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ABSTRACT
A number of E. coli strains are recognized as important pathogens of 
colibacillosis in food animals (poultry and ruminants) and some of 
them can cause severe human diseases such as hemorrhagic colitis 
and hemolytic uremic syndrome. E. coli are Gram-negative, 
facultative anaerobic, rod-shaped and highly motile bacteria. A 
cross-sectional study was conducted from December 2020 to 
February 2021 to isolation and identi�cation of E. coli as well as the 
antimicrobial susceptibility of E. coli isolated from raw milk. 
Biochemical tests methods were used to con�rm E. coli and isolates 
were subjected to antimicrobial susceptibility test using the agar 
disc diffusion method. Out of 28 raw milk samples collected, 15 
(53.6%) were found to be positive for E. coli. The presence of E. coli 
was higher in adults (77.8%) followed by (50%) in old cattle and least 
in young (28.6%) but it was furthermore the variation in the 
prevalence among age groups was not statistically Signi�cant 
(P>0.05). Statistically signi�cant difference was not observed 
(P>0.05) in the presence of E. coli among those animals with 
different body condition scores but the presence of E. coli was 
higher proportion in poor body condition cattle 6(60%), then in 
good body condition cattle 9(50%). The highest percentages of E. 
coli isolates were isolated from cows which have many parities 
9(69.2%) and the lowest in cows with few parities 2(33.3%) and from 
cows with early lactation stage 7(58.3%). The antimicrobial 
susceptibility pro�le showed that the most frequently encountered 
form of resistance in all samples was resistance to Ampicillin (93.3%), 
followed by resistance to Amoxicillin (80%), resistance to 
Tetracycline (73.3%), resistance Chloramphenicol (33.3%) and 
resistance to kanamycin (20%). Milk samples were produced and 
handled under poor hygienic conditions, stored, and transported in 
inappropriate containers and under temperature abuse conditions 
leading to high health risk to the consumers. Relevant intervention 
program and awareness creation on best practice of milk handling 
should be conducted to minimize contamination of milk and milk 
products with pathogens of public health importance in Haramaya 
University dairy farm is necessary.

1 INTRODUCTION
A number of E. coli strains are recognized as important pathogens of 
colibacillosis in food animals (poultry and ruminants) and some of 
them can cause severe human diseases such as hemorrhagic colitis 
and hemolytic uremic syndrome (Ferens and Hovde, 2011). The 

treatment of illnesses caused by this bacterium often requires 
antimicrobial therapy. The repeated and unsuitable use of 
antibiotics has led to an increasing rate of antimicrobial resistance 
(Mooljuntee et al., 2010). There is worldwide concern about the 
appearance and rise of bacterial resistance to commonly used 
antibiotics.  The evolution, increasing prevalence and dissemination 
of pathogenic bacteria resistant to multiple antimicrobial agents is 
currently recognized as one of the most important problems in 
global public health (Bush, 2010). The rapid spread of antibiotic 
resistance genes, facilitated by mobile genetic elements such as 
plasmids and transposons, has led to the emergence of multidrug 
resistant (MDR) strains of many clinically important species that now 
frequently leave clinicians out of therapeutic options (Hawkey and 
Jones, 2009). Despite the extensive scienti�c progress and 
technological developments achieved in the past years in 
developed countries, food-borne pathogens are the leading cause 
of illness and death in developing countries costing billions of 
dollars in medical care and medical and social costs (Ali et al., 2010). 
Moreover, sporadic cases and outbreaks of human diseases caused 
by food-borne pathogens have been linked to ground beef, raw 
milk, meat and dairy products, vegetables, unpasteurized fruit 
juices and water. From those, contaminated raw milk is one of the 
primary sources of food-borne illnesses (Rahimi et al., 2012). 
Furthermore, changes in eating habits, mass catering, complicated 
and long supply chains with increased international movement and 
poor hygiene practices are major contributing factors. Thus, it is 
essential to keep the health and hygiene of the cow, the 
environment in which the cow is housed and milked, hygiene 
during milking and storage equipment in�uence microbial 
contamination of milk (Javaidet al., 2009).

Raw milk being as nutritious food; it serves as an ideal medium for 
the growth of various bacteria including pathogenic organisms 
which have a signi�cant impact on public health (Popescu and 
Angel, 2009). Many microorganisms can get access to milk and milk 
byproducts among which species, Escherichia coli is recognized to 
be of primary concern (Thaker et al., 2012). Moreover, many E. coli 
strains are harmless or even bene�cial to the host. However, some 
strains of E. coli can be pathogenic to humans and are harbored in 
food animals. Among them E. coli is the best-known pathogenic 
strain (Riemann and Cliver, 2006; Kozub-Witkowski et al., 2008). In 
Ethiopia dairy production depends mainly on indigenous livestock 
genetic resources; more speci�cally on cattle, goats, camels and 
sheep. Cattle has the largest contribution (81.2%) of the total 
national annual milk output, followed by goats (7.9%), camels (6.3%) 
and sheep (4.6%) (CSA, 2013).
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The safety of dairy products with respect to food borne disease is of 
great concern around the world and it is especially true in 
developing countries where production of milk and various milk 
products takes place under unsanitary conditions and poor 
production practices (Mogessie,1990). Milk from a healthy udder 
contains few bacteria but it picks up many bacteria from the time it 
leaves the teat of the animal depending on the hygienic level 
exercised during milking, cleanliness of the milk utensils, condition 
of storage, manner of transport for further processing until it is used 
for human consumption. These microorganisms are indicators of 
both manner of handling milk from milking till consumption and the 
quality of the milk (Ahmed, 2009; Fatine et al., 2012; Lunder and 
Brenne, 1996; Shunda et al., 2013).

