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MODULATION OF IMMUNITY AND BARRIER FUNCTION
IN PRE- AND POSTNATAL ANIMAL ONTOGENESIS.
IMMUNOTROPIC CHEMICALS EFFECT
ON THE PIGLET POSTNATAL DEVELOPMENT

Masiuk D. M., Nedzvetsky V. S., Kokariev A. V.

INTRODUCTION

Immunoglobulins cannot cross the placenta in pregnant sows. Neonatal
pigs are therefore agammaglobulinemic at birth and, although
immunocompetent, they cannot mount rapid immune responses at systemic
and mucosal sites. Their survival depends directly on the acquisition of
maternal immunity via colostrum and milk. Protection by maternal immunity
is mediated by a number of factors, including specific systemic humoral
immunity, involving mostly maternal 1gG transferred from blood to colostrum
and typically absorbed within the first 36 h of life. Passive mucosal immunity
involves local humoral immunity, including the production of secretory
IgA (slgA), which is transferred principally via milk until weaning. The
mammary gland (MG) produces slgA, which is, then secreted into the milk
via the poly-lg receptor (plgR) of epithelial cells. These antibodies are
produced in response to intestinal and respiratory antigens, including
pathogens and commensal organisms. Protection is also mediated by cellular
immunity, which is transferred via maternal cells present in mammary
secretions. The mechanisms underlying the various immunological links
between MG and the mucosal surfaces involve hormonally regulated
addressins and chemokines specific to these compartments. The enhancement
of colostrogenic immunity depends on the stimulation of systemic immunity,
whereas the enhancement of lactogenic immunity depends on appropriate
stimulation at induction sites, an increase in cell trafficking from the gut and
upper respiratory tract to the MG and, possibly, enhanced immunoglobulin
production at the effector site and secretion in milk. In addition, mammary
secretions provide factors other than immunoglobulins that protect the neonate
and regulate the development of mucosal immunity--a key element of
postnatal adaptation to environmental antigens.

Maternal immunity plays a pivotal role in swine health and production
because piglets are born agammaglobulinemic and with limited cell-mediated
immunity, i.e. few peripheral lymphoid cells, immature lymphoid tissues, and
no effector and memory T-lymphocytes. Swine do not become fully
immunologically competent until about 4 weeks of age, which means that
their compromised ability to respond to infectious agents during the first
month of life must be supplemented by maternal immune components:
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circulating antibodies derived from colostrum; mucosal antibodies from
colostrum and milk; and immune cells provided in mammary secretions.
Because maternal immunity is highly effective at protecting piglets against
specific pathogens, strengthening sow herd immunity against certain diseases
through exposure or vaccination is a useful management tool for ameliorating
clinical effects in piglets and delaying infection until the piglets' immune
system is better prepared to respond. In this review, we discuss the anatomy
and physiology of lactation, the immune functions of components provided to
neonatal swine in mammary secretion, the importance of maternal immunity
in the prevention and control of significant pathogens.

1. Postnatal developmental physiological processes
in mammals modulated with immunotropic chemicals

The immunological state of newborn animals’ issue and its changes in the
neonatal period have been sufficiently studied. There are certain neonatal
developmental periods that are critical in postnatal ontogeny and are
associated with the immunodeficiencies development!?. This is indicated by
the cortisol level, which changes in the healthy piglets’ blood during 7 months
of life®. Thus, in piglets of 1-3 day old, the level of this hormone is the highest,
and ranges from 55.8-78.2 nmol/l. At the end of the first week of life, its
concentration decreased to 34.15-46.00 nmol/l, and the lowest level of the
hormone was recorded in piglets of 25 day old and in pigs of 2 and 3 months
old — 19.9-30.6 nmol/l. This indicates that during the first 2 week of life,
piglets are in a constant stress state, which occurs in animals at birth and is
associated with changes in environmental conditions, activation of adaptation
processes to the environment, etc.* Also, an increase in cortisol levels is
detected in piglets of 1, 5 and 6 months old, which in the first case is associated

! Navarro Alvarez N., Zhu A., Arellano R. S., Randolph M. A., Duggan M., Scott Arn J.,
Huang C. A., Sachs D. H., Vagefi P. A. Postnatal xenogeneic B-cell tolerance in swine following
in utero intraportal antigen exposure. Xenotransplantation. 2015. Vol. 22, Ne 5. P. 368-378. DOI:
10.1111/xen.12186

