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Abstract: The objective of this study was to isolate and verify the sensitivity to  
antimicrobial agents of strains of Salmonella spp. isolated from chicken meat sam-
ples in Dubai, United Arab Emirates. A total number of 60 fresh chicken meat 
samples mainly chicken breast, chicken wing and chicken thigh were randomly 
collected from various supermarkets and butcheries in Dubai. The methods for Sal-
monella isolation and characterisation along with the susceptibility of these isolates 
to antibiotics were assessed. In total 66 pure isolates of Salmonella were obtained. 
The genus level identification of these isolates was carried out by Fluorescence 
In Situ Hybridisation (FISH) using the VIT-Salmonella kit (Vermicon Identifica-
tion Technology, Vermicon, Munich, Germany). All the isolates tested positive for  
Salmonella genus specific oligonucleotide probe. These isolates were then subject-
ed to antimicrobial susceptibility testing to 10 commonly used antibiotics. All the 
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introDuction

Salmonella typhimurium has been recogn-
ised worldwide as the major causes of most 
cases of human salmonellosis transmitted 
through food, water and other environmen-
tal sources (Baggesen et al., 2000; Baudart 
et al., 2000; Carlson et al., 1999; Humphrey 
2000; Sharma and Carlson, 2000). Each 
year, approximately 40,000 Salmonella infec-
tions are culture-confirmed, serotyped and 
reported to the USA Centers for Disease 
Control and Prevention (CDC), which esti-
mates an annual rate of 1.4 million cases, 
16,430 hospitalisations and 582 deaths in 
the USA alone (Mead et al., 1999). Of total 
cases, 95% are estimated to be caused by 
foods. The total annual cost resulting from 
food borne Salmonella infections in USA is 
estimated in about US$3.5 billion (Pang et al.,  
1995). Hence, Salmonellae are considered 
to be potential pathogens having economic 
significance the world over. International 
data summarised by Thorns (2000) pro-
vides estimated incidences of Salmonellosis 
per 100,000 people for the year 1997: 14 in 
the USA, 38 in Australia and 73 in Japan. 
In the European Union 192,703 cases of 
Salmonellosis were reported in 2004 which 
represents an incidence of 42.2 per 100,000 
people. Incidence ranged from 6.6/100,000 
people in Portugal to 300.9/100,000 in the 
Czech Republic (EFSA, 2006).

The importance of Salmonella in the pub-
lic health is very significant; for instance, it 

accounted for nearly 84% of food-borne 
human illnesses in Scotland from 1980 to 
1989 and 81% in Italy from 1991 to 1994 
(Oliveira et al., 2006). In 2006, the latest fig-
ures available from the Dubai Department 
of Health and Medical Services (DOHMS), 
showed there were 54 cases of salmonella 
food poisoning, comprising 0.8% of all 
reported infectious disease cases. From 
the early 1990s, the incidence and sever-
ity of human Salmonellosis cases has been 
increasing, presumably due to a rise in anti-
microbial resistant Salmonella spp. strains. 
Strains with broad antimicrobial resistance 
are becoming common, for antimicrobials 
commonly used in animal husbandry as well 
as in medicine. In a recent study of Salmonella 
spp. isolates in the United Arab Emirates and 
Kuwait, 4.1 and 9.8% of isolates were found 
to be multidrug resistant respectively (Rotimi 
et al., 2008). Of the nine antibiotics studied, 
resistance was most developed against ampi-
cillin and trimethoprim-sulfamethoxazole. 
Reduced susceptibility to ciprofloxacin was 
observed in 14.2% and 7.4% of the non-
typhoidal Salmonella, respectively, as were in 
44% of Salmonella enterica serovar typhi and 
66.7% Salmonella paratyphi. The emergence 
of quinolone resistant Salmonella spp. in 
these countries could compromise medical 
treatment. As there is no documented study 
of prevalence of Salmonella sp. in food prod-
ucts available in the United Arab Emirates, 
this study was carried out to evaluate the 
pervasiveness of Salmonella sp. in fresh 

isolates (100%) showed resistance to Cephalexin and Rifampicin. A high degree of 
resistance was also observed for Ampicillin and Tetracycline while 87.88% of these 
isolates were sensitive to Ciprofloxacin and Amikacin. The prevalence of Salmonella  
strains resistant to more than one antibiotics may be due to the comprehensive use 
of antibiotics included in feeds as growth promoters and due to the widespread 
use of antibiotics in poultry industries. In conclusion, a high degree of multiple 
drug resistance was observed in Salmonella isolates from chicken meat samples that 
indicate that drug resistance of Salmonella is becoming a crucial health problem in 
this part of the world.

Keywords: Salmonella; antibiotic resistance; chicken meat, fluorescence in situ 
hybridisation; FISH.



151Antimicrobial susceptibility of Salmonella

chicken meat samples as poultry are often 
incriminated as reservoirs of Salmonella sp. 
For effective long-term control of Salmonella 
infection, assessment of safety and quality 
of food is important.

