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MASTITIS PATHOGENS AND THEIR ANTIMICROBIAL 

SUSCEPTIBILITY IN EARLY LACTATING DAIRY COWS 

 

SUMMARY  
A two years cross-sectional longitudinal survey was carried out for 

determination of udder pathogens prevalence and their antimicrobial profile in 
one commercial dairy farm. Dairy cows were selected in relation to date of 
calving and period of early lactation in order to minimize environmental impact. 
A udder quarters milk samples were obtained from totally 211 black-white dairy 
cows. The quarter milk-samples were screening using the California Mastitis 
Test (CMT) for detection of abnormal milk secretion (AMS) and from quarters 
with AMS were obtained milk-samples for microbiological examination in order 
to detect intramammary infections (IMI). The milk-samples were obtained in two 
periods: period from beginning of lactation until 21

st
 day in lactation and period 

from 22
nd

 to 42
nd

 day in lactation. The prevalence of IMI in period from 
beginning of lactation until 21

st
 day in lactation and period from 22

nd
 to 42

nd
 day 

in lactation was 4.03% and 4.38%, respectively. Based on CMT, there was found 
totally 162 udder quarters with AMS. From these quarters, the overall proportion 
of microbiological negative quarters was 56.17% and mastitis pathogens were 
isolated from 43.83% of udder quarters, from which the dominant mastitis 
pathogens were: Streptococcus agalactiae (19.14%), Enterococcus spp. (8.02%), 
Candida non-albicans (6.79%), Staphylococcus aureus (6.17%), Escherichia coli 
(1.85%), Aspergilus niger (1.23%) and Pseudomonas aeruginosa (0.62%). The 
results indicated that contagious pathogens were the most common patogens of 
IMI in early lactation. There was significant difference in the prevalence of 
intramammary infection (χ

2
=35.136, df=1, p<0.001) when comparing the front 

and rear udder quarters. The isolated bacteria were examined for determination of 
susceptibility to 27 most used antimicrobial agents for mastitis treatment. The 
most resistant strain was Staphylococcus aureus.  
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INTRODUCTION 
Maintaining adequate herd health remains a major issue for the majority of 

dairy herds, and is an area where constant attention to detail is required. 
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Parturition and the onset of lactation represent the most hazardous periods of 
drastic physiological changes and intense metabolic demands in dairy cows 
which leads to increased incidence of metabolic disorders and infectious diseases 
(Sordillo and Aitken, 2009). Equally as important but however, mastitis in dairy 
cows are the most important diseases of the mammary gland which incidence 
increases as a consequence of parturition when host defense mechanisms are 
compromised. Mastitis has high economic implications due to losses in milk 
production and the risk posed by consumption of infected milk to public health. 
Bacterial infection and growth in the udder is the main cause of bovine mastitis. 
More than 150 Gram (+) and Gram (-) bacteria are identified as mastitis 
pathogens. However, the most prevalent mastitis pathogens are coagulase (+) and 
coagulase (-) bacteria from genus Staphylococcus, than bacteria from genus 
Streptococcus and Gram (-) Coliforms, especially Escherichia coli (Contreras 
and Rodriguez, 2011). However, approximately 10–40% of clinical mastitis cases 
yield ‘‘no significant growth’’ in routine clinical culture assays, and one study 
has also indicated that the number of such cases may be on the rise, although the 
reason for this is not currently known (Persson et al., 2011). 

Traditionally, all udder pathogens have been classified as either 

‘contagious’ or ‘environmental’, depending on their primary behavior and their 

route of transmission (White et al., 2006). The major contagious udder pathogens 

on dairy farms are: Staphylococcus aureus, Streptococcus agalactiae и 

Mycoplasma bovis (Trajcev et al., 2009). There are a wide range of 

environmental opportunistic pathogens that caused mastitis: Escherichia coli, 

Klebsiella spp., Enterobacter spp., Serratia spp., Pseudomonas spp., Proteus 

spp., Corynebacterium pyogenes, Streptococcus uberis and Streptococcus 

dysgalactiaе, else more coagulase (-) bacteria from genus Staphylococcus 

(Taponem and Pyorala, 2009). However, Piessens et al. (2012) revealed that this 

dichotomous in transmission of udder pathogens is loosing and from 

epidemiological aspect there is no strict border between contagious and 

environmental mastitis. 

