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 ABSTRACT  

E 
scherichia coli extensive distribution, quick spread throughout the 
dairy herds and significant financial losses and thought to be the 
primary environmental factor responsible for mastitis in lactating 
dairy farms. A total of 1568 raw milk samples collected from lac-

tating dairy animals (cattle, sheep, and goats) in order to identify and assess 
the antimicrobial resistance in E. coli isolates as well as its correlation with 
climate change, this study was carried out. Between January 2023 and De-
cember 2024, two annual cycles were conducted to collect the samples in 
three locations of the Beheira governorate: Badr-South El-Tahrir, Itay El 
Barud, and Rosetta. Bacteriological isolation and identification followed by 
antimicrobial susceptibility testing against 7 antimicrobial agents was deter-
mined. The climate temperature and humidity recorded throughout 2023-
2024. The results recorded that the overall prevalence of E. coli was 23.8% 
(373/1568) of all studied dairy farms. The prevalence of E. coli in raw milk 
samples of cattle, sheep, and goats were 29.1%, 22.2%, and 19.1%, respec-
tively, with detailed prevalence in cattle (27.6% in 2023; 30.9% in 2024), in 
Sheep  (21.6% in 2023; 22.8% in 2024) and in Goats (19% in 2023; 19.26% 
in 2024) during two annual cycles (2023 and 2024) across three sampling 
locations in Beheira Governorate The prevalence of E. coli reported to be 
increased in summer season in warmer environment from April-June and 
from July-September due to increase in temperature and temperature-
humidity index. Resistance was highest for Penicillin, followed by Enroflox-
acin and cefotaxime. A high percentage of E. coli isolates from milk were 
shown to be multidrug-resistant by antibiogram analysis.  
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The study concluded that Climatic changes to hot and more humid increas-
ing the prevalence and enhance the release of multidrug resistant. E. coli 
which poses a health risk to consumers. So that further studies to state on 
and monitoring climate effect on the release of  multidrug resistance (MDR) 
E. coli and its impact on people through the food chain is required. 

INTRODUCTION 

One of major causes of economic losses 
in dairy farms is mastitis that raises the rates of 
culling among lactating dairy farms in addition 
to lowering milk output and quality. A com-
mon environmental infection that contributes 
significantly to mastitis is E. coli (Goulart 
and Mellata, 2022; Asfaw et al. 2023). 

 
Globally, the climate has been shifting, and 

in the near future, it is expected to fluctuate 
very dynamically (Astuti et al. 2024). These 
changes pose significant threats to milk pro-
duction, including predicted reductions in milk 
yield and quality, alongside heightened vulner-
ability of dairy animals to heat-related micro-
bial diseases (North et al. 2023). climate 
change is anticipated to increase milk contami-
nation risks (Feliciano et al. 2020), creating 
complex challenges for food safety and animal 
health.  

 
These climate-induced stressors signifi-

cantly elevate risks for conditions like mastitis, 
a prevalent and economically devastating in-
flammation of the mammary glands caused by 
bacterial, fungal, or viral infections. Mastitis is 
primarily transmitted on dairy farms through 
unsanitary conditions exacerbated by environ-
mental pressures (Zigo et al. 2022). A diverse 
range of pathogens can cause mastitis, broadly 
categorized into Gram-positive cocci – notably 
Staphylococcus spp. and Streptococcus spp. – 
and Gram-negative bacilli such as Escherichia 
coli (E. coli), Proteus mirabilis, Citrobacter 
spp., and Klebsiella pneumoniae (Sierra et al. 
2023; Tong et al. 2025). Critically, the treat-
ment of this climate-aggravated disease often 
involves antibiotics, which may inadvertently 
worsen antimicrobial resistance (AMR) as 
mentioned by Al-harbi et al. (2021). 

 
Among these mastitis pathogens, E. coli 

demands particular attention due to its com-

plex biology and significant threat. While E. 
coli is a frequent resident of the digestive tract 
in both humans and animals, maintaining a 
complex relationship with commensal micro-
biota (Biswas et al. 2024), certain pathotypes 
are potent pathogens. These pathotypes cause a 
wide spectrum of intestinal and extra-intestinal 
infections (Mora-Coto et al. 2025), with their 
pathogenicity directly linked to the acquisition 
of specific virulence genes. These genes facili-
tate critical processes like adhesion, invasion, 
deployment of secretion systems, toxin genera-
tion, evasion of immunological regulation, 
biofilm formation, and adaptation of metabolic 
components (Pakbin et al. 2021). This inher-
ent virulence potential, combined with its 
prevalence in mastitis cases, positions E. coli 
at the heart of a critical challenge.  

 
In the contemporary animal industry, anti-

biotics are frequently used to treat, prevent, 
and manage diseases like mastitis, aiming to 
lower animal morbidity and mortalit
(Kasimanickam et al. 2021). However, the 
overuse or misuse of antibiotics in dairy pro-
duction has profound and far-reaching conse-
quences. This practice can result in the release 
of active antibiotics into the environment 
through the disposal of contaminated farm 
waste (Polianciuc et al. 2020) and, more criti-
cally, drives the development of antibiotic-
resistant organisms. The resulting AMR de-
creases the effectiveness of essential antibiot-
ics, making it increasingly difficult to treat dis-
eases once readily curable by pathogens like E. 
coli. Antimicrobial resistance (AMR) repre-
sents a global health emergency (Salam et al. 
2023), leading the World Health Organisation 
(WHO) to designate E. coli as a "critical prior-
ity" pathogen requiring urgent attention 
(Shoaib et al. 2024). Consequently, investigat-
ing AMR in E. coli, especially strains derived 
from mastitis, is paramount. 
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To combat this growing AMR problem, 
the WHO promotes the "One Health" concept 
as a global strategy. This approach is funda-
mentally grounded in recognizing the inextri-
cable links between human, animal, and envi-
ronmental health (Sandu e., 2025). Integrating 
climate considerations into this framework is 
vital. By taking into consideration how climate 
change may affect food safety risks, such as 
increased pathogen prevalence and contamina-
tion, the food industry can develop strategies 
to reduce the probability of contaminated food 
reaching consumers. This necessitates imple-
menting mitigation strategies explicitly created 
and grounded in an objective assessment of 
anticipated climate changes and their multifac-
eted effects (Katsini et al. 2024). Yet, a sig-
nificant research gap hinders progress: despite 
well-established modelling studies projecting 
decreased milk output due to climate-induced 
heat stress (Guzmán-Luna et al. 2022), simi-
lar predictive models for forecasting climate-
driven milk contamination dynamics, includ-
ing pathogen proliferation and AMR spread, 
remain scarce. 

 
To confront the critical nexus, the objec-

tives of this study were (1) to determine the 
prevalence of mastitis in dairy cattle, sheep 
and goats in three locations in El-Beheira gov-
ernorate on a seasonally basis for two annual 
cycles and (2) to determine the antibiotic re-
sistance patterns of E. coli isolates against 
commonly used antibiotics in the area. (3) to 
study if there is a relation between climatic 
changes and increased release of MDR E. coli. 

 
MATERIALS AND METHODS 

Study Setting and Sampling 

In Beheira governorate of Egypt, a cross-
sectional survey was carried out between Janu-
ary 2023 and December 2024. The study in-
cluded dairy livestock (cattle, sheep and goat) 
reared in three localities (Badr-South El-
Tahrir, Itay El Barud, and Rosetta) in the Be-
heira governorate on a few small farms 
(Figure 1). After udder disinfection eliminat-
ing the first two to three squirts of milk, a total 
of 1568 raw milk samples were aseptically 
collected into sterile universal bottles from 
each quarter or udder half. During the milking 

process, samples of milk were taken either ear-
ly in the morning or late in the afternoon. At 
the time of sample collection, the study's cho-
sen animals were clinically inspected for any 
obvious abnormalities on each udder quarter 
or udder half, such as udder soreness, swell-
ing, or changes in the physical characteristics 
of the milk. Table 1 displays the sampling 
strategy according to the animal type, sample 
collecting site, and climate season. The col-
lected milk samples were kept in ice box and 
transported without bacteriological investiga-
tion delay to Damanhur Animal Health Re-
search Institute Lab (AHRI).  

