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Simple Summary: Early bovine subclinical mastitis detection may improve treatment strategies and
milk yield and reduce the use of antibiotics. Scientific research is therefore focusing on the identi-
fication of new and less expensive biomarkers. One of the biomarkers with the greatest potential
is milk lactose. To establish whether lactose could be used as an indicator for subclinical mastitis,
milk samples from seventy-two herds were screened for bovine subclinical mastitis agents. This
study evaluated the prevalence of subclinical mastitis pathogens, their seasonal occurrence, and the
relationship with milk lactose concentration. Milk samples were mostly found to be infected with
mixed microbiota, coagulase-negative Staphylococcus and Staphylococcus aureus. Yeast, Entero-
coccus spp. and coliform bacteria such as Escherichia coli were found during the outdoor grazing
period. Increases in somatic cell count and decreases in lactose concentration were directly related
to the presence of bovine subclinical mastitis agents. These findings suggest that changes in lactose
content could be tracked as a diagnostic method in subclinical mastitis prevention in cows.

Abstract: Bovine subclinical mastitis can cause great harm to dairy herds because of its negative
impact on milk production and quality and cow health. Improved diagnostic tools are needed
to maximise the control of subclinical mastitis distribution and ensure the high quality of milk
as an industrial product. Between 2015 and 2020, seventy-two dairy herds were screened for
bovine subclinical mastitis causative agents to identify the relationship between seasons, lactose
levels and subclinical mastitis infection. The predominant species found in the milk samples were
mixed microbiota, coagulase-negative Staphylococcus and Staphylococcus aureus. Yeasts were found
exclusively in autumn, while Enterococcus spp. and Escherichia coli were only found in summer and
autumn. A negative correlation was detected between milk lactose and number of somatic cells in
milk (—0.471; p < 0.001). The lactose levels in milk were closely associated with the prevalence (%) of
subclinical mastitis pathogens, such as Streptococcus agalactiae (y = —1.8011x + 10.867, R? = 0.9298),
Staph. aureus (y = —3.5216x + 25.957, R? = 0.8604) and other Streptococci (y = —0.5956x + 7.6179,
R? = 0.6656). These findings suggest that milk lactose may be used as a biomarker of suspected
udder inflammation in modern health prevention programmes for cows to reduce the prevalence of
subclinical mastitis pathogens in dairy cattle herds.

Keywords: bovine subclinical mastitis; milk lactose; mastitis pathogens; seasonal dynamics; Lithuania

1. Introduction

Bovine subclinical mastitis (BSM) is a disease with a high incidence worldwide, and
one of the most prevalent bovine pathologies causing the greatest losses to the dairy in-
dustry [1]. The prevalence of subclinical mastitis in dairy cattle herds depends on herd
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management and housing (indoor versus outdoor) systems, and on the quantity and di-
versity of udder pathogens [2]. These can be divided into two large groups by path of
infection: contagious (from cow to cow, mainly during the milking process) and envi-
ronmental (found throughout the dairy cows’ environment) [3]. As an inflammation of
the mammary gland and udder tissue, BSM usually occurs as an immune response to
an invasion of microorganisms, such as bacteria, yeasts, algae and viruses from the envi-
ronment and/or transmitted from cow to cow (contagious transmission) [4-6]. However,
the most common causes of subclinical mastitis are bacteria such as Staphylococcus aureus,
Streptococcus agalactiae and coliform bacteria, such as Escherichia coli [7]. Depending on the
manifestation of mastitis, bovine mastitis can be divided into two large groups: clinical
and subclinical. Clinical mastitis causes visibly abnormal milk and alteration of the udder.
In contrast to the clinical form, subclinical mastitis does not have visual signs, and can only
be detected by means of an individual cow somatic cell count or microbiological culture
analysis. In both cases the production of milk decreases to differing extents. Mastitis
negatively impacts milk quality which adversely affects downstream milk processing [8,9].

