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ABSTRACT

Cervicovaginal mucus (CVM) is a hydrogel whose composition and consistency vary with the estrous cycle in cows. The
current investigation was designed to study the physicochemical and microbiological characteristics and enzymatic
composition of cervicovaginal mucus, as well as their diagnostic significance in diseases of the uterus in cows, and to
determine a biomarker based on them. The study was conducted on Holstein-Friesian cows from dairy farms in North
Kazakhstan, using cervicovaginal mucus collected from both clinically healthy animals and those with uterine diseases.
The physicochemical properties of cervicovaginal mucus were studied using infrared spectroscopy, test strips, and
qualitative reactions to enzymes. Analysis of the physicochemical and microbiological properties of cervicovaginal mucus
in cows showed that using infrared spectroscopy, carboxyl (C=0), hydroxyl (O-H), and C-H bonds were detected,
indicating the presence of mucin. The pH of mucus in clinically healthy cows was 0.85% higher than in sick cows,
indicating a change in the acid-base balance associated with uterine pathologies. Metagenomic sequencing of 16S rRNA
determined that potentially pathogenic bacteria, such as Trueperella (4.56%), Fusobacterium C (5.17%), and Helicococcus
(5.22%), were detected in the microbiota of sick animals. The determination of peroxidase using benzidine and guaiacol
samples did not reveal a statistically significant difference between the methods. However, the guaiacol test showed a
greater number of positive reactions (81.3% vs 70%). This study showed significant changes in the physicochemical
properties, microbiota, and enzymatic profile of cervicovaginal mucus, depending on the uterus condition. The identified
biomarkers can be used as diagnostic indicators of inflammatory diseases of the reproductive system in cows.
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INTRODUCTION

Mucus is synthesized by specialized goblet-shaped
cells in the columnar epithelium lining all organs exposed
to the external environment (Abrami et al. 2024). It
performs many functions, including lubrication for
passing objects, maintaining a hydrated layer above the
epithelium, a barrier to pathogens and harmful substances,
and a permeable gel layer to exchange gases and nutrients
with the underlying epithelium (Bansil and Turner 2018;
Ardicli et al. 2024).

Cervicovaginal mucus (CVM) is a hydrogel
consisting of water and a solid component that forms a
three-dimensional network of three or more structural
units (Garcia et al. 2024). The amount and consistency of

discharge from the cow's cervix vary depending on the
estrous cycle stage (Huang et al. 2024). Important
physical characteristics of CVM include color,
consistency, pH, spinnbarkeit value, and fern pattern,
which are considered effective laboratory tools for
detecting infertility in cattle (Hanumant et al. 2019;
Maksymyuk et al. 2022; Naliukhin et al. 2024). Mucus
also contains a wide range of antimicrobial enzymes,
peptides, and immunoglobulins that protect epithelial
cells of the respiratory, gastrointestinal, genitourinary,
visual, and auditory systems (Sheng and Hasnain 2022;
Vllahu et al. 2024). The quality of cervical mucus is a
good indicator of a cow's physiological state during
estrus, and high-quality mucus leads to high fertility rates
(Khanoria et al. 2022; Rhoads 2023).
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Water is the main component of vaginal fluid, and
reports on the water content of this secretum show
significant differences. However, it is generally assumed
that during the follicular phase, under the influence of
estrogen, it makes up about 95-99% of the total amount;
during the luteal phase, the percentage can decrease to
85%. The main soluble components include sodium
chloride, phosphate and bicarbonate salts, soluble proteins,
and amino acids. The insoluble fraction consists of
macromolecular glycoproteins, which are the main
determinants of the physical properties of mucus. These
glycoproteins secreted by the cervical epithelium are
formed by a polypeptide backbone (20-25%) carrying
numerous heterosaccharide side chains (75-80%) and are
also known as mucins. Mucins form a three-dimensional
network throughout the mass of mucus secretions, giving
the vaginal fluid the properties of a gel. The main property
of mucins is the ability to bind large volumes of water. As
aresult, the vaginal fluid behaves like a highly hydrated gel
(Rutllant et al. 2005).