 
The study protocol was deemed exempt 

from ethical review, as it involved solely non-
invasive milk sampling. No procedures caus-
ing animal harm, distress, or experimentation 
such as blood collection or administration of 
substances were performed. 
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Figure 1: Location of the study area 

Table 1. Number of Samples, animal species, location and climatic season of sample collection and the year: 

  
Location 

  
Months 

Cattle Sheep Goat 

2023 2024 2023 2024 2023 2024 

Total Total Total Total Total Total 

  
Rosetta 

January- March 25 22 19 15 18 20 

April - June 25 22 19 15 18 20 

July-September 25 22 19 15 18 20 

October- December 25 22 19 15 18 20 

  
Etay El 
Barod 

January- March 29 27 22 20 21 19 

April - June 29 27 22 20 21 19 

July-September 29 27 22 20 21 19 

October- December 29 27 22 20 21 19 

  
Badr-South 
El Tahreer 

January- March 23 19 25 23 23 22 

April - June 23 19 25 23 23 22 

July-September 23 19 25 23 23 22 

October- December 23 19 25 23 23 22 

Total (1568 samples) 308 272 264 232 248 244 
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Bacteriological Culture, Isolation, and Iden-
tification of Bacteria  

A total of 1568 milk samples were subjected 
to bacterial culture, isolation, and identification 
of the target causal agent (E. coli). Gemeda et 
al. (2023) devised protocols for the isolation 
and identification of E. coli was followed. To 
summarise, the milk sample was centrifuged 
for 10 minutes at 3000 rpm, the sediment was 
combined with 3 mL of nutrient broth medium, 
and it was then incubated for 3–5 hours at 37°
C. Next, a loop-full of pre-enriched cultures 
was taken, inoculated onto MacConkey agar 
plates, and incubated aerobically for 24 hours 
at 37°C. The suspected colonies were picked 
up then purified cultured onto eosin-methylene
-blue (EMB) agar plates and incubated aerobi-
cally for 24 hours at 37°C. On incubated EMB 
agar, colonies that had a metallic sheen were 
determined to be E. coli- positive. After that, 
the samples were cultivated onto nutrient agar 
plates for additional confirmation utilising 
Voges-Proskauer, citrate, urease, indole, me-
thyl red, and triple sugar iron agar assays, 
among other biochemical tests. 

 
Susceptibility testing of E. coli isolates 
against a panel of antibiotics 

Using the Kirby-Bauer disc diffusion meth-
od, antimicrobial susceptibility was assessed 
on Mueller-Hinton agar in accordance with the 
(CLSI) Clinical and Laboratory Standard Insti-
tute's recommendations (Nassar et al. 2019; 
Weinstein and Lewis, 2020). The WHO and 
World Organisation for Animal Health 
(WOAH) guidelines for antimicrobial use in 
humans and animals that produce food were 
followed when choosing antibiotics 
(Kasimanickam et al. 2021; Theodoridou 
Oxinou et al. 2025). This choice was in line 
with Indonesia's comprehensive approach to 
AMR surveillance. Amoxicillin-Clavulanic 
(AMC) 20/10 μg, Penicillin G (P) (10 units), 
gentamicin (GEN) (10 μg, cefotaxime (CTX) 
(30 µg), Enrofloxacin (ENR) (10 μg), Oxytet-
racycline(O) (10 μg), and Sulphamethoxazole 
(COT) (25 µg) were among the seven antibi-
otic discs of the panel. The isolates were classi-
fied as extensively drug-resistant (non-
susceptible to ≥ 1 antibiotic in all but ≤ 2 anti-
biotic classes), multidrug-resistant (non-

susceptible to ≥ 1 antibiotic in ≥ 3 antibiotic 
classes), and single drug-resistant (non-
susceptible to 1 antibiotic) based on their reac-
tions to the chosen antibiotic classes 
(Magiorakos et al. 2012). The number of anti-
biotic classes to which a particular isolate 
shown resistance was divided by the total num-
ber of antibiotics exposed to the isolate to de-
termine the Multiple Antibiotic Resistance 
(MAR) index (Tilahun, 2022).  

 
Climatic parameters 

The local weather data (temperature, rela-
tive humidity) for the study area across four 
seasons (2023–2024) were obtained from the 
Central Laboratory for Agricultural Climate, 
Agricultural Research Center. Daily tempera-
ture-humidity index (THI) was calculated us-
ing temperature and relative humidity measure-
ments according to the formula established by 
National Research Council NRC (1971). 

 
THI= (1.8xT+32)-[(0.55-0.0055xRH) x (1.8xT
-26)] 
 Where T = Ambient temperature (°C) and RH 
= Relative humidity (%). 
 
Statistical Analysis 

Descriptions of the study animals or sam-
ples were given as the number and percentage. 

 
RESULTS 

Prevalence of E.coli in Dairy Cattle, sheep, 
and Goats 

In this study, 1568 milk samples including 
580 cattle, 496 sheep, and 492 goat samples. 
The prevalence of E. coli in milk samples were 
29.1%, 22.2%, and 19.1% respectively, with 
detailed prevalence in cattle (27.6% in 2023; 
30.9% in 2024), in Sheep  (21.6% in 2023; 
22.8% in 2024) and in Goats (19% in 2023; 
19.26% in 2024) during two annual cycles 
(2023 and 2024) across three sampling loca-
tions in Beheira Governorate as details in 
(Table 2). 
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Table 2. Prevalence of E. coli isolated from 1568 raw milk samples collected during four annual seasons of 
two years 2023 – 2024.  

Loca-
tion 

Months Cattle Sheep Goat 

2023 2024 2023 2024 2023 2024 

To-
tal 

No (%) To-
tal 

No (%) T
ot
al 

No (%) T
ot
al 

No (%) To
tal 

No (%) To-
tal 

No (%) 

Rosetta January-March 25 3(12.0%) 22 4 
(18.2%) 

19 2(10.5%) 15 2
(13.3%) 

18 3 
(15.8%) 

20 4 
(20.0%) 

April-June 25 6(24.0%) 22 7 
(31.2%) 

19 6(31.6%) 15 5
(33.3%) 

18 4 
(22.2%) 

20 5 
(25.0%) 

July-September 25 13
(52.0%) 

22 15 
(68.2%) 

19 7(36.8%) 15 7
(46.6%) 

18 3 
(16.6%) 

20 4 
(20.0%) 

October-December 25 9(36.0%) 22 7 
(31.8%) 

19 6(31.6%) 15 4
(26.6%) 

18 4 
(22.2%) 

20 4 
(20.0%) 

Etay El 
Barod 

January-March 29 4(13.8%) 27 6 
(22.2%) 

22 3(13.6%) 20 4
(20.0%) 

21 4 
(19.0%) 

19 5 
(26.3%) 

April - June 29 8(27.6%) 27 9 
(33.33%) 

22 6(27.3%) 20 6
(30.0%) 

21 3 
(14.3%) 

19 3 
(15.8%) 

July- September 29 8(27.6%) 27 6 
(22.2%) 

22 5(22.7%) 20 4
(20.0%) 

21 5 
(23.8%) 

19 4 
(21.1%) 

October-December 29 9(31.0%) 27 8 
(29.6%) 

22 6(27.3%) 20 5
(25.0%) 

21 5 
(23.8%) 

19 4 
(21.1%) 

Badr-
South 
El 
Tahree
r 

January -March 23 3(13.0%) 19 3 
(15.8%) 

25 4(16.0%) 23 5
(21.7%) 

23 5 
(21.7%) 

22 5 
(22.7%) 

April-June 23 11
(47.8%) 

19 12 
(63.1%) 

25 3(12.0%) 23 4
(17.4%) 

23 4 
(17.4%) 

22 4 
(18.2%) 

July-September 23 6(26.1%) 19 4 
(21.1%) 

25 4(16.0%) 23 3
(13.0%) 

23 3 
(13.0%) 

22 2 (9.1%) 

October - Decem-
ber 

23 5(21.7%) 19 3 
(15.8%) 

25 5(20.0%) 23 4
(17.4%) 

23 4 
(17.4%) 

22 3 
(13.6%) 

  
Prevalence 

308 85
(27.6%) 

272 84
(30.9%) 

26
4 

57
(21.6%) 

23
2 

53
(22.8%) 

24
8 

47(19%) 244 47
(19.26) 

29.1% 22.2% 19.1% 

Climatic conditions variability 

Temperature, relative humidity (%), and 
temperature-humidity index (THI) values for 
each region across two annual cycles are pre-
sented in Table 3. In El-Beheira Governorate, 
seasonal variations were observed during the 
two-year period. The April–June and July–
September temperatures were slightly higher in 

the Itay El-Barud and Badr–South El-Tahrir 
regions compared to other areas. Conversely, 
relative humidity levels were marginally lower 
in these same regions over both annual cycles. 
Accordingly, the highest temperature-humidity 
index (THI) value (79.1) was recorded in Itay 
El-Barud during the July-September period of 
2023. 

