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Potential Risk of Antimicrobial Resistance Related to Less 
Common Bacteria Causing Subclinical Mastitis in Cows 

Antimicrobials are an essential tool for intra-mammary infection control. This study was achieved to assess 
the resistance to antimicrobials as a risk associated with less common bacteria identified in subclinical mas-
titis (SCM) milk samples of dairy cows. The disc diffusion method was used for determining the resistance 
to antimicrobials. The interrelate resistance genes were also detected by polymerase chain reaction (PCR). 
The antimicrobial sensitivity test indicated that ampicillin, oxacillin, gentamicin, tetracycline, amoxicillin + 
clavulanic acid, oxytetracycline, and cephradine were highly resistant antibiotics against gram-positive bacilli 
microorganisms. However, the highest effective antibiotic against the investigated gram-negative bacilli iso-
lates was gentamicin. The antimicrobial resistance genes investigation showed that the tetA(A) and BlaTEM 
genes were expressed in all the Gram-negative bacilli isolates. The MecA and blaZ were positive in the in-
vestigated Staphylococcus chromogenes isolates, while all B. cereus and B. subtilis isolates were positive for 
the Bla gene. The Sul1 gene was positive in all the examined Citrobacter amalanaticus, Enterobacter species, 
and 50.0% of Klebsiella oxytoca isolates. The mph (A) gene was found in all Enterobacter species isolates.
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INTRODUCTION

The most precious resource that boosts a nation’s economy 
and raises community living standards are dairy cows (Verma et 
al., 2018). Subclinical mastitis (SCM) is an inflammation of the 
milk glands without the presence of obvious lesions in the udder. 
It is more prevalent (fifteen to forty times) than the observed 
type, reduces milk production, which causes the agriculturalist to 
have a budget gap, and increases the risk of contracting a clini-
cal infection. Moreover, the milk is produced with no noticeable 
alterations and can be mixed into bulk milk, which may pose a 
health threat to humans. Therefore, the detection of SCM is not 
achieved without continuous monitoring (Leskovec et al., 2015; 
Youssif et al., 2021a).

The translocation of bacteria from the environment to the 
end of the teat is the first stage in the formation of SCM infection. 
For infectious germs, the transfer takes place during the milking 
procedure. The milker’s hands, udder cloths, and milking ma-
chine are incriminated for transferring the infection from the in-
fected to the uninfected cow’s udder quarter (Almaw et al., 2012). 
Due to its complicated etiology, SCM is challenging to manage. 
Three important elements that may be related to the number of 
bacteria acting as a contributing agent, its drug resistance, its 
toxin content, or related management and environmental con-
ditions can impact it. Cleanliness and sanitary environments are 
significant factors in limiting illness and lowering the likelihood 

of pathogen survival (Darbaz et al., 2018).
According to Ruelle et al. (2019); antimicrobials are frequent-

ly used to treat dairy cows with SCM. Additionally, there is a lack 
of strict regulation on the use of antibiotics in animal manage-
ment systems. If SCM is not monitored and treated, fibrous tissue 
may form between the germs and the antimicrobial drugs, thus 
reducing their efficacy and possibly causing bacterial antibiotic 
resistance.

Antibiotics are significant agents for the control and preven-
tion of widespread diseases in the dairy sector. Newly, there is 
significant consideration concerned with antimicrobial residues in 
milk that leads to the expansion of resistance genes and moving 
between human and animal microorganisms (Schewe and Brock, 
2018). Humans, animals, food, and the environment are signifi-
cant sources of resistant pathogens to antimicrobials, which can 
disseminate between human and animals and from one individ-
ual to another. Inefficient infection control, insufficient hygienic 
surroundings, and unsuitable food control may accelerate the 
expansion of AMR in the community (Hay et al., 2018). 

Antimicrobial Resistance (AMR) is a problem concerning 
public and animal health. However, antimicrobials are one of the 
tools for controlling udder inflammation. The intensive misuse 
of antimicrobials can cause antibiotic residues in milk, activating 
the risk of bacteria establishing AMR in milk or milk product con-
sumers. Also, have a great concern about the spreading of Multi-
Drug Resistant (MDR) microorganisms, which express resistance 
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to at least one antimicrobial drug in three or more antimicrobial 
categories (Zdolec et al., 2013; Ombarak et al., 2019). Therefore, 
the objective of this study was to evaluate the antimicrobial resis-
tance levels for the less frequent bacterial species causing bovine 
SCM and their related resistance genes. 

MATERIALS AND METHODS

Area of study and cows
 
Six hundred and ninety-five lactating cows from a total of 

2300 Holstein Friesian dairy cows in a particular dairy farm in 
Fayoum, Egypt, that used the Afi, Milking Point Controller sys-
tem were chosen for this study (one visit/week). Milk yield and 
milk conductivity were measured by Milking Point Controller for 
monitoring milk output and animal health. SCM could detect by 
elevating Electrical conductivity (EC) which, is accompanied by a 
decrease in milk output and gives an alarm that allows the milk-
man to concentrate precisely on the particular cows. Four hun-
dred forty-four lactating cows were positive for SCM by California 
Mastitis Test (CMT) based on Schalm et al. (1971). 

