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abortion of ewes caused by Chlamydophila abortus” was made. Samples from the organs of aborted foetuses and
swabs with vaginal contents were taken to confirm this diagnosis. Complement fixation tests with chlamydia
antigen were found to be positive in 7 (23%) of the 30 animals that were examined. To isolate the pathogen, the
technology of suspension cultivation in a bioreactor of the Chlamydophila abortus strain on McCoy cell culture
was used. Isolated pathological material was grown in McCoy cell cultures that were suspended in a bioreactor in
Dulbecco’s Modified Eagle’s Medium (DMEM) nutrient medium with 10% foetal bovine serum and antibiotics at a
concentration of 2x105 cells/mL. Enzyme immunoassay was a confirmation of the successful result of cultivation.
Enzyme immunoassay confirmed the presence of the pathogen in 60.9% of cases. 25 samples were received, which
were positive. Thus, the accuracy of the cultural diagnostic method turned out to be almost 3 times higher than
the serological diagnostic method. Serological examination revealed 23% presence of Chlamydophila abortus in
the samples, and the cultural diagnostic method revealed 60.9%. Unfortunately, in practice, the use of the cultural
diagnostic method is associated with a time-delayed result, which is a disadvantage of this diagnostic method
compared to the use of polymerase chain reaction

Keywords: laboratory diagnostics; small cattle; enzootic abortion of ewes; intracellular parasitism; cultural

diagnostic method; enzyme immunoassay

INTRODUCTION

The relevance of the study lies in the fact that the prob-
lems of loss of animal offspring as a result of abortions
are a serious objective modern problem and the study
of pathogens that provoke them is extremely impor-
tant, because the pathogen Chlamydophila abortus is
not the main cause of mass abortions of farm animals,
but is a widespread relatively recently discovered path-
ogen that causes zoonotic diseases. The prevalence fig-
ures of infection caused by this pathogen underline the
relevance of its study. Thus, R. Akter et al. (2021) note
that this pathogen causes periodic abortions of horses,
although according to his data, 53-80% of all abortions
of horses occur due to bacterial infections in the last
months of pregnancy. In the study by TA. Al-Ahmed and
S.S. Salman (2020) a direct serological study revealed
17% positive tests for Chlamydophila abortus in cows
in Irag, whereas statistics vary greatly from country
to country. In Belgium it is 1.69%, Ireland - 4.44%, In-
dia - 4.65%, China - 17.83%, Poland - 26.4%, Turkey -
26.92%,Australia — 45%, Iran — 48.4%, Taiwan - 51.35%.
Evidently, these completely different figures indicate
that there are various factors that can affect the inac-
curacy of these data, both related to growing technol-
ogies and laboratory errors and different conditions of
statistical calculations. D. Longbottom et al. (2021), note
the ever-increasing occurrence of Chlamydophila abor-
tus in chickens, and J.A. Origlia et al. (2019) in parrots,
as birds act as a reservoir for the transmission of the
pathogen to cattle and other farm animals.

Chlamydia is a family of obligate intracellular
gram-negative bacteria, consisting of 16 species. These
are zoonotic pathogens of infectious diseases. This ge-
nus has a two-phase development cycle, preferring to
settle inside the epithelial cells of animals and humans,
mainly selectively affecting the reproductive system
(Kirimbayeva et al., 2023). This pathogen causes the
greatest harm to sheep breeding by causing the enzo-
otic abortion of ewes. This infectious disease provokes
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diseases of the reproductive system of small cattle of
both sexes, abortions, and the birth of weak, non-via-
ble offspring, causing losses of GBP 20 million per year
in the UK alone. As a rule, abortion occurs in the last
2-3 weeks of lambing during that period and on farms
where ewes are densely spaced (Tyrunskiy et al., 2023).
In addition to the loss of lambs, which, in addition to
abortions, is manifested by the birth of full-term dead
foetuses, non-viable lambs that do not live for more
than two days, the economic costs associated with
culling sheep and the cost of treating them are record-
ed. Enzootic pattern: at the beginning a small number
of infected animals, in the second year the so-called
“abortion storm” with up to a third of the herd affected
(Nyzhnyk et al., 2024).

As a rule, it takes some time to find out the reason
for the abortion of sheep. For research, whole blood
samples and stillborn foetuses from small cattle that
have had an abortion are sent to the laboratory. Cultiva-
tion of Chlamydophila abortus is a method of taxonomic
identification, which is based on the isolation of this
pathogen. This is a difficult job that requires the in-
volvement of an experienced C3 laboratory profession-
al for this purpose. This method compares favourably
with serological tests and polymerase chain reaction,
which suffer from inaccuracy due to the carelessness
of specialists processing or selecting the material. To-
tal nucleic acid extraction provides an opportunity for
differential diagnosis from other pathogens that could
cause abortion. According to A.A. Adesiyun et al. (2020),
M. Sevik (2023), in veterinary practice, coinfection has
often been detected in modern research. This compli-
cates the diagnosis.

For the detection of Chlamydophila abortus, its nu-
cleic acid amplification tests are most commonly used,
hence in practice culturing is usually not performed
to separate Chlamydophila abortus. These actions are
difficult to assess antibiotic sensitivity of isolated




Chlamydophila abortus cultures. This microorganism
is formed in a non-acidic intracellular vacuole, which
is called inclusion. The development of this unusu-
al chlamydial niche occurs as soon as contact of the
microorganism with the host cell occurs, evolving
throughout the period of infection. According to J. Cin-
golani et al. (2019) and 0. Alzuguren et al. (2023), one
set of proteins that are necessary for the modification
of vacuoles is called membrane inclusion proteins.
However, the intracellular development of Chlamydoph-
ila abortus is a poorly understood process.

The purpose of the study was to identify the practi-
cal benefits for the diagnosis of Chlamydophila abortus
infection when using suspension cultivation on McCoy
cell culture in a bioreactor. The objectives for achieving
this purpose were to consider the methods of diagnosis
of Chlamydophila abortus, to carry out cultural diagnos-
tics of Chlamydophila abortus, and to investigate all the
positive and negative aspects of cultural diagnostics.

LITERATURE REVIEW

In the field of livestock development, there is a list of
problems affecting its advancement. The problems of
herd renewability and herd reproduction are a pressing
issue.There are a lot of factors that can affect these prob-
lems, but the infectious aspect is at the heart of most
problems. Chlamydophila abortus is one of the infectious
pathogens that cause disease in humans and animals.