2 Hervé J., Haurogné K., Buchet A., Bacou E., Mignot G., Allard M., Leblanc-Maridor M.,
Gavaud S., Lehébel A., Terenina E., Morméde P., Merlot E., Belloc C., Bach J. M., Lieubeau B.
Pathogen exposure influences immune parameters around weaning in pigs reared in commercial
farms. BMC immunology. 2022. Vol. 23, Ne 1. P. 61. DOL: 10.1186/s12865-022-00534-z

% Quesnel H., Resmond R., Merlot E., Pére M. C., Gondret F., Louveau L. Physiological traits
of newborn piglets associated with colostrum intake, neonatal survival and preweaning growth.
Animal: an international journal of animal bioscience. 2023. Vol. 17, Ne 6. P. 100843. DOI:
10.1016/j.animal.2023.100843

4 Cheng Z., Zhou S. T., Zhang X. H., Fu Q., Yang Y., Ji W. B., Liu H. G. Effects of early
intermittent maternal separation on behavior, physiological, and growth performance in piglets.
Journal of animal science. 2023. Vol. 101. skad122. DOI: 10.1093/jas/skad122
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with the stress development due to weaning and a change in the feeding type,
and at an older age — the effect of feed toxins and pathogens®.

Age-related immunodeficiencies are mainly detected in young pigs during
the neonatal period and after weaning. The first immunodeficiency state can
develop in piglets in the absence or insufficient colostrum consumption in the
first days of life, after a disruption of intestinal absorption mechanisms, or at
low immunobiological components of colostrum levels, against the
background of stress experienced by the body after birth®. Currently, piglets
are the most sensitive to environmental influences’.

The analysis of the piglets' mortality causes from birth to 5 months old
shows that the piglets' mortality on the 1st day after birth is 13.5%, including
stillbirths, 3% — on the 2nd and 3rd day, 1.9% — on the 4th day®. Subsequently,
piglet mortality gradually decreases to 0.02% in the period from 4 to 22 weeks
after birth. Such mortality rates are directly related to the functioning of
piglets' immune defence mechanisms level®. Newborns that do not receive
colostrum in the first 4-6 hours after birth die within the first few days of
lifel. This is due to a sudden change in the immunoglobulin’s concentration
in colostrum, which is characterised by a 50% decrease in the immune proteins
level in colostrum 4-6 hours after the first piglet is born, since the main piglet
immune defence mechanisms are colostral immunoglobulins of two main

® Maskal J. M., Brito L. F., Duttlinger A. W., Kpodo K. R., McConn B. R., Byrd C. J.,
Richert B. T., Marchant J. N., Lay D. C., Jr Perry S. D., Lucy M. C., Safranski T. J., Johnson J.
S. Characterizing the postnatal hypothalamic-pituitary-adrenal axis response of in utero heat
stressed pigs at 10 and 15 weeks of age. Scientific reports. 2021. Vol. 11, Ne 1. P. 22527. DOI:
10.1038/s41598-021-01889-w

® Quesnel H., Resmond R., Merlot E., Pére M. C., Gondret F., Louveau 1. Physiological traits
of newborn piglets associated with colostrum intake, neonatal survival and preweaning growth.
Animal: an international journal of animal bioscience. 2023. Vol. 17, Ne 6. P. 100843. DOI:
10.1016/j.animal.2023.100843

" Fardisi M., Thelen K., Groenendal A., Rajput M., Sebastian K., Contreras G. A., Moeser A.
J. Early weaning and biological sex shape long-term immune and metabolic responses in pigs.
Scientific reports. 2023.Vol. 13, Nel. P. 15907. DOI: 10.1038/s41598-023-42553-9

8 McPeek A. C., Patton B., Columbus D. A., Olver T. D., Rodrigues L. A., Sands J. M.,
Weber L. P., Ferguson D. P. Low birth weight and reduced postnatal nutrition lead to cardiac
dysfunction in piglets. Journal of animal science. 2023. Vol. 101. skad364. DOI:
10.1093/jas/skad364

® Bahrenthien L., Kluess J., Berk A., Kersten S., Saltzmann J., Hiither L., Schatzmayr D.,
Schwartz-Zimmermann H. E., Zeyner A., Dénicke S. Detoxifying deoxynivalenol (DON)-
contaminated feedstuff: consequences of sodium sulphite (SoS) treatment on performance and
blood parameters in fattening pigs. Mycotoxin research. 2020. Vol. 36, Ne 2. P. 213-223. DOI:
10.1007/s12550-019-00385-5