The aim of this study was to isolate and 
identify Salmonella spp. strains from Dubai 
food retail outlets, evaluate their prevalence 
on fresh chicken samples, and determine 
their resistance profile to ten commonly used 
antimicrobial agents. Fluorescence in situ 
Hybridisation (FISH) was used for Salmonella 
genus identification, and the technique was 
evaluated for effectiveness in food screening.

mAteriAls AnD methoDs

Sample collection

About 60 fresh chicken meat samples mainly 
chicken breast, chicken wing and chicken 
thigh were randomly collected from vari-
ous supermarkets and butcheries in Dubai, 
UAE. This random sampling included most 
of the imported chicken brands in super 
markets and butcheries in Dubai. Samples 
were taken from February to May 2009, span-
ning late summer to early winter. Samples 
were refrigerated after purchase, transported 
to the laboratory in a sealed plastic bag to 
prevent contamination, and then stored at 
−4°C until use. Samples were used for test-
ing within their period of expiry.

Enrichment and isolation

For each of the chicken samples tested  
5 g of the chicken sample was weighed and 
added to 50 ml of distilled water. It was 
then homogenised using a homogeniser 
1 ml of this homogenate was then added 
to 10 ml of buffered peptone water. The 
samples were then incubated at 37°C for 
16–24 hr. A 1 ml aliquot was removed and 
placed into test tube containing 10 ml of 
the Rappaport Vassiliadis (RV) enrichment 
broth (Rappaport et al., 1956; Vassiliadis  

et al., 1981a,b) and incubated at 43°C for 24 
hr. Enriched broth was serially diluted upto 
10−7 and 100 µl of each dilution (10−4 to 
10−7) was removed and plated onto Hektoen 
Enteric (HE) agar (Andrews et al., 1979). 
The plates were then incubated at 37°C 
for 24–48 hr. Selected colonies from the 
HE agar were purified by quadrant streak-
ing on Luria-Bertani (LB) agar. The gram-
staining was carried out on all the isolates  
after repeatedly purifying colonies on LB plate 
to observe the microscopic characteristics and 
to check for purity of Salmonella isolates.

FISH analysis

FISH analysis of the isolates from the 
chicken samples was carried out to identify 
Salmonella spp. using the VIT-Salmonella 
kit (Vermicon Identification Technology, 
Munich, Germany) according to the man-
ufacturer’s instruction. The slides were 
evaluated using 100X oil immersion lens 
of the epifluorescent microscope (NIKON 
eclipse 80i, Japan) fitted with the filters 
sets G-2E/C for (TRITC – tetramethylrho-
damine isothiocyanate) and B-2E/C (for 
FITC – Fluorescein isothiocyanate).

Antimicrobial susceptibility testing

The sensitivity of the isolates to antibiotics was 
observed using the Kirby Bauer disc diffusion 
technique (Bauer et al., 1966). The isolates were 
grown on autoclaved Mueller Hinton broths 
(HiMedia, Mumbai, India) for 18 hr at 37°C. 
About 100–300 µl of the inoculum was spread 
plated onto petri plates of 120 mm in diam-
eters containing autoclaved Mueller Hinton 
agar  using sterile disposable L shaped spread-
ers. Only three antimicrobial discs were placed 
per plate using sterile forceps. The discs were 
placed at least 24 mm away from each other. 
The plates were incubated at 37°C for 18–48 
hr until moderate growth was seen on the agar 
plates. The diameter of the zone of inhibition 
was then noted. The diameter zone inhibition 
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was then classified as being resistant, interme-
diate or sensitive based on standard zone sizes 
given by the antibiotic discs manufacturer 
(HiMedia, Mumbai, India).

results

Isolation of Salmonella from chicken 
meat samples

A total of 28 fresh chicken meat samples 
out of 60 found to be positive for Salmonella 
that is about 46.67% of the total samples.  
Samples obtained from the supermarkets 
tested negative for Salmonella while chicken 
samples obtained from the butcheries tested 
positive. About 54.55% of the chicken 
breast samples tested positive while 22.22% 
and 60% of the chicken thigh and chicken 
wing respectively tested positive (Table 1). A 
total of 66 Salmonella isolates were obtained 
through the culture dependant method, 
which includes non-selective preenrichment 
followed by selective enrichment and plat-
ing on selective and differential agar. All 
the isolates were found to be gram-negative 
small rods and have shown blue green colony 
with dark black centre that is the character-
istic feature of hydrogen sulphide producing 
Salmonella spp. on HE agar.

Molecular identification of  
Salmonella isolates

FISH was carried out on all 66 Salmonella 
isolates. All 66 isolates were successfully 

hybridised by salmonella specific oligo-
nucleotide probe confirming that iso-
lates obtained through culture depen-
dent method belonged to the Salmonella 
genus. Figure 1 shows the hybridisation 
of an isolate of Salmonella by fluorescently 
labelled oligonucleotide probe using VIT-
Salmonella kit.