As noted by S.Bommana and A.Polkinghorne (2019),
F.Buylk et al. (2020), L.A. Campbell and D. Hahn (2020),
abortions of farm animals that are caused by infec-
tious aetiological causes are a serious problem in an-
imal husbandry. Y.Y. Cheok et al. (2020), A.R. Cross et
al.(2019),H.K. Cheong et al. (2019) note that in practice,
those pathogens that are widely known, most often re-
late to zoonotic infections and that are easily cultured,
are most easily diagnosed. These are Brucella spp., Sal-
monella spp., Campylobacter spp., Listeria monocytogenes.
The pathogen that is more difficult to diagnose as a re-
sult of their properties — obligateness and intracellular
infection — Chlamydophila abortus - is relatively new to
veterinary practice and insufficiently studied.

The European Commission (2019) notes that this
bacterium has some properties that complicate the di-
agnosis and differential diagnosis of infectious diseases
in the practice of veterinary medicine, namely, manda-
tory intracellular host-dependent parasitism, conserva-
tion of morphological structure throughout the entire
life cycle, division of vegetative forms, the fact that
the microbe has a cell wall, sensitivity to a number
of broad-spectrum antibiotics, and the existence of a
single genus-specific antigen. All these properties are
important in the analysis of infectious abortions, and
diagnostic actions in case of suspected enzootic abor-
tion of ewes. These scientific facts were the basis for
determining this pathogen in an independent position
among other prokaryotes.
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Anamnesis does not give a complete picture and
conclusions that the disease is caused by this particular
pathogen. And there is no predisposition by age, breed,
or seasonality. The study by T.A. Al-Ahmed and S.S. Sal-
man (2020) noted, however, that 31.71% of diseased
cattle belong to the group of animals under three years
of age. The researchers explained this by the fact that a
mild course of the disease was observed in seropositive
cattle older than three years, practically insensitive to
the pathogen, but being its carrier. The intracellular de-
velopment cycle of Chlamydophila abortus slowed down
in the body of these animals, and during this time im-
munity to it was developed.

N. Esmaeili et al. (2021), M. Fayez et al. (2021) and
S. Filardo et al. (2022) note that the zoonotic potential,
the death of embryos in early and late stages, and oth-
er economic losses should be the reason for the study
of this pathogen. Initially, the veterinarian visualised a
picture of suspected abortion caused by Chlamydophila
abortus upon detection of diffuse placentitis. A. Gojam
and D.Tulu (2020),F.Imkamp et al.(2022),K.0zqgiir (2022)
highlighted the specificity of this pathogen in that in
the form of elementary bodies that are not the cause
of infection, Chlamydophila abortus does not reproduce,
but spreads with abortive tissues, which are amniot-
ic fluid and epithelial tissues of the birth canal, and
with vaginal secretions that contain chlamydial agents.
TA. Al-Ahmed and S.S. Salman (2020) also considered
the transmission factor with subclinical mastitis. There
is a so-called “abortion storm”, a phenomenon in which
the involuntary birth of dead, non-viable offspring is
observed simultaneously in several ewes. Animals be-
come infected again (or the infection spreads to healthy
animals) in an alimentary way. But it is also dangerous
for people in contact with these infectious biomaterials.

The studies by A.Komar et al. (2019) and X.Zhang et
al. (2020) on the prevalence of Chlamydophila abortus
serovars and the presence of such a relatively new diag-
nostic feature of this pathogen as the possibility of coin-
fection note the reason for the complexity of abortive
infections both at the individual and at the herd level.To
diagnose this disease and the infection that caused it,
clinical symptoms and epizootic analysis are non-spe-
cific. Diagnosis of Chlamydophila abortus, according to
S. Nogarol et al. (2024), solves this problem in various
ways, including the search for antibodies. Even almost a
month after a pathological abortion, the antibody titre
remains, which is suitable for such reactions as com-
plement binding reaction and enzyme immunoassay.
Direct diagnosis involves polymerase chain reaction
(PCR), pathogen isolation, and direct microscopic exam-
ination. This is the effect when elementary corpuscles
are detected on direct smears that are specific to this
infectious agent. However, the final confirmation of this
diagnosis is in vivo isolation or the already named PCR.

D.L. Hahn (2021), JJ. Rennick et al. (2021) and
W. Gu et al. (2021) suggest that immunohistochemical
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analysis of aborted embryo tissue samples also pro-
vide diagnostic arguments. C. Braun et al. (2019) noted
that isolation of chlamydia in cell culture is a labori-
ous process that takes a fairly long-time process, but
is a serious diagnostic argument in the long term. The
method is highly specific, based on the identification of
this pathogen directly from biological material. Another
method - the Complement Fixation Test — can cross-re-
act with other bacteria.

Real-time PCR for diagnosis has become more of-
ten used on samples obtained directly from animals
that have been diagnosed with chlamydia. This is
a direct search for nucleic acids interacting with the
material provided to the laboratory. It is based on the
search for those elements of the pathogen that remain
unchanged regardless of mutations or phylogenetic
features: primers. Polymerase and revertase enzymes.
This method is really fast and is considered reliable, but
in the field and in the presence of coinfection, there is
a possibility of an incorrect diagnosis. However, as not-
ed by R. Kvapil et al. (2021), there are confirmed cases
of transmission of infection caused by Chlamydophila
abortus from laboratory materials to humans, which is
especially dangerous for female staff.

MATERIALS AND METHODS

Research area and sample collection. The study was
conducted at the LLP Research and Production Enter-
prise “‘Antigen”. The management of the herds met all
standards of sheep rearing, the animals received com-
plete feed in the form of grain, hay, and silage, suc-
culent fodder from pastures was added in the spring
and autumn period. The breed affiliation was not re-
corded during the research, but the Romanov breed
established the basis of most herds. Abortions were
recorded during the most productive breeding sea-
son in the period from March to May 2024. Samples
were taken from pregnant sheep (n =12), in which
abortions were recorded 14-21 days before lamb-
ing for serological testing of Chlamydophila abortus
(for this purpose, the Complement Fixation Test was
used). In addition, to control the spread of infection,
samples were taken from clinically healthy 8 rams and
12 lambs aged 2-3 months. Paired serums were taken
from 10 pregnant ewes up to 48 hours after abortion
and 21 days later. 12 specimens of aborted foetuses
from 12 unvaccinated sheep in five herds were also
selected. Isolation of Chlamydophila abortus was car-
ried out using tissue samples (n=41). These were the
placental membranes of aborted sheep, the organs of
the aborted foetus (liver, spleen, and lungs), and tam-
pons with vaginal secretions. The obtained samples
were isolated, labelled, and stored in portable cooler
bags. Tampons with vaginal secretions were necessary
for the extraction of nucleic acid. The liver, spleen, and
lungs of the foetuses were frozen at a temperature of
-80°C until further use.
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Collection and preparation of samples for extrac-
tion of Chlamydophila abortus isolates. Samples for
research: pieces of placenta (n = 12), vaginal swabs
(n=05), foetal lungs (n=12), foetal liver (n=5), and foe-
tal spleen (n=7). The samples were subjected to crush-
ing, suspension in Dulbecco’s Modified Eagle’s Medium
(DMEM) nutrient medium, which contains L-glutamic
acid (4.9 mM), foetal bovine serum (10%), streptomy-
cin (100 pg/mL), gentamicin (50 pg/mL), and nystatin
(50 pg/mL) to obtain a 10% suspension. The suspension
was centrifuged at 2,000 rpm for 10-15 minutes. Next,
the supernatants were selected and portioned in small
volumes. A separate part of the supernatant was used
directly for Chlamydophila abortus on McCoy cell cul-
ture, and the other part was used for storage at -80°C.
Tampons with vaginal secretions, which were collected
for further cell culture inoculation, were placed in 1 mL
of sucrose phosphate-glutamate buffer and 0.1% bo-
vine serum albumin and contained at -80°C.