Mucus mainly consists of water (~95% by weight),
mucins (~0.2-5.0%), globular proteins (~0.5%), salts (~0.5-
1.0%), lipids (1-2%), DNA and cells and cellular debris
(Boegh et al. 2013; Button et al. 2013; Kavishvar and
Ramachandran 2023) and forms a dense, viscoelastic layer
on top of epithelial cells, which serves as a selective barrier
for drugs and other molecules (Leal et al. 2017).

The rheological properties showed a noticeable
difference, as the CVM's branching pattern has a
significant relationship with the frequency of conception
and can, therefore, be used as a criterion for predicting the
correct timing of artificial insemination (Sharma et al.
2013; Verma et al. 2014).

Another research compares the activity of the enzymes
alkaline phosphatase (ALP), lactate dehydrogenase (LDH),
-amylase, -mannosidase, -N-acetyloglucosaminidase, -
glucuronidase, and -galactosidase in the cervical mucus of
cows during spontaneous and induced estrus and found
different activity of most enzymes in the cervical mucus of
cows (Tsiligianni et al. 2003).

Pathogenic or opportunistic bacteria are usually found
in the CVM of sick cows, which are associated with
inflammatory diseases such as endometritis, vaginitis, or
other reproductive tract infections (Adnane et al. 2024).
The cow's vagina contains a complex and dynamic
microbial community consisting of aerobic, facultatively
anaerobic, and anaerobic bacteria. Common inhabitants of
the cow's vaginal tract include Streptococcus sp.,
Staphylococcus sp., Enterococci, and representatives of
Enterobacteriaceae. The most common phylophiles in the
vaginal microbiome of dairy cows are Firmicutes,
Proteobacteria, Bacteroidetes, and Actinobacteria
(Laguardia-Nascimento et al. 2015; Nesengani et al. 2017;
Giannattasio-Ferraz et al. 2019). Some studies also report
the presence of Tenericutes and Fusobacteria as significant
components (Chen et al. 2020; Quadros et al. 2020;
Quereda et al. 2020; Moreno et al. 2022).

The cervix is a key anatomical barrier in the
reproductive tract and its microbiome plays an important
role in maintaining uterine health (Sheldon and Dobson
2004; Thulasiraman et al. 2025; Vorobyov et al. 2025). The
abnormalities in the cervix's microbiome, especially an
overrepresentation of certain pathogenic bacteria, such as
Staphylococcus aureus, as well as elevated levels of
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Bacteroidetes and Fusobacteria, are associated with
reproductive diseases such as metritis (Zubova et al. 2021).
Understanding these changes in microbial composition is
crucial for identifying potential biomarkers of
reproductive  disorders and developing targeted
interventions to restore microbial balance (Adnane et al.
2018; Jakupov et al. 2024). The composition of the genital
microbiome  undergoes  significant  fluctuations
throughout the life of a cow, which are influenced by
anatomical structure, age, cyclicity, pH dynamics of the
vagina, nutrition and keeping conditions (Adnane and
Chapwanya 2024; Gnezdilova et al. 2025).

Thus, the physicochemical and microbiological
characteristics of cows' CVM have diagnostic value and are
a source of a biomarker of inflammation. Qualitative and
quantitative determination of the parameters by which it
will be possible to differentiate between sick and clinically
healthy animals is needed. This work was aimed to study
the physicochemical and microbiological characteristics,
and enzymatic composition of CVM, as well as their
diagnostic significance in diseases of the uterus in cows,
and to determine a biomarker based on them.

MATERIALS AND METHODS

Study period and location

CVM samples were collected from October 2023 to
October 2024 in agricultural companies in the Akmola and
North Kazakhstan regions of the Republic of Kazakhstan.

Animals and clinical examination

Studies of the physicochemical properties and
composition of CVM of 1-5 lactation Holstein-Friesian cows
were conducted in the Scientific Laboratory of Veterinary
Medicine, Department of Veterinary Medicine, Faculty of
Veterinary Medicine and Animal Husbandry Technology,
S. Seifullin Kazakh Agrotechnical Research University, the
scientific laboratory of the Nazarbayev University
Autonomous Educational Organization, and the Laboratory
of Applied Genetics, National Center of Biotechnology.
Before sampling, the animals were examined for the
presence of uterine diseases using clinical methods
(medical history, external examination, rectal and vaginal
examination) and laboratory methods (Nagorny-Kalinovsky
method, Whiteside method, cytological examination).

