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Introduction

OOD-borne diseases are a major health problem in developing countries including

Pakistan. With regard to meat hygiene, the question is posed whether carriers of pathogenic
organisms, like Sa/monella, shigella, and E. coli can contaminate a product with their hands.
This might be possible in case of not using appropriate water, not maintaining proper hand
hygiene during mean handling or due to bad toilet hygiene. This study was thus conducted to
determine the prevalence of some selected hygiene indicator bacteria on the hands of poultry
butchers and their hand washing water in two selected districts of Pakistan, i.e. Hyderabad and
Jamshoro. Three hygiene indicator bacteria, Salmonella, Shigella, and E. coli were focused in
this regard and for Sa/monella spp. antibiotic resistance was also determine. Total 76 samples
were collected (38 water and 38 hands). Isolation of bacteria were carried out by some standard
microbiological techniques. Out of 38 water samples, 76.3%, 81.5% and 81.5% of samples
were positive for Salmonella, Shigella, and E. coli. While for butchers’ hand samples, the
prevalence of Salmonella, Shigella, and E. coli was found as 92.1%, 97.3%, and 100%. The
overall antibiotic resistance is as follows: ampicillin (89%), azithromycin (3.1%), ceftazidime
(0%), gentamicin (25.5%), cefotaxime (25%), erythromycin (40.6%), neomycin (31.2%),
streptomycin (48.4%), and sulphamethoxazole (50%). Percentage of Multi-drug resistant
(MDR) isolates found in water and butchers’ hands sample is 50% and 71.4%. One Extremely-
drug resistant (XDR) isolate is also found in hands samples. The high prevalence of Salmonella,
Shigella, and E. coli in butchers’ hands and hand washing water can transfer to the meat and
cause many foodborne infections in meat consumers.

Keywords: Butchers, Poultry, Hands, Sa/monella, and Antibiotic resistance.

food handlers carry the foodborne pathogens are

asymptomatic [4, 5].

In most cases, people pay more attention to the
microbial quality of drinking water than the quality of
water they used to wash their hands [1]. Hands play
an important role in the spread and transmission
of many pathogens that cause food borne diseases
and nosocomial infections. The occurrence of
foodborne infections is a major public health
problem as it globally effects both developed
and developing countries [2]. In developing
countries, annually 2.2 million children die due to
diarrheal diseases [3]. According to many authors

Hand washing is the act of cleansing the hands
with water or any other liquid, with or without
the use of soap or detergents, to ensure proper
hygiene [6]. It is an aesthetic and hygienic practice
that eliminates dead skin cells, organic material,
sebum, sweat, temporary microorganisms and
associated resident bacteria, that has adhered to
your hands [7]. The importance of hand hygiene
in the fight against infections should not be
underestimated [2]. It is believed as one of the
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most effective ways to prevent foodborne illnesses
as most of them are caused by microorganisms
transmitted through contaminated hands [8]. Just
as hand washing is important to reduce disease
transmission, quality of water for hand washing is
just as important for effective hand washing. The
quality of water used for hand washing before,
after or during food handling should be same as the
water consumed by humans. It should not contain
any fecal coliforms and pathogenic microbes
[9]. The temperature of the water should also be
considered and it has been suggested by Canadian
Center for Occupational Health (CCOP) that it
should be between 110 and 120°F (43 and 49°C)
[7]. Hands that are not washed or rinsed with
contaminated water pose a risk of contamination
at higher level [10].

When it comes to the transfer of food-borne
pathogens from butchers’ hands to the human
body, Salmonella, Shigella, and E. coli are of
great importance. E. coli is a group of bacteria
that live commensally in the gastrointestinal
tract of mammals, frequently without causing
any pathogenic effect on them [11]. Also, most
strains of E. coli are not pathogenic to humans,
but detection in any raw food intended for
human consumption indicates a lack of hygiene
during production, handling, processing or
preparation Eventually, its detection in meat
indicates fecal material contamination and the
existence of many hazardous pathogens that
could jeopardize the health and well-being
of meat consumers [12]. Another important
bacterial contaminant is Shigella which can
result in illnesses with a low infective dose
[13]. Shigella outbreaks of food poisoning are
particularly common in hand-handled foods,
such as butcher’s meat, food subjected to
limited heat treatment, or served undercooked
[14].

