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Abstract. The aim was to theoretically substantiate and develop practical recommendations for a comprehensive
biotechnological approach to disease prevention, specially adapted to the regional conditions of southern Ukraine.
The materials were processed using methods of theoretical and methodological analysis, systematic and comparative
analysis, analytical and synthetic generalisation, analogy and methodological design of practical recommendations.
As a result of the study, the epizootic process of coccidiosis in piglets in farms in southern Ukraine was interpreted as
being sustained by a combination of the environmental reservoir of Cystoisospora suis oocysts and technologically
induced repeated contamination of bedding and production surfaces. The key factors determining the invasive
pressure in the holding sections are the interaction of the microclimate of the premises with the modes of moistening/
drying of substrates within the technological cycle, in particular during prolonged periods of high temperatures
in the warm season and the presence of local areas of stable moisture. On this basis, prevention is described as
managing the links “source of invasion - environment - susceptible contingent” with priority given to measures
that reduce the persistence of invasive material between batches and limit the re-seeding of the environment. The
Llimits of applicability of monochemical schemes in systems where the environmental component of transmission is
preserved are justified, and the risks relevant to the microbiome, biosafety and environmental consequences of the
prolonged presence of anticoccidial agents are outlined. A criteria-based intervention assessment scheme has been
operationalised through a coordinated set of indicators reflecting parasitological, clinical and production outcomes.An
integrated protocol has been proposed that combines sanitary and hygienic contamination control, biotechnological
interventions, and standardised monitoring based on the “before/after” principle. The practical significance lies
in the possibility of implementing a unified algorithm for prevention and control in farms in southern Ukraine
with reproducible performance evaluation and comparability of effects between sections and production cycles
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INTRODUCTION
Coccidiosis in piglets associated with Cystoisospora suis
is a problem of manageability in the early stages of
rearing in industrial pig farming, since even short-term
enteropathies quickly convert into measurable losses in
productivity (weight gain, feed conversion), an increase
in culling rates and higher costs for treatment and pre-
ventive measures. For the southern regions of Ukraine,
the relevance is exacerbated by a combination of high
temperatures during the warm season and microclimat-
ic conditions in the housing sections (local humidity of
bedding/surfaces, uneven drying between technolog-
ical cycles), which contributes to the preservation of
the environmental reservoir of oocysts and repeated
contamination. Under such conditions, drug prophylaxis
may demonstrate limited stability of effect if techno-
logical transmission routes are not controlled. In ad-
dition, the importance of biosafety and environmental
justification of protocols (impact on intestinal ecology,
selective resistance pressure, consequences of waste
management) is increasing, which determines the need
for integrated solutions with standardised monitoring
of parasitological, clinical and production indicators.

In production conditions, early chemoprophylaxis
of coccidiosis in piglets was considered as one of the
approaches to reducing the intensity of oocyst excre-
tion and the frequency of diarrhoeal syndromes in the
suckling period. In a field study by V. Skampardonis et
al. (2010), the effect of toltrazuril in suckling piglets
with natural infection with Isospora suis was analysed
using productive and epizootological relevant indica-
tors, which allowed linking pharmacological interven-
tion with the course of invasion at the group and farm
levels. Clarifying the role of the environmental reser-
voir of invasion required tools capable of reflecting
not only faecal oocyst excretion, but also the level of
contamination of technological surfaces and critical
areas of the machine. H. Loesing et al. (2025) evaluat-
ed the sponge sampling approach in combination with
real-time PCR for the detection of Cystoisospora suis
in environmental and faecal samples on piglet farms,
which expanded the methodological basis for monitor-
ing by including “‘environmental” samples in the epizo-
otic surveillance system. These results were considered
as a methodological basis for constructing a diagnostic
contour in which the assessment of prevention effec-
tiveness included indicators of environmental contami-
nation along with coprological control data.

In a study by H.G. Araujo et al. (2020) described the
diversity of enteric coccidia in pigs in the semi-arid re-
gion of Northeast Brazil, confirming the presence of
several coccidian agents in the herd and emphasising
the usefulness of species verification in the analysis of
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protozoa. In the context of controlling coccidiosis in
piglets, these data were interpreted as an argument in
favour of differentiated diagnosis, where the detection
of oocysts in faeces was considered taking into account
the potential polyetiological nature of the coccidiosis
background. G. Deak et al. (2024) in a field study on in-
tensive farms in south-eastern Spain simultaneously
evaluated the effectiveness of prophylactic toltrazuril
and the diagnostic detectability of Cystoisospora suis
in 1-3-week-old piglets using flotation-concentration
approaches for oocyst detection. It was shown that oo-
cysts were detected in all farms, and the risk/frequency
of detection was associated with age, the presence of
diarrhoea and certain housing parameters (in particu-
lar, the type of pen flooring), which emphasised the im-
portance of environmental reservoirs and management
alongside pharmacological prophylaxis.

A. Jankowska-Makosa et al. (2023) analysed the
level of parasitic infection in pigs as an indicator of
production sustainability, linking parasitic load to farm
productivity and resource costs. The study demon-
strates the practical feasibility of including parasitic
disease indicators in the “health-productivity-resource
efficiency” assessment system, which allows for the
justification of preventive programmes as an element
of sustainable pig farming management. A. Shrestha et
al. (2015) presented Cystoisospora suis as a model of
mammalian cystoisosporosis, systematising the key
links in pathogenesis and age windows of greatest sus-
ceptibility in suckling piglets. The publication summa-
rises that early damage to enterocytes and disruption
of the mucosal barrier function create the conditions
for clinical diarrhoea and secondary complications,
and therefore control must take into account not only
the pharmacological component, but also environ-
mental factors and husbandry techniques. E. Straberg
& A. Daugschies (2007) experimentally evaluated the
effectiveness of a cresol-containing agent for inacti-
vating oocysts and reducing infectious pressure under
production conditions, demonstrating the suitability of
disinfection as a means of breaking the transmission
cycle. The results justified the inclusion of targeted dis-
infection protocols in control programmes as a tool to
reduce contamination of critical areas of the machine
and bedding. As noted by O.Bohach et al. (2023) in their
work, cases of mixed infections, such as isosporosis
with cryptosporidiosis, require attention. Such associa-
tions of pathogens are characterised by a more severe
clinical course and require the development of special
comprehensive treatment and prevention protocols.
The authors emphasised the importance of accurate
diagnosis of each component of the infestation for the



prescription of effective therapy, as different protozoa
may have different sensitivities to drugs.

The scientific reviews, including the work of
J.P.Dubey & M.Santin (2025), systematise fundamental
knowledge about coccidiosis. The authors stated that
Cystoisospora suis remains the main causative agent
of coccidiosis in piglets worldwide, and its life cycle
and pathogenesis are well studied. In their review,
the authors also discussed current trends in diagno-
sis, prevention and control, providing a comprehen-
sive basis for further research and practical solutions.
An understanding of the geographical distribution of
pathogens is necessary for the development of region-
ally adapted control strategies. The study by H. Han et
al. (2024) focuses on this aspect: the authors conduct-
ed a scoping review of coccidia species parasitising
pigs of the genus Sus and analysed their distribution
worldwide. This work emphasises that the epizootio-
logical picture may vary from region to region, which
is critical for planning effective national and local dis-
ease control programmes.