Sample collection

The CVM sampling was conducted as follows: the
animals were fixed, and the external genitalia, sciatic
tubercles, and tail root were cleaned. Then, the technician
inserted a hand in a sterile obstetric glove treated with an
antiseptic solution into the vagina, advanced to the cervix,
and CVM was collected manually. The collected CVM was
placed in sterile containers for biological samples with a
capacity of 100mL.

Laboratory analyses

The mucus composition was studied using a Fourier-
transform infrared (FTIR) spectrometer (Lab 523/C4). The
data obtained was interpreted according to the
characteristic frequencies. Mucus samples were examined
using UrineRS H11 analytical test strips (High
Technology, Inc.) and a Kelilong PH-061 pH meter
(Kelilong Electron Co.).
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When studying the composition of the microbiota of
CVM, the technology of metagenomic DNA sequencing was
used, based on the isolation and sequencing of the 16S rRNA
gene, which contains both conserved regions (common to
all bacteria) and variable regions characteristic of specific
species or genera. In addition, metagenomic sequencing
provided a quantitative assessment of the proportion of
each microorganism in a sample, which allowed us to build
a complete picture of the microbiota's composition. The
16S rRNA gene (a unique and highly conserved region of
the nucleotide chain of all bacteria, often used to identify
bacteria) was isolated from the samples.

The method is considered the "gold standard" for the
most complete analysis of the microbiota composition. It
allows researchers to analyze which bacteria are present in
the body (and in what percentage) and what pathogenetic
role bacteria play in various diseases (Verhelst et al. 2004).
Conditionally pathogenic microorganisms that cause the
development of inflammation (metritis, endometritis) enter
the uterine cavity of cows endogenously.

Qualitative reactions for the determination of catalase
and xanthine oxidase were used to study the enzymatic
composition of cows' CVM, and benzidine and guaiacol
samples were used to determine peroxidase.

Statistical Analysis

Descriptive statistics methods were used for
statistical data processing and the 2 criterion and
Student's t-test for independent samples were used to
verify the significance of differences in results between
the methods under consideration.

RESULTS

Infrared (IR) spectroscopy

The composition of the mucus was determined by IR
spectroscopy of the IR spectra of 7 samples. The IR spectra
showed maxima of 3,281.50 and 1,636.58cm?, valence and
deformation vibrations of the OH group. The IR spectra of
all seven samples were identical, which indicates the
presence of water. The samples were then dried. Each
sample was applied to a 96-well microplate, six copies per
sample, and air-dried for 8-12 hours at room temperature.
Next, the IR spectra of the same samples were taken again.

The spectral data confirmed the presence of carboxyl
(C=0), hydroxyl (O-H), and C-H functional groups. The
corresponding IR absorption bands were observed at
1,650-1,750 cm™ for C=0, 3,200-3,300 cm™! for O—H and
2,950-3,050 cm! for C—H bonds (Fig. 1). The presence of
absorption bands in the IR region of carboxyl, hydroxyl,
and C-H bonds in all samples indicates the presence of
mucin, which is confirmed by literature data (Mehtio et al.
2004; Johnson et al. 2009; Travo et al. 2010; Denton et al.
2011; Armstrong et al. 2017).

pH measurement

The analytical test strips were immersed in a sample
container for 30 seconds. The color change of the pH paper
was compared with the standard color scale of the indicator
strip. The pH was also measured with a pH meter. When
measuring the pH of CVM, the results were obtained
depending on the condition of the uterus in cows (n=30)
(Table 1).
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Table 1: Results of measuring the pH of CVM in cows,
depending on the condition of the uterus

Groups n The pH value

pH meter  Test strips
Sick animals 15 8.15+0.12  8.13+0.13
Clinically healthy animals 15 8.22+0.09 8.27+0.15

Mean pH was slightly higher in clinically healthy
cows. With the pH meter, the difference was 0.07 pH units
(8.22 vs 8.15), corresponding to an approximately 15%
lower hydrogen ion activity in healthy animals. With test
strips, the difference was 0.14 pH units (8.27 vs 8.13), =
28% lower [H'] in healthy animals.

