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ABSTRACT 
 

Objectives: The objective of this study was to isolate and identify Staphylococcus 
aureus and Escherichia coli from raw milk samples of cattle and buffalo, and to 
evaluate the antibiotic sensitivity pattern.  
Materials and methods: A total of 34 milk samples were collected twice from 17 
different healthy cattle (n=14) and buffaloes (n=3) at one-month interval, and 
analyzed in laboratory by staining, cultural and biochemical characteristics 
followed by polymerase chain reaction targeting nuc gene of S. aureus and 16 S 
rRNA of E. coli. Antibiotic sensitivity pattern of the isolated bacteria was assessed 
using the disc diffusion method.   
Results: Confirmation of the isolates as S. aureus and E. coli were carried out by 
PCR using nuc gene, 16S rRNA gene specific primers specific for S. aureus and E. 
coli respectively. A total of 12 samples (35.29%; 11 from cattle, 1 from buffalo) 
were found to be positive for S. aureus; 5 and 7 during first and second month, 
respectively. The E. coli were found in three samples (2 from cattle, 1 from 
buffaloe); one in first month and two in the second month. The antibiotic 
sensitivity test using 4 commonly used antibiotics indicated that the most of the 
isolates were resistant to Gatifloxacin and one isolate showed intermediate 
resistance to Ofloxacin while sensitive to Ciprofloxacin and Levofloxacin. 
Conclusion: Two different species of bacteria i.e., S. aureus and E. coli are 
contaminating with milk samples. The pathogenic bacteria can be controlled 
effectively by using Ciprofloxacin and Levofloxacin in the case of mastitis in cattle 
and buffaloes in Bangladesh. 
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INTRODUCTION 

 

Milk is considered as an excellent medium for growing of 
many microorganisms. Milk can be contaminated with 
several bacteria during milking process from the milking 
personnel, utensils used for milking (Rehman et al., 
2014). Besides, microorganisms may enter the udder 
through teat canal, and the bacteria may come out 
through milk (Smith et al., 2007). Staphylococcus aureus and 
Escherichia coli are the two major contaminants of milk. 
The presence of the pathogen in milk largely depends on 
fecal contamination, and the presence of pathogen in 
feces mainly originates from feed contamination (Aycicek 
et al., 2005). 
 
Food borne diseases are of great concern around the 
world. However, this is an important issue in developing 
countries where poor sanitation is maintained during 
collection and processing of milk from cattle and 
buffaloes (Le et al., 2003). S. aureus is an important 
pathogen for dairy ruminants causing inflammatory 
reactions, and the organism is believed to cause 30-40% 
mastitis (Akineden et al., 2001; Asperger and Zangeri, 
2003; Cabral et al., 2004; Katsuda et al., 2005). The 
organism can be excreted directly from udder through 
milk (Rehman et al., 2014). Presence of S. aureus in milk 
indicates the hygienic standard followed during milking 
process. Information on antibiotic resistance against S. 
aureus can be useful in treating the disease caused by the 
organism (Jahan et al., 2015). 
 

E. coli is one of the important bacteria of gut flora 
(Eckburg et al., 2005). Among the pathogenic E. coli,  
Shiga toxigenic E. coli (STEC) strains have been reported 
mostly in Latin America, India, Bangladesh and many 
other developing countries (Kaddu-Mulindw et al., 2001; 
Rehman et al., 2014). Pathogenic E. coli have been 
isolated by several researchers in Bangladesh (Nazir et al., 
2005; Khatun et al., 2015; Himi et al., 2015) from fecal 
samples of healthy cattle (Hassan et al., 2014), raw milk 
of cattle and buffaloes (Alam, 2006; Islam et al., 2008; 
Hossain et al., 2011; Jahan et al., 2015). In Bangladesh, 
about 20% of all diarrheal cases is associated with 
enterotoxigenic E. coli (Qadri et al., 2005). Moreover, very 
few works have been reported in Bangladesh on 
molecular detection of pathogenic organisms from raw 
cow milk and buffalo milk. Besides, selection of 

appropriate antibiotic against the S. aureus and E. coli is 
crucial for proper treatment of mastitis in cattle and 
buffaloes. Therefore, the objective of this study was to 
isolate and identify S. aureus and E. coli from raw milk 
samples of cattle and buffalo, and to evaluate the 
antibiotic sensitivity pattern. 
 