Despite the large number of publications, most
studies focus on specific aspects of coccidiosis in pigs,
such as the prevalence of the pathogen or the identifi-
cation of risk factors, without simultaneously analysing
biological, technological and regional climatic factors.
Some of the studies are regionally specific or based on
cross-sectional survey data, which limits the possibility
of comparing results between different husbandry sys-
tems. In addition, there is a lack of systematic data in
the literature on comprehensive preventive approaches
combining biotechnological solutions and elements of
production management, as well as a lack of studies
aimed at analysing the specifics of coccidiosis control
in pig farms in southern Ukraine. The aim of the work
was to conduct a theoretical analysis of modern bio-
technological approaches to the prevention and control
of coccidiosis in piglets and to summarise scientific and
production data, taking into account the climatic char-
acteristics of southern Ukraine. To achieve this goal,
three main tasks were identified: to analyse the impact
of specific climatic conditions of the region on the ep-
izootology of coccidiosis; to assess the limitations of
traditional methods of chemical prevention; to system-
atise modern biotechnological solutions (vaccination,
immunostimulation, probiotics and prebiotics) and jus-
tify their adaptation to local production realities.

MATERIALS AND METHODS
The methodological basis of the study was formed
within the framework of a theoretical and empirical ap-
proach and was based on a combination of theoretical
analysis of scientific sources with the generalisation of
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quantitative and qualitative data from previous exper-
imental and field studies and the application of a set
of complementary methods: theoretical and methodo-
logical analysis, system analysis, comparative analysis,
analytical and synthetic generalisation, the analogy
method, and the methodical design of practical rec-
ommendations. This approach was applied taking into
account the climatic and production characteristics of
pig farms in southern Ukraine, which are characterised
by elevated temperatures and conditions that affect the
survival and circulation of Cystoisospora suis oocysts.
The object of the study was the process of prevention
and control of coccidiosis in piglets in industrial pig
farms. The subject of the study was biotechnological
approaches to the control of coccidiosis, in particular
the use of vaccines, probiotics and prebiotics, as well as
the features of their integration into the system of pre-
ventive measures, taking into account regional climat-
ic factors. Data collection and selection for theoretical
and empirical generalisation was carried out based on
publications from 2019-2025, taking into account their
relevance to the topic of Cystoisospora suis control in
pig farming and regional climatic conditions similar to
those in southern Ukraine. The analysis included sourc-
es containing measurable parasitological, clinical and/
or production outputs (oocyst excretion/infestation,
frequency of diarrhoea/enteritis, weight gain, feed con-
version, mucosal morphometry, resistance indicators),
as well as describing the methods of diagnosis, preven-
tion and management used in farms or controlled ex-
periments. Additional criteria were full-text availability,
clarity of design and the ability to compare results on
a ‘control/intervention” or “before/after” basis within
a specific study. The study employed theoretical and
methodological analysis to substantiate the impact of
climatic conditions in southern Ukraine on the life cycle
of Cystoisospora suis, as well as to analyse the immune
and microbiome mechanisms involved in the formation
of antiparasitic protection in pigs. Within this approach,
current ideas about the pathogenesis of coccidiosis, the
interaction of the pathogen with the intestinal microbi-
ome and the immune system of animals were analysed.
This method was applied using regional data from the
Odessa region and generalisations about risk factors
and the spread of invasions (Bohach et al., 2024), as
well as observational data for European farms with
similar climatic conditions and different levels of bios-
ecurity/hygiene (Nunes et al., 2023).

System analysis was used to integrate data on re-
gional climatic conditions, epizootic pressure, chem-
oprophylaxis limitations, and the potential of bio-
technological solutions into a single cause-and-effect
logic for coccidiosis control. Within this approach,
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production and microclimatic factors were operation-
alised as controllable determinants of invasive pres-
sure, in particular the moistening/drying regime of
substrates, the presence of persistent wet areas (near
drinking troughs, in washing areas and areas where
liquid fractions accumulate), ventilation parameters
and stocking density, which determined the rate of
surface drying and the duration of preservation of in-
vasive material. The effectiveness of preventive strat-
egies was assessed using multiple criteria: taking into
account productive and clinical indicators, changes in
the intestinal ecosystem (microbiome/signs of dysbi-
osis and barrier indicators), biosafety risks (formation/
spread of antimicrobial resistance) and the environ-
mental acceptability of use (persistence of active sub-
stances and potential environmental contamination).
Within this method, sources describing the seasonal/
microclimatic interaction between host and pathogen
and the influence of season, age and management
practices on parasitic diseases in pigs (Fay et al., 2025;
Senanayake et al., 2025), combined with regional ma-
terials on the structure of protozoan invasions and
farm typology (Bogach & Avhitova, 2019).

Comparative analysis was used according to clearly
defined criteria of efficacy and safety, namely: average
daily gains, feed conversion, frequency of diarrhoea
syndrome in risk groups, morphometric indicators of
the mucosa (height of villi in the small intestine) and
indicators of non-specific resistance (in particular, the
phagocytic index). The effectiveness was assessed us-
ing the “before/after” principle by comparing the spec-
ified indicators in comparable groups/conditions. This
method was implemented based on data on the effec-
tiveness of protozoal drugs in cases of associative inva-
sions in regional conditions (Bogach & Avhitova, 2019).
For the biosafety component, data on the risks of re-
sistance selection when using ionophores (Simjee &
Tice, 2023) ecological pathways and consequences of
ionophore persistence in livestock systems (Alam et
al., 2025), and pharmacological characteristics of the
drug group as a basis for biosafety/environmental cri-
teria (Dowling & Baptiste, 2024).

Analytical and synthetic generalisation was used to
convert data from selected publications into a compa-
rable array of indicators and subsequently form gener-
alised conclusions. At the analytical stage, the following
were extracted from each source comparison design
(control/intervention or “before/after”), type of interven-
tion and measured outcomes (oocyst excretion/infesta-
tion, diarrhoea, weight gain, conversion, mucosal mor-
phometry, resistance indicators) were extracted from
each source, together with the direction and magnitude
of the effect. At the synthetic stage, these data were
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coded according to the “target - indicator > outcome”
scheme and summarised (formation of effect intervals
and a minimum set of monitoring indicators), without
conclusions that are not confirmed by the actual indi-
cators presented. Analytical and synthetic generalisa-
tion was carried out on the basis of sources describing
the acquired intestinal immune response to coccidiosis
and the principles of vaccine prophylaxis, antigenic/
immunogenic properties of gametogenic antigens of
coccidia as potential vaccine targets, and features of
antiparasitic immunity in pigs (Baker et al., 1994; Lil-
lehoj & Lillehoj, 2000; Wang et al., 2025). Additionally,
approaches to mucosal vaccines for parasitic infections
and generalisations regarding coccidiosis in pigs rel-
evant to the interpretation of age susceptibility and
immune responses were taken into account (Joachim
& Shrestha, 2019; Kato, 2020). Empirical data on com-
bined regimens (vaccine + probiotic complex) were used
to summarise typical indicators of the effect on produc-
tivity and microbiota under controlled infection (Cai et
al.,2023).To clarify the mechanisms of mucosal protec-
tion and current alternatives to antibiotics, reviews on
advances in the study of immunity in coccidiosis and
antibiotic replacement strategies, as well as data on
the mucosal immune response in gastrointestinal hel-
minthiasis as a comparable model of barrier resistance,
were used (Lee et al.,2022; Palkumbura et al., 2024). For
the block of immunomodulatory approaches and pre-
vention practices, additional sources were considered
that highlighted the role of vaccination in controlling
infections/zoonoses in pigs and data on changes in
immunological parameters when using dietary supple-
ments in pig feed (Klikin et al., 2024; Arutkumaran et
al., 2025). Microbiome-oriented interventions (probi-
otics/prebiotics) were also analysed with quantitative
indicators of productivity, morphofunctional state of
the mucosa and clinical indicators (Agazzi et al., 2020;
Begma, 2023; Kolechko et al., 2023).