Antimicrobial  
susceptibility of  

Salmonella isolates

A total of 66 isolates of Salmonella from 
fresh chicken meat were tested for antibi-
otic sensitivity against ten commonly used 
antibiotics belonging to different groups. 
It was found that all isolates (100%) were 
resistant to cephalexin and rifampicin 
while about 90% and 88% of the isolates 
were resistant to ampicillin and tetracy-
cline, respectively. Amikacin and cipro-
floxacin were the most effective antibiotics 
with about 87% of the isolates exhibiting 
sensitivity to them. Ceftizoxime proved to 
be effective also with 78.79% of the isolates 
being sensitive. About 58% of the isolates 
were resistant to chloramphenicol while 
36.36% and 21.21% of the isolates were 
resistant against carbenicillin and cefapera-
zone, respectively. Out of the 66 isolates 
analysed 60 were found to be resistant to 
four or more antibiotics, which is 90.10% 
of the total isolates. The activity of the 10 
antimicrobial agents against 66 isolates of 
Salmonella is presented in Table 2.

Table 1 Isolation of Salmonella spp. from various chicken parts

Part of chicken (n)
Number positive 
for Salmonella 

Proportion (%)
Identity using VIT-

Salmonella kit*

Breast (22) 12 54.55 +

Thigh (18)   4 22.22 +

Wing (20) 12 60 +

*Positive hybridisation with salmonella specific fluorescently labelled oligonucleotide probe.
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Discussion

Foodborne diseases caused by non-typhoidal 
Salmonella spp. represent an important pub-
lic health problem worldwide (Aarestrup 
et al., 2007), therefore Salmonella has now 
become and important pathogen in the 
United Arab Emirates also. With Salmonella 
being found as the most common cause 
of food poisoning in Dubai, United Arab 
Emirates as reported by Dubai Department 
of Health and Medical Services there is an 
increased importance for the detection and 
characterisation of Salmonella spp. in the 
United Arab Emirates. To our knowledge, 
this is the first study to document data on the 
prevalence of Salmonella spp. from chicken 
meat samples in the United Arab Emirates. 
Due to the lack of insufficient documented 
information about Salmonella species in the 
gulf region an attempt was made to deter-
mine the dominance of Salmonella spp. in 
fresh chicken meat samples from various 

supermarkets and butcheries in the United 
Arab Emirates. The antibiotic susceptibility 
testing was carried out to determine their 
resistance pattern in UAE. Conventional 
preenrichment and enrichment culture 
techniques in combination with molecular 
identification procedures such as FISH pro-
vided a fast and accurate tool for the detec-
tion of Salmonella.

Fresh Chicken Samples from butcher-
ies and supermarkets in the United Arab 
Emirates were tested for Salmonella spp. The 
absence of Salmonella spp. in retail poultry 
(those obtained from supermarkets) reflects 
the possibility that industry has managed 
to prevent effectively prevent spread of this 
microorganism during the marketing of 
meat.  However, the high degree (100%) of 
Salmonella found in butcheries could be due 
to the unsanitary and unhygienic conditions 
of these butcheries. The improper handling 
of raw meat may have also caused this high 

Figure 1 Whole-cell hybridisation of an isolate of Salmonella from chicken meat samples. For 
each panel, identical fields were viewed by epifluorescence microscopy and phase contrast  
microscopy (a) hybridisation with TRITC-labelled Salmonella probe, (b) hybridisation with  
FITC-labelled Salmonella probe, (c) Phase contrast image

Note: Βαρ = 10 µm and magnification: ×1000 applies to all photomicrographs.
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level of contamination. The contamination 
of microorganisms in poultry products are 
reportedly derived from the poultry manure, 
poultry workers, equipment, poultry’s envi-
ronment which include faecal, soil and 
water. The slaughtering-plant operations 
generally amplify the level of bacterial con-
tamination as was observed in this study. A 
study in India by Kamat et al. (2002) included 
different seafood products processed in six 
industries (three European Union Approved 
(EUA)) and three EU non-approved (EUN). 
The seafood products were analysed based 
on bacteriological analytical manual online 
for detection, enumeration and identifica-
tion to species level of individual organisms 
(BAM, 2001). It was observed that 16.7% of 
cuttle fish, 28.5% of the shrimp and 40% 
of the squid EUN industries were positive 
to Salmonella. However, no positive samples 
of Salmonella spp. were found in the EUA 
plants. This was a good indicator that when 
Good Manufacturing Practices (GMP) and 
Hazard Analysis Critical Control Point 
(HACCP) were applied, their use resulted 
in a good product. Hence, implementation 

of practices such as GMP and HACCP may 
also help curb the prevalence of Salmonella 
spp. in chicken meat samples in United 
Arab Emirates.