Calculated according to the number of samples examined % 



108 

Gadalla et al.,                                                Egyptian Journal of Animal Health 5, 4(2025), 102-118 

Table 3. Climatic Conditions of the Investigated Areas in 2023 and 2024. 

Location Months 

Year 

2023 2024 

T RH THI T RH THI 

Rosetta 

January - March 
16.4 69.3 60.9 16.7 69.1 61.4 

April - June 
22.3 66.3 69.5 23.6 66.5 71.5 

July - September 
28.5 66.0 78.6 28.5 65.3 78.5 

October - December 
22.5 67.3 69.9 21.0 65.2 67.5 

Etay El Barod 

January - March 
15.2 68.2 59.2 15.6 67.0 59.7 

April - June 
24.3 53.1 71.1 25.8 52.4 73.1 

July - September 
30.2 54.0 79.1 30.0 54.0 78.9 

October - December 
21.7 63.8 68.5 20.3 60.5 66.2 

Badr-South El 
Tahreer 

January - March 
15.0 64.2 58.8 15.3 62.85 59.3 

April - June 
24.8 48.2 71.3 26.3 47.8 73.2 

July - September 
30.6 49.3 79.0 30.5 49.7 78.9 

October - December 
21.3 62.9 67.8 20.0 58.4 65.7 

T: Temperature (°C); RH: Relative Humidity (%); THI: Temperature-Humidity Index, calculated based on the formula provided by 
the NRC (1971). 

Antibiotic Susceptibility of E. coli isolates 
from collected milk samples  

The results demonstrated that E. coli iso-
lates from raw milk in dairy farms had a varia-
ble degree of resistance to the tested antimicro-
bials during two annual cycle (Table 4 A , B 
and C). In 2023, E. coli isolates were resistant 
in cattle (table 4A) during Jan-March, April-
June, July-Sept and Oct-December (30.0%, 
32.6%, 38.6% and 34.8% respectively), sheep 
(table 4B) (42.9%, 39.6%, 41.1% and 44.5% 
respectively) and goats (table 4C) (32.1%, 
39.9%, 42.9% and 31.9% respectively). The E. 
coli isolates resistance in 2023 showed highest 
prevalence in cattle in July-Sept, in sheep all 
seasons slightly similar except April-June and 

in goats the highest resistance prevalence was 
reported in seasons April-June and July-Sept. 
In 2024, E. coli isolates were resistant in cattle 
during Jan-March, April-June, July-Sept and 
Oct-December (38.5%, 39.3%, 24.6% and 
24.6% respectively), sheep (48.1%, 42.8%, 
36.7% and 40.7%) and goats (37.7%, 46.3%, 
37.1% and 26.0% respectively). The E. coli 
isolates resistance in 2024 showed highest 
prevalence in cattle in seasons Jan-March and 
April-June, in sheep the highest resistance 
prevalence was reported in Jan-March and oth-
er seasons showed similar prevalence, and in 
goats the highest resistance prevalence was 
reported in season April-June.  
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Table 4A: Antibiotic sensitivity of E. coli isolated from dairy cattle at Beheira governorate during different 
annual seasons in 2023 and 2024. 

Cattle 2023 2024 

Jan-March April-June July-Sept Oct-
December 

Jan-March April-June July-Sept Oct-
December 

10 isolates 
(%) 

25 isolates 
(%) 

27 isolates 
(%) 

23 isolates 
(%) 

13 isolates 
(%) 

28 isolates 
(%) 

25 isolates 
(%) 

18 isolates 
(%) 

AMC R 1 (10%) 3 (12%) 4 (14.8%) 3 (13%) 2 (15.4%) 5 (17.9%) 3 (12.0%) 2 (11.1%) 

I 2 (20%) 5 (20%) 3 (11.1%) 2 (8.7%) 3 (23.1%) 3 (10.7%) 3 (12.0%) 3 (16.7%) 

S 7 (70%) 17 (68%) 20 
(74.1%) 

18 
(78.3%) 

8 (61.5%) 20 (71.4%) 19 (76.0%) 13 (72.2%) 

GEN R 2 (20%) 7 (28%) 8 (29.6%) 5 (21.7%) 3 (23.1%) 9 (32.1%) 6 (24.0%) 2 (11.1%) 

I 2(20%) 5 (20%) 6 (22.2%) 3 (13%) 3 (23.1%) 4 (14.3%) 7 (28.0%) 4 (22.2%) 

S 6 (60%) 13 (52%) 13 
(48.2%) 

15 
(65.2%) 

7 (53.8%) 15 (53.6%) 12 (48.0%) 12 (66.7%) 

CTX R 3 (30%) 9 (36%) 18 
(66.7%) 

13 
(56.5%) 

5 (38.5%) 12 (42.9%) 6 (24.0%) 5 (27.8%) 

I 4 (40%) 8 (32%) 2 (7.4%) 3 (13%) 3 (23.1%) 6 (21.4%) 10 (40.0%) 5 (27.8%) 

S 3 (30%) 8 (32%) 7 (25.9%) 7 (30.5%) 5 (38.5%) 10 (35.7%) 9 (36.0%) 8 (44.0%) 

ENR R 2 (20%) 5 (20%) 7 (25.9%) 8 (34.8%) 5 (38.5%) 8 (28.6%) 5 (20.0%) 6 (33.3%) 

I 3 (30%) 9 (36%) 9 (33.3%) 3 (13%) 2 (15.4%) 5 (17.9%) 9 (36.0%) 2 (11.1%) 

S 5 (50%) 11 (44%) 11 
(40.7%) 

12 
(52.2%) 

6 (46.2%) 15 (53.6%) 11 (44.0%) 10 (55.6%) 

COT R 2 (20%) 5 (20%) 7 (25.9%) 4 (17.4%) 3 (23.1%) 7 (25.0%) 4 (16.0%) 2 (11.1%) 

I 4 (40%) 8 (32%) 8 (29.6%) 6 (26.1%) 4 (30.8%) 7 (25.0%) 9 (39.0%) 5 (27.8%) 

S 4 (40%) 12 (48%) 12 
(44.5%) 

13 
(56.5%) 

6 (46.2%) 14 (50.0%) 12 (48.0%) 11 (61.1%) 

O R 4 (40%) 13 (52%) 10 (37%) 6 (26.1%) 8 (61.5%) 16 (57.2%) 6 (24.0%) 4 (22.2%) 

I 3 (30%) 8 (32%) 7 (25.9%) 7 (30.5%) 3 (23.1%) 5 (17.9%) 8 (32.0%) 4 (22.2%) 

S 3 (30%) 4 (16%) 10 (37%) 10 
(43.4%) 

2 (15.4%) 7 (25.0%) 11 (44.0%) 10 (55.6%) 

P R 7 (70%) 15 (60%) 19 
(70.4%) 

17 
(73.9%) 

9 (69.2%) 20 (71.4%) 13 (52.0%) 10 (55.6%) 

I 2 (20%) 6 (24%) 5 (18.5%) 3 (13%) 2 (15.4%) 5 (17.9%) 6 (24.0%) 5 (27.8%) 

S 1 (10%) 4 (16%) 3 (11.1%) 3 (13%) 2 (15.4%) 3 (10.7%) 6 (24.0%) 3 (16.7%) 

R mean (%) 30 .0% 32.6% 38.6% 34.8% 38.5% 39.3% 24.6% 24.6% 

AMC = Amoxycillin +Clavulinic acid               GEN= Gentamicin                  ENR= Enrofloxacine          COT= Cotri-
moxazole (sulfa. + trimethoprim)                        O = Oxytetracyclin                    P=Penicillin  
Resistance reported as susceptible (S), resistant (R), or intermediate (I). 
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Table 4B. Antibiotic sensitivity of E. coli isolated from sheep at Beheira governorate during different annual 
seasons in 2023 and 2024  

Sheep 9 Isolates 
(%) 

13 Iso-
lates (%) 

16 iso-
lates (%) 

17 iso-
lates (%) 