The analogy method was used to adapt individu-
al approaches tested in related livestock sectors, with
subsequent adjustments in line with the biological
and production characteristics of pig farming. As part
of this method, the principles of controlling the trans-
mission of Cystoisospora suis through the prophylactic
use of toltrazuril were transferred to the logic of in-
tegrated prevention programmes combining manage-
ment and biological interventions (Lara et al., 2022).
In addition, technologically proven vaccine strategies
against coccidia in poultry farming and framework ap-
proaches to replacing antibiotics in pig/poultry farm-
ing were used as reference examples (Albanese et
al., 2018; Thong & Duc, 2022). The correctness of the
transfer to pig farms was clarified taking into account



clinical and practical provisions regarding restric-
tions on the routine use of antibiotics and strategic
arguments in favour of the development of veterinary
vaccines as a long-term tool for controlling parasit-
ic diseases (Sander et al., 2020; Memon et al., 2022;
Burrough et al., 2025). At the final stage, recommen-
dations were developed aimed at forming a theoret-
ically sound algorithm for the comprehensive use of
biotechnological agents in the coccidiosis prevention
system, taking into account regional conditions.

RESULTS
The influence of climatic conditions
in Southern Ukraine on the formation
of the epizootic situation of coccidiosis
The climatic conditions of southern Ukraine determine
the specifics of the epizootic process of cystoisosporo-
sis in piglets, primarily due to the dependence of the
extra-organism stages of the pathogen on temperature
and humidity. At elevated temperatures combined with
sufficient humidity, the transition of oocysts to the in-
vasive form (sporogony) is accelerated, and in the pres-
ence of moist substrates, the period of their viability
is prolonged. Thus, for farms in the region, it is not so
much the average climatic indicator that is important,
but how the climate is realised within the premises -
through the regime of moistening and drying of litter,
surfaces and equipment between technological cy-
cles. In production conditions, this manifests itself in
the fact that even under the same external weather
conditions, the invasive pressure can vary depending
on ventilation, stocking density, local water sources
(drinking troughs, washing, leaks), accumulation of
liquid manure fractions and the frequency of sanitary
treatment of sections.

The clinical and pathogenetic manifestations of
coccidiosis reinforce this dependence, since damage
to the small intestine in early-age piglets is accom-
panied by a disruption of the barrier function, chang-
es in the architecture of the mucous membrane, and
the development of diarrhoea syndrome. Diarrhoea in
this system has not only clinical significance, but also
epizootic significance: increased moisture content of
faecal masses and increased contamination volume
contribute to the formation of local wet micro-foci in
the pen and increase the likelihood of invasive material
remaining in substrates that do not dry out completely.
Thus, maintaining moisture in the section creates con-
ditions under which rapidly maturing oocysts are pre-
served long enough to ensure repeated contamination
of surfaces and transmission of the invasion between
groups or between successive batches of piglets. For the
southern regions of Ukraine (Odesa, Kherson, Mykolaiv,
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Zaporizhzhia),the warm season is characterised by tem-
perature conditions that shorten the maturation of oo-
cysts, and in the presence of moisture in the substrates,
the viability of the invasive material is maintained
within a time frame sufficient to maintain circulation
within the technological cycle. In practical terms, this
means that the key controllable factor is not the hot
season itself, but the ability of the farm to ensure com-
plete drying of surfaces and bedding between cycles of
detention and to minimise areas of chronic moisture.
It is these points (wet areas of the floor, areas under
drinkers, places where liquid fractions accumulate) that
determine the persistence of contamination and the
re-seeding of the section with invasive material.

Empirical observations for the Odessa region are
consistent with this logic: the infection rate of suck-
ling piglets with Cystoisospora suis at 40.3% reflects the
preservation of invasive material in the environment
and the presence of conditions for its maintenance in
critical areas of the section (Bohach et al., 2024). At
the same time, data from European farms show that
under similar climatic conditions, the spread of the
invasion varies significantly depending on the level
of biosecurity and hygiene, i.e., the climate acts as a
backdrop against which management decisions are
made (Nunes et al., 2023). In this context, technological
variables - the frequency and quality of sanitation, the
organisation of animal flows, adherence to the princi-
ple of “everything is empty - all occupied” principle, and
humidity control in the section - become factors that
either break the chain of transmission or, conversely,
stabilise repeated contamination (Fay et al., 2025; Se-
nanayake et al., 2025). An additional argument in fa-
vour of the decisive role of hydrothermal conditions is
that within the Northern Black Sea region, shifts in the
structure of protozoan invasions are recorded depend-
ing on the humidity of the area. Under conditions of a
summer decrease in the hydrothermal coefficient (0.3-
0.5), the incidence of Isospora suis in suckling piglets
was 27.6% and Cryptosporidium spp. 6.9%, while in more
humid areas (1-1.4), the infestation rate of Cryptosporid-
ium spp. was 18.5% higher (Bogach & Avhitova, 2019).
These ratios indicate that the water regime of the en-
vironment (both at the level of the microclimate of the
premises and at the level of local natural and climatic
differences) can influence not only the intensity of pro-
tozoan load, but also the profile of dominant agents,
which should be taken into account when selecting
prevention priorities.

The dependence of protozoan intensity on the type
of farm is also indicative: the overall infestation rate in
large farms (>100 sows) was 41.5%, in medium-sized
farms (25-100) - 66.1%, in small farms (<25) - 77.9%,
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and the proportion of mixed infections in small farms
reached 36.9%, with mono-infections predominating in
large farms (74.9%). These data support the conclusion
that, given the climatic conditions of the region, or-
ganisational and hygienic practices and environmental
humidity management remain decisive factors in de-
termining the frequency of re-contamination and the
conditions for the transmission of invasive material. As
a result, the combination of warm season temperature
and humidity conditions and the maintenance of mois-
ture in the substrates leads to the formation of con-
stant Cystoisospora suis infestation pressure in farms in
southern Ukraine, which persists due to repeated con-
tamination of sections between technological cycles.