Isolation from chlamydia abortions. Subsequent
preparation of the isolates was carried out using sus-
tained passage devoid of intermediates on McCoy cell
culture that were suspended in a bioreactor in a DMEM
nutrient medium with 10% foetal bovine serum and
antibiotics at a concentration of 2x1%5 cells/mL. Al-
iquots of 2 mL of cellular suspension were distribut-
ed on mattresses with a flat bottom containing cover
glasses. Next - daily incubation at 37°C and obtaining
a single-layer culture. The somatotropic medium for the
cells was removed and duplicated with a material that
is being tested for the introduction of cells. After the in-
troduction of the material being tested, the flasks were
incubated for 120 minutes. Next, the liquid that was
inoculated was reduced and duplicated with a DMEM
substrate that contained antibiotics. After that, the cells
were kept in an incubator for up to a day, then the sub-
strate was refreshed again and incubated for 7 days.
Three to five days after passage, one cover glass was
fixed in methanol and enzyme-linked immunoassay
(ELISA) was performed directly to prove the presence of
Chlamydophila abortus in cell culture. The grown cells,
which turned out to be negative within 7 days after
passage, were inoculated again. This was done up to
three passages. Single-layer substrates of McCoy cells
were coated with a colouring reagent, which is part of
a set of fluorescent globulins for the diagnosis of Chla-
mydophila abortus. The single-layer culture was fixed,
washed, incubated, and studied under a CKX53 micro-
scope (Olympus,Japan).The control was uninfected cells.

RESULTS AND DISCUSSION

In the period from March to May 2024, the information
provided by LLP Research and Production Enterprise
‘Antigen” was analysed, where the following informa-
tion was recorded for anamnesis. Spring seasonality
in the farm was noted with recorded abortions, which
manifested itself over the past three years. This does




not match the data of A. Gojam and D. Tulu (2020), for
which the highest seasonal prevalence, namely 18.11%,
was recorded in the autumn period, and the lowest was
recorded in the summer period (2.22%). The clinical
pattern is similar: abortion on the last 21 days of lamb-
ing, stillbirth, prolonged placentitis, vaginitis, mastitis,
rare cases of the birth of ordinary clinically healthy but
weak lambs that died within two days. There have also
been cases of normal but dead lambs being born on
time, cases of simultaneous births from one sheep of a
dead, weak, and/or completely healthy lamb. Abortion
cases became more widespread in those technological
periods when the farmer kept sheep more crowded due
to lack of space.

The grounds for taking samples to identify isolates
of Chlamydophila abortus and recognising that this par-
ticular pathogen is the cause of abortions were clinical
symptoms and autopsy data: fresh abortions in sheep
in the last two to three weeks of pregnancy, placental
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necrosis, characteristic lesions of the lungs, liver, and
spleen in aborted foetuses. The liver tissue had infiltra-
tion zones in the area of the vascular bed, the lungs had
a thickened interalveolar wall. Placental lesions: qual-
itative and obvious thickening of the placental wall,
hyperaemia of internodes as a result of inflammation,
swelling of cotyledons, cream-coloured exudate that
covered the surface of the membranes. But all these
signs do not have a pronounced evidence material and
only laboratory tests give grounds to make a diagnosis.

To identify the causal chain of the relationship be-
tween Chlamydophila abortus and sheep abortions, a
systematic laboratory research analysis was conducted.
It consisted of testing the serum for specific antibod-
ies, then, in order to have a confirmed diagnostic con-
clusion, an ELISA was made on the cultural material.
Positive tests for complement fixation with chlamydia
antigen were obtained in 7 (23%) of the 30 animals that
were examined, 12 received positive results (Table 1).

Table 1. Animals seropositive to Chlamydophila abortus

Age and sex group Animal units Positive results (Two-Fold)
Rams 8 1
Ewes 12 4
Lambs (2-3 months old) 10 2
Total, animal units, % 30 7 (23%)

Source: compiled by the authors

This testing was confirmed by the detection of
Chlamydophila abortus from McCoy cell culture sam-
ples, which were given a preliminary analysis of “En-
zootic abortion of ewes caused by Chlamydophila abor-
tus”. ELISA confirmed the presence of the pathogen
in 60.9% of cases. 25 samples were obtained, which
received a positive ELISA result. To detect Chlamydo-
phila abortus using ELISA, the obtained smears were
stained with Fluorescein isothiocyanate-labelled

chlamydia antibodies and examined under a fluores-
cent microscope. The kit allowed to isolate specific
fluorescent antibodies of sheep, to recognise the ex-
ternal lipopolysaccharides of any known chlamydia.
The specimen was considered positive if inclusions
of a known chlamydial structure were revealed in the
form of bright apple-green spots after two passages.
Circular formations on a positive-coloured specimen
are chlamydia cells (Table 2).

