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ABSTRACT 
 

Aims: Mastitis is one of the very important and most common diseases among dairy cattle globally 
which leads to severe economical losses in the dairy industry. For the sustainability of the dairy 
sector it is critical that efficient, economically feasible treatment regime is available for clinical cases 
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of mastitis as a part of the control program with minimum risk for residues in milk. Antimicrobials are 
the most common drugs of choice for controlling and preventing this devastating condition. But the 
frequent use of antibiotics leads to the development of resistant bacteria which could have an 
adverse effect on human health as well. To mitigate this destructive constraint in the industry, 
identifying the etiology and their susceptibilities to remedial measures are of paramount importance. 
Hence this study was aimed at isolating and identifying the common bacterial etiology Escherichia 
coli, Klebsiella spp. and Staphylococcus spp. of mastitis and evaluating the antimicrobial 
susceptibility of the isolates in order to develop mastitis control strategies in the area. 
Study Design: Milk samples were collected from mastitic cows in different stages including 
subclinical and clinical cases based on the results of California Mastitis Test 
Place and Duration of Study: Samples were collected from dairy farms in Nuwera Eliya District, Sri 
Lanka and Laboratory investigations were carried out in the Laboratory of Livestock Production, 
Faculty of Agricultural Sciences, Sabaragamuwa University of Sri Lanka, Between Aug. 2017 and 
Nov. 2017. 
Methodology: E.coli, Klebsiella spp. and Staphylococcus spp. were isolated from 31 milk samples 
and susceptibility to commonly used antibiotics (Trimethoprim, Oxytetracycline, Chloramphenicol, 
Cephalexin, Enrofloxacin and Ciprofloxacin) was determined by Kirby Bauer disk diffusion method. 
Results: The study revealed that the most common isolate was the Klebsiella spp. and it is 54.8% 
and other two organisms Staphylococcus spp. had 51.6% and Escherichia coli 41.9%. Of all isolated 
pathogen, 97.1% exhibited resistant to Cephalexin and it was the highest while lowest resistance 
was to Chloramphenicol (31.4%). Among the other antibiotics, 54.3% of total isolates showed 
resistance to Trimethoprim followed by 42.9% to Oxytetracycline and Enrofloxacin, 34.3% was 
resistant to Ciprofloxacin. Resistance to at least one antibiotic was observed for the isolated 
microorganisms. All the three isolated pathogens are more resistant to Cephalexin. Both E. coli and 
Klebsiella spp. show 100% resistance to Cephalexin while Staphylococci had 92.9% resistance. 
This further revealed that E. coli (10%) and Klebsiella spp. (27.3%) are showing the least resistance 
to Chloramphenicol, None of Staphylococcus spp. (0%) isolated show resistance to Enrofloxacin. 
Conclusion: Most common organisms isolated were Klebsiella spp. followed by Staphylococcus 
spp., E. coli and there is a resistance of isolated organisms to some commonly used antibiotics. 
 

 

Keywords: Bovine mastitis; causative agents; antimicrobial agents; resistance. 
 

1. INTRODUCTION 
 
Dairy farming has been a part of agriculture for 
thousands of years and it is a popular business 
which involves rearing animals such as cows, 
goats, sheep, camels, and buffaloes etc. for the 
purpose of harvesting their milk for human 
consumption. Among the other livestock animals, 
rearing of cows is very popular in many countries 
including Sri Lanka According to the International 
Dairy Federation (2016) [1], 29% of world cow’s 
milk production is fulfilled by Asia. Bunch of 
constraints are found in dairy industry worldwide, 
diseases are one of the major constraints in dairy 
industry. Among the diseases, mastitis is one of 
the major economically important, most prevalent 
production diseases in dairy herds world-wide 
and it leads to a devastating economical loss due 
to the reduction in milk production, decrease in 
milk quality and poor hygiene in milk [2]. Mastitis 
causes to 30.0 percent less productivity per 
quarter and 15 percent production per cow [3], 
and loss of milk yield is estimated to range from 
100 to 500 kg/cow per lactation. Mastitis 
accounts for about 38.0 percent of the total direct 

costs of the common production diseases [4] 
worldwide. 
 
Prevention of this disease is a crucial fact in 
order to prevent losses in the industry and to 
maintain the quality of milk. Mastitis can be 
defined as an inflammation of the parenchyma of 
the mammary gland that can be of an infectious, 
traumatic or toxic nature [2]. It is a persistent, 
inflammatory reaction of udder tissues of the 
animal and it has been identified as a potentially 
fatal disease. Thus prevention of this constrain is 
must for the sustainable dairy industry in a 
country by understanding the predisposing 
factors including management aspects and 
moreover identifying the etiologies and their 
susceptibilities to remedial measures [4]. 
 
Mastitis is caused by wide variety of 
microorganisms including bacteria, mycoplasma, 
yeasts, algae etc. and among the etiologies; 
bacteria are playing a major role in causing 
mastitis [4,5]. It is a complex disease, numerous 
causative agents and the varied management 
and environmental practices that influence the 
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severity of the disease [6]. However, almost any 
microbe can opportunistically invade udder tissue 
and can lead to mastitis. Whatever it is, most 
infections are caused by various species of 
Streptococci, Staphylococci and gram-negative 
rods, especially lactose-fermenting organisms of 
enteric origin, commonly termed coliforms [7].  
Infection can spread either animal to animal as a 
contagious form or environmental. However, as it 
is a contagious disease, correct identification and 
practicing proper control measures including the 
correct therapeutic applications of drugs for the 
pathogen is crucial.    
 

