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Abstract
Examination of the microbial quality of meat served to patients at hospitals received little attention.
Therefore, this study investigated the microbial status of meat served at hospitals in Zagazig city,
Egypt. Furthermore, the effects of the implementation of hazard analysis and critical control point
(HACCP) on the microbial status of meat were examined. Microbiological examination in this study
included general microbial indicators (total aerobic plate count and most probable number of
coliforms), isolation and identification of specific food-poisoning microorganisms including Escherichia
coli, Salmonella spp., and Staphylococcus aureus. Due to the lack of the available information about
the virulence of the isolated pathogens and their multidrug resistance profile in Egypt, multiplex PCR
was used to detect the virulence-associated genes of Escherichia coli including shiga toxin, shiga toxin
2 and intimin in addition to invasive and hyper-invasive locus genes of Salmonella spp. Furthermore,
Staphylococcus aureus enterotoxin (SE) coding-genes including SEA, SEB, SEC and SED were also
investigated. Finally, antibiograms of the isolated food poisoning organisms were tested. The achieved
results revealed inadequate hygienic measures performed at hospital kitchens, in terms of the high
microbial load of meat either raw or cooked. Such meat was subjected to contamination by different
types of microorganisms. The isolated strains showed variable degrees of virulence and multidrug
resistance for the commonly used antibiotics in Egypt, which may therefore cause sever adverse
outcomes to patients and stuff if such contaminated meat is served. Implementation of HACCP
parameters significantly improved the microbiological quality of meat.
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Introduction
Foodborne illnesses become of central
significance especially in hospitals worldwide.
Improper handling of meals served at hospitals
results in their contamination by many biological
hazards that naturally found everywhere in the

environment. In hospitals, foodborne outbreaks
are facilitated by many factors including; bad
hygienic measures inside the kitchen, food
handling carriers, carelessness and untrained
food handlers40). Inside the kitchen, meat can be
contaminated by different species of bacteria from
the contaminated raw materials, equipment, meat
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contact surfaces and inadequate personal hygiene.
Furthermore, patients especially children are
more susceptible to food poisoning because of
their weak immune system and their high risk of
exposure to diseases through cross infection.
In developing countries like Egypt, foodborne
diseases occur commonly because of inadequate
food safety laws, weak regulatory systems, lack
of financial resources and lack of food-handlers
education39). However, there is lack of information
about the microbiological quality of foods
especially, that of animal origin, which served at
hospitals in Egypt.
Escherichia coli and Salmonella spp. are the
leading causes of foodborne infection. In addition,
Staphylococcus aureus enterotoxigenic strains
are responsible for foodborne intoxication due
to the production of heat-stable enterotoxins.
Nevertheless, there is a clear shortage about the
available information about the prevalence of
such organisms in meat served at hospitals in
Egypt.
It is believed that more hygienic measures that
focus on kitchen utensils, meat contact surfaces,
and hand washing to reduce the contamination
of food, water and kitchen environment must be
followed in hospitals18). Thus, implementation of
the microbiological guidelines including hazard
analysis and critical control points (HACCP) and
good manufacturing practices, recommended by
WHO and FDA may help to prevent microbial
contamination17). HACCP system is approved
internationally as a preventive measure for food
safety and it is the way of identification of
different hazards that affect meat quality and
provides corrections to these hazards through the
application of the seven HACCP principals at
any stage of the food supply chain. HACCP is a
food safety management system based on
reduction to an acceptable level or elimination of
hazards in the food in hospital catering27), it
requires enumeration and identification of
critical steps to serve safe food in addition to
identification and evaluation of safety measures5).
However, there is no published reports about

the effects of the implementation of HACCP
principles in reduction of the microbial load in
meat served at hospitals in Egypt. Therefore,
this study was conducted to evaluate the
microbiological quality of meat (beef and chicken)
served at hospitals in Egypt. Additionally, the
prevalence of foodborne organisms including E.
coli, Salmonella spp., and Staphylococcus aureus
was investigated. Furthermore, the expressions
of virulence attributes in the isolated organisms
were investigated using PCR. We further
investigated the antibiogram of the isolated
organisms. Finally, the effects of the
implementation of HACCP principles on the
microbial quality of meat served at hospitals
were examined.