In Haramaya area there is high consumption of raw cow milk along 
with local food. However, although there is risk associated with the 
consumption of raw cow milk, there is lack of information on the 
extent of raw milk contamination by bacteria in this area. In addition, 
there has been no established milk quality control system. 
Therefore, the Objectives of present study were initiated
Ÿ To isolate and identify E. coli from samples taken from lactating 

Borena breed cattle of Haramaya University dairy farm.
Ÿ To determine the antimicrobial susceptibility pattern of E. coli 

isolates from milk sample taken from Haramaya University dairy 
farm.

3 MATERIAL AND METHODS
3.1Description of the Study Area
The study was conducted in Haramaya University dairy farm of 
Oromia Regional State, Estern Ethiopia, from December, 2020 to 
February, 2021. East Haramaya University is located at 520 km East of 
Addis Ababa; it is about 17km from the city of Harar, 40km from Dire 

0Dawa (where there is regional airport). and has an altitude of 8 50-9 
0 0 015`N and longitude of 9 36`N41 52`E at altitude of 1850m above 
the sea level. The annual rainfall of the area is between 834-1300mm 

0and annual temperature of minimum and maximum, 21-26 C, 
respectively. The mean annual rainfall is about 596mm.Rainy season 
occurs with bimodal distribution 70% of which occurs during the 
main rainy season (June-September) and 30% during the small rainy 
season (March- April) and relative humidity of 50.4%(CSA,2015).

3.2 Study design and sample size
A cross sectional study was conducted to isolate, identify and 
determine antimicrobial susceptibility testing of E. coli from Borena 
breed dairy caws in Haramaya university farm, Oromia, Ethiopia. 
Farms were selected purposively based on the availability of 
lactating animals. A total of 28 cows were purposively selected from 
60 animal population in the dairy farms.

3.3 Study Animals and Sample collection
The study animals were cross breed lactating dairy cows that were 
purposively selected from Borena breed dairy farms. A total of 28 
samples of raw cow`s milk was collected from dairy farm. The 
samples were collected in sterilized containers (test tubs) and were 
brought in ice box to the Microbiology Laboratory of College of 
Veterinary Medicine, Haramaya University, immediately to culture 
the milk samples for isolation and identi�cation of E. coli.

3.4 Isolation and identi�cation of Escherichia coli
The milk samples were streaked on the surface of nutrient Agar 

0plates. The plates were incubated in an inverted position at 37 C for 
24 hours. After incubation for 24 hours, Gram's staining was made by 
picking a well isolated colonies and prepared a thin smear on a clean 
glass slide from the culture for differentiation of Gram positive and 
Gram-negative bacteria and, only those Gramnegative bacteria 
were transferred and streaked onto the surface of the Mac Conkey 
agar plates for differentiation of lactose fermenting and non-lactose 
fermenting bacteria and, only those lactose fermenting bacteria 
having a pinkish color colony were sub-cultured onto the surface of 
the Eosin Methylene Blue agar (EMB agar) for puri�cation. 
Biochemical analysis of E. coli isolates was performed using catalase 
test, oxidation-fermentation (O-F) test, indole test, methyl red (MR) 

test, citrate test and triple sugar iron (TSI) slant agar test.

3.5 Antimicrobial susceptibility pattern
The antimicrobial susceptibility test was performed according to the 
Kirby-Bauer (1966) disc diffusion method using 6 commercially 
available antimicrobial disks. Mueller Hinton (MHI) agar media 
(Oxoid, Ltd., Hampshire, England) and a 0.5 Mac-Farland 
standardized suspension of the bacteria were prepared in 0.85% 
sterile normal saline solution. Sterile saline solutions were used as a 
culture media and for inoculum preparation, respectively. All the 
isolated E. coli were tested for sensitivity to most commonly used 
antimicrobials including, gentamicin (GEN) (10μg), ampicillin (AMP) 
(25μg) (Himedia, India), sulfamethoxazole (RL) (100μg) (Oxoid, UK), 
trimethoprim (TR) (25μg) (Himedia, India), kanamycin (c) (10μg) 
(Oxoid, UK), tetracycline (TE), (10μg) (Oxoid, UK), Penicillin G (p) and 
the inoculums were uniformly streaked on each respective agar 
plates. Then antimicrobial discs were applied and plates were 

oincubated at 35 C for 18-24 hours. After incubation for 24 hours, 
clear zones of inhibition were produced by the bacterial growth and 
diffusion of the antibiotics and these were measured in millimeter 
using a caliper and interpreted as susceptible, intermediate and 
resistant according to Clinical and Laboratory Standards Institute 
(CSLI, 2013) 'interpretive criteria for Enterobacteriaceae.