MATERIALS AND METHODS 
 

Sample collection and ethical approval: The study was 
design to investigate the bacteriological analysis of raw 
milk of healthy cows and buffaloes collected from 
Bangladesh Agricultural University (BAU) Dairy Farm. A 
total of 34 raw milk samples, regardless of quarter of 
udder were collected. Fourteen samples were collected 
twice from 14 different cattle at one-month interval. 
Similarly, 6 samples were collected from 3 different 
buffaloes at one-month interval. In all cases, about 10 mL 
of fresh milk was collected from each animal by using 
sterile test tubes after dispatching few drops of milk first. 
All samples were collected as per standard sample 
collection procedure without harming or giving stress to 
any animal. The collected milk samples were immediately 
transported on ice to the Bacteriology Laboratory at the 
Department of Microbiology and Hygiene of BAU for 
bacteriological analysis. Upon arrival in the Laboratory, 
milk samples were kept incubated at 37°C for 2 h then 
cultured in 5% sheep blood agar, Salmonella Shigella (SS) 
agar, MacConkey agar, Eosin Methylene (EMB) agar and 
Mannitol salt (MS) agar by spreading method.  
 
Isolation of Staphylococcus aureus: Primary culture 
was done in nutrient broth for enrichment of bacteria. 
Pure culture of S. aureus was obtained based β-hemolysis 
on blood agar, Gram staining, morphological study, 
biochemical characteristics, catalase test, coagulase test, as 
per the procedures mentioned by Cheesbrough (1985) 
and Jahan et al. (2015).  
 
Isolation of E. coli: MC agar media were streaked 
aseptically with 200 µL of milk sample and incubated at 
37oC for overnight. Appearance of bright red or pink 
color colony was used to culture in EMB agar. 
Appearance of the colony of pink/red and greenish black 
with metallic sheen was considered positive for E. coli in 
EMB agar. The positive colonies were sub cultured into 
EMB agar to obtain pure colony. The pure colonies were  

   
 

Table 1: Oligonucleotide primer used in the study 
Primer  Primer Sequence (5´-3´) Target gene Amplicon size References 

ECO-1 GAC CTC GGT TTA GTT CAC AGA 16S rRNA 
 

585-bp Hassan et al. (2014) 
ECO-2 CAC ACG CTG ACG CTG ACC A 

Nuc F GCG ATT GAT GGT GAT ACG GTD nuc 
 

279-bp Jahan et al. (2015) 
Nuc R AGC CAA GCC TTG ACG AAC TAA AGC 

http://en.wikipedia.org/wiki/Gut_flora
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subjected for sugar fermentation, biochemical tests, as 
per the procedure described by Cheesbrough (1985) and 
Nazir et al. (2005). 
 

Molecular characterization by PCR: Bacterial DNA 
was extracted by Wizard genomic DNA purification kit 
(Promega, USA). The details protocol - bacterial colony 
was taken from pure culture with pipette tip and dissolve 
into 1 mL PBS in eppendrof tube, the tube is placed in 
vortex for proper mixing and centrifuged at 13,000 rpm 
for 2 min. Then, supernatant is discarded, 600 μL nuclei 
lysis solution is added and mixed by gentle pipetting, kept 
in 800C for 5 min, 3 μL RNase solution is added, mixed 
by pipetting and incubated in 370C for 45 min and cool to 
room temperature, 200 μL of protein precipitation 
solution was added and vortex for mixing, incubated in 
ice for 5 min, centrifuged at 13,000 rpm for 5 min, 
protein precipitated, so pellet is discarded and 
supernatant containing the DNA is collected, supernatant 
is transferred into another eppendrof tube containing 600 
μL isopropanol and mixed by pipetting, centrifuged at 
13,000 rpm for 2 min, supernatant is discarded, 600 μL 
70% ethanol is added and mixed with the pellet, 
centrifuged at 13,000 rpm for 2 min, aspirate the ethanol 
and air dry the pellet for 10-15 min, rehydrate the DNA 
pellet in 100 μL of DNA rehydration solution for 1 h at 
650C or overnight at 40C. 
 