0 Cheng Y., Azad M. A. K., Ding S., Liu Y., Blachier F., Ye T., Kong X. Metabolomics
Analysis Reveals the Potential Relationship Between Sow Colostrum and Neonatal Serum
Metabolites in Different Pig Breeds. Molecular nutrition & food research. 2023.Vol. 67, Ne 16.
€2200677. DOI: 10.1002/mnfr.202200677
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classes — 1gG and IgA*. In this regard, there are several critical periods in the
first month of life: the first day, when newborns should receive colostral
antibodies, and the end of the first week of life, when the colostral antibody
concentration in the neonatal piglet's blood reaches the lowest concentration®?.

Within 2-3 weeks of birth, another critical neonatal period is identified,
which is associated with a decrease in the colostral protective components
level, mainly due to immunoglobulins, against the background of an unformed
own immune system?34,

The next critical period associated with the piglet's immunodeficiency
state is detected after weaning. At this time, there is a sudden change in the
feeding type — a transition from dairy to concentrate feed. Against the
background of the feed stress development, piglets have liver function
disorders, immune defence mechanisms are depleted, resulting in secretory
immunoglobulin  synthesis disruption and reduced phagocytic cell
activity516%7,

The immune system deficiencies development in mammals necessitates
the search for a set of measures that would help prevent the pathology
occurrence under such conditions. One of these measures is the use of drugs

1'Wang T., Yao W., Liu X., Bao Z., Lv C., Huang F. Dietary embelin supplementation during
mid-to-late gestation improves performance and maternal-fetal glucose metabolism of pigs.
Journal of animal science. 2023. Vol. 101. skad010. DOI: 10.1093/jas/skad010

12 Martinez-Boixaderas N., Garza-Moreno L., Sibila M., Segalés J. Impact of maternally
derived immunity on immune responses elicited by piglet early vaccination against the most
common pathogens involved in porcine respiratory disease complex. Porcine health management.
2022. Vol. 8, Ne 1. P. 11. DOLI: 10.1186/s40813-022-00252-3

13 Corsaut L., Martelet L., Goyette-Desjardins G., Beauchamp G., Denicourt M., Gottschalk
M., Segura M. Immunogenicity study of a Streptococcus suis autogenous vaccine in preparturient
sows and evaluation of passive maternal immunity in piglets. BMC veterinary research. 2021.Vol.
17, Ne 1. P. 72. DOL: 10.1186/s12917-021-02774-4

1 Miguel J., Mitjana O., Tejedor M. T., Martinez A., Falceto M. V. Supplementing
Colostrum from Multiparous Sows: Effects on Performance and Health in Piglets from Gilts in
Farm Conditions. Animals: an open access journal from MDPIL. 2021. Vol. 11, Ne 9. P. 2563.
DOI: 10.3390/ani11092563

15 Scollo A., Borello 1., Ghilardi M., Cavagnini A. The Administration of Inactivated and
Stabilized Whole-Cells of Saccharomyces cerevisiae to Gestating Sows Improves Lactation
Efficiency and Post-Weaning Antimicrobial Use. Veterinary sciences. 2023. Vol. 10, Ne 9. P. 576.
DOI: 10.3390/vetsci10090576.

16 Saladrigas-Garcia M., Duran M., D'Angelo M., Coma J., Pérez J. F., Martin-Ortie S. M.
An insight into the commercial piglet's microbial gut colonization: from birth towards weaning.
Animal microbiome. 2022.Vol. 4, Nel. P. 68. DOI: 10.1186/s42523-022-00221-9

17 Sampath V., Song J. H., Jeong J., Mun S., Han K., Kim I. H. Nourishing neonatal piglets
with synthetic milk and Lactobacillus sp. at birth highly modifies the gut microbial communities
at the post-weaning stage. Frontiers in microbiology. 2022. Vol. 13. P. 1044256. DOI:
10.3389/fmich.2022.1044256
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that directly or indirectly affect the body's immune system mechanisms, or
selectively, certain components?8®,