Antimicrobial therapy is one of the most effective 
and commonly practicing methods of controlling 
mastitis. In this situation the use of correct, 
effective drug is more vital because of the 
widespread use of antibiotics; resistance profile 
of microorganisms is increasing among bacteria. 
Antimicrobial resistance is a main public health 
concern now a day worldwide and public hazards 
associated with the consumption of antibiotic 
contaminated milk could be allergic responses, 
changes in intestinal flora and development of 
antibiotic resistant pathogenic bacteria [8,9]. The 
expansion of resistance both in human and 
animal bacterial pathogens has been allied with 
the widespread remedial use of antimicrobials or 
with their administration as growth promoters in 
animals. Further transfer of antimicrobial 
resistant bacteria such as S. aureus to humans 
via the food chain has been reported [10]. 
Although there are many reasons which 
compromise antibiotic treatment of S. aureus 
mastitis, resistance of bacteria toward antibiotics 
is one of the most important [11,12]. 
 

During the process of controlling the disease, 
selection of most appropriate antibiotic for the 
purpose of inhibiting the growth and spread of 
the causative bacteria is an effective way in order 
to reduce the idle money wastes. It is important 
to prevent the disease going worst and to get a 
rapid cure of an infected animal as well. 
Selection of the appropriate antibiotic depends 
on the organisms which are responsible for the 
disease in a particular situation. However the 
organism which causes the mastitis can vary 
from country to country, region to region etc. due 
to the huge variation of preferable environmental 
conditions of different microorganisms. As well 
as the antibiotic resistance of the same species 
may vary from place to place and duration to 
duration as well.  
 

Increasing antimicrobial resistance has become 
a serious concern throughout the world. Mastitis 

is said to be the most common reason for 
antibiotic use in dairy herd. Hence, antimicrobial 
resistance of mastitis pathogens has received 
recent attention [13,14]. With the development of 
antibiotic resistance by different microorganisms, 
most appropriate antibiotics to be used against 
them also vary from place to place and time to 
time [15,16,17]. 
 

Hence isolation and identification of mastitis-
causing pathogens and testing their sensitivity to 
different antibiotics is vital to the management in 
order to select the most suitable antibiotics which 
can effectively control the causative agent. 
Ultimately it facilitates to control the spread of 
disease effectively. There are scanty of studies 
already done in Sri Lanka regarding this topic. 
This study was aimed at isolating and identifying 
the common bacterial etiology Escherichia coli, 
Klebsiella spp. and Staphylococcus spp. of 
mastitis and detecting the susceptibility of these 
isolates to six commonly used antibiotics. 
 

2. MATERIALS AND METHODS 
 
2.1 Sample Collection 
 
Thirty one animals having either clinical or sub 
clinical form of Mastitis based on 
the California mastitis test (CMT) [18] were 
selected. Having cleaned the udder of selected 
cows with clean water and 75% alcohol, mid 
stream milk samples were aseptically collected in 
to cleaned sterile 50 ml falcon tubes. Samples 
were transported to the Laboratory of Livestock 
Production, Faculty of Agricultural Sciences, 
under cool conditions in ice and samples were 
processed as soon as the arrival. 
 

2.2 Isolation and Identification of E.coli, 
Klebsiella spp and Staphylococcus 
spp. 

 
Milk samples were subjected to Pre-enrichment 
in a non selective media (Peptone broth) and 
incubated for 24hours at 37oC. Subsequently 
samples were inoculated from preenrichment 
broth to selective/differential media (MacConkey 
agar, Eosin Methylene blue agar, Baird Parker 
Agar and Mannitol salt agar). Bacterial colonies 
were selected (five colonies from a plate) 
randomly and identified using traditional method 
which includes culture characteristic on selective 
media, gram-staining and biochemical reactions, 
according to Bergey’s Manual of Determinative 
Bacteriology [19], [20,21,22]. The biochemical 
tests involved growth in Kligler's Iron (KIA), 
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Lysine Iron agar (LIA), triple sugar iron agar 
(TSI), Citrate utilization, Motility test,  Indole test, 
Urease production, Methyl Red (MR), Voges 
Proskauer (VP), carbohydrate fermentation test 
was done for lactose, sucrose, glucose and 
starch, DNAse test, nitrate reduction test,  
Oxidase, coagulase test and Catalase tests.  
 

