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Occurrence of Coagulase-negative Staphylococcal mastitis in dairy cows
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against 13 different antibiotics .

Results: 224 out of 415 cows (54%) were proven to be mastitic (12% clinical mastitis, 42
% subclinical mastitis). Coagulase-negative Staphylococci were the prevalent isolate
(32%). CNS was recorded in 25.7 % of clinical cases and 34% of subclinical mastitis. The
antibiogram of CNS isolates against 13 different antibiotics revealed high level of
resistance to ampicillin (85%) and oxacillin (85%). However, they were less resistant to
vancomycin (5%). The other antibiotics showed variable levels of resistance ranging from
40-75%.

Conclusion and clinical relevance: Coagulase-negative Staphylococci were the most
common bacteria isolated from mastitic cases. Multi-drug resistance was observed
among CNS with high resistance to ampicillin and penicillin, so the use of such B-lactam
antibiotics should be restricted specially if there were suspected cases of Coagulase-
negative Staphylococci.
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1. INTRODUCTION CNS [8].

Mastitis is one of the most costly diseases of the dairy cattle Contagious mastitis pathogens are generally transmitted from
in Egypt [1]. Mastitis adversely decrease both quality and quantity cow to another with the infected glands being the primary source
of the milk [2]. According to symptoms, mastitis can be categorized of the infection, via milk-contaminated fomites at milking, milkers
into two forms, which are clinical and subclinical. The clinical form and by milking machine [9], while environmental mastitis
is characterized by one or more of visible signs in the udder as pathogens are found in the surroundings of the cow. Their mode
edema, pain, redness, hotness and can be associated with changes of transmission is from the environment to the cow under
in the milk. It may be accompanied with general systemic unhygienic measures as contaminated soil or wet bedding [10].
disorders. On the other hand, the subclinical form has no visible Recently, CNS have turned out to be the most common bacterial

) - B . ”
signs so, it is called “the silent form” [3]. isolates of mastitis in cattle in several countries and are considered

as emerging mastitis pathogens [11]. They can cause persistent
intramammary infections, which lead to elevated somatic cell
count in milk (SCC) and decreased milk quality [12]. Till now, more
than 15 CNS spp. have been identified that cause mastitis in dairy
cattle, but S. chromogenes, S. xylosus, S. simulans, S. epidermidis,
S. haemolyticus and S. hyicus are the most commonly isolated CNS
from bovine mastitis [13, 14].

Several previous researches have been reported the
prevalence rate of mastitis at the cattle 50% and at the quarter
level 10-25% [4] . Bovine subclinical mastitis is the predominant
form of mastitis in lactating cattle, exceeding 20 - 50% of cows in a
given herd [5], it is considered 40-50 times more prevalent than
clinical form and it acts as a reservoir for microorganisms that can
be transmitted to other animals within the farm due to contagious

nature of the disease [6, 7]. Antimicrobial chemotherapy is the primary approach for

treatment of staphylococcal mastitis in cattle [15]. Sensitivity tests
have been used as a guide for the veterinarians to select the most
suitable antimicrobial agent [16]. The indiscriminate and
continuous use of antimicrobials, without medical prescription or
accurate identification of the microbial agent, can result in high
resistance of CNS, which makes dealing with mastitis treatment
more challenging [17].

More than 140 different microorganisms have been isolated
from bovine mastitis cases. The most common causative agents of
mastitis are bacteria which can be classified as contagious
pathogens including (Staphylococcus aureus and Streptococcus
agalactiae, Corynbacteruim bovis and Mycoplasma spp.) or
environmental pathogens include Esherichia coli, Enterococcus
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Carriage of antibiotic resistance genes by CNS species can be a
potential source for gene transmission, indicating the importance
of detection of such resistance genes [18]. The emergence of
Staphylococcal species resistant to penicillin and ampicillin have
become a worldwide phenomenon due to misuse of beta -lactam
antibiotics in the treatment of mastitis [19]. Moreover, high levels
of resistance to penicillin is followed by the development of
bacterial isolates resistant to the semi-synthetic penicillins
(methicillin  and  oxacillin), tetracyclines, macrolides and
aminoglycosides has made the treatment of diseases caused by
Staphylococci a global challenge [20]. Thus, this study aimed to
investigate the prevalence of CNS in clinical and subclinical mastitis
in dairy cows and their antibiogram.

2.MATERIALS AND METHODS

2.1. Animals and study area

A total number of 415 lactating Holstein cows (a cross breed)
from different localities in Egypt were examined for clinical and
subclinical mastitis during the period from October 2014 to June
2018. 345 cows out of 415 cows were collected from four private
dairy farms at Damietta (farm A, 60 lactating cows, farm B, 65
lactating cows and farm C, 120 lactating cows) and El-Sharkia (farm
D, 100 lactating cow) governorates in addition to, while, the
remaining cows (70) were as individual cases of dairy cows at El-
Dakahlia governorate;. Clinical examination of the investigated
lactating cows was done according to [21] to estimate the
presence of any signs of inflammation for detection of clinical
mastitis cases also, California Mastitis Test (CMT) was performed
as a screening test for detection of subclinical mastitis according to
[22].