Infections of Salmonella spp. are a leading
cause of illnesses and death worldwide,
particularly in poor nations where inadequate
hygiene and lack of access to clean water and
food are major problems [15]. The non-typhoidal
Salmonella spp. is often related to gastroenteritis
[16], while the typhoidal one manifest as enteric
fever [17]. Around the world, the occurrence of
Salmonella gastroenteritis is assessed at 93.8
million individuals with approx. 155,000 deaths
[18].

The antibiotic resistance of Salmonella spp.
remains an important concern of public health
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[19] especially in terms of influence on the
effectiveness of treatment regimens and disease
management [20]. In November 2016, a large
typhoid fever outbreak started in Hyderabad
city of Pakistan [21]. The outbreak first began
in the city of Hyderabad and quickly spread to
neighboring cities, including Jamshoro. Since
August 2019, more than 10,000 XDR Typhoid
cases have been reported from Hyderabad and
Karachi alone [22].

In many Poultry slaughtering facilities of
Hyderabad and Jamshoro continuous tap water
supply is not available and butchers working in
those slaughtering facilities are commonly using
the stored water (collected from nearby homes
or shops). Therefore, investigating microbial
contamination on the hands of food handlers
can go a long way in understanding the hygiene
conditions of meat handlers (Fig. 1) and, as a
consequence, in reducing foodborne illness.

In Hyderabad and Jamshoro districts of
Pakistan, the status of butchers’ hand hygiene
and its connection to the microbial quality of
water used for hand washing has not been studied
previously. Hence, the aim of this study was the
microbial analyses (Salmonella, Shigella, and
E. coli) of the hands of the butchers and along
with the quality of their hand washing water.
Moreover, keeping in view the recent outbreak
of typhoid the antibiotic resistance of Sa/monella
spp. is also determined against the commonly
used antibiotics. Graphical abstract of the paper
is shown in Fig. 1.

Methodology

Study area and sample size

The study was conducted in two selected
districts of Sindh i.e. Hyderabad and Jamshoro
(Fig. 2) and butchers working there were included
in the study. Slaughtering facilities were selected
from different areas of Hyderabad and Jamshoro
such as, Jamshoro Phatak, Jamshoro phase 1,
Naseem Nagar road, Qasimabad, Latifabad, and
Hussainabad. Total 38 butcher shops were selected
based on the convenient sampling technique and
from each shop, two samples were collected, i.e.
hand samples and water samples; hence, the study
comprises of 76 samples out of which 38 were of
hands’ samples and 38 were of water samples. Out
of 38 water samples 25, were from Hyderabad and
remaining 13 were from the Jamshoro district.
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Sample collection technique

Water used by poultry butchers for hand
washing was collected from their containers by
using a sterilized 15 mL Falcon tubes. While for
hand hygiene assessment, samples were collected
from their hands using sterilized swabs on 1 sq.
inch approx. (shown in supplementary data Fig.
S1). Swabs were then kept in the tubes containing
5 mL solution of 1-X Phosphate buffered saline
(PBS) and were brought to the microbiology lab
within 1 h.

Culturing, identification and enumeration of
Salmonella, Shigella, and E. coli

For culturing of Salmonella, Shigella, and
E. coli, Salmonella-Shigella (SS) agar (Fisher
scientic, United States) was used and lab
techniques were performed according to ISO
6579:2002 method [23]. Preparation of SS agar
was carried out following the label instructions
i.e. 60 g of agar powder was added in 1000 ml of
distilled water. After that, the agar was boiled and
poured into the agar plates. On solidification of
agar, for hands samples, 100 pl of sample solution
(sample mix with 1 X PBS) was inoculated on the
agar plate and spread thoroughly with sterilized
spreader. And for water samples 100 pl of sample
water was directly inoculated on agar plates.
Plates were then incubated for 48 h at 37°C. On
completion of the incubation period, colonies of
targeted bacteria were identified on the basis of
their color difference (shown in supplementary
data Fig. S2). The colonies on each plate were
enumerated by using colony counter and were
accepted in the range of 30-300 on each plate.
The colonies of Sa/monella spp. were sub-cultured
on another SS-agar plate and were confirmed by
using two biochemical tests, i.e. Triple Sugar Iron
agar (TSI) and Urease test which are described in
detail in below section.