2.3 Antibiotic Sensitivity Test 
 

Sensitivity to antibiotics was tested by using the 
Kirby Bauer disk diffusion method [23] which is 
recommended by the NCCLS for antimicrobial 
sensitivity testing. Bacterial sensitivity for five 
commonly used antibiotics (Trimethoprim 5 mcg, 
Oxytetracycline 30 mcg, Chloramphenicol 30 
mcg, Enrofloxacin 10 mcg, Cephalexin 30 mcg 
and Ciprofloxacin 30 mcg) was checked by using 
commercially available antibiotic disks (Himedia, 
India). Overnight-grown cultures in Luria–Bertani 
broth (HiMedia Laboratories Pvt. Ltd., Mumbai, 
India) were prepared as a lawn on Mueller Hinton 
agar. The antibiotics disks were placed 
aseptically on the lawn and incubated at 37°C for 
16–18 h. Subsequently the growth inhibition zone 
was measured by directly measuring the 
magnitude of a zone of bacterial inhibition around 
the antibiotic-impregnated disks placed on 
Mueller Hinton agar plate surface. Diameters of 
inhibitory zones belong to each bacteria were 
compared with a standard chart which shows the 
performance standards [24] of each antibiotic 
used during the test for each bacteria. 
 

3. RESULTS AND DISCUSSION 
 

3.1 Isolated Organisms 
 

In this study Klebsiella spp. Staphylococcus spp. 
and Escherichia coli organisms were isolated 
from collected milk samples.  Out of 31 collected 
milk samples, 17 (54.84%) samples were 
positive for Klebsiella spp. 16 samples (51.61%) 
were positive for Staphylococcus spp. 13 
(41.94%) samples were positive for E. coli. The 
most common isolate was Klebsiella spp 
followed by E. coli and Staphylococcus spp. (Fig. 
1). Nineteen isolates of Staphylococcus spp. 
were present in the 16 milk samples; which were 
positive for Staphylococcus spp.  and there were 
12 coagulase positive isolates whereas 7 out of 
19 were coagulase negative Staphylococcus 
spp.  
 
Only one sample out of 31 samples detected 
having all these three (Klebsiella spp. 
Staphylococcus spp. and Escherichia coli) 
organisms. However, 16 samples out of 31 

(51.61%), were positive for at least two 
organisms among three isolated organisms. 
However, among the collected 31 milk samples, 
29 samples (93.54%) were positive at least for 
one organism among three isolated organisms. 
Only two samples out of 31 (6.45%) collected 
samples were detected not to be having any of 
above microorganisms. One of them was a 
sample obtained from a cow having clinical 
mastitis. Hence it proves that there are some 
other organisms which are capable of causing 
mastitis without any contribution of above 
isolated pathogens are also available in this 
area. 
 

In line with this study, the study done by Munoz 
et al. [25] on a dairy farm in USA found that 
Klebsiella pneumoniae as the most prevalent 
organism causing mastitis. Another molecular 
epidemiological study conducted in 
Newfoundland has been shown the Klebsiella 
spp associated with bovine mastitis [26]. Study 
by Ahamed et al. also found that out of the 172 
sub clinical mastitic samples, 34. 3% 
contaminated with Klebsiella spp.; 16.3% K. 
pneumoniae, 8.1% K. oxytoca and 9.9% other 
unclassified Klebsiella spp.  Some other studies 
found that presence of E. coli in the mastitic milk, 
this study also showed the presence of E. coli 
[18]. Other studies also revealed that many 
microorganisms in mastitic milk samples and the 
common microorganisms associated were 
Pseudomonas, coagulase negative 
Staphylococci, E.coli, Streptococci and etc 
[27,28]. Further, another study showed, the 
prevalence of major pathogens isolated in 
Bangalore, India was 24% for Staphylococcus 
aureus, 20% for E. coli followed 16% for S. 
epidermidis and Streptococcus spp and 10% for 
Klebsiella spp [5]. The study done in a separate 
geographical location in Sri Lanka showed that 
high prevalence of Staphylococcus spp, E.coli 
and Streptococcus spp [29]. In many studies, 
Staphyloccocus spp, E.coli and Klebsiella spp 
has been found as the common etiologies in line 
with the current study [30,31,32,33,34].  
 

3.2 Antibiotic Sensitivity Test 
 

Forty percent of E. coli (4/10) isolates, of 
Klebsiella spp 63.6% (7/11) and 57.1% (8/14) of 
Staphylococcus spp. isolates showed resistance 
to Trimethoprim. Whereas for the 
Oxytetracycline, Staphylococcus spp. showed 
the highest resistance compared to the other two 
isolates and it was 57.1% resistance (8/14) 
followed by Klebsiella spp (45.5% resistance; 
5/11) and E. coli with 20% resistance (2/10). 
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Fig. 1. Distribution of isolated organisms (E. coli, Klebsiella spp and Staphylococcus spp.) in 
bovine mastitic milk samples 

 
Further, this study revealed that for 
Chloramphenicol, E. coli (1/10). Klebsiella spp 
(3/11) and Staphylococcus spp (7/14) showed 
10%, 27.3% and 50% resistance respectively. All 
three organisms exhibited the highest resistance 
to Cephalexin with the rates of 100 (10/10) %, 
100 (11/11) % and 92.9 % (13/14) for E. coli, 
Klebsiella spp. and Staphylococcus spp., 
respectively. E. coli showed 60% (6/10) and 30% 
(3/10) resistance against enrofloxacin and 
ciprofloxacin whereas Klebsiella spp showed 
81.8% (9/11) and 72.7% (8/11) resistance to  
both the antibiotics respectively. But the all 
isolates of Staphylococcus spp showed 100% 
sensitivity to enrofloxacin and for the 
ciprofloxacin it was 92.9% (13/14). More 
interestingly there was an isolate of Klebsiella 
spp which had resistance to all six antibiotics 
tested in the study (Fig. 2). 
 