Our findings of contamination rates with 
Salmonella were lower than those observed 
in the other countries, as 65.4% in the USA 
(Waltman et al., 1992), 57% in Portugal 
(Machado and Bernardo, 1990) but higher 
than 1.2% in Scotland (Brown et al., 1973). 
A study made in Turkey in between January 
2000 and July 2001 and from July 2001 
until December 2003 by Eyigor et al. (2005) 
revealed that Salmonella organisms were 
detected in 4.10% and 5.52% of chicken 
samples, respectively. When comparing 
our results to those of studies performed 
in Turkey, the data of the prevalence of 
Salmonella spp. from chicken in the UAE 
were lower than the results (69.77%) in 
Bursa district (Carli, 1990; Kucuker et al., 
1993). Studies of meat and poultry products 
revealed salmonellae in Canada for the period 
1983–1986 in 60.9% of 670 chicken sam-
ples (Lammerding et al., 1988). In a Spanish 

Table 2  Antimicrobial susceptibility pattern of Salmonella isolated from chicken meat samples by 
disk diffusion method

Number of isolates (%) in susceptibility range

Antimicrobial agents 
(symbol)

Disc concentration  
(µg/disc)

Susceptible Intermediate Resistant

Amikacin (Ak) 30 58(87.88) 4(6.06) 4(6.06)

Ceftizoxime (Ck) 30 52(78.79) 2(3.03) 12(18.18)

Cephalexin (Cp) 30 0(0) 0(0) 66(100)

Rifampicin (R) 5 0(0) 0(0) 66(100)

Cefoperazone (Cs) 75 16(24.24) 36(54.55) 14(21.21)

Carbenicillin (Cb) 100 28(42.42) 14(21.21) 24(36.36)

Ampicillin (A) 25 0(0) 6(9.09) 60(90.91)

Tetracycline (T) 10 0(0) 8(12.12) 58(87.88)

Chloramphenicol (C) 30 14(21.21) 14(21.21) 38(57.58)

Ciprofloxacin (Cf) 5 58(87.88) 6(9.09) 2(3.03)
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study on 192 chicken livers and carcasses, 
80% and 60% of samples, respectively were 
positive for Salmonella (Carraminana et al., 
1997). In Venezuela, 41 out of 45 chicken 
carcasses studied yielded Salmonella (Rengel 
and Mendoza, 1984). However, when com-
paring our results to those of other authors, 
several factors must be taken into consid-
eration, such as differences in origin, time 
period and age of the samples, sampling 
procedure, contamination level of ani-
mals, slaughterhouse sanitation, level of 
processing and cross contamination of the 
products, and differences in methodology 
applied to detect the pathogen.

FISH technique has become a routine 
molecular tool for analyses of the micro-
bial community since it was first applied 
by DeLong et al. (1989). FISH was carried 
out for the 66 Salmonella isolated from 
fresh chicken meat samples. Salmonella was 
identified in 100% of the samples using the 
Vermicon Identification Technology (VIT) 
kit. This kit enabled a fast and unequivo-
cal qualitative determination as to whether 
specific bacteria are present in the sample or 
not. The results were available within 3 hr. 
This test leads to a time-saving of approx. 
three days when compared with conven-
tional methods. Thus, FISH proved to be a 
rapid and highly specific nucleic acid-based 
method for the whole-cell identification of 
bacteria.

In the current study the isolates were 
considerably less resistant to the third gen-
eration cephalosporins–cefaperazone and 
ceftizoxime with only 21.21% and 18.18% 
isolates showing resistance respectively. The 
two most effective antibiotics were found to 
be ciprofloxacin which is a member of the 
fluoroquinolone class of antibacterials and 
amikacin, an aminoglycoside antibiotic. 
To both of these antibiotics 87.87% of the 
isolates were sensitive. Ampicillin (β-lactam 
group), chloramphenicol (Phenicols), tetra-
cylcine proved to be mostly ineffective while 