Disadvantages
of traditional chemoprophylactic approaches
in regional conditions
In industrial pig farming, chemoprophylaxis of coccidi-
osis is often perceived as a quick tool for reducing clin-
ical manifestations in risk groups. however, in farms in
southern Ukraine, its effectiveness and acceptability are
determined not only by antiparasitic activity, but also
by systemic consequences that manifest themselves
at the level of intestinal ecology, biosafety and envi-
ronmental safety of production. In a region where tem-
perature loads increase during the warm season and
stable microclimate control in sections becomes more
difficult, any preventive intervention actually works in
conditions of increased sensitivity of piglets to enter-
opathies and dysbiotic shifts. That is why traditional
schemes, which boil down to the routine use of chemo-
prophylactic agents without reference to stress periods,
the structure of invasions and sanitary and hygienic
restrictions of a particular farm, have a predictably nar-
row window of effectiveness and can create secondary
problems that negate the expected preventive result.
One of the key reasons for limited effectiveness in
southern Ukraine is the overlap of pharmacological in-
tervention with heat stress factors. High temperatures
in summer and transitional periods with significant dai-
ly temperature fluctuations are usually accompanied by
changes in feed and water consumption, fluctuations
in intestinal motility, increased microbiota lability, and
changes in the barrier function of the mucosa. Under
such conditions, reducing the invasive load with med-
ication alone does not guarantee clinical stabilisation,
since diarrhoea syndrome in piglets in real produc-
tion conditions is a multifactorial phenomenon and is
maintained by a chain of stress - barrier disruption >
dysbiosis > inflammation, which can persist even with
partial control of the protozoan component. As a result,
prophylaxis formally directed against coccidia during
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the warm season should often be evaluated not only by
the fact of its use, but also by whether it is possible to
prevent the destabilisation of the intestinal ecosystem
and secondary complications that increase the severity
of enteropathies.

The second systemic aspect is the effect of chem-
oprophylaxis, in particular ionophore coccidiostats, on
the intestinal microbiome and, accordingly, on micro-
biome-dependent resistance mechanisms. In prophy-
lactic (subtherapeutic) regimens, such agents can shift
the composition of the microbiota, which is critical in
the context of early age, since during this period the mi-
crobiome is not yet stabilised and easily transitions to a
dysbiotic state under the influence of stressors, changes
in feeding and technological manipulations. The prac-
tical consequence is that even with a decrease in the
protozoan component, colonisation resistance may de-
teriorate, the production of metabolites that support
the epithelial barrier may change, and the susceptibil-
ity to diarrhoeal syndromes or their prolongation may
increase. In southern farms, these risks are further ex-
acerbated by the fact that heat stress and microclimat-
ic factors often increase the frequency of wet areas in
sections, which maintains the background pressure of
enteropathogens and increases sensitivity to any mi-
crobiome shifts. In other words, chemoprophylaxis can
create a paradoxical situation here: antiparasitic inter-
vention is carried out, but the functional prerequisites
for diarrhoea are not eliminated and are sometimes even
exacerbated by undesirable effects on the microbiota.

The third set of limitations is related to biosafe-
ty and antimicrobial resistance. Sources warn that the
use of ionophores creates selective pressure on ente-
rococcus populations and may be associated with mo-
bile genetic elements capable of transferring resist-
ance determinants between bacterial species (Simjee
& Tice, 2023). For farms, this means that a preventive
strategy that does not take into account the biosafety
cost potentially contributes to the formation of a reser-
voir of resistant strains in the intestinal ecosystem of
animals and in housing substrates. In the regional con-
ditions of southern Ukraine, this risk has an additional
practical dimension: during the warm season, increased
humidity in certain areas, intensive washing cycles, ma-
nure removal and contact with technological surfaces
increase the likelihood of microorganisms circulating
between sections and through contaminated objects.
In this logic, antimicrobial resistance ceases to be a
distant problem and becomes a parameter that must
be taken into account when choosing prevention as an
element of risk management in the production system.

The fourth aspect is the environmental component,
which is increasingly being considered as part of the



requirements for the safety of animal husbandry tech-
nologies. According to sources, certain coccidiostats
can persist in the environment after being excreted,
enter water bodies and have toxic effects on aquatic
organisms even at low concentrations, while tradition-
al treatment systems do not always ensure complete
removal of such substances (Alam et al., 2025). For
southern Ukraine, where the practice of applying or-
ganic waste as fertiliser is widespread, this means an
increased likelihood of chronic low-dose exposure in
soil and water systems and a potential impact on mi-
crobial communities in the environment, the ecological
trail of chemoprophylaxis should be considered not as
a secondary ethical argument, but as a real component
of limiting its routine use in the region.

The practical disadvantage of traditional schemes
in southern farms is that they often do not take into
account the structure of protozoan associations and
the pattern of infestation in a particular farm. Empirical
data from monitoring mixed infestations have shown
that effectiveness can vary significantly depending on
the pathogen: for “Brovitacocid’, 66.7 % extensive effec-
tiveness was reported for balantidiasis and 88.9% for
cryptosporidiosis, with simultaneously high indicators
for other protozoa, while for “Amprolev-plus”, 100% ef-
fectiveness was reported for the protozoa studied. In
regional conditions, such differences have direct prac-
tical significance: if a farm is characterised by a sta-
ble association of protozoan agents, monodirectional
prophylaxis for one typical pathogen naturally leaves
room for the preservation of diarrhoeal syndromes and
repeated contamination pressure, especially under con-
ditions of heat stress and microclimate fluctuations.
That is why sources describing the pharmacological
characteristics of drug groups and approaches to their
use emphasise the need for the rational, time-limited
use of chemoprophylactic agents and the correct choice
of regimen depending on farm conditions (Dowling &
Baptiste, 2024). Therefore, for southern Ukraine, it is
crucial that traditional chemoprophylaxis cannot be
considered a self-sufficient universal strategy: its mi-
crobiome consequences, biosafety risks, environmental
constraints, and variability in effectiveness against as-
sociative invasions become significant precisely in con-
ditions of heat stress, when the stability of intestinal
resistance is most vulnerable, and preventive solutions
require maximum alignment with production realities
and controlled indicators.

Immunological mechanisms

of adapted biotechnological control of coccidiosis
Biotechnological approaches to coccidiosis control are
considered through two complementary levels: specific

Naidich et al.

(antigen-dependent) immunity and non-specific resist-
ance (innate effector mechanisms and mucosal barrier)
(Lillehoj & Lillehoj, 2000). The specific level is most of-
ten operationalised by markers of intestinal immunity
and morphofunctional characteristics of the mucosa,
while the applied significance is assessed by functional
outputs, primarily by the dynamics of oocyst excretion
and/or clinical manifestations of enteropathy (Baker et
al., 1994; Wang et al., 2025). At the level of evidence, it
is not the isolated increase in a single indicator (e.g.,
IgA or cytokines) that is decisive, but the consistency of
the chain immune indicator > parasitological/clinical
outcome, i.e., the correlation of changes in markers with
changes in oocyst excretion and the severity of diarrhoea.

Vaccine strategies for coccidiosis in related an-
imal systems are described as approaches aimed at
developing local (intestinal) immunity and reducing
the manifestations of invasion through immunological
control of mucosal damage (Joachim & Shrestha, 2019;
Kato, 2020). The role of secretory IgA, gut-associated
lymphoid tissue and cytokine profile as mechanistic ele-
ments of the response is also emphasised, however, the
applied significance for the control of coccidiosis is con-
firmed precisely by functional indicators (oocyst excre-
tion/clinical manifestations/morphological markers of
damage). The statement about “reproduction control” is
correct only when it is linked to a measurable outcome,
i.e., a reduction in oocyst excretion or a decrease in the
severity of enteropathy under conditions of controlled
infection or production observation (Cai et al., 2023).