3.6. Data management and analysis
The coded data was entered in MS Excel and then analyzed using the 
SPSS (statistical package for the social sciences) version 20 software 
(SPSS Inc., Chicago, IL, USA). P-values were calculated using Chi-
square and Odds ratio (OR) analysis to determine signi�cant 
relationships between various criteria and distribution of antibiotic 
resistance properties of E. coli isolated from cow milk. A P-value less 
than 0.05 were considered statistically signi�cant.

4. RESULTS
4.1. Isolation and identi�cation of Escherichia coli and 
associated risk factors
Isolation and identi�cation of E. coli organisms were conducted on 
raw cow's milk samples using conventional culture and biochemical 
analysis. From a total of 28 raw cow milk samples collected, 15 
(53.6%) were found to be positive for E. coli organisms by culture on 
Eosin Methylene Blue agar medium. Based on biochemical analysis, 
E. coli isolates were found to be voges-prosker negative methyl red 
positive, indole positive and citrate negative. The presence of E. coli 
was higher in adults  followed by 50% in old Cattle and least in 
young's but it was ; furthermore the variation in the prevalence 
among age groups was not statistically Signi�cant (P>0.05). 
Statistically signi�cant difference was not observed (P>0.05) in the 
presence of E. coli among Those animals with different body 
condition scores but the presence of E. coli was higher proportion in 
poor body condition cattle 6(60%), then in good cattle 9(50%) .The 
highest percentages of E. coli isolates were isolated from cows which 
have many parities 9(69.2%) and the lowest in cows with few parities 
2 (33.3%) and from cows with early lactation stage 7 (58.3). On the 
other hand, the present �nding revealed that the association 
between different risk factors with the occurrence of E. coli 
organisms were not statistically signi�cant (Table 1).

Table 1: Microbiological Isolation and Identi�cation of E. coli 
and associated risk factors.
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Risk 
factors   

No of 
Examine

d   No of 
Positive

Percentage 
(%)

P-Value

Age
Young

7 2 28.6

Adult 9 7 77.8 0.139
Old 12 6 50
Parity
Few

6 2 33.3

Medium 9 4 44.4 0.276
Many 13 9 69.2
Body 
condition
Poor

10 6 60 0.611



4.2 Antibacterial susceptibility pattern of  E. coli.
In this study results the most frequently encountered form of 
resistance in all samples was resistance to Ampicillin (93.3%), 
followed by resistance to Amoxicillin (80%), resistance to 
tetracycline (73.3%), resistance Chloramphenicol (33.3%) and 
resistance to kanamycin (20%) (Table 2).

Table 2: Antimicrobial resistance pro�les of isolated E. coli

5. DISCUSSION
Present study reveals that from a total of 28 raw cow milk samples 
collected, 15 (53.6%) were found to be positive for E. coli. This �nding 
is closely related to the studies by Fadaei, (2014); Ali et al, (2011) and 
Lubote et al, (2014) who reported 69%, 63 % and 90.67% from Iran, 
Khartoum and Tanzania, respectively. However current result is 
disagreed with the report by (Mohanty et al. (2013) who found (21%) 
from India, Lye et al (2013) and Addo et al., (2011) who reported 
8.75% and 11.2% from Malaysia and Ghana, respectively. The 
variation that was seen in prevalence in different studies may be due 
to difference in sample size, farming system, farm size, milking 
equipment, milking technique, geography, ecology, duration of 
milk transportation, and hygienic conditions Lubote Ret al. (2014).

In the current study the organism was found to be higher in milk 
taken from cows with medium stage of lactation as compared to 
those in early and late lactation. The highest percentage of E. coli 
isolates (62.5%) was isolated from early stage of lactation which is 
relatively higher as compared to the study by Waller et al. (2008) who 
found 66% from Swedish. The occurrence of more E. coli in milk 
during earlier lactation stage may be due to absence of dry cow 
therapy and birth related in�uences in addition to the difference 
due to management and hygienic practices. The amount of milk 
ejected is also higher during earlier lactation periods and this cause 
increased in patency of the teats and decreased local defense 
factors (thaker, 2012).

In this study, the occurrence of E. coli has also been found 
signi�cantly associated with parity numbers and different age 
groups. The highest percentages of E. coli isolates were isolated 
from cows with four or above parity number (32.8%) and from cows 
with age group from seven to ten years (31.5%). This could be due to 
multiple parturition stresses and this ultimately down regulates 
their immunity, and immunity normally decreases as the animal 
gets older making more prone to E. coli infection. According to 
current study a total of 28 milk samples 17E. coli isolates were tested 
against 6 antimicrobials based on CLSI guidelines and all E. coli 
isolates were found to be susceptible to kalamaycine (73.3%) 
followed by chloramphinicol (60%), On the other hand, all E. coli 
isolates were found to be 100% resistant to ampicil l in 
(93.3%followed by tetracyclin (73.3%). Relatively similar �ndings 
have been reported by Bagre et al. (2009) who foundall E. coli isolates 
were 100% susceptible to gentamicin, 75% resistant to amoxicillin 
and 15% resistant to sulphamethoxazole-trimthoprim from 
Burkinafaso. Reuben et al. (2013) was also reported all E. coli isolates 
were 100% resistant to penicillin and tetracycline, 84.2% to 