Physiological changes, such as swelling or inflammation of the mammary gland
or a change in milk yield, colour or consistency, can be the primary signs of mastitis.
However, these signs occur only in the clinical form, therefore the most common method
for diagnosing mastitis in dairy cows is to measure the somatic cell count [9]. Cows that
have above 2.0 x 10° somatic cells/mL are considered to be subclinically infected [10]. An
increased number of somatic cells has been found to be associated with the decrease in milk
lactose percentage due to changes in the homeostasis of mammary glands during mastitis
infection [11-13]. Berglund et al. [14] observed that an increase in somatic cell count (from
3.1 x 10* to 4.5 x 10° somatic cells/mL) is associated with a reduced level of lactose (from
4.86 to 4.69%). Miglior et al. [10] also found that lactose had a negative relationship (—0.20)
with the number of milk somatic cells.

Lactose is a disaccharide sugar that is made up of glucose and galactose molecules and is
the major bovine milk solid (carbohydrates representing approximately 40% of the total solids
and 50% of the fat-free solids). The synthesis and concentration of lactose in milk are mainly
affected by udder health and the cow’s energy balance and metabolism [15-17]. Different
studies have demonstrated unfavourable relationships with a negative energy balance
and related metabolic disorders with subclinical mastitis in high-producing postpartum
dairy cows [17-19]. Moreover, researchers have pointed at the widespread use of lactose
in the food and pharmaceutical industries, and the fact that milk is the main source of
lactose used in industry [20]. Registered lower levels of milk lactose can be used for
early identification of metabolic disorders and subclinical mastitis (set at milk somatic
cells > 1.0 x 10° cells/mL). Lactose levels in cows’ milk were positively associated with
their reproductive success [21].

There are not enough data in the scientific literature on the relationship between
milk lactose and the prevalence of subclinical mastitis pathogens. Therefore, the aim of
this study was to evaluate the prevalence of subclinical mastitis pathogens, their seasonal
occurrence and the relationship with milk lactose concentration. The hypothesis of the
study is that milk lactose may be a biomarker of subclinical mastitis in dairy cows.

2. Materials and Methods
2.1. Location, Animals and Experimental Design

The research was performed in accordance with the provisions of the Law on Animal
Welfare and Protection of the Republic of Lithuania. The study approval number is PK016965.

The study was carried out on 72 farms in the Lithuanian Black-and-White Breeders
Association in 2015-2020. The feed ration in all farms was balanced to fit the energy and
nutrient requirements of a 550-650 kg Holstein cow producing, on average, 30 kg/day
of milk throughout the experimental period. At least 30% of the cows in each herd were
selected. The average number of somatic cells in milk from the tested herds exceeded
200,000 cells/mL for at least three consecutive months. Cows (1 = 5814) from the herds
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were selected at random by the herds’ veterinarians. Those cows were identified as
having subclinical mastitis. The number of somatic cells in the milk of the selected cows
corresponded to the average of the last inspection of that herd.

The milk samples were tested for somatic cell count, lactose content and mastitis
pathogens. Causative agents of subclinical mastitis were detected in 88.8% (n = 5163) of
the milk samples and the data of these cows used for further analysis. Cows (1563 first
lactation cows, 1602s lactation cows and 1998 cows > 3 lactation) were evaluated at the
third or fourth month of lactation.

2.2. Measurements

Detection of subclinical mastitis-related microorganisms, evaluation of milk lactose
and counting of somatic cells in milk samples from the cows were performed at the
state enterprise “Pieno Tyrimai” following the methodology proposed by the National
Mastitis Council [22].

