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Abstract

The aim of this study was to assess the effect of lactation number, lactation stage and somatic 
cell count (SCC) on the presence of pathogenic or opportunistic pathogens in cow milk. A total  
of 1712 milk samples were collected from the udder quarters of 428 lactating Holstein breed  
cows for bacteriological examination. Somatic cell count was taken from the controlled bovine 
records. The cows were divided into four groups according to the lactation number (viz. lactation 
numbers 1, 2, 3, 4 and above) and into three groups according to the lactation month (viz. 1-4, 5-8, 
9 months and above). The statistical analysis was performed by SPSS 27.0 software (SPSS Inc., 
Chicago, Illinois, USA). Frequencies of microorganisms were calculated by determi- 
ning their confidence intervals (Wilson Confidence Interval 95%, CI). Various farm pathogens 
were identified: CNS (Coagulase negative staphylococci), S. aureus, Enterococcus spp.,  
Str. agalactiae, E. coli. It was found that CNS and S. agalactiae increased with somatic cell count, 
lactation number and lactation stage. E. coli increased at the end of the lactation stage (p≤0.05). 
Enterococcus spp., count in milk differed significantly between cows in lactations 1 and 4  
and older (p≤0.05). Pathogen number also increased with milk fat, but decreased with increased 
protein content (p≤0.01). 
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Introduction

Mastitis is a common endemic disease in dairy 
herds in many different countries and hence it is an  
important cause of economic loss and less efficient milk 
production (Morales-Ubaldo et al. 2023). It poses  
a challenge to the entire dairy industry (Zhang et al. 
2016, Cheng et al. 2019, Cheng and Han 2020). When 
monitoring cows for subclinical mastitis, it is necessary 
to identify the potential pathogens and determine the 
somatic cell count in milk (Petzer et al. 2017). Watts 
(1988) estimated that about 150 species of microorgan-
isms are responsible for mastitis, including many  
human pathogens. Bacterial mastitis has been asso- 
ciated with a number of pathological agents, including 
Staphylococcus aureus, Streptococcus agalactiae, 
Streptococcus dysgalactiae, coagulase negative staphy-
lococci (CNS), Streptococcus uberis, the coliforms: 
Escherichia coli, Enterobacter, Klebsiella species,  
Corynebacterium bovis, Mycoplasma spp., Pseudomo-
nas spp. and Enterococcus faecalis, as well as yeasts 
and other fungi (Cobirka, et al. 2020). Among these,  
the most frequently mentioned pathogens, apart from  
S. agalactiae and S. aureus, are also Escherichia coli, 
Streptococcus uberis, Klebsiella spp., coagulase-nega-
tive Staphylococcus species (CNS), and Prototheca spp. 
(Jagielski, et al. 2019, Rifatbegović et al. 2024).  
In a Lithuanian cow herd, the most prevalent mastitis 
pathogens were found to be Staphylococcus aureus 
(15.25%) and Streptococcus agalactiae (4.80%)  
(Antanaitis et al. 2021). Mastitis is a multifactorial dis-
ease, with breed, age, parity, herd size, period of lacta-
tion, hygiene and weather known to influence the sub-
clinical form (Cobirka et al. 2020). Indeed, studies have 
examined the influence of intramammary infection and 
microorganism type on somatic cell count (SCC) in 
dairy cow milk, as well as age, parity, stage of lactation, 
and milk production level (Sumon et al. 2020). 

Environmental mastitis is usually caused by E. coli. 
This pathogen enters the mammary gland during early 
lactation and it can cause lethal infection if it is left  
untreated (Cobirka, et al. 2020). The course of infection 
usually starts as the subclinical form and then develops 
into clinical mastitis during early lactation, continuing 
for more than 100 days into the milking period (Cheng 
et al. 2020). Indirect evidence shows that younger cows 
in their first lactation period are more resistant to conta-
gious causative agents, with 12–15% of first-lactation 
cows being found to be already infected with S. aureus 
(Goli et al. 2012). Research indicates that cows older 
than seven years are at 13-times greater risk of udder 
infection than cows in their first to third lactation, and 
primary cows are two- to three-times more susceptible 
to CNS than older cows (Souza et al. 2016). Subclinical 