Non-specific resistance in the context of biotechno-
logical control of coccidiosis is considered a resource
for supporting barrier and effector mechanisms dur-
ing periods of physiological and technological vulner-
ability (early age, weaning, heat stress) when the risk
of enteropathy and microbiota imbalance increases.
Immunostimulatory agents (B-glucans, nucleotides,
and other agents with an immunotraining effect) are
modifiers of phagocytosis and cytokine responses; ac-
cordingly, the phagocytic index and cytokine response
indicators in sources are the most direct indicators of
this level, while the frequency of diarrhoea is used as
a clinically oriented indicator of the total effect at the
intestinal level. According to this logic, immunostimu-
lation is not a substitute for specific prophylaxis, but
rather a tool whose effect should be correctly assessed
through changes in indicators of non-specific resist-
ance and clinical manifestations, rather than through
assumptions about a direct impact on parasitological
outcomes without relevant data.

Data on combined approaches (combining immu-
noprophylaxis with microbiome-oriented interven-
tions) are heterogeneous in design and animal species,
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so such associations are presented as potential and
limited by the scope of the relevant sources. Non-spe-
cific resistance in this context is interpreted as a re-
source for supporting barrier and effector mechanisms
during periods of physiological and technological vul-
nerability; Immunostimulatory agents are described as
modifiers of phagocytosis and cytokine responses, with
the phagocytic index and cytokine response markers
being the most direct indicators, while the frequency
of diarrhoea is used as a clinically relevant summary
indicator. At the same time, immunostimulation is more

often presented as a component of combined pro-
grammes, and that is why its effect should be correctly
assessed through changes in indicators of non-specific
resistance and clinical dynamics, rather than through
assumptions about direct parasitological mechanisms
without appropriate measurements. The generalisation
is @ comparison of mechanistic indicators and function-
al outcomes, and the formulation of cause-and-effect
mechanisms is only acceptable within designs where
the relevant baseline indicators (oocyst excretion/clini-
cal signs/productivity) are available (Table 1).

Table 1. Generalisation of the immunological effects of vaccination and immunostimulants
in the adapted coccidiosis control system

Level
of immunity

Component

of biotechnological control

Main immune targets/
mechanisms (summarised)

Indicators used
in sources

Type of data on which
the summary was based

Mechanistic and applied

Induction of local
intestinal immunity;

Vaccination (live attenuated/ involvement of humoral

antigenic approaches; principles ST [y

. A mucosal) and cellular links;
G R e 1o participation of intestinal
lymphoid tissue
Activation of innate
Non-specific |mmuni1r:gﬁ;l)attc?g;ystems;
Immunostimulants (B-glucans, (innate;

of phagocytosis and
cytokine responses;
support
of effector mechanisms
during periods of stress

Simultaneous influence
on the formation of
antigen-specific response
and increased readiness
of effector mechanisms;
potential synchronisation
of immune and
microbiome factors

maintenance
of the mucosal
barrier)

nucleotides, other immunotraining
agents)

Combined protocols
(vaccination + immunostimulation/  Specific + non-
microbiome-oriented specific
interventions)

Secretory IgA; cell
populations in the
mucosa; cytokine
markers; dynamics
of oocyst excretion

Phagocytic index;
markers of cytokine
response; indicators

of non-specific
resistance; frequency
of diarrhoeal
syndromes as a
clinical indicator

Oocyst excretion;
clinical signs
of enteritis;
resistance/
productivity indicators
(depending
on study design)

data on coccidiosis;
transferability of
principles to other
species, taking into
account the biology
of mucosal immunity

Mechanistic and
experimental data
on immunostimulation;
interpretation for pig
farming, taking into
account stress factors

Data from related/
model studies of
combined interventions
used for mechanistic
interpretation

Source: compiled by the authors based on D. Baker et al. (1994), H. Lillehoj & E. Lillehoj (2000), A. Joachim &

A. Shrestha (2019), H. Kato (2020), F. Wang et al. (2025)

Table 1 correlates the levels of immune response
and the type of indicators: mechanistic markers (se-
cretory IgA, mucosal cell populations, cytokine profiles,
phagocytic index) show the direction of immune mod-
ulation, while applied significance is confirmed only by
functional outputs (primarily oocyst excretion dynam-
ics, frequency of clinical manifestations of enteritis/di-
arrhoea and, if available, productive metrics). This divi-
sion sets limits: statements about a potential reduction
in the risk of transmission or “epizootic load” are linked
to changes in oocyst excretion as a parasitological out-
come, while changes in IgA/cytokines/phagocytosis re-
flect the involvement of the corresponding links of im-
munity without direct automatic transfer to the level of
field efficacy. For combined protocols, the simultaneous
presence of indicators of different nature (oocyst excre-
tion, clinical manifestations, resistance/productivity) is
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recorded, but the statement about the synchronisation
of immune and microbiome factors remains a mecha-
nistic interpretation of related data.

Microbiome-oriented prevention strategies

and their impact on piglet health

Within the framework of systems analysis, the intesti-
nal microbiome was considered as a functional level
through which the barrier properties of the epithelium
and the immune effects of the mucous membrane were
realised. Accordingly, probiotics and prebiotics were in-
terpreted as interventions that could alter the microbi-
al environment of the intestine (colonisation resistance,
metabolite production, local pH changes, synthesis of
antimicrobial peptides) and associated with changes
in the frequency of diarrhoeal syndromes and produc-
tivity indicators in risk groups. Microbiome-oriented



interventions were operationalised through a set of
control indicators that simultaneously reflected barrier
function, clinical manifestation and production effect.
Accordingly, the effectiveness assessment was struc-
tured as a “before/after” comparison based on morpho-
metric markers of the mucosa (villus height), frequency
of diarrhoeal syndromes, and productivity metrics (av-
erage daily gain, feed conversion), which allowed the
impact of microbiome correction to be interpreted not
only mechanistically but also practically.

The logic of “before/after” the implementation of
microbiome-oriented strategies was formalised by
comparing conditions described in the sources as typ-
ical for technologically vulnerable periods (weaning,
diet change, stress loads). In the “before” state, atten-
tion was focused on the combination of two processes:
an increase in the frequency of diarrhoeal syndromes
in risk groups and changes in the morphofunctional
indicators of the mucous membrane, which were used
as proxy indicators of barrier function. In particular, for
prebiotics (MOS/FOS), morphometric data were consid-
ered as one of the operational indicators of the con-
dition of the mucosa: the addition of MOS to weaned
piglets was associated with an increase in villus height
in the small intestine from 450+ 35 pm to 520+ 40 um
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(@ change of +15.6%, p < 0.05) (Agazzi et al., 2020). This
result was interpreted as a change in a parameter re-
flecting the absorption surface and the condition of the
epithelial barrier.