Among the E. coli isolates which used for 
antibiotic sensitivity testing (10 isolates), five 
isolates have been shown resistance to more 
than one antibiotic used in the study (Table 1). 
Isolate E10 showed resistance to 
Oxytetracycline, Cephalexin, Enrofloxacin and 
Ciprofloxacin.  E67 and E70 had resistance to 
Trimethoprim, Cephalexin, Enrofloxacin and 
Ciprofloxacin whereas the isolate E80 showed 
resistance to these antibiotics except 
Ciprofloxacin. E75 isolate of E. coli exhibited 
resistance against Trimethoprim, 
Oxytetracycline, Chloramphenicol and 
Cephalexin (Table 1).  

Out of the 11 isolates of Klebsiella spp. checked 
for antibiotic sensitivity, 8 isolates have shown 
resistance to more than one antibiotic. K32, K23 
and K3 had similar kind of resistance, having 
resistance to Trimethoprim, Cephalexin, 
Enrofloxacin and Ciprofloxacin while K29 showed 
resistance against Oxytetracycline, Cephalexin, 
Enrofloxacin and Ciprofloxacin. K8 was resistant 
to four antibiotics namely Trimethoprim, 
Oxytetracycline, Cephalexin and Enrofloxacin. 
K72 was resistant to all the antibiotics tested 
whereas the isolate K55 showed resistant to all 
antibiotics except the Chloramphenicol. K52 was 
sensitive to Enrofloxacin and Ciprofloxacin while 
it was resistant to other four antibiotics. K78 
showed sensitivity to Trimethoprim, 
Oxytetracycline and resistant against 
Cephalexin, Enrofloxacin and Ciprofloxacin 
(Table 1). 
 
Staphylococcus isolates, S88, S89 (coagulase 
positive isolates) showed resistant to 
Trimethoprim, Oxytetracycline, Cephalexin and 
Chloramphenicol while S90 had the similar 
pattern of resistant but not against the 
Chloramphenicol. Isolate S16 which is a 
coagulase positive isolate has shown resistant 
against Oxytetracycline, Cephalexin and 
Chloramphenicol. Coagulase negative isolates of 
S91, S85 and S87 have displayed the resistance 
against Trimethoprim, Oxytetracycline, 
Chloramphenicol and Cephalexin and in addition, 
S85 had resistant to ciprofloxacin as well (Table 
1). 
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Fig. 2.  Antibiotic resistance patterns of bacterial isolates (E. coli, Klebsiella spp and Staphylococcus spp.) from bovine mastitic milk to 
antibiotics; Trimethoprim, Oxytetracycline, Chloramphenicol, Cephalexin, Enrofloxacin and Ciprofloxacin 
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Table1. Sensitivity pattern of E.coli, Klebsiella and Staphylococci isolates to different antibiotics; Trimethoprim, Oxytetracycline, Chloramphenicol, 
Cephalexin, Enrofloxacin and Ciprofloxacin  

 

  Trimethoprim Oxytetracycline Chloramphenicol Cephalexin Enrofloxacin Ciprofloxacin 

Isolate  Diameter  

mm 

S / R Diameter S / R Diameter S / R Diameter S / R Diameter S / R Diameter S / R 

mm mm mm mm mm 

E. coli             

E50 22 S 19 S 24 S 13 R 32 S 33 S 
E10 23 S 11 R 24 S 10 R 16 R 15 R 

E14 25 S 19 S 26 S 12 R 31 S 33 S 

E19 23 S 20 S 27 S 14 R 15 R 30 S 

E34 23 S 18 S 25 S 13 R 14 R 32 S 
E80 6 R 19 S 22 S 12 R 13 R 30 S 
E67 6 R 21 S 28 S 6 R 15 R 11 R 

E62 26 S 22 S 29 S 14 R 33 S 36 S 
E75 6 R 10 R 12 R 6 R 42 S 44 S 

E70 6 R 23 S 30 S 6 R 16 R 15 R 

Klebsiella            
K32 9 R 18 S 22 S 13 R 8 R 14 R 

K29 21 S 10 R 21 S 6 R 15 R 15 R 

K42 24 S 19 S 23 S 6 R 12 R 15 R 

K8 8 R 9 R 21 S 6 R 12 R 30 S 

K23 8 R 19 S 21 S 14 R 16 R 10 R 

K3 9 R 19 S 24 S 6 R 16 R 12 R 

K78 21 S 18 S 23 S 14 R 15 R 15 R 

K79 22 S 21 S 10 R 6 R 32 S 33 S 
K72 8 R 7 R 12 R 14 R 11 R 13 R 
K55 8 R 10 R 21 S 14 R 12 R 13 R 

K52 6 R 11 R 10 R 6 R 34 S 37 S 

Staphylococci            
S16 28 S 8 R 12 R 14 R 34 S 37 S 

S38 22 S 23 S 20 S 19 R 24 S 28 S 

S17 8 R 25 S 28 S 30 S 26 S 30 S 
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  Trimethoprim Oxytetracycline Chloramphenicol Cephalexin Enrofloxacin Ciprofloxacin 