Materials and methods
This study was conducted according to the
guidelines of Zagazig University, Egypt during
the period of February to December 2017. These
guidelines include approval of the research
project form the section of the scientific research
and postgraduate affairs in the university prior
to the project’s startup. Additionally, to follow
the ethics of animal use in the experiments.
This study was conducted in five hospitals’
kitchens in Zagazig city, Egypt in two phases. At
each phase, the number of the collected samples
was set to be 100. The first phase included
evaluation of the general hygienic conditions
inside the kitchens and meat distribution rooms
through visual observations and collection of
different samples of beef and chicken meat for
microbiological examination. The second phase
was conducted by implementation of HACCP
principles in the same hospitals’ kitchens
followed by microbiological examination to a
newly collected meat samples to evaluate the
efficiency of the implemented points.
Collection of samples: One hundred random and
equal samples (n ＝ 25) from each of raw beef,
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raw chicken, cooked beef and cooked chicken
meat were collected equally from five different
hospital kitchens in Zagazig city, Egypt. Samples
were rapidly transferred in a cooled condition
(4°C) to Food Control Laboratory, Faculty of
Veterinary medicine, Zagazig University, Egypt
for bacterial isolation and identification.
Preparation of samples, enumeration and isolation
procedures: Twenty-five grams of each sample
were aseptically homogenized in 225 mL of 1%
sterile peptone water (Oxoid CM9) to make a
dilution of 10－1 then were allowed to stand for 5
minutes, then 1 mL was transferred aseptically to
a test tube containing 9 mL sterile 0.1% buffered
peptone to prepare tenfold decimal serial dilution
up to 10－7 dilution4).
For aerobic plate count, one mL of each
dilution was pipetted into separate duplicate
petri dishes, and then 12-15 mL of nutrient agar
(CM003, Oxoid, England) were added and mixed
by alternate rotation. After solidification, dishes
were incubated at 37°C for 24 h. All colonyforming units (pinpoint size) were counted16).
For Staphylococcus aureus (S. aureus), isolation
was done on Baird Parker agar (Biolife, Italy)
supplemented with egg yolk-tellurite emulsion
(Himedia, India). After incubation at 37°C for
48 h, up to five typical colonies (black, shiny,
convex, 1-1.5 mm in diameter, and surrounded
by a clear halo zone) and/or atypical colonies
(black with no zones) presumptive colonies
were subcultured on blood agar plates (Difco
Laboratories, Detroit, MI) and incubated for 24 h
at 37°C17). Gram’s stain, mannitol fermentation,
catalase, coagulase and DNAs tests were performed
on suspected colonies for identification of S.
aureus32).
For Salmonella spp., pre-enrichment in
buffered peptone water 1% at 37°C for 24 h then
1 ml of pre-enriched peptone water was enriched
in Rappaport Vassiliadis broth with soya broth
at 41.5°C. A loopful was streaked on XLD agar,
incubated at 37°C for 24 h and red colonies with
black center were enumerated20). The obtained

63

purified isolates were identified biochemically
using Oxidase test, hydrolysis of urea, H2S
production and Utilization of citrate. Serotyping
was performed according to Kauffman White
scheme with commercial antisera (Difco
Laboratories Deteroeit, Mitchigeu, USA) for cell
wall (O) and Flagellar (H) antigen identification24).
For the most probable number (MPN) of
coliforms and E. coli; one mL of each dilution
was inoculated separately into 3 MacConkey
broth tubes with inverted Durham’s tubes. Then,
tubes were incubated at 37°C and examined after
24 and 48 h. Positive tubes showing acid and gas
productions in inverted Durham’s tubes were
recorded as MPN of coliforms. Then a loopful
from positive tubes was inoculated into 7 ml E.
coli broth, incubated at 44.5°C for 24 to 48 h.
Positive tubes, showing gas production, were used
to calculate MPN of E. coli. A loopful from each
positive tube was streaked onto Levine’s eosinmethylene blue agar (Difco). Then, incubated at
37°C for 24 h. Typical colonies of E. coli (greenish
metallic with dark purple center) were transferred
to nutrient agar slants and incubated at 37°C
for 24 h and then stored at 4°C for further
identification based on staining and biochemical
tests (catalase, oxidase, indol, methyl red, VogesProskauer test, citrate utilization, nitrate reduction,
urease, H2S production, gelatin liquefaction and
Eijkman test)3). Finally, serological identification
was done by using rapid diagnostic E. coli antisera
sets (Difco) for diagnosis of the enteropathogenic
types26).
Genomic DNA extraction and PCR analysis:
Genomic DNA extraction was done using QIA amp
kit according to the manufacturer’s instructions.
Primer sequences for identification of Shiga
toxins (stx1 and stx2) and intimin (eaeA) genes of
E. coli; invasive (invA) and hyper-invasive locus
(hilA) genes of Salmonella spp., and S. aureus
enterotoxin coding genes (SE A, B, C, and D) were
described in Table 1. PCR assays were carried
out using the methods described before35,37). The
formed PCR products were electrophoresed in 2%
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Table 1. Sequences and specificities of primers used in the present study
Strains

Target gene
stx1

E. coli

stx2
eaeA
invA

Salmonella spp.
hilA
SEA
SEB
S. aureus
SEC
SED

Oligonucleotide sequence (5´ → 3´)
F-5´ ACACTGGATGATCTCAGTGG ´3
R-5´ CTGAATCCCCCTCCATTATG ´3
F-5´ CCATGACAACGGACAGCAGTT ´3
R-5´ CCTGTCAACTGAGCAGCACTTTG ´3
F-5´ GTGGCGAATACTGGCGAGACT ´3
R-5´ CCCCATTCTTTTTCACCGTCG ´3
F-5´ GTGAAATTATCGCCACGTTCGGGCA´3
R-5´ TCATCGCACCGTCAAAGGAACC ´3
F-5´ CTGCCGCAGTGTTAAGGATA ´3
R-5´ CTGTCGCCTTAATCGCATGT ´3
F-5´ TTGGAAACGGTTAAAACGAA´3
R-5´ GAACCTTCCCATCAAAAACA ´3
F-5´ TCGCATCAAACTGACAAACG ´3
R-5´ GCGGTACTCTATAAGTGCC ´3
F-5´ GACATAAAAGCTAGGAATTT ´3
R-5´ AAATCGGATTAACATTATCC ´3
F-5´ CTAGTTTGGTAATATCTCCT ´3
R-5´ TAATGCTATATCTTATAGGG ´3

