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Stress is a  natural, physiological phenomenon 
in humans, animals, plants, and microorganisms. 
Formulating a universal definition of stress remains 
a challenge even though research on stress began al-
ready in the 1930s (62). It seems that the most common 
definition is that stress is a biological phenomenon con-
sisting in the organism’s reaction to excessive physi-
cal or mental demands. According to Selye, a living 
organism is constantly exposed to various unfavorable 
stimuli that disturb its homeostasis (63). Stress are 
all stimuli that adversely affect the body. The organ-
ism’s sensitivity to stress varies and depends on the 
biological properties of a given species of animals or 
plant, but mainly on the duration and severity of stress 
(5, 50). Stress activates the so-called general adaptation 
syndrome (GAS), characterized by a specific hormonal 
activity, and hence pathological changes (adrenal en-
largement, atrophy of the thymus gland, ulceration in 
the digestive system). The main sign of a stress reaction 
is an increase in the output of glycosteroids from the 
adrenal cortex. The dynamics of the stress syndrome 
are characterized by three phases: alert, adaptation, 
and exhaustion (63). According to research on stress 
conducted by Solely, stress has two aspects: a negative 
one and a positive one. Negative stress is a chronic 

distress, which is physically and mentally degrading. 
Positive stress (eustress) is constructive and motivating 
– it determines concentration, effort, and achievement 
(64, 58). Some authors, however, reject the idea that 
some stress has a positive effect (14).

During stress, we can distinguish two types of 
reactions, depending on the behavior of the affected 
individual: an active reaction, which is an attack or 
flight, and a passive reaction, consisting in immobility 
and depression during longer-lasting stress (18). The 
adrenaline and noradrenaline rush is characteristic of 
an active reaction. During a passive reaction, increased 
levels of corticosteroids are observed (41). Due to con-
nections between various physiological mechanisms, 
stress may negatively affect not only immunity and 
consequently health, but most of all reproduction (12).

The available literature indicates that the greatest 
stressful impact on farm animals, especially horses 
and pigs, is due to biological and physical elements 
of the environment (31). In the case of the widespread 
intensive production of animals, especially pigs, stress 
may be caused by quantitative or qualitative distur-
bances, such as those related to the excessive density 
of animals, their large number, frequent movement, or 
long transport, which disturb the balance between the 
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environment (ecosystem) and the animals, necessary 
for the normal functioning of the organism (49).

The result may be a deterioration in the harmonious 
functioning of different systems in the body, which in 
turn disturbs its homeostasis, potentially resulting in 
decreased production and even disease. It can be con-
cluded that the breeding environment, as well as the 
physical and biological environment, determines the 
physical and mental condition of animals, the mainte-
nance of homeostasis, the functioning of the immune 
system, feed consumption efficiency, and even the use 
of the genetic potential.

Influence of stress on the immune response
The mechanisms related to stress that determine 

its impact on the immune system are still not fully 
understood. However, the mutual influence of the 
nervous and immune systems is largely known. The 
major pathways involved in these interactions are the 
sympathetic nervous system (SNS) axis and the hypo-
thalamic–pituitary–adrenal (HPA) axis. These systems 
communicate with each other through two axes. The 
SNS axis is the one between the sympathetic nervous 
system and the adrenal medulla. The sympathetic ner-
vous system is part of the autonomic nervous system, 
which activates internal organs and is responsible for 
the fight-or-flight response (69). First, after a stressor 
is triggered, the sympathetic system stimulates the 
adrenal glands to release adrenaline and noradrena-
line, which, among others, leads to an acceleration 
of the heart rate and breathing, and pupil dilation. 
The activation of the sympathetic system in pigs can 
be measured by Chromogranin A (CgA), which is an 
acidic soluble protein belonging to the granins family 
(13). The other axis, HPA, is activated minutes or hours 
after stress occurs (33). By releasing corticoliberin, the 
hypothalamus stimulates the pituitary gland. Under 
the influence of this hormone (neurotransmitter), the 
anterior pituitary gland secretes corticotrophin, which, 
reaching the adrenal cortex, causes the secretion of 
glucocorticoids, including cortisol, by the cells of this 
organ. Cortisol reduces the sensitivity of the senses, 
while increasing the ability to distinguish between 
separate stimuli. Glucocorticoids inhibit the activity 
of the pituitary and hypothalamus, thanks to which 
they regulate the intensity of the stress response (20). 
Hence, cortisol has been widely used as a marker of 
stress in swine, also as a noninvasive test from saliva 
(22, 56, 75).