amoxicillin and sulphamethoxazole-trimethoprim and 89.5% of the 
isolates were susceptible to gentamicin from Nigeria. Salehi et al. 
(2006) were also reported all E. coli isolates were 100% susceptible 
to gentamicin, 53% resistant to amoxicillin, 77% resistant to 
kanamycin, 80% resistant to sulphamethoxazole-trimethoprim and 
94% resistant to tetracycline from Iran. The high level of resistance of 
penicillin G (100%), amoxicillin (84%) and tetracycline (60%) 
obtained in this study might be as a result of suboptimal, prolonged 
and interrupted use of antimicrobials for prophylaxis and treatment 
of infection Therefore, in this study gentamicin, kanamycin and 
sulphamethoxazole-trimthoprim were found to be the most 
effective drugs against E. coli infection.

6.CONCLUSION AND RECCOMENDATIONS
In the current study, considerable proportions of milk samples were 
found contaminated with E. coli. The presence of these pathogens in 
the milk of animals indicated that it might be contaminated from 
either infected animal or unhygienic conditions during milking and 
handling at sample collection level. This is particularly important in 
causing several health impacts in consumers who have habit of 
eating raw or undercooked milk and milk products. Moreover, the 
higher drug resistant E. coli was observed on Ampicillin and milk of 
dairy animals is especially alarming which can have a signi�cant 
public health risk.

Therefore, based on the present study the following 
recommendations are forwarded:
Ÿ Relevant intervention program and awareness creation on best 

practice of milk handling should be conducted to minimize 
contamination of milk and milk products with pathogens of 
public health importance.

Ÿ Education on the control and surveillance program of 
antimicrobial usage in animals are hereby recommended to 
ensure consumers’ safety.

Ÿ Further investigation should be conducted in order to further 
characterize the pathogens and identify their serotypes.
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Good 18 9 50
Stage of 
lactation
Early

12 7 58.3

Medium 8 5 62.5 0.550
Late 8 3 37.5

Antimicrobial
agents

Disc 
potency
(µg)
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of
isolates

Susceptible
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Intermedi
ate
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Chlorampheni
col

30 15 60 6.67 33.3

tetracycline 30 15 13.3 13.3 73.3



2. Ahmed M. E. (2009): The association between bulk tank milk 
analysis for raw milk quality and on-farm manage practices. 
URL: udini.proquest.com/view/the-association-between-bulk- 
tank-pqid:1855008811/.

3. Ali, N., Farooqui, A., Khan, A., Khan, A. and Kazmi, S. (2010): 
Microbial contamination of raw meat and its environment in 
retail shops in Karachi, Pakistan. The Journal of Infection in 
Developing Countries, 4:382-388.

4. Avery, L., Williams, A., Killham, K. and Jones, D. (2008): Survival of 
Escherichia coli O157:H7 in waters from lakes, rivers, puddles 
and animal-drinking troughs. Science of The Total Environment, 
389:378-385.

5. Ayano, A., Hiriko, F., Simyalew, A. and Yohannes, A. (2013): 
Prevalence of subclinical mastitis in lactating cows in selected 
commercial dairy farms of Holeta district. Journal of Veterinary 
Medicine and Animal Health, 5: 67-72.

6. Ayano, A., Hiriko, F., Simyalew, A. and Yohannes, A. (2013): 
Prevalence of subclinical mastitis in lactating cows in selected 
commercial dairy farms of Holeta district. Journal of Veterinary 
Medicine and Animal Health, 5:67-72.

7. Bavaro, M. (2009): Escherichia coli O157: What every internist 
and gastroenterologist should know. Current Gastroenterology 
Reports, 11: 301-306. 112-119.

8. Bedasa, S., Shiferaw, D., Abraha, A. and Moges, T. (2018): 
Occurrence and antimicrobial susceptibility pro�le of 
Escherichia coli O157:H7 from food of animal origin in Bishoftu 
town, central Ethiopia. International Journal of Food 
Contamination, 5: 1-8.

9. Bentancor, A., Rumi, M., Carbonari, C., Gerhardt, E., Larzabal, M., 
Vilte, D., Pistone-Creydt, V., Chinen, I., Ibarra, C. and Cataldi, A. 
(2012): Pro�le of Shiga toxin-producing Escherichia coli strains 
isolated from dogs and cats and genetic relationships with 
isolates from cattle, meat and humans. Journal of Veterinary 
Microbiology, 156: 336- 342.

10. Bruno, A. and Carolissen-Mackay, V. (2012): Antimicrobial 
resistance and the activities of the Codex Alimentarius 
Commission. Revue Scienti�que et Technique-OIE, 31: 317-323.

11. Callaway, T., Carr, M., Edrington, T., Anderson, R. and Nisbet, D. 
(2009): Diet, E. coli O157:H7 and cattle: A review after 10 years. 
Current Issues in Molecular Biology, 11: 67-80.

12. CFSPH (Center for Food Security and Public Health) (2016): 
Enterohemorhagic E. coli and other E. coli causing HUS. Iowa 
state university college of veterinary medicine, institution for 
international cooperation in animal biologics, Ames, Iowa. Pp. 
1-15.