Milk samples were composited for each cow into one sample (45 mL) in a tube
containing a preservative based on boric acid (Merck KGaA, Darmstadt, Germany). Before
taking the sample, each teat was cleaned with a tissue moistened with 70% ethanol solution.
The first two to three streams of milk were discharged, and then milk samples were
collected in a tube containing a preservative to study microorganism diversity. The samples
were stored for no more than three days at a temperature of 4 & 2 °C. For detection of
mastitis agents, 10 pL milk samples were cultivated in a blood agar base with esculin and
incubated for 24-72 h at a temperature of 37 £ 1 °C to determine the type of haemolysis.
Grown colonies were assessed visually by appearance, size, colour and haemolysis zones.
Potassium hydroxide and Gram coloration were then used to classify microorganisms into
yeast, Gram-positive and Gram-negative and cocci or bacilli. The Gram-positive cocci
were tested using catalase to discern Staphylococcus (Staph.) spp. and Streptococcus (Strep.)
spp. Staphylococcus spp., which produces coagulase, ferments mannitol, and grows on
Baird-Parker agar in black colonies with a clear halo, was considered to be Staph. aureus. For
identification of Streptococcus and Enterococcus, hydrolysis of esculin was used. If hydrolysis
of esculin occurred, bacteria were further tested with pyrrolidonyl aminopeptidase (PYR)
test. Positive samples for PYR test were assumed to be Enterococcus and samples with
negative reaction for PYR test were considered to be Streptococcus D serogroup. Those
cultures which were considered to be Streptococcus, but did not hydrolysate esculin, were
subjected for agglutination test to classify Streptococcus in A, B, C, F and G serogroups by
Lancefield grouping. For Gram-negative bacilli, Drigalski and Chromocult Coliform agar
were used. Colonies which grew on Drigalski and Chromocult Coliform agar and formed
dark blue or purple colonies were assumed to be Escherichia coli. Samples in which more
than one microorganism species was identified were considered to have mixed microbiota.

Total somatic cell count (SCC) of milk was determined by using a SomaScope (CA-
3A4, 2004, Delta Instruments, Drachten, The Netherlands). The milk lactose assay was
performed with a LactoScope™ FTIR (Delta Instruments B.V., Drachten, The Netherlands)
infrared mid-range meter. For this analysis, we had 45 mL of milk from each cow. The feed
ration in all farms was balanced to fit the energy and nutrient requirements of a 550-650 kg
Holstein dairy cow (on average 200 days in milk), producing, on average, 30 kg/day of
milk throughout the experimental period.

2.3. Data Analysis and Statistics

Statistical characteristics of the sample (1)—arithmetic mean (M), standard error (SE)
and 95% confidence interval for the mean (CI)—were calculated using statistical software
SPSS (version 25, SPSS Inc., Chicago, IL, USA). Prior to analyses, the normality of all
data recorded in the study was assessed by the Shapiro—Wilk normality test. The number
of somatic cells in milk (SCC) was converted to somatic cell score, (SCS) (SCS = (log2
(SCC/100)) + 3 [23]), to achieve a normal distribution. Descriptive statistics variables are
presented as mean =+ standard error of the mean (M £+ SEM) and 95% confidence interval
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CI. Mean differences (assessed using the Tukey HSD—Honestly Significant Difference)
were considered significant when the p value was < 0.05.

The cows were divided into six groups according to the concentration of lactose in
milk: <4.00% (n = 492), 4.00-4.19% (n = 836), 4.20-4.39% (n = 1581), 4.40-4.59% (n = 1507),
4.60-4.79% (n = 646), and 4.80-5.00% (n = 101). The association between milk lactose
and SCS was assessed using Pearson’s correlation. Linear regression was used to as-
sess the relationship between milk lactose and changes in the proportions of subclinical
mastitis pathogens.

The cows were classified according to the sampling season: spring (1 = 1299), summer
(n =1291), autumn (n = 1293), and winter months (n = 1280) to assess the seasonality of the
prevalence of subclinical mastitis pathogens and the relationship with the concentration of
lactose in milk.

3. Results
3.1. The Prevalence of Subclinical Mastitis Pathogens Isolated from the Mammary Glands of Cows

Mixed microbiota, coagulase-negative Staphylococcus (non-pathogenic and pathogenic
Staphylococcus) and S aureus were the most frequently isolated bacteria, and identified
in 23.83%, 23.67% (14.00% for non-pathogenic Staphylococcus and 9.67% for pathogenic
Staphylococcus) and 15.25% of samples, respectively (Figure 1). Yeasts were identified in
0.07% of samples.