Cow’s milk samples collection and examination
 
Four hundred forty-four SCM cow milk samples were collect-

ed aseptically; teat ends were dipped into an antiseptic solution 
(iodine 1.0%) and dried. The first milk flow was rejected to min-
imize the bacterial load in the teat canal and followed by visual 
examination for any abnormalities detection as reported by Nes-
ma et al. (2020) and prepared for bacterial investigation based on 
Carter and Cole (2012). The MacConkey agar (Oxoid, CM0115), 
Pseudomonas agar (Oxoid, CM0559), Bacillus-specific agar (Ox-
oid, CM0617), and Mannitol salt agar plates (Oxoid, CM0085) 
was utilized for bacterial isolation. The nutrient slope agar (Lab 
M, LAB008) was inoculated with suspected colonies and kept at 
37°C/48 h for subsequent identification. The following techniques 
were used for colonies identification; colony characteristics, Gram 

staining, motility test, Haemolytic classification, Tube Coagulase 
test, Thermostable Nuclease test, and various biochemical exam-
inations (Oxidase test, Nitrate reduction test, Indole test, Methyl 
Red test, Voges- Proskauer test, Citrate utilization,  H2S produc-
tion, Urea test, Sugars fermentation according to Whitman et al. 
(2015), and the Vitek2 compact system (BioMérieux, France). 

Ethical approval 

The study was approved by the ethical committee of the Fac-
ulty of Veterinary Medicine, Cairo University as a portion of the 
Ph.D., dissertation. 

The antimicrobial resistance level of isolates by disk diffusion 
method (CLSI, 2018)

Isolated colonies were suspended in tryptone soya broth (Ox-
oid- CM0129) using a sterile loop and incubated at 37 °C for 18 h. 
Turbidity was matched to the standard McFarland tube No 0.5% 
(1.5×10⁸cell/ml). Using a swab that was immersed in the standard 
suspension, the Muller Hinton agar plate (Oxoid- CM0405B) was 
streaked in different planes for even distribution and kept on a 
flat surface for 5-10 minutes to allow the adsorption of excess 
fluid. By sterile fine-pointed forceps, selected antibiotic discs 
were placed on the inoculated plates with gentle pressure onto 
the agar to ensure complete contact with the surface. The plates 
were preserved at 37°C for 24 h. Zones (including the diameter 
of the disc) were determined to the adjacent whole millimeter by 
a ruler.

The antibiotic discs and their concentration (IU for penicillin 
or µg for others) were used like the following; (Penicillin- Nor-
floxacin- Gentamicin and Ampicillin): 10 for each, (Enrofloxa-
cin- Epicoflosin and Rifampicin): 5 for each, (Tetracycline- Dox-
ycycline- Amikacin- Oxytetracycline- Amoxacillin+ clavulanic 
acid- Cephradine- Tetracycline- Cefoxitin- Chloramphenicol, and 
Kanamycin): 30 for each, Sulfamethoxazole/ Trimethoprim (S/T): 
25, Nitrofurantoin: 300, Oxacillin: 1, Erythromycin:15, and Clinda-
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Gene
Primer Sequence (5’-3’)

Product of PCR Reference
   F: forward primer               R:  reverse primer

tetA(A) F: GGTTCACTCGAACGACGTCA
R: CTGTCCGACAAGTTGCATGA 576 base pairs Randall et al. (2004)

MecI F: GACACGTGAAGGCTATGATATAT
R: ATTCTTCAATATCATCTTCGGAC 344 base pairs Stegger et al. (2012)

bla F: CATTGCAAGTTGAAGCGAAA
R: TGTCCCGTAACTTCCAGCTC 680 base pairs Chen et al. (2004)

blaZ F: ACTTCAACACCTGCTGCTTTC
R: TGACCACTTTTATCAGCAACC 173 base pairs Duran et al. (2012)

MecC F: GCTCCTAATGCTAATGCA
R: TAAGCAATAATGACTACC 304 base pairs Cuny et al. (2011)

Sul1 F: CGGCGTGGGCTACCTGAACG
R: GCCGATCGCGTGAAGTTCCG 433 base pairs Ibekwe et al. (2011)

MecA F: GTAGAAATGACTGAACGTCCGATAA
R: CCAATTCCACATTGTTTCGGTCTAA 310 base pairs McClure et al. (2006)

Mph(A) F: GTGAGGAGGAGCTTCGCGAG
R: TGCCGCAGGACTCGGAGGTC 403 base pairs Nguyen et al. (2009)

QnrS F: ACGACATTCGTCAACTGCAA
R: TAAATTGGCACCCTGTAGGC 417 base pairs

Robicsek et al. (2006)
QnrA F: ATTTCTCACGCCAGGATTTG

R: GATCGGCAAAGGTTAGGTCA 516 base pairs

BlaTEM F: ATCAGCAATAAACCAGC
R: CCCCGAAGAACGTTTTC 516 base pairs Colom et al. (2003)

Table 1. Sequence of used primer for each investigated gene.
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mycin: 2. 

Resistance genes detection by Polymerase Chain Reaction (PCR)

QIAamp DNA Mini Kit (Qiagen, Germany) was utilized for the 
extraction of   Deoxyribonucleic acid with the manufacturer’s di-
rectives. Absolute ethyl alcohol (Applichem, Darmstadt, Germa-
ny) was applied for the 1st step of the wash. The PCR master mix 
was the Emerald Amp GT PCR master mix (Takara, BIO INC., Japan, 
and code no. RR310A). A dye (vivid green color) was detached 
into yellow and blue, on an agarose gel. Next PCR, the mixture 
was achieved immediately to a gel for investigation. 

Primers were obtained from Metabion (Germany). The used 
positive control for MecA was ATCC 43300. For other genes, pos-
itive and or negative controls were depicted by field samples, 
which were previously ascertained to be positive or negative by 
PCR for the associated genes in the reference experimenter for 
quality control, Animal health research institute, Cairo, Egypt. The 
status of PCR was primary denaturation at 94˚C/5 min and sec-
ondary denaturation at 94˚C/ thirty s. Annealing at 50˚C/30 s for 
all the examined genes except for tetA(A) and BlaTEM at 53˚C/ 
thirty s. The extension was at 72˚C/ thirty s. The number of cy-
cles was thirty-five, and the final extension was at 72˚C/ seven 
min. Table 1 contained their appointed sequences and amplified 
products.