mastitis was found to be shorter in early lactation than 
late lactation in primiparous cows; however, no such 
difference in duration was noted for the clinical form  
in multiparous cows (Breen et al. 2009). In addition, 
during early lactation, primiparous cows tended to suf-
fer subclinical mastitis earlier than the multiparous 
cows; however, in late lactation, subclinical mastitis  
occurred later in primiparous than multiparous cows 
(Breen et al. 2009). The age of cows also influences  
the occurrence of mastitis (Kayano et al. 2018), with 
older animals being more susceptible to mastitis than 
younger ones. With advancing age, the udder becomes 
more pendulous, thus increasing the risk of injury,  
its glandular tissue becomes sensitive to inflammation, 
and older cows have poorer defence mechanisms than 
younger ones (Elmaghraby et al. 2017). The mammary 
epithelium can also demonstrate greater permeability  
in older cows caused by previous inflammatory states, 
even after successful treatment (Kibebew 2017).  
The aim of the present study was to determine the pos-
sible relation between the prevalence of  S. aureus,  
Str. agalactiae and E.coli amongst other opportunistic 
pathogens and lactation number, lactation period,  
somatic cell count and milk composition parameters  
in cows.

Materials and Methods

Research material

The study involving 428 lactating Holstein cows 
was conducted from November 2022 until February 
2023 on the farm. The animals were kept loose in cold-
type barns on rubber mats all the year round. The cows 
were fed a complete diet that met their physiological 
needs: they received a total mixed diet based on grass 
silage, maize silage, hay and concentrate to meet the 
nutritional requirements of a 600 kg cow yielding about 
20 kg of milk per day. All animals were kept in accor-
dance with established hygiene requirements. 

The cows were milked twice a day in a side-by-side 
milking parlour. 

Sampling

A total of 1712 milk samples were taken for bacte-
riological examination from the udder quarters of 428 
cows over four months, with one sample taken from 
each cow once a month. There were no further specifi-
cations regarding udder health parameters such as the 
incidence of clinical mastitis or detected pathogens. 

Composite milk sample from all quarters of each 
analysed cow was collected into sterile tubes at the end 
of the milking process (during test milkings) and deli- 
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vered to the laboratory for immediate bacteriological 
evaluation. The research was performed in accordance 
with the provisions of the Law on Animal Welfare and 
Protection of the Republic of Lithuania, No XI-2271 
(2012).

 
Identification

Bacteriological pathogens were identified accor- 
ding to standard operating procedure SDP 5.4.4.B.6 
“Fundamental mastitis-causing bacteria evaluation  
in milk” developed by “Laboratory and field handbook 
on bovine mastitis” (Adkins et al. 2017).

Milk samples were examined using common bacte-
riological methods. Each of 10 µL milk samples was 
streaked on Blood agar (Colombia agar with 5% sheep 
blood, E&O Laboratories Limited, Scotland), Modified 
Edwards Medium (E&O Laboratories Limited, Scot-
land) and MacConkey agar (Liofilchem, Italy). Inocu-
lated media were incubated at 37°C under aerobic con-
ditions. Possible growth on plates were observed at 18 
and 24 hours (48 hours for streptococcus and staphylo-
coccus). On primary culture media bacteria identified 
tentatively. It was based on colony morphology (size, 
pigment production, texture), haemolysis on blood 
agar, bacteria morphology (Gram staining) and catalase 
test. Typical colonies were selected for further identifi-
cation. 

Staphylococcus aureus confirmed by mannitol fer-
mentation and coagulase production (Staphytect Plus™ 
Latex Agglutination Test, Thermofisher, USA). Strepto-
coccus agalactiae was confirmed by Gram staining, 
catalase test, presence of haemolysis on blood agar, 
growing on Edwards agar (E&O Laboratories Limited, 
Scotland). The CAMP, bacitracine, optochine and addi-
tional biochemical tests such acid formation from inu-
lin, lactose, mannitol, salicin, trehalose, sorbitol and 
serotyping were provided also. Enterococcus spp.  
identified by growing on MacConkey, Slanetz Bartley 
(Liofilchem, Italy) agar, Gram staining, oxidase (Becton  
Dickinson, USA), catalase, CAMP tests and esculin  
hydrolysis.

E.coli isolated on MacConkey (Liofilchem, Italy) 
and Blood agar (E&O Laboratories, Scotland, UK). 
Plates incubated for 18-24h, at 35°C. E.coli confirmed 
by biochemical tests (Microbact GNB Kit, Thermo  
Scientific, USA). Other bacteria considered as Entero-
bacteria (associative to coliform bacteria). They confir- 
med by growing with typical colonies on MacConkey, 
Endo, Billiant green agar, Gram staining, oxidase, cata-
lase, indole and H2 and biochemical tests.