Isolate  Diameter  

mm 

S / R Diameter S / R Diameter S / R Diameter S / R Diameter S / R Diameter S / R 

mm mm mm mm mm 

S18  24 S 6 R 25 S 12 R 27 S 33 S 

S7 7 R 28 S 24 S 10 R 31 S 36 S 
S89 6 R 11 R 11 R 6 R 30 S 33 S 

S82 20 S 6 R 28 S 13 R 25 S 27 S 
S88 6 R 12 R 12 R 6 R 39 S 44 S 

S92 27 S 20 S 31 S 14 R 32 S 35 S 
S91 6 R 9 R 8 R 6 R 30 S 36 S 

S90 6 R 20 S 10 R 6 R 39 S 46 S 
S85 6 R 14 R 12 R 6 R 26 S 15 R 

S87 6 R 12 R 11 R 6 R 34 S 35 S 

S86 19 S 30 S 28 S 14 R 28 S 30 S 
*Inhibitory zone diameters (In nearest millimeter) and S/R indicate the Sensitive or Resistant to each antibiotic 

**Organisms with multiple resistance to antibiotics are bold, italic and colored; pink colour indicate the coagulase positive multiple resistant staphylococci spp. and blue colour 
indicate the coagulase negative. 



 
 
 
 

Jayaweera et al.; SAJRM, 1(2): 1-13, 2018; Article no.SAJRM.41069 
 
 

 
9 
 

A study was done in Thailand shown that E. coli 
isolated from cows with subclinical mastitis, had 
resistant to ampicillin, carbenicillin, and 
sulfamethoxazole-trimethoprim [35]. A study by 
Das and his colleagues found the occurrence of 
ESBL (extended-spectrum β-
lactamase) producing Gram-negative isolates in 
subclinical mastitic cattle West Bengal [36]. 
Further supporting the findings of the current 
study, multidrug resistance (≥3 to 6 
antimicrobials) was seen in 40% of E. 
coli isolates from healthy lactating cattle in a 
study done by Sawant and his group [37]. The 
metagenomics study revealed the presence of 
multiple resistant genes in cow manure [38] and 
it has shown the possibility of possessing a 
phenotype of multidrug resistant in agreement 
with this study. A study conducted to determine 
the molecular characteristics, antibiogram and 
prevalence of multidrug resistant S. aureus from 
culled dairy cows and from cows with acute 
clinical mastitis, revealed that S. aureus isolates 
were resistant to erythromycin, penicillin, 
streptomycin, doxycyclin and 
Trimethoprim/sulpha and also it has shown that 
MRSA isolates were completely resistant to ten 
commonly used antibiotics such as, ampicillin, 
penicillin, streptomycin, gentamycin, 
erythromycin, ciprofloxacin, Oxytetracycline, 
Trimethoprim/sulphamethoxazole, enrofloxacin 
and doxycyclin [39], in line with this study. 

Moreover, in comparison with the study, several 
other researches also have shown the presence 
of multidrug resistant organisms in bovine milk 
samples [40,41,42,43,44]. 
 
While considering the overall resistance for all 
the individual organisms (E. coli, Klebsiella spp 
and Staphylococcus spp.) the isolates showed 
97.1% resistance (34/35) against Cephalexin, 
was the maximum resistance observed among 
six antibiotics. 54.3% resistant (19 out of all 35 
isolates) was observed to Trimethoprim whereas 
42.9% resistance (15 out of 35) was observed 
against both Oxytetracycline and Enrofloxacin. 
For Ciprofloxacin there was 31.4% resistance (11 
out of 35) while the least resistance among six 
antibiotics 31.4% (11/35) was against 
Chloramphenicol (Fig. 3). 
 
In a similar study conducted in Finland and Israel 
using bovine mastitic milk samples in year 2003, 
E. coli had shown a 16% resistance to 
Cephalexin, 4% and 2% resistance to 
Trimethoprim 0% resistance to Ciprofloxacin [45]. 
In this study also the least resistance of E. coli 
was observed for Ciprofloxacin while 100% E. 
coli resistance was observed against Cephalexin. 
It may be due to the increase in the use of 
particular antibiotic. However, Ciprofloxacin 
seems to be still an effective antibiotic in other 
countries as well.  

 

 
 

Fig. 3. Overall resistance of isolated organisms from bovine mastitic milk to antibiotics; 
Trimethoprim, Oxytetracycline, Chloramphenicol, Cephalexin, Enrofloxacin and Ciprofloxacin 
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Another study done in the United States had 
revealed that there was a 5.5% resistance of an 
E. coli strain which causes urinary tract infection 
[46]. However, Murray and his research group 
[47,48], found that E. coli as the predominant 
organism it has shown the resistance to 
Trimethoprim having 96% resistance.  
 