rifampicin (rifamycin group) and the first-
generation cephalosporin, cephalexin were 
the least effective antibiotics with the iso-
lates being 100% resistant to them. A study 
conducted by Rotimi et al. (2008) found 
that amikacin, cefotaxime, ceftriaxone, cip-
rofloxacin had excellent activities against 
all Kuwait and UAE isolates of Salmonella.  
These results are similar to those obtained 
in the current study. The resistance rates  
in Kuwait and UAE to ampicillin were 
26.5% and 17.1%, cefotaxime/ceftriaxone 
1.6% and 1.6%, ciprofloxacin 1.2% and 
0.8%, chloramphenicol 5.6% and 5.7%, 
respectively. The resistance to Ampicillin 
(90.91%) and Chloramphenicol (54.54%) 
was of much higher degree. A total of 9.8% 
of the Kuwait isolates were multidrug resis-
tant versus 4.1% of UAE isolates. In con-
trast out of the 66 isolates obtained from 
chicken meat samples in the UAE 96.67% 
of the isolates were resistant to three or 
more antibiotics. This sheds light on the 
high degree of antibiotic resistance that may 
be prevalent in the Gulf region. Salmonella 
strains resistant to antibiotics are commonly 
found worldwide, and this may be due to the 
comprehensive use of antibiotics included 
in feeds as growth promoters and due to the 
widespread use of antibiotics in chickens. 
The results of the antibiotic susceptibility 
testing showed a high degree of resistance 
for tetracycline (87.88%). Berchieri et al. 
(1983) verified 77% resistance to tetracycline 
of Salmonella in poultry feed and Antunes  
et al. (2003) found 36% of Salmonella strains 
resistant to tetracycline in broiler carcasses. 
Thus, the results obtained show a much 
higher degree of resistance to tetracycline 
than that observed by Berchieri et al. (1983) 
and Antunes et al. (2003). Bokanyi et al. 
(1990), Lee et al. (1993) and Nascimento 
et al. (1997) showed results, with 100% of 
sensitivity to chloramphenicol in broiler 
carcasses. However, chloramphenicol resis-
tance was observed in 54.54% of the iso-
lates in the current study.  Lee et al. (1993) 
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and Oliveira et al. (2006) found 100% of 
resistance to ampicillin of Salmonella in 
broiler carcasses. The results obtained in 
the study showed that 90.91% isolates were 
resistant to ampicillin and 36.36% to car-
benicillin.  Antunes et al. (2003) found 
19% and 3% of resistance carbenicillin 
and chloramphenicol, respectively. The 
low level of resistance to quinolones may 
be because they are relatively new antibiot-
ics and are also more expensive than the 
tetracycline, ampicillin and chlorampheni-
col. We also observed two low molecular 
weight plasmids (700 and 1000 bp) in the 
most of the Salmonella isolates obtained in 
this study (data not shown). The presence 
of these plasmids could explain the high 
degree of antibiotic resistance observed in 
the isolates (Carattoli, 2003). In a study in 
Benin City, Edo State, Nigeria (Suh and 
Odeh, 2008) 32 (17.5%) of the isolates 
had plasmids of varying sizes ranging from 
2.5 to 5.0 kb while 151 (82.5%) appear to 
have no plasmids. Salmonella enterica serovar 
Enteritidis frequently contains plasmids. 
The best understood is the serovar-specific 
plasmid which encodes for virulence genes, 
for example, spv, pef or rck. Besides this plas-
mid, wild-type Salmonella serovar Enteritidis 
strains occasionally contain additional plas-
mids, frequently of low molecular weight. 
They have been suspected to influence resis-
tance to antibiotics. In the present research 
Salmonella isolates resistant to eight out of 
the ten antibiotics were found. Hence, strin-
gent antimicrobial prescription policies in 
both human and veterinary medicine, as 
well as improvements in public health and 
infection control policies, are required to 
reduce the biological and economic bur-
den of Salmonella infections in UAE. The 
presence of low molecular weight plasmids 
in the study along coupled with the high 
antibiotic resistance observed indicates that 
these plasmids may be a vehicle for the rapid 
transfer of antibiotic resistance markers of 

Salmonella species. Majority of Salmonella 
species are potentially pathogens therefore 
pose public health risk. The transfer of anti-
biotic resistant genes among the species is 
an increased risk hence, further research 
through conjugative studies is required to 
determine the role of plasmids in the trans-
fer of antibiotic resistance. There is also a 
need for determining the prevalence of 
Salmonella in other food items such as fruits, 
vegetables, eggs and other meat products 
like beef and pork in order to get a com-
prehensive overview of the pervasiveness of 
Salmonella in the United Arab Emirates.

conclusions

This study shows the prevalence of Salmonella 
in fresh chicken meat samples in Dubai, 
United Arab Emirates. Salmonella was found 
to be dominant in samples obtained from 
butcheries while it was found be absent in 
samples from supermarkets. In total 66 pure 
isolates of Salmonella were obtained after fol-
lowing systematic culture dependant proce-
dure of preenrichment, selective enrichment, 
isolation on selective agars and purification. 
Molecular characterisation by FISH based kit 
for Salmonella detection further confirmed 
the identity of all Salmonella isolates. In order 
to detect for the presence of drug resistant 
and susceptible isolates, all the isolates of 
Salmonella were subjected to antimicrobial 
susceptibility testing using disc diffusion 
assay. All the isolates that is, 100% showed 
resistance to cephalexin and rifampicin. A 
high degree of resistance was also observed 
for ampicillin and tetracycline while 87.88% 
of the isolates were sensitive to ciprofloxacin 
and amikacin. The prevalence of high degree 
of multiple drug resistant Salmonella spp. in 
chicken meat products in Dubai indicates 
that drug resistance of Salmonella is becoming 
a crucial problem in this part of the world 
and may pose a great health risk.