PCR mixture was prepared by the following method. To 
make 25 μL of PCR master mixture, 12.5 μL of 2 X 
Master mixtures (Promega, USA), 1 μL of each primer 
(10 pmol/μL), 2 μL of DNA template and remaining 8.5 
μL deionized water were added in PCR tube.  
 
Amplification of 16S rRNA gene: Amplification was 
performed on a thermocycler (Eppendorf Personal, 
Germany) where PCR tubes were set on the wells of the 
thermocycler plate. The machine was run according to 
the program initial denaturation at 950C for 3 min, 
followed by 30 cycles of denaturation at 940C for 45 sec, 
annealing at 580C for 45 sec and extension at 720C for 60 
sec, with a final extension at 720C for 3 min. 
 

Amplification of nuc gene: Amplification was done by 
initial denaturation at 95°C for 5 min, followed by 30 
cycles of denaturation at 95°C for 1 min, annealing 
temperature of primers was 55°C for 45 sec and 
extension at 72°C for 1.5 min. The final extension was 
conducted at 72°C for 10 min. PCR products were 
separated on a 1.5% agarose gel, stained with ethidium 
bromide and photographed in UV light using a Gel 
documentation system (Biometra, Germany). 
  
Antibiotic sensitivity test: In vitro antibiotic sensitivity 
test was done as per recommendation of the Clinical and 

Laboratory Standard Institute (CLSI, 2012). The 
antibiotic discs impregnated gatifloxacin (5 mcg), 
Ofloxacin (5 mcg), Ciprofloxacin (5 mcg) and 
Levofloxacin (5 mcg) (Oxoid, UK) were used in this 
study.  
 

RESULTS AND DISCUSSION 
 

Among 34 samples, 12 (32.29%) showed β-hemolysis on 
5% cattle blood agar with circular, small, smooth raised 
whitish colony. Islam et al. (2007b) reported that 89.3% 
S. aureus from bovine origin were hemolytic. This 
variation was due to the difference in sample origin 
indicating that raw milk contained less association with S. 
aureus as compared with feces of cattle from where the 
bacteria were isolated by Islam et al. (2007b). After 
overnight incubation on MS agar media, some plates 
showed yellow colony and some plates showed whitish 
colony. All the suspected S. aureus which produced β-
hemolysis on 5% blood agar were able to ferment 
mannitol salt agar characterized by the formation of 
yellow colony and white/transparent colony indicated 
other Staphylococcus spp., as indicated by Cheesbrough 
(1985), Begum et al. (2007) and Islam et al. (2007a, b). 
In Gram staining, the organism revealed as Gram 
positive, violet colored, cocci shaped and arranged in 
grapes like cluster under light microscope. Catalase test 
was performed to differentiate Staphylococci (catalase 
producer) from Streptococci (non-catalase producer). 
Hydrogen peroxide (H2O2) was broken down into water 
and oxygen. Production of oxygen was indicated by 
bubble formation. All S. aureus isolates were catalase 
positive. A total of 12 samples were found as catalase 
positive, as described by Cheesbrough (1985). All the 
isolates of Staphylococci gave positive reaction in coagulase 
test indicated that the isolates were pathogenic S. aureus. 
The positive result was confirmed by the formation of 
curd like clotting compare to negative control where 
there is no formation of curd like clotting. Isolation of by 
cultural, morphological and biochemical tests were 
performed according to methods described by 
Cheesbrough (1985), Hummerjohann et al. (2014) and 
Jahan et al. (2015). In Bangladesh, S. aureus has been 
isolated from several sources like bovine (Begum et al., 
2007; Islam et al., 2007a), pus, exudate, surgical wound 
swab, burn ulcer exudate, aural swab and diabetic ulcer 
exudate of human (Islam et al., 2007b).  
 