13. Chekabab, S., Paquin-Veillette, J., Dozois, C. and Harel, J. (2013): 
The ecological habitat and transmission of Escherichia coli 
O157:H7. FEMS Microbiology Letters, 341: 1-12.

14. CSA. (2013): Agricultural Sample Survey. Livestock, Poultry and 
Beehives population (private peasant holdings). Federal 
Democratic Republic of Ethiopia Central Statistical Authority 
(CSA), Addis Ababa, Ethiopia.

15. Dharmasiri, U., Witek, M., Adams, A., Osiri, J., Hupert, M., Bianchi, 
T., Roelke, D. and Soper, S. (2010): Enrichment and detection of E. 
coli O157:H7 from water samples using an antibody modi�ed 
micro�uidic chip. Journal of Analytical Chemistry, 82: 2844-2849.

16. Disassa, N., Sibhat, B., Mengistu, S., Muktar, Y. and Belina, D. 
(2017): Prevalence and antimicrobial susceptibility pattern of E. 
coli O157:H7 isolated from traditionally marketed raw cow milk 
in and around Asosa town, western Ethiopia. Journal of 
Veterinary Medicine International, 2017: 1-7.

17. Elhadidy, M., Elkhatib, W., Elfadl, E., Verstraete, K., Denayer, S., 
Barbau-Piednoir, E., De- Zutter, L., Verhaegen, B., De-Rauw, K. 
and Pierard, D. (2015): Genetic diversity of Shiga toxin-
producing Escherichia coli O157:H7 recovered from human and 
food sources. Journal of Microbiology, 161:

18. Erb, A., Sturmer, T., Marre, R. and Brenner, H. (2007): Prevalence 
of antibiotic resistance in Escherichia coli: Overview of 
geographical, temporal and methodological variations. 
European Journal of Clinical Microbiology and Infectious Diseases, 
26: 83-90.

19. Fairbrother, J. and Nadeau, E. (2006): Escherichia coli: On-farm 
contamination of animals. Revue  Scienti�que et Technique-OIE, 
25: 555-569.

20. FAO (Food and Agriculture Organization) (2011): Global food 
losses and food waste: Extent causes and prevention. Study 
conducted for the international congress, SAVE FOOD, at 
Interpack 2011, Düsseldorf, Germany. Pp. 5-18.

21. FDA (Food and Drug Administration) (2012): Bad bug book: 
Foodborne pathogenic microorganisms and natural toxins 
handbook. 2nd Edition. Silver Spring, USA: US Food and Drug 
Administration Press. Pp. 74-78.

22. Ferens, W. and Hovde, C. (2011): Escherichia coli O157:H7: 
animal reservoir and sources of human infection. Foodborne 
Patho and Dis. 8: 465–485.

23. Fotadar, U., Zaveloff, P. and Terracio, L. (2005): Journal of basic 
microbiol. 45 (5), 403.

24. Fox, J., Thomson, D., Drouillard, J., Thomton, A., Burkhardt, D., 
Emery, D. and Nagaraja, T. (2009): Efficacy of Escherichia coli 
O157:H7 siderophore receptor/porin proteins-based vaccine  
in  feedlot  cattle  naturally  shedding  E.  coli  O157.  Journal  of  
Foodborne Pathogens       and Disease, 6: 893-899.

25. Frenzen, P., Drake, A. and Angulo, F. (2005): Economic cost of 
illness due to Escherichia coli O157 infections in the United 
States. Journal of Food Protection, 68: 2623-2630.

26. Gebre-Sealsssie, S. (2007): Antimicrobial resistance patterns of 
clinical bacterial isolates in southwestern Ethiopia. Ethiopian 
Medical Journal, 45: 363-370.

27. Goldwater,  P.  and  Bettelheim,  K. (2012):  Treatment  of 
enterohemorrhagic  Escherichia  coli infection and hemolytic 
uremic syndrome (HUS). Journal of BMC Medicine, 10: 12-20.

28. Gyles, C. L. (2007): Shiga toxin-producing: An overview. Journal 
of Animal Science, 85: E45- E62. Microbiology, 66: 71-78.

29. Halliday, J., Allan, K., Ekwem, D., Cleaveland, S., Kazwala, R. and 
Crump, J. (2015): One health: Endemic zoonoses in the tropics: A 
public health problem hiding in plain sight. Journal of the 
Veterinary Record, 176: 220-225.

30. Hancock, D., Besser, T., Lejeune, J., Davis, M. and Rice, D. (2001): 
The control of Verocytotoxin-producing Escherichia coli (VTEC) 
in the animal reservoir. International Journal of Food

31. Hiko, A., Asrat, D. and Zewde, G. (2008): Occurrence of 
Escherichia coli O157:H7 in retail raw meat products in Ethiopia. 
The Journal of Infection in Developing Countries, 2: 389-393.

32. Islam, M., Musekiwa, A., Islam, K., Ahmed, S., Chowdhury, S., 
Ahad, A. and Biswas, P. (2014): Regional variation in the 
prevalence of E. coli O157 in cattle: A meta-analysis and meta- 
regression. PloS one, 9: e93299.