157Antimicrobial susceptibility of Salmonella

AcknowleDgements

This work was supported by funds from 
Department of Biotechnology, Manipal 
University Dubai Campus, United Arab 
Emirates. We thank Dr. David Gallacher 
for critical reading of the manuscript. We 
appreciate Dr. Firdos Alam Khan and Dr. 
Arif Hussain for helpful discussion. We 
also thank Mr Mohammed Alamgir and  
Mr Imran Khan for their excellent labora-
tory related assistance.

biogrAphy

Munawwar Ali Khan is an Associate 
Professor of Natural Science and Public 
Health at the Zayed University, Dubai, 
United Arab Emirates. He received his PhD 
in 2001 from the Department of Urban 
Engineering at University of Tokyo, Japan. 
His research work is in the general area of 
environmental microbiology and biotech-
nology. His specific focus is on developing  
and applying in situ (direct) molecular biologi-
cal methods (PCR, FISH and immunofluores-
cence) to detect pathogenic microorganisms 
in water, wastewater, food and clinical sam-
ples. He is also working on the use Quantum 
dots/nanocrystals linked antibodies, DNA/
RNA gene probes for the identification and 
characterisation of the microbial communi-
ties (including pathogenic microorganisms 
of public health relevance) in food, water and 
wastewater systems.

Priyanka Suryanarayan was a graduate 
research project student in the Department 
of Biotechnology at the Manipal University 
Dubai Campus, Dubai, United Arab 
Emirates. Her research included molecular 
characterisation of foodborne pathogens in 
the United Arab Emirates.

Mohammed Musthaq Ahmed is work-
ing as Lecturer in the Department of 
Biotechnology at the Manipal University 
Dubai Campus, Dubai, United Arab 

Emirates. He received his BSc and MSc 
in the field Microbiology from Acharya 
Nagarjuna University, Guntur, India. He is 
involved in PCR based characterisation of 
foodborne pathogens in UAE.

Reshma Bhagwandas Vaswani is Research 
Assistant in the Department of Biotech-
nology at the Manipal University Dubai 
Campus, Dubai, United Arab Emiartes. 
She received her BSc in Biotechnology and 
MSc in the field Medical Biotechnology 
from Department of Biotechnology at the 
Manipal University Dubai Campus, Dubai, 
United Arab Emirates. Currently, she is con-
ducting research in isolation and molecular 
characterisation of water and foodborne 
pathogens in United Arab Emirates.

Sultan Mohammed Faheem is an 
Assistant Professor in the Department 
of Biotechnology, Manipal University 
Dubai Campus, UAE. After completing 
his master’s degree in Life sciences from 
University of Hyderabad, India, He further 
persuaded his studies in Biotechnology and 
obtained MTech in Biotechnology from 
Jawaharlal Nehru Technological University, 
Hyderabad, India. Currently, he is submit-
ting his PhD thesis in Biotechnology at 
Acharya Nagarjuna University, India. Prior 
to getting into academics, he has worked 
for reputed biotech R&D divisions like 
Dr. Reddy’s Laboratories Ltd. and Cadila 
Pharmaceuticals Ltd. and taught in inter-
national campuses of academic institutions 
like Al Ghurair University and BITS- Pilani 
Dubai Campus. His research interest is in 
the area of microbiology and industrial 
biotechnology.

references

Aarestrup, F.M., Hendriksen, R.S., Lockett, 
J., Gay, K., Teates, K., McDermott, P.F., 
White, G., Hasman, N., Sørensen, G., 
Bangtrakulnonth, A., Pornreongwong, S., 
Pulsrikarn, C., Angulo, F.J. and Smidt, P.G. 



158 M.A. Khan et al.

(2007) ‘International spread of multidrug-
resistant Salmonella Schwarzengrund in food 
products’, Emerging Infectious Diseases, Vol. 13, 
No. 5, pp.726–731.

Andrews, W.H., Wilson, C.R., Poelma, P.L., 
Romero, A. (1979) ‘Relative productivity of 
five selective plating agars for the recovery of 
Salmonella from selected food types’. Journal 
Association of Official Analytical Chemists,  
Vol. 62, pp. 320–326.

Antunes, P., Cristina, R., Sousa, J.C., Peixe, 
L. and Pestana, N. (2003) ‘Incidence of 
Salmonella from poultry products and 
their susceptibility to antimicrobial agents’, 
International Journal of Food Microbiology,  
Vol. 82, pp.97–103.

Baggesen, D.L., Sandvang, D. and Aarestrup, 
F.M. (2000) ‘Characterization of Salmonella  
enterica serovar Typhimurium DT104 isolated 
from Denmark and comparison  
with isolates  from Europe and the United 
States’, Journal of Clinical Microbiology,  
Vol. 38, pp.1581–1586.