 
Figure 1: Slide catalase test of Staphylococcus aureus 
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Figure 2: PCR to detect nuc gene in Staphylococcus aureus. Lane 1: 
1 kb DNA ladder (Promega, USA), Lane 2-6 : Tested isolates, 
Lane 7 : Positive control, lane 8 : Negative control. 

 

 
Figure 3: PCR to detect 16S rRNA in Escherichia coli. Lane 1: 1 
kb DNA ladder (Promega, USA), Lane 2-4 : Tested isolates, 
Lane 5 : Positive control, lane 6 : Negative control. 

 
After overnight incubation, 3 samples showed bright pink 
or red colonies on MC agar, were identified as E. coli. For 
presumptive identification of E. coli, the selective colony 
on McConkey agar for each sample was sub-cultured 
successively onto Eosin Methylene Blue (EMB) agar 
giving greenish-black colonies with metallic sheen. In 
Gram staining, the organism revealed as Gram-negative, 
small rod shaped, pink colored arranging single or paired. 
All the isolates fermented the five basic sugars (dextrose, 
sucrose, lactose, maltose and mannitol) and sorbitol 
producing acid and gas, as reported by Cheesbrough 
(1985), Roy et al. (2012) and Chandrasekaran et al. (2014). 
All the isolates were catalase positive, VP test negative, 
indole test positive, and methyl-red positive, as reported 
by Nazir et al. (2005) and Roy et al. (2012). 
 
In our study, we could amplify a 279-bp amplicon of nuc 
gene (Figure 2). This finding was inclined with the 
reports of Jahan et al. (2014) and Hummerjohann et al. 
(2014). Jahan et al. (2014) isolated S. aureus from raw cow 
milk samples in Bangladesh while Hummerjohann et al. 
(2014) isolated Methicillin-resistant S. aureus from Swiss 

raw milk cheese. Here, we could isolate S. aureus from 
both cow milk and buffalo milk differing from the 
findings of Jahan et al. (2014) and Hummerjohann et al. 
(2014). 
 
The bacterial isolates identified as E. coli through cultural, 
morphological and biochemical characteristics were 
confirmed by PCR (Figure 3), as reported by Nazir et al. 
(2005), Schippa et al. (2010), Hassan et al. (2014), Himi et 
al. (2015) and Khatun et al. (2015). The E. coli 
contamination found in raw milk might be due to cross 
contamination of milk with feces or lack of hygienic 
measures during collection and processing of milk. There 
are some reports of isolation of E. coli from rectal swab 
of bovine animals throughout the world; for example, 
Ogunleye et al. (2013) reported a prevalence of 80% in 
apparently healthy cattle in Nigeria. In Bangladesh, 
Masud et al. (2012) conducted experiment on isolation of 
E. coli from rectal swab of apparently healthy cattle and 
found 23.21% prevalence of E. coli. In another study, 
Hassan et al. (2014) reported 75% rectal swabs of cattle 
were associated with E. coli. E. coli has also been isolated 
from different sources like water (Nazir et al., 2005), 
broiler and layer (Nazir et al., 2005; Nasrin et al., 2007; 
Roy et al., 2012), diarrheic stool of infant (Nazir et al., 
2007) and diarrheic calves (Nazir et al., 2007) in 
Bangladesh. Many of these studies have applied 
molecular technique i.e., PCR for the confirm detection 
of bacterial species. However, to the best of our 
knowledge, this is the first report on molecular based 
detection of E. coli and S. aureus from raw milk samples of 
apparently healthy cattle and buffaloes in Bangladesh. 
 