Streptococcus agalactiae w4 80
Staphylococcus aureus T 15.25
Serogroup G Streptococcus | 0.09
Serogroup D Streptococcus 1 0.49
Serogroup C Streptococcus ma 1.48
Pathogenic Staphylococcus m— 9 .067
Other Streptococcus w554
Other Gram-positive species n— 10.48
Other Gram-negative species n——— 13.33
Non-pathogenic Staphylococcus ——— 14.00
Mixed microbiota E—— 23,83
Yeasts = 0.07
Escherichia coli m 0.76
Enterococcus 1 0.21

Mastitis ageds

The prevalence (%)

Figure 1. The prevalence of subclinical mastitis agents in cow’s milk samples.

The prevalence of subclinical mastitis agents by season is shown in Figure 2. Yeasts
were only found in autumn. Enterococcus spp. and E. coli were only cultivated in sum-
mer and autumn, with a greater prevalence in summer. Streptococcus, which belongs to
serogroup G, was detected in spring and summer. A greater prevalence of Streptococcus
serogroup G was found in spring than in summer. Other subclinical mastitis agents with
differing frequencies were identified throughout the year.

In milk samples of primiparous cows, pathogens of mixed microbiota (26.49%), other
Gram-negative species (16.16%) and non-pathogenic staphylococci (14.25%) prevailed. In
multiparous cows (lactation > 3), in addition to the aforementioned pathogens which were
found in 49.39% of the samples, a higher proportion (total 16.17%) of Staphylococcus aureus
was found (Figure 3).
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Figure 2. The prevalence of subclinical mastitis agents in cow’s milk samples by season.
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Figure 3. Frequency of mastitis pathogens by lactation.

3.2. Relationship between Milk Lactose and the Prevalence of Subclinical Mastitis Pathogens and
Somatic Cell Count in Cow’s Milk

On average, the lactose content in milk was 4.35 £ 0.004%: in cows of the first
parity—4.38 £ 0.007% (95% CI: 4.367—4.401%), in the second parity—4.34 + 0.007% (95%
CI: 4.324-4.361%), in cows >3 parities—4.32 £ 0.006% (95% CI: 4.311-4.342%).
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Lactose concentrations during the winter, spring, summer and autumn were
4.29 + 0.039% (95% CI: 4.208-4.362%), 4.37 = 0.013% (95% CI: 4.342-4.394%), 4.33 £ 0.005%
(95% CI: 4.323-4.344%) and 4.36 = 0.005% (95% CI: 4.345-4.366%), respectively. The aver-
age somatic cell count in all tested milk samples was 701 + 21 x 10 cells/mL (95% CI:
660-742 x 103 cells/mL). The largest number of somatic cells was found in the milk
of tested cows in spring (1601.19 4+ 29.512 x 10% cells/mL), and the lowest in winter
(578.47 £ 29.347 x 103 cells/mL) (p < 0.001). The SCC of cow’s milk in summer and
autumn was in the range of 589.48-650.40 x 102 cells/mlL.

The SCC of milk, like milk lactose, tended to increase with increasing lactation of the cows.
The average SCC value in the milk of cows of the first parity (442.5 & 44.1 x 10 cells/mL,
95% CI: 365-540 x 103 cells/mL) was 1.87 times lower compared to cows of the second
parity and 1.91 times lower compared to >3 parities (p < 0.001).

A negative Pearson correlation was found between milk lactose content and SCS
(—0.471; p < 0.001). An increase in the lactose class (Figure 4) confirms a negative linear
relationship with milk SCC (p < 0.001).

I“iu.

<4,00 4.00-4.19 4.20-4.39 4.40-4.59 4.60-4.79 4.80-5.00

SCC x 103 cells/mL

Lactose %

Figure 4. Relationship between the number of somatic cells and lactose content in milk. SCC—the
number of somatic cells in milk x 10 cells/mL.