Table 2. Results of cultivation of Chlamydophila abortus

Sample Number of passages per McCoy cell culture
Foetal lungs 16
Tampons with vaginal secretions 14
Foetal liver 13
Placenta 13
Foetal spleen 20

Source: compiled by the authors

The property of five isolates of sheep foetuses for
Chlamydophila abortus has been confirmed. Using all
diagnostic methods, namely clinical symptoms, patho-
logical autopsy, laboratory examination: serological, cell
culture cultivation, it can be concluded that 23% of the
examined animals were infected with Chlamydophila
abortus. Chlamydophila abortus is a causative agent of an
infectious disease of livestock, which has great negative

economic results, since it provokes enzootic abortions of
sheep, but is also a causative agent of human disease
(Mussayeva et al., 2023). This pathogen can also provoke
an endemic disease not only in small cattle, but also in
cattle, pigs, deer, horses, and domestic and agricultural
poultry can be a reservoir of the pathogen. Despite such
activity of this pathogen, there have been practically
no studies of it in Kazakhstan over the past five years.
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The pathogen is quite common, as evidenced by
the figure of 23% seropositivity obtained during the
study, which, given the possible errors in the study, is
close to 17% of those obtained by T.A. Al-Ahmed and
S.S. Salman (2020), and data from other countries: Chi-
na - 17.83%, Poland - 26.4%, Turkey - 26.92%. This is
significantly more than in Belgium - 1.69%, Ireland -
4.44%, India - 4.65% and significantly less than in Aus-
tralia - 45%, in Iran - 48.4%, in Taiwan - 51.35%. Per-
haps this figure also directly depended on the number
of sheep (the main type of farm animal that is suscep-
tible to Chlamydophila abortus infection) in the country.
In addition, the reasons for the difference in the data on
the prevalence of Chlamydophila abortus infection could
be different breeds in different countries, although
the study did not find scientific research on the topic
of pedigree predisposition to enzootic abortion. Farm
management, control over the biosafety of the farm,
specifics of laboratory diagnostic (for example, sam-
pling time, serological tests used, cross-reactivity of the
Chlamydophila abortus and Chlamydophila pecorum anti-
gens, etc.) were also of great importance (Mussayeva et
al.,2021).In addition, these data could be influenced by
the virulence of chlamydia strains, inherited immunity
among animals, constant influence on animals under
study, animals that are infected or animals and birds
that are reservoirs of the pathogen, an unregulated ban
on the transportation of sick livestock from the infected
area, organisation, quantity and quality of feed, grazing
tactics, parameters of samples that are being studied,
the type of serological test and its effectiveness (man-
ufacturer, test quality, compliance with shelf life and
storage of the test), the geography of the study.

The diagnosis of Chlamydophila abortus has be-
come more accurate with the addition of immuno-
fluorescence assays and PCR methods, this is a direct
recognition and determination of the pathogen, which
relies on clinical samples obtained from a source that
has already been previously diagnosed with chlamydia.
This stage of diagnosis detected Chlamydophila abor-
tus already in 60.9% of cases with the help of ELISA.
In addition, the use of PCR, according to F. Imkamp et
al. (2022), helped to detect Chlamydophila abortus even
in milk samples. This was confirmed by the data that the
pathogen was present in sheep’s milk more often and
more abundantly than in goat’s milk. The advantage of
PCR is its speed and relative reliability, while comply-
ing with all strict requirements for taking material for
research. X. Zhang et al. (2020) noted that in practice,
it was necessary to take PCR samples more than three
times and only on the fourth a positive result for Chla-
mydophila abortus was received. This means a negative
experience with PCR.

But this is not enough for a definitive diagnosis
and, nevertheless, suspension cultivation on McCoy
cells remains the gold standard of diagnosis, although
it is a long and time-consuming process. First of all, the
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correctness of the selection and storage of samples for
research was observed. All materials that were used to
isolate the pathogen for laboratory studies in case of
a forced delay between sampling and the first stage of
isolation were stored in a transport substrate (sucrose,
phosphate. glutamic acid, streptomycin) and at a tem-
perature of -80°C. This technology of using the McCoy
cell line enabled the application of the blind passage.
Accuracy was achieved by reducing the possibility of
missing positive samples by inoculating all samples in
cell cultures and using at least three blind passages
for all negative samples. In addition, the use of biore-
actor technology allows growing monocultures of only
one pathogen, ensuring the accuracy of the study while
avoiding the coinfection factor. If the required parame-
ters do not match, it is possible to eliminate any prob-
lems using biotechnological engineering. The stabili-
ty of the process and confidence in the results of the
study were facilitated by the working conditions with
the bioreactor, adjusted for the cultivation of a certain
pathogen: homogeneous temperature settings, a mod-
ular biosynthesis pathway, distribution among artificial
joint culture, maintenance of metabolic subunits with
the same physicochemical requirements. It also helps
to harmonise the development of cell culture compo-
sition and implement an all-encompassing biological
concept with the extraordinary technological and diag-
nostic requirements of the strains used. A user-friendly
biological system has been obtained, showing a syn-
thetically induced result without the use of a living
organism and without risk to the health of laboratory
staff. The flexibility of the study implies the cultivation
of crops from strains of Chlamydophila abortus from
samples collected from different farms or, if necessary,
from one with a long-lasting, but 100% result. This is
absolutely in line with the needs of the unified devel-
opment of Chlamydophila abortus.

Parasitism is caused by an identified metabolic in-
teraction with the cell in which the microbe is para-
sitising (Verzhykhovsky & Nedosekov, 2024). In this
regard, conventional bacteriological diagnostic meth-
ods cannot be used for this infection. Isolation of the
pathogen in in vitro cell culture is the “‘gold standard”
for the diagnosis of chlamydophila. The main element
of this diagnostic method is the infection of a monolay-
er cell culture with a material that contains chlamydo-
phylla. There are nuances of using this system, which
are that most bacteria of the family Chlamydiaceae also
have difficulties in the ability to reproduce in cell cul-
tures. To do this, several methodological techniques are
used that improve adsorption, trigger a process that
promotes its absorption by the cell, and inhibits the
usual metabolism of Chlamydiaceae on the surface of
the McCoy cell culture. These techniques are used in-
dividually or together. It is centrifugation of material
that is examined on the surface of cells with diethyl-
aminoethanol dextran-polycation, which activates the




adsorption of macromolecules by cells (chlamydia or
chlamydophilus), preparation of cells with 5-iodo-2-de-
oxyuridine or cycloheximide - antagonists that have
a cytotoxic effect, reducing the metabolic rate of host
cells and in parallel increasing the reproduction of
chlamydophilus. These elements were used in the pro-
cess of growing cell culture (DMEM substrate was used,
which contained antibiotics). There are outdated meth-
ods for fixing monolayers of cover glasses in methanol
and staining using Gimza or Gimenez techniques, mod-
ern methods that often use immunofluorescence with
species- or genus-specific antibodies, the modern ELISA
method was used in this study. But there is an element
of growing Chlamydophila abortus on McCoy cells that
has not been used. This is an increase in the activity
of chlamydia due to the chemical treatment of McCoy
cells before or during infection. This is a treatment with
substances such as cycloheximide (0.5 yg/mL), emetine
(1 pg/mL), 5-iodine-2-deoxyuridine (80 pg/mL). Practice
has shown that this was not necessary. O. Alzuguren
et al. (2023) investigated the growth of Chlamydophila
abortus on McCoy cell culture, which was not recorded
in this study. The researchers noted the blocks of infec-
tion formation that arose during the last hours of the
day after infection and grew, while the form of inclusion
was very different in different infected cells: multiple
inclusions were found in a fifth or almost half of those
cell populations that were infected during laboratory
testing. This feature of Chlamydophila abortus (separa-
tion of inclusions and their fusion) is a characteristic
feature for it and distinguishes it from the features of
other chlamydophiles grown on McCoy cell culture.