There are three groups of immunotropic drugs: immunostimulants,
immunosuppressants and immunomodulators. Immunomodulators are drugs
that restore the immune system function in therapeutic doses. That is why the
immunological effect of immunomodulatory substances depends on the initial
body immunity status: these substances reduce elevated and, conversely,
increase decreased immunity indicators?®. Meanwhile, immunostimulants
enhance immune responses, bringing reduced indicators to normal values, and
immunosuppressants, on the contrary, suppress the body's immune
response?'?2,

There are 7 main groups of substances that have immunotropic properties:
microbial, thymic, bone marrow, cytokine, nucleotide, plant and chemical®,
Each group is divided into organic and chemical, except for the latter, which
is divided into high and low molecular weight substances. Their essence is
based on the basic immune system principles, the main activators of which in
the mammalian body are foreign organic substances of a protein nature,
accordingly, drugs based on this basis are classified as exogenous substances.
The immune response development is driven by numerous immunoregulatory

18 Storino G. Y., Petri F. A. M., Mechler-Dreibi M. L., Aguiar G. A., Toledo L. T.,
Arruda L. P., Malcher C. S., Martins T. S., Montassier H. J., Sant'/Anna O. A., Fantini M. C. A,,
de Oliveira L. G. Use of Nanostructured Silica SBA-15 as an Oral Vaccine Adjuvant to Control
Mycoplasma hyopneumoniae in Swine Production. International journal of molecular sciences.
2023. Vol. 24, Ne 7. P. 6591. DOI: 10.3390/ijms24076591

¥ Cull C. A, Singu V. K., Bromm J. J., Lechtenberg K. F., Amachawadi R. G., Cull B. J.
Effects of Core Antigen Bacterin with an Immunostimulant on Piglet Health and Performance
Outcomes When Challenged with Enteric and Respiratory Pathogens. Antibiotics (Basel,
Switzerland). 2023.Vol. 12, Ne 3. P. 599. DOI: 10.3390/antibiotics12030599

2 sepiashvili R. Basic principles and methods to the use immunomodulating preparations in
clinical practice: classification, indications and contraindications. Georgian medical news.
2015.Vol. 243. P. 7-14.

2 Arefieva T. I, Filatova A. Y., Potekhina A. V., Shchinova A. M. Immunotropic Effects
and Proposed Mechanism of Action for 3-Hydroxy-3-methylglutaryl-coenzyme A Reductase
Inhibitors (Statins). Biochemistry. Biokhimiia, 2018. Vol. 83, Ne 8. P. 874-889. DOI:
10.1134/S0006297918080023

22 Khonina T. G., Ivanenko M. V., Chupakhin O. N., Safronov A. P., Bogdanova E. A.,
Karabanalov M. S., Permikin V. V., Larionov L. P., Drozdova L. I. Silicon-zinc-glycerol
hydrogel, a potential immunotropic agent for topical application. European journal of
pharmaceutical sciences: official journal of the European Federation for Pharmaceutical Sciences.
2017. Vol. 107. P. 197-202. DOI: 10.1016/j.ejps.2017.07.012

% Hadden J.W. Immunostimulants. Trends in Immunology. 1993.Vol. 14. P. 275-280.
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substances, the use of which also affects the immune response. Drugs based
on these substances are classified as endogenous?4?°.

The most pronounced immunomodulatory effect is provided by
muramyldipeptide (TIR), a minimal bacterial wall peptidoglycan
component?, Preparations based on it belong to the immunomodulator's third
generation. TIR is found in the peptidoglycan of all known gram-positive and
gram-negative bacteria. The main purpose of such drugs is to restore
haemopoiesis, leukopoiesis, and immunity. These drugs are widely used in
medicine. In the form of a lactobacillus cell wall hydrolysation, they are used
to correct the body's resistance and immune system in patients with burns,
cancer and respiratory diseases?’?.

The use of these drugs leads to an increase in haemopoiesis, with a
particularly pronounced effect on leukocyte synthesis. Under the TIR effect,
phagocytic cells are activated, the number of lymphocytes is normalised,
cytokine synthesis is enhanced, etc. Thus, in order to correct the mammalian
immune system state during immunosuppressive periods of organism
development, it is necessary to use immunotropic drugs that directly or
indirectly affect the resistance mechanisms and allow to ensure their optimally
high level, and thus reduce the risk of infectious diseases in animals?.