33. Javaid, S., Gadahi, J., Khaskeli, M., Bhutto, M., Kumbher, B. and 
Panhwar, A. (2009): Physical and chemical quality of market milk 
sold at Tandojam, Pakistan. Pakistan Veterinary Journal, 29: 27-
31.

34. Joris, A., Vanrompay, D., Verstraete, K., De-Reu, K. and De-Zutter, 
L. (2012): Enterohemorrhagic     Escherichia coli with particular 
attention to the German outbreak strain O104:H4. Vlaams         
Diergeneeskundig Tijdschrift, 81: 3-10.

35. Karmali, M. A. (1989): Infection by verotoxin producing 
Escherichia coli. Clin. Microbiol. Rev., 2:15–38.

36. Kiranmayi, C., Krishnaiah, N. and Mallika, E. (2010): Escherichia 
coli O157:H7: An emerging pathogen in foods of animal origin. 
Veterinary World, 3: 382-389.

37. Kozub-Witkowski, E., Krause, G., Frankel, G., Kramer, D., Appel, B. 
and B eut in ,  L .  (2008) :  S erot ypes  and v i rut ypes  of 
enteropathogenic and enterohaemorrhagic E. coli strains from 
stool samples of children with diarrhea in Germany. Journal of 
Applied Microbiology, 104:403-410.

38. Kubitschehk, E. (1990): Cell volume increase in Escherichia coli 
after shifts to richer media. Journal of Bacteriology 172: 94-101.

39. LeJeune, J. and Wetzel, A. (2007): Preharvest control of O157 in 
cattle. Journal of Animal Science, 85: E73-E80.

40. Lim, J., Yoon, J. and Hovde, C. (2010): A brief overview of 
Escherichia coli O157:H7 and its plasmid O157. Journal of 
Microbiology and Biotechnology, 20: 5-13.

INTERNATIONAL JOURNAL OF PURE MEDICAL RESEARCH

20

ORIGINAL RESEARCH PAPER



21

INTERNATIONAL JOURNAL OF PURE MEDICAL RESEARCHORIGINAL RESEARCH PAPER

41. Liu, Y., Gilchrist, A., Zhang, J. and Li, X. (2008): Detection of viable 
but nonculturable Escherichia coli O157:H7 bacteria in drinking 
water and river water. Journal of Applied and Environmental 
Microbiology, 74: 1502-1507.

42. Lunder T., and Brehne E., (1996). Factors in the farm production 
affecting bacterial contents in raw milk. In: Symposium on 
bacteriological quality raw milk passing Austria. Pp. 13-15.

43. Martorelli, L., Albanese, A., Vilte, D., Cantet, R., Bentancor, A., 
Zolezzi, G., Chinen, I., Ibarra, C., Rivas, M. and Mercado, E. (2017): 
Shiga toxin-producing Escherichia coli (STEC) O22:H8 isolated 
from cattle reduces E. coli O157:H7 adherence in vitro and in 
vivo. Journal of Veterinary Microbiology, 208: 8-17. Microbiology, 
49: 55–67.

44. Mohammed, O., Shimelis, D., Admasu, P. and Feyera, T. (2014): 
Prevalence and antimicrobial susceptibility pattern of E. coli 
isolates from raw meat samples obtained from abattoirs in Dire 
Dawa city, eastern Ethiopia. International Journal of 
Microbiological Research, 5: 35-39.

45. Mohanty N, Das P, Pany S, et al. Isolation and antibiogram of E. 
coli isolates from clinical and subclinical cases of bovine 
mastitis. Veterinary World. 2013;6(10):739�743.

46. Mooljuntee, S., Chansiripornchai, P. and Chansiripornchai, N. 
(2010): Prevalence of the cellular and molecular antimicrobial 
resistance against E.coli isolated from Thai broilers. Thai J.Vet. 
Med. 40: 311–315.

47. Nassar, F., Rahal, E., Sabra, A. and Matar, G. (2013): Effects of 
subinhibitory concentrations of antimicrobial agents on 
Escherichia coli O157:H7 Shiga toxin release and role of the SOS 
response. Journal of Foodborne Pathogens and Disease, 10: 805-
812.

48. Nastasijevic, I. Mitrovic, R. and Buncic, S. (2008): Occurrence of 
Escherichia coli O157 on hides of slaughtered cattle. Letters in 
Applied Microbiology, 46: 126-131.

49. Nataro, J. and Kaper J. (1998): Diarrheagenic E. coli. Clin. 
Microbiol. Rev. 11: p216.

50. Naylor, S., Gally, D. and Low, J. (2005): Enterohaemorrhagic E. coli 
in veterinary medicine. International Journal of Medical 
Microbiology, 295: 419-441.

51. Ochman,  H.  and  Wilson,  A.C.  (1987):  Evolution  in  bacteria:  
Evidence  for  a  universal substitution     rate in cellular 
genomes. Journal of Molecular Evolution., 26:.74–86.

52. Oh, D., Pan, Y., Berry, E., Cooley, M., Mandrell, R. and Breidt Jr, F. 
(2009): Escherichia coli O157:H7 strains isolated from 
environmental sources differ signi�cantly in acetic acid 59 
resistance compared with human outbreak strains. Journal of 
Food Protection, 72: 503- 509.