In the “after” state of probiotic and/or prebiotic ad-
ministration, the generalisation was based on quanti-
tative indicators of productivity and feeding efficiency
and on data on the frequency of diarrhoeal syndromes
in risk groups. For Bacillus subtilis-based probiotics in
the feeding of fattening pigs, data were reported on a
12.3% increase in average daily gains in the experimen-
tal group compared to the control (Begma, 2023). Other
studies reported an increase of 8-10% and a change in
feed efficiency of 5-7% when using probiotic complex-
es (Kolechko et al., 2023). Microbiome-oriented inter-
ventions could be reflected in productivity indicators
through the enzymatic activity of probiotic strains and
changes in the proportion of opportunistic microorgan-
isms in the intestinal microbial profile. Information on
combined interventions (immunoprophylaxis + probiot-
ic) in model/related studies, where changes in oocyst
excretion and productivity metrics were recorded, was
considered separately and used as a mechanistic basis
for explaining the potential synchronisation of immune
and microbiome factors in control protocols (Table 2).

Table 2. Predicted changes in piglet health and productivity indicators with the introduction

“Before” status (control/no

Gietoy intervention)

Baseline (according to the

R G R, YT design of a specific study)

Feed conversion Baseline
(kg of feed/kg of gain)
Frequency of diarrhoea - .
syndromes in risk groups Baseline in the risk group

Height of villi

in the small intestine, ym 45035
Indicators
of non-specific resistance Baseline

(e.g., phagocytic index)

of probiotics and prebiotics

“After” status (introduction
of probiotics/prebiotics)

Effect interval according
to sources (estimate)
+8-12% (depending
on the protocol/complex)
-5-7%

(change in feed efficiency)

Increase relative to control

Decrease relative to control

Decrease in frequency
after correction
of the microbiome/resistance

-15-20% (as a clinical indicator
in the protocols used)

520+40 +15.6% (p<0.05)

Increase after implementation

of comprehensive programmes
(wWhere data available)

+20-30% (according to the
ranges given in the sources)

Note: predicted changes were formed as an interpretation of quantitative effects and reflected a “control/experimental”
or “before/after” comparison within specific studies; actual values may vary depending on the age of the animals, diet
composition, husbandry technology, and background epizootic pressure

Source: compiled by the authors based on A.Agazzi et al. (2020), N.Begma (2023),A. Kolechko et al. (2023), . Klikin et al. (2024)

The data in Table 2 summarised the effects of pro-
biotics/prebiotics in the format “functional link - ex-
pected indicator - magnitude of change” and showed
that the most consistently reproducible outcomes in
different protocols were productivity metrics and feed-
ing efficiency (an increase in average daily gains within

+8-12% and a decrease in feed conversion by 5-7%).

The morphometric indicator of the mucosa (villous

height in the small intestine) in the protocol increased
from 450 %35 to 520+ 40 pym (+15.6%; p < 0.05), reflect-
ing a statistically significant change in the morphomet-
ric indicator. A decrease in the frequency of diarrhoeal
syndromes in risk groups was considered a clinical out-
come reflecting the cumulative effect of colonisation
resistance correction and metabolic activity of the mi-
crobiome. At the same time, indicators of non-specific
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resistance (in particular, the phagocytic index) were in-
terpreted as contextually dependent indicators: their
increase was more often described as part of complex
programmes (a combination of immunoprophylaxis
and probiotic interventions).

Practical recommendations for implementation

in farms in Southern Ukraine

The recommendations are formulated as an applied
protocol for the prevention and control of coccidiosis,
combining risk-oriented diagnostics, biotechnological
interventions (vaccination, immunostimulation, probi-
otics and prebiotics) and veterinary and sanitary meas-
ures with quantitative assessment of effectiveness. Im-
plementation of the protocol is advisable provided that
the epizootic situation on the farm is standardised, crit-
ical periods for piglets (farrowing, weaning, episodes of
high temperatures) are planned, and “before/after” indi-
cators are compared to monitor the effectiveness of the
measures taken. For monitoring purposes, it is recom-
mended to determine baseline and control values for
infestation and/or oocyst excretion intensity, frequency
of diarrhoea syndromes in piglets, average daily weight
gain and feed conversion.

Control points should be coordinated with the pro-
duction cycle: baseline indicators should be recorded
before the protocol is launched, and repeat indicators
should be recorded after the initial implementation cy-
cle and subsequently at intervals that allow for compar-
ison of batches under comparable technological condi-
tions. To confirm the pathogen, coprological methods
and/or molecular genetic tests can be used, depending
on the availability of laboratory facilities, and the re-
sults should be used to adjust the frequency of con-
trol and identify priority risk groups. Specific immuno-
prophylaxis, subject to the availability of appropriate
preparations and approved internal regulations, should
be integrated into the standard early rearing protocol,
ensuring coverage of the entire litter and attachment
to the first days of life of piglets in accordance with the
manufacturer’s instructions. The effectiveness of immu-
noprophylaxis should be assessed based on the dynam-
ics of oocyst excretion and/or infestation, the frequency
of clinical manifestations of enteritis or diarrhoeal syn-
dromes, and indirect production indicators, including
average daily gains and feed conversion, which allows
changes associated with intestinal health to be distin-
guished from fluctuations in feeding and management.

Preventive correction of non-specific resistance
should be planned taking into account periods of in-
creased risk, which are determined by the technological
calendar and temperature conditions in the premises.
Immunostimulants should be used in sows during the
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pre-farrowing period, in piglets during weaning, and
during periods of high temperatures when there is a
tendency for an increase in the incidence of diarrhoea
or a deterioration in productivity in risk groups. It is
recommended to evaluate the effect based on the fre-
quency of diarrhoeal syndromes, survival and culling
rates, and, if possible, laboratory indicators of non-spe-
cific resistance in accordance with the internal control
programme. Microbiome-oriented measures should be
implemented as a permanent element of prevention for
risk groups, with an emphasis on weaning, regrouping
and transition to a different diet. It is recommended to
introduce probiotics (in particular,based on spore-form-
ing bacteria compatible with feed production technolo-
gy) and prebiotics (e.g., mannan-oligosaccharides) into
the feed in accordance with the feeding schedule, feed
form, and manufacturer’s instructions. It is advisable to
evaluate effectiveness on a “before/after” basis at the
batch or section level in terms of average daily gains,
feed conversion and diarrhoea frequency, and, if possi-
ble, to additionally take into account indicators of the
condition of the mucous membrane or markers of re-
sistance used in the relevant control protocols.

Veterinary and sanitary measures should be con-
sidered a mandatory component of control, with in-
creased emphasis during the warm season and during
periods of intensive turnover of batches. It is advisa-
ble to ensure mechanical cleaning, washing and dis-
infection, control of litter and technological surfaces
humidity, as well as adherence to the “all empty - all
occupied” principle to reduce the persistence of inva-
sive material between batches. It is separately recom-
mended to organise systematic control of rodents as
a possible mechanical factor of re-contamination of
the environment, and it is advisable to monitor the
effectiveness of the sanitary unit through changes in
infestation and/or oocyst excretion and the frequency
of diarrhoeal syndromes in subsequent batches under
comparable technological conditions.

It is advisable to implement the protocol in stages,
starting with a basic assessment of the epizootic sit-
uation and preparation of organisational conditions,
including coordination of the sampling scheme and en-
suring the temperature conditions for storage of biolog-
ical preparations. After recording the baseline values,
it is recommended to launch the key elements of the
programme, combining immunoprophylactic measures
for piglets with probiotic-prebiotic feeding support,
as well as planning immunostimulation in accordance
with technological events and temperature conditions.
Further monitoring of effectiveness is recommended
2-3 months after the start, comparing “before/after” in-
dicators for oocyst excretion or infestation, frequency



of diarrhoea, average daily gains and feed conversion,
after which it is advisable to adjust the intensity of in-
dividual measures based on the data obtained.