Despite the fact that the use of immunotropic, probiotic and biologically
active substance-based drugs to prevent the immunodeficiency development
in animals has been sufficiently studied, a number of unresolved issues remain
regarding their effect on newborn animals in the first days of life®. One of the

2 Desbois M., Le Vu P., Coutzac C., Marcheteau E., Béal C., Terme M., Gey A., Morisseau
S., Teppaz G., Boselli L., Jacques Y., Béchard D., Tartour E., Cassard L., Chaput N. IL-15 Trans-
Signaling with the Superagonist RLI Promotes Effector/Memory CD8+ T Cell Responses and
Enhances Antitumor Activity of PD-1 Antagonists. Journal of immunology (Baltimore, Md.:
1950). 2016. Vol. 197, Nel. P. 168-178. DOI: 10.4049/jimmunol.1600019

% Kim S., Park C. I., Lee S., Choi H. R., Kim C. H. Reprogramming of IL-12 secretion in
the PDCD1 locus improves the anti-tumor activity of NY-ESO-1 TCR-T cells. Frontiers in
immunology. 2023.Vol. 14. 1062365. DOI: 10.3389/fimmu.2023.1062365

% TpymsnoB A. 1, domemko E. B., Kamoxwun, O. B. Kniniuna eQexTnHiCTb
IMyHOMOTYJTFOIOUOTO TIPOAYKTY Ha 6a3i KOMITO3HIIii MypaMiNNenTH/IiB IpH JIIKyBaHHi AIli€HTIB
3 XpOHIYHUM TeHepaiizoBanuM mapogontutom. Ctomatomnoris. 2020. T. 99, Ne 6. C. 24-27.

2 Jakopin Z., Gobec M., Mlinari¢-Rad¢an I, Sollner Dolenc M. Immunomodulatory
properties of novel nucleotide oligomerization domain 2 (nod2) agonistic desmuramyldipeptides.
Journal of medicinal chemistry. 2012. Vol. 55, Nel4. P. 6478-6488. DOI: 10.1021/jm300503b

% Matsui K., Ikeda R. Peptidoglycan in combination with muramyldipeptide synergistically
induces an interleukin-10-dependent T helper 2-dominant immune response. Microbiology and
immunology. 2014. Vol. 58, Ne4. P. 260-265. DOI: 10.1111/1348-0421.12139

% grinivasan S., Babensee J. E. Controlled Delivery of Immunomodulators from a
Biomaterial Scaffold Niche to Induce a Tolerogenic Phenotype in Human Dendritic Cells. ACS
biomaterials science & engineering. 2020. Vol. 6, Ne 7. P. 4062-4076. DOI:
10.1021/acshiomaterials.0c00439

% Choudhury R., Gu Y., Bolhuis J. E., Kleerebezem M. Early feeding leads to molecular
maturation of the gut mucosal immune system in suckling piglets. Frontiers in immunology. 2023.
Vol. 14. 1208891. DOI: 10.3389/fimmu.2023.1208891
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effective schemes for the use of immunotropic substances to address these
issues is the use of corrective substances in the mother-fetus-newborn
organism complex. This complex should be considered as a single system,
which components are closely interconnected, and functional changes in each
component affect the others®'®,

Influencing the newborn immune system indirectly, through the mother's
colostrum, by stimulating the sows' immunity is an extremely effective way
of using immunocorrective drugs. In most cases, these are substances that are
introduced into the sow's body with feed or parenterally3334%,

Correction of the sows' and piglets' adaptive capacity is possible with the
use of ascorbic acid. Feeding the latter to sows 10 day before farrowing can
increase the newborn piglets' stress resistance during critical neonatal
development periods®%’. Biological metal compounds also affect the sows'
immunity. For example, feeding inorganic chromium compounds to sows a
week before farrowing results in a change in antioxidant defence during piglet
development's critical periods, which contributes to the prooxidant processes
inhibition in their body®. All these feeding various substances to gestating

31 Kokapes A.B., Maciok JI.M. CTaH NpUpOJHOI PE3UCTEHTHOCTI CBMHOMATOK 3a il
npenapary «Imynomak». HB JIHY Berepunapnoi MemumuHu Ta OioTexHouoriil. Cepist:
Berepunapui  mayku. 2016. Tom 18, Ne 4(72). C. 32-36. Retrieved i3
https://nvivet.com.ua/index.php/journal/article/view/980