Thaker et al. has shown that the S. aureus 
isolated from bovine mastitic milk possess 
highest sensitivity towards cephalexin (100%) 
whilst 80% resistance for Ciprofloxacin 20% for 
Oxytetracyclin [49]. In this study Staphylococci 
spp showed a 92.9% resistance whilst other two 
genera showed 100% resistance against 
Cephalexin. This again shows the low efficiency 
of Cephalexin. These results may be some 
shreds of evidence to say that Cephalexin has 
already become less efficient in many countries. 
But in that study 80% resistance had been 
observed against Ciprofloxacin. But in this study 
Ciprofloxacin had performed better than other 
antibiotics against Staphylococci a resistance as 
low as 7.1%. This shows the variation of the 
antibiotic resistance in different geographical 
locations and with the time even within the same 
genera. 
 
However, when the results of all these studies 
are compared, it is crystal clear that there can be 
a huge variation of the resistance pattern within 
the same genera against the same antibiotic 
when the study area, time etc. differ. Hence it is 
important to conduct similar studies further in 
order to identify the variation of mastitis 
etiologies and their antibiotic sensitivity. This 
study demonstrated that the antibiotic 
susceptibility tests (ABST) are vital for              
the selection of the most effective treatment                
for mastitis caused by Escherichia coli,  
Klebsiella spp., and Staphylococcus spp. 
organisms. 
 

4. CONCLUSION 
 
Among the three isolated organisms, the most 
common organism isolated was Klebsiella spp. 
followed by Staphylococcus spp., E. coli and 
there is a resistance of isolated organisms to 
some commonly used antibiotics. 

 
ETHICAL APPROVAL 
 
As per international standard or university 
standard, written ethical approval has been 
collected and preserved by the author(s). 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 

1  International Dairy Federation. Bulletin of 
the International Dairy Federation 
485/2016. The World Dairy Situation 2016, 
ISSN 0250-5118, 2017. 

Available: http://www.idfa.org/docs/default-
source/d-news/world-dairy-  
situationsample.pdf. 

(Accessed 18 October) 

2  Abebe R, Hatiya H, Abera M, Megersa B 
and Asmare K. Bovine mastitis: 
Prevalence, risk factors and isolation of 
Staphylococcus aureus in dairy herds at 
Hawassa milk shed, South Ethiopia. Vet 
Res. 2016;12(1):270-281. 

3  Radostits OM, Gay CC, Blood DC, 
Hinchkliff KW. A Text Book of Veterinary 
Medicine. 9th Edn. WB Saunders, New 
York. 2000:563-618. 

4  Bradley AJ. Bovine mastitis: an evolving 
disease. The vet j. 2002;1;164(2):116-128. 

5  Sumathi BR, Veeregowda BM, Amitha 
Gomes R. Prevalence and antibiogram 
profile of bacterial Isolates from clinical 
bovine mastitis. Vet World. 2008;1(8):237-
238. 

6  Silva ID, Mastitis. In: De Alwis MCL, 
Subasinghe DHA and Horadagoda NU, 
Editors. Water buffalo in Asia, Volume 4 – 
Disease of the Buffalo. National Science 
Foundation, Sri Lanka. 1999;47–65. 

7  Carvalho-Castro GA, Silva JR, Paiva LV, 
Custódio DA, Moreira RO, Mian GF, Prado 
IA, Chalfun-Junior A, Costa GM. Molecular 
epidemiology of Streptococcus agalactiae 
isolated from mastitis in Brazilian dairy 
herds. Braz J Microbiol. 2017;48(3):551-
559. 

8  Founou LL, Founou RC, Essack SY. 
Antibiotic resistance in the food chain: A 
Developing country-perspective. Front 
Microbiol. .2016;7:1881. 

9  Thirapatsakun T. Mastitis management. 
Small holder dairying in the tropics. In: 
Hunt and Chantalakhana (Eds). ILRI, 
Kenya, Nairobi. 1999;299-339. 

10  Angulo FJ, Nargund VN, Chiller TC. 
Evidence of an association between use of 



 
 
 
 

Jayaweera et al.; SAJRM, 1(2): 1-13, 2018; Article no.SAJRM.41069 
 
 

 
11 

 

anti-microbial agents in food animals and 
antimicrobial resistance among bacteria 
isolated from humans and the human 
health consequences of such resistance. J 
Vet Med B Infect. Dis Vet. Public Health 
2004;51:374-379. 

11  Sharma C, Rokana N, Chandra M, Singh 
BP, Gulhane RD, Gill JPS and et al. 
Antimicrobial resistance: Its surveillance, 
impact, and alternative management 
strategies in dairy animals. Front Vet Sci. 
2017;4:237. 

12  Sharma L, Verma AK, Kumar A, Rahat A, 
Neha, Nigam R. Incidence and pattern of 
antibiotic resistance of Staphylococcus 
aureus isolated from clinical and 
subclinical mastitis in cattle and buffaloes. 
Asian J Anim Sci. 2015;9:100-109. 

13  Chandrasekaran D, Venkatesan P, 
Tirumurugaan KG, Nambi AP, 
Thirunavukkarasu PS, Kumanan K, 
Vairamuthu S, Ramesh S. Pattern of 
antibiotic resistant mastitis in dairy cows. 
Vet World. 2014;7:389-394.  

14  Rajala-Schultz PJ, Smith KL, Hogan JS, 
Love BC. Antimicrobial susceptibility of 
mastitis pathogens from first lactation and 
older cows. Vet Microbiol. 2004;102:33–
42. 

