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ABSTRACT
The incidence of clinical mastitis (CM) in small and large-scale dairy cow farms can be highly variable and can be 

affected by age, parity, post-calving status, and atmospheric conditions. The current study aimed to assess the CM-incidence 
and its association with the post-calving days, number of lactations, season, and number of affected udder quarters in 
dairy cows in small-scale dairy farms. The study was conducted within one calendar year in 177 small-scale farms with  
864 dairy cows. Clinically confirmed CM cows (n=72) were sampled from each udder quarter and processed for bacteriology 
examination. The CM-positive samples were grouped according to the season (spring, summer, autumn, and winter), the 
number of days after calving (<90, 90-180, and >180), the number of lactations (1-st, 2-5-th, and >6-th), and the number of 
affected udder quarters (one, two, three, and four). The CM-positive samples (n=72, 8.3%) were confirmed on bacteriology 
examination in significantly lower count (n=56, 6.5%). The 2-5-th lactations cows (n=35, 68.6%) were significantly more 
compared to the first lactation (n=6, 11.8%), and >6-th lactation cows (n=10, 19.6%). CM cows with infection of one udder 
quarter (n=40, 78.4%) were significantly more than the cows with two (n=6, 11.8%), and four infected quarters (n=5, 9.8%). 
The CM-incidence in small-scale dairy cow farms in North Macedonia was 8.3% and 6.5% by clinical and bacteriology 
examination, respectively. The highest CM susceptibility was observed in the cows between the second and fifth lactations. 
One udder quarter was most frequently affected in CM-positive cases.
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INTRODUCTION

Milk and dairy products are globally considered 
a basic food source. In order to meet the high demand 
for dairy products, the farmers aimed to increase the 
daily yield of milk in the cows and to increase to the 
herd size (1). The physiological consequence on the 

udder health was reflected by increased susceptibility 
to mastitis and other udder-related health issues (2).

The mastitis is considered as frequent and 
economically highly expensive disease especially 
affecting the moderate and high-yield dairy cows 
in the peripartum period (3, 4, 5). The clinical 
manifestation of mastitis (latent, subclinical, or 
clinical) is highly correlated with the speed of the 
immune response reflected by the polymorphonuclear  
leucocyte migration in the affected udder quarter 
(6, 7). The clinical mastitis (CM) is defined as udder 
alveolar parenchyma inflammation manifested by 
pain, edema, fibrosis, and udder induration, which 
is reflected by altered physical, chemical, and 
microbiological composition of the milk (5, 8). This 
condition affects the economic revenue, renders the 
milk unfit for consumption and processing, and 
affects animal health welfare, and longevity (8, 9).
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The highly variable reports on the CM incidence 
are due to different methods for identifying and 
categorizing mastitis cases and due to the various 
levels on which the studies were conducted (e.g., 
geographical area, number of dairy farms, time 
interval of sampling, etc.) (10, 11). The yearly 
incidence of CM in the EU countries was reported 
from 21% to 50% (12, 13). In North Macedonia, the 
latest report declares 34% CM-positive cases, but 
the findings must be regarded with reserve since it 
was conducted on 3 farms (10). However, these data 
illustrate the CM incidence in large-scale dairy 
cattle farms dispersed in larger geographical area. 
We hypothesized that the CM incidence in low-
scale farms located on small geographical and same 
epizootic area will be lower than 20%.

CM incidence was positively correlated with 
the parity being reported as 15% in the first, 18% 
in the second, and 22% in the third lactation (16). 
The early post-calving period, especially in the 
first 14 days, was reported to be most critical (10, 
17, 18) regardless of the age or parity. The high 
atmospheric temperature in the summer, the high 
humidity in spring and autumn, and unventilated 
stable environment in winter are correlated with the 
CM occurrence (10, 14, 19, 20).  It was hypothesized 
that higher CM occurrence will be observed in early 
days following parturition, in cows between the 
first and fifth lactations, and in the spring, summer, 
and winter season. Also, it was hypothesized that 
one udder quarter will be most frequently affected 
in CM-positive dairy cows.