agarose gel and stained with ethidium bromide14).
Antibiogram: Antibiotic sensitivity testing of E.
coli, Salmonella spp., and S. aureus was performed
by single diffusion assay using 15 commercially
prepared antibiotic discs (6 mm) with variable
concentrations30) including amoxicillin-clavulanic
acid (AMC) (30 μg), amoxicillin (AML) (10 μg),
cefpodoxime (CPD) (10 μg), ampicillin (AMP)
(10 μg), chloramphenicol (CL) (30 μg), ciprofloxacin
(CIP) (5 μg), erythromycin (E) (15 μg), gentamicin
(G) (10 μg), flumequine (UB) (30 μg), cefotaxime
(CTX) (30 μg), cefardine (CE) (30 μg), enrofloxacine
(EN) (5 μg), sulphamethoxazol-trimethoprim (SXT)
(25 μg), streptomycin (S) (10 μg) and penicillin (P)

Product size (bp)
61411)
77911)
89029)
28436)
49719)
12033)
47833)
25733)
31733)

critical control points (CCPs), establish critical
limits, establish monitoring procedures, establish
corrective action, establish verification procedures,
and establish record-keeping and documentation15).
The critical control points for the examined
samples were evaluated and monitored then
corrected according to the following steps:

(10 IU).
Multiple drug resistance index (MDR) ＝ resistance
isolates/tested antibiotics.

Training of food handlers on the hygienic practices
during food preparation
High standards of personal hygiene were
maintained by; clean clothes, cutting of nails, no
jewelers, and hand washing before and after
meat handling, gloves were worn immediately
after hand washing with a periodical change,
hair covers were worn, smoking was prohibited
and food handlers with respiratory and skin
diseases were not allowed to prepare meat.

Implementation of HACCP inside the kitchen and
food distribution rooms: HACCP systems were
implemented in the same kitchen and meat
distribution rooms according to the seven
principles21): conduct a hazard analysis, determine

Cleaning process inside the kitchen and distribution
rooms
Cleaning with water only is not enough to
remove microorganisms while washing using
detergent, hot water, and mechanical scrubbing
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are effective to decrease cross-contamination.
Cleaning to whole kitchen, meat storage rooms,
meat distribution rooms and all meat contact
surfaces (hands, cutting tables, cutting boards,
knives, utensils and transportation vehicles), all
obvious materials were removed then flushed
with warm water (50°C), then thorough cleaning
with water and detergent followed by rinsing
with warm water to remove the suspended
objects34). All trash baskets were closed tightly
and quickly disposed. Disinfection was carried out
using TH4＋ (combination of quaternary ammonium
compounds and glutaraldehyde). It is the one of
the most powerful disinfectant as it has virucidal,
bactericidal and fungicidal effects in a dilution of
1 : 200 for one minute13) and rinsed with warm
water to remove any disinfectant residues then
utensils were tightly closed and meat instruments
were placed inside clean plastic bags till use.
Handling of raw and cooked meat
Raw beef and chicken have been stored in
separate deep freezers than vegetables. Thawing
was done in clean disinfected sinks with water
flowing slowly and replaced frequently. Utensils
containing meat and chicken were closed and
rapidly cooked without any delay. After cooking,
meat was quickly removed from the soup and put
in cleaned and closed utensils then kept in
boiling water bath to keep internal meat
temperature at 63°C or above; then meat was
transferred by clean closed vehicles to the
distribution rooms in which packaging inside
aluminum plates to be distributed to consumers
was done.
After HACCP implementation, one hundred
samples collected randomly and equally equal from
raw beef, raw chicken, cooked beef and cooked
chicken meat and examined microbiologically to
evaluate the effect of HACCP program.
Statistical analysis: Using SPSS-14, one-way
analysis of variance (ANOVA) was performed to
compare the samples while differences among
individual means were compared by Duncan’s
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multiple range test. In addition, the t-test was
used to compare between samples before and after
HACCP at 95% level of confidence, (P ＜ 0.05)
was considered as significant.

Results
Microbiological hazards associated with meat
served at hospitals
In this study, total aerobic plate count (APC)
was used to assess the hygienic measures inside
the kitchen. The achieved results declared that
the mean values of APC were 4.9 ± 2.0 and
4.8 ± 1.0-log cfu/g in raw beef and chicken meat,
respectively. High levels of contamination by
coliform and E. coli were detected in raw chicken
meat with mean values of 4.0 ± 1.4 and 3.4 ±
0.3 (log MPN/g), respectively; while in raw beef,
these values were 3.8 ± 0.9 and 3.2 ± 0.3 (log
MPN/g), respectively (Table 2). Furthermore, the
prevalence rates of S. aureus in the examined
raw beef, raw chicken, cooked beef and cooked
chicken were 16%, 20%, 8% and 12%, respectively.
The mean values of APC, MPN of coliform, MPN
of E. coli, and S. aureus count in the cooked beef
samples were 2.8 ± 1.1, 2.9 ± 1.2, 2.5 ± 1.0 and
0.8 ± 0.4-log cfu/g, respectively; while were
3.3 ± 1.7, 3.1 ± 0.2, 2.6 ± 0.7 and 0.7 ± 0.4-log
cfu/g in cooked chicken meat samples, respectively
(Table 2). Salmonella spp. was isolated from raw
chicken meat only with a prevalence rate of
24%. Serological identification of the isolated
Salmonella spp. revealed that S. Typhimurium, S.
Enteritidis, S. Infantis, S. Bargny and S. Tsevie
were the isolated serovars. Four serotypes of E.
coli were serologically identified in this study
namely O128:H2 (ETEC) (two strains isolated
from raw beef and chicken meat); O26:H11
(EHEC) (two strains isolated from raw chicken
meat); O142 (EPEC) isolated from raw beef only
and O55:H7 (EPEC) isolated from cooked chicken
meat (Table 2).
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Table 2. Hygienic status of beef and chicken meat samples collected from hospitals in Zagazig city,
Egypt
Samples