2.2. Experimental design

Our study was designed to detect the prevalence of mastitis
(clinical and subclinical forms) and its causative bacteria either
contagious or environmental among 415 lactating Holstein cows at
Damietta, El-Sharkia and El-Dakahlia governorates. The experiment
was focused on the isolated coagulase negative Staphylococci,
identification of each isolate and their sensitivity to different
antibiotics.

2.3 Collection of milk samples and Bacteriological examination of
milk samples

A total of 896 quarter milk samples were collected from
clinical and apparently healthy 415 lactating Holstein cows for
bacteriological examination. A total number of clinical cases was
50 cows, and not all quarters were affected Milk samples
collection was achieved aseptically according to [23].

Milk culturing and identification were performed according to
[24] at the laboratory of Animal Health Research Institute,
Mansoura Provincial Lab., Egypt. Classification of bacteria was
performed by standard biochemical tests according to [24].

2.5. Antimicrobial sensitivity test

The antibiogram was done according to [25] by disc-diffusion
method for the isolated CNS against 13 antibiotics (Oxoid). CNS
isolates were tested against ampicillin (AM; 10 pug),
ampicillin/sulbactam (SAM; 10/10 ug), cefotaxime (CTX; 30 ug),
cefoxitin (FOX; 30 pg), chloramphenicol (C; 30 ug), ciprofloxacin
(CIP; 5 pg), erythromycin (E; 15 pg), gentamicin (CN; 10 pg),
ofloxacin (OFX; 5 ug), oxacillin (0X; 1 ug),
sulphamethoxazole/trimethoprim (SXT; 23.75/1.25 ug),
tetracycline (TE; 30 pg) and vancomycin (VA; 30 pg). The
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interpretation of the results was applied according to the National
Committee for Clinical Laboratory Standards Institute, 2014 [26].

3.RESULTS

In table (1), the prevalence of clinical and subclinical mastitis
in the different dairy farms was presented. Out of 415 examined
lactating cows, the overall prevalence rate of mastitis at cattle
level was 54% (224/415), of which 12% (50/415) were clinical
mastitis and 42% (174/415) were subclinical mastitis. The
prevalence rate of mastitis at the quarter level was 52.1%
(467/896) of which 11.8% (106/896) and 40.3% (361/896) were
clinical and subclinical form, respectively.

In table (2), Bacteriological examination of milk samples from
clinical and subclinical mastitic cows was demonstrated. Coagulase
negative Staphylococci were the predominant bacteria isolated
from mastitic cases (32%) followed by E. coli (24.8%), S. aureus
(15.4%), Str. agalactiae (13.4%), Str .dysgalactiae (8.8%), E. faecalis
(2%), Str. uberis (2%), Enterobacter aerogenes (0.66%),
Micrococcus (0.66%), Enterobacter agglomerans (0.22%) and
Klebsiella spp. (0.22%).

In table (3), the antibiogram of Coagulase-negative
Staphylococci isolated from mastitic milk samples was shown.
Concerning coagulase negative staphylococci isolates as shown in
Table (16), they were highly resistant to Ampicillin (85%) and
Oxacillin (85%), followed by Cefoxitin (75%), Sulphamethoxazole/
Trimethoprim (75%), Cefotaxime (70%), Tetracycline (65%),
Ampicillin/Sulbactam (60%), Erythromycin (60%), Chloramphenicol
(45%), Gentamicin (45%), Ofloxacin (45%), Ciprofloxacin (40%) and
finally Vancomycin (5%).

Table 1. Prevalence of clinical and subclinical mastitis in dairy
cattle in the different dairy farms.

Province Farm Examined Clinical Subclinical
animals mastitis mastitis
(n=415) (n=50) (n=174)

Damietta Farm A 60 12 (20%) 27 (45%)

Damietta Farm B 65 - 31 (47.6%)

Damietta Farm C 120 3 (25%) 27 (22.5%)
El —Sharkia Farm D 100 4 (4%) 60 (60%)
El-Dakahlia  Smallholders 70 31(44.2%) 29 (41.4%)

Table 2. Prevalence of different bacterial isolates recovered from
clinical & subclinical mastitic milk samples of dairy cows.