Confirmatory tests

The confirmation of Salmonella spp. were
done by using two biochemical tests, i.e. Triple
sugar iron agar (TSI) tests and Urease test. For
the performance of TSI agar test, the TSI agar was
prepared as per label instruction and were poured
in 20 ml falcon tubes. The tubes were kept in the
slanted position and on solidification of agar, a
deep slant is formed. After that a well-isolated
colony of Salmonella from sub-culturing plate
was inoculated in the agar by stabbing through the
center and spreading on the surface of the agar.
The tubes were then incubated for 24 h at 37°C.
After incubation the colour of agar changed from
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dark pink to yellow and the bottom of the tubes
bubbles were observed due to the formation of
Hydrogen sulphide gas. It confirms the presence
of Salmonella spp.

For urease test, the urea broth was prepared
as per laboratory instruction and a loopful of pure
Salmonella culture was inoculated with the help
of sterilized loop. The tubes were then incubated
for 3 to 4 days at 37°C. After completion of in-
cubation time, the color of broth changed from
yellow to pink due to the degradation of urea by
Salmonella and formation of ammonia gas.

Disc diffusion test

All the Salmonella isolates (24 from water
samples and 33 from hand samples) were tested
for their antimicrobial susceptibility by following
the Kirby Bauer disc diffusion method. Total of
nine antibiotics were tested and the selection of
antibiotics was based on the common antibiotics
used in Pakistan and those endorsed by the World
health organization (WHO) for routine monitoring
of antimicrobial resistance [22]. The antibiotics
were identified as resistant, intermediate, and
susceptible on the basis of their zones of inhibition
[24]. For the performance of disc diffusion test,
a loop full of presumptive Salmonella colonies
were spread entirely over the Muller-Hinton
agar (Sigma-Aldrich, United States) plates.
Antibiotic discs, each containing a specific
concentration of antibiotic such as, ampicillin (10
ng), erythromycin (15 pg), sulphamethoxazole
(25 pg) azithromycin (15 pg), ceftazidime (30
pg), gentamicin (10 pg), streptomycin (10 pg)
cefotaxime (30 pg), and neomycin (10 pg) were
then applied. The plates were incubated for 24 h
at 37°C. After completion of the incubation period
the zones of inhibition around each antibiotic
were measured in mm (shown in supplementary
table S2 and S3) and were interpreted with the
CLSI guidelines [24] (shown in supplementary
data table S4). The isolates resistant to attest one
antibiotic in three or more categories of antibiotics
were considered MDR.

Statistical analyses

Laboratory results were recorded on each
counting day. To determine the correlation
between the microbial contamination of water
samples and hand samples of butchers, the Pearson
correlation was calculated by using Statistical
Package for social sciences (SPSS). P value <0.05
was considered statistically significant.
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Fig. S1. Swab sample collected from butcher’s hand.

Fig. S2 . Culture plate showing the colonies of Salmonella, Shigella and E. coli.

Results

Microbial analyses of water and hand samples

The microbial assessment of water and hand
samples revealed high prevalence of Salmonella,
Shigella, and E. coli. In water samples prevalence
of Shigella spp. and E. coli was found higher
than Salmonella spp. and out of 38 samples, 30
(81.5%) of samples were positive for Shigella
spp. and E. coli (each). However, the prevalence
of Salmonella spp. was found as 29 (76.3%),
shown in Fig. 3 (a).

The prevalence of Salmonella, Shigella, and
E. coli in hands’ samples is shown in Fig. 3 (b). It
has been found out that out of 38 butchers’ hand
samples, 35 (92.1%), 36 (97.36%) and 38 (100%)
of samples were positive for Salmonella, Shigella
and E. coli respectively.