53. Oliver, S., Boor, K., Murphy, S. and Murinda, S. (2009): Food safety 
hazards associated with consumption of raw milk. Journal of 
Foodborne Pathogens and Disease, 6: 793-806.

54. Omer, R. and Abdelgadir, A. (2014): Application of hazard 
analysis critical control point (HACCP) system in dairy farms in 
Khartoum state, Sudan. Journal of Cell and Animal Biology, 8: 86-
94.

55. Pennington, H. (2010): Review: Escherichia coli O157. The Lancet, 
376: 1428-1435.

56. Popescu, A. and Angel, E. (2009): Analysis of milk quality and its 
importance for milk processors. Lucrãri tiinþi�ce Zootehnie 
Biotechnology, 42: 501-506.

57. Ragione, R., Best, A., Woodward, M. and Wales, A. (2009): 
Escherichia coli O157:H7 colonization in small domestic 
ruminants. FEMS Microbiology Reviews, 33: 394-410.

58. Rahal, E., Kazzi, N., Nassar, F. and Matar, G. (2012):  Escherichia coli 
O157:H7: Clinical aspects            and  novel  treatment  
approaches.  Journal  of  Frontiers  in  Cellular  and Infection         
Microbiology, 2: 138-146.

59. Raji, M., Minga, U., and Machangu, R. (2006): Current 
epidemiological status of enterohaemorrhagic E. coli O157:H7 
in Africa. Chinese Medical Journal, 119: 217-222.

60.  Rangel, J., Sparling, P., Crowe, C., Griffin, P. and Swerdlow, D. 
(2005): Epidemiology of Escherichia coli O157:H7 outbreaks in 
United States, 1982-2002. Emerging Infectious Disease Journal, 

11: 603-609.
61. Faso. African Journal of Microbiology Research. 2014;8 (10): 101 � 

1016.
62. Reuben R, Owuna G. In Nasarawa Antimicrobial Resistance 

Patterns Of Escherichia Coli O157:H7 From Nigerian Fermented 
Milk Samples in State Nigeria. International Journal of 
Pharmaceutical Science Invention. 2013;2:38�44.

63. Riemann, P. and Cliver, O. (2006): Foodborne infection and 
intoxication. 3rd Edition. San Diego, California, USA: Academic 
Press. Pp. 205-258.

64. Robinson, A. and McKillip, J. (2010): Biology of E. coli O157:H7 in 
human health and food safety  with emphasis on sublethal 
injury and detection. Current Research, Technology and 
Education Topics in Applied Microbiology and Microbial 
Biotechnology, 2: 1096- 1105.

65. Roesch, P. L., Redford, P. and Batchelet, S. (2003): Uropathogenic 
Escherichia coli used serine deaminase to modulate infection of 
the murine urinary tract. Molecular

66. Rezaei M, Karimi F, Yahyaei M, et al. The survey of microbial total 
count and prevalence of Escherichia coli in raw milk in Markazi 
Province, Iran. Animal Veterinary Science.

67. 2013;3(12):474�477.
68. Sakuma, M., Urashima, M. and Kabe, N. (2006): Verocytotoxin-

producing Escherichia coli, Japan, 1999-2004. Journal of 
Emerging Infectious Diseases, 12: 323-325.

69. Salehi Z, Bonab F.Antibiotics Susceptibility Pattern of 
Escherichia coli StrafromChickens with Coli septicemia in Tabriz 
Province, Iran. International Journal of-Poultry Science. 2006; 
5(7):677�684.

70. Sakuma, M., Urashima, M. and Kabe, N. (2006): Verocytotoxin-
producing Escherichia coli, Japan, 1999-2004. Journal of 
Emerging Infectious Diseases, 12: 323-325.

71. Sargeant, J. and Smith, D. (2003): The epidemiology of 
Escherichia coli O157:H7. In: Torrence, M.  and  Isaacson,  R.  
(Eds.):  Microbial  food  safety  in  animals.  Iowa  State,  USA: 
Blackwell Science Ltd. Pp. 131-174.

72. Scallan, E., Hoekstra, R., Angulo, F., Tauxe, R., Widowson, M., Roy, 
S., Jones, J. and Griffin, P. (2011): Foodborne illness acquired in 
the United States-major pathogens. Emerging Infectious 
Diseases Journal, 17: 7-15.

73. Scharff, R. (2012): Economic burden from health losses due to 
foodborne illness in the United States. Journal of Food 
Protection, 75: 123-131.

74. Shunda D., Habtamu T. and Endale B. (2013). Assessment of 
bacteriological quality of raw cow milk at different critical 
points in Mekelle, Ethiopia. Int. J. Livest. Res. 3(4): 42–48.

75. Smith, D. (2015): Vaccination of cattle against Escherichia coli 
O157:H7. Journal of Microbiol Spectrum, 2: 1-15.

76. Sodha, S., Heiman, K., Gould, L., Bishop, R., Iwamoto, M., 
Swerdlow, D. and Griffin, P. (2015): National patterns of 
Escherichia coli O157 infections, USA, 1996-2011. Journal of 
Epidemiology and Infection, 143: 267-273.