Statistical analysis

Statistical manipulation of data was done by using Microsoft 
Excel 365 enterprise (Microsoft, United States).

RESULTS

The bacteria that were isolated from the 444 SCM cow’s milk 
samples were S. chromogenes, K. oxytoca, B. subtilis, P. aerugi-
nosa, B. cereus, Enterobacter species, Sphingomonas paucimobilis, 
Raoultella ornithinolytica, and Citrobacter amalanaticus with a 
percentage of 17.34, 13.73, 10.13, 7.20, 6.08, 4.05, 3.82, 2.70, and 

0.67, respectively. The selected ten S. chromogenes isolates were 
50.0% resistant to penicillin. However, all (100.0%) examined iso-
lates were sensitive to oxacillin, gentamicin, clindamycin, erythro-
mycin, tetracycline, and nitrofurantoin. All the examined B. cereus 
isolates were resistant to ampicillin, oxacillin, gentamicin, Sulfa-
methoxazole/ trimethoprim, amikacin, amoxicillin + clavulanic 
acid, oxytetracycline, and cephradine. On the other hand, ten 
examined Bacillus subtilus isolates expressed 100.0% resistance 
against ampicillin, oxacillin, gentamicin, tetracycline, amoxicillin 
+ clavulanic acid, oxytetracycline, cefotaxime, doxycycline, and 
cephradine (Table 2).

Klebsiella oxytoca isolates were resistant (100.0%) to ampi-
cillin, oxacillin, clindamycin, erythromycin, tetracycline, trimetho-
prim/ sulfamethoxazole, penicillin, and amoxacillin+ clavulanic 
acid. The Sphingomonas paucimobilis isolates were resistant 
(100.0%) to antibiotics (ampicillin, oxacillin, amikacin, and peni-
cillin).

All Raoultella ornithinolytica isolates were resistant to ampi-
cillin, oxacillin, clindamycin, tetracycline, and penicillin, while the 
ten examined Pseudomonas aeruginosa isolates expressed resis-
tance 100.0% to cefoxitin, tetracycline, trimethoprim/ Sulfame-
thoxazole, penicillin, and amoxacillin+ clavulanic acid. The three 
examined C. amalanaticus were 100.0% resistant to tetracycline, 
trimethoprim/ sulfamethoxazole, penicillin, and amoxacillin+ 
clavulanic acid, as well as cefoxitin showed also 100.0% resistance 
to Enterobacter species isolates (Table 3).

The blaZ and MecA genes were found in the examined Staph-
ylococcus chromogenes isolate, while the mec1 and MecC genes 
could not be detected in the examined Staphylococcus chromo-
genes (Fig. 1). The results recorded in Table 4 and Figs. 2- 8, re-
vealed that the B. cereus and B. subtilis were positive for the bla 
gene, while the examined isolates of Klebsiella oxytoca, Sphingo-
monas paucimobilis, Citrobacter amalanaticus, Enterobacter spe-
cies, P. aeruginosa, and R. ornithinolytica were positive for tetA(A) 
and BlaTEM genes. The Sul1 gene was found in isolates of C. 
amalanaticus, Enterobacter species, and K. oxytoca in a percent-
age of 100, 100, and 50. In addition to mph(A) gene was detected 
in the Enterobacter species.
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Gram + ve bacilli Bacillus cereus
n.=10

Bacillus subtilus
n.=10

Agent S R S R

Ampicillin 0 100 0 100

Oxacillin 0 100 0 100

Gentamicin 0 100 0 100

Tetracycline 100 0 0 100

Nitrofurantoin 100 0 100 0

Sulfamethoxazole/Trimethoprim 0 100 50 50

Amikacin 0 100 100 0

Penicillin 100 0 50 50

Enrofloxacin 100 0 100 0

Amoxacillin+ clavulanic acid 0 100 0 100

Norfloxacin 100 0 50 50

Epicoflosin 100 0 100 0

Oxytetracycline 0 100 0 100

Cefotaxime 100 0 0 100

Doxycycline 100 0 0 100

Kanamycin 100 0 100 0

Cephradine 0 100 0 100

Table 2. Antimicrobial sensitivity test for Gram + ve bacilli microorganisms.

Values equal %        S=sensitive               R=resistant                  n. = Number of examined isolates.
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Bacteria 
Klebsiella
oxytoca
n.= 20

Sphingomonas pauci-
mobilis
n.= 10

Raoultella ornithino-
lytica
n.= 6

Citrobacter
amalanaticus

n. = 3

Enterobacter
species
n. = 5

Pseudomonas aerugi-
nosa

n. = 10

Agent S R S R S R S R S R S R

Cefoxitin 50 50 50 50 100 0 33.3 66.6 0 100 0 100

Ampicillin 0 100 0 100 0 100 - - - - - -

Oxacillin 0 100 0 100 0 100 - - - - - -

Gentamicin 50 50 50 50 100 0 100 0 100 0 100 0

Clindamycin 0 100 - - 0 100 66.6 33.3 80 20 - -

Erythromycin 0 100 - - - - - - - - - -

Tetracycline 0 100 30 70 0 100 0 100 0 100 0 100

Nitrofurantoin - - 100 0 - - - - - - 100 0

S/T 0 100 100 0 - - 0 100 0 100 0 100

Amikacin 100 0 0 100 100 0 - - 80 20 100 0

Penicillin 0 100 0 100 0 100 0 100 0 100 0 100

Enrofloxacin 100 0 100 0 100 0 33.3 66.6 80 20 100 0

Amoxacillin+ 
clavulanic 
acid

0 100 50 50 100 0 0 100 0 100 0 100

Norfloxacin 100 0 100 0 0 0 100 0 - - 100 0

Table 3. Antimicrobial sensitivity tests result of the examined Gram –ve bacilli microorganisms.