32 Kokapes A.B., Mactok JI.M. ®opMyBaHHs KJIITHHHUX MEXaHi3MiB iMyHHOTO 3aXHCTy B
mopocst 3a aii npenapary «Imynonak». HB JIHY BetepuHapHoi MeqUIIMHU Ta G10TE€XHOJIOTIH.
Cepis: Berepunapni maykm. 2017. Tom 19, Ne 77. C. 214-219. Retrieved i3
https://nvlvet.com.ua/index.php/journal/article/view/1211

3 Alijotas-Reig J., Llurba E., Gris J. M. Potentiating maternal immune tolerance in
pregnancy: a new challenging role for regulatory T cells. Placenta. 2014. Vol. 35, Ned. P. 241—
248. DOI: 10.1016/j.placenta.2014.02.004

3 Maciag S. S., Bellaver F. V., Bombassaro G., Haach V., Morés M. A. Z., Baron L. F.,
Coldebella A., Bastos A. P. On the influence of the source of porcine colostrum in the
development of early immune ontogeny in piglets. Scientific reports. 2022. Vol. 12, Ne 1.
P. 15630. DOL: 10.1038/s41598-022-20082-1

% Yuan C., Zhang P., Liu P., Li Y., Li J., Zhang E., Jin Y., Yang Q. A Novel Pathway for
Porcine Epidemic Diarrhea Virus Transmission from Sows to Neonatal Piglets Mediated by
Colostrum. Journal of virology. 2022.Vol. 96, Ne14. €0047722. DOIL: 10.1128/jvi.00477-22

% Gaykwad C. K., De U. K., Jadhav S. E., Chethan G. E., Akhilesh Sahoo N. R., Mondal D.
B., Gaur G. K., Verma M. R., Chaudhuri P. Adding a-tocopherol-selenium and ascorbic acid to
periparturient sow diets influences hemogram, lipid profile, leptin, oxidant/antioxidant
imbalance, performance and neonatal piglet mortality. Research in veterinary science. 2019.
Vol. 125. P. 360-369. DOI: 10.1016/j.rvsc.2019.07.014

87 Zhang P., Jiang G., Wang Y., Yan E., He L., Guo J., Yin J.,, Zhang X. Maternal
consumption of I-malic acid enriched diets improves antioxidant capacity and glucose metabolism
in offspring by regulating the gut microbiota. Redox biology. 2023. Vol. 67. P. 102889. DOI:
10.1016/j.redox.2023.102889

¥ LiuH.W.,Gao L. M., LiuG. Y., Tai W. J., Xie C. Y., Wu X. Effects of Maternal Dietary
Enteromorpha prolifera Polysaccharide Iron Supplement on Mineral Elements and Iron Level of
Neonatal Piglets. Biological trace element research. 2023. 10.1007/s12011-023-03874-y.
Advance online publication. https://doi.org/10.1007/s12011-023-03874-y
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sows schemes determine the antioxidants effect on preventing the stress and
immunosuppression development in piglets, against which an increase in
animal productivity is established3940,

The use of immunotropic substances in the mother-fetus-newborn chain
leads not only to an improvement in piglets and their mothers natural
resistance, but also improves their productive performance by increasing
young animal safety, increasing average daily weight gain and reducing
biological costs of adaptation and immunoreactivity*4?. A good example is
the use of Echinacea purpurea extract in gestating sows. This helps to increase
immunity in piglets born from them. Such changes occur due to the intake of
biologically active substances in the mother's milk and colostrum#,

Feed additives are also used to correct the immunosuppressive state of
piglets after weaning. For this purpose, starting from 3-5 day after birth,
piglets are fed a peat-based biologically active feed additive. As a result, the
piglets' safety has increased and their weight has increased during the suckling
period. This contributes to increased stress resistance during weaning. Such
changes are associated with the hematopoiesis processes activation against the
background of a decrease in the immunosuppressive compounds functional
load on the liver*. These compounds are formed in the intestine during stress
due to their absorption®.