15
= 0, 0,
S. aureus (n=70) 15.4% (14.3%) 55 (15.7%)
Coagulase- negative o 27 o
Staphylococci (n=146) g2 (25.7%) 19 fn )
15
i = [ 0,
Str. agalactiae (n=61) 13.4% (14.3%) 46 (13%)
Str. dysgalactiae (n=40) 8.8% 9(8.6%) 31 (8.8%)
Str. uberis (n=9) 2% 3(2.86%) 6(1.7%)
Enterococcus faecalis (n=9) 2% 3(2.86%) 6(1.7%)
26
i(n= 9, 9,
E. coli (n=113) 24.8% (24.7%) 87 (24.8%)
Klebsiella spp. (n=1) 0.22% 1(0.95%) -
Enterobacter aerogenes (n=3)  0.66% 3(2.86%) -
Enterobacter 1
0.22% -
agglomerans (n=1) S (0.95%)
Micrococcus spp. (n=3) 0.66% 2(1.9%) 1(0.3%)
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Table 3. Phenotypic antimicrobial sensitivity pattern of Coagulase-
negative Staphylococci isolated from mastitic cows.

Antimicrobial agent

Antimicrobial agent tested

S | R
Ampicillin 2 (10%) 1 (5%) 17 (85%)
Oxacillin - 3(15%) 17 (85%)
Ampicillin| sulbactam 3 (15%) 5(25%) 12 (60%)
Cefoxitin - 5(25%) 15 (75%)
Cefotaxime 5(25%) 1 (5%) 14 (70%)
Erythromycin 7 (35%) 1(5%) 12 (60%)
Ciprofloxacin 12 (60%) - 8 (40%)
Ofloxacin 11 (55%) - 9 (45%)
Sulphamethoxazole/tri 5(25%) - 15 (75%)
methoprim
Tetracycline 6 (30%) 1 (5%) 13 (65%)
Gentamicin 9 (45%) 2 (10%) 9 (45%)
Vancomycin 19 (95%) - 1 (5%)
Chloramphenicol 7 (35%) 4(20%) 9 (45%)

N: Number of isolates, S: Sensitive isolates, I: Intermediate
sensitive isolates, and R: Resistant isolates.

4.DISCUSSION

Mastitis is one of the most common infectious diseases that
destroy the cow calf business not only in the Egyptian dairy farms
but also all over the world [1, 27]

The major causes of mastitis are pathogenic bacteria which
play the main role in reducing milk quantity, low quality milk,
reduced reproductive efficiency and increase culling rate moreover
increase the cost of drugs and veterinary services [28, 29].

Based on history, clinical examination of the udder, California
mastitis test (CMT) and bacteriological examination of milk
samples, mastitis was diagnosed in the examined cases at
Damietta, El-Sharkia and El-Dakahlia governorates. The present
study showed that, Out of 415 examined dairy cows, the overall
prevalence of mastitis was 54% at the cattle level which is in close
alignment with previous published reports from Bangladesh
53.30% and Ethiopia (50.7%) [30, 31]. While, this prevalence was
higher than the previous studies from Finland (30.6%) [32]. This
difference in the prevalence rate of mastitis showed among these
reports from different regions could be attributed to differences in
management and hygienic practices, housing conditions, animal
risk factors, causative microorganisms and absence of awareness
of farmers to the loss caused by mastitis [21].

The prevalence rate of subclinical mastitis at the level of
cattle 42% was higher than clinical mastitis form 12%. These
results were in harmony with the previous research in Ethiopia
43.3% subclinical mastitis cattle in compared with 22% as clinical
mastitis [33]. While, the prevalence of mastitis on whole quarter
level in the present study 52.1% was in accordance with previous
study 45.3% [34]. Moreover, the rate of subclinical mastitis at the
level of quarter in this study 40.3% was higher than the clinical
mastitis 11.8%. Our results were in close agreement with the
previous reported rates in Ethiopia 25.3% subclinical form and
13.4% the clinical form [35]. This could be due to inappropriate
milking hygiene, absence of post milking teat dipping and little
care given to subclinical mastitis form because the infected animal
did not show any visible signs and secreted apparently normal milk
[21, 36].
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Here, Coagulase-negative Staphylococci were the predominant
isolates from clinical and subclinical mastitic cases. Our findings
were in accordance with previous studies that have been reported
CNS were the most common bacteria in their study with higher
prevalence rate (51.9%) followed by, S. aureus (20.3%), Str.
agalactiae (8.8%), Str. dysgalactiae (5.1%), Micrococcus species
(3.8%) and Str. uberis (2.5%), in Ethiopia [37]. Coagulase-negative
Staphylococci have usually been identified as minor mastitis
pathogens, especially when compared with major pathogens group
(S. aureus, Streptococci and Coliforms). This can be attributed to
the reason that CNS mastitis is very mild, and usually remains
subclinical [38]. Interestingly, there is an accelerating change in the
isolation maps of mastitis causing agents irrespective to the
differences of region, with recorded virulence changes of these
pathogens. In this concern, until recently, CNS was considered to
be less virulent and mostly accompanied with subclinical mastitis.
However, many studies in North America and Europe now detect
that CNS can be isolated from clinical mastitis cases [39]. It is
possible due to excessive and unsuitable antibiotic use for
treatment of mastitis and sub therapeutic doses as growth
promoters; these staphylococcal strains develop antibiotic
resistance. Multi-drug resistance was observed against some
classes of antibiotics such as methicillin, tetracycline and
erythromycin which can limit antibiotic effectiveness.