11 iso-
lates (%) 

15 iso-
lates (%) 

14 iso-
lates (%) 

13 iso-
lates (%) 

AMC S 3 (33.3%) 5 (38.5%) 4 (25.0%) 4 (23.5%) 4 (36.4%) 6 (40.0%) 3 (21.4%) 3 (23.1%) 

I 1 (11.1%) 3 (23.1%) 3 (18.8%) 5 (29.4%) 1 (9.1%) 2 (13.3%) 2 (14.3%) 4 (30.8%) 

R 5 (55.6%) 5 (38.5%) 9 (56.3%) 8 (47.1%) 6 (54.5%) 7 (46.7%) 9 (64.3%) 6 (46.2%) 

GEN R 4 (44.4%) 3 (23.1%) 5 (31.3%) 6 (35.3%) 5(45.5%) 4 (26.7%) 4 (28.6%) 4 (30.8%) 

I 1 (11.1%) 4 (30.8%) 3 (18.8%) 3 (17.7%) 2 (18.2%) 3 (20.0%) 3 (21.4%) 3 (23.1%) 

S 4 (44.5%) 6 (46.2%) 8 (50.0%) 8 (47.1%) 4 (36.4%) 6 (54.6%) 7 (50.0%) 6 (46.15) 

CTX R 5 (55.6%) 7 (53.8%) 8 (50.0%) 9 (52.9%) 7 (63.6%) 9 (60.0%) 6 (42.9%) 6 (46.2%) 

I 1 (11.1%) 2 (15.4%) 3 (18.8%) 4 (23.5%) 1 (9.1%) 2 (13.3%) 3 (21.4%) 4 (30.8%) 

S 3 (33.3%) 4 (30.8%) 5 (31.3%) 4 (23.5%) 3 (27.3%) 4 (26.7%) 5 (35.7%) 4 (30.8%) 

COT R 2 (22.2%) 4 (30.8%) 6 (37.5%) 7 (41.2%) 4 (36.4%) 5 (33.3%) 5 (35.7%) 5 (38.5%) 

I 3 (33.3%) 3 (23.1%) 5 (31.3%) 4 (23.5%) 1 (9.1%) 3 (20.0%) 2 (14.3%) 2 (15.4%) 

S 4 (44.5%) 6 (46.2%) 5 (31.3%) 6 (53.3%) 6 (54.5%) 7 (46.7%) 7 (38.9%) 6 (46.2%) 

ENR R 3 (33.3%) 4 (30.8%) 6 (37.5%) 6 (35.3%) 4 (36.4%) 5 (33.3%) 5 (35.7%) 4 (30.8%) 

I 1 (11.1%) 5 (38.5%) 4 (25.0%) 4 (23.5%) 0 (0.0%) 3 (20.0%) 4 (28.6%) 3 (23.1%) 

S 5 (55.6%) 4 (30.8%) 6 (37.5%) 7 (41.2%) 7 (63.6%) 7 (46.7%) 5 (35.7%) 6 (46.2%) 

O R 4 (44.5%) 7 (53.8%) 8 (50.0%) 10 
(58.8%) 

6 (54.6%) 8 (53.3%) 6 (42.9%) 7 (53.8%) 

I 2 (22.2%) 0 (0.0%) 3 (18.8%) 2 (11.8%) 3 (27.3%) 2 (13.3%) 3 (21.4%) 1 (7.7%) 

S 3 (33.3%) 6 (46.2%) 5 (31.3%) 5 (29.4%) 2 (18.1%) 5 (33.3%) 5 (35.7%) 5 (38.5%) 

P R 6 (66.7%) 6 (46.2%) 9 (56.3%) 11 
(64.7%) 

7 (63.6%) 8 (53.3%) 7 (50.0%) 8 (61.5%) 

I 1(11.1%) 2 (15.4%) 3 (18.8%) 2 (11.8%) 2 (18.2%) 3 (20.0%) 3 (21.4%) 2 (15.4%) 

S 2 (22.2%) 5 (38.5%) 4 (25.0%) 4 (23.5%) 2 (18.2%) 4 (26.7%) 4 (28.6%) 3 (23.1%) 

R mean (%) 42.9% 39.6% 41.1% 44.5% 48.1% 42.8% 36.7% 40.7% 

AMC = Amoxycillin +Clavulinic acid               GEN= Gentamicin                  ENR= Enrofloxacine          COT= Cotri-
moxazole (sulfa. + trimethoprim)                     O = Oxytetracyclin                    P=Penicillin 
Resistance reported as susceptible (S), resistant (R), or intermediate (I). 
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Table 4C. Antibiotic sensitivity of E. coli isolated from goats at Beheira governorate during different annual 
seasons in 2023 and 2024. 

Goat 12 iso-
lates (%) 

11 iso-
lates (%) 

11 iso-
lates (%) 

13 iso-
lates (%) 

14 iso-
lates (%) 

13 iso-
lates (%) 

10 iso-
lates (%) 

11 iso-
lates (%) 

AMC R 1 (8.3%) 2 (18.2%) 3 (27.27) 3 (23.1%) 2 (14.3%) 3 (23.1%) 2 (20.0%) 2 (18.2%) 

I 2 (16.7%) 3 (27.3%) 0 (0.0%) 2 (15.4%) 3 (21.4%) 2 (15.4%) 1 (10.0%) 1 (9.1%) 

S 9 (75.0%) 6 (54.5%) 8 (72.72) 8 (61.5%) 9 (64.3%) 8 (61.5%) 7 (70.0%) 8 (72.7%) 

GEN R 2 (16.7%) 4 (36.4%) 4 (36.36) 2 (15.4%) 3 (21.4%) 5 (38.5%) 3 (30.0%) 1 (9.1%) 

I 3 (25.0%) 3 (27.3%) 2 (18.2%) 5 (38.5%) 3 (21.4%) 3 (23.1%) 1 (10.0%) 3 (27.3%) 

S 7 (58.3%) 4 (36.4%) 7 (63.6%) 6 (46.2%) 8 (57.1%) 5 (38.5%) 6 (60.0%) 7 (63.6%) 

CTX R 4 (33.3%) 5 (41.7%) 6 (54.6%) 5 (38.5%) 5 (41.7%) 6 (46.2%) 5 (50.0%) 4 (36.4%) 

I 2 (16.7%) 3 (25.0%) 3 (27.3%) 3 (23.1%) 3 (21.4%) 3 (23.1%) 3 (30.0%) 3 (27.3%) 

S 6 (50.0%) 4 (33.3%) 2 (18.2%) 5 (38.5%) 6 (42.9%) 4 (30.8%) 2 (20.0%) 4 (36.4%) 

COT R 3 (25.0%) 5 (41.7%) 3 (27.3%) 3 (23.1%) 5 (35.7%) 6 (46.2%) 2 (20.0%) 2 (18.2%) 

I 4 (33.3%) 3 (25.0%) 2 (18.2%) 4 (30.8%) 3 (21.4%) 2 (15.4%) 2 (20.0%) 3 (27.3%) 

S 5 (41.7%) 4 (33.3%) 6 (54.6%) 6 (46.2%) 6 (42.9%) 5 (38.5%) 6 (60.0%) 6 (54.5%) 

ENR R 3 (25.0%) 4 (33.3%) 4 (36.4%) 3 (23.1%) 4 (28.6%) 5 (38.5%) 3 (30.0%) 2 (18.2%) 

I 2 (16.7%) 3 (25.0%) 1 (9.1%) 5 (38.5%) 2 (14.3%) 3 (23.1%) 1 (10.0%) 4 (36.4%) 

S 7 (58.3%) 5 (41.7%) 6 (54.6%) 5 (38.5%) 8 (57.1%) 5 (38.5%) 6 (60.0%) 5 (45.5%) 

O R 6 (50.0%) 7 (58.3%) 6 (54.6%) 5 (38.5%) 8 (57.1%) 8 (62.5%) 5 (50.0%) 3 (27.3%) 

I 3 (25.0%) 3 (25.0%) 2 (18.2%) 4 (30.8%) 3 (21.4%) 2 (15.4%) 2 (20.0%) 4 (36.4%) 

S 3 (25.0%) 2 (16.7%) 3 (27.3%) 4 (30.8%) 3 (21.4%) 3 (23.1%) 3 (30.0%) 4 (36.4%) 

P R 8 (66.7%) 6 (50.0%) 7 (63.6%) 8 (61.5%) 10 
(71.4%) 

9 (69.2%) 6 (60.0%) 6 (54.5%) 

I 1 (8.3%) 5 (41.7%) 1 (9.1%) 2(15.4%) 1 (7.1%) 3 (23.1%) 2 (20.0%) 3 (27.3%) 

S 3 (25.0%) 1 (8.3%) 3 (27.3%) 3 (23.1%) 3 (21.4%) 1 (7.7%) 2 (20.0%) 2 (18.2%) 

R mean (%) 32.1% 39.9% 42.9% 31.9% 37.7% 46.3% 37.1% 26.0% 

AMC = Amoxycillin +Clavulinic acid               GEN= Gentamicin                  ENR= Enrofloxacine          
COT= Cotrimoxazole (sulfa. + trimethoprim)                                  O = Oxytetracyclin                    
P=Penicillin 
Resistance reported as susceptible (S), resistant (R), or intermediate (I).  % calculated according to the num-
ber of tested isolates.   R mean = Sum of R/ 7 (Number of antibiotics used). 