BAM, Bacteriological Analytical Manual 
Online, U.S. Food & and Drug 
Administration (2001) ‘Center for Food 
Safety and Applied Nutrition, Anonymous, 
23% rise in export of marine products’, 
Indian Food Industry, Vol. 20, No. 3, p.520.

Baudart, J., Lemarchand, K., Brisabois, A. and 
Lebaron, P. (2000) ‘Diversity of Salmonella 
strains isolated from the aquatic environment 
as determined by serotyping and amplifica-
tion of the ribosomal DNA spacer regions’, 
Applied and Environmental Microbiology,  
Vol. 66, pp.1544–1552.

Bauer, A.W., Kirby, W.M., Sherris, J.C. and 
Turck, M. (1966) ‘Antibiotic susceptibility 
testing by a standardized single disk method’, 
American Journal of Clinical Pathology, Vol. 45, 
No. 4, pp.493–496.

Berchieri, J.A. (1983) ‘Contaminação por 
Salmonella em farinhas de origem animal 
utilizadas no preparo de ração. São Paulo’, 
Master Dissertation, São Paulo (SP): Instituição 
de Ciências Biomédicas, USP; 1983.

Bokanyi, R.P., Stephens, J.F. and Foster, D.N. 
(1990) ‘Isolation and characterization of 
Salmonella from broiler carcasses or parts’, 
Poultry Science 1, Vol. 69, pp.592–598.

Brown, D.D., Duff, R.H., Wilson, J.E. and 
Ross, J.G. (1973) ‘A survey of the incidence 
of infections with Salmonella in broilers 
and broiler breeders in Scotland’, British 
Veterinary Journal, Vol. 129, pp.493–500.

Carattoli, A. (2003) ‘Plasmid-Mediated 
Antimicrobial Resistance in Salmonella ente-
rica’, Current Issues in Molecular Biology, Vol. 5, 
pp.113–122.

Carli, K.T. (1990) ‘Bacteriological and serologi-
cal studies on the Salmonella strains isolated 
from chickens (broiler and layer) in Bursa dis-
trict’, Turkish Journal of Veterinary and Animal 
Sciences, Vol. 14, pp.428–438.

Carlson, S.A., Bolton, L.F., Briggs, C.E., Hurd, 
H.S., Sharma, V.K., Fedorka, P.C. and Jones, 
B.D. (1999) ‘Detection of Salmonella typhimu-
rium DT104 using multiplex and fluorogenic 
PCR’, Molecular and Cellular Probes, Vol. 13, 
pp.213–222. 

Carraminana, J.J., Yanguele, J., Banco, D., Rota, 
C., Agustin, A.I., Arino, A. and Herrera, A. 
(1997) ‘Salmonella incidence and distribu-
tion of serotypes throughout processing in a 
Spanish poultry slaughterhouse’, Journal of 
Food Protection, Vol. 60, pp.1312–1317.

DeLong, E.F., Wickham, G.S. and Pace, N.R. 
(1989) ‘Phylogenetic stains: ribosomal RNA-
based probes for the identification of single 
cells’, Science, Vol. 243, pp.1360–1363.

European Food Safety Agency (EFSA) (2006) 
‘‘Opinion of the Scientific Panel on 
Biological Hazards and of the Scientific Panel 
on Animal Health and Welfare’ on “Review 
of the Community Summary Report on 
Trends and Sources of Zoonoses, Zoonotic 
Agents and Antimicrobial Resistance in 
the European Union in 2004”’, The EFSA 
Journal, Vol. 403, pp.1–62.

Eyigor, A., Goncagul, G., Gunaydin, E. and 
Carli, K.T. (2005) ‘Salmonella profile in 
chickens determined by real-time polymerase 
chain reaction and bacteriology from years 
2000 to 2003 in Turkey’, Avian Pathology, 
Vol. 34, No. 2, pp.101–105.

Humphrey, T. (2000) ‘Public-health aspects 
of Salmonella infection’, in C. Way and A. 
Way (Eds). Salmonella in Domestic Animals, 
Oxon, United Kingdom: CABI Publishing, 
pp.245–263.



159Antimicrobial susceptibility of Salmonella

Kamat, A.S., Bandekar, J.R.M., Karani, S., Jadhav, 
R., Shashidhar, A., Kakatkar, S., Pingulkar, K., 
Ghadge, N., Warrier, S.B.R., Venugopal, V., 
Panda, K. and Bhat, A. (2002) ‘Microbiological 
quality of some major fishery products 
exported from India’, International Atomic 
Energy Agency document. Proceedings of a Final 
Research Coordination Meeting on Determination 
of Human Pathogen Profiles in Food by Quality 
Assured Microbial Assays, Mexico City, Mexico, 
22–26 July, pp.51–61.

Kucuker, A., Kimiran, M.A. and Bal, C. (1993) 
‘Isolation of Senteritidis from meat and eggs 
of flocks’, Turk Mikrobiyoloji Cemiyeti Dergisi, 
Vol. 23, pp.138–141.