Enumeration of colonies isolated from water and
butchers’ hand samples

Table 1 and table 2 shows the number of
samples fall in different cfu range (0, 1-300, 301-
600, 601-900, 901-1200 and >1200). Out of 38
water samples 21.05%, 13.1%, and 18.42% of
samples were having zero cfu/ml for Salmonella,
Shigella, and E. coli. While 44.73%, 73.6% and
65.7% of samples were having more than 1200
cfu/ml for Salmonella, Shigella, and E. coli. For
butchers’ hands samples only three out of 38
(7.89%) and 1 out of 38 (2.63%) of samples were
having zero colonies for Salmonella and Shigella
while none of the samples were having zero
colonies for E. coli. A large of samples showed
more than 300 cfu/sq. inch for all three targeted
bacteria.
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Fig. 3 (a). Prevalence of Salmonella, Shigella and E. coli in water samples (b) Prevalence of Salmonella,

Shigella and E. coli in hand samples

TABLE 1. Colony forming unit (CFU)/ml of Salmonella, Shigella, and E. coli isolated from water samples

No of samples

No of samples

No of samples

CFU Count range Salmonella Shigella E. coli
n (%) n (%) n (%)
0 8(21.05) 5(13.1) 7 (18.42)
1-300 4 (10.52) 2(5.26) 3(7.89)
301-600 2(5.26) 0 1(2.63)
601-900 4 (10.52) 2(5.26) 3(7.89)
901-1200 3(7.89) 1(2.63) 1(2.63)
>1200 17 (44.73) 28 (73.6) 25 (65.7)
Total 38 (100) 38 (100) 38 (100)

n= Number of samples

TABLE 2. Colony forming unit (CFU)/ml of Salmonella, Shigella, and E. coli isolated from butchers’ hands samples

No of samples

No of samples

No of samples

CFU Count range Salmonella Shigella E. coli
n (%) n (%) n (%)
0 3(7.89) 1(2.63) 0
1-300 5(13.15) 2 (13.15) 4(10.52)
301-600 9 (23.68) 7 (18.42) 6 (15.78)
601-900 7(18.42) 3(7.89) 4(10.52)
901-1200 9 (23.68) 8(21.05) 10 (26.31)
>1200 5(13.15) 17 (44.73) 14 (36.84)

n= Number of samples

Egypt. J. Vet. Sci. Vol. 53, No. 3 (2022)
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TABLE S1. Salmonella, Shigella and E. coli colonies isolated from water and butchers’ hands samples.

Salmonella Shigella E. coli Salmonella Shigella E. coli
Sample (CFU/ml) (CFUml)  (CFU/m1) S™mple  (CFUISq. (CFU/Sq.  (CFU/Sq.
1D water water Water ID inch) inch) inch)
Hand Hand Hand
wol 30 0 2000 HO1 1050 1950 50
w02 0 10 0 HO02 250 1100 10150
W03 0 1080 960 HO3 1200 2250 1650
W04 0 2000 560 H04 400 1050 650
W05 2000 2000 0 HO5 800 1000 950
W06 240 2000 2000 HO6 150 550 3300
wo7 50 180 290 HO7 50 10000 550
W08 2000 2000 2000 HOS 600 950 10000
W09 70 320 290 HO09 640 8500 1100
w10 70 140 1300 H10 550 1240 500
Wil 0 1280 1110 HIl 0 1050 1450
w12 260 420 190 HI2 100 500 950
w13 20 0 0 HI13 150 1600 700
w14 170 230 110 H14 600 200 400
W15 0 250 0 HI15 350 350 290
w16 0 30 80 H16 450 1500 2300
w17 90 80 0 H17 750 600 1450
wis 590 290 90 HI18 3300 150 50
W19 730 590 390 HI19 1600 900 1050
W20 0 0 0 H20 10000 10000 10000
w21 20 80 270 H21 1000 9400 450
w22 0 0 2000 H22 1500 10000 800
w23 260 270 0 H23 1050 1000 1650
W24 190 2000 130 H24 1500 2250 2150
W25 110 200 60 H25 450 1400 2450
W26 40 0 140 H26 600 950 1000
w27 20 220 70 H27 1150 800 1900
w28 140 320 180 H28 0 550 500
w29 190 180 220 H29 1050 0 1150
W30 220 2000 2000 H30 400 600 950
w3l 120 210 130 H31 850 1950 4600
w32 180 330 130 H32 1100 2400 950
W33 200 670 30 H33 640 10000 2450
W34 90 220 290 H34 700 5550 50
W35 100 120 310 H35 950 3450 10150
W36 320 560 180 H36 0 1050 1650
W37 210 370 210 H37 1000 900 650
w38 110 160 340 H38 800 550 950

