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INTRODUCTION 

Non-specific protection of the animal body are represented by various 

proteins and peptides1. They are present in the various biological fluids and 

circulate in the blood of animals in the significant amount to maintain the 

homeostasis2. These factors have antimicrobial properties or have the ability 

to activate other humoral and cellular immune defense mechanisms3. 

Immunoglobulins, namely antibodies, are the group of soluble 

glycoproteins that persist in peripheral blood and biological fluids4. They have 

the ability to interact with antigens and thus cause neutralization of the latter56. 

This specific recognizing is accompanied by the antigen-antibody immune 

complex formation, which circulate in the blood for a while7. 
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The main source of immunoglobulins in newborn piglets is the 

colostrum89. Colostrum is the main factor in the newborn piglet protection, as 

it contains a large number of immune and biologically active substances that 

maintain piglet health beginning with the first colostrum consuming10. This 

result in the formation of both general and local colostral immunity, which 

level depends on the immune proteins concentration in colostrum11. Colostral 

immunity has an important impact to maintain the health, the viability, as well 

as the safety of piglets first week of life12,13. 

 

1. Physiological aspects of humoral immunity mechanisms mounting  

in early ontogenesis piglets 

After birth, piglet has the potential ability for the functional restructuring 

of various systems and organs14. This period is called the neonatal period. For 

pigs, it lasts about three weeks. Its end coincides with the ability to secrete 

hydrochloric acid by the glandular cells of the piglet's stomach1516. At the 

same time, the newborn organism's physiological systems are in a state of 
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unstable equilibrium. Its violation can lead to various diseases17. A certain 

dependence of piglet safety in the suckling period on the total protein and 

immunoglobulin levels in their blood serum has been determined1819. 

The weight of piglets after birth is related to the mortality rate in the 

neonatal period2021. The piglets with a body weight of 1.4 kg on average during 

the suckling period have a mortality rate of 8 %. Whereas the mortality rate 

of piglets with a body weight of 1.0 kg reaches 20%22. This dependency is 

associated with differences in viability and with varying placental nutrient 

supply or endocrine differences in uterine conditions23. Therefore, the 

neonatal period is essential for the postnatal formation and animal 

development. Immediately after birth, newborn animals remain in the late 

fetal period for some time. During the same period, which coincides with the 

neonatal period and lasts 12–14-day, prenatal structures of the body, including 

components of the immune system, are transformed into newborns. This is 

indicated by dynamic changes in the haematopoiesis and immunopoiesis 
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structures and blood components242526. Leukocyte number, their phagocytic 

activity and the content of protein fractions in piglets before colostrum 

consumption are similar to the values of these parameters in pig fetuses of the 

late fetal period. In 4–6 hours after birth, the piglets' blood shows an increase 

of active microphages, phagocytic number, phagocytic capacity, albumin and 

γ-globulin content by more than 50%2728. 

Biochemical blood characteristics in piglets before colostrum 

consumption differ in the large range from those in animals on the first day of 

life29. The level of total protein, including the fraction of γ-globulins, glucose, 

bilirubin, increases, the activity of the enzymes ALT, GGT and LDH 

increases, and the amount of albumin, urea and alkaline phosphatase activity 

decreases. 

Another factor indicating the immaturity of the newborn piglet immune 

system is the low bactericidal and lysozyme activity level in the blood 

serum3031. 

The early piglet development period is characterized by low natural 

resistance levels of the organism. Under these conditions, the blood serum 

bactericidal activity is in the range of 40.9±1.90%, the neutrophil phagocytic 
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activity is 21.0±0.84 %, and the phagocytic index is up to 1.0±0.09 %32. This 

is due to the haemopoietic organs immaturity. They produce young forms of 

leukocytes with a low phagocytosis capacity. 