Klebsiella 
oxytoca

Sphingomonas 
Paucimobilis

Citrobacter
amalanaticus

Enterobacter 
 species

Pseudomonas 
aeruginosa    

 Raoultella
 ornithinolytica Bacillus cereus Bacillus subtilis

tetA(A) 100 100 100 100 100 100 0 0

BlaTEM 100 100 100 100 100 100 0 0

Sul1 50 0 100 100 0 0 0 0

Bla 0 0 0 0 0 0 100 100

Mph(A) 0 0 0 100 0 0 0 0

Table 4 Antimicrobial resistance genes for the examined Gram – ve and Gram + ve bacilli microorganisms.

Values equal %        S=sensitive               R=resistant          - = not detected              n. = Number of examined isolates.

Fig. 1. Electrophoresis of detected antimicrobial resistance gene deoxyribonucleic acid 
fragments of S. chromogenes amplified by PCR from strains (blaZ- 173bp), (MecA – 
310bp), (mec1- 344bp) and (MecC- 304bp).              

Fig. 2. Electrophoresis of detected antimicrobial resistance gene deoxyribonucleic acid 
fragments of Bacillus species amplified by (PCR) from strains (bla- 680bp) and (Sul1 – 
433bp).

Fig. 3. Electrophoresis of detected antimicrobial resistance gene deoxyribonucleic acid frag-
ments of C. amalanaticus amplified by (PCR) from strains (tetA(A) – 576 bp), (BlaTEM- 
516bp), and (Sul1 – 433bp).

Fig. 4. Electrophoresis of detected antimicrobial resistance gene deoxyribonucleic acid 
fragments of K. oxytoca amplified by (PCR) from strains (tetA(A) – 576 bp), (BlaTEM- 
516bp) and (Sul1 – 433bp).
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DISCUSSION

Subclinical mastitis is a hygienic and legal problem for dairy 
producers and causes financial loss. It is described by elevated 
somatic cells, particularly the mammary tissue leukocytes, which 
provide an allusion to the gland’s inflammatory reaction. The 
negative impact on milk quality is the principal sequel of bovine 
udder inflammation and involves a pathogens repository that 
disseminates infection to surrounding animals (Jagielski et al., 
2019; Youssif et al., 2020).

In the investigated farm, 444 out of 695 examined lactating 
cows were positive for subclinical mastitis (63.88%) at the cow’s 
level. This high prevalence covers one year of examination. The 
outcome was consent (Suleiman et al., 2018). The comparatively 
lower results were reported by Krieger et al. (2017), while the ele-
vated prevalence was recorded by Langer et al. (2014). Coliforms 
cause up to twenty-five percent of bovine mastitis and proliferate 
in contaminated water and droppings. The elevated percentage 
of SCM due to Coliforms signalizes poor sanitary production. 
They invade the cow’s mammary glands by the sphincter of the 
teat when the end of the teat touches these microorganisms 
through the environment (Ssajjakambwe et al., 2017). Klebsiella 
mastitis has a problem in farms, which use sand coverings; this is 
due to the fecal release of this bacterium by non-diseased ani-
mals. Oral intake of Klebsiella could be due to organism presence 
in crops or contamination of water by feces (Masiello et al., 2016).

P. aeruginosa SCM has elevated in places, causing major dam-
age and this type of SCM is traced to polluted water sources. Par-
lor floor contamination with foremilk also accelerated its trans-
mission. Edible items, sewage, and water are significant sources 
of C. amalonaticus. It releases intestinal toxins working on the 
mucosa of the intestine. E. cloacae are considered the major ge-
nus species and are commonly isolated from mastitis samples of 
milk (Jean et al., 2002; Youssif et al., 2021b). 

Raoultella was categorized previously as part of the genus 
Klebsiella. With more detailed examination, several isolates iden-
tified earlier as Klebsiella spp. may be reported, as Raoultella spp. 
(Masiello et al., 2016). Sphingomonas spp. is inserted from the 
surroundings. It has a high pathogenicity and causes severe clin-
ical expression. S. paucimobilis possesses at least two different 
kinds of sphingolipids. It was detected in milk with elevated so-
matic cell count (Cengiz et al., 2015). 

Non-aureus Staphylococci were associated with cows’ mas-
titis with obvious udder signs (Riekerink et al., 2008; Saini et al., 
2012). They propose reasonable universal dissimilarities among 
countries, grazing lands, and between investigations at different 
times on the same farm regarding the bacteria causing clinical 
and subclinical mastitis. Also, Gram-negative bacteria associated 
with SCM in the study may be attributed to a recent infection 
with these species.

The expansion of antimicrobial resistant (AMR) bacteria and 
their genes to people and animals occurred in many manners of 
transmission, such as the utilization of insufficiently cooked food, 
handling of raw edible material, or through the environment as 
contaminated water and soil. This usual spread can influence 
the environment and adjacent communities of people. AMR can 
happen through deoxyribonucleic acid mutations or via antibiot-
ic alteration by modifying enzymes (Younis et al., 2018). Biofilm 
existence in the mammary glands results in a lower effectiveness 
of antimicrobial therapy leading to continual infections, which 
are produced by the sub-inhibitory concentrations of various an-
timicrobials and have a role in transmitting resistance between 
microbes (Tawheed et al., 2018).

The results were related to the resistance reaction of S. chro-
mogenes isolates toward selective antibiotics following the re-
sults mentioned by Abera et al. (2013); Kateete et al. (2013), while 
the results in Table 2 agreed with those reported previously by 
Mia et al. (2017). The examined twenty isolates of Klebsiella oxy-
toca showed 100.0% sensitivity toward amikacin, norfloxacin, and 
enrofloxacin. However, fifty % of Klebsiella oxytoca isolates were 
sensitive to cefoxitin and gentamicin (Table 3), this result is in line 

Fig. 5. Electrophoresis of detected antimicrobial resistance gene deoxyribonucleic acid 
fragments of P. aeruginosa amplified by (PCR) from strains (tetA(A) – 576 bp) and 
(BlaTEM- 516bp).