15  Johnson AP. Surveillance of antibiotic 
resistance. Philos Trans R Soc Lond B Biol 
Sci. 2015;370(1670):20140080.  
DOI: 10.1098/rstb.2014.0080  

16  Okeke IN and Edelman R. Dissemination 
of antibiotic-resistant bacteria across 
geographic borders. Clin Infect Dis. 
2001;33:364–69. 

17  Kumarasamy KK, Toleman MA, Walsh TR, 
Bagaria J, Butt F, Balakrishnan R, et al. 
Emergence of a new antibiotic resistance 
mechanism in India, Pakistan, and the UK: 
A molecular, biological, and epidemio-
logical study. Lancet Infect Dis. 2010; 
10:597–602. 

18  Momtaz H, Safarpoor Dehkordi F, Taktaz 
T, Rezvani A, Yarali S. Shiga toxin-
producing Escherichia coli isolated from 
bovine mastitic milk: Serogroups, virulence 
factors, and antibiotic resistance 
properties. Sci World J. 2012;2012: 
618709. 

19  Buchanan RE, Gibbon NE. Bergey`s 
manual of determminative bactariology, 
William and Wilkins Co. Baltimore, New 
York; 1984. 

20  Kayesh MEH, Talukder M, Anower AKMM. 
Prevalence of subclinical mastitis and its 

association with bacteria and risk factors in 
lactating cows of Barisal district in 
Bangladesh. International Journal of 
Biological Research. 2014;2(2):35-38. 

21  Castañeda Vázquez H, Jäger S, Wolter W, 
Zschöck M, Vazquez C, El-Sayed A. 
Isolation and identification of main mastitis 
pathogens in Mexico. Arq Bras Med Vet. 
2013;65(2):377-382.  

22  El-Hadedy D, El-Nour SA. Identification 
of Staphylococcus aureus and Escherichia 
coli isolated from Egyptian food by 
conventional and molecular methods 
J Genet Eng Biotech. 2012;10(1):129-135.  

23  Bauer AW, Kirby WMM, Sherris JC, Turck 
M. Antibiotic susceptibility testing by 
standardized single disc method. Am J 
Clin Pathol. 1966;45:493–496. 

24  Clinical and Laboratory Standards Institute 
[CLSI]. Performance Standards for 
Antimicrobial Susceptibility Testing; 
Twentieth Informational Supplement. CLSI 
document M100-S20. Clinical and 
Laboratory Standards Institute, Wayne, 
PA; 2017. 

25  Munoz MA, Ahlstrom C, Rauch BJ, Zadoks 
RN. Fecal shedding of Klebsiella 
pneumoniae by dairy cows. J Dairy Sci. 
2006;89(9):3425-3430. 

26  Podder MP, Rogers L, Daley PK, Keefe 
GP, Whitney HG, Tahlan K. Klebsiella 
Species Associated with Bovine Mastitis in 
Newfoundland. PLoS ONE. 2014;9(9): 
e106518.  

DOI: 10.1371/journal.pone.0106518 

27  Idriss S, Foltys V, Tancin V, Kirchnerova 
K, Tancinova D, Zaujec K. Mastitis 
pathogens and their resistance againts 
antimicrobial agents in dairy cows in Nitra, 
Slovakisi, Slovak J Anim. Sci. 2014:47,33-
38. 

28  Hande G, Arzu F, Nilgün G, Serhat AS, 
Alper C, Ece K, Serhat A, Murat F. 
Investigation on the etiology of subclinical 
mastitis in Jersey and hybrid Jersey dairy 
cows. Acta Vet. 2015;65(3):358-370. 

29  Sanotharan N, Pagthinathan M, Nafees 
MS. Prevalence of bovine subclinical 
mastitis and its association with bacteria 
and risk factors in milking cows of 
Batticaloa District in Sri Lanka. Int J Sci 
Res Inno Tech. 2016;3(6):2313-3759. 

30  Ribeiro MG, Motta RG, Paes AC, Allendorf 
SD, Salerno T, Siqueira AK, Fernandes 
MC, Lara GHB. Peracute bovine mastitis 



 
 
 
 

Jayaweera et al.; SAJRM, 1(2): 1-13, 2018; Article no.SAJRM.41069 
 
 

 
12 

 

caused by Klebsiella pneumoniae.                        
Arq Bras Med Vet Zootec. 2008;60(2):485-
488. 

31  Belachew T. Bovine mastitis: Prevalence, 
risk factors, major pathogens and 
antimicrobial susceptibility test on the 
isolates around addis Ababa,                      
Central Ethiopia. Vet Sci Res. 2017;2(5): 
000147. 

32  Demme B, Abegaz S. Isolation and 
identification of major bacterial pathogen 
from clinical mastitis cow raw milk in Addis 
Ababa, Ethiopia. Acad J Anim Diseases. 
2015;4(1):44-51. 

33  Rahman MT, MS Islam, M Hasan.                
Isolation and identification of                       
bacterial agents causing clinical mastitis in 
Cattle in Mymensingh and their 
antibiogram Profile. Microbes Health. 
2013;2(1):19-21. 