Lammerding, A.M., Garcia, M.M., Mann, 
E.D., Robinson, Y., Dorward, W.J., Truscott, 
R.B. and Tittiger, F. (1988) ‘Prevalence of 
Salmonella and thermophilic Campylobacter in 
fresh pork, beef, veal and poultry in Canada’, 
Journal of Food Protection, Vol. 51, pp.47–52.

Lee, L.A., Threatt, V.L., Puhr, N.D., Levine, 
P., Ferris, K. and Tauxe, R.V. (1993) 
‘Antimicrobial-resistant Salmonella spp. 
isolated from healthy broiler chickens after 
slaughter’, Journal of the American Veterinary 
Medical Association, Vol. 202, pp.752–755.

Machado, J. and Bernardo, F. (1990) ‘Prevalence 
of Salmonella in chicken carcasses in 
Portugal’, Journal of Applied Bacteriology,  
Vol. 69, pp.477–480.

Mead, P.S., Slutsker, L., Dietz, V., McCaig, 
L.F., Bresee, J.S., Shapiro, C., Griffin, P.M. 
and Tauxe, R.V. (1999) ‘Food-related illness 
and death in the United States’, Emerging 
Infectious Diseases, Vol. 5, pp.607–625.

Nascimento, V.P., Cardoso, M.O., Ribeiro, A.R., 
Santos, L.R., Silva, A.B., Pontes, A.P. and 
Oliveira, S.D. (1997) ‘Prevalência e perfis de 
resistência de Salmonella isoladas de carcaças 
de frango frente a antimicrobianos e desinfe-
tantes selecionados’, XIX Congresso Brasileiro de 
Microbiologia, Rio de Janeiro, RJ, Brasil, p.291.

Oliveira, W.F., Cardoso, W.M., Salles, R.P.R., 
Romão, J.M., Teixeira, R.S.C., Câmara, S.R., 
Siqueira, A.A. and Marques, L.C.L. (2006) 
‘Initial identification and sensitivity to anti-
microbial agents of Salmonella sp.isolated 
from poultry products in the state of Ceara, 
Brazil’, Revista Brasileira de Ciência Avícola, 
Vol. 8, No. 3, pp.193–199.

Pang, T., Bhutta, Z.A., Finlay, B.B. and  
Altwegg, M. (1995) ‘Typhoid-fever and other 
salmonellosis – a continuing challenge’, 
Trends in Microbiology, Vol. 3, pp.253–255.

Rappaport, F., Konforti, N. and Navon, B. 
(1956) ‘A new enrichment medium for cer-
tain salmonellae’, Journal of Clinical Pathology, 
Vol. 9, pp.261–266.

Rengel, A. and Mendoza, S. (1984) ‘Isolation of 
Salmonella from raw chicken in Venezuela’, 
Journal of Food Protection, Vol. 47, pp.213–216.

Rotimi, V.O., Jamal, W., Pal, T., Sovenned, A. 
and Albert , M.J. (2008) ‘Emergence of CTX-
M-15 type extended-spectrum β-lactamase-
producing Salmonella spp. in Kuwait and the 
United Arab Emirates’, Journal of. Medical 
Microbiology, Vol. 57, pp.881–886.

Sharma, V. and Carlson, S. (2000) 
‘Simultaneous detection of Salmonella strains 
and Escherichia coli O157:H7 with fluoro-
genic PCR and single-enrichment-broth cul-
ture’, Applied and Environmental Microbiology, 
Vol. 66, pp.5472–5476. 

Suh, Y.C. and Odeh, E.N. (2008) ‘Plasmids: 
a vehicle for rapid transfer of antibiotic 
resistance markers of Salmonella species in 
animals’, International Journal of Integrative 
Biology, Vol. 2, No. 1, pp.55–61.

Thorns, C.J. (2000) ‘Bacterial food-borne 
zoonoses’, Revenue scientifique et technique 
Office international des epizooties, Vol. 19,  
No. 1, pp.226–239.

Vassiliadis, P., Kalapothaki, V., Trichopoulos, 
D., Mavrommati, Ch. and Serie, Ch. (1981b) 
‘Improved isolation of salmonellae from 
naturally contaminated meat products by 
using Rappaport-Vassiliadis enrichment 
broth’, Applied and Environmental Microbiology, 
Vol. 42, pp.615–618.

Vassiliadis, P., Trichopoulos, D., Kalapothaki, 
V. and Serie, Ch. (1981a) ‘Isolation of 
Salmonella with the use of 100 ml of the 
R10 modification of Rappaport’s enrichment 
medium’, Journal of Hygiene, Cambridge,  
Vol. 87, pp.35–41.

Waltman, W.D., Horne, A.M., Pirkle, C. 
and Johnson, D.C. (1992) ‘Prevalance of 
Salmonella enteritidis in spent hens’, Avian 
Diseases, Vol. 36, pp.251–255.