77. Taye, M., Berhanu, T., Berhanu, Y., Tamiru, F. and Terefe, D. (2013): 
Study on carcass contaminating Escherichia coli  in apparently 
healthy slaughtered cattle in Haramaya University slaughter 
house with special emphasis on Escherichia coli O157:H7, 
Ethiopia. Journal of Veterinary Science and Technology, 4: 1-4.

78. Thaker, H., Brahmbhatt, M. and Nayak, J. (2012): Study on 
occurrence and antibiogram pattern of E. coli from raw milk 
samples in Anand, Gujarat, India. Veterinary World, 5: 556-559.

79. Thaker, H., Brahmbhatt, M. and Nayak, J. (2012): Study on 
occurrence and antibiogram pattern of E. coli from raw milk 
samples in Anand, Gujarat, India. Veterinary World, 5: 556-559. 
Thomson, D., Loneragan, G., Thornton, A., Lechtenberg, K., 
Emery, D., Burkhardt, D. and Nagaraja, T. (2009): Use of a 
siderophore receptor and porin proteins-based vaccine to

80.  control the burden of Escherichia coli O157:H7 in feedlot cattle. 
Journal of Foodborne Pathogens and Disease, 6: 871-877.

81. Thomson, D., Loneragan, G., Thornton, A., Lechtenberg, K., 
Emery, D., Burkhardt, D. and Nagaraja, T. (2009): Use of a 
siderophore receptor and porin proteins-based vaccine to 



control the burden of Escherichia coli O157:H7 in feedlot cattle. 
Journal of Foodborne Pathogens and Disease, 6: 871-877.

82. Thorpe,  C.  (2004):  Shiga  toxin-producing  Escherichia  coli  
infection.  Journal  of  Clinical Infectious        Diseases, 38: 1298-
1303.

83. Vally, H., Hall, G., Dyda, A., Raupach, J., Knope, K., Combs, B. and 
Desmarchelier, P. (2012): Epidemiology  of  Shiga  toxin  
producing  Escherichia  coli  in  Australia,  2000-2010. Journal of 
BMC Public Health, 12: 63-75.

84. WHO (World Health Organization) (2014): General information 
related to microbiological risks in Tarr, P., Gordon, C. and 
Chandler, W. (2005): Shiga toxin-producing Escherichia coli and 
haemolytic uraemic syndrome. The Lancet, 365: 1073-1086. 
food. Geneva, Switzerland: WHO. Pp.1-22.

85. Xia, X., Meng, J., McDermott, P., Ayers, S., Blickenstaff, K., Tran, T., 
Abbott, J., Zheng, J. and Zhao, S. (2010): Presence and 
characterization of Shiga toxin-producing Escherichia coli and 
other potentially diarrheagenic E. coli strains in retail meats. 
Journal of Applied and Environmental Microbiology, 76: 1709-
1717.

86. Yuk,  H.  and  Marshall,  D.  (2004):  Adaptation  of  Escherichia  
coli  O157:H7  to  pH  alters membrane       lipid composition, 
serotoxin secretion and resistance to simulated gastric �uid 
acid.       Journal of Applied and Environmental Microbiology, 70: 
3500-3505.

87. Lye L, Afsah L, Chang S, et al. Risk of Escherichia coli O157:H7 
transmission linked to the consumption of raw milk in the state 
of Selangor,    Malaysia.       International       Food Research 
Journal. 2013;20(2):1001�1005.

88. Addo K, Mensah G, Aning K, et al. Risk of Escherichia coli O157:H7 
transmission linked to the consumption of raw milk in the state 
of Ghana. International FoodResearch Journal. 2011; 20(2): 1001 
�1005.

89. Fadaei A (.2014): Bacteriological quality of raw cow milk in 
Shahrekord, Iran. Veterinary

90. World.   7(4):240�243.
91. Ali A, Abdelgadir S. Incidence of Escherichia coli in Raw Cow's 

Milk in Khartoum State.
92. British   Journal of dairy Science. 2011;2(1):23�26.
93. Lubote R, Shahada F, Matemu A. Prevalence of Salmonella spp. 

and Escherichia coli in raw
94. milk value chain in Arusha, Tanzania. American Journal of 

Research Communication. 2014;2(9):98�105.
95. Thaker C, Brahmbhatt N, Nayak B. Study on occurrence and 

antibiogram pattern of Escherichia coli from raw milk samples in 
Anand, Gujarat, India. Veterinary World. 2012;5 (9):556�559.

96. Waller P, Bengtsson B, Lindberg A, et al. Incidence of mastitis and 
bacterial �ndings at clinical mastitis in Swedish primiparous 
cow's in�uence of breed and stage of lactation. Food Control. 
2008;134(1�2):94�106.

97. Zemenu, G. (2017): Bacteriological quality of raw cows' milk: 
Prevalence and antimicrobial susceptibility pro�le of 
Escherichia coli isolated from milk and milking equipment in 
Bishoftu, Ethiopia. DVM Thesis, Addis Ababa University, College 
of Veterinary Medicine and Agriculture, Bishoftu, Ethiopia.

INTERNATIONAL JOURNAL OF PURE MEDICAL RESEARCH

22

ORIGINAL RESEARCH PAPER