34  Birhanu M, Leta S, Mamo G, Birhanu 
Tesfaye S. Prevalence of bovine 
subclinical mastitis and isolation of its 
major causes in Bishoftu Town, Ethiopia. 
BMC Res Notes. 2017;10:767. 

35  Hinthong W, Pumipuntu N, Santajit S, 
Kulpeanprasit S, Buranasinsup S, 
Sookrung N and et al. Detection and drug 
resistance profile of Escherichia coli from 
subclinical mastitis cows and water supply 
in dairy farms in Saraburi Province, 
Thailand. Tulkens P, ed. Peer J. 
2017;5:e3431.  

DOI: 10.7717/peerj.3431 

36  Das A, Guha C, Biswas U, Jana PS, 
Chatterjee A and Samanta I. Detection of 
emerging antibiotic resistance in bacteria 
isolated from subclinical mastitis in cattle in 
West Bengal. Vet World. 2017;10(5):517-
520.  

DOI: 10.14202/vetworld.2017.517-520 

37  Sawant AA, Hegde NV, Straley BA, 
Donaldson SC, Love BC, Knabel  SJ, et al. 
Antimicrobial-resistant enteric bacteria 
from dairy cattle. Appl Environ Microbiol. 
2007;73:156–163. 

38  Wichmann F, Udikovic-Kolic N, Andrew S, 
Handelsman J. Diverse antibiotic 
resistance genes in dairy cow manure. M 
Bio 2014;5(2):e01017-13. 

DOI: 10.1128/mBio.01017-13 

39  Ismail ZB. Molecular characteristics, 
antibiogram and prevalence of multi-drug 
resistant Staphylococcus aureus (MDRSA) 
isolated from milk obtained from culled 
dairy cows and from cows with acute 

clinical mastitis. Asian Pac J Trop Biomed. 
2017;7(8):694–697. 

40  Rangel P, Marin JM. Analysis of 
Escherichia coli isolated from bovine 
mastitic milk. Pesq Vet Bras. 2009;29:363–
368. 

41  Schroeder CM, Zhao C, DebRoy C. 
Antimicrobial resistance of Escherichia coli 
O157 isolated from humans, cattle, swine, 
and food. Appl Environ Microbiol. 2002; 
68:576–581. 

42  Saini V, McClure JT, Le´ger D, Keefe GP, 
Scholl DT, Morck DW, Barkema HW. 
Antimicrobial resistance profiles of 
common mastitis pathogens on Canadian 
dairy farms. J Dairy Sci. 2012;95:4319–
4332. 

43  Shoma S, Kamruzzaman M, Ginn AN, 
Iredell JR, Partridge SR. Characterization 
of multidrug-resistant Klebsiella 
pneumoniae from Australia carrying bla 
(NDM-1). Diagn Microbiol Infect Dis. 2014; 
78:93–97. 

44  Osman KM, Hassan HM, Orabi A and 
Abdelhafez AST. Phenotypic, 
antimicrobial susceptibility profile and 
virulence factors of Klebsiella pneumonia 
isolated from buffalo and cow mastitic 
milk. Pathog Glob Health. 2014;108(4): 
191–9. 

45  Lehtolainen T, Shwimmer A, Shpigel NY, 
Honkanen-Buzalski T, Pyörälä S. In vitro 
antimicrobial susceptibility of Escherichia 
coli isolates from clinical bovine mastitis in 
Finland and Israel. J Dairy Sci. 2003; 
86(12):3927-32. 

46  Zhanel GG, Hisanaga TL, Laing NM, 
DeCorby MR, Nichol KA, Weshnoweski B, 
Johnson J, Noreddin A, Low DE, 
Karlowsky JA, Hoban DJ. Antibiotic 
resistance in Escherichia coli outpatient 
urinary isolates: Final results from the 
North American Urinary Tract Infection 
Collaborative Alliance (NAUTICA). Int J 
Antimicrob Agents. 2006; 27(6):468-75. 

47  Murray BE, Alvarado T, Kim KH, Vorachit 
M, Jayanetra P, Levine MM, Prenzel I, 
Fling M, Elwell L, McCracken GH, Madrigal 
G. Increasing resistance to trimethoprim-
sulfamethoxazole among isolates of 
Escherichia coli in developing countries. 
Journal of Infectious Diseases. 1985; 
152(6):1107-13. 

48  Murray BE, Rensimer ER, DuPont HL. 
Emergence of high-level trimethoprim 
resistance in fecal Escherichia coli during 
oral administration of trimethoprim or 



 
 
 
 

Jayaweera et al.; SAJRM, 1(2): 1-13, 2018; Article no.SAJRM.41069 
 
 

 
13 

 

trimethoprim-sulfamethoxazole. N Engl J 
Med. 1982;306(3):130-5. 

49  Thaker HC, Brahmbhatt MN, Nayak JB, 
Thaker HC. Isolation and identification of 

Staphylococcus aureus from milk and milk 
products and their drug resistance patterns 
in Anand, Gujarat. Vet World. 2013; 
6(1):10-13. 

_________________________________________________________________________________ 
© 2018 Jayaweera et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original work is properly cited. 

 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sciencedomain.org/review-history/24871 