Determination of somatic cells and milk 
composition parameters 

Data concerning somatic cell count and milk com-
position indicators were obtained from monthly test 
milkings from November 2022 until February 2023. 
Fat, protein and lactose content was determined by Lac-
toScope FTIR infrared instrument (Perten Instruments, 
Stockholm, Sweden). Somatic cell number was counted 
by a Somascope heavy-duty counter-measurer (Perten 
Instruments, Stockholm, Sweden) which operates by 
the fluoro-opto electronic method. Milk analysis was 
performed in the Joint Stock Company Pieno Tyrimai – 
accredited central milk testing laboratory (Kaunas, 
Lithuania). 

The cows were divided into three groups based on 
SCC count: Group I with SCC up to 200 000 cells/mL, 
Group II with 200 000 to 400 000 cells/mL and Group 
III with more than 400 000 cells/mL. In addition, they 
were divided into four groups according to lactation 
number: first lactation (n=184), second lactation (n=96), 
third lactation (n=68), and fourth lactation and above 
(n=80). The lactation of cows lasted on average 331 
days. They were also divided into three groups based  
on lactation month: months 1-4 (n=136), 5-8 (n=144),  
9 and over (n=148).

Statistical analysis 

The statistical analysis was performed using SPSS 
27.0 (SPSS Inc., Chicago, IL). The frequencies of the 
pathogens were calculated based on their confidence  
intervals (Wilson Confidence Interval 95%, CI).  
The influence of lactation, lactation period, somatic cell 
count, milk fat content, milk protein content and milk 
lactose content on pathogen frequency was determined 
using the Chi-squared test, or the Fisher’s Exact Test for 
Count Data for small counts after constructing a table. 
The data acquired from the two previous stages were 
then compiled and further investigated using a logistic 
regression model. Differences were considered statisti-
cally significant at p≤0.05.

Results 

Our results indicated that from 1712 milk samples 
collected from lactating cows, about 82% were infected 
with at least one pathogenic species. Meanwhile in our 
present study, the most common pathogens detected  
in the milk were CNS (46.7% of milk samples, n=800); 
p≤0.001), while the lowest was S. aureus, detected  
in only 0.23% of all milk samples (p≤0.001). 

Figure 1 describes the relationships between the 
various indicators known to influence pathogen num-
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ber. The total prevalence of pathogens (%) detected  
in milk was found to increase with cow lactation num-
ber, although not significantly. In addition, pathogen 
count was found to increase with the lactation period 
(p≤0.01), and varied according to somatic cell count 
(p≤0.001). 

Prevalence of CNS, Enterobacteria spp., S. agalac-
tiae, E. coli, S. aureus isolated from milk depending on 
lactation number was presented in Table 1. Lower 
pathogen counts, except for E. coli, were recorded  
in the first lactation cows compared with older lacta- 
tion cows. Enterobacteria spp count was also found  
to increase with lactation number (p≤0.05).

The results relating to the number of separate bacte-
ria species isolated from milk from the analyzed lacta-

tion periods are presented in Table 2. It was found that 
the counts of CNS, S. agalactiae and E. coli increased 
with lactation period, but the highest Enterococcus spp. 
count was detected during the first months of lactation. 

Generally, no trends were found regarding bacteria 
which can lead to mastitis in different lactations during 
different lactation periods (Table 3). However, for all 
lactation periods, E. coli was not detected at the begin-
ning of lactation, and was more frequently observed  
at the end. Also, a significant increase in CNS was  
observed at the end of the first lactation compared to the 
middle (p=0.008).

Table 4 present results of pathogens prevalence  
depending on somatic cell count. Results show that  
Enterococcus spp. and Strep. agalactiae were mostly 

Fig. 1. Total prevalence of pathogens (%) isolated from cows’ milk depending on studied indicators. 
* Statistical significance between values within a group.

Table 1. Prevalence of pathogens isolated from milk depending on lactation number, given as percentages (%).

Lactation number n CNS Enterococcus spp. S. agalactiae E. coli S. aureus

I 184 39.1 4.3 8.7 10.9

II 96 41.7 12.5 12.5 8.3 1.0

III 68 52.9 29.4 11.8 17.6

IV and over 80 65.0 20.0 15.0 5.0

p=0.242 p≤0.05 p=0.853 p=0.695 p=0.570
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found in milk with SCC of 200 000 to 400 000 cells/ml, 
and the highest CNS content was found in milk with 
more than 400 000 cells/ml.