Aerobic
plate count

Coliform
(MPN)

Escherichia
coli (MPN)

Escherichia
coli serotypes
Prevalence

Staphylococcus aureus

Mean ± SD

Mean ± SD

Mean ± SD

Raw beef

4.9 ± 2.0a

3.8 ± 0.9a

3.2 ± 0.3a

2 (8%)

2.2 ± 0.3a

4 (16%)

ND

Raw chicken

4.8 ± 1.0a

4.0 ± 1.4a

3.4 ± 0.3a

3 (12%)

3.3 ± 0.8a

5 (20%)

6 (24%)

Cooked beef

2.8 ± 1.1c

2.9 ± 1.2b

2.5 ± 1.0b

0

0.8 ± 0.4b

2 (8%)

ND

b

b

b

1 (4%)

0.7 ± 0.4b

3 (12%)

ND

Cooked chicken

3.3 ± 1.7

3.1 ± 0.2

2.6 ± 0.7

Mean ± SD

Salmonella
spp

Prevalence Prevalence

Counts are in log cfu/g; n ＝ 25 each
SD is the standard deviation; ND: Salmonella spp. is not detected in all samples except raw chicken
Means within the same column with a different superscript letter (a, b, c) are significantly different at P ＜ 0.05

Fig. 1. Expression of enterotoxin-coding genes in the isolated S. aureus strains using multiplex PCR.
Lane M: 100 bp ladder as a molecular size DNA marker (SEA (120 bp), SEB (478 bp), SEC (257 bp) and SED
(317 bp)). Lane C＋: Control positive for SEA, SEB, SEC and SED genes. Lane C－: Control negative. Lane 9:
Positive S. aureus strain for SEA gene. Lanes 5 and 11: Positive S. aureus strains for SEC gene. Lane 6: Positive S.
aureus strain for SEA and SED genes. Lanes 1, 2, 3, 4, 7, 8, 10, 12, 13 and 14: Negative strains for enterotoxins.

Screening of the expression of virulence-associated
genes in the isolated bacteria
A multiplex PCR was designed to confirm
the expression of toxin and virulence associated
genes in the isolated bacteria. Ten out of fourteen
(71.4%) of the isolated S. aureus strains were
non-toxin producing, while 28.6% of the isolated
S. aureus strains were enterotoxigenic. Two
strains harbored SEA and SEC genes, while one
stain was positive for SED (Fig. 1). It was found
that all isolated Salmonella serovars (100%)
harbored invA gene, while four isolates (66.7%)
were positive for Hyper-invasive locus (hilA)
(Fig. 2). E. coli toxin-associated genes (stx1, stx2
and intimin (eaeA) were expressed in the isolated
E. coli strains (Fig. 3).
Antibiogram of foodborne bacterial isolates
Results obtained from the disc diffusion test
revealed that the isolated strains of S. aureus,

Salmonella spp and E. coli showed variable
degrees of antibiotic resistance. The average MDR
of S. aureus strains was 0.5. The resistance profile
of the isolated strains for the antibiotics tested in
this study were as follows P (100%), CL (100%),
S (85.7%), UB (71.4%), CE (71.4%), E (71.4%),
AMP (50%), SXT (57.1%), EN (28.6%), AML
(28.6%), CTX (14.3%), CPD (14.3%), G (14.3%),
CIP (0%) and AMC (0%) (Table 3).
Salmonella spp. had an average MDR of 0.6.
S. Typhimurium was the highly resistant strain;
it was resistant to EN, G, UB, S, E, CTX, CIP,
AMP, P, CE, CPD and AML. S. Tsevie was
resistant to G, S, E, CL, AMP, P, CE, AMC, CPD
and AML. S. Bargny was resistant to EN, G, UB,
S, E, AMP, CIP, P, CPD and AML. S. Enteritidis
was resistant to EN, S, SXT, E, CTX, AMP, P
and AML. Finally, S. Infantis was the lowest
resistant strain, it was resistant to G, CL, P, CE,
CPD and AML (Table 4).
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Fig. 2. Expression of virulence-associated genes in Salmonella serovars using multiplex PCR. L
 ane M:
100 bp ladder as a molecular size DNA marker (invA (284 bp) and hilA (497 bp)). Lane C＋: Control positive strain
for invA and hilA genes. Lane C－: Control negative. Lanes 2 (S. Bargny) and 6 (S. Tsevie): Positive strains for invA
gene. Lanes 1 (S. Infantis), 3 (S. Enteritidis) and 4, 5 (S. Typhimurium): Positive for invA and hilA genes.

Fig. 3. Expression of shigatoxin-producing genes in the isolated E. coli serotypes using multiplex PCR.
Lane M: 100 bp ladder as a molecular size DNA marker (stx1 (614 bp), stx2 (779 bp) and eaeA (890 bp)). Lane C＋:
Control positive E. coli for stx1, stx2 and eaeA genes. Lane C－: Control negative. Lane 1 (O142): Positive for stx1
and stx2 genes. Lanes 2 and 3 (O128): Positive for stx1 gene. Lane 4 (O55): Positive for stx2 gene. Lanes 5 and 6
(O26): Positive for stx1, stx2 and eaeA genes.