In table 5 the MAR index (multidrug re-
sistance index) calculated by dividing the 
number of antibiotics resisted by each E. coli 
strains on the total number of antibiotics used 
in the test (7 antibiotics) so that resistance to 
more than one antibiotic increasing the MAR 
index. Resistance to 3 antibiotics or more 
means the E. coli strain is a multidrug resistant 

strain with high MAR index. Table 5 show 
that the number of MDR E. coli strains in-
creased in 2024 (Jan. -March and April – 
June) than in 2023. While decreased in 2024 
(July –Sept. And Oct. - Dec.) these results is 
the same happen in Cattle, Sheep and Goats. 
More hot and humid climate increasing the 
chance of release mor MDR E. coli Strains.  
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Table 5. The multiple antibiotic resistant (MAR) strains index isolated from (cattle, sheep and goats during 
2023 and 2024). 

Animal 
species 

Season 
  

Year   Strains   
resist 1 

antibiotic 

Strains 
resist 2 

antibiotics 

Strains 
resist 3 

antibiotics 

Strains 
resist 4 

antibiotics 

Strains 
resist 5 

antibiotics 

Strains 
resist 6 

antibiotics 

No. of 
MDR 

isolates 

Cattle MAR 
index 

0.14 0.28 0.42 0.57 0.7 0.85 

Jan- 
March 

2023 No. of 
isolates 

2 3 2 1 0 0 3 

2024 No. of 
isolates 

3 3 3 1 1 0 5 

Apr- June 2023 No. of 
isolates 

9 8 2 2 0 1 5 

2024 No. of 
isolates 

9 8 3 2 1 1 7 

July- Sept 2023 No. of 
isolates 

13 6 2 2 1 1 6 

2024 No. of 
isolates 

10 6 2 3 0 0 5 

Oct - Dec 2023 No. of 
isolates 

9 4 3 1 1 0 5 

2024 No. of 
isolates 

7 5 2 1 1 0 4 

Sheep Season 
  

Year Number 
of antibi-

otics 

1 2 3 4 5 6 No. of 
MDR 

isolates 

MAR 
index 

0.14 0.28 0.42 0.57 0.7 0.85 

Jan- 
March 

2023 No. of 
isolates 

2 3 1 1 0 0 2 

2024 No. of 
isolates 

3 3 2 1 1 0 4 

Apr- June 2023 No. of 
isolates 

4 3 1 2 0 0 3 

2024 No. of 
isolates 

5 4 1 1 1 1 4 

July- Sept 2023 No. of 
isolates 

6 3 2 2 1 0 5 

2024 No. of 
isolates 

7 1 2 1 0 0 3 

Oct - Dec 2023 No. of 
isolates 

6 4 3 1 1 0 5 

2024 No. of 
isolates 

3 5 2 1 0 0 3 

Goat Season 
  

Year Number 
of antibi-

otics 

1 2 3 4 5 6 No. of 
MDR 

isolates 

MAR 
index 

0.14 0.28 0.42 0.57 0.7 0.85 

Jan- 
March 

2023 No. of 
isolates 

3 4 1 2 1 0 4 

2024 No. of 
isolates 

1 3 2 1 1 1 5 

Apr- June 2023 No. of 
isolates 

3 2 2 1 1 1 5 

2024 No. of 
isolates 

2 3 2 1 2 1 6 

July- Sept 2023 No. of 
isolates 

1 4 3 2 0 1 6 

2024 No. of 
isolates 

2 3 2 1 1 0 4 

Oct - Dec 2023 No. of 
isolates 

3 2 3 1 1 1 6 

2024 No. of 
isolates 

4 3 1 1 0 1 3 

The MAR index calculated by dividing the number of antibiotics which resisted by E. coli on the total num-
ber of antibiotics used in the test. 
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In table 5 hot and humid seasons enhanced the 
release of MDR isolates with high MAR index. 
Decreased temperature and humidity decreased 
the chance of MDR strains release. Results re-
ported that in 2024 hot and humid seasons had 
higher number of MDR E. Coli strains than in 
2023. While, in 2024 less temperature and low 
humidity resulted in decreased number of 
MDR E. coli strains with lower MAR index 
 
DISCUSSION 

A zoonotic pathogen with a high capacity 
for acquiring AMR is E. coli, which could 
have detrimental effects on human health and 
animal food safety (Aflakian et al. 2023). Ac-
cording to Zhang et al. (2024), Determining 
the seasonal prevalence of mastitis in dairy cat-
tle, sheep, and goats across three locations in 
the El-Beheira governorate over two annual 
cycles was the objective of this study. Addi-
tionally, we sought to ascertain the antibiotic 
resistance patterns of E. coli isolates against 
commonly used antibiotics in the region. 

 
Results improve knowledge of the frequen-

cy of E. coli in collected milk samples from 
dairy farms that raise goats, sheep, and cattle 
throughout the course of two annual cycles. 
Over the course of two annual cycles, a total of 
373/1568 (23.8%) E. coli isolates were recov-
ered. This isolation rate was in line with Ibra-
him et al. (2022) findings in that, 32% of the 
raw farm milk under investigation harbourd E. 
coli. According to Gundogan and Avci 
(2014), E. coli was found in 74% of raw milk, 
indicating a higher prevalence. Furthermore, 
Megawer et al. (2021) found that raw milk 
had a 75% E. coli prevalence. Conversely, 
Kareem et al. (2023) and Ombarak et al. 
(2023) observed low recovery rates of 4.6% 
and 9.3%, respectively, indicating low preva-
lence of E. coli.  

 
The study results proved that E. coli was 

found in milk samples collected from cattle, 
sheep, and goats at three distinct locations in 
the Beheira governorate and its prevalence was 
29.1%, 22.2%, and 19.1% respectively, more 
over detailed prevalence in cattle (27.6% in 
2023; 30.9% in 2024), in Sheep  (21.6% in 
2023; 22.8% in 2024) and in Goats (19% in 

2023; 19.26% in 2024) during two annual cy-
cles (2023 and 2024) The difference between 
2023 and 2024 in E. coli prevalence revealed 
that in goats (19.0% vs. 19.3%, P=0.942), 
sheep (18.5% vs. 21.7%, P=0.491), and cattle 
(27.6% vs. 30.9%, P=0.520). Since P > 0.05, 
these differences are not statistically signifi-
cant.  