Four antibiotics were used against the isolated bacteria. 
Among these, all S. aureus and E. coli were found to be 
sensitive to Ciprofloxacin, Levofloxacin, and Ofloxacin 
and showed intermediate resistance to Gatifloxacin. Himi 
et al. (2015) isolated E. coli from Bangladesh and the 
isolates were sensitive to Ciprofloxacin and Levofloxacin. 
We found some intermediate resistant isolates to 
Gatifloxacin. The possession of such factors by the E. coli 
isolates signifies the fact that the intermediate resistance 
organisms may gain resistance property due to the 
indiscriminate use of antibiotics. The E. coli should be 
considered as hazardous to health and advocate the 
preventing risk factors. However, in the present study 
Ciprofloxacin and Levofloxacin were proved to be the 
best antibiotics to treat E. coli infection/mastitis in cattle 
since they were highly effective. 
 

CONCLUSION 
 

Mastitis is the most prevalent disease in developing 
country which causes a huge loss in dairy sector and also 
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has public health significance for consumers of milk and 
dairy products. Prevalence study of mastitic organisms in 
healthy animals is essential to reveal out the epidemiology 
of mastitis outbreaks in Bangladesh. The bacterial 
infection in the dairy farm of the study area was 
increasing day by day, which is a matter of concern in the 
livestock sector of Bangladesh. From the present study, it 
can be concluded that S. aureus and E. coli is prevalent in 
milk produced by healthy bovine animals in Mymensingh 
region of Bangladesh. But the sample size in this study 
was very small and study period was also short. This 
study should perform with a large sample size and for a 
long period of time will reveal the actual data of milk 
organisms in Bangladesh. 
   

CONFLICT OF INTEREST 
 

The authors declare that they have no competing interest. 
 

ACKNOWLEDGEMENT 
 

None to declare. 
 

REFERENCES 
 

Akineden O, Annemuller C, Lamler C, Zschock M 
(2001). Toxin genes and other characteristics of 
Staphylococcus aureus isolates from milk of cows with 
mastitis. Clinical and Diagonistic Laboratory 
Immunology, 8: 959-964. 

Alam M, Nur-A-Hasan, Ahsan S, Pazhani GP, Tamura 
K, Ramamurthy T, Gomes DJ, Rahman SR, Islam A, 
Akhtar F, Shinoda S, Watanabe H, Faruque SM, Nair 
GB (2006). Phenotypic and molecular characteristics 
of Escherichia coli isolated from aquatic environment 
of Bangladesh. Microbiology and Immunology, 50: 
359-370. 

Asperger M, Zangeri I (2003). Isolation, and 
identification of Staphylococcus aureus from bovine 
mastitis. Journal of Clinical Microbiology, 23: 456-
477. 

Aycicek HS, Cakiroglu K, Stevenson TH (2005). 
Incidence of Staphylococcus aureus in ready to eat meals 
from military cafeterias in Ankara. Turkey. Food 
control, 16: 531-534. 

Begum HA, Uddin MS, Islam MJ, Nazir KHMNH, Islam 
MA, Rahman MT (2007). Detection of biofilm 
producing coagulase positive Staphylococcus aureus from 
bovine mastitis, their pigment production, hemolytic 
activity and antibiotic sensitivity pattern. Journal of 
the Bangladesh Society for Agricultural Science and 
Technology, 4: 97-100. 

Cabral KG, Lämmler C, Zschock M, Langoni H, de Sa 
MEP, Victoria C, da Silva AVP (2004). Genotyping 

of Staphylococcus aureus, isolated from bovine milk 
samples from São Paulo State, Brazil. Canadian 
Journal of Microbiology, 50: 901-909. 

Chandrasekaran D, Venkatesan P, Tirumurugaan KG, 
Gowri B, Subapriya S, Thirunavukkarasu S (2014). 
Sub-acute mastitis associated with Methicillin 
Resistant Staphylococcus aureus in a cow: A case report. 
Journal of Advanced Veterinary and Animal 
Research, 1: 235-237. 