E. coli isolates had an average MDR of 0.4.
E. coli O26:H11 was resistant AML, AMP, P,
SXT, S, E, Cl and CIP. E. coli O128:H2 was
resistant AML, AMP, P, SXT, S and E. E. coli
O142 was resistant AML, AMP and P. Finally, E.
coli O55:H7 was resistant AML, AMP and SXT
(Table 5).
Effect of HACCP implementation on the
microbiological quality of meat
The high microbial load in beef and chicken
meat served to patients indicated unsatisfactory
hygienic measures during meat preparation and
handling. Therefore, HACCP principles were
applied in the kitchen, food handlers were
trained for the good practices during meat
handling and effective cleaning and disinfection
to walls, floors, roofs, cutting tables, cutting
boards, knives, utensils and transporting
vehicles. As a result, the microbiological quality

of meat was significantly improved. APC,
coliforms, E. coli, S. aureus contamination levels
were significantly decreased (Table 6).

Discussion
Microbial quality of meat served at hospitals
Contamination of meats by biological hazards
has been recognized as a global health concern
especially in hospitals where a large number of
patients is found. In the present study, microbial
examination of meat served at hospital in
Zagazig city, Egypt revealed high microbial load
indicated by the high APC, MPN of coliforms and
MPN of E. coli. This may indicate poor hygienic
standards inside the hospital kitchens and
unsanitary measures during meat preparation.
Cooking temperature has a destructive effect on
microorganisms and enzymes, consequently
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Table 3. Percentages of antimicrobial susceptibility of the isolated Staphylococcus aureus
Antimicrobial agent

Sensitive

Intermediate

Resistant

No

%

No

%

No

%

P

0

0

0

0

14

100

CL

0

0

0

0

14

100

S

0

0

2

14.3

12

85.7

UB

0

0

4

28.6

10

71.4

CE

0

0

4

28.6

10

71.4

E

3

21.4

1

7.2

10

AMP

2

14.3

5

35.7

7

50

SXT

4

28.6

2

14.3

8

57.1

EN

7

50

3

21.4

4

28.6

AML

7

50

3

21.4

4

28.6

CTX

6

42.8

6

42.8

2

14.4

CPD

5

35.7

7

50

2

14.3

G

8

57.1

4

28.6

2

14.3

CIP

11

78.6

3

21.4

0

0

AMC

11

78.6

3

21.4

0

0

Multiple Drug
Resistance (MDR)

71.4

Average 0.5

Table 4. Virulence attributes and antimicrobial resistance profile of the isolated Salmonella spp
Salmonella spp

Virulence
attributes

Antimicrobial resistance profile

MDR
index

S. Typhimurium1

invA and hilA

EN, G, UB, S, E, CTX, CIP, AMP, P, CE, CPD, AML

0.8

S. Tsevie

invA

G, S, E, CL, AMP, P, CE, AMC, CPD, AML

0.7

S. Bargny

invA

EN, G, UB, S, E, AMP, CIP, P, CPD, AML

0.7

S. Enteritidis

invA and hilA

EN, S, SXT, E, CTX, AMP, P, AML

0.5

S. Typhimurium2

invA and hilA

S, CL, AMP, P, CE, CPD, AML

0.5

S. Infantis

invA and hilA

G, CL, P, CE, CPD, AML

0.4

Average MDR ＝ 0.6
S. Typhimurium1,2: indicates the 2 isolated strains of S. Typhimurium in this study, they had different antibiotic
susceptibility profiles

cooked beef and chicken meat should be free from
most pathogenic microorganisms, however
mishandling of cooked meat inside the kitchen
and meat distribution rooms resulted in an
increase in the microbial contamination of final
cooked products.
S. aureus is considered as one of the most
important causes of food poisoning worldwide
that responsible for food borne intoxication due
to the production of heat-stable enterotoxin. S.
aureus was isolated at different percentages from

the examined samples, this reflects unsatisfactory
hygiene measures during handling and processing
of meat. Food handlers may be responsible for
meat contamination by S. aureus as a result of
cross contamination from their hair, nails and
skin. Higher values were recorded in Nigeria as
indicated by Nnachi and Ukaegbu31) who reported
higher counts of APC, coliform and S. aureus,
while lower values were reported in Korea by
Kim and Yim25).
Salmonella spp. is a natural inhabitant in the
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Table 5. Virulence attributes and antimicrobial resistance profile of the isolated Escherichia coli
E. coli
strains

Virulence
attributes

Strain
Characteristics

Antimicrobial resistance profile

O26 : H11

stx1, stx2 and eaeA

EHEC

AML, AMP, P, SXT, S, E, Cl and CIP

0.5

O128 : H2

stx1

ETEC

AML, AMP, P, SXT, S and E

0.4

O142

stx1 and stx2

EPEC

AML, AMP and P

0.2

O55 : H7

stx2

EPEC

AML, AMP and SXT

0.2

MDR
index

Average MDR ＝ 0.4
Table 6. Effect of HACCP implementation on the microbiological quality (log cfu/g) of
meat (n ＝ 25 each)
Samples