Fig. 6. Electrophoresis of detected antimicrobial resistance gene deoxyribonucleic acid 
fragments of Enterobacter speceis amplified by (PCR) from strains (tetA(A) – 576 bp), 
(BlaTEM- 516bp), (Mph(A) – 576bp), (QnrA – 516 bp), (QnrS- 417bp), and (Sul1 – 433bp).

Fig. 7. Electrophoresis of detected antimicrobial resistance gene deoxyribonucleic acid 
fragments of R. ornithinolytica amplified by (PCR) from strains (tetA(A) –576 bp) and 
(BlaTEM- 516bp).

Fig. 8. Electrophoresis of detected antimicrobial resistance gene deoxyribonucleic acid 
fragments of S. paucimobilis amplified by (PCR) from strains (tetA(A) – 576 bp) and 
(BlaTEM- 516bp).
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with Kateete et al. (2013).
Pseudomonas aeruginosa isolates were 100.0% sensitive to 

gentamicin, nitrofurantoin, amikacin, enrofloxacin and norflox-
acin. The data presented in Table 3 concluded that nitrofuran-
toin, trimethoprim/ sulfamethoxazole, enrofloxacin, and norflox-
acin were the most effective antibiotics against Sphingomonas 
paucimobilis, followed by cefoxitin, gentamicin, and amoxacillin+ 
clavulanic acid in a percentage of 50.0. On the other hand, gen-
tamicin was the most effective antibiotic against Enterobacter 
species followed by clindamycin, amikacin, and enrofloxacin. This 
result was nearly comparable to the result of Chamlagain (2011) 
and Cengiz et al. (2015).

For Raoultella ornithinolytica isolates, cefoxitin, gentamicin, 
amikacin, enrofloxacin, and amoxacillin+ clavulanic acid were the 
most effective antibiotics. These results were nearly comparable 
to the results of Kaya et al. (2015) and Abd Ali and Al Ali (2017). 
Also, gentamicin and norfloxacin were the most effective antibi-
otics for Citrobacter amalanaticus isolates (Table 3). These results 
are comparable to the results of Abera et al. (2013). On the other 
hand, the two examined species were 100.0 % resistant to tet-
racycline and penicillin antibiotics. These results are compatible 
with the finding recorded by Kateete et al. (2013) and Hleba et 
al. (2014).

Commonly, antimicrobials applied for curing udder infection 
are β-lactams. These clarify that bad utilization of antimicrobials 
is an agent that can cause elevated pathogens resistance. Cy-
toplasmic exocytosis channels and deactivation of enzymes are 
means for bacterial resistance to tetracycline. The TetA gene is 
associated with resistance to tetracycline and takes part in anti-
microbials elimination from cells (Arab et al., 2018).

The results of the examined Staphylococcus chromogenes, 
Klebsiella oxytoca, Bacillus species, Pseudomonas aeruginosa, 
Sphingomonas paucimobilis, Enterobacter species, Raoultella or-
nithinolytica, and Citrobacter amalanaticus isolates showed high 
resistance to beta-lactams and tetracyclines. They expressed 
this by encoding the resistance genes (blaZ, BlaTEM, and bla for 
B-lactams) and (tetK and tetA(A) for tetracyclines), Table 4. Das et 
al. (2017) concluded that among Gram-negative (Pseudomonas, 
Klebsiella, and Enterobacter), which were isolated from SCM bo-
vine milk samples, 48.0% (24/50) were found tetracycline-resis-
tant and 6 (12.0%) harbored BlaTEM genes in PCR. Furthermore, 
five (10.0%) isolates carried the tet(A) gene. 

Klebsiella oxytoca, Enterobacter species, and Citrobacter 
amalanaticus isolates were positive for the Sul1 gene in a per-
centage of 50, 100, and 100, respectively, which is responsible 
for resistance against sulfa-related antibiotics, these results are in 
line with Chamlagain (2011) and Priya and Ayodhya (2016). 

Coagulase Negative Staphylococci have become widespread 
pathogens recovered from bovine mastitis, and subclinical forms 
are even described as emerging pathogens. The BlaZ gene is re-
sponsible for staphylococcal resistance to β-lactams. Moreover, 
the significant participation of β-lactam in udder inflammation 
control becomes a threat factor to mastitis therapy effectiveness 
and community health by blaZ transferability among Staphylo-
cocci of both people and animals (Sawant et al., 2009; Waller et 
al., 2011). While 58.9 % of Staphylococci isolates were positive 
for penicillinase production (Abrahmsén et al., 2014). Björk et al. 
(2014) found that Coagulase Negative Staphylococci are the most 
microbes causing SCM in bovine in a percentage of 31.7, eighty 
percent of them were positive for β-lactamase (β+). While Sred-
nik et al. (2017) revealed that 90 isolates of CNS were isolated 
from IMI bovine in Argentina, blaZ, MecA, and MecC genes were 
detected in 21, 4, and 1 isolate of CNS, respectively.

The MecA gene in Methicillin-Resistant Coagulase Negative 
Staphylococci (MRCNS) acts resistant to methicillin/oxacillin. The 
bacterial protein synthesis silence is the action mode of macro-
lides (Stevens et al., 2018). E. cloacae were positive for the Mph(A) 
gene, which is responsible for resistance against erythromycin. 
The resistance of the isolated bacteria against one or more anti-
biotics signifies that the microbes may have genetically or gained 
more than one resistance gene, which is responsible for the lesser 

effect against them, and this is explained by extensive misuse of 
these drugs (Eputiene et al., 2012).

