=1) (Figure 2). The emergence
of  resistance to  carbapenems in
Enterobacteriaceae is concerning, including
an isolate of Citrobacter freundii from raw
milk that exhibited resistance to meropenem
and other antibiotics. This isolate displayed
a considerable multidrug resistance
pattern of "CAZ (ceftazidime) + CFM
(cefepime) + CRO (ceftriaxone) + CTX
(cefotaxime) + EFT (ceftiofur) + MEM
(meropenem) + CIP (ciprofloxacin)".
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Table (2): Antimicrobial resistant Enterobacteriaceae isolated from raw milk samples:

Number and percentages of antimicrobial-resistant isolates

Enterobacteriaceae  Number EFT* CTX CRO CFM CAZ CT CIP oT CN MEM
species of
isolates
C. youngae 16 16(100%) 16(100%) 16(100%) 16(100%) 4(25%) O 11(68.75%) 11(68.75%) 1(6.25%) O
C. braakii 6 6(100%) 6(100%) 6(100%) 6(100%) O 0 3 0 0 0
C. freundii 4 4(100%)  4(100%) 4(100%)  4(100%) 1(25%) O 3 1(25%) 0 1(25%)
C. farmeri 1 1(100%)  1(100%) 1(100%) 1(100%) O 0 1(100%) 0 0 0
C. koseri 1 1(100%)  1(100%) 1(100%) 1(100%) O 0 1(100%) 1(100%) 0 0
K. pneumoniae 8 8(100%)  8(100%) 8(100%) 8(100%) 1(12.5%) 1(12.5%) 7(87.5%) 7(87.5%) 0 0
E. gergoviae 1 1(100%)  1(100%) 1(100%) 1(100%) O 0 1(100%) 1(100%) 0 0
P. mirabilis 3 3(100%)  3(100%) 3(100%) 3(100%) O 0 0 0 0 0
Y. 1 1(100%) O 0 0 0 0 1(100%) 1(100%) 0 0
pseudotuberculosis
Y. kristensenii 1 1(100%) O 0 1(100%) O 0 1(100%) 0 0 0
Total number 42 42 40 40 41 6 1 29 22 1 1
Percentage % 100 % 95.24% 95.24%  97.61% 14.29%  2.38% 69.05% 52.38% 2.38% 2.38%
*EFT, ceftiofur; CAZ, ceftazidime; CFM, cefepime; CIP, ciprofloxacin; CN, gentamycin; CTX, cefotaxime; CAZ, ceftazidime; CRO,
ceftriaxone; CT, colistin; CIP, ciprofloxacin; MEM, meropenem; OT, oxytetracycline.
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Fig (2): Heat map showing antimicrobial resistant patterns of Enterobacteriaceae strains isolated
from raw milk. Black color indicates resistance to antibiotic and white color indicates
susceptibility to antibiotic. EFT, ceftiofur; CAZ, ceftazidime; CFM, cefepime; CIP,
ciprofloxacin; CN, gentamycin; CTX, cefotaxime; CAZ, ceftazidime; CRO, ceftriaxone; CT,
colistin; CIP, ciprofloxacin; MEM, meropenem; OT, oxytetracycline.

B. Kareish cheese to cefepime (80.95%), ceftriaxone (78.57%),
The results for the susceptibility testing of cefotaxime  (71.43%),  oxytetracycline
ceftiofur-resistant  Enterobacteriaceae in (71.43%), and ciprofloxacin (69.05%). On
kareish cheese samples are presented in the other hand, a lower level of resistance
Table (3). The Enterobacteriaceae strains was observed for gentamicin (11.90%) and
obtained from kareish cheese ceftazidime (9.52%). Notably, none of the
samples exhibited high levels of resistance Enterobacteriaceae strains were resistant to
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meropenem and colistin. The results of our
study  showed that E. coli isolates
from kareish cheese exhibited high rates of

resistance to multiple antimicrobials,
particularly to third generation
cephalosporins  (100% each) (ceftiofur,

ceftriaxone, and cefotaxime), fourth-
generation cephalosporin (cefepimel00%),
oxytetracycline, and ciprofloxacin (33.33%
each). The high frequencies of resistance to
these antibiotics in kareish cheese E. coli
isolates are comparable with recent research
in Egypt and Romania (Ombarak et al.,
2018 and Imre et al., 2022).

Similarly, Klebsiella pneumoniae isolates
from kareish cheese showed high resistance
rates to multiple antibiotics including
ceftriaxone, ciprofloxacin (100 %) followed
by cefotaxime (83.33%), cefepime (66.67
%), ceftazidime (33.33 %) and gentamycin
(16.67 %). These findings are in line with
previous studies from Egypt (Abdel
Hameed, 2017and Gaffer et al., 2019).
Enterobacter gergoviae, Pantoea
agglomerans, Hafnia alvei, Kluyvera spp.,
and Citrobacter isolates also exhibited high
rates of resistance to multiple antibiotics,
including  resistance to  cefotaxime,
ceftriaxone, cefepime, ciprofloxacin, and
oxytetracycline. Pantoea agglomerans and
Hafnia alvei isolates from kareish cheese, on
the other hand, showed substantial resistance
to ceftriaxone, ceftriaxone, cefotaxime,
cefepime, oxytetracycline, and
ciprofloxacin, with a resistance rate of 100%
for each drug. Similarly, Kluyvera spp.
showed resistance to the same antibiotics,
except for ciprofloxacin, to which it was
found to be susceptible. The observed high
levels of resistance to multiple antibiotics
in Enterobacter gergoviae, Pantoea
agglomerans, Hafnia alvei, Kluyvera spp.,
and Citrobacter isolates from kareish cheese
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are consistent with previous studies (van
Hoek et al., 2015 and Amreen et al., 2022).