Aerobic plate
count

Coliform

Escherichia coli

Staphylococcus
aureus

Raw beef

3.3 ± 0.5**

2.5 ± 0.5**

2.2 ± 0.5**

0.5 ± 0.2**

Raw chicken

3.4 ± 0.9**

2.8 ± 1.1**

2.4 ± 0.5**

1.8 ± 0.2**

Cooked beef

1.6 ± 0.4**

1.7 ± 1.5

0.7 ± 0.5

0.3 ± 0.3

Cooked chicken

1.9 ± 0.4**

2.0 ± 0.2**

0.9 ± 0.3**

0.4 ± 0.3*

Values represent means ± SD of the positive samples
t- test significance**: high significant difference between the examined samples before and after HACCP
(P ＜ 0.01)
t- test significance*: significant difference between the examined samples before and after HACCP
(P ＜ 0.05).

intestinal tract of live birds and can contaminate
chicken carcasses via cross contamination by
meat contact surfaces, meat handlers, low
hygienic standards, inadequate storage, dust and
insects. In our study, Salmonella was detected
only in raw chicken meat. Isolation of Salmonella
from chicken meat is an indication of bad
hygienic measures during carcass preparation
and cross contamination from the intestinal tract
as poultry is the main source of Salmonella spp.
Unlikely, Yousif et al.40) did not isolate Salmonella
spp. from raw chicken meat collected from a
hospital in Egypt.
Presence of Enteropathogenic E. coli (EPEC)
such as E. coli O55:H7 in chicken meat samples
is an indication of fecal contamination because of
inappropriate sanitation, poor handling and postcooking contamination. The prevalence rate of E.
coli (12.0%) in this study is higher than the
contamination rate of poultry in Korea (4.6%)
detected by Lee et al.28), while lower than the
contamination rate (16%) recorded by Darwish et
al.10) in duck meat and giblets.

Virulence-associated genes and antibiogram of
the isolated foodborne pathogens
Some strains of S. aureus has the ability to
produce one or more enterotoxins resulting in
many cases food poisoning symptoms, these
toxins are classified according to the antigenic
properties into five SEs including SEA, SEB,
SEC, SED and SEE, which are heat stable
enterotoxins and resistant to proteolysis by
enzymes. Consequently, it is very important to
detect the level of beef and chicken meat
contamination with enterotoxigenic strains of S.
aureus, which is quite high in this study. The
disease caused by SEs has a short incubation
period (4.4 hours), nausea, vomiting, abdominal
cramps, headache, and diarrhea. Although this
disease is usually a self-limiting, death may occur
among susceptible peoples like children and the
elderly38). In agreement with the recorded results
in the present study, SEs were detected in meat
in Turkey6) and Egypt8).
Virulence-associated genes of Salmonella spp.
are found mainly on its chromosomes, plasmids,
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and prophages; they are known as Salmonella
pathogenicity islands (SPIs) that play vital roles
in adhesions, invasions, intracellular survival,
systemic infections, antimicrobial resistance, toxin
production, and magnesium and iron uptake6).
Invasive gene is one of the SPIs, which consists
of two additional invasion genes and aids in
Salmonella spp. invasion to phagocytic and
non-phagocytic cells. In the current investigation,
the isolated strains harbored invA and hilA
genes. In line with this result, Karmi23) detected
these virulent genes in the isolated Salmonella
spp in Egypt.
Shiga toxin-producing E. coli (STEC) is
identified as a toxin producing group of E. coli
and one of the most important foodborne
pathogens resulted in many outbreaks all over
the world through consumption of contaminated
beef and chicken meat. Shiga toxin 1 and 2 are
the principle genes of virulence properties and
pathogenicity, however, intimin encoded by the
eaeA gene is another virulent factor which is
responsible for adhesion of STEC to the intestinal
epithelium7) as shiga toxin alone is not enough to
cause diseases. STEC can result in severe lifethreatening diseases, as the hemolytic uremic
syndrome (HUS), hemorrhagic colitis (HC) and
thrombotic thrombocytopenic purpura (TTP), in
addition to watery and bloody diarrhea22). In
the present study, stx1 gene was detected in
O26:H11, O128:H2 and O142, while stx2 gene
was expressed in O26:H11, O55:H7 and O142,
but eaeA gene was detected only in O26:H11.
Large numbers of bacteria have become
resistant to antibiotics while some are multi-drug
resistant (MDR), resistance can be passed from
one strain to another by gene transfer because of
antibiotics misuse. In the current study, S. aureus
strains showed variable degrees of resistance to
13 out of 15 tested antibiotics. Salmonella spp.
had the highest MDR; S. Typhimurium was the
highest resistant strain, it was resistant to 12
out of 15 tested antibiotics, while S. Infantis was
the lowest resistant strain, it was resistant to 6
out of 15 tested antibiotics. The low sensitivity of