According the literature data from around the world, the prevalence of 

udder pathogens that cause subclinical and clinical mastitis can vary widely 

(Ericsson et al., 2009; Persson et al., 2011). In the past, the most common udder 

pathogens in dairy herds were Streptococcus agalactiae and Staphylococcus 

aureus. However, the adoption of modern milking practices and implementation 

of the mastitis control programs has resulted in a considerable decline in the 

prevalence of these organisms in many modern dairy farms (Makovec and 

Ruegg, 2003). Today, the common environmental organisms include CNS, 

Streptococcus uberis, Streptococcus dysgalactiae, Klebsiella spp., and 

Escherichia coli (Taponen and Pyorala, 2009). 

The most common udder pathogens from subclinical cases of mastitis in 

dairy farms in Republic of Macedonia were Streptococcus agalactiae, 

Staphylococcus aureus, Enterococcus spp and environmental Streptococcus spp 

(Trajcev et al., 2010). 
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The literature data differ significantly in reporting the prevalence of 

etiological agent for mastitis depending from the region where the surveys were 

done. For example, the prevalence of Staphylococcus aureus in Finland and 

Germany vary from 3,0 to 3,5% up to 38,5% in Zimbabwe and Australia 

(Kloppert et al., 1999; Milne et al., 2002). Kalmus et al. (2011) reported that 

Streptococcus agalactiae is the second predominant etiological agents of mastitis 

in dairy farms but cure rate with antibiotic therapy during lactation is very high. 

The program for prevention and eradication of mastitis in dairy herds 

include regular implementation of screening methods for early detection of 

mastitis, like California Mastitis Test (CMT), measurements of milk conductivity 

and the presence of chlorides and sodium in milk as results of udder 

inflammation (Sharma и сор., 2011). The early mastitis detection in dairy herd 

has many potential benefits, out of which it will allows implementation of 

proactive management strategies that will avoid negative effects of disease and 

will leads to better cure rates (Deluyker et al., 2005). Several studies have 

reported an increased trend over time in resistance among mastitis pathogens due 

to uncontrolled use of antimicrobials for mastitis treatment (Trajcev et al., 2009). 

There is a concern that antimicrobial therapy of mastitis in dairy cows can lead to 

residues occurrence in milk which are potential hazards to public health 

(Andersson et al., 2011). 

The objective of this study was to identify the udder pathogens in one 

dairy herd in period of early lactation and to determine their antimicrobial 

susceptibility. in order to establish a more effective therapy for udder infections.  

 

MATERIALS AND METHODS 

A two year longitudinal survey in period from 1
st 

of April, 2012 until 31
st 

of March, 2014, was carried out for determination of udder pathogens prevalence 

and their antimicrobial profile in dairy cows during the period of early lactation. 

The study was carried out in a conventional dairy farm localized near city of 

Strumica in south-eastern part of Macedonia. Totally, 211 primiparous and 

multiparous black-white dairy cows in beginning of lactation were selected. The 

dairy cows were allocated into groups related to the season of calving in order to 

minimize the influence of environment on mastitis pathogens prevalence. Cows 

were kept in the same farm providing with similar house conditions and feeding 

regime during 2 years of experiment to exclude the influence of additional 

environmental factors, such as feeding. Cows consumed ordinary diet which 

differed in accordance with the stage of pregnancy and lactation but was the 

same during consecutive events and included corn and grass silage, hay, 

commercial concentrate (maize, wheat, barley) as well as vitamin and mineral 

premix. The udder health status was followed from calving to 42
nd

 day in 

lactation. This period of early lactation was subdivided into 2 periods: period 

from calving until 21
st
 day in lactation and period from 22

nd
 to 42

nd
 day in 

lactation. Daily, during the trial period, each cow on milking line was observed 

clinically for presence of clinical signs of mastitis (rubber, tumour, colour, dolour 
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and function laesa) and determination of abnormalities in milk (presence of 

watery milk, flakes, clots, blood, pus, discoloured milk, etc). Additionally, there 

was used Califonia Mastitis Test (CMT) as predicted tool for detection of udder 

quarters with abnormal milk secretion (Schalm и Noorlander, 1957). The 

screening of udder health status was done on quarter level. 

Samples for bacteriological culture from each quarter positive to CMT, 

were collected aseptically in sterile 10 mL tubes, without additives, according to 

the National Mastitis Council (Hogan et al., 1999) and kept at 4 ºC during 

transport. Samples were analyzed within 12 hours of collection. Bacterial species 

were identified according standard microbiological procedure using accredited 

methodology based on the National Mastitis Council standards (NMC, 2001). 