DISCUSSION

In this study, the control of coccidiosis caused by Cystoi-
sospora suis for the conditions of southern Ukraine is
interpreted as a multi-component task, where the clin-
ical effect is determined not only by the action on the
parasite in the body, but also by the intensity of repeat-
ed entry of invasive material from the environment and
the state of the intestinal barrier during technologi-
cally vulnerable periods. The limited self-sufficiency
of chemoprophylaxis is consistent with the empirical
observations of A.A. Lara et al. (2022), where C. suis cir-
culation in the farm persisted despite the prophylactic
use of toltrazuril. In this study, this was interpreted as
a manifestation of the fact that the pharmacological
component mainly affects the endogenous phase of the
parasite, while the exogenous phase (oocysts in sub-
strates) can maintain invasive pressure during repeated
contamination. The results of A.A. Lara et al. (2022) sup-
ported the conclusion that prophylactic regimens lim-
ited to chemoprophylaxis do not always ensure trans-
mission interruption in intensive housing conditions,
especially in the presence of moisture retention areas,
high animal density, and fluctuations in hygiene disci-
pline. Biotechnological tools in this study were consid-
ered not as a replacement for chemoprophylaxis, but
as means that can influence other links in the process.

The summary by G.A. Albanese et al. (2018), based
on poultry farming data, demonstrated the technolog-
ical feasibility of vaccine strategies against coccidia as
a group of parasites and showed that the targeted for-
mation of a local intestinal immune response can be
achieved with the appropriate drugs and administra-
tion protocols. For pig farming, direct transfer is limited,
but a comparable source correlates with the conclusion
of this study regarding the fundamental achievability
of mucosal immunity management as a tool for the
prevention of coccidial infections, provided that it is
adapted to the biology of C. suis and production con-
texts. This study shows that under conditions of techno-
logical stress and temperature load, the stability of the
intestinal barrier can modify the severity of diarrhoeal
syndromes and, therefore, influence the clinical man-
ifestation of coccidiosis. The systematisation of alter-
natives to antibiotics by H.T. Thong & H.V. Duc (2022)
is relevant because it describes the mechanisms of
competitive exclusion, immune modulation and barri-
er function support associated with enteropathologies.
Unlike the authors’ general framework, this study fo-
cuses on the operationalisation of such mechanisms
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through measurable outputs (frequency of diarrhoea,
productivity metrics, mucosal morphometric indicators),
which increases the applied certainty of the criteria for
monitoring and evaluating effectiveness.

Clinical and practical generalisations by E.R. Bur-
rough et al. (2025) highlighted the limitations of rou-
tine antibiotic use due to the risks of dysbiosis and an-
timicrobial resistance and emphasised the priority of
strategies to support gut health and the animals’ own
immune response. In this study, these findings are spec-
ified for coccidiosis in piglets: while maintaining inva-
sive pressure from the intervention environment, which
exacerbates dysbiotic shifts or reduces colonisation re-
sistance, may exacerbate diarrhoeal syndromes such
as the leading clinical phenotype. Thus, the data of
E.R Burrough et al. (2025) are consistent with the con-
clusion of this study on the advisability of shifting the
preventive strategy towards stabilising the barrier func-
tion and resistance, rather than towards long-term med-
ication in the diet. The strategic advisability of vaccine
prophylaxis as a long-term tool for controlling parasitic
diseases is substantiated by V.A. Sander et al. (2020),
who emphasised the potential for reducing the overall
burden of infections without constant pharmacological
treatment. In this study, the authors’ position is used to
argue that the vaccine component (if technologically
feasible) logically fits into control programmes aimed
at reducing parasitological and clinical indicators in
combination with hygiene and management.

Mechanistic data from F.U. Memon et al. (2022)
(bird model) demonstrated the ability of Bacillus subtilis
to modulate the microbiome under conditions of active
Eimeria invasion, indicating the potential of probiotic
interventions to maintain microbial balance during pe-
riods of parasitic load. In this study, these data were
compared with the conclusion that productivity met-
rics and feeding efficiency may be integral indicators of
the effectiveness of microbiome-oriented interventions
in pig farming, although interspecies extrapolation re-
quires caution. Applied evidence for Bacillus spp-based
alternatives to antibiotics is provided by Y. Cheng et
al. (2021), who described the positive effects of fer-
mented products on productivity and digestive health
indicators. The generalisations obtained in this study
about productive outputs as stable indicators of the
effect of microbiome-oriented interventions are con-
sistent with the data from Y. Cheng et al. (2021) on the
evaluation of such interventions through quantitative
production and clinical indicators.

The work of C. Zifan et al. (2023) demonstrated an
approach using recombinant Bacillus subtilis expressing
the coccidian antigen (SAG22). In this study, such solu-
tions were interpreted as a promising technological
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direction for combining the probiotic component and
antigenic stimulus; at the same time, the mechanis-
tic effect of simultaneous modulation of the immune
and microbiome links for pig farming requires separate
confirmation in designs that include parallel direct
measurements of the relevant indicators. In the preb-
iotics section, |.M. Youssef et al. (2024) described the
positive effects of MOS on intestinal morphology and
resistance indicators in model systems. In this study,
these data were correlated with the use of mucosal
morphometric indicators as operational indicators of
barrier status and with the conclusion that nutritional
interventions can increase mucosal resistance during
periods of stress. For pigs, A. Lee et al. (2025) demon-
strated the effectiveness of galacto- and xylooligosac-
charides in manipulating the microbiota and improv-
ing intestinal architecture. This is consistent with the
conclusion of this study on the relevance of prebiotics
as a component capable of influencing the barrier and
thereby indirectly modifying the course of enteropa-
thies in risk groups.

For integrated systems in pig farming, L.M. Gbmez-
Osorio et al. (2025) (using proliferative enteropathy
as an example) demonstrated the effectiveness of
approaches combining vaccination, feed additives
and management measures. The conclusions of this
study are consistent with the authors’ position on
the practical feasibility of protocols, where differ-
ent tools address different risk mechanisms: immune
resistance, intestinal ecology, technological factors,
and environmental contamination. Data from M. Del-
sart et al. (2022) showed that on alternative farms,
hygiene and management can minimise the parasite
load without intensive medication. For this study, this
supports the conclusion that a veterinary and sanitary
unit is a prerequisite, especially in regions with a risk
of persistent invasive material in wet substrates. Ad-
ditionally, E. Labussiére et al. (2022) demonstrated a
modification of the faecal microbiota and associated
physiological/behavioural changes when Saccharo-
myces cerevisiae var. boulardii was used during heat
stress. In this study, these data were considered rel-
evant to the conditions of southern Ukraine, as they
supported the thesis that temperature stress can be
accompanied by changes in intestinal ecology, and
that microbiome-oriented interventions may have
practical significance during periods of high temper-
atures. Thus, the results of this study specified the
above international observations for the conditions
of southern Ukraine, where climatic factors and the
microclimate of the sections create the preconditions
for repeated invasive pressure and increase the rele-
vance of integrated preventive solutions.
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CONCLUSIONS
The study found that the climatic and microclimatic
conditions of pig farms in southern Ukraine, in particu-
lar prolonged periods of high temperatures during the
warm season combined with local moisture in the sub-
strates, create conditions for accelerated sporogony and
prolonged preservation of Cystoisospora suis oocysts in
the environment. Under such conditions, repeated con-
tamination of bedding and technological surfaces is
maintained, and the invasive pressure in piglet housing
sections increases due to insufficient drying between
technological cycles. This justifies the need for a sys-
tematic, rather than episodic, approach to prevention,
focused on managing the links “source of invasion - en-
vironment - susceptible contingent”.