the isolated strains against most of the used
antibiotics in Egypt could be attributed to the
misuse of these antibiotics in poultry farms in
Egypt. E. coli strains had the lowest MDR index,
O26:H11 and O128:H2 were resistant to 8 and 6
out of 15 tested antibiotics, respectively; while
both of O55:H7 and O124 were resistant to three
antibiotics only. This high resistance might be
due to the transfer of drug resistance among
bacteria, and/or developing drug resistance due
to bacterial mutational changes9). It was found
that AML, AMP, P, SXT, S and E were the most
resistant drugs among the isolated strains of E.
coli, Salmonella spp., and S. aureus. This may be
attributed to the frequent use of these drugs in
treatment of most of bacterial diseases in large
animals and birds in Egypt. The high rate of
antimicrobial resistance among the isolated
pathogens in the current investigation may lead
to severe adverse outcomes, especially among
patients at hospitals, with weak immune system,
if such contaminated meat is served. Similarly,
high rates of resistance were detected in Egypt2)
and England10).
Implementation of HACCP and its effect on the
microbiological quality of meat
In hospitals, food hygiene requires attention
to all preventive measures to minimize the
hazards of food poisoning.
Effect of HACCP implementation on the
microbiological quality of meat
HACCP system significantly improved the
microbiological quality of meat served to patients
inside the hospital. The achieved results in this
study were in accordance with other studies
conducted in Egypt40), Ghana1) and Greece27). The
microbiological quality of meat collected after
HACCP implementation was significantly
improved achieving a clear reduction in APC,
and a lower incidence of coliform organisms, E.
coli, and S. aureus; whereas Salmonella spp. was
not detected in meat samples. The possible
explanation to this result is attributed to the
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effectiveness of HACCP system that identified
the critical points inside the hospital kitchen,
which resulted in meat contamination by
different biological hazards then correction to
these points to provide a wholesome meat.

Conclusion
The results achieved in this study revealed
poor hygienic measures adopted during preparation
of meat meals at hospitals in Zagazig city, Egypt.
Foodborne pathogens were isolated from meat
served at hospitals. Implementation of HACCP
principles during prepation of meat strongly
reduced the bacterial contamination levels. Thus
strict legislations should be adopted to ensure
safety of meat served at hospitals with restrict
observation of HACCP principles.

Acknowledgments
The authors are grateful to all staff members
of Food Control Department, Faculty of Veterinary
Medicine, Zagazig University, Egypt for their
kind support during this study.

References
1) Ababio PF, Lovatt P. A review on food safety
and food hygiene studies in Ghana. J Food
Cont 47, 92-97, 2015
2) Abdalrahman LS, Stanley A, Wells H,
Fakh MK. Isolation, virulence, and
antimicrobial resistance of methicillin-resistant
Staphylococcus aureus (MRSA) and methicillin
sensitive Staphylococcus aureus (MSSA) strains
from Oklahoma retail poultry meats. Int J
Environ Res Public Health 12, 6148-6161,
2015
3) American Public Health Association (APHA).
Standard methods for the examination of
dairy products 16th Ed. New York. 1992.
4) American Public Health Association
(APHA). Compendium of methods for the
microbiological examination of food, 4th Ed.

71

Washington 2001.
5) Angelillo IF, Viggiani, NM, Greco RM, Rito
D. HACCP and food hygiene in hospital:
knowledge, attitude and practice of foodservices staff in Calabria, Italy. Infect
Control Hosp Epidemiol 22, 363-369, 2001
6) Aydin A, Sudagidan M, Muratoglu K.
Prevalence of Staphylococcal enterotoxins,
toxin genes and genetic-relatedness of
foodborne Staphylococcus aureus strains
isolated in the Marmara Region of Turkey.
Int J Food Microbiol 148, 99-106, 2011
7) Bastos FC, Vaz TM, Irino K, Guth BE.
Phenotypic characteristics, virulence profile
and genetic relatedness of O157 Shiga toxinproducing Escherichia coli isolated in Brazil
and other Latin American countries. FEMS
Microbiol Letters 265, 89-97, 2006
8) Darwish WS, Atia AS, Reda LM, Elhelaly
AE, Thompson LA, Saad Eldin WF. Chicken
giblets and wastewater samples as possible
sources of methicillin-resistant Staphylococcus
aureus: Prevalence, enterotoxin production,
and antibiotic susceptibility. J Food Saf
12478, 2018
9) Darwish WS, Saad Eldin WF, Eldesoky KI.
Prevalence, molecular characterization and
antibiotic susceptibility of Escherichia coli
isolated from duck meat and giblets. J Food
Saf 35, 410-415, 2015
10) Datta S, Akter A, Shah G, Fatema TH, Islam
A, Bandyopadhyay Z, Khan D. Microbiological
quality assessment of raw meat and meat
products, and antibiotic susceptibility of
isolated Staphylococcus aureus. Agriculture
Food and Analytical Bacteriol 2,124-129,
2012
11) Dhanashree B, Mallya S. Detection of
shiga-toxigenic Escherichia coli (STEC) in
diarrhoeagenic stool and meat samples in
Mangalore, India. Indian J Med Res 128,
271-277, 2008
12) Durmus I. Determining effects of use of
various disinfecting materials on hatching
results and total bacterial count. Asian J
Anim Vet Adv 7, 739-744, 2012
13) Elemfareji OI, Thong KL. Comparative
Virulotyping of Salmonella Typhi and
Salmonella Enteritidis. Indian J Microbiol
53, 410-417, 2013
14) Fagan P, Hornitzky M, Bettelheim K,
Djordjevic S. Detection of shiga-like toxin
(stx1 and stx2), intimin (eaeA), and
Enterohemorrhagic Escherichia coli (EHEC)
Hemolysin (EHEC hlyA) genes in animal
feces by Multiplex PCR. Appl Environ