Our results of antibiotic sensitivity test using the disc-diffusion
method for 20 CNS isolates revealed that the highest number of
isolates were resistant against Ampicillin and Oxacillin, followed by
Cefoxitin, Sulphamethoxazole/Trimethoprim, Cefotaxime,
Tetracycline, Ampicillin/Sulbactam, Erythromycin,
Chloramphenicol, Gentamicin, Ofloxacin, Ciprofloxacin and
Vancomycin. These results were in close alignment with previous
research that has been detected CNS isolates showed high
resistance against ampicillin (86.7%) followed by,
Sulphamethoxazole/ Trimethoprim (74.9%) then amoxicillin-
clavulanic acid (52.5%) and oxacillin (35.7%) [40]. However, the
isolates were less resistant to ciprofloxacin, erythromycin,
gentamicin, cefotaxime and ofloxacin. These findings were in
accordance with [41] who stated the high resistance of CNS against
cefoxitin and oxacillin (57%, each), indicating these isolates were
methicillin resistant.

In the present study, CNS isolates were resistant to multiple
antimicrobial agents. Multi-drug resistance (MDR) was reported as
a single strain exhibiting resistance to three or more antimicrobial
classes [42]. This result was similar to the previous findings stated
that multiple-resistant strains of Staphylococcal bacteria [43].
Interestingly, more multiple resistant CNS than S. aureus isolates
were found in their study. These results may be attributed to the
common use of these drugs in treatment of mastitis in which, B -
lactams, such as penicillin and cephalosporin, play an important
role in bovine mastitis. Moreover, CLSI recommended that
oxacillin-resistant Staphylococci should be notified as resistant to
other B-lactams [44, 45]. On the other hand, it has been reported
lower resistances to gentamicin, ciprofloxacin, enrofloxacin and
chloramphenicol which referred to that these antibiotics were less
commonly used [46].

The high rate of sensitivity to Vancomycin is considered due
to the very limited use of vancomycin-containing preparations
[45]. However, one isolate of CNS were showed resistant to
vancomycin, this result was in accordance with the results that
have been informed two strains of CNS were resistant to
vancomycin and also resistant to methicillin [41]. This was an
interesting finding because this antibiotic was not used in dairy
cattle farms. Besides, it is no longer used in the veterinary field in
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several countries [47]. The exact mechanism of vancomycin
resistance in CNS is still unknown [48]. While, it has been reported
that metbhicillin resistant S. aureus (MRSA) strains which were
resistant against B-lactam antibiotics may exhibit induced
resistance against vancomycin [49]. It has been assumed that CNS
resistant to methicillin can act as an important reservoir for
antibiotic resistance genes transmission. However, little
information exists on CNS resistant to metbhicillin isolated from the
lactating cows [50, 51, 52].

Furthermore, the antibiotic susceptibility of bacteria differs
from one region to another where some countries showed higher
resistance rates than others. In the future data, the prevalence of
resistance should be used for the establishment of guidelines for
the proper antibiotic use in the veterinary field as demonstrated
by [53].

The emergence of bacterial strains resistant to antibiotics
which affect animal health is a growing alarm for the risk of its
effects on the public health of humans. They have the ability to be
transmitted directly or indirectly. It is therefore necessary to
conduct antibiotic sensitivity tests for these pathogens from a
practical and economic point of view [54].

The limitations of our study should be mentioned. This study
focused on conventional bacteriological examination for detection
of CNS and neglected the diagnosis by molecular techniques.
Additionally, the multidrug resistance was proven based on disc
diffusion and not on molecular bases. So, further molecular
investigation studies should be considered for detection of CNS.
Moreover, identification of resistant genes for antibiotic must be
investigated in further study.

Conclusion

Coagulase-negative Staphylococci were the predominant causative
agents in both forms, clinical and subclinical mastitis. They showed
high resistance rates to Ampicillin, Oxacillin, Cefoxitin,
Sulphamethoxazole/Trimethoprim, Cefotaxime, Tetracycline,
Ampicillin/Sulbactam and Erythromycin. Attention should be paid
for judicious use of antimicrobials depending on antibiogram
profiles and restriction of haphazard uses of antibiotics for mastitis
treatment should be recommended to the veterinarians and
veterinary authorities.
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