Cheesbrough M (1985). Medical laboratory manual for 
tropical countries.  Microbiology, 2: 400-480. 

Clinical and Laboratory Standards Institute (CLSI) 
(2012). Performance standards for antimicrobial 
susceptibility testing. Vol 32, No. 3, CLSI, Wayne, 
PA. 

Eckburg PB, Bik EM, Bernstein CN, Purdom E, 
Dethlefsen L, Sargent M, Gill SR, Nelson KE, 
Relman DA (2005). Diversity of the human intestinal 
microbial flora. Science, 308: 1635-1638. 

Hassan J, Parvej MS, Rahman MB, Khan MSR, Rahman 
MT, Kamal T, Nazir KHMNH (2014). Prevalence 
and characterization of Escherichia coli from rectal 
swab of apparently healthy cattle in Mymensingh, 
Bangladesh. Microbes and Health, 3: 12-14. 

Himi HA, Parvej MS, Rahman MB, Nasiruddin KM, 
Ansari WK, Ahamed MM (2015). PCR based 
detection of shiga toxin producing E. coli in 
commercial poultry and related environments. 
Turkish Journal of Agriculture - Food Science and 
Technology, 3: 361-364 

Hossain Z, Sultana P, Deb S, Ahmed MM (2011). 
Multidrug resistance in large-plasmid-associated 
presumptive enterohaemorrhagic Escherichia coli 
isolated from contaminated lake water. Bangladesh 
Journal of Microbiology, 28: 33-40. 

Hummerjohann J, Naskova J, Baumgartner A, Graber 
HU (2014). Enterotoxin-producing Staphylococcus 
aureus genotype B as a major contaminant in Swiss 
raw milk cheese. Journal of Dairy Science, 97: 1305-
1312. 

Islam MA, Mondol AS, de Boer E, Beumer RR, 
Zwietering MH, Talukder KA, Heuvelink AE (2008). 
Prevalence and genetic characterization of shiga 
toxin-producing Escherichia coli isolates from 
slaughtered animals in Bangladesh. Applied and 
Environmental Microbiology, 74: 5414-5421. 

Islam MJ, Uddin MS, Islam MA, Nazir KHMNH, 
Rahman MT, Alam MM (2007b). Detection and 
characterization of coagulase-positive Staphylococcus 
aureus of bovine origin producing enterotoxins and 
toxic shock syndrome toxin-1. The Bangladesh 
Veterinarians, 24: 27-33. 

Islam MJ, Uddin MS, Nasrin MS, Nazir KHMNH, 
Rahman MT, Alam MM (2007a). Prevalence of 

http://www.banglajol.info/index.php/MH/issue/view/1185


 
Tanzin et al./ J. Adv. Vet. Anim. Res., 3(1): 62-67, March 2016                  67 

enterotoxigenic and toxic shock syndrome toxin-1 
producing coagulase positive Staphylococcus aureus in 
human and their characterization. Bangladesh Journal 
of Veterinary Medicine, 5: 115-119. 

Jahan M, Rahman M, Parvej MS, Chowdhury SMZH, 
Haque ME, Talukder MAK, Ahmed S (2015). 
Isolation and characterization of Staphylococcus aureus 
from raw cow milk in Bangladesh. Journal of 
Advanced Veterinary and Animal Research, 2: 49-55. 

Kaddu-Mulindw DH, Aisu T, Gleier K, Zimmermann S, 
BeutinL (2001). Occurrence of shiga toxin-producing 
Escherichia coli in fecal samples from children with 
diarrhea and from healthy zebu cattle in Uganda. 
International Journal of Food Microbiology, 66: 95-
101. 