Discussion

The most frequently-identified opportunistic  
pathogens known to cause clinical mastitis are E. coli, 
S. aureus (Olde Riekerink et al. 2008, Bradley et al. 

2015) and Streptococcus species (Levison et al. 2016). 
In addition, coagulase-negative staphylococci have also 
been found to cause clinical mastitis (Taponen et al. 
2016). CNS are increasingly being observed worldwide 
as the main etiological agent of this disease.

Regarding the impact of milk composition indica-
tors, pathogen count increased with milk fat content, 
but decreased with increasing protein content (p≤0.01). 
Previous studies have found Staphylococcus spp.  
present in cow milk to depend on whether animals are 

Table 2. Prevalence of pathogens isolated from milk depending on lactation period, given as percentages (%).

Lactation period N CNS Enterococcus spp. Strep. agalactiae E. coli Staph. aureus

1-4 month 136 35.3 17.6 5.9

5-8 month 144 41.7 13.9 11.1 11.1 0.7

9 and over 148 62.2 8.1 16.2 18.9

p=0.063 p=0.485 p=0.474 p≤0.05 p=0.654

Table 3. Prevalence of pathogens isolated from milk depending on lactation number and lactation period, given as percentages (%). 

Lactation Lactation period CNS Enterococcus spp. Strep. agalactiae E. coli Staph. aureus

I

1-4 month 23.1 15.4 0.0 0.0 0.0 p=0.077

5-8 month 15.4 0.0 15.4 7.7 0.0 p=0.540

9 month and over 65.0 0.0 10.0 20.0 0.0 p≤0.001

  p=0.008 p=0.151 p=0.555 p=0.251 p=1

II

1-4 month 50.0 12.5 12.5 0.0 0.0 p=0.056

5-8 month 45.5 9.1 9.1 18.2 2.3 p=0.261

9 month and over 20.0 20.0 20.0 0.0 0.0 p=1

  p=0.656 p=0.999 p=0.999 p=0.681 p=0.999

III

1-4 month 20.0 20.0 0.0 0.0 0.0 p=0.999

5-8 month 71.4 28.6 14.3 14.3 0.0 p≤0.05

9 month and over 60.0 40.0 20.0 40.0 0.0 p=0.491

  p=0.338 p=0.999 p=0.999 p=0.434 p=1

IV  
and older

1-4 month 50.0 25.0 12.5 0.0 0.0 p=0.062

5-8 month 60.0 40.0 0.0 0.0 0.0 p≤0.05

9 month and more 85.7 0.0 28.6 14.3 0.0 p≤0.01

  p=0.425 p=0.307 p=0.582 p=0.600 p=1  

Table 4. Prevalence of pathogens isolated from milk depending on somatic cell count, values given as percentages (%).