The study aimed to assess the CM-incidence and 
its association with the post-calving days, number 
of lactations, season, and number of affected udder 
quarters in dairy cows in small-scale dairy farms.

MATERIAL AND METHODS

The research was conducted throughout the 
whole calendar year of 2020. Dairy cows (N=864) 
from 177 small-scale dairy farms were included 
in the study housing from 1 to 36 animals in each. 
They were located in a small geographical area  
(28 km range), belonging to the same epizootic 
region, and serviced by a single veterinary clinic. All 
cows were considered to be samples from a single 
pool since the type of feeds, micromanagement and 
housing (tie stall barns, automated milking, etc.), 
microclimatic conditions, epizootic environment, 
and veterinary care were similar.

Cows which were suspected for mastitis by 
the owners were subjected to inspection by the 

veterinarian employing clinical examination, and if 
positive, additional bacteriology examination of milk 
samples was conducted. The cows which showed 
udder redness and edema, watery milk, occurrence 
of small or large milk coagulation particles, presence 
of blood or pus in the milk, and altered overall health 
status were considered to be clinically positive on 
mastitis (CM). The CM-positive cows were then milk-
sampled from each udder quarter for bacteriological 
examination according to the National mastitis 
council protocol 2004 (21). The samples were packed 
in sterile tubes (15 mL), marked and frozen to -80 °C 
until laboratory analysis.

The bacteriology analysis of the collected 
samples was conducted by applying 10 uL of 
sample on blood agar with 5% sheep blood 
(blood agar base, Biolife, USA). The plates were 
incubated on 37 °C in aerobic conditions for 24 and 
48 hours. The bacteria colony count was performed 
microscopically without its identification. Uniform 
growth of colonies and CFU>10 was considered as 
positive bacteriology finding of the samples.

The CM-positive cows were grouped according 
to the season (spring, March-May, summer, June-
August, autumn, September-November, and winter, 
December-February) (10), the number of days after 
calving (<90, 90-180 days, and >180 days), the 
number of lactations (1, 2-5, and ≥6 lactations), and 
the number of affected udder quarters (one, two, 
three, and four udder quarters).

The a priori power analysis was performed 
by considering value of power ≥0.95 for the 
respective degrees of freedom (df) and the number 
of sample counts (G*Power v.3.9.1.2., Franz Faul, 
Kiel University, Germany). The counts in each 
respective groups were compared by chi-square test 
of independence (df ≥2). The binomial distribution 
of positive and negative cases in the clinical and 
bacteriology examination was conducted by 
employing Mc Nemar’s chi square test (df=1) (IBM, 
SPSS, USA). The level of significance was p<0.05.

RESULTS

The post hoc power analysis for the chi-square 
test of independence for the comparisons with df >1  
and N=200 was >0.95. For the Mc Nemar’s  
chi-square test post hoc test with df=1, N=864 
the post hoc power was estimated >0.99. In the 
CM prevalence analysis (N=864), the clinical 
examination positive counts (n=72, 8.3%) was 
by 1.8% significantly higher compared to the 
bacteriology positive counts (n=56, 6.5%) (Table 1). 
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In the analysis for the incidence of CM in dairy 
cows on the days following calving (N=200), there 
was non-significantly higher count of cows in the 
<90 days group (n=23, 45.1%) compared to the 
90-180 days (n=14, 27.5%), and >180 days (n=14, 
27.5%) (Fig. 1A).

In the analysis for the number of lactations on the 
incidence of CM (N=200), there was significantly 
higher count in the 2-5 lactations (n=35, 68.6%) 
compared to the 1 lactation (n=6, 11.8%) and >6 
lactations (n=10, 19.6%) group (Fig. 1B).

In the analysis for the number of affected udder 
quarters for the CM-positive cases (N=200), it was 
observed that the one quarter group (n=40, 78.4%) had 
significantly higher count compared to the two (n=6, 
11.8%) and four quarter group (n=5, 9.8%) (Fig. 1C).