*W= Water samples, H=Hands samples.
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TABLE S2. Zone of inhibitions (mm) of antibiotics for water samples:

Sample Amp AZ CAZ CN CTX E N S STX
ID (10ug) (A5ug) (B0ug) (10 ug) (30 ug) (15 ug) (10 ug) (10ug) (25 ug)

W01 0 26 19 11 24 0 14 18 26
W05 0 27 26 14 20 14 0 19 22
W06 0 23 26 17 22 16 15 29 0
wo7 0 28 19 11 16 19 R 4 14
Wo08 0 20 25 23 30 0 23 3 0
W09 0 15 28 13 21 17 14 22 26
W10 0 17 20 19 10 18 30 7 5
W12 0 24 21 12 19 16 R 12 26
W13 5 17 20 33 22 8.5 18 3 6
W15 0 18 18 20 17 14 29 12 9
W18 0 23 28 7 9 11 16 5 23
W19 0 15 26 18 18 15 0 33 5
W20 0 20 19 14 31 0 21 6 0
w22 0 20 22 18 19 16 17 8 16
W24 19 22 27 14 17 19 17 10 14
W25 0 19 18 9 10 5 14 0 33
W26 0 26 25 28 15 17 18 38 21
W27 22 15 20 5 19 8 3.5 29 30
W28 2 20 19 21 16 8 24 21 10
W29 20 22 22 24 14 20 14 9 5
W30 0 16 32 19 24 12 18 8 0
W31 0 8 21 12 20 15 21 13.5 20
W32 0 27 26 22 17 18 14 34 22
W33 77 14 22 16 5 9 19 26 32
W34 4 17 29 27 20 4 17 21 26
W35 0 30 30 11 19 20 24 12 36
W36 0 28 33 24 16 6 27 13

W37 0 14 25 28 22 21 31 9

W38 0 14 38 31 10 17 19 4

* W= Water samples
* Amp= ampicillin, AZ= azithromycin, CAZ= Ceftazidime, CN= Gentamicin, CTX= Cefotaxime, E=  E rythromycin,
N= Neomycin, S= Streptomycin, STX= Sulphamethoxazole .
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Antibiotic resistance profile of Salmonella

The antibiotic resistance profile of Salmonella
spp. isolates from water and hands samples is
shown in table 3, while the overall resistance
pattern of isolates is shown in Fig. 4. In general,
a high percentage of resistance to the tested
antimicrobials was observed across all the
isolates. For water samples, ampicillin showed the
highest resistance profile, i.e. 89.6% of isolates
were resistance. After ampicillin, streptomycin
and sulphamethoxazole showed good resistance
profile of 44.8% followed by erythromycin
(41.3%) and gentamicin (24.1%). One isolate

showed resistance for azithromycin. Cefotaxime
and neomycin showed 23% and 17.2% of
resistance. None of the isolates showed resistance
for ceftazidime.

For butchers’ hand samples, resistance profile
of antibiotics was comparatively higher (P> 0.01).
Out of 35 isolates, 88.5% of isolates showed
resistance to ampicillin, 2.8% to azithromycin,
0% to ceftazidime, 28.5% to gentamicin, 28.5%
to cefotaxime, 40% to erythromycin, 42.8% to
neomycin, 28.5% to streptomycin, and 54.2% to
sulphamethoxazole (shown in table 3).

TABLE 3. Resistance, intermediate, and susceptibility of Salmonella isolated from water and hands’ samples

against the antibiotics

‘Water samples n (%)

Hand samples n (%)