SCC, thousand/ml CNS Enterococcus spp. Strep. agalactiae E. coli Staph. aureus

< 200 26.1 6.5 - 2.2 -

200 – 400 56.7 20.0 23.3 16.7 0.8

> 400 70.0 16.7 13.3 16.7 -

p≤0.001 p=0.202 p≤0.001 p≤0.05 p=0.566
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fed indoors or outdoors (Hagi et al. 2010), as well as  
on location and lactation period (Quigley et al. 2013). 
Our present findings confirm the presence of significant 
relationships between pathogen prevalence and cow 
lactation month (p≤0.01), SCC (p≤0.001) and milk  
protein content (p≤0.01). Hussain et al. (2012), Kline  
et al. (2018) and Youssif et al. (2021) report that both 
the age of the cows and the period of lactation appear  
to be important factors associated with the occurrence 
of mastitis (Kibebew et al. 2017, Vangroenweghe et al. 
2020). Older cows are more susceptible to infections, 
most probably because of the wider or permanently par-
tially-open teat canal as a results of frequent milking 
(Kibebew et al. 2017), also mammary epithelium of 
older cow has increased permeability, mainly because 
of the irreversible damage caused by previous inflam-
mations (Król et al. 2013), meanwhile younger cows 
are much less likely to develop mastitis due to the  
reasons mentioned above. During transition period  
(between 3 weeks before and after parturition) dairy 
cows are at a higher risk to acquire diseases like masti-
tis also. Intramammary infections occurs more at partu-
rition and first month of lactation (De Visscher et al. 
2016). Our present findings indicate that among the 
composite milk samples with bacterial growth, CNS 
was the most commonly isolated bacterial group.  
Prevalence of pathogens was 42% lower in the milk of 
the first lactation cows than cows in their fourth or later 
lactation. Coagulase negative staphylococci were the 
most commonly identified in the youngest and oldest 
cows milk and accounted for 39.1% and 65.0% of the 
total counts. Our data also indicate a significant differ-
ence in Enterococcus spp. count between the first and 
the fourth and older lactations (p≤0.05). Duse et al. 
(2021) showed that E. coli was more common in peak 
and mid lactation, while Staph. aureus and Trueperella 
pyogenes were mainly present in early lactation.  
The authors showed that all pathogens except E. coli 
and Strep. dysgalactiae had a seasonal distribution.  
Our results showed that all pathogens except the  
Enterococcus spp. were found to increase with lactation 
number. In addition, during the first lactation, higher 
pathogen isolation rates were noted in the late lactation 
period (95.0%) than the early lactation period (38.5%; 
p≤0.001). During the third lactation period, higher CNN 
count was noted in the middle period of lactation 
(p≤0.05) while the highest count of Enterococcus spp., 
S. agalactiae and E. coli were fixed at the end of lacta-
tion. In the fourth and older lactation, compared to the 
early lactation period (months 1-4), higher Enterococ-
cus spp. counts were found in the middle (5-8 months; 
p≤0.05) and later periods of lactation (nine months  
and above; p≤0.01). These findings contradict those  
of Zhang et al. (2016), who note a higher isolation rate 

in the early lactation period (60.18%) than in the late 
lactation period (50.95%; p≤0.01). The number of  
somatic cells in milk is a good indicator of the health  
of the herd. If milk production decreases, and its com-
position changes with an increase in the number of  
somatic cells and mastitis causing pathogens, it can be 
suspected that cows have latent mastitis. Our findings 
indicate that when the udder of cows is healthy and the 
milk SCC is less than 200 000 cells/ml, the presence  
of CNS and E. coli in milk is low. Kaczorek-Łukowska 
et al. (2021) found SCC level to be connected with  
specific pathogens: Staph. aureus and CNS were  
mainly isolated from samples with SCC from 200 000 
to 2 000 000 cells/ml. The lowest CNS count was  
detected in milk with SCC values up to 200 000 cells/ml, 
and the highest counts in milk with SCC from 200 000 
cells/ml to more than 400 000 cells/ml (p<0.001). Both 
Staph. aureus and Strep. agalactiae were observed  
in milk with SCC from 200 000 to 400 000 cells/ml 
(p<0.001). However, while Zhang et al. (2016) and 
Ágredo-Campos et al. (2023) also indicated a signifi-
cant relationship between SCC and the prevalence  
of E. coli, their findings contradict our present results. 

In our study the most common bacteria were the 
CNS. CNS and Strep. agalactiae counts increased with 
SCC, lactation number and lactation period. E. coli  
increased at the end of lactation period (p≤0.05).  
The Enterococcus spp. count in milk differed signifi-
cantly between the first lactation and the fourth and  
older lactations (p<0.05). Also, the presence of patho-
gens was found to influence milk composition indica-
tors: pathogen number increased with milk fat content 
but decreased with protein content (p≤0.01). In turn, 
Kester et al. (2015) observed a slight effect on fat and 
protein content.

Conclusions

Our results showed that among 1712 milk samples 
collected from lactating cows about 82% were infected 
with various pathogens. The most frequently isolated 
pathogen was coagulase-negative staphylococci (CNS) 
(46.7%), ahead of S. agalactiae (11.21%), and E. coli 
(10.28%). 

Staphylococcus aureus was the most rarely isolated 
bacterial pathogen (0.23%). Coagulase-negative staphy- 
lococci and S. agalactiae tended to increase with  
increasing somatic cell count, lactation, and stage of 
lactation. In the older cows’ milk are more bacteria, and 
lower count of somatic cells that fight off those bacteria, 
therefore older cows have a bigger chance of contract-
ing an intra-mammary infection than low-age animals. 
E. coli increased at the end of lactation, and Enterobac-
teria spp. count increased from the 1st to the 4th and  
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older lactation cows. Analysis of the bacterial species  
as bovine subclinical mastitis agent would be actual  
for the development of mastitis control programs and  
to improve the health status of dairy herds. 
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