From each sample, 10 μl of milk was cultured on Columbia blood agar (Oxoid – 

UK) for enrichment and isolation of specific udder pathogens. Parallel, 10 μl of 

milk was cultured on STRB agar (BioMérieux - France) for isolation of β-

hemolytic Streptococcus spp. group B (Smith et al., 1985). Incubation was done 

for 48 h. at 37 
0
C and 24 h more on room temperature for grout of eventually 

present of fungi. Sometimes, for better fungi grout, the incubation was lasting up 

to 5 days. A minimum of five colonies of the same type of bacterium was 

recorded as bacteriological positive, and growth of more than two types of 

bacterial colonies was categorized as mixed growth. No bacterial growth was 

recorded when fewer than five colony-forming units were detected during 48 h of 

incubation. Based on results from screening using clinical examination, CMT and 

bacteriological culturing, all cows in observed population were allocated into 

three groups: healthy cows without udder health problems, cows with persistent 

abnormal milk secretion and cows with persistent intramammary infection. The 

difference in prevalence of IMI between front and rare udder quarters and their 

significance was estimated by Chi-square test. 

Once they had been isolated and identified, pure cultures of udder 

pathogens were tested for antibacterial susceptibility with the disc diffusion assay 

on Mueller-Hinton agar using commercial antimicrobial discs (Oxoid - UK). 

Testing was performed according to the recommendation of the National 

Committee for Clinical Laboratory Standards (NCCLS, 2002). The list of 

antibiotics in susceptibility testing may vary in order to find accurate treatment 

after getting the laboratory test results. The criteria for the interpretation of zone 

of inhibition diameter were: sensitive, intermediate sensitive and resistant. 

 
RESULTS AND DISCUSSION 

The prevalence of udder quarter health disorders in observed population of 

dairy cows in early lactation during the two years survey is shown in Table 1. 

The prevalence of udder quarters with abnormal milk secretion was 5.33% 

and 5.45%, respectively for period from calving until 21
st
 day in lactation and 

period from 22
nd

 to 42
nd

 day in lactation. The prevalence of IMI showed the same 

ratio and therefore, the prevalence in the first period in lactation from calving 

to21
st
 day in lactation was 4.03% and the prevalence in the period from 22

nd
 to 
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42
nd

 day in lactation was 4.38%. The total prevalence of udder health disorders 

on quarter level was 9.36% and 9.83%, respectively for period from calving until 

21
st
 day in lactation and period from 22

nd
 to 42

nd
 day in lactation. 

 
Table 1. The prevalence of udder health disorders in dairy cows on  

quarter level in two periods of early lactation 

Period 
Total CMT(-) CMT(+) AMS IMI 

n n % n % n % n % 

Day_21 844 765 90,64 79 9,36 45 5,33 34 4,03 

Day_42 844 761 90,17 83 9,83 46 5,45 37 4,38 

 

In Table 2 is shown the ratio between udder quarters with IMI versus 

udder quarters that have positive CMT reaction depending from quarters udder 

position. 

 

Table 2. The ratio between IMI and AMS on udder quarter level 

 regarding their udder position 

Total quarters FL FR RL RR 

Period CMT IMI 
IMI 

(%) 
CMT IMI 

IMI 

(%) 
CMT IMI 

IMI 

(%) 
CMT IMI 

IMI 

(%) 
CMT IMI 

IMI 

(%) 

Day 

21 
79 34 43,04 16 6 37,50 16 10 62,50 20 6 30,00 27 12 44,44 

Day 

42 
83 37 44,58 17 8 47,06 19 10 52,63 28 10 35,71 19 9 47,37 

 

Generally, the rare udder quarters are more prevalent to have IMI in 

relation with front quarters. There was statistically significant difference in 

prevalence of IMI in rare udder quarters than front udder quarters (χ
2
=35.136, 

df=1, p<0.001). Table 3 represents the distribution of udder pathogens in milk 

samples from udder quarters with abnormal milk secretion that showed positive 

reaction to CMT. 

 

Table 3. Udder pathogens isolated in milk sample from  

quarters with positive CMT 

  n % 

  

n % CMT (+) quarters 162 100,00 

Microbiologically negative 91 56,17 

Microbiologically positive 71 43,83 

Streptococcus agalactiae 31 19,14 

Enterococcus Spp. 13 8,02 

Candida non-albicans 11 6,79 

Staphylococcus aureus 10 6,17 

Escherichia coli 3 1,85 

Aspergillus niger 2 1,23 

Pseudomonas aeruginosa 1 0,62 
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During the two year observation of dairy cow population, there was found 

162 udder quarters that have abnormal milk secretion and showed positive 

reaction on CMT out of totally 844 tested quarters. Of them, 56.17% were 

microbiologically negative and 43.83% microbiologically positive: Streptococcus 

agalactiae was isolated in milk samples from 19.14% quarters, Enterococcus 

spp. in 8,02%, Candida non-albicans in 6,79%, Staphylococcus aureus in 6,17%, 

Escherichia coli in 1,85%, Aspergilus niger in 1,23% and Pseudomonas 

aeruginosa was isolated in milk samples from 0,62% of quarters. 