Unfortunately, in the practice of developing enzo-
otic abortion of ewes, time plays against the decision
to use the cultural method of diagnosis of Chlamydoph-
ila abortus with the cultivation on McCoy cell culture.
Indeed, this method is convenient for studying Chla-
mydophila abortus and confirms the presence of these
viable pathogens in the pathological material pro-
vided by the laboratory, but it is extremely time- and
labour-intensive and cannot be used on a permanent
basis as an absolute diagnostic tool. This diagnostic
tool is perfectly applicable for prolonged abortion of
sheep on a farm, when the evidence for the diagnosis
of Chlamydophila abortus is questioned, when there is
an opinion to believe the presence of other pathogens
that could cause an “abortion storm”. These are danger-
ous diseases such as brucellosis.

Cultural studies of Chlamydophila abortus can be
useful for the genomic study of this pathogen, the study
of modern strains, and the development of modern
safe and effective vaccines based on this information.
F. Buyuk et al. (2020) noted that studies using ELISA
help to classify positive infections in relation to their
optical density and provides an important basis for fu-
ture studies of possible effects even at the level limited
by the conditions of keeping and feeding the herd. This
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may cause a difference in the serological correspond-
ence of antibodies to Chlamydophila abortus from ani-
mals from the same farm. The ELISA diagnosticum was
not used in this study. Thus, in a study based on a sus-
pension culture of Chlamydophila abortus on a McCoy
cell culture, M. Sevik (2023) identified seven DNA se-
quences that made up the genome, and also confirmed
that Chlamydophila abortus is a highly monomorphic
group that does not have a conservative plasmid as-
sociated with virulence. S. Bommana and A. Polking-
horne (2019), in their genome-wide sequencing, stated
that although the clinical symptoms of infections asso-
ciated with chlamydia are different, their genomes are
conservative and have practically no species specificity.
In addition, the largest part of the isolates of Chlamydo-
phila abortus, which are marked internationally, show a
low level of variability of nucleotide sequences in their
genes. J.A. Origlia et al. (2019) noted that there was no
recombination among sequenced isolates, but a small
level of variation could interfere with the recognition
of recombination. In addition, an interesting question
was raised that calves can become infected with Chla-
mydophila abortus after birth, that is, not by the vertical
transmission factor, but by an alimentary route. This re-
quires verification and additional research.

In addition to the diagnosis on the farm from which
samples were taken to diagnose enzootic abortion
of ewes, no action was taken to stop the outbreak of
this disease. The availability of a sufficient number of
samples helped to verify the practical benefits for the
diagnosis of Chlamydophila abortus using suspension
culture technology in a bioreactor of this pathogen on
McCoy cell culture, but did not imply curation and re-
habilitation of the farm for the diagnosed disease. The
company implemented standard procedures for the
prevention of this disease in compliance with biosafe-
ty. But at the same time, the company has no history
of vaccination for enzootic abortions, there were no
changes in the conditions of maintenance and feeding,
the provision of preventive and medicinal products at
the time of the first cases of abortion in sheep in the
second or third week before lambing. There was evi-
dence that sheep were exposed to a two-hour outdoor
trip with a temperature of 5°C from one area to another
grazing area during a 60-minute movement. This could
give rise to an outbreak of the disease due to stress.
After the “abortion storm”, sheep were identified and
isolated to prevent the spread of infection through fae-
ces, vaginal secretions, remnants of foetal membranes,
etc. The sheep were carefully monitored, cared for, con-
stantly fed and monitored by the owner and the veteri-
nary service of the farm for a month. It was from these
animals that samples were taken for research.

The study conducted a diagnostic analysis after the
fact, when abortion had already occurred and tissue
samples were taken from females and the aborted foe-
tus. An interesting area of research may be the study of
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males for the transfer of the pathogen, for seropositivi-
ty, and the study of the course of infection separately in
them. There will also be factors of maintenance, feed-
ing, and management that differ from females.

CONCLUSIONS

There are various ways to diagnose Chlamydophila
abortus. Clinical symptoms and autopsy give reason
to suspect enzootic abortion caused by Chlamydophila
abortus. This has been tested in practice. The epizooto-
logical pattern (abortions of sheep in the last two to
three weeks of lambing, the birth of dead lambs, the
birth of weak lambs dying during the first two days of
life, the “storm of abortions”) only allow assuming that
the cause of abortion was the pathogen Chlamydo-
phila abortus. But only laboratory diagnostic methods
provide a basis for making a definitive diagnosis. The
cultural method used in this study is the most reliable
diagnostic method and is considered the “gold stand-
ard” of diagnosis for Chlamydophila abortus. Only the
molecular genetic diagnostic method is more accurate,
but immunological, serological, and morphological
methods are considered less reliable. Moreover, the
disadvantage of this diagnostic method is the length
of time to obtain the results.

In the study, using the suspension culture tech-
nique of the Chlamydophila abortus strain on McCoy cell
culture in a bioreactor, 60.9% of cases of positive re-
sults confirmed by enzyme-linked immunosorbent as-
say were obtained. The advantages of using a monolay-
er grown in a bioreactor are noted: reliability of results,
absence of coinfection, the possibility of visual control

of growth and development in McCoy cell culture. All
stages and materials necessary for cultivation in a bi-
oreactor have been tested in practice: preparation and
sampling, suspension in a DMEM nutrient medium, pas-
sivation on McCoy cell cultures that were suspended in
a bioreactor in a DMEM nutrient medium with 10% foe-
tal bovine serum and antibiotics, fixation of the results
of suspension cultivation of the Chlamydophila abortus
strain on McCoy cell cultures in a bioreactor using the
enzyme immunoassay method. This technology can be
used in practice to confirm the previously made prelim-
inary diagnosis of Enzootic abortion of ewes caused by
the pathogen Chlamydophila abortus.