 
E. coli prevalence demonstrated significant 

variation across host species, geographical lo-
cations, and seasonal periods (Table 2). 
Among cattle, the highest infection rates oc-
curred in Rosetta during July-September 
(52.0% in 2023; 68.2% in 2024), followed by 
Badr-South El-Tahrir in April-June (47.8% in 
2023; 63.1% in 2024). Itay El-Barud exhibited 
peak prevalence during October-December 
2023 (31.0%) and April-June 2024 (33.3%). 
For sheep, maximum contamination was ob-
served in Rosetta during July-September 
(36.8% in 2023; 46.6% in 2024). Itay El-Barud 
showed elevated prevalence in both April-June 
(27.3% in 2023; 30.0% in 2024) and October-
December (27.3% in 2023; 25.0% in 2024). 
Badr-South El-Tahrir recorded peak rates dur-
ing October-December 2023 (20.0%) and Jan-
uary-March 2024 (21.7%). Regarding goats, 
Itay El-Barud demonstrated the highest preva-
lence during July-September 2023 (23.8%) and 
January-March 2024 (26.3%). Rosetta showed 
elevated contamination in April-June (22.2% 
in 2023; 25.0% in 2024) and October-
December 2023 (22.2%), while Badr-South El-
Tahrir peaked during January-March (21.7% in 
2023; 22.7% in 2024). Spatiotemporal analysis 
revealed distinct geographical patterns: Rosetta 
consistently showed the highest E. coli preva-
lence during April-June and July-September. 
Itay El-Barud exhibited peak contamination in 
October-December, whereas Badr-South El-
Tahrir recorded maximal rates during April-
June followed by January-March and October-
December. These results support those of Iq-
bal et al. (2017), who found that greater tem-
peratures resulted in higher concentrations of 
E. coli, underscoring the importance of tem-
perature-driven bacterial growth on a global 
scale.  E. coli grows best at 37 °C, warmer 
temperatures not only promote bacterial 
growth but also increase its pathogenic poten-
tial (Chatreman et al. 2020).  
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Mastitis continues to be a serious problem 

in the dairy industry, affecting animal welfare 
worldwide and resulting in large financial loss-
es.  mastitis infection are all correlated with 
temperature and humidity (Vitali et al. 2020; 
Krebs et al. 2023). Clinical mastitis is more 
likely to occur when the temperature-humidity 
index (THI) rises, although there was no dis-
cernible pattern with average rainfall. Accord-
ing to Vitali et al. (2016) and Vitali et al. 
(2020), hot weather, particularly temperatures 
above 24 °C, has also been connected to higher 
milk Somatic cell count (SCC), increased mi-
croorganisms, decreased dry matter intake, and 
low immunity, which results in a negative en-
ergy balance and increases the susceptibility of 
dairy cattle to diseases. Seasonal protocols for 
managing mastitis are outlined by the seasonal 
dynamics of mastitis incidence in dairy cows 
and buffaloes kept on sub-tropical farms 
(Gayathri et al. 2024a, Gayathri et al. 
2024b). In both annual cycles, July through 
September were the season with the highest 
recorded temperatures and THI. A common 
metric for assessing heat stress in dairy cows is 
the THI (Hamel et al. 2021). Relative humidi-
ty is the limiting element of heat stress in hu-
mid areas (Baldwin et al. 2023). In compari-
son to low THI, Dawod (2022) found that dai-
ly milk production and milk composition de-
creased at high THI. Tamami et al. (2018) and 
Nasr and El-Tarabany (2017) observed high-
er SCC values, decreased daily milk output, 
and composition in high THI levels as opposed 
to low THI levels.  

 
Antimicrobial therapy is typically used on 

dairy farms to treat and prevent mastitis, and 
the widespread and improper use of antibiotics 
to treat this condition is thought to be the cause 
of rising antimicrobial resistance (Singh et al. 
2018; Drugea et al. 2025). As a result, over 
the past ten years, a number of E. Coli bacterial 
strains that were isolated from dairy animals 
have progressively developed resistance to var-
ious antimicrobial agents. Data regarding the 
rising levels of acquired resistance to cefoxitin, 
sulphamethoxazole, cloxacillin, b-lactamase, 
tetracycline, quinolone, cephalosporin, amoxi-
cillin, penicillin, cephalexin, trimethoprim, and 
chloramphenicol have been reported in several 

publications (Ababu et al. 2020; Elias et al. 
2020; Hassani et al. 2022; Widodo et al. 
2022). As shown in Table 4(A, B and C). 

 
 E. coli isolates from collected milk sam-

ples of cattle, sheep, and goats, during two an-
nual cycles demonstrated an elevated rate of 
penicillin resistance followed by resistance to 
ofloxacin and cefotaxime. According to İşnel 
and Kırkan (2012), who obtained E. coli iso-
lates from goats with subclinical mastitis that 
shown resistance to cefotaxime and penicillin, 
these results were in agreement with this study 
findings. Since there is a negative correlation 
between pH and biofilm formation, Kundukad 
et al. (2017) reported that administering peni-
cillin intramammary increases the formation of 
biofilms. Therefore, chemical agents such as 
sodium bicarbonates can be used to raise pH, 
which will reduce infection and biofilm for-
mation. Also, Mshelia et al. (2014) reported 
that E. coli isolates from endometritis showed 
resistance against ofloxacin.  

 
antimicrobial medicines are currently the 

mainstay of treatment for E. coli infections. 
The increase of medication resistance has an 
impact on animal productivity and is a health 
risk to humans, making treatment procedures 
more difficult and perhaps increasing medical 
expenses and treatment failures. Developing 
efficient infection control methods and encour-
aging the responsible use of antibiotics require 
ongoing surveillance and thorough study on 
MDR E. coli (Xu et al. 2023). 

 
Magiorakos et al. (2012) defined multi-

drug resistance (MDR) as phenotypic re-
sistance to three or more distinct antibiotic 
classes. The study found that the seasons of 
July–September and April–June had the high-
est rates of MDR. Summertime isolates of E. 
coli displayed the highest levels of phylogenet-
ic group diversity and antibiotic resistance 
gene carriage. Temperature is one of the fa-
vourable and survival-supporting environmen-
tal elements that may be responsible for the 
somewhat higher incidence of antibiotic-
resistant E. coli in the summer. The mean tem-
perature in the summer is above 30 °C, which 
is ideal for bacterial growth. The study indicat-
ed a tendency towards summer and showed 
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seasonal fluctuation in organism detection 
(Yasmin et al. 2022).  
 

CONCLUSION 

T 
his study provides critical insights into 
the prevalence, antimicrobial resistance 
patterns, and climate-associated dynam-
ics of E. coli contamination in raw milk 

from dairy farms across El-Beheira Gover-
norate. Key findings reveal an overall E. coli 
contamination rate of 23.8% in raw milk sam-
ples, indicating substantial risk of zoonotic 
transmission through unpasteurized dairy prod-
ucts. The elevated frequency of contamination 
during warmer seasons aligns with peak tem-
perature-humidity indices, underscoring the 
influence of climatic factors on pathogen prev-
alence. 
 

Notably, widespread MDR observed 
among isolates represents a serious public 
health concern. The persistence of MDR E. 
coli strains in the dairy supply chain necessi-
tates urgent interventions to mitigate transmis-
sion risks through human food pathways. 
These findings highlight the emerging threat of 
climate-amplified antimicrobial resistance in 
food systems. 

 
Consequently, Recommended that en-

hanced surveillance of antimicrobial use in 
livestock production and implementation of 
climate-adaptive food safety protocols. Sus-
tained monitoring of resistance patterns and 
targeted stewardship programs are essential to 
curb the proliferation of drug-resistant patho-
gens in dairy ecosystems under changing cli-
matic conditions. 
 
REFERENCES 
Ababu A, Endashaw D, Fesseha H, Isolation 

and Antimicrobial Susceptibility Profile of 
Escherichia coli O157:H7 from Raw Milk 
of Dairy Cattle in Holeta District, Central 
Ethiopia. Int. J. Microbiol. 2020; 
2020:6626488. doi: 10.1155/2020/6626488 

Aflakian F, Mohseni N, Hafiz M, Nikoueian 
H, Badouei MA, Zomorodi AR. Phenotyp-
ic and genotypic investigation of antimi-
crobial resistance and extended-spectrum 
beta-lactamase production among Esche-

richia coli isolated from bovine mastitis. 
Vet. Arh. 2023, (93): 503–512.  

Al-Harbi H, Ranjbar S, Moore RJ, Alawneh JI. 
Bacteria Isolated From Milk of Dairy 
Cows With and Without Clinical Mastitis 
in Different Regions of Australia and Their 
AMR Profiles. Front Vet Sci. 2021; 
8:743725. doi:10.3389/fvets.2021.743725 

Asfaw A: Prevalence and Potential Risk Fac-
tors of Bovine Clinical Mastitis in Bonke 
District, Gamo Zone, Southern Ethiopia. 
OMOInt. J. Sci. 2023, (6): 1–11.  