Misuse of antimicrobials for the control of diseases of dairy 
bovine could have harmful effects on animal and human health. 
Antimicrobial resistance is one of the hazards of the 21st century. 
The resistance effect is characterized by elevated hospital stay 
length, price, and mortality due to inappropriate initial antimi-
crobial treatment. Antimicrobial resistance refers to lower sensi-
tivity or total insensitivity of some pathogens to one or more an-
timicrobial agents (Jayarao et al., 2019). Resistance to antibiotics 
happens due to drug deactivation, reduced accumulation owing 
to decreased permeability, elevated efflux, mutation outcome, or 
obtaining external resistance genes (Bengtsson-Palme, 2018).

Thus, the movable resistance genes that are circulating 
among human microbes may re-emerge during therapy. The in-
duction of new further resistance genes into pathogens causes 
destructive outcomes for people’s health. Antimicrobial resis-
tance takes place when bacteria acclimate to antibiotics, leading 
to drug incompetence and continual infections. The application 
of the HACCP system is necessary for achieving safe milk produc-
tion (Gamal et al., 2022; Ibrahim et al., 2022).

CONCLUSION

From the study results, it is concluded that the widespread 
AMR less common Gram-negative species causes SCM and their 
genes in the examined cow’s milk. This high spread may lead 
to transferring of AMR from the animal-to-human community, 
which is represented as, a significant public health concern. The 
proper dose and duration of antibiotics intra-mammary infusion 
should be taken under veterinary supervision.

CONFLICT OF INTEREST

The authors have no conflict of interest to declare.

REFERENCES

Abd Ali, M.A., Al Ali, Z.A.A.R., 2017. Antibiotic resistance of Raouitella or-
nithinolytica strains isolated from some cow’s and buffalo’s milk 
samples causing subclinical mastitis in Misan city. Transylvanian 
Review 25, 5519-5525. 

Abera, B., Lemma D., Iticha, I., 2013. Study of bovine mastitis in asella 
government dairy farm of Oromia Regional state, South Eastern 
Ethiopia. Int. J. Curr. Res. Acad. Rev. 1, 134-145. 

Abrahmsén, M., Persson, Y., Kanyima, B.M., Båge, R., 2014. Prevalence of 
subclinical mastitis in dairy farms in urban and peri-urban areas 
of Kampala, Uganda. Trop. Anim. Health Prod. 46, 99-105. 

Almaw, G., Molla, W., Melaku, A., 2012. Incidence rate of clinical bovine 
mastitis in selected small holder dairy farms in Gondar Town in 
Ethiopia. Ethiop. Vet. J. 16, 93–99. 

Arab, H., Sadi, B.S., Amini, K., 2018. Effects of iron nano-particle’s on ex-
pression of tetracycline resistance encoding genes in Staphylo-
coccus aureus by Real Time-PCR. J. Hell Vet. Med. Soc. 69, 973-
978. 

Bengtsson-Palme, J., Kristiansson, E., Joakim Larsson, D.G., 2018. Environ-
mental factors influencing the development and spread of antibi-
otic resistance. FEMS Microbiology Reviews 42, 68–80. 

Björk, S., Båge, R., Kanyima, B.M., André, S., Nassuna-Musoke, M.G., Ow-
iny, D.O., Persson, Y., 2014. Characterization of coagulase nega-
tive Staphylococci from cases of subclinical mastitis in dairy cattle 
in Kampala, Uganda. Ir. Vet. J. 67, 12. 

Carter, G.R., Cole, J.R., 2012. Diagnostic procedure in veterinary bacteriol-
ogy and mycology. Academic Press.

Cengiz, S., Seyitoglu, S., Altun, S.K., Dinler, U., 2015. Detection of Sphin-
gomonas paucimobilis infections in domestic animals by VITEK® 
Compaq 2 and Polymerase Chain Reaction. Archivos de Medicina 
Veterinaria 47, 117-119. 

Chen, Y., Tenover, F.C., Koehler, T.M., 2004. ß-Lactamase gene expres-
sion in a Penicillin-Resistant Bacillus anthracis strain. Antimicrob 
Agents Chemother 48, 4873- 4877. 

Chamlagain, B.S., 2011. Characterisation of antibiotic-resistant psy-
chrotrophic bacteria in raw milk. University of Helsinki, Faculty 
of Agriculture and Forestry, Department of Food and Environ-

Nesma H. Youssif et al. /Journal of Advanced Veterinary Research (2023) Volume 13, Issue 2, 222-229

227



mental Sciences master’s thesis. http://urn.fi/URN:NBN:fi:hu-
lib-201507211769

 CLSI (Clinical and Laboratory Standards Institute), 2018. Performance 
Standards for Antimicrobial Susceptibility Testing. M100S, twen-
ty-eight Ed. 

Colom, K., Pèrez, J., Alonsom, R., Fernández-Aranguiz, A., Lariňo, A., Cister-
na, A., 2003. Simple and reliable multiplex PCR assay for detection 
of BlaTEM,blaSHV and blaOXA-1 genes in Enterobacteriaceae. 
FEMS Microbiology Letters 223, 147-151. 

Cuny, C.F., Layer, B., Witte, W., 2011. Rare occurrence of methicillin-resis-
tant Staphylococcus aureus CC130 with a novel MecA homologue 
in humans in Germany. PLoS One 6, 24360. 

Darbaz, I., Bastan, A., Salar, S., 2018 Investigation of udder health and 
milk quality parameters of dairy farms in Northern Cyprus. Part I: 
SCC and bacteriologic examination. Ankara Üniversitesi Veteriner 
Fakültesi Dergisi 65, 145-154. 