In the analysis for the season and occurrence of 
CM in dairy cows (N=200), it was observed that 
in autumn (n=5, 9.8%) there was non-significantly 
lower count compared to the spring (n=16, 31.4%), 
summer (n=15, 29.4%), and winter (n=15, 29.4%) 
season group (Fig. 1D). 

Table 1. Binomial distribution of positive and negative CM-mastitis samples according to clinical and 
bacteriology examination

Examination Positive (n, %) Negative (n, %)

Clinical 72 (8.3%)a 792 (91.7%)a

Bacteriology 56 (6.5%)b 800 (93.5%)b

Values with different superscripts in the same columns indicate significant difference (p<0.05)

Figure 1.  Distribution of CM-positive cows (%) by: days after calving (A); number of lactations (B); number of 
affected udder quarters (C); season of positive diagnosis (D). Columns with different superscripts indicate significant 
differences (p<0.05)
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DISCUSSION

The CM incidence in the current study was 8.3% 
on a yearly basis. This finding was lower compared 
to studies conveyed in Uruguay 14.4% (22), China 
37.0% (20), Denmark 42.0% (23), and North 
Macedonia 34.0% (10). The reason behind this high 
difference between the current and other reports 
could be explained due to the fact that a very high 
number of small-scale dairy farms were included 
(N=177) which had in average 5 cows. In this type 
of farms, the owners are in everyday contact with 
the cows during the milking process and are able to 
notice udder and milk changes in the early phases 
of mastitis occurrence. Since they don’t have high 
workload, they are able to apply early treatment 
(e.g., frequent milking, cold compress, ointments, 
etc.) which halts or eases the mastitis progression. 
If the symptoms are relieved, the farmers are not 
requesting professional veterinary care thus the 
cows are not being reported as affected by mastitis 
to the veterinarian. Additionally, the higher 
somatic cells count in these cows are reported to 
be positively correlated with CM resistance (7, 24, 
25). In our preliminary unpublished trial, it was 
observed that the average somatic cell count in 
small-scale dairy farms was in the range between  
8 and 8,908х103 cells/mL.

The CM incidence in this study was non-
significantly lower in autumn compared to the 
other seasons. Other studies reported that the 
high CM incidence was in spring and autumn 
(10), from March to October (19), or in April, 
May, July, August, and December (20). These 
reports are concluding that the high atmospheric 
temperature in summer and the high humidity 
in spring and autumn are correlated with the 
CM occurrence. Additionally, these conditions 
are favoring mastitis-pathogens replication and 
spreading through the wet floor and bedding (26, 
27). The relatively higher CM-positive counts 
in summer could be explained due to the high 
atmospheric temperatures, and in winter due to 
the high environmental temperatures, and the lack 
of sufficient sunlight and appropriate ventilation 
in the farms. In early spring, the green feed causes 
watery excrements which lowers the barns hygienic 
conditions and increases pathogens retention. The 
relatively lower CM cases in autumn could be 
explained due to the relatively lower and optimal 
environmental temperatures, and the introduction 
of winter-feed (balanced alfalfa hay) renders the 
excrement in a more solid state increasing the 
hygienic conditions.

CM incidence was positively correlated with the 
parity and hence the number of lactations (15, 18, 
26). CM incidence was reported as 15% in the first, 
18% in the second, and 22% in the third lactation 
(16). In another report, the CM incidence in the first 
lactation was 11%, progressively increasing to 19% 
in the third lactation, and then starting do decrease 
with the consequent lactations (2). The highest CM 
incidence was reported in dairy cows at age range 
of 3.5-4.5 years (28).

Similarly, the current study observed that 
the cows in the 2-5 lactation cycle had highest 
CM incidence compared to the 1-lactation and 
>6-lactation cows, whereas the >6 lactation cows 
were with non-significantly higher count compared 
to the 1-lactation cows. However, the first lactation 
cows tend to have higher susceptibility at the 
beginning of the lactation (11).  The increasing age 
of the dairy cows affects the udder susceptibility to 
mastitis infection due to the anatomical alterations, 
lowering and widening of the udder teat openings 
(9), frequent contact of the teats with the floor, 
and frequent physical injuries (9, 29). Also, the 
increasing age lowers the physiological leucocyte 
response (30).