Thus, 23% of samples from different age and sex
groups revealed infection with Chlamydophila abortus.
An ambiguous conclusion can be drawn that the cause
of abortions is infection with Chlamydophila abortus. It
has also been confirmed that sheep and lambs are res-
ervoirs of this infection. To improve the health of the
herd, it is necessary to prescribe treatment in the form
of antibiotic therapy to sick animals, separating animals
with a confirmed diagnosis in separate premises.

ACKNOWLEDGEMENTS

The research was carried out as part of the implemen-
tation of the grant funding competition for scientific
and (or) scientific and technical projects for 2022-2024,
Science Committee, Ministry of Science and Higher Ed-
ucation, Republic of Kazakhstan, IRN AR14870028.

CONFLICT OF INTEREST
None.

[1]

[2]

[3]

[4]

[5]
[6]

[7]

[8]

REFERENCES
Adesiyun, A.A., Knobel, D.L., Thompson, P.N., Wenzel, J., Kolo, F.B., Kolo, A.O., Conan, A., & Simpson, GJ. (2020).
Sero-epidemiological study of selected zoonotic and abortifacient pathogens in cattle at a wildlife-livestock
interface in South Africa. Vector Borne and Zoonotic Diseases, 20(4), 258-267. doi: 10.1089/vbz.2019.2519.
Akter, R., El-Hage,K.M., Sansom, F.M., Carrick,J., Devlin,J.M., & Legione,A.R.(2021). Metagenomic investigation
of potential abortigenic pathogens in foetal tissues from Australian horses. BMC Genomics, 22(1), article
number 713.doi: 10.1186/512864-021-08010-5.
Al-Ahmed, TA., & Salman, S.S. (2020). Seroprevalence of enzootic abortion and border disease in small
ruminants in Al-Basra province, Irag. Plant Archives, 20(2), 2722-2727.
Alzuguren, O., Dominguez, L., Chacén, G., Benito, A.A., & Mencia-Ares, 0. (2023). Infectious abortions in small
domestic ruminants in the Iberian Peninsula: Optimisation of sampling procedures for molecular diagnostics.
Frontiers in Veterinary Science, 10, article number 1152289. doi: 10.3389/fvets.2023.1152289.
Bommana,S., & Polkinghorne, A.(2019). Mini review: Antimicrobial control of Chlamydial infections in animals:
Current practices and issues. Frontiers in Microbiology, 10, article number 113. doi: 10.3389/fmicb.2019.00113.
Braun, C., Alcazar-Roman, AR., Laska, A., Mdlleken, K., Fleig, U., & Hegemann, J.H. (2019). CPn0572, the C.
pneumoniae ortholog of TarP, reorganizes the actin cytoskeleton via a newly identified F-actin binding domain
and recruitment of vinculin. PloS One, 14(1), article number e0210403. doi: 10.1371/journal.pone.0210403.
Bliyiik, F., Ozgen, E.K., Karakurt, E., Coskun, M.R., Biiyiik, E., Ozmen, M., Dag, S., Celik, E., Giilmez Saglam, A.,
Karadeniz Pitir, E., Ulucan, M., Nuhoglu, H., & Sahin, M. (2020). Accomplished management of chlamydophila
abortus-induced enzootic sheep abortions: The case of $Savsat (Turkey). Kafkas Universitesi Veteriner Fakultesi
Dergisi, 26(6), 777-785. doi: 10.9775/kvfd.2020.24380.
Campbell, LA., & Hahn, D. (2020). Chlamydia pneumoniae infections. In M. Tan, J.H. Hegemann &
C. Sutterlin (Eds.), Chlamydia biology: From genome to disease (pp. 31-58). London: Caister Academic Press.
doi: 10.21775/9781912530281.02.

Scientific Horizons, 2024, Vol. 27, No. 11



https://doi.org/10.1089/vbz.2019.2519
https://doi.org/10.1186/s12864-021-08010-5
https://www.plantarchives.org/SPL%20ISSUE%2020-2/452__2722-2727_.pdf
https://www.plantarchives.org/SPL%20ISSUE%2020-2/452__2722-2727_.pdf
https://doi.org/10.3389/fvets.2023.1152289
https://doi.org/10.3389/fmicb.2019.00113
https://doi.org/10.1371/journal.pone.0210403
https://doi.org/10.9775/kvfd.2020.24380
https://doi.org/10.21775/9781912530281.02

Krykbayev et al.

[9] Cheok,Y.Y.,, Lee, C.Y., Cheong, H.C., Looi, C.Y., & Wong, W.F. (2020). Chronic inflammatory diseases at secondary
sites ensuing urogenital or pulmonary chlamydia infections. Microorganisms, 8(1), article number 127.
doi: 10.3390/microorganisms8010127.

[10] Cheong, H.K., Lee, K.Y., Cheok, Y.Y., Tan, G.M., Looi, K.Y., & Wong, W.F. (2019). Chlamydiaceae: Diseases in primary
hosts and zoonosis. Microorganisms, 7(5), article number 146. doi: 10.3390/microorganisms7050146.

[11] Cingolani,J., McCauley, M., Lobley, A., Bryer, AJ., Wesolowski, J., Greco, D.L., Lokareddy, R.K., Ronzone, E., Perilla,
J.R., & Pomet, F.(2019). Structural basis for homotypic fusion of chlamydial inclusion bodies by the SNARE-like
protein IncA. Nature Communications, 10, article number 2747. doi: 10.1038/541467-019-10806-9.

[12] Cross,A.R.,Baldwin,V.M.,Roy, S., Essex-Lopresti,A.E., Prior,J.L., & Harmer,N.J. (2019).Zoonoses under our noses.
Microbes and Infection, 21(1), 10-19. doi: 10.1016/j.micinf.2018.06.001.

[13] Esmaeili, H., Bolourchi M., Mokhber-Dezfouli, M.R., Khaltabadi Farahani,R., & Teimourpour,A.(2021). Detection
of Chlamydia abortus and risk factors for infection in small ruminants in Iran. Small Ruminant Research, 197,
article number 106339. doi: 10.1016/j.smallrumres.2021.106339.

[14] European Commission. (2019). Bovine and swine diseases. Retrieved from https://food.ec.europa.eu/system/
files/2020-12/la_annual-situation_2019.pdf.

[15] Fayez, M., Elmoslemany, A., Alorabi, M., Alkafafy, M., Qasim, I., Al-Marri, T., & Elsohaby, I. (2021). Seroprevalence
and risk factors associated with Chlamydia abortus infection in sheep and goats in Eastern Saudi Arabia.
Pathogens, 10(4), article number 489. doi: 10.3390/pathogens10040489.