Astuti PK, Ayoob A, Strausz P, Vakayil B, 
Kumar SH, Kusza S. Climate change and 
dairy farming sustainability; a causal loop 
paradox and its mitigation scenar-
io. Heliyon. 2024; 10(3):e25200. Published 
2024 Jan 24. doi:10.1016/
j.heliyon.2024.e25200 

Baldwin JW, Benmarhnia T, Ebi KL, Jay O, 
Lutsko NJ, Vanos JK. Humidity's Role in 
Heat-Related Health Outcomes: A Heated 
Debate. Environ Health Perspect. 2023; 
131(5):55001. doi:10.1289/EHP11807 

Biswas S, Bal M, Pati S. Antibiotic resistance 
in toxigenic E. coli: a severe threat to glob-
al health. Discov Med 1, 72 (2024). https://
doi.org/10.1007/s44337-024-00102-x 

Chatreman N, Seecharran D, Ansari AA. Prev-
alence and distribution of pathogenic bac-
teria found in fish and fishery products: A 
review. J. Fisheries Life Sci. 2020; 5(2): 53
–65. 

Chen Y, Liu Z, Zhang Y, Zhang Z, Lei L, Xia 
Z. Increasing Prevalence of ESBL-
Producing Multidrug Resistance Escherich-
ia coli From Diseased Pets in Beijing, Chi-
na From 2012 to 2017. Front. Microbiol. 
2019, (10): 2852.  

Dawod A, Impacts of Climatic Factors on Milk 
Yield Performance and Mastitis Incidence 
in Holstein Cattle Reared under Subtropi-
cal Condition. Journal of Current Veteri-
nary Research, 2022; 4(1): 106-117. doi: 
10.21608/jcvr.2022.240913 

Drugea RI, Siteavu MI, Pitoiu E. Prevalence 
and Antibiotic Resistance of Escherichia 
coli Isolated from Raw Cow's 
Milk. Microorganisms. 2025;13(1):209. 
doi:10.3390/microorganisms13010209 



116 

Gadalla et al.,                                                Egyptian Journal of Animal Health 5, 4(2025), 102-118 

Elias L, Balasubramanyam AS, Ayshpur OY, 
Mushtuk IU, Sheremet NO, Gumeniuk VV, 
Musser JMB, Rogovskyy AS, Antimicrobi-
al Susceptibility of Staphylococcus aureus, 
Streptococcus agalactiae, and Escherichia 
coli Isolated from Mastitic Dairy Cattle in 
Ukraine. Antibiotics. 2020; 9:469. doi: 
10.3390/antibiotics9080469. 

Feliciano RJ, Boué G, Membré JM. Overview 
of the Potential Impacts of Climate Change 
on the Microbial Safety of the Dairy Indus-
try. Foods. 2020; 9(12):1794. Published 
2020 Dec 3. doi:10.3390/foods9121794 

Gayathri SL, Bhakat M, Mohanty TK. Season-
al assessment of mastitis using thermogram 
analysis in Sahiwal cows. Res Vet Sci. 
2024a; 166:105083. doi:10.1016/
j.rvsc.2023.105083 

Gayathri SL, Bhakat M, Mohanty TK. Season-
al assessment of mastitis using thermogram 
analysis in murrah buffaloes. J Therm Biol. 
2024b; 121:103842. doi:10.1016/j. 
jtherbio. 2024.103842 

Gemeda BA, Wieland B, Alemayehu G, 
Knight- Jones TJD, Wodajo HD, Tefera M, 
Kumbe A, Olani A, Abera S, Amenu K, 
Antimicrobial resistance of Escherichia 
coli isolates from Livestock and the envi-
ronment in extensive smallholder Live-
stock production systems in Ethiopia. Anti-
biotics (Basel). 2023; 12(5): 941. 

Goulart DB, Mellata M, Escherichia coli Mas-
titis in Dairy Cattle: Etiology, Diagnosis, 
and Treatment Challenges. Front. Microbi-
ol. 2022, (13): 928346 

Gundogan N, Avci E, Occurrence and antibi-
otic resistance of Escherichia coli, Staphy-
lococcus aureus and Bacillus cereus in raw 
milk and dairy products in Turkey. Int. J 
Dairy Technol. 2014; (67): 562-569. 

Guzmán-Luna P, Nag R, Martínez I, Mauricio-
Iglesias M, Hospido A, Cummins E. Quan-
tifying current and future raw milk losses 
due to bovine mastitis on European dairy 
farms under climate change scenarios. Sci 
Total Environ. 2022; 833:155149. 
doi:10.1016/j.scitotenv.2022.155149 

Hamel J, Zhang Y, Wente N, Krömker V. Heat 
stress and cow factors affect bacteria shed-
ding pattern from naturally infected mam-

mary gland quarters in dairy cattle. J. Dairy 
Sci. 2021; 104:786–794. doi: 10.3168/
jds.2020-19091.  

Hassani S, Moosavy MH, Gharajalar SN, 
Khatibi SA, Hajibemani A, Barabadi Z. 
High Prevalence of Antibiotic Resistance 
in Pathogenic Foodborne Bacteria Isolated 
from Bovine Milk. Sci. Rep. 2022;12:3878. 
doi: 10.1038/s41598-022-07845-6.  

Ibrahim AH, Ali ME, Ahmed MF, Abdelkha-
lek A. Prevalence and Characterization of 
Escherichia coli in Raw Milk and Some 
Dairy Products at Mansoura City. JAVR. 
2022; 12(4):363-70. Available from: 
https://www.advetresearch.com/index.php/
AVR/article/view/1015 

Iqbal MS, Ahmad MN, Hofstra N, The rela-
tionship between hydro-climatic variables 
and E. coli concentrations in surface and 
drinking water of the Kabul river basin in 
Pakistan. AIMS Environ. Sci. 2017; 4(5): 
690–708. 

İşnel NB, Kırkan Ş. Isolation of Microorgan-
isms from Goats with Subclinical Mastitis 
and Detection of Antibiotics Susceptibility. 
Anim. Hlth Prod Hyg. 2012;1(2): 106-112.  

kareem M, El-hofy F, Hamouda R, Awad A, 
Molecular characterization of Escherichia 
coli isolated from mastitis in dairy cat-
tle.. Benha Veterinary Medical Journal, 
2023; 45(2): 95-99. doi: 10.21608/
bvmj.2023.239479.1733 

Kasimanickam V, Kasimanickam M, Kasi-
manickam R, Antibiotics Use in Food Ani-
mal Production: Escalation of Antimicrobi-
al Resistance: Where Are We Now in 
Combating AMR?. Med Sci (Basel). 2021; 
9(1):14. Published 2021 Feb 21. 
doi:10.3390/medsci9010014 

Katsini L, Bhonsale SS, Roufou S, Griffin S, 
Valdramidis V, Akkermans S, Polanska M 
and Van Impe JFM. Milk contamination in 
Europe under anticipated climate change 
scenarios. Front. Sustain. Food Syst. 2024; 
8:1468698. doi: 10.3389/
fsufs.2024.1468698 

Kendall P, Webster J, Season and physiologi-
cal status affect the circadian body temper-
ature rhythm of dairy cows. Livestock Sci-
ence. 2009; (125): 155-160. 

https://www.advetresearch.com/index.php/AVR/article/view/1015
https://www.advetresearch.com/index.php/AVR/article/view/1015


117 

Gadalla et al.,                                                Egyptian Journal of Animal Health 5, 4(2025), 102-118 

Krebs I, Zhang Y, Wente N, Leimbach S, 
Krömker V. Severity of Clinical Mastitis 
and Bacterial Shedding. Pathogens. 
2023;12(9):1098. Published 2023 Aug 28. 
doi:10.3390/pathogens12091098 

Kundukad B, Schussman M, Yang K, Seviour 
T, Yang L, Rice SA. Mechanistic action of 
weak acid antibiotics on biofilms. Nature. 
2017; 7:4783. http://dx.doi.org/ 10.1038/
s41598-017-05178-3 

Magiorakos AP, Srinivasan A, Carey RB, Car-
meli Y, Falagas ME, Giske CG. Multidrug-
resistant, extensively drug-resistant and 
pandrug-resistant bacteria: an international 
expert proposal for interim standard defini-
tions for acquired resistance. Clin Microbi-
ol Infect. 2012;18(3):268–281. doi: 
10.1111/j.1469-0691.2011.03570.x. 

Megawer A, Hassan G, Meshref A, Elnewery 
H, Prevalence of Escherichia coli in Milk 
and Some Dairy Products in Beni-Suef 
Governorate, Egypt. J. Vet. Med. Res. 
2021; (27):161-167. 