72

Hygiene of meat served at hospitals

Microbiol 65, 868-872, 1999
15) Food and Agriculture Organization (FAO).
Codex Alimentarius- Food Hygiene – Basic
Text, 2nd ed. Rome. 2001.
16) Food and Drug Administration (FDA).
Microbiological methods for cosmetics. In:
Bacteriological analytical manual, Chapter
23, 2001.
17) Food and Agriculture Organization of the
United Nations World Health Organization
(FAO/WHO). FAO/WHO Technical Meeting
on the Application of the Hazard Analysis
Critical Control Point (HACCP) System in
Small and/or Less Developed Businesses
(SLDBs), Rome, 2004. http://www.fao.org/3/
a-a0799e.pdf
18) Gil AI, Lanata C, Hartinger M, Mausezahl D,
Padilla B, Ochoa TJ, Lozada M, Pineda I,
Verastegui H. Fecal contamination of food,
water, hands and kitchen utensils at the
household level in rural areas of Peru. J
Environ Health 76, 102-106, 2014
19) Guo X, Chen J, Beuchat L, Brackett R. PCR
detection of Salmonella Enterica serotype
Montevideo in and on raw tomatoes using
primers derived from hilA. Appl Environ
Microbiol 66, 5248-5252, 2000
20) International Standards Organization (ISO
6579). General guidance on methods for the
detection of Salmonella, Geneva, Switzerland,
2002.
21) International Standards Organization (ISO
22000). Food safety management systems
requirements for any organization in food
chain, Geneve, Switzerland, 2005.
22) Karch H, Tarr PI, Bielaszewska M.
Enterohaemorrhagic Escherichia coli in
human medicine. Int J Med Microbiol 295,
405-418, 2005
23) Karmi M. Detection of virulence gene (inva)
in Salmonella isolated from meat and poultry
products. Int J Genetics 3, 7-12, 2013
24) Kauffman G. Kauffmann white scheme. J
Acta Path Microbiol Sci 61, 38, 1974
25) Kim J, Yim D. Assessment of the microbial
level for livestock products in retail meat
shops implementing HACCP system. Korean
J Food Sci Anim Resour 36, 594-600, 2016
26) Kok T, Worswich D, Gowans E. Some
serological techniques for microbial and viral
infections. In: Practical Medical Microbiology,
14th ed. Collee J, A Fraser, B Marmion,
A Simmons. eds. Edinburgh, Churchill
Livingstone. 1996.
27) Kokkinakis E, Kokkinaki A, Kyriakidis
G, Markaki A, Fragkiadakis G. HACCP

28)

29)

30)

31)
32)

33)

34)

35)

36)

37)

38)

39)

implementation in public hospitals: A survey
in Crete, Greece. Procedia Food Sci J 1,
1073-1078, 2011
Lee GY, Jang HI, Hwang IG, Rhee MS.
Prevalence and classification of pathogenic
Escherichia coli isolated from fresh beef,
poultry, and pork in Korea. Int J Food
Microbiol 134, 196-200, 2009
Mazaheri S, Ahrabi S, Aslani M. Shiga toxinproducin Escherichia coli isolated from
lettuce samples in Tehran, Iran. Jundishapur
J Microbiol 7, 1-6, 2014
NCCLS. Performance standards for
antimicrobial
susceptibility
testing.
Supplement M100-S11. Villanova, PA, USA.
National Committee for Clinical Laboratory
Standards, 2001.
Nnachi AU, Ukaegbu CO. Microbial quality
of raw meat sold in Onitsha, Nigeria. Int J
Sci Res 3, 214-218, 2014
Quinn PJ, Markey BK, Leonard FC,
Fitzpatrick ES, Fanning S, Hartigan P.
Veterinary microbiology and microbial
disease, 2nd ed. Oxford, Wiley-Blackwell.
2011.
Rall V, Vieira F, Rall R, Vieitis R, Fernandes
A, Candeias J, Cardoso K, Araujo J. PCR
detection of staphylococcal enterotoxin genes
in Staphylococcus aureus strains isolated
from raw and pasteurized milk. Vet Microbiol
132, 408-413, 2008
Sansebastiano G, Zoni R, Bigliardi L.
Cleaning and disinfection procedures in the
food industry general aspects and practical
applications. J Food Saf 3, 253-280, 2007
Shah D, Shringi S, Besser T, Call D.
Escherichia. In: Molecular detection of
foodborne pathogens, Liu, D. ed. CRC Press,
Boca Raton. Pp. 369-389, 2009.
Shanmugasamy M, Velayutham T, Rajeswar
J. InvA gene specific PCR for detection of
Salmonella from broilers. Vet World 4, 562564, 2011
Singh A, Yadav S, Singh S, Bharti P.
Prevalence of Salmonella in chicken eggs
collected from poultry farms and marketing
channels and their antimicrobial resistance.
Food Res Int J 43, 2027-2030, 2010
Tarekgne EK, Skjerdal T, Skeie S, Rudi K,
Porcellato D, Félix B. Enterotoxin gene
profile and molecular characterization of
Staphylococcus aureus isolates from bovine
bulk bilk and bilk products of Tigray region,
northern Ethiopia. J Food Prot 79, 13871395, 2016
World Health Organization (WHO). Regional

Samar E. El-Wehedy et al.

office for Africa: Developing and maintaining
food safety for change, Second FAO/ WHO
global forum of food safety regulators.
Bangkok, 2004.

73

40) Yousif EI, Ashoush IS, Donia AA, Goma HK.
Critical control points for preparing chicken
meals in a hospital kitchen. Ann Agri Sci 58,
203-211, 2013