Data on the concentration of lactose in cow’s milk after the detection of various
causative agents of subclinical mastitis are presented in Table 1. Analyses revealed that
the lowest lactose content was found in the milk of cows infected with S. agalactiae and
S. aureus (4.25-4.30%), and the highest lactose content was after the detection of serogroup
G Streptococcus (4.55 = 0.118%) (p < 0.05).

The increase in lactose levels in cow’s milk was most closely associated with a decrease
in the prevalence (%) of subclinical mastitis pathogens such as S. agalactiae (y = —1.8011x +
10.867, R2 = 0.9298), S. aureus (y = —3.5216x + 25.957, R? = 0.8604), and other Streptococci
(y = —0.5956x + 7.6179, R? = 0.6656) (Figure 5). A substantial decrease in lactose levels was
also observed in milk samples with yeast and serogroup D infection. However, due to a
small number of samples, no significant differences were noticed.
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Table 1. Milk lactose (%) by isolated pathogens of subclinical mastitis.

Lactose % 95% CI
Item Pathogens
M SEM Lower Bound Upper Bound
1 Enterococcus spp. 43713 0.079 4214 4.523
2 Escherichia coli 4.36 0.041 4.284 4.445
3 Yeasts 4.32 0.137 4.056 4.591
4 Mixed microbiota 4.36 681314 0.007 4.349 4.378
5 Non-pathogenic Staphylococcus 4356 0.01 4.33 4.368
6 Other Gram-negative species 4.40 45101314 0.01 4.379 4.417
7 Other Gram-positive species 436 1314 0.011 4.337 4.381
8 Other Streptococcus 4.32 414 0.015 4.293 4.353
9 Pathogenic Staphylococcus 4351314 0.012 4.325 4.37
10 Serogroup C Streptococcus 4.31 614 0.03 4.255 4.371
11 Serogroup D Streptococcus 433 0.052 4.23 4.433
12 Serogroup G Streptococcus 4.55 1314 0.118 4313 4.777
13 Staphylococcus aureus 4.30 4567914 0.009 4.282 4.318
14 Streptococcus agalactiae 4.25 14567891214 0.016 4215 4.279

M—mean; SEM—standard of error of the mean; 95% CI—95% confidence interval of the mean. The superscript indicates subclinical
mastitis agents (number of rows in the table) with which the difference in the arithmetic mean of milk lactose was statistically significant.
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Figure 5. Prevalence of subclinical mastitis pathogens in milk samples based on milk lactose content.

4. Discussion

The occurrence of subclinical mastitis on dairy farms is affected by many factors. In
addition to mechanical udder injuries, mastitis pathogens could be transmitted during
the milking process or acquired from the environment [24,25]. In this study, almost all
the microorganisms detected belonged to environmental subclinical mastitis pathogens:
E. coli, yeasts, C, D, G group Streptococcus and other Streptococci. Contagious S. agalactiae,
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S. aureus and coagulase-negative Staphylococcus were also isolated and identified. How-
ever, contagious pathogens were more frequently isolated than environmental pathogens,
indicating that contagious transmission may play a dominant role in the occurrence of
infection. These microorganisms have also been isolated in previous studies undertaken in
Lithuania [26,27], and the present results agree with the data reported by other authors
related to subclinical mastitis pathogen diversity in the Baltic region [28,29].

The greatest diversity in subclinical mastitis agents was found during summer and
autumn. Other studies have also shown that among the seasons, summer is the most critical
time for the occurrence of subclinical mastitis pathogens in milk samples [30,31]. These
results may also be related to the feeding and housing management systems maintained
during the different seasons. A clear distinction could be made between cows living
outdoors and those living indoors [32].