 

2. Physiological aspects of cellular immunity mechanisms mounting  

in early ontogenesis piglets 

Morphological changes in the tissue structure of the spleen and thymus in 

early postnatal piglets are associated with their adaptive functional 

adaptiveness rate during the first three weeks of piglet life. They are 

characterized by an increase in the lymphoid tissue percentage3334. Before 

birth, the piglet lymph nodes only form a full range of morphological markers 

of immunocompetence at the tissue and cellular levels. Their functional 

development begins after birth and continues until the end of the lactation 

period35. In the late fetal and early neonatal periods, there is an increase in the 

absolute weight of the thymus, including its cortical zone, and an increase in 

the number of thymic bodies in the cerebral zone36. At the moment of birth, 

the thymus cortical zone occupies about 80% of the whole organ weight and 

contains about 95% of all thymocytes. Meanwhile, in the cerebral thymus 

layer, single T-lymphocytes and Hassel bodies are detected. Their number 

increases rapidly in piglets on the second day of life. This is associated with 

the newborn immune system's response to antigens. Thymus involution in 

piglets begins during puberty37. In one-day-old piglets, the number of  

T-lymphocytes in the thymus is about 78%, on day 5 of life its level decreases 

to 55% and remains at this level for 2 months. The newborn piglet thymus 

 
32 Kokarev A., Masiuk D. Formation mechanisms of immune cells protection in pigs under 

the influence of «Imunolak». Scientific Messenger LNUVMBT named after S.Z. Gzhytskyj. 
2017. Vol. 19, №77. Р. 214–219. 

33 Dai C. H., Wu J. Y., Zhao C. X., Yu L. H., Bao W. B., Wu S. L. Nramp1 gene expression 

in different tissues of Meishan piglets from newborn to weaning. Genetics and molecular 
research: GMR. 2017, Vol. 16, №1, 10.4238/gmr16019288. 
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LPS induced inflammation, autophagy and ER stress in the thymus and spleen of offspring piglets 

by improving the expression of selenoproteins. Food & function. 2021. Vol. 12, № 22,  

P. 11214–11228. 
35 Zhang L., Li Z., Deng X., Li J., Li T., Lv Y. Tylvalosin administration in pregnant sows 
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Research in veterinary science. 2019. Vol. 125. Р. 148–152. DOI: 10.1016/j.rvsc.2019.06.006 
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research: GMR. 2017, Vol. 16, №1, 10.4238/gmr16019288. 
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240 

also contains B lymphocytes, but their number does not exceed 4%3839. Also, 

in the lymph nodes and spleen, many lymphoid nodules with proliferation foci 

are created. It indicates the body's ability to respond to antigens. This is 

confirmed by the intensive lymphoid tissue development in the tonsils, spleen, 

feather plaques, etc. In piglets of 2-week-old, secondary follicles appear in 

many lymph nodes. Starting from 3–4-week, plasma cells are found in the 

bone marrow40. 

The spleen parenchyma which is represented by red and white pulp, is not 

clearly demarcated in newborn piglets41. White pulp makes up about 7% of 

the organ parenchyma. During 7 days of life, the organ weight increases 

almost 3 times. This leads to an increase in white pulp by 16%. The white pulp 

is composed of lymphoid cells, including lymphocytes, lymphoblasts, 

reticulocytes and macrophages. It indicates the active immune system of 

newborn piglets’ development during the first week of life. Newborn animals 

have an unformed immune system during the first days of life, as indicated by 

the lymphoid tissue development state at the fetal level42. This is also 

facilitated by the morphological structure peculiarity of the placental barrier 

between the sow and the fetus. The pig's placenta is of a diffuse, epithelia-

choroidal type. The placenta is impervious to macromolecules, including 

antibodies. This leads to the creation of an immune balance between the 

embryo or fetus and the mother's body43. 

The fetal immune system is formed in the late fetal period due to the 

genetic potential realization and the placental barrier presence44. The immune 

 
38 Ito T., Sendai Y., Yamazaki S., Seki-Soma M., Hirose K., Watanabe M., Fukawa K., 

Nakauchi H. Generation of recombination activating gene-1-deficient neonatal piglets: a model 
of T and B cell deficient severe combined immune deficiency. PloS one. 2014. Vol. 9, № 12. 

e113833. https://doi.org/10.1371/journal.pone.0113833 
39 Dong L., Zhong X., Zhang L., Kong L., Kong Y., Kou T., Wang T. Impaired intestinal 

mucosal immunity is associated with the imbalance of T lymphocyte sub-populations in 

intrauterine growth-restricted neonatal piglets. Immunobiology. 2015. Vol. 220, № 6.  