¥ LiL., Wang H., Dong S., Ma Y. Supplementation with alpha-glycerol monolaurate during
late gestation and lactation enhances sow performance, ameliorates milk composition, and
improves growth of suckling piglets. Journal of animal science and biotechnology. 2023. Vol. 14,
Ne 1. P. 47. DOI: 10.1186/s40104-023-00848-x

40 Wang L., Huo B., Huang L., Che L., Feng B., Lin Y., Xu S., Wu D., Fang Z. Dietary
supplementation with a mixture of herbal extracts during late gestation and lactation improves
performance of sows and nursing piglets through regulation of maternal metabolism and
transmission of antibodies. Frontiers in veterinary science. 2022. Vol. 9. P. 1026088. DOI:
10.3389/fvets.2022.1026088

4 Jang K. B., Purvis J. M., Kim S. W. Supplemental effects of dietary lysophospholipids in
lactation diets on sow performance, milk composition, gut health, and gut-associated microbiome
of offspring. Journal of animal science. 2020. Vol. 98, Ne 8. skaa227. DOI: 10.1093/jas/skaa227

42 Jang K. B., Kim J. H., Purvis J. M., Chen J., Ren P., Vazquez-Anon M., Kim S. W. Effects
of mineral methionine hydroxy analog chelate in sow diets on epigenetic modification and growth
of progeny. Journal of animal science. 2020. Vol. 98, Ne9. skaa271. DOI: 10.1093/jas/skaa271

4 Maass N., Bauer J., Paulicks B. R., Béhmer B. M., Roth-Maier D. A. Efficiency of
Echinacea purpurea on performance and immune status in pigs. Journal of animal physiology and
animal nutrition. 2005. Vol. 89, Ne 7-8. P. 244-252. DOI: 10.1111/j.1439-0396.2005.00501.x

“ Yefimov V., Kostiushkevych K., Rakytianskyi V. Effect of feeding treated peat as a
supplement on the parameters of cellular immunity, antioxidant status and performance of piglets
in early post-weaning period. HVM Bioflux. 2016. Vol. 8, Ne 3. P. 133-136.
http://www.hvm.bioflux.com.ro/docs/2016.133-136.pdf

4 Suwan P., Boonsoongnern A., Phuttapatimok S., Sukmak M., Jirawattanapong P.,
Chumsing W., Boodde O., Woramahatthanon K., Woonwong Y. Effectiveness of gilt
acclimatization — improvement procedures in a farm with recurrent outbreaks of porcine epidemic
diarrhea.  Veterinary world. 2023. Vol. 16, Ne 8 P. 1695-1701. DOI:
10.14202/vetworld.2023.1695-1701
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There are reports of parenteral drugs administered to piglets in the first
days of life for immunobiological correction of their body's defensive
reactions to influence critical periods that may occur in postnatal ontogeny.
One of the most common substance groups used for this purpose is tissue
drugs®. It has been established that biologically active substances contained
in thymus tissues can stimulate the T-cell component of piglet immunity*’. A
much more significant effect was observed after using an extract of thymic
tissues in piglets at 20 day old“®,

The biogenic substances positive effect on the pig's immune system is
accompanied by an increase in haemopoiesis, which was marked by a
significant increase in the number of red blood cells, T- and B-lymphocytes
and an increase in the phagocytic activity of leukocytes in piglets' blood*. It
should be noted that cellular immunity in newborn piglets can also be
stimulated with fat-soluble vitamins and interferon, which promotes the
reorganisation of the lymphocyte membrane receptor part and leads to
increased plasma membrane receptor expression®.

The combination of tissue preparations from the thymus and bone marrow
used in piglets of the first days of life promotes an increase in bactericidal and
lysozyme activity in the animal serum on day 5°. Studies have shown that
strengthening the immune system in piglets is also possible with the use of a
porcine immunoglobulins injectable solution. Their parenteral injection a

6 Papakonstantinou G. I., Gougoulis D. A., Voulgarakis N., Maragkakis G., Galamatis D.,
Athanasiou L. V., Papatsiros V. G. Effects of Injectable Administration of Dexamethasone Alone
or in Combination with Vitamin E/Se in Newborn Low Birth Weight Piglets. Veterinary sciences.
2023. Vol. 10, Ne 2. P. 135. DOI: 10.3390/vetscil 0020135

47 Farmer C., Edwards S. A. Review: Improving the performance of neonatal piglets. Animal:
an international journal of animal bioscience. 2022. Vol. 16, Ne 2, 100350. DOI:
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week before weaning stimulates the level of nonspecific resistance in piglets
by activating factors®2.

Also, the use of organic acid preparations during critical periods showed a
positive effect on the state of natural piglet resistance®?. It was confirmed by
an increase in the animal viability and productivity against the background of
a decrease in piglet mortality by 2.5-3 times. An increase in immune defence
was found in piglets fed sodium humate in combination with succinic acid and
trace elements after weaning. This was reflected in an increase in the number
of T-lymphocytes in the blood, which is associated with the succinic acid's
ability to activate the phagocytic cells' oxygenation, which promotes their
proliferation. Also, under the peat preparations influence, there is an increase
in the T— and B-lymphocyte differentiation against the background of an
increase in the number of red blood cells and a decrease in the lymphocyte
index®.