[16] Filardo, S., Di Pietro, M., & Sessa, R. (2022). Better in vitro tools for exploring chlamydia trachomatis
pathogenesis. Life (Basel, Switzerland), 12(7), article number 1065. doi: 10.3390/1ife12071065.

[17] Gojam, A., & Tulu, D. (2020). Infectious causes of abortion and its associated risk factor in sheep and goat in
Ethiopia. International Journal of Veterinary Science & Technology, 4(1), 7-12.

[18] Gu,W.,Deng, X., Lee, M., Sucu, Y.D., Arevalo, S., Stryke, D., Federman, S., Gopez, A., Reyes, K., Zorn, K., Sample, H.,
Yu, G., Ishpuniani, G., Briggs, B., Chow, E.D., Berger, A., Wilson, M.R., Wang, C., Hsu, E., Miller, S., DeRisi, J.L., &
Chiu, C.Y. (2021). Rapid pathogen detection by metagenomic next-generation sequencing of infected body
fluids. Nature Medicine, 27(1), 115-124. doi: 10.1038/s41591-020-1105-z.

[19] Hahn, D.L. (2021). Chlamydia pneumoniae and chronic asthma: An updated systematic review and population-
based risk meta-analysis. PLoS One, 16(4), article number e0250034. doi: 10.1371/journal.pone.0250034.

[20] Imkamp, F.,Albini, S., Karbach, M., Kimmich, N., Spinelli, C., Herren, S., Sprecher, R., Meier, K., & Borel, N. (2022).
Zoonotic Chlamydiae as rare causes of severe pneumonia. Swiss Medical Weekly, 152, article number w30102.
doi: 10.4414/smw.2022.w30102.

[21] Kirimbayeva, Z., Abutalip, A., Mussayeva, A., Kuzembekova, G., & Yegorova, N. (2023). Epizootological
monitoring of some bacterial infectious diseases of animals on the territory of the Republic of Kazakhstan.
Comparative Immunology, Microbiology and Infectious Diseases, 102, article number 102061. doi: 10.1016/].
€imid.2023.102061.

[22] Komar, A., Kozerecka, O., Besarab, O., & Galkin, A. (2019). Development and validation of a highly informative
immuno-enzymatic analysis for the determination of free prostat-specific antigen. Innovative Biosystems and
Bioengineering, 3(4), 220-231. doi: 10.20535/ibb.2019.3.4.185877.

[23] Kvapil, P.,Racnik,J., Kastelic, M., Markova, J., Murat,J.B., Kobédova, K., Pittermannova, P, Budikova, M., Sedlak, K.,
& Bartova, E. (2021). Biosurveillance of selected pathogens with zoonotic potential in a zoo. Pathogens (Basel,
Switzerland), 10(4), article number 428. doi: 10.3390/pathogens10040428.

[24] Longbottom,D.,Livingstone, M.,Ribecca, P.,Beckman,D.,van der Ende,A.,Pannekoek,J., & Vanrompuy,D.(2021).
Whole genome de novo sequencing and comparative genomic analyses suggests that Chlamydia psittaci
strain 84/2334 should be reclassified as Chlamydia abortus species. BMC Genomics, 22(1), article number 159.
doi: 10.1186/512864-021-07477-6.

[25] Mussayeva, A., Yegorova, N., Namet, A., Kozhabayev, M., & Syrym, N. (2023). Salmonella sheep
abortion: Distribution, diagnosis, and control measures. Journal of Applied Animal Welfare Science.
doi: 10.1080/10888705.2023.2214272.

[26] Mussayeva, A., Yegorova, N., Yerishov, M., Dossanova, A., Suchshikh, V., Namet, A., Siyabekov, S., Nussupova, S.,
Yespembetov, B., & Syrym, N. (2021). Molecular-biological properties of the attenuated strain of salmonella
abortus-equi E-841, used in the creation of a vaccine against abortion of mares. American Journal of Animal and
Veterinary Sciences, 16(2), 144-150. doi: 10.3844/ajavsp.2021.144.150.

[27] Nogarol, C., Marchino, M., Scala, S., Belvedere, M., Renna, G., Vitale, N., & Mandola, M.L. (2024). Seroprevalence
and risk factors associated with chlamydia abortus infection in sheep and goats in North-Western Italy.
Animals, 14(2), article number 291. doi: 10.3390/ani14020291.

Scientific Horizons, 2024, Vol. 27, No. 11

29


https://doi.org/10.3390/microorganisms8010127
https://doi.org/10.3390/microorganisms7050146
https://doi.org/10.1038/s41467-019-10806-9
https://doi.org/10.1016/j.micinf.2018.06.001
https://doi.org/10.1016/j.smallrumres.2021.106339
https://food.ec.europa.eu/system/files/2020-12/la_annual-situation_2019.pdf
https://food.ec.europa.eu/system/files/2020-12/la_annual-situation_2019.pdf
https://doi.org/10.3390/pathogens10040489
https://doi.org/10.3390/life12071065
https://www.sciresliterature.org/Veterinary/IJVST-ID29.pdf
https://www.sciresliterature.org/Veterinary/IJVST-ID29.pdf
https://doi.org/10.1038/s41591-020-1105-z
https://doi.org/10.1371/journal.pone.0250034
https://doi.org/10.4414/smw.2022.w30102
https://doi.org/10.1016/j.cimid.2023.102061
https://doi.org/10.1016/j.cimid.2023.102061
https://doi.org/10.20535/ibb.2019.3.4.185877
https://doi.org/10.3390/pathogens10040428
https://doi.org/10.1186/s12864-021-07477-6
https://doi.org/10.1080/10888705.2023.2214272
https://doi.org/10.3844/ajavsp.2021.144.150
https://doi.org/10.3390/ani14020291

30

Technologies of suspension cultivation in bioreactor...

[28] Nyzhnyk,B.,Valchuk,O.,Kataieva,T.,Dreval,D., & Derkach,.(2024). Common causes of abortion in cows. Scientific
Reports of the National University of Life and Environmental Sciences of Ukraine, 20(1), 1-18. doi: 10.31548/
dopovidi.1(107).2024.020.

[29] Origlia, J.A., Cadario, M.E., Frutos, M.S., Lopez, N.F., Corva, S., Unzaga, M.F., Piscopo, M.V, Cuffini, C., &
Petruccelli, M.A. (2019). Detection and molecular characterization of Chlamydia psittaci and Chlamydia abortus
in psittacine pet birds in Buenos Aires province, Argentina. Revista Argentina de Microbiologia, 51(2), 130-135.
doi: 10.1016/j.ram.2018.04.003.