Р. 775–781. 
40 Sinkora M., Butler J. E. Progress in the use of swine in developmental immunology of B 

and T lymphocytes. Developmental and comparative immunology. 2016. Vol. 58. Р. 1–17. DOI: 

10.1016/j.dci.2015.12.003 
41 Wang M., Huang H., Hu Y., Liu Y., Zeng X., Zhuang Y., Yang H., Wang L., Chen S.,  

Yin L., He S., Zhang S., Li X., He S. Effects of dietary supplementation with herbal extract 

mixture on growth performance, organ weight and intestinal morphology in weaning piglets. 
Journal of animal physiology and animal nutrition. 2020. Vol. 104, № 5. Р. 1462–1470. DOI: 

10.1111/jpn.13422 
42 Bæk O., Sangild P. T., Thymann T., Nguyen D. N. Growth Restriction and Systemic 

Immune Development in Preterm Piglets. Frontiers in immunology. 2019, Vol.10, 2402. 
43 Vonnahme K. A., Wilson M. E., Ford S. P. Relationship between placental vascular 

endothelial growth factor expression and placental/endometrial vascularity in the pig. Biology of 
reproduction. 2001.Vol. 64, № 6. Р. 1821–1825. DOI: 10.1095/biolreprod64.6.1821 

44 Bidarimath M., Tayade C. Pregnancy and spontaneous fetal loss: A pig perspective. 

Molecular reproduction and development. 2017, Vol. 84, № 9, P. 856–869. 
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system's central organs in piglets are formed at the end of prenatal 

development. Their maturation occurs after birth, directly under the antigenic 

load influence45. It is accompanied by an increase in the number of  

T-lymphocytes in piglets up to 2 months of age46. 

Piglets' first two weeks of life are typified by a decrease in the number of 

phagocytic cells. It is associated with the colostrum immune defense in 

newborns formation. At the end of the first month of life, this indicator 

increases, which is associated with the formation of their own immune 

system47. At the same time, during the first month of life, a gradual increase 

in the number of T-lymphocytes occurs in the piglet's blood48. By the end of 

the second month of life, their number in the piglet's blood reaches the adult 

pig level. It should be noted that the number of leukocytes in the newborn 

piglets' blood increases by more than 50 % during the first day of life, mainly 

due to T-lymphocytes. Whereas the B-lymphocyte level is several times lower 

than in 4–6-month-old pigs, and after 4 weeks their number doubles4950. 

Antibodies are detected in the blood of piglets before birth. This indicates 

a placental barrier violation by antigenic structures and the unborn organism's 

 
45 Haverson K., Corfield G., Jones P. H., Kenny M., Fowler J., Bailey M., Stokes C. R., Miller 

B. G. Effect of oral antigen and antibody exposure at birth on subsequent immune status. A study 

in neonatal pigs. International archives of allergy and immunology. 2009. Vol. 150, № 2.  
Р. 192–204. 

46 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, № 1.  

Р. 15630. DOI: 10.1038/s41598-022-20082-1 
47 Bréa D., Soler L., Fleurot I., Melo S., Chevaleyre C., Berri M., Labas V., Teixeira-Gomes 

A. P., Pujo J., Cenac N., Bähr A., Klymiuk N., Guillon A., Si-Tahar M., Caballero I. Intrinsic 

alterations in peripheral neutrophils from cystic fibrosis newborn piglets. Journal of cystic 

fibrosis: official journal of the European Cystic Fibrosis Society. 2020, Vol. 19, № 5,  

Р. 830–836. 
48 Bæk O., Sangild P. T., Thymann T., Nguyen D. N. Growth Restriction and Systemic 

Immune Development in Preterm Piglets. Frontiers in immunology. 2019, Vol.10, 2402. 
49 Ren Z. H., Yuan W., Deng H. D., Deng J. L., Dan Q. X., Jin H. T., Tian C. L., Peng X., 

Liang Z., Gao S., Xu S. H., Li G., Hu Y. Effects of antibacterial peptide on cellular immunity in 

weaned piglets. Journal of animal science. 2015. Vol. 93, №1. Р. 127–134. DOI: 
10.2527/jas.2014-7933 

50 Kreuzer-Redmer S., Arends D., Schulte J. N., Karweina D., Korkuc P., Wöltje N., Hesse 

D., Pieper R., Gerdts V., Zentek J., Meurens F., Brockmann G. A. High dosage of zinc modulates 
T-cells in a time-dependent manner within porcine gut-associated lymphatic tissue. The British 

journal of nutrition. 2018. Vol. 120, № 12. Р. 1349–1358. https://doi.org/10.1017/ 

S0007114518002908 
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contact with them. This is because the first immunoglobulins synthesis is 

possible in pig fetuses from the early fetal period5152.  