Antibiotics R I R I
Ampicillin (10 pug) 26 (89.6) 0 3(10.3) 31 (88.5) 0 4(11.4)
Azithromycin (15 pg) 134 10 (34.4) 18 (62) 1(2.8) 12 (34.2) 22 (62.8)
Ceftazidime (30 pg) 0 8(27.5) 21(72.4) 0 10 (28.5) 25(71.4)
Gentamicin (10 pg) 7(24.1) 4(13.7) 18 (62) 10 (28.5) 3 (8.5) 22 (62.8)
Cefotaxime (30 pug) 6(23) 17 (58.6) 6(23) 10 (28.5) 17 (48.5) 8(22.8)
Erythromycin (15 pg) 12 (41.3) 17 (58.6) 0 14 (40) 21 (60) 0
Neomycin (10 pg) 5(17.2) 14 (48.2) 10 15 (42.8) 9(25.7) 11 (31.4)
Streptomycin (10 pg) 13 (44.8) 5(17.2) 11 (37.9) 18 (51.4) 10 (28.5) 7 (20)
Sulphamethoxazole (25 pg) 13 (44.8) 3(10.3) 13 (44.8) 19 (54.2) 3 (8.5) 13 (37.1)
R = Resistant; [ = Intermediate; S=Susceptible
n= Number
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Fig. 4. The overall (both water and hand samples) resistance pattern of antibiotics in percentage.
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TABLE S3 . Zone of inhibitions (mm) of antibiotics for hands Samples .

Sample  Amp AZ CAZ CN CTX E N S STX
ID (10ug) (15 ug) (B0ug) (10ug) (30ug) (5 ug) (10 ug) (10ug) (25 ug)

HOI 9 15 25 9 16 6 19 4 8
HO2 14 28 28 33 0 8 20 8 26
HO3 9 29 20 22 32 19 7 6 4
HO4 1 16 21 19 17 10 2 14 8
HO5 0 32 28 16 13 12 28 23 16
HO6 0 35 19 27 18 20 0 26 23
HO7 0 16 29 22 15 4 16 13 18.5
HO8 0 25 32 1 12 16 30 7 7
HO9 0 16 21 31 19 17 18 11 7
H10 16 20 35 11 18 9 0 4 11
HI2 0 28 20 13 14 17 33 19 5
HI3 0 15 37 16 20 16 17 17 6
HO14 0 19 19 27 16 6 8 21 7
HIS 0 33 32 12 19 19 14 28 0
HI6 15 17 34 31 12 21 6 12 8
H17 0 16 29 28 38 0 21 6 26
HIS 0 20 26 20 31 16 0 8 11
H19 0 23 2 10 26 16 29 13 19
H20 0 16 24 23 0 0 26 14 9
H21 9 21 20 29 16 17 13 12 22
H22 13 24 21 14 17 12 1 14 26
H23 10 16 30 8 4 18 12 9 22
H24 0 28 18 32 15 16 17 10
H25 16 30 28 13 14 19 8
H26 8 32 25 25 6 10 0 8
H27 10 30 19 6 19 17 15 1 8
H29 0 32 22 21 20 6 4.5 18 16
H30 0 19 22 15 34 16 18 6 25
H31 0 16 30 12 32 21 16 9 26
H32 9 16 25 18 7 8 5 21 23
H33 0 24 27 10 23 19 19 7 22
H34 0 13 20 25 29 10 0 6 14
H35 10 19 24 12 26 17 8 8 8
H37 0 15 29 31 0 19 19 19 25
H38 1 22 19 28 37 21 0 21
HO1 9 15 25 9 16 6 19 4 8
HO2 14 28 28 33 0 8 20 8 26
HO3 9 29 20 22 32 19 7 6 4

* H= Butchers” hands samples.

Multi-drug resistant (MDR) Salmonella hands sample isolates) of MDR isolates were 80%.

In water samples 15 out of 30 (50%) and in The highest MDR phenotype observed were those
butchers’ hands samples 25 out of 35 (71.4%) resistant to four drugs (16% in water samples and
of isolates were MDR (shown in Table 4). The 17.1% in hands samples). One XDR isolate was
overall percentage (including both water and also found in one of the butcher’s hands.
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TABLE 4. Frequency and percentage of MDR isolates
Sample type Frequency (n) Percentage %
Water sample 15 50
Butchers” hands sample 25 71.4
Total 40 61.5
TABLE S4. CLSI Standards for antibiotic susceptibility testing
S# Antibiotic CO(.le of Potency Resistant Intermediate susceptible
Name disc
1 Ampicillin Amp 10 pg <13 14-16 >17
2 Azithromycin AZ 15 ng <I3 14-17 >18
3 Ceftazidime CAZ 30 nug <17 18-20 >21
4 Gentamicin CN 10 pg <12 13-14 > 15
5 Cefotaxime CTX 30 pg <14 15--22 >23
6 Erythromycin 15 pg <13 14-22 >23
7 Neomycin N 10 pg <13 13-18 >19
8 Streptomycin S 10 pg <11 12-14 >15
9 Sulphamethoxazole STX 25 nug <12 13-16 >17