It has been shown that routine chemoprophylaxis in
subtherapeutic regimens has fundamental limitations,
as it does not eliminate the environmental reservoir of
invasion and does not control re-seeding of the envi-
ronment. Additionally, it has been taken into account
that the prolonged presence of chemical anticoccidi-
als may be accompanied by undesirable consequences
for intestinal ecology and biosafety, in particular due to
the modulation of the microbiome and microbiome-de-
pendent components of resistance, selective pressure
on antimicrobial resistance, and environmental aspects
of the persistence of active substances in the ma-
nure-soil-water system. The combination of these fac-
tors makes it advisable to move from monostrategies to
integrated control protocols.

A comprehensive biotechnological approach to the
prevention and control of coccidiosis has been sub-
stantiated, combining immunoprophylactic, immunos-
timulatory and microbiome-oriented interventions with
enhanced veterinary and sanitary measures aimed at
reducing contamination and ensuring substrate drying.
Vaccine strategies are interpreted as a tool for reduc-
ing invasive pressure through the formation of mucosal
antigen-specific protection and potential limitation
of oocyst excretion, immunostimulation - as support
for non-specific resistance during critical periods of
technological and thermal stress, and probiotics and
prebiotics as means of stabilising intestinal ecology
and barrier function. A limitation remains the lack of
comparable field data on the effectiveness of individ-
ual commercial biotechnological products specifically
against C. suis in pigs, which determines the need for
further controlled trials of the protocol with parallel as-
sessment of parasitological, clinical and productive in-
dicators and economic feasibility. Prospects for further
research lie in conducting controlled field trials of an
integrated protocol for the prevention of Cystoisospora
suis in farms in southern Ukraine with simultaneous
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Cy4acHi 6ioTexHonorivyHi pilleHHs y NpodinakTULi N KOHTPOJIi KOKLMAio3y
NopocaT y CBUHAPCbKUX rocnogapcTBax MiBgHa YKpaiHu
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AHoTauif. MeToto 6yno TeopeTuyHe 06r'pyHTYBaHHS Ta po3pobKa NPakTUYHUMX peKOMeHAALM WoA0 KOMMNEKCHOro
6ioTexHonoriyHoro nigxoay A0 nNpodinakTMKM 3aXBOPKOBAHHSA, CnelianbHO afanTOBAHOrO A0 perioHanbHMX
ymoB [liBaHS YkpaiHu. MaTtepianv onpauboBaHO METOAAMM TEOPETMKO-METOAO0NO0MYHOro aHanily, CUCTEMHOMO Ta
NOPiBHSANBHOIO aHani3y, aHaNiTMKO-CMHTETUYHOIO y3arajibHEHHS, METOLly aHanorii Ta MeTOAMYHOrO MPOEKTYBAHHS
NPakTUYHMX peKOMeHAaLIn. Y pe3ynbTaTi NPOBEAEHOM0 AOCNIAXKEHHS €Ni300TUYHMI NPoLEeC KOKUMUAI03Y NOpoCAT Yy
rocnogapcreaxliBgHs YKpaiHM iHTepnpeTOBaHO K TaKWW, WO NiATPUMYETLCA NOEAHAHHAM AOBKINNEBOrO pesepByapy
ooumct Cystoisospora suis Ta TEXHONOrYHO 3YMOB/EHOI MOBTOPHOI KOHTaMiHauii MiACTUAKM M BUPOBHMYMX
noBepxoHb. KNYOBMMM YUHHMKAMMU, LLLO BU3HAYAKOTb iIHBA3iIMHMI TUCK Y CEKLLISIX YTPUMAHHS, BUSHAYEHO B3aEMOA,IH0
MiKpOKiMATy MPUMILLlEHb i3 PEXMMAMMU 3BOJIOXKEHHS/BUCUXAHHSA CYOCTPATiB Y MeXax TEXHOOTMYHOro UMKy,
30KpeMa 3a TpMBaNMX NepiofiB BUCOKMX TEMMNEPATYP Y TEMIUI CE30H | HAIBHOCTI TOKaNbHUX 30H CTabiNbHOI BOMOIW.
Ha it ocHoBi NpodinakTukKy onuMcaHo K KepyBaHHS NaHKaMMU «I)KepPEeNo iHBasii — cepefoBulLe — CNPURHATANBUIA
KOHTUHIEHT» i3 MpiOpUTETOM 3axXOAiB, WO 3MEHLIYIOTb MEepCUCTEHLII0 iHBA3iMHOro MaTepiany MiX napTiamu Ta
06MeXxyHTb NOBTOPHE 3aciBaHHS cepenoBuiua. OBrpyHTOBaHO MeXi 3aCTOCOBHOCTI MOHOXiIMIYHMX CXEM Y CUCTEMAX,
ne 36epiraeTbCca OOBKINNEBUM KOMMOHEHT Nepenadvi, 3 TakoX OKPEC/IeHO PU3UKWM, PeNneBaHTHI Ans Mikpobiomy,
6iobe3nekn Ta eKONOriYHMX HACNiAKiB TpMBANOi MPUCYTHOCTI aHTMKOKUMAIMHMX 3acobiB. OnepauioHanizoBaHo
KpUTEpianbHy CXEMYy OLiHIOBAaHHS BTpy4YaHb 4Yepe3 Y3rokeHui Habip iHAMKATOpiB, WO BigoOpaxKaTb
NapasuTONOriYHMIM, KNiHIYHWIA Ta BUPOOHMYMI BMXOAW. 3anNpOMNOHOBAHO iHTErpOBaHWIM NPOTOKOJ, LLO MOEOHYE
CaHITapHO-TIrEHIYHE KepyBaHHS KOHTaMiHaLi€w, 6iOTEXHONMOrIUHI iHTEepBeHLIi i CTaHAAPTU30BAHUI MOHITOPUHT
3a NpUHUMNIOM «ao/nicna». MNpakTMyHe 3HaYEHHS NOASrae y MOX/IMBOCTI BNPOBAXKEHHS y rocnogapcreax lliBgHs
YkpaiHu yHibikoBaHOro anroputMmy NnpodinakTMkmn Ta KOHTPONIO 3 BIATBOPIOBAHMM OLLIHIOBAHHSIM pe3ynbTaTUBHOCTI
M 3iCTaBHICTIO eeKTIB MiX CEKLiSIMU Ta BUPOOHUYMMM LIMKNIAMMU

KntouoBi cnoBa: eni3ooTMyHMI TUCK; BaKLUMHALiS; MyKO3abHUI IMYHITET; MPO6iOTUKM; aHTMOIOTMKOPE3UCTEHTHICTb
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