Microbiological indicators

Bacteriological examination of CVM from clinically
healthy cows and cows with uterine pathologies using 16S
rRNA metagenomic sequencing showed the presence of
predominantly saprophytic microorganisms. Table 2 shows
the summary data on animal diseases and their microbiota.

Table 2: Genera of bacteria found in the uterus of healthy cows
and cows with uterine pathologies using 16S rRNA metagenomic
sequencing

Groups Microbiota
Name %
Healthy animals ~ Faecousia 7.860
(n=8) RUG13077 1.340
Cryptobacteroides 5.522
PeH17 0.504
Phocaeicola A 858004 5.649
Atopostipes 0.535
Paraprevotella 2.187
Streptobacillus 993623 0.787
Phascolarctobacterium A 0.581
Corynebacterium 1.753
Pseudomonas E 647464 0.669
RF16 1.318
Actinobacillus B 0.611
Sick animals Faecousia 5.135
(n=8_ RUG13077 0.798
Cryptobacteroides 2.831
PeH17 0.603
Phocaeicola A 858004 3.665
Atopostipes 0.922
Paraprevotella 1.086
Streptobacillus 993623 0.525
Phascolarctobacterium A 0.805
Alloprevotella 1.332
Histophilus 4.342
Ureaplasma 1.634
Helcococcus 5.222
Fusobacterium C 5.177
Bacteroides H 2.046
Porphyromonas A 859426 1.100
Odoribacter 865973 0.703
Porphyromonas A 859424 0.676
Prevotella 0.608
Trueperella 4.568

The bacterial composition of the CVM of healthy cows
and cows with uterine pathologies included 24 genera, nine
of which were found in both groups of animals. These
include Faecousia, RUG13077, Cryptobacteroides,
PeH17, Phocaeicola A 858004,  Atopostipes,
Paraprevotella, Streptobacillus 993623, and
Phascolarctobacterium A.
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Table 3: Results of qualitative reactions for the determination of catalase and xanthine oxidase in CVM in cows (n = 15)

Item No. Course n Catalase Xanthine oxidase

Foam formation Foam formation Discoloration

n % n % n %
1 Acute 5 5 100 5 100 5 100
2 Chronic 5 5 100 5 100 5 100
3 Clinically healthy animals 5 1 20 1 20 1 20

Four bacterial genera were identified exclusively in
healthy animals: Corynebacterium (1.753%), RF16
(1.318%), Pseudomonas E 647464 (0.669%) and
Actinobacillus B (0.611%).

In total, 13 main genera of bacteria were found in
healthy animals. The microbiota of healthy animals was
dominated by the genera Faecousia (7.860%) and
Phocaeicola A 858004 (5.649%). Other representatives,
such as Cryptobacteroides (5.522%) and Paraprevotella
(2.187%), occurred in smaller but noticeable proportions.
The remaining bacterial genera were represented in much
smaller quantities (less than 2%).

20 main genera of bacteria were identified in sick
animals. In the microbiota of sick animals, the most
common genera were Helcococcus  (5.222%),
Fusobacterium C (5.177%), Faecousia (5.135%), and
Trueperella (4.568%).

According to the results of microbiota studies, RF16,
Actinobacillus B, Corynebacterium, and Pseudomonas E
647464 were detected only in healthy animals.
Alloprevotella, Trueperella, Helcococcus, Ureaplasma,
Fusobacterium C, Bacteroides H, Porphyromonas A
859426, Porphyromonas A 859424, Odoribacter 865973,
Prevotella, and Histophilus were detected in sick animals.

Determination of enzymes

The catalytic activity of catalase is independent of pH
changes in the range of 5-10.5. To determine catalase, 1ImL
of cervical mucus is poured into a test tube, and 1 ml of 3%
hydrogen peroxide is added. Rapid release of oxygen
bubbles is observed, indicating the catalase enzyme's
presence (Zhang et al. 2019).