Discussion

The human body is a reservoir for many
microorganisms. Microorganisms are transmitted
to the hands during the process of food handling
and through poor personal hygiene, which can
lead to severe contamination of hands with many
pathogens [25]. Meat handlers are an important
vehicle for microorganisms and poor hand hygiene
can contaminate meat and result in food-borne
discases that pose a potential health risk to the
consumers [26]. Therefore, the present study was
conducted to assess the prevalence of Salmonella,
Shigella, and E. coli on the hands of the poultry
butchers along with the quality of water which
they are using for hand washing and rinsing the
slaughtering tools. Similar bacterial contaminants
have been reported by other authors in water,
hands, food and environmental samples [27-29].
In the current study, all the collected water and
hand samples were found heavily contaminated
with Salmonella Shigella, and E. coli.

Because E. coli is commonly present in the
intestines of humans and animals,[10], detection
of this organism in butchers hands and water
is generally considered an indicator of fecal
contamination. Faecal contamination, in turn,
indicates the presence of other harmful organisms,
such as bacterial genera (Campylobacter,
Shigella, and Salmonella), viruses (Rotavirus,
Hepatitis A, Norovirus,) or parasites or protozoa
(Giardia, Taenia, Toxoplasma, Cryptosporidium,)
may also be there [30]. The poultry butchers can
transfer these harmful organisms to the meat via
handling and ultimately to the consumers. The
contamination of E. coli is attributed to the poor
water supply used during meat processing, feces
of chickens, or from flies. The prevalence of E.
coli in current study 81.5% (for water) and 100%
(for hands samples) is very high than the similar
kind of study conducted in Egypt where only 15%
of the hand samples were contaminated with E.
coli [31] and Nairobi, Kenya where prevalence of
E. coli was found 78% [32].
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In many developing countries Shigellosis is
endemic and is responsible for causing at least
700,000 and 80 million bloody diarrhea cases
[22]. Each year, large numbers of outbreaks of
Shigellosis are caused by the consumption of
contaminated foods [33]. Contamination with
these organisms usually results from an infected
person who uses improper techniques during
handling or preparation [34]. The frequency of
Shigella species and the prevalence of Shigellosis
vary in different parts of the world.

In this study, Shigella spp. was isolated in
81.5% of the water samples and 97.3% of hand
samples. The prevalence of Shigella spp. found
in hands samples was higher as compare to water
samples unlike the study conducted in Quetta,
Pakistan in which only 16% of hand samples were
contaminated with Shigella spp. [35]. According
to the food and drug administration (FDA) less
than 200 Shigella cells are enough to cause an
infection, depending on the age and condition
of the host (FDA, 2012). In the current study,
more than 44.73% of water and 13.15% of hand
samples were having > 1200 cfu/ml and cfu/sq.
Inch, respectively.

Our findings for Salmonella spp. (76.3%
from water and 92.1% from hands) aggress with
some authors [36], who reported 91% isolation
from abattoir worker’s hands in Awka and in
contrast with the study [37], who found 48.7% of
Salmonella spp. isolation in Peshawar District of
Pakistan. Contamination of Butchers’ hands and
their hand washing water with this pathogen is
worrying; however, the situation is exacerbated
if the contamination is with antibiotic resistant
specie. The Salmonella spp. isolated in the
present study were resistant to most of the tested
antibiotics and the findings are in line with certain
other studies conducted previously in poultry
sector and slaughtering facilities of Pakistan [38-
40].