Mora-Coto D, Moreno-Vélez P, Luna-Muñoz 
J, Moreno-Campuzano S, Ontiveros-Torres 
MA. Intestinal and Extraintestinal Patho-
types of Escherichia coli Are Prevalent in 
Food Prepared and Marketed on the Streets 
from the Central Zone of Mexico and Ex-
hibit a Differential Phenotype of Re-
sistance Against Antibiotics. Antibiotics. 
2025; 14(4):406. https://doi.org/10.3390/
antibiotics14040406 

Mshelia GD, Bilal VT, Maina1 VA, Okon K, 
Mamza SA, Peter ID, Egwu GO. Microbio-
logical studies on genital infections in 
slaughtered ewes from tropical arid zone of 
Nigeria. Sokoto J Vet Sci. 2014; 12(1): 18 
22.  

Nasr MA, El-Tarabany MS, Impact of three 
THI levels on somatic cell count, milk 
yield and composition of multiparous Hol-
stein cows in a subtropical region. Journal 
of thermal biology. 2017; (64): 73-77.  

Nassar MSM, Hazzah WA, Bakr WMK. Eval-
uation of antibiotic susceptibility test re-
sults: how guilty a laboratory could be?. J 
Egypt Public Health Assoc. 2019;94(1):4. 
doi:10.1186/s42506-018-0006-1 

North MA, Franke JA, Ouweneel B, Trisos, 
CH, Global risk of heat stress to cattle from 

climate change. Environ. Res. Lett. 2023; 
18:e094027. doi: 10.1088/1748-9326/
aceb79 

NRC. 1971. A guide to environmental research 
on animals. National Academy of Sciences, 
Washington, DC, USA. 

Ombarak RA, Zayda, MG, Awasthi SP, 
Hinenoya A, Yamasaki S, Serotypes Patho-
genic Potential, and Antimicrobial Re-
sistance of Escherichia coli Isolated from 
Subclinical Bovine Mastitis Milk Samples 
in Egypt. Jpn. J. Infect. Dis. 2023; (72):337
–339. 

Pakbin B, Brück WM, Rossen JWA, Virulence 
Factors of Enteric Pathogenic Escherichia 
coli: A Review. Int J Mol Sci. 2021; 22
(18):9922. Published 2021 Sep 14. 
doi:10.3390/ijms22189922 

Polianciuc SI, Gurzău AE, Kiss B, Ştefan MG, 
Loghin F, Antibiotics in the environment: 
causes and consequences. Med Pharm Rep. 
2020; 93(3):231-240. doi:10.15386/mpr-
1742 

Salam MA, Al-Amin MY, Salam MT. Antimi-
crobial Resistance: A Growing Serious 
Threat for Global Public 
Health. Healthcare (Basel). 2023; 11
(13):1946. doi:10.3390/
healthcare11131946 

Sandu AM, Chifiriuc MC, Vrancianu 
CO. Healthcare-Associated Infections: The 
Role of Microbial and Environmental Fac-
tors in Infection Control—A Narrative Re-
view. Infect Dis Ther. 2025. https://
doi.org/10.1007/s40121-025-01143-0 

Shoaib Muhammad, Minjia Tang, Amjad Is-
lam Aqib, Xuejing Zhang, Zhongyong Wu, 
Yang Wen, et al. Dairy farm waste: A po-
tential reservoir of diverse antibiotic re-
sistance and virulence genes in aminogly-
coside- and beta-lactam-resistant Esche-
richia coli in Gansu Province, China. Envi-
ronmental Research, 2024; 263 (3), 
120190.https://doi.org/10.1016/
j.envres.2024.120190. 

Sierra TAO, Acosta AC, de Melo RPB. Occur-
rence of extended-spectrum β-lactamase-
producing Enterobacteriaceae in raw milk 
from cows with subclinical mastitis in 
northeast Brazil. Braz J Microbiol. 2023; 
54(2):1303-1307. doi:10.1007/s42770-023-



118 

Gadalla et al.,                                                Egyptian Journal of Animal Health 5, 4(2025), 102-118 

00955-x 

Singh K, Chandra M, Kaur G, Narang D, Gup-
ta DK, Prevalence and Antibiotic Re-
sistance Pattern among the Mastitis Caus-
ing Microorganisms. Open J. Vet. Med. 
2018; (8):54–64. doi: 10.4236/
ojvm.2018.84007. 

Tamami FZ, Hafezian H, Mianji GR, Abdul-
lahpour R, Gholizadeh M, Effect of the 
temperature-humidity index and lactation 
stage on milk production traits and somatic 
cell score of dairy cows in Iran. Songklana-
karin J. Sci. Technol. 2018; 40 (2): 379 
383. 

Theodoridou Oxinou D, Lamnisos D, Filippou 
C, Spernovasilis N, Tsioutis C, Antimicro-
bial Use and Antimicrobial Resistance in 
Food-Producing Animals: Cross-Sectional 
Study on Knowledge, Attitudes, and Prac-
tices Among Veterinarians and Operators 
of Establishments in the Republic of Cy-
prus. Antibiotics. 2025; 14(3):251. https://
doi.org/10.3390/antibiotics14030251 

Tilahun M. Multi-Drug Resistance Profile, 
Prevalence of Extended-Spectrum Beta-
Lactamase and Carbapenemase-Producing 
Gram Negative Bacilli Among Admitted 
Patients After Surgery with Suspected of 
Surgical Site Nosocomial Infection North 
East Ethiopia [published correction appears 
in Infect Drug Resist. 2022;15:4547-4548. 
doi: 10.2147/IDR.S386039. 

Tong X, Barkema HW, Nobrega DB, Xu C, 
Han B, Zhang C, Yang J, Li X, Gao J, Vir-
ulence of Bacteria Causing Mastitis in 
Dairy Cows: A Literature Review. Micro-
organisms. 2025; 13(1):167.  

Vitali A, Bernabucci U, Nardone A, Lacetera 
N, Effect of season, month and temperature 
humidity index on the occurrence of clini-
cal mastitis in dairy heifers. Advances in 
Animal Biosciences. 2016; 7(03), 250–252. 
doi:10.1017/s2040470016000315 

Vitali A, Felici A, Lees AM, Giacinti G, 
Maresca C, Bernabucci U, Lacetera N, 
Heat load increases the risk of clinical mas-
titis in dairy cattle. Journal of Dairy Sci-
ence. 2020. doi:10.3168/jds.2019-17748 

Weinstein MP, Lewis JS, The clinical and la-
boratory standards institute subcommittee 
on antimicrobial susceptibility testing: 

background, organization, functions, and 
processes. J Clin Microbiol. 2020;58
(3):e01864–e01919. doi: 10.1128/
JCM.01864-19 

Widodo A, Lamid M, Effendi MH. Khailrullah 
AR, Riwu KHP, Yustinasari LR, Kur-
niawan SC, Ansori ANM, Silaen OSM, 
Dameanti F.N.A.E.P. Antibiotic Sensitivity 
Profile of Multidrug-Resistant (MDR) 
Escherichia coli Isolated from Dairy Cow’s 
Milk in Probolinggo, Indonesia. Biodivers. 
J. Biol. Divers. 2022; 23:4971–4976. doi: 
10.13057/biodiv/d231002.  

Xu T, Cao W, Huang Y, Zhao J, Wu X, Yang 
Z, The Prevalence of Escherichia 
coli Derived from Bovine Clinical Mastitis 
and Distribution of Resistance to Antimi-
crobials in Part of Jiangsu Province, Chi-
na. Agriculture. 2023; 13(1):90.  

Yasmin S, Karim AM, Lee SH, Zahra R, Tem-
poral Variation of Meropenem Resistance 
in E. coli Isolated from Sewage Water in 
Islamabad, Pakistan. Antibiotics (Basel). 
2022; 11(5):635. doi:10.3390/
antibiotics11050635 

Zhang K, Feng H, Zhang J, Guo Z, Yan Z, 
Wang G, Wang X, Wang L, Li, J, Preva-
lence and molecular characterization of 
extended-spectrum β–lactamase—
Producing Escherichia coli isolates from 
dairy cattle with endometritis in Gansu 
Province, China. BMC Vet. Res. 2024, 
(20): 19.  

Zigo F, Farkašová Z, Výrostková J, Dairy 
Cows' Udder Pathogens and Occurrence of 
Virulence Factors in Staphylococci. Ani-
mals (Basel). 2022; 12(4):470. 
doi:10.3390/ani12040470 