To determine xanthine oxidase, 1mL of mucus is
poured into test tubes: the first one contains the mucus of a
sick animal, and the second one contains the mucus of a
healthy animal. One drop of 0.01% methylene blue solution

and 1mL of 3% hydrogen peroxide solution are added to
both tubes. After some time, the liquid discolors in the first
tube, and the foam appears 1-1.5cm high. In the second
tube, the liquid's color does not change, and foam
formation is less than 0.5cm high. The test results are
shown in Table 3.

In all cows with an acute course (n = 5), a 100%
positive reaction to catalase (foam formation) was
observed in the CVM, indicating this enzyme's active
presence. Similarly, xanthine oxidase was detected in all
animals (100%) by both foam formation and discoloration.
It confirms the pronounced enzymatic activity associated
with acute inflammation.

The results of the chronic course were identical to the
acute course: 100% positive reactions to catalase and
xanthine oxidase. This may indicate an ongoing
inflammatory process in which the enzymes remain active
in the mucosa. In the group of clinically healthy animals,
only one cow out of five (20%) showed weak catalase and
xanthine oxidase activity, reflecting low or absent
enzymatic activity, which is typical for healthy mucosa
without signs of inflammation.

A high activity of catalase and xanthine oxidase was
established, correlating with an inflammatory process. The
activity of these enzymes was significantly lower in the
clinically healthy cows, which confirms the absence of
inflammatory changes in the mucosa.

Qualitative reactions to enzymes can be used as a
diagnostic criterion for differentiating inflammatory
conditions (acute or chronic) and determining the clinical
health of animals. A reaction with benzidine and guaiacol
was used to determine peroxidase. For the benzidine test, a
0.5% benzidine solution with 50% acetic acid was prepared
in a volume of 5mL per 1 sample of CVM. The resulting
solution was mixed with an equal amount of 3% hydrogen
peroxide solution, and the resulting reagent was added to
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1mL of mucus in a test tube. The reaction was considered
positive if the contents of the tube were blue or green. The
guaiacol sample was prepared by mixing a 1% guaiacol
solution in distilled water and benzidine peroxide (a few
drops of 30% hydrogen peroxide were added to the
benzidine solution). Next, ImL of mucus was added to the
tube, 0.5mL of 1% guaiacol solution, and five drops of
benzidine peroxide solution were alternately added to the
mucus, after which the sample and reagents were mixed.
The reaction was considered positive if the contents of the
tube were colored red or burgundy (Table 4).

Table 4: Results of qualitative reactions for the determination of
peroxidase in CVM in cows

Item Test name n Positive samples Negative samples
No. n % n %
1 Benzidine sample 10 7 70 3 30

2 Guaiacol test 16 13 81.3 3 18.7

For a critical value of y*> with a significance level of
0.05 and a degree of freedom of 1 (df = 1), the threshold
value is 3.841. Since the calculated value of x?>=0.439 is
less than the threshold value, the null hypothesis is not
rejected. There was no statistically significant difference
between the results of the benzidine and guaiacol tests.
Both methods showed similar effectiveness in determining
peroxidase, although the guaiacol test had 11.3% more
positive reactions.

Thus, the physicochemical and microbiological
parameters and the enzymatic composition of CVM in
cows were determined depending on the condition of the
uterus.

DISCUSSION

In the present study, cervicovaginal mucus (CVM)
was investigated through IR spectroscopy in order to
identify its major functional groups. The analysis showed
clear absorption bands of carboxyl (C=0) and hydroxyl
(O—-H) groups, recorded at 1,724.0; 1,687.3 cm™ and
3,484.7; 3,286.0; 3,158.7 cm™'. These results are in line
with the findings of Armstrong et al. (2017), who reported
almost identical IR spectra for D-glucaric acid. Similarly,
Denton et al. (2011) described peaks for the same groups
in their work, which further supports our findings.
Mehtio et al. (2004) also mentioned a strong carbonyl
peak at 1,725 cm™! in galactaric acid, falling within the
same range as observed in our samples. Another study by
Travo et al. (2010) focused on the range of 950-1,750
cm™! and highlighted bands belonging to protein amides
I and Il, as well as glycosylation peaks. These
observations are in line with our results and suggest that
the spectral profile of CVM is largely determined by its
glycopeptide nature. Interestingly, in our samples the
glycosylation bands also showed variations in intensity,
which might be related to differences in carbohydrate
content among individual animals.