2. Modern concepts and application of promising strategies
for modulating the immune response in newborn piglets

Natural resistance in pigs is provided by a number of cellular and humoral
mechanisms that are closely interconnected. All of them are dynamic
indicators that are determined by both the pigs' genetic characteristics and
adaptive changes to the various anthropogenic and natural factors®®.

Sows are particularly sensitive to environmental changes, as the pregnancy
period causes a decrease in the level of their immune defence mechanisms
both at the general and local levels, which affects the physiological adaptation
reactions of both their organism and newborn young animals, and correlates
with the animal safety and productivity level®.

%2 Li Y., Xu L., Jiao D., Zheng Z., Chen Z., Jing Y., Li Z., Ma Z., Feng Y., Guo X,
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10.1016/j.virs.2023.08.010
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At the same time, newborn piglets, due to a number of biological
characteristics, are prone to the immunodeficiency states development during
the neonatal period of life, which contribute to the occurrence of infectious
diseases and economic losses®”.

Due to the mechanisms of neonatal pathology development in piglets and
the sow's immune system peculiarities, the use of immunotropic substances
has become widespread. They are used according to various schemes both for
sows during the farrowing period and directly to newborn piglets®. The latter
option does not allow to influence the newborn period immunodeficiency, so
it is more effective to correct the piglets' natural resistance mechanisms
indirectly, through the mother's body. The sows' immunabiological natural
resistance mechanisms are in close contact and, owing to the factors of
humoral and cellular defence mechanisms, provide immunotolerance to fetal
antigens. Therefore, an active immunosuppressive or immunostimulatory
effect on sows' resistance mechanisms can lead to fetal developmental
disorders or fetal rejection®®.

CONCLUSIONS

Thus, the critical piglet developmental periods during the suckling period
are based on immunodeficiency states, which are caused by a decrease in the
natural resistance level and an increase in the animals' susceptibility to
environmental pathogens. These conditions contribute to the piglets' death in
the first days of life. To prevent the occurrence of immunosuppression in
piglets, it is effective to use immunotropic substances in the mother-
colustrum-newborn system, which purposefully or selectively affect the
defence mechanisms of both mother and fetus, minimising the risk of
developing an immunodeficiency state of the newborn or, if it occurs,
reducing its degree, increasing the piglets' resistance capacity during postnatal
ontogeny.

Prevent the immunodeficiency states development and correct the immune
defence mechanisms of both newborns and their mothers, it is necessary to
use drugs with immunomodulatory effects. Their use does not cause an
imbalance in the mother-colostrum-newborn immune system and provides a
less expressed but more effective impact on their body. However, the literature
does not reveal data on the state of sows' natural resistance during the second
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% Wang T., Yao W., Xia J., Li J., Shao Y., Huang F. Dietary supplementation with garcinol
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sows and newborn pigletsl. Journal of animal science. 2019.Vol. 97, Ne 11. P. 4557-4566. DOI:
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half of pregnancy, the colostrum immunobiological parameters level and the
quantitative and functional parameters of the piglets' main immune system
links against the background of age-related immunodeficiencies occurring
during the neonatal period, under the peptidoglycan-based immunotropic
drugs indirect action in the mother-colostrum-newborn biological chain.

SUMMARY

The integrative analysis of the cellular and humoral immunity in piglets
during early ontogenesis carried out to clarify the exact mechanisms of the
immune response modulation. Effectiveness and selectivity of the
immunotropic chemicals application to regulate immune cell populations in
piglets is presented. The progress in immune cell populations is regulated by
the various cytokines production in the universal concentration-dependent
manner. Furthermore, the development of the immune functions cross reacts
with innate immunity mechanisms including anti-bacterial enzymes, epithelial
barrier integrity in the both skin and intestine. The interaction between
multiple components of innate immunity is a critic initiator of the dynamic
changes in adaptive immunity. The natural resistance targets to the
establishment of infection root and delays disease progression. The duration
of the exposure to infectious agents plays an important role in the dynamics
of immune response as well as its efficacy. The chapter discusses the plural
mechanisms so far proposed to be responsible for the modulation natural
resistance.
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