The results revealed that in both water and
hands’ samples Sal/monella spp. showed highest
resistance to ampicillin and highest susceptibility
to ceftazidime. Followed by ceftazidime,
azithromycin is also found to be very effective
with only one isolate from hands sample and
one isolate from water samples being resistant
to it. Similar kind of findings were obtained by
Ramdhan et al. from Kohat Pakistan [41]. Thus,
azithromycin and ceftazidime remain the only
treatment options for Salmonella infections. Even
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though at a smaller rate, but the resistance of
azithromycin against the isolates of Salmonella
spp. will be an added threat. Preliminary studies
of the potential treatment of SARS-CoV-2 with
azithromycin [42] have resulted in irrational
use of azithromycin even in patients with
suspected COVID-19. Under the current scenario,
unprecedented use of azithromycin in Pakistan
(unpublished data) increases the likelihood of
azithromycin being insensitive to S. Typhi XDR.
If the use of azithromycin is not regulated, it is a
ticking bomb in which typhoid fever will not be
curable in Pakistan.

Gentamicin and erythromycin had showed
good susceptibility in water samples but not in
hands samples unlike the study conducted by
Shaibu et al. where all the isolates of Salmonella,
isolated from hands were susceptible to them
[36]. The resistance percentage of streptomycin
is in contrast to the study conducted in Southern
Ethiopia where 97% of isolates showed resistance
to streptomycin [43]. The high percentage of
MDR Salmonella is in agreement with the study
conducted by [44] and in contrast with the recent
study conducted in Islamabad, Pakistan where
30% of Salmonella isolates were MDR [45].

This suggests possible transmission of
antibiotic resistant bacteria through butchers’
hands to poultry meat and from meat to the
human body making the treatment of Salmonella
infections difficult. To prevent such disease
transmission hand washing is an established and
effective way, [46] but this basic step which breaks
the infection chain is not routinely performed
by most of the meat handlers of Hyderabad and
Jamshoro. In addition, with their bare hands,
microorganisms can be transferred to the meat by
sneezing or coughing as they handled the meat
without using any protective clothing or gloves.
For effective hand hygiene, a hygienic water
source, typically potable water from a piped system
or deep well is vital. With appropriate hygiene
measures, the spread of infectious diseases can
be reduced even in developing countries with
limited resources [7]. Unfortunately, most of the
slaughtering facilities were not having any visible
source of running water and were making their
own arrangements for water whose sources were
not certain to acceptable limits. Storage of the
water in dirty containers could also be a source of
contamination as the butchers hardly cleaned the
storage containers.
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Recommendations

On the basis of the above discussion, the
research suggests following recommendations 1)
training on proper hand washing should be given
to the butchers. 2) Use of gloves should be made
necessary while working. 3) Quality of water used
by poultry butchers should be improved and water
should meet the potable water quality standards.
In this regard, butchers should avoid the stored
water if possible or maintain the cleanliness of
storage containers on regular basis. 4) Establish
hand-washing stations in poultry slaughtering
facilities with hot water provision of minimum
112°F. Any hand washing material in the formed
of soap or liquid hand wash should be available
next to the tap every time. 5) Disposal towels for
drying of hands should be available.

Establish hand-washing stations in poultry
slaughtering facilities with hot water provision of
minimum 112°F. Any hand washing material in
the formed of soap or liquid hand wash should be
available next to the tap every time.

Infectious and non-infectious diseases have
become very common and endanger health [47-
50] Medicinal plants and natural products can be
used as preservatives for the hygiene of raw and
processed foods or in the treatment of infectious
and non-infectious diseases [51-53].

Conclusion

The study concludes the high presence of
Salmonella, Shigella, and E. coli in poultry
butchers hands as well as their hand washing
water in two XDR Struck cities of Pakistan. The
results of this study highlight the importance of
meat handlers in transmitting pathogens to the
consumers. The high microbial load in butchers’
hands and their rinsing water is an indication of
inadequate hygiene that can make the quality of
meat handled by poultry butchers questionable
and it may infect the consumers with many
food borne infections. The presence of MDR
Salmonella in such a high number and XDR
(even though in small number) is alarming, with
availability of limited treatment options. Because
of high resistance of Sa/monella isolates towards
ampicillin and sulphamethoxazole, this study
suggests that these drugs should not be used for
the treatment of Sa/monella infection.

Limitations of the study
The identification of species of Salmonella
Shigella, and E. coli was not performed.

Similarly, serotyping for Salmonella was not
performed due to financial issues.

Future recommendations

Although the study consists of small size of
respondents, it gives an insight and direction of
further studies on hand hygiene assessment. In
future Species identification of Salmonella, Shi-
gella, and E. coli, should be performed.
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