However, it is important to note that
the resistance patterns observed in our study
and previous studies may vary depending on
the geographic location, the source of the
cheese, and the production process. In our
study, 24 out of 44 isolates from kareish
cheese (54.55%) exhibited resistance to
three categories of antimicrobials and were
therefore classified as MDR. Additionally,
three isolates (3/84, 3.57%) from kareish
cheese showed resistance to four categories
of antimicrobials, with MAR index values
ranging from 0.6 to 0.7. We identified
20 resistance patterns in kareish cheese, with
the most common being "CFM (cefepime) +
CRO (ceftriaxone) + CTX (cefotaxime) +
EFT (ceftiofur) + CIP (ciprofloxacin) + OT
(oxytetracycline)." This resistance
pattern was exhibited by E. coli (n=1),
Citrobacter youngae (n=1), Citrobacter

braakii (n=5), Citrobacter amalonaticus
(n=1), Klebsiella  pneumonia  (n=4),
Enterobacter gergoviae (n=1), Yersinia

kristensenii (n=1), Hafnia alvei (n=1), and
Pantoea agglomerans (n=1) (Figure 3).The
high prevalence of antibiotic-resistant
bacteria found in kareish cheese isolates is a
major cause for concern as this type of
cheese is typically consumed without any
additional treatment. This poses a risk of
severe infections in humans, especially those
with weakened immune systems. The causes
of such resistance can be attributed to

several factors, including the wuse of
antibiotics in animal agriculture, the
improper use of antibiotics in human

medicine, and the presence of antibiotic-
resistant bacteria in the environment.
Fortunately, based on our results,
meropenem and colistin remains the most
effective  antibiotics against ceftiofur-
resistant Enterobacteriaceae.
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Table (3): Antimicrobial resistant Enterobacteriaceae isolated from kareish cheese samples:

Number and percentages of antimicrobial-resistant isolates

Enterobacteriaceae  Number EFT CTX CRO CFM CAZ CT CIP oT CN MEM
species of
isolates
E. coli 3 3(100%)  3(100%)  3(100%) 3(100%) O 0  1(33.33%) 3(100%) 0 0
C. youngae 6 6(100%)  3(50%) 4(66.67%) 5(83.33%) O 0  3(50%) 3(50%) 1(16.67%) O
C. braakii 12 12(100%) 9(75%) 10(83.33%) 12(100%) 1(8.33%) 0  9(75%) 10(83.33%) 1 0
(18.33%)
C. amalonaticus 4 4(100%) 2(50%) 3(75%) 2(50%) 0 0  2(50%) 2(50%) 2(50%) 0
C. farmeri 2 2(100%) 2(100%)  1(50%) 2(100%) O 0 1(50%) 1(50%) 0 0
C. koseri 1 1(100%) O 0 0 0 0 O 0 0 0
K. pneumoniae 6 6(100%) 5(83.33%) 6(100%) 4(66.67%) 2(33.33%) 0  6(100%)  6(100%) 1(16.67%) O
E. gergoviae 1 1(100%) 1(100%)  1(100%) 1(100%) O 0 1(100%)  1(100%) 0 0
Y. 2 2(100%)  1(50%) 1(50%) 1(50%) 0 0 2(100%)  1(50%) 0 0
pseudotuberculosis
Y. kristensenii 2 2(100%)  1(50%) 1(50%) 1(50%) 0 0 1(50%) 1(50%) 0 0
Kluyvera spp 1 1(100%) 1(100%)  1(100%) 1(100%)  1(100%) O  1(100%) O 0 0
P. agglomerans 1 1(100%) 1(100%)  1(100%) 1(100%) O 0 1(100%)  1(100%) 0 0
H. alvei 1 1(100%) 1(100%)  1(100%) 1(100%) O 0 1(100%)  1(100%) 0 0
Total number 42 42 30 33 34 4 0 29 30 5 0
Percentage % 100% 71.43% 78.57% 80.95% 9.52% 0% 69.05% 71.43% 11.90% 0%
EFT, ceftiofur; CAZ, ceftazidime; CFM, cefepime; CIP, ciprofloxacin; CN, gentamycin; CTX, cefotaxime; CAZ, ceftazidime; CRO,
ceftriaxone; CT, colistin; CIP, ciprofloxacin; MEM, meropenem; OT, oxytetracyclin.
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Fig (3): Heat map showing antimicrobial resistant patterns of Enterobacteriaceae strains isolated
from Kareish cheese. Black color indicates resistance to antibiotic and white color indicates
susceptibility to antibiotic. EFT, ceftiofur; CAZ, ceftazidime; CFM, cefepime; CIP,
ciprofloxacin; CN, gentamycin; CTX, cefotaxime; CAZ, ceftazidime; CRO, ceftriaxone; CT,
colistin; CIP, ciprofloxacin; MEM, meropenem; OT, oxytetracycline.

CONCLUSION reservoirs for the transmission of ceftiofur-
Our findings suggest that raw milk and resistant Enterobacteriaceae to humans. It is
karish cheese may serve as potential critical to monitor the frequency of

N
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ceftiofur-resistant bacteria in food items and
modify the legislation controlling the use of
ceftiofur in food animals. It is worth noting
that there are many policies exist in Egypt
which restrict the spread of multi-antibiotic-
resistant bacteria in the food chain but, are
either not enforced or are ignored. On the
other hand, considering that
Enterobacteriaceae is an enteric indicator of
the general hygiene status of milk products
(Vincenti et al., 2018), their high incidence
detected in this study highlights the
importance of the application of rigorous
hygiene measures throughout the milk
production process. The Egyptian authorities
should establish legislation prohibiting the
sale and consumption of retail raw milk and
raw milk cheese.
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