The development and growth of immunocompetent structures is 

autonomous in accordance with the genetic potential due to the placental 

barrier53. It is determined by their ability to respond to the antigen action 

entering the body immediately after birth. Colostrum proteins are such an 

antigen, which activate the immunocompetent newborn organs5455. 

Under the colostrum proteins influence, lymphocytes rapidly colonise the 

mucous membranes and lymph nodes. As a result, prenatal lymphoid 

structures change into competent ones. This is confirmed by the inhibition of 

the immunocompetent structure’s formation for 20-30 days with late 

colostrum feeding. Thus, at the time of birth, piglets form a complex of 

immunocompetence morphological markers at the tissue and cellular levels. 

After birth, their functional development is activated5657.  

The immune components activity in piglets during the first weeks of life 

has a downward trend. At the end of the suckling period, it changes to an 

 
51 Park Y., Oh Y., Wang M., Ganges L., Bohórquez J. A., Park S., Gu S., Park J., Lee S., Kim 

J., Sohn E. A Novel E2 Glycoprotein Subunit Marker Vaccine Produced in Plant Is Able to 

Prevent Classical Swine Fever Virus Vertical Transmission after Double Vaccination. Vaccines. 
2021. Vol. 9, № 5. Р. 418. DOI: 10.3390/vaccines9050418 

52 Rebollada-Merino A., García-Seco T., Pérez-Sancho M., Domínguez L., Rodríguez-Bertos 

A. Histopathologic and immunohistochemical findings in the placentas and fetuses of domestic 
swine naturally infected with Brucella suis biovar 2. Journal of veterinary diagnostic 

investigation: official publication of the American Association of Veterinary Laboratory 

Diagnosticians, Inc. 2023. Vol. 35, №3. Р. 258–265. DOI: 10.1177/10406387231163867 
53 Wippermann W., Heckmann A., Jäger K., Dänicke S., Schoon H. A. Exposure of pregnant 

sows to deoxynivalenol during 35-70 days of gestation does not affect pathomorphological and 

immunohistochemical properties of fetal organs. Mycotoxin research. 2018. Vol. 34, № 2.  
Р. 99–106. DOI: 10.1007/s12550-017-0304-z 

54 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 
55 De Carvalho R. H., Callegari M. A., Dias C. P., Kirwan S., da Costa M. C. R., da Silva C. 

A. Euglena gracilis β-Glucans (1,3): Enriching Colostrum of Sow for Enhanced Piglet Immunity. 
Animals: an open access journal from MDPI. 2023, Vol. 13, №22, 3490. 

56 Wu Y., Zhang X., Pi Y., Han D., Feng C., Zhao J., Chen L., Che D., Bao H., Xie Z.,  

Wang J. Maternal galactooligosaccharides supplementation programmed immune defense, 
microbial colonization and intestinal development in piglets. Food & function. 2021.Vol. 12,  

№ 16. Р. 7260–7270. DOI: 10.1039/d1fo00084e. 
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M., Lu Z. Bacillus amyloliquefaciens 40 regulates piglet performance, antioxidant capacity, 

immune status and gut microbiota. Animal nutrition (Zhongguo xu mu shou yi xue hui). 2022. 

Vol. 12. Р. 116–127. https://doi.org/10.1016/j.aninu.2022.09.006 



 

243 

upward trend due to the activation and intensification of their own immune 

system components5859. 

 

CONCLUSIONS 

Thus, at the time of birth, piglets form a complex of immunocompetence 

morphological markers at the tissue and cellular levels. After birth, their 

functional development is activated. The immune components activity in 

piglets during the first weeks of life has a downward trend. At the end of the 

suckling period, it changes to an upward trend due to the activation and 

intensification of their own immune system components. 

 

SUMMARY 

The number of studies related to investigation of development of immune 

system at early stages of ontogenesis are directed to expansion of concepts of 

mechanisms of inherent and adaptive immunity in premature newborns. 

However, discrepancy in publication data and absence of accurate conceptions 

about unique features of immune system in newborn piglets of various 

gestation age determine actuality of further investigation of this problem. The 

study was carried out to establish characteristics of phenotypic and functional 

characteristics of the immune cells and establishment of adaptive immunity in 

piglets. 

The antibody repertoire of sow has interested immunologists for decades, 

in part because of the ease with which large quantities of high affinity 

antibodies can be observed in serum, and into other fluids because of the 

presence of genetic variants for both light and heavy chain of all known 

immunoglobulin types. 
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