Katsuda K, Hata E, Kobayashi H, Kohmoto M, 
Kawashima K, Tsunemitsu H, Eguchi M (2005). 
Molecular typing ofStaphylococcus aureus isolated from 
bovine mastitic milk on the basis of toxin genes and 
coagulase genepolymorphisms. Veterinary 
Microbiology, 105: 301-305 

Khatun MN, Mahbub-E-Elahi ATM, Ahmed S, Parvej 
MS, Akhter S, Ansari WK, Ali MS (2015). Frequency 
of drug resistant Escherichia coli isolated from 
commercial broiler chicken in Bangladesh. 
International Journal of Natural and Social Sciences, 
2: 1-5. 

Le LY, Baron F, Guatier M (2003). Staphylococcus aureus 
and food poisoning. Genetics and Molecular 
Research, 2: 63-76 

Masud MA, Fakhruzzaman M, Rahman MM, Shah MM, 
Nazir KHMNH (2012). Isolation of Escherichia coli 
from apparently healthy and diarrheic calves in 
Dinajpur area in Bangladesh and their antibiogram. 
Journal of the Bangladesh Society for Agricultural 
Science and Technology, 9: 45-48. 

Nasrin MS, Islam MJ, Nazir KHMNH, Choudhury KA, 
Rahman MT (2007). Isolation, identification and 
characterization of bacteria and determination of 
their load in adult layer and its environment. Journal 
of the Bangladesh Society for Agricultural Science 
and Technology, 4: 205-208. 

Nazir KHMNH (2007). Plasmid profiles and antibiogram 
pattern of Escherichia coli isolates of calves feces and 

diarrhegenic stool of infants. Journal of the 
Bangladesh Society for Agricultural Science and 
Technology, 4: 149-152. 

Nazir KHMNH, Rahman MB, Khan MFR, 
Fakhruzzaman M, Rahman S, Rahman M (2005). 
Relationship between antibiogram and plasmid 
profile analysis of Escherichia coli isolates isolated from 
broiler and layer. Journal of the Bangladesh Society 
for Agricultural Science and Technology, 2: 57-60. 

Nazir KHMNH, Rahman MB, Nasiruddin KM, Akhtar 
F, Khan MFR, Islam MS (2005). Antibiotic sensitivity 
of Escherichia coli isolated from water and its relation 
with plasmid profile analysis. Pakistan Journal of 
Biological Sciences, 8: 1610-1613. 

Ogunleye AO, Okunlade AO, Jeminlehin FO, Apjuwae 
ATP (2013). Antibiotic resistance in Escherichia coli 
isolated from healthy cattle at a major cattle market 
in Ibadan, Oyo State, South Western, Nigeria. 
African Journal of Microbiology Research, 7: 4572-
4575. 

Qadri F, Svennerholm AM, FaruqueAS, Sack RB (2005). 
Enterotoxigenic Escherichia coli in developing 
countries: epidemiology, microbiology, clinical 
features, treatment and prevention. Clinical 
Microbiology Reviews, 18: 465-483. 

Rehman MU, Rashid M, Sheikh JA, Bhat MA (2014). 
Molecular epidemiology and antibiotic resistance 
pattern of enteropathogenic Escherichia coli isolated 
from bovines and their handlers in Jammu, India. 
Journal of Advanced Veterinary and Animal 
Research, 1: 177-181. 

Roy SR, Rahman MB, Hassan J, Nazir KHMNH (2012). 
Isolation and identification of bacterial flora from 
internal organs of broiler and their antibiogram 
studies. Microbes and Health, 1: 72-75. 

Schippa S, Iebba V, Barbato M, Nardo GD, Totino V, 
Checchi MP, Longhi C, Maiella G, Cucchiara S, 
Conte MP (2010). A distinctive ‘Microbial signature’ 
in celiac pediatric patients. BMC Microbiology, 10: 
175.  

Smith K, Peter K, Daniela H, Melchior S (2007). Food 
borne pathogenic microorganisms and natural toxins. 
Food drug Administration Center Food Safety. 
Applied Nutrition, 10: 119-150. 

**** 