Das, A., Guha, C., Biswas, U., Jana, P.S., Chatterjee, A., Samanta, I., 2017. 
Detection of emerging antibiotic resistance in bacteria isolat-
ed from subclinical mastitis in cattle in West Bengal. Veterinary 
World 10, 517–520. 

Duran, N., Ozer, B., Duran, G.G., Onlen, Y., Demir, C., 2012. Antibiotic resis-
tance genes and susceptibility patterns in Staphylococci. Indian J. 
Med. Res. 135, 389-396. 

Eputiene, V.S., Bogdaite, A., Ruzauskas, M., Sužiede, E., 2012. Antibiotic 
resistance genes and virulence factors in Enterococcus faecium 
and Enterococcus faecalis from diseased farm animals: Pigs, cattle 
and poultry. Pol. J. Vet. Sci. 15, 431-438. 

Gamal, H., El-Diasty, M., Dapgh, A., El-Sherbini, M., El-Baz, A., Abdelkhalek, 
A., 2022.  Virulence genes of multi-drug resistance Pseudomonas 
species isolated from milk and some dairy products. Journal of 
Advanced Veterinary Research 12, 415-421.

Gianneechini, R.E., Concha, C., Franklin, A., 2002. Antimicrobial suscepti-
bility of udder pathogens isolated from dairy herds in the West 
Littoral region of Uruguay. Acta Vet. Scand. 43, 31-41.

Hay, S.I., Rao, P.C., Dolecek, C., Day, N.P., Stergachis, A., Lopez, A.D., Mur-
ray, C.J., 2018. Measuring and mapping the global burden of an-
timicrobial resistance. BMC Medicine 16, 78-80.‏ 

Hleba L., Vuković N., Horská E., Petrová J., Sukdolak S., Kačániová M., 2014. 
Phenolic profile and antimicrobial activities to selected microor-
ganisms of some wild medical plant from Slovakia. Asian Pac. J. 
Trop. Dis. 4, 269-274. 

Ibekwe, A.M., Murinda, S.E., Graves, A.K., 2011. Genetic diversity and an-
timicrobial resistance of Escherichia coli from human and animal 
sources uncovers multiple resistances from human sources. PLoS 
One 6, e20819. 

Ibrahim, A.S., Hafiz, N.M., Saad, M.F., 2022. Prevalence of Bacillus cereus in 
dairy powders focusing on its toxigenic genes and antimicrobial 
resistance. Arch. Microbiol. 204, 339. 

Jagielski, T., Roeske, K., Bakuła, Z., Piech, T., Wlazło, Ł., Bochniarz, M., Kru-
kowski, H., 2019. A survey on the incidence of Prototheca mastitis 
in dairy herds in Lublin province. Poland. J. Dairy Sci. 102, 619-
628. 

Jayarao B., Almeida R., Oliver S.P., 2019. Antimicrobial resistance on dairy 
farms. Foodborne Pathog. Dis. 16, 1-4. 

Jean, S.S., Teng, L.J., Hsueh, P.R., Ho, S.W., Luh, K.T., 2002. Antimicrobi-
al susceptibilities among clinical isolates of extended-spectrum 
cephalosporin-resistant Gram-negative bacteria in a Taiwanese 
University Hospital. J. Antimicrob. Chemother. 49, 69–76. 

Kateete, D.P., Kabugo, U., Baluku, H., Nyakarahuka, L., Kyobe, S., Okee, 
M., Joloba, M.L., 2013. Prevalence and antimicrobial susceptibility 
patterns of bacteria from milkmen and cows with clinical mastitis 
in and around Kampala, Uganda. Plos One 8, 63413. 

Kaya, S., Bayramoglu, G., Sönmez, M., Köksal, I., 2015. Raoultella ornithino-
lytica causing fatal sepsis. Braz. J. Infect. Dis. 19, 230-231. 

Krieger, M., Sjöström, K., Blanco-Penedo, I., Madouasse, A., Duval, J.E., 
Bareille, N., Emanuelson, U., 2017. Prevalence of production dis-
ease related indicators in organic dairy herds in four European 
countries. Livestock Science 198, 104-108. 

Langer, A., Sharma, S., Sharma, N.K., Nauriya, D.S., 2014. Comparative ef-
ficacy of different mastitis markers for diagnosis of sub-clinical 
mastitis in cows. Int. J. Appl. Sci. Biotechnol. 2, 121-125. 

Leskovec, P., Ljoljić, D.B., Benić, M., Kostelić, A., Cvetnić, Z., Antunac, N., 
2015. Sensitivity of selected mastitis pathogens to antimicrobial 
agents. Mljekarstvo 65, 149-158. 

Masiello, S.N., Martin, N.H., Trmčić, A., Wiedmann, M., Boor, K.J., 2016. 
Identification and characterization of psychrotolerant coliform 
bacteria isolated from pasteurized fluid milk. J. Dairy Sci. 99, 130-
140. 

McClure, J.A., Conly, J.M., Lau, J., Elsayed, S., Louie, T., Hutchins, W., Zhang, 
V., 2006. Novel multiplex PCR assay for detection of the staphy-

lococcal virulence marker Panton-Valentine leukocidin genes and 
simultaneous discrimination of methicillin-susceptible from-re-
sistant Staphylococci. J. Clin. Microbiol. 44, 1141-114. 

Mia, M.T., Hossain, M.K., Rumi, N.A., Rahman, M.S., Mahmud, M.S., Das, 
M., 2017. Detection of bacterial species from clinical mastitis in 
dairy cows at Nilphamari district and their antibiogram studies. 
Asian J. Med. Biol. Res. 2, 656-663. 

Nesma, H.Y., Nagah, M.H., Halawa, M.A., Saad, M.F., 2020. Influence of 
some hygienic measures on the prevalence of subclinical mastitis 
in a dairy farm. Int. J. Dairy Sci. 15, 38-47. 