The properties of mucin were also investigated by
Johnson et al. (2009). The peak at 1,630cm* belongs to the
carbonyl group. The peak at 2,990cm™ belongs to the
aliphatic stretching of C-H due to the connecting methylene
groups. The region between 2,500 and 3,700cm™ is wide
due to the overlap of the carboxyl group, the -OH group
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from the alcohol group and the NH group from the amide
group. In addition, a very wide peak in this range indicates
strong hydrogen bond interactions due to the —OH groups.

When studying the pH of cows' CVMs, the average
values were found in animals with uterine diseases in the
range of 8.13-8.15, whereas in clinically healthy animals,
they were 8.22-8.27. For the pH meter, p > 0.05 means no
statistically significant differences between the groups of
sick and clinically healthy animals. However, for the test
strips, p < 0.05 indicates statistically significant differences
in pH between the groups. Thus, the test strips recorded a
significant increase in pH in clinically healthy animals,
while the pH meter did not show a significant difference.

According to the published literature, the pH of CVM
in clinically healthy cows capable of reproduction ranges
from 7.0 to 8.0 (Siregar et al. 2019). There are still no
established pH parameters of mucus in animals with uterine
diseases: for example, there is evidence that the pH of
mucus in animals with endometritis was 7.95+0.096
(Palanisamy et al. 2014) and in animals with subclinical
endometritis was 7.44+0.21 (Raval et al. 2018). There were
no significant statistical differences between the pH values
of sick and healthy animals, which correlates with the
findings of current investigation. However, this issue
requires further study to establish diagnostic parameters for
animals with uterine diseases.

The bacteria associated with uterine diseases are
classified as pathogens, potential pathogens, or
opportunistic ~ microorganisms.  Recognized  lost
pathogens associated with  severe endometrial
inflammation and clinical endometritis include
Escherichia coli, Arcanobacterium pyogenes,
Fusobacterium necrophorum, Prevotella
melaninogenica, and representatives of the genus Proteus
(Williams et al. 2005). Williams et al. (2007) and Wang
et al. (2013) suggested that a high level of E. coli cells
could be the main factor in the onset of uterine infection.

In our study, several bacterial genera were identified
exclusively in the CVM of cows with uterine pathologies,
including  Trueperella, Fusobacterium, Prevotella,
Porphyromonas, and Ureaplasma. These findings are
consistent with previous reports. For instance, Trueperella
pyogenes is recognized as one of the primary pathogens of
purulent inflammation, commonly linked with endometritis
and purulent vaginal discharge (Swartz et al. 2014; Liu et
al. 2024). Similarly, Fusobacterium necrophorum has been
described as a gram-negative anaerobe frequently
associated with necrotic and purulent inflammations, and
often found together with T. pyogenes, thereby amplifying
disease severity (Srinivasan et al. 2021; Beneduzi 2025).
Pathogenic strains of Prevotella spp. have been linked with
chronic inflammatory processes such as endometritis and
vaginitis (Adnane and Chapwanya 2024), while
Porphyromonas spp. are implicated in purulent
reproductive tract infections (Moore et al. 2023). Our
detection of Ureaplasma in sick animals also aligns with
earlier studies highlighting its role in inflammatory
conditions of the vaginal and uterine mucosa. Interestingly,
while previous reports have described Mycoplasma and
Actinomyces spp. as contributors to uterine inflammation
(Srinivasan et al. 2021; Moore et al. 2023), these genera
were not detected in our samples. In contrast, we observed
Corynebacterium exclusively in healthy animals, whereas
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literature suggests that certain pathogenic strains of this
genus can be involved in vaginitis and other reproductive
tract inflammations (Moore et al. 2023).