[30] Ozgiir,K.(2022). Molecular and histopathologic investigation of Pestivirus, Chlamydophila abortus and Listeria
monocytogenes infections in aborted sheep foetuses. Journal of the Hellenic Veterinary Medical Society, 73(1),
3889-3896.doi: 10.12681/jhvms.26289.

[31] Rennick, JJ., Johnston, A.P., & Parton, R.G. (2021). Key principles and methods for studying the endocytosis
of biological and nanoparticle therapeutics. Nature Nanotechnology, 16, 266-276. doi: 10.1038/s41565-021-
00858-8.

[32] Sevik, M. (2023). Border disease virus and chlamydophila abortus co-infection in aborted sheep foetuses.
Journal of the Hellenic Veterinary Medical Society, 74(3), 5961-5964. doi: 10.12681/jhvms.30570.

[33] Tyrunskiy, V., Bogdanova, N., & Lyutskanoy, P. (2023). Protective properties of the fleece of Taurian ewesof the
Askanian fine fleece breed depending on the breeding differentiation rank. Animal Science and Food Technology,
14(2),76-88.doi: 10.31548/animal.2.2023.76.

[34] Verzhykhovsky, O., & Nedosekov, V. (2024). Key aspects of biosafety in modern animal husbandry. Ukrainian
Journal of Veterinary Sciences, 15(3), 41-54. doi: 10.31548/veterinary3.2024.41.

[35] Zhang, X., Yang, Q., Lang, Y., Jiang, X., & Wu, P. (2020). Rationale of 3,3,5,5-tetramethylbenzidine as the
chromogenic substrate in colorimetric analysis. Analytical Chemistry, 92(18), 12400-12406. doi: 10.1021/acs.
analchem.0c02149.

Scientific Horizons, 2024, Vol. 27, No. 11



https://doi.org/10.31548/dopovidi.1(107).2024.020
https://doi.org/10.31548/dopovidi.1(107).2024.020
https://doi.org/10.1016/j.ram.2018.04.003
https://doi.org/10.12681/jhvms.26289
https://doi.org/10.1038/s41565-021-00858-8
https://doi.org/10.1038/s41565-021-00858-8
https://doi.org/10.12681/jhvms.30570
https://doi.org/10.31548/animal.2.2023.76
https://doi.org/10.31548/veterinary3.2024.41
https://doi.org/10.1021/acs.analchem.0c02149
https://doi.org/10.1021/acs.analchem.0c02149

Krykbayev et al.

TexHonorii cycneHsinHoro KynbTMByBaHHSA
B 6iopeakTopi wtamy Chlamydophila abortus Ha KynbTypi KnituH McCoy
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AHoTauis. MeTolo oocnigKeHHs 6yno BUMBYEHHS KyNbTypanbHOro Metody miarHoctuku Chlamydophila abortus. Ons
upboro Ha 6asi TOO HaykoBo-BMpPOOHMYOro NiANPUEMCTBA «AHTUreH» MpoBoAMnaca nabopaTopHa AiarHoCTuKa
naTonoriyHoro Matepiany 3 depmu, ae, FpyHTYUUCh Ha AaHUX aHaMHE3Y, aHWX BUHUKHEHHS MOAIBHOI eni300TUYHOI
KapTMHM 33 OCTaHHi ABa pOKM, OMSAY Ta AiarHOCTUYHMX MaHINynauin (KNiHIYHI CMMNTOMM, OaHi PO3TUHY,
€ni300TONOriYHMIA aHaMHe3), ByNo NocTaBneHO nonepenHii AiarHo3 «EH300TMYHMIA aBOPT OBeLb, CMPUYMHEHUN
Chlamydophila abortus». Jns nioTBepoXKEHHS LbOro fAiarHo3y Oyno BifLibpaHo npobw 3 opraHiB nnogis, WO
abopTyBanMCa, TaMMNOHM 3 BariHaibHUM BMiCTOM. TeCTM Ha diKcaLito KOMNAEMEHTY X1aMiAiAHUM aHTUIEHOM BUSIBUIIUCS
No3UTUBHUMK Y 7 (23 %) i3 30 TBapwmH, siki 6ynu obcTexeHi. [1ns BUAINEHHS natoreHa BUKOPWCTOBYBANacs TEXHONOT IS
CycneH3iiMHOro KynbTMBYBaHHs B 6iopeakTopi wramy Chlamydophila abortus Ha kynbTypi kniTnH McCoy. [301b0BaHUM
MaToNOriYHMI MaTepian BMPOLLYBanM B KynbTypi KAiTMH Makkos, fKi cycneHoyBanu B H6iopeakTopi B MOXWBHOMY
cepepnosuue Irna B Mmogudikauii Qynsbekko (DMEM) 3 10 % deTanbHO 6M4auO0 CMPOBATKOK Ta aHTMBIioTUKaMu
B KOHUeHTpauii 2x105 knituHu/Mn. MiaTBEpAXKEHHSAM YCMILWHOTO pe3ynbsTaTy KynbTUBYBaHHS 6yB iMyHOhDepMEHTHWMI
aHanis. IMyHodepMeHTHMI aHani3 NiaTBEpAMB HasABHICTb naTtoreHa B 60,9 % Bunaakis. byno oTpumaHo 25 3paskis,
AKi OTPUManM NO3UTUBHUI pe3ynbTaT. TakKMM YMHOM TOYHICTb KYyNbTYpasbHOrO MeTOoAy AiarHOCTUKM BUSBMNACS
BMLLOKO Maixe B 3 pa3u MOPIBHAHO i3 CEpONOriYHMM MeToAOM AiarHOCTUKKU. CeponoriyHe AO0CNIOXKEHHS BUSBUIO
23 % HassHocTi Chlamydophila abortus y npobax, a KynbTypanbHUiM MeToA AiarHOCTUKKU BUSBMB 60,9%. Ha xanb, Ha
NPAKTULL BUKOPUCTAHHA KYNbTYPanbHOro MeTOAy AiarHOCTUKM MNOBS3aHE 3 PO3TATHYTUM Yy Yaci pe3ynbTaToM, Lo €
HeLoiKOM LbOro cnocoby AiarHOCTUKM MOPIBHSHO 3 BUKOPUCTAHHSAM MOJ1iMepa3Hoi IAaHLIOroBoi peakwii

KniouoBi cnoBa: nabopatopHa fiarHoCT1Ka; ApibHa porata xyf06a; eH300TUUYHMIA abOPT OBeLb; BHYTPILUHbOKAITUHHUIA
napasuTuU3M; KyNbTypasbHUI METOA, AiarHOCTUKM; iIMyHOPEPMEHTHUIM aHani3
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