Yeasts were only detected in autumn. Similar results have been obtained in Japan [33].
Senda et al. [33] found that yeasts in milk samples were only present in summer and
autumn. Moreover, four major pathogenic yeast species causing subclinical mastitis have
only been detected in summer [33]. The incidence of subclinical mastitis caused by yeast
is usually low in dairy herds [31,34], but large outbreaks and deadly cases have been
reported [35]. Yeast mastitis has been reported in herds from environments with poor
hygiene or is associated with prior antibiotic treatment of bacterial mastitis [36]. Yeasts are
naturally found in moist places that are rich in organic matter and are easily isolated from
teats and milking equipment [37]. Nevertheless, several species of yeast and yeast-like
microorganisms have been associated with mastitis [38].

Bovine subclinical mastitis infections caused by environmental exposure to Entero-
coccus and E. coli were observed in summer and autumn when cows are mostly grazing
outdoors. Doyle et al. [32] also noticed that during the outdoor season milk was more likely
to contain higher proportions of environmental bacteria. Low amounts of E. coli are usually
present in milk. Nonetheless, a high amount of these bacteria causes spoilage of dairy prod-
ucts and is an indicator of faecal contamination in the environment [39]. Moreover, if there
is a large bacterial presence, it can cause endotoxic shock in cows [40]. Enterococcus belongs
to normal gut microflora in animals and humans [39], but their pathogenic potential to
cause infections of the mammary gland has been proven experimentally [41] and has been
attributed to environmental mastitis agents [2].

Several studies have shown that lactose could be a potential health indicator in
cows [42-46]. Costa et al. [17] found that cows with a lactose content of <4.553% had a
higher rate of health impairment compared with cows with a lactose content of >5.045%.
The authors also found that subclinical mastitis is genetically correlated with milk lactose
(r = 0.518), and that more productive cows are genetically more susceptible to mastitis than
less productive cows.

In cow’s milk, lactose levels vary less than fat or protein levels [10,47], thus any
unexpected change in lactose content could be associated with a negative energy balance
or other conditions of poor health. Changes in lactose percentage can occur due to damage
in secretory cells caused by inflammation and infection and the use of milk as a substrate
for growing subclinical mastitis pathogens [17]. Moreover, the amount of water activity is
directly related to lactose percentage, because it osmotically determines water absorption
from the cell cytosol and blood [17].

In general, the lactose contents in this study were normal and fit the ranges indicated
in the literature that, according to different authors, range from 4.28 to 4.70% [10,42,47-50].
Despite this, lactose content has been related to the presence of somatic cells and subclinical
mastitis pathogens in milk samples. The greatest loss of lactose content was observed in
milk samples where S. agalactiae, S. aureus and other Streptococcus strains were detected.
Bobbo et al. [51] found that milk produced by cows infected with mastitis pathogens
had a lower lactose content, but statistical differences between contagious, environmental
and opportunistic mastitis pathogens were not observed. A lower lactose content was
also described in milk with coagulase-negative Staphylococcus [52,53], S. aureus [52,53],
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coliform bacteria [52,53] and fungal [53] infections. A great decrease in lactose content
was also observed in milk samples with yeast infection. Until today, there are no data on
decreases in lactose during yeast mastitis, but some yeasts, such as Candida kefir, are known
to be able to ferment lactose to alcohol [54]. Cows with a higher lactose concentration
(>4.70%) were registered as more active and were at less risk of mastitis and metabolic
disorders. Cows with higher milk lactose concentration also have a higher possibility of
successful conception [21].

5. Conclusions

All the identified subclinical mastitis agents were found throughout the year, except
for yeasts, Enterococcus and E. coli. Yeasts were isolated exclusively in autumn, while
Enterococcus and E. coli were detected in summer and autumn. An increase in lactose content
showed a strong negative linear relationship with SCC log10. The increase in lactose levels
in cow’s milk was most closely associated with a decrease in the prevalence of subclinical
mastitis pathogens such as S. agalactiae, S. aureus and other Streptococci. These findings
underline the importance of lactose as a potential biomarker in the diagnosis of bovine
mastitis. In controlled herds, this indicator could supplement information on suspected
udder inflammation in cows in modern subclinical mastitis prevention programmes.
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