Enterotoxigenic and adhesive strains of Escherichia
coli can cause inflammation of the vagina and uterus, while
opportunistic strains of Bacteroides spp. participate in
polymicrobial infections and secrete enzymes capable of
destroying tissues and increasing inflammation
(Alimbekova et al. 2013; Beloborodova et al. 2023).

In our study, anaerobic gram-negative rod-shaped
bacteria from the Prevotellaceae family were found in
mucus samples collected from cows with chronic catarrhal
endometritis. These bacteria are well known as
opportunistic pathogens that may worsen inflammatory
processes when the host immunity is compromised.

Bacteroides were mostly identified in the CVM of sick
cows. Normally, these bacteria inhabit the distal part of the
small intestine, but they can also occur in the natural
microflora of the female reproductive tract. When the
balance of microflora is disturbed, pathogenic strains of
Bacteroides can take advantage and cause infections such
as cervicitis, endometritis, or even ovarian inflammation.

On the other hand, Corynebacteria (lactobacilli) were
found only in mucus from healthy cows. Members of this
genus are important because they help maintain an acidic
vaginal environment, which plays a key role in suppressing
the growth of harmful microorganisms. A decline in such
protective bacteria is usually linked with bacterial
vaginosis (Goodfellow et al. 2012; Ma et al. 2012).

S0, overall, the microbiota composition of cows’ CVM
can be described as normal and conditionally pathogenic,
including Corynebacteria, E. coli, anaerobes, and others.
However, in reproductively active cows, lactic acid
bacteria (mainly lactobacilli) dominate and make up around
95-98% of the whole vaginal microflora. By producing
lactic acid and hydrogen peroxide, these bacteria restrict
the multiplication of pathogens and help maintain a slightly
acidic environment (pH 4.5-5.8). When the number of
lactobacilli decreases, the balance of microflora is
disturbed, which then allows opportunistic organisms such
as streptococci, staphylococci, or E. coli to increase. This
imbalance is one of the major reasons behind postpartum
uterine inflammation in cows.

Previous report by Moore et al. (2023) showed that
bacterial microflora produces a broad variety of
metabolites, including different enzymes that are part of
their normal activity. In our work, we confirmed the
presence of several enzymes i.e., catalase, Xanthine
oxidase, and peroxidase, within the CVM of cows.
Interestingly, catalase and xanthine oxidase activity were
higher in cows suffering from uterine diseases compared
with healthy ones. A similar observation was reported by
Ningwal et al. (2018), who described the biochemical
profile of CVM and found enzymes such as proteases, [3-
galactosidase, peroxidase, arginase, and catalase.

Moreover, Voelz et al. (2017) pointed out that
microbial enzymes and proteins might even serve as
potential markers for predicting metritis risk. Following
this idea, we suggest that analyzing enzyme activity could
also help in diagnosing uterine disorders in cows. Based on
our results, peroxidase activity, in particular, may have
diagnostic significance, although more research is needed
to confirm this.
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Conclusion

Infrared spectroscopy of mucus revealed the presence
of carboxyl (C=0), hydroxyl (O-H), and C-H groups,
indicating the presence of mucin. In clinically healthy
animals, the pH of mucus was, on average, 0.85% higher
than in sick animals, which may indicate disruptions of the
acid-base balance in uterine pathologies. Metagenomic
sequencing of 16S rRNA revealed that Faecousia (7.860%)
and Phocaeicola A (5.649%) dominated the CVM in
healthy cows, and potentially pathogenic microorganisms
were found in sick cows, including Trueperella (4.568%),
Fusobacterium C (5.177%), and Helcococcus (5.222%). In
cows with inflammatory processes in the uterus, catalase
and xanthine oxidase are 100% active, whereas in clinically
healthy animals, their activity is minimal (20%). The
determination of peroxidase using benzidine and guaiacol
samples did not reveal a statistically significant difference
between the methods, but the guaiacol test gave more
positive reactions (81.3% versus 70%). The identified
biomarkers can be used in the diagnosis of inflammatory
diseases of the uterus in animals.
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