CM incidence is high in the early post-calving 
period (10, 18). About 43% of CM cases occur 
in the early lactation (31) or in the first 14 days 
of the lactation (17). In the current study, it was 
observed that there were non-significantly higher 
CM cases in the period between 0-3 months 
by 17.6% compared to the 3-6 and >6 months. 
Cows in the first calving period have lower CM 
incidence, but with some predisposition towards 
the beginning of the lactation due to the udder 
edema (1, 11). Additionally, the placenta retention, 
pyometra, endometritis, twinning, and metabolic 
disorders could contribute to the higher CM 
predisposition in first-calving cows (32, 33). The 
contributing pathophysiological mechanisms 
include hypocalcemia which decreases the teat 
sphincter tonus, the stress and hypercortisolemia 
cause immunosuppression effect, and the negative 
energy balance decreases the phagocytic function 
of the polymorphonuclear leucocytes and affects 
the lymphocyte function (34).

One udder quarter was most frequently affected 
in CM-positive cows. Other reports have similar 
findings with 74% (2) or 69 and 75% (19) of the 
positive samples with one udder quarter affected. 
The subclinical mastitis however, affects more 
than one udder quarter. In one study, it was found 
that positive cows on subclinical mastitis had 
one, two, three, and four affected udder quarters 
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in 60%, 29%, 3.2%, and 8%, respectively (10). 
Another study reported 47%, 34%, 12%, and 6.4%, 
respectively (26). The highly contagious causative 
agents of the subclinical mastitis (Staphylococcus 
aureus and Streptococcus agalactiae) are the 
reason behind the major differences in the number 
of affected udder quarters with the CM. The CM-
positive cows in this study were in the period  
<90 days after calving which indicates that they 
might have had been infected before the drying off.

The CM samples (n=72, 8.3%) were confirmed 
on bacteriology examination in significantly lower 
count (n=56, 6.5%). Lower bacteriology findings 
compared to the CM samples were also reported 
in Canada by 18% (18), and in Sweden and the 
Flaman region by 20% (11, 34). Conversely, higher 
bacteriology findings compared to the CM samples 
were reported in Uruguay and Italy (Ragusa) by 
33% and 40%, respectively (22, 35). 

These variations could be explained due to 
several reasons: medication retention in the milk, 
presence of highly resistant bacteria, antibiotic 
bacterial inhibition, reducing of bacterial count 
between the period of sampling and analysis, 
specific bacterial cultivation, short-term infections 
(23, 28, 32, 34, 36). The minimum CFU/mL in the milk 
should be >100 for successful bacterial isolation 
(35). The lower CFU/mL count, low infection rate, or 
high phagocytic activity of the polymorphonuclear 
leucocytes might render the sample more difficult 
to isolate the bacteria. Additionally, the variations 
in the sampling, transport, time, and storage 
conditions could contribute to the differences of 
the bacterial isolation rate. The freezing might 
be beneficial for some (Staphylococcus spp. and 
Streptoccocus spp.) and deleterious for other 
bacteria (Esherichia coli) (18). This can affect the 
isolation success of various causative agents of CM 
in affected farms.

Despite the variable CM prevalence reports in 
dairy cow farms, the following preventive measures 
should be undertaken in order to minimize the 
risk of its occurrence: regular farmer training and 
education, hygiene monitoring before, during, and 
after milking, udder health monitoring, and control 
of milk hygiene and cold chain (37). 

CONCLUSION

The CM incidence in small-scale dairy farms 
was 8.3% in North Macedonia. The bacterial 
isolation was successful in 77.77% of the samples 
obtained from CM-positive cases. There was higher 

but non-significant tendency for CM occurrence in 
the first 90 days following calving. The highest CM 
susceptibility was observed in the cows between 
the second and fifth lactations. One udder quarter 
was most frequently affected in CM-positive cases. 
There was lower tendency for CM in the autumn 
season but it was non-significant.
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