Nguyen, M.C., Woerther, P, Bouvet, M., Andremont, A., Leclercq, R., Canu, 
A., 2009. Escherichia coli as reservoir for macrolide resistance 
genes. Emerg. Infect. Dis. 15, 1648-1650. 

Ombarak, R.A., Zayda, M.G., Hinenoya, A., Yamasaki, S., 2019. Serotypes, 
pathogenic potential and antimicrobial resistance of Escherich-
ia coli isolated from subclinical bovine mastitis milk samples in 
Egypt. Jpn J. Infect. Dis. 72, 337-339. 

Priya, D., Ayodhya, S., 2016. Bacteriological and antibiogram studies of 
milk samples of clinical mastitis in goats. IOSR Journal of Agricul-
ture and Veterinary Science 9, 33-35. 

Randall, L.P., Cooles, S.W., Osborn, M.K., Piddock, L.J., Woodward, M.J., 
2004. Antibiotic resistance genes, integrons and multiple anti-
biotic resistances in thirty-five serotypes of Salmonella enteri-
ca isolated from humans and animals in the UK. J. Antimicrob. 
Chemother. 53, 208-216. 

Riekerink, R.O., Barkema, H., Kelton, D., Scholl, D., 2008. Incidence rate of 
clinical mastitis on Canadian dairy farms. J. Dairy Sci. 91, 1366-
1377. 

Robicsek, A., Strahilevitz, J., Jacoby, G.A.,  Macielag, M., Abbanat, D., Park, 
C.H., Bush K., Hooper, D.C., 2006. Fluoroquinolone modifying 
enzyme: a new adaptation of a common aminoglycoside acetyl-
transferase. Nat. Med. 12, 83-88.

Ruelle, E., Delaby, L., Shalloo, L., 2019. Linkage between predictive trans-
mitting ability of a genetic index, potential milk production, and 
a dynamic model. J. Dairy Sci. 102, 3512 -3522. 

Saini, V., McClure, J., Scholl, D., Devries, T., Barkema, H., 2012. Herd-level 
association between antimicrobial use and antimicrobial resis-
tance in bovine mastitis Staphylococcus aureus isolates on Cana-
dian dairy farms. J. Dairy Sci. 95, 1921-1929. 

Sawant, A.A., Gillespie, B.E., Oliver, S.P., 2009. Antimicrobial susceptibility 
of coagulase negative Staphylococcus species isolated from bo-
vine milk. Vet. Microbiol. 134, 73–81. 

Schalm, D.W., Carroll, E.J., Jain, C., 1971. Bovine mastitis. Lea and Febiger, 
Philadelphia, pp. 20-158.

Schewe, R.L., Brock, C., 2018. Stewarding dairy herd health and antibiotic 
use on US Amish and Plain Mennonite farms. J. Rural Stud. 58, 
1-11. 

Srednik, M.E., Archambault, M., Jacques, M., Gentilini, E.R., 2017. Detec-
tion of a MecC-positive Staphylococcus saprophyticus from bovine 
mastitis in Argentina. J. Glob. Antimicrob. Resist. 10, 261-263. 

Ssajjakambwe, P., Bahizi, G., Setumba, C., Kisaka, S., Vudriko, P., Atuheire, 
C., Kaneene, J.B., 2017. Milk hygiene in rural Southwestern Ugan-
da: prevalence of mastitis and antimicrobial resistance profiles of 
bacterial contaminants of milk and milk products. Vet. Med. Int. 
2017, 8710758.

Stegger, M., Andersen, P.S., Kearns, A., Pichon, B., Holmes, M.A., Edwards, 
G., Laurent, F., Teale, C., Skov, S., Larsen, A.R., 2012. Rapid detec-
tion, differentiation and typing of methicillin-resistant Staphylo-
coccus aureus harbouring either MecA or the new MecA homo-
logue MecALGA251. Clin. Microbiol. Infect. 18, 395- 400. 

Stevens, M., Piepers, S., Supré, K., De Vliegher, S., 2018. Antimicrobial con-
sumption on dairy herds and its association with antimicrobial in-
hibition zone diameters of non-aureus Staphylococci and Staph-
ylococcus aureus isolated from subclinical mastitis. J. of Dairy Sci. 
101, 3311-3322. 

Suleiman, T.S., Karimuribo, E.D., Mdegela, R.H., 2018. Prevalence of bovine 
subclinical mastitis and antibiotic susceptibility patterns of major 
mastitis pathogens isolated in Unguja island of Zanzibar, Tanza-
nia. Trop. Anim. Health Prod. 50, 259-266. 

Tawheed, A.S., Ahmed, I., Digraskar, S.U., Borikar, S.T., Dudhe, N.C., 2018. 
Efficacy of a composite formulation (Masticure®) as an adjunct 
therapy in the treatment of mastitis in bovines. Journal of Ento-
mology and Zoology Studies 6, 618-622.

Verma, H., Rawat, S., Sharma, N., Jaiswal, V., Singh, R., 2018. Prevalence, 
bacterial etiology and antibiotic susceptibility pattern of bovine 
mastitis in Meerut. Journal of Entomology and Zoology Studies 
6, 706-709. 

Waller, K.P., Aspán, A., Nyman, A., Persson, Y., Andersson, U.G., 2011. CNS 
species and antimicrobial resistance in clinical and subclinical bo-
vine mastitis. Vet. Microbiol. 152, 112-116. 

Nesma H. Youssif et al. /Journal of Advanced Veterinary Research (2023) Volume 13, Issue 2, 222-229

228



Whitman, W.B., DeVos P., Chun, J., Dedysh, S., Hedlund, B., Kämpfer, P., 
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