Antimicrobial sensitivity of isolated udder pathogens is shown in Table 4. 

 

Table 4. Antimicrobial susceptibility of udder pathogens 

  
Str. 

agalactiae 

St. 

aureus 
E. coli 

Enterococcus 

spp. 

P. 

aeruginosa 

β-laktam 

Penicillin (10 IU) S R  S  

Ampicillin (10 μg) S R I S  

Amoxicillin (10 μg) S I R S  

Amoxyclav (20/10 μg) S S S S R 

Imipenem (10μg)   S  S 

Meropenem (10 μg)   S  S 

Glycopeptid Vancomicin (30 μg)  S  S  

Ureidopenicillin 

+ β-laktam 

Piperacilin-tazobactam 

(100/10 μg) 
  S  S 

Aminoglycosid 
Gentamicin (10 μg)   S I S 

Amikacin (30μg)  S S  S 

Cephalosporin I 

Cefadroxil -ALICEF 
(30 μg) 

S S S   

Cefalexin S  I   

Cephalosporin 

III 

Cefpodoxime 
(TRICEF) (10 μg) 

S S    

Cefuroxim (30μg)  R S  R 

Ceftriaxon (30μg) S S S  S 

Cefotaxim (30 μg) S S S  S 

Ceftazidim (30μg)   S  S 

Cefixim (Pancef) (5 

μg) 
 R S  R 

Cefalosporini IV Cefepim (30 μg)   S  S 

Linkosamid Clindamycin (2 μg) S S    

Macrolid 

Erythromycin (15 μg) S S  I  

Azithromycin (15 μg) S S    

Clarithromycin (5 μg) S     

Trimethoprim + 

Sulfamethoxasol 

Co-trimoxazol 

(1,25/23,75 μg) 
R S I  R 

Fluoroquinolon 
Ciprofloxacin (5 μg) S S S S S 

Moxifloxacin (5μg) S     

Polymyxin Colistin (10 μg)   S  S 
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The isolates of Streptococcus agalactiae were mostly susceptible to 
antimicrobials tested, with exception to Co-trimoxazol from the group of 
Trimethoprim+Sulfamethoxasol.  

The isolates of Staphylococcus aureus were resistant to most of the 
antimicrobials. The isolates were resistant to Penicillin, Ampicillin, Cefuroxim, 
Cefixim, partly susceptible to Amoxicillin and showed susceptibility to the other 
antimicrobials tested. 

The isolates of Escherichia coli were resistant to Amoxicillin, intermediate 
susceptible to Ampicillin, Cefalexin and Co-trimoxazol. The isolates were 
susceptible to the other antimicrobials tested. 

The isolates of Enterococcus spp. were intermediate susceptible to 
Gentamicin and Erythromycin, while the isolates were susceptible to other 
antimicrobials tested. 

Pseudomonas aeruginosa was resistant to Amoxyclav, Cefuroxim, Cefixim 
and Co-trimoxazol, while the isolate was susceptible to other antimicrobials 
tested. 

Accurate mastitis detection and effective mastitis control strategies has a 
influent economic impact in dairy farms followed by sustainable milk production 
(Wallace et al., 2002).  

In general, there is no ideal screening test for prompt and quick diagnosis 
of IMI. Culturing examination is the “gold standard” for detection of infected 
udder quarters, but very offen this methods are very expensive, time consuming 
for routine screening followed by lack for on-farm assessment (Sargeant et al., 
2001). However, as IMI are usually followed by an influx of leucocytes and other 
macrophages into the milk, an increase in its SCC (Somatic Cell Count) has been 
used widely as indicating mastitis. 

Comparing to culturing methods and determination of SCC, the field 
screening methods for diagnosis of mastitis are easy and routine methods that 
give prior information for antibiotic treatment of infected udder quarters and 
early drying off. Among the others, the California Mastitis Test (CMT) is widely 
used for on-farm detection of mastitis in dairy herds (Sharma et al., 2011). 
Calderon and Rodrigues (2008) reported some insufficiency of the CMT 
regarding their sensitivity and specificity in determination of IMI. The main 
weakness of the CMT is its low specificity for determination of udder quarters 
infected with a major or minor mastitis pathogens. In general, the CMT is a rapid 
and inexpensive test to indirectly determine the somatic cell concentration in 
milk and is a practical, easy method for demonstrating IMI by testing milk 
samples on-farm. 

The results obtained by Saidi (2013) showed a good correlation between 
the results of CMT and isolation for the identification of intra-mammary 
infections in cows. Other authors reported negative bacteriological findings in 
17.7 to 26.5% from cases of clinical mastitis and 28.7 to 38.6% from cases of 
subclinical mastitis (Roesch et al., 2007). 

A higher incidence of Staphylococcus spp. and Streptococcus spp. was 
revealed from cases of subclinical mastitis in dairy cows (Roesch et al., 2007; 
Kalmus et al., 2011). Saini et al. (2013) reported higher prevalence of 
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environmental mastitis pathogens and Escherichia coli in dairy herds, 
predominantly in early lactation. 

The other study (Kivaria and Noordhuizen, 2007) performed on dairy 
farms in Tanzania, reveled 29% microbiologically negative milk samples. From 
microbiologically positive samples, there were isolated Staphylococcus aureus 
(25,7%), Streptococcus agalactiae (15.4%), Klebsiella pneumonia (14.3%), 
Escherichia coli (14.1%), Pseudomonas aeruginosa (7.5%), Streptococcus 
dysgalactiae (5.2%) and Streptococcus uberis (4.2%). The most prevalent fungus 
in infected mammary gland was Candida spp. (30%). 

Similar results as obtained in this research were reported in the research of 
Rodrigues (2006), when the most prevalent mastitis pathogens were 
Streptococcus agalactiae and Staphylococcus aureus, isolated in 35% to 45% of 
infected udder quarters. 

The recent research from Sweden reported that the most prevalent 
pathogens from infected mammary gland were: Staphylococcus aureus (19%), 
coagulase negative Staphylococcus spp. (16%), Streptococcus dysgalactiae (9%), 
Streptococcus uberis (8%), Escherichia coli (2.9%) and Streptococcus spp. 
(1,9%). The rate of microbiologically negative samples was 22% from udder 
quarters that have positive reaction on CMT (Persson и сор., 2011). 

The prevalence of udder pathogen microorganisms in cases of 
intramammary infections in dairy herds in Sicily for period 2000 to 2006, was: 
microbiologically negative 47.4%, than coagulase negative Staphylococcus spp. 
(22.6%), Staphylococcus aureus (20.6%), Streptococcus spp. (11.1%), 
Streptococcus agalactiae (2.3%), environmental coliforms (2.9%) and other 
pathogens (5.8%) (Ferguson et al., 2007). 

The study from Croatia, country with similar climatic conditions like 
Macedonia and similar management of dairy farms, reported that predominant 
pathogen microorganisms in cases of intramammary infection in period prior 
drying were: Streptococcus spp. Lancefield group B (7.79%), Staphylococcus 
aureus (6,56%), coagulase negative Staphylococcus spp. (2.87%), Pseudomonas 
spp. (2.46%), Streptococcus agalactiae (2.05%), and 1.23% from intramammary 
infections were caused by other pathogen microorganisms (Maćešić et al., 2012). 

According our research, Streptococcus agalactiae isolated from milk 
samples showed good sensitivity to all tested antimicrobials, with exception to 
Co-trimoxazol. The most resistant were isolates of Staphylococcus aureus. Other 
isolated microorganisms were susceptible to antimicrobials tested. 

Similar results were reported by Persson et al. (2011) when the most of the 
isolated udder pathogens were susceptible to wide range of antimicrobials, with 
exception to Penicillin G. Opposite, the other authors reported the high level of 
resistance of udder pathogens to antimicrobials (Kalmus et al., 2011). 

In the research performed on dairy farms in Iran (Ebrahimi et al., 2007), 
the prevalence of udder pathogens in dairy farms was as similar as in our 
research, while the most of isolated microorganisms showed resistance to 
Penicillin, Streptomycin, Oxytetracyclin and Colistin. The most of the researchers 
indicate on increased antimicrobial resistance between udder pathogens while 
Staphylococcus aureus was the most resistant microorganism (Bengtsson et al., 
2009). 
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CONCLUSIONS 
The total prevalence of udder health disorders on quarter level was 9.36% 

and 9.83%, respectively for period from calving until 21
st
 day in lactation and 

period from 22
nd

 to 42
nd

 day in lactation. The high prevalence of contagious 
udder pathogens in observed population of dairy cows indicate on bad hygienic 
condition during milking of cows and possibility for infection of health udder 
quarters through the equipment and hands of the workers. The isolates of udder 
pathogens were mostly susceptible to antimicrobials tested, with exception to the 
isolates of Staphylococcus aureus that were resistant to most of the 
antimicrobials. 
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