Glicocorticoids have a negative effect on the im-
mune system. They may have an impact on the innate 
immune response reducing the number of circulating 
monocytes and hence also proinflammatory cyto-
kines IL-2, IL-6, TNF-α, and IL-12, which results in 
reduced Th1 lymphocyte differentiation. Moreover, 
glucocorticoids decrease the number of T cells and 
the production of IL-2, which is necessary for T cells. 
In addition, glucocorticoids inhibit leukocyte traffic 

and thereby the access of leukocytes to the site of 
inflammation (67). Moreover, a strong and prolonged 
stress inhibits the humoral and cellular response of the 
immune system because of the secretion of excessive 
amounts of cortisol by the adrenal cortex. This results 
in „hyperadaptosis”, often leading to the manifestation 
of a  disease (17). Glucocorticosteroids also reduce 
the reactivity of lymphocytes, limit their production, 
and sometimes activate the process of their apoptosis 
(21). However, a short psychological stress, such as 
the social isolation of piglets, induces a state of cor-
tisol resistance in blood immune cells, which may be 
an adaptation aimed at maintaining cellular immune 
responses in the short term (71). This is also confirmed 
by other studies showing an increase in CD8+ lympho-
cytes and hence a decrease in the CD4+/CD8+ ratio 
after the social isolation of piglets (26, 73).

Due to the variety of stress factors and the distinction 
between acute and chronic stress, it is important to ap-
proach the effects of a given stress factor individually. 
After only 20 minutes of transporting swine, we can 
observe rapid changes in their immune response, such 
as an increase in some acute phase proteins (APP), 
haptoglobin, and CRP (15). In addition to APP changes, 
there is an increase in the neutrophil/lymphocytes ratio, 
which has long been suggested as a stress marker in 
pigs (53). Other authors suggest salivary serum amy-
loid A as a better and longer lasting biomarker for the 
assessment of complex stress in pigs (65). Another 
immune marker of stress may be the level of immuno-
globulin (Ig) A, since it increases after immobilization 
(47). Moreover, the IgA level returns to its previous 
value after the removal of stress faster than that of 
cortisol, which is related to different regulation of the 
secretion of these substances by the SNS axis and the 
HPA axis, respectively (42, 43). SNS stimulation may 
also be responsible for an increase in IL-18 in saliva 
during acute immobilization stress, which is another 
candidate for an immune marker of stress (52).

In summary there are a  few immune biomarkers 
that change immediately after stress, and therefore 
could be easily used as biomarkers of acute stress. 
Acute stress is commonly associated with a  proin-
flammatory response, which may be helpful in setting 
the immune system to fight and heal (11). In piglets, 
this pro-inflammatory response due to repeated social 
isolation results in an increase in cytokines, such as 
IL-1β (27, 72). Stress associated with the isolation of 
young piglets was also associated with an increased 
expression of IL-6 mRNA in the hypothalamus (74). 
Prolonged stress in mice and humans may be associated 
with a pro-inflammatory response and an increase in 
cytokines such as IFN-γ, TNF-α, IL-6, IL-1Rα, as well 
as an increase in anti-inflammatory IL-10 (36, 82). In 
swine, long transport (more than 6 h) has been related 
with an increased concentration of pro-inflammatory 
cytokines (IL-2, IL-6, IL-12, IL-1β, and IFN-γ) and 
a decreased concentration of anti-inflammatory cyto-
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kine IL-4 (8). In general, studies on humans and ani-
mals have shown that chronic or repeated stress reduces 
immune responses, whereas a single exposure to stress 
enhances immunity (10). This is also supported by 
studies on innate immunity in pigs. However, the ulti-
mate effect of a stressor also depends on stress factors. 
For example, chronic social stress had a predominantly 
immunosuppressive influence on pigs, characterized 
by a significant down-regulation of pro-inflammatory 
cytokines, including TNF-α, IL-1β, and IL-8, probably 
due to a robust upregulation of IL-10 expression in the 
ileum and colon (2).

Prolonged stress associated with food intake inter-
ruptions was associated with increased APP, especially 
in males (46). Chronic heat stress had no effect on 
lymphocyte proliferation (3, 45), whereas a  14 day 
exposure of pigs to heat and crowding stress was as-
sociated with an increased proliferation of T cells and 
NK cell cytotoxity, without any effect on the total IgG 
concentration (68). On the other hand, a 4 day cold 
stress reduced NK activity, T cell proliferation, and 
the total plasma IgG concentration (57). The effect of 
stress on the immune response is not only confined to 
the stressed individual alone, but may also influence 
individuals in utero. It has been revealed that heat 
stress causes a  greater cytokine response (TNF-α,  
IL-1β, and IL-6) to lipopolysaccharide (LPS) in fetuses 
in utero compared with fetuses that are not exposed to 
heat stress, probably due to an altered metabolic and 
cortisol response (24). Additionally, maternal stress 
resulted in a significantly decreased serum IgG level 
in suckling piglets and immunosuppression of B and T 
cell proliferation without any change in NK cell cyto-
toxity. These changes were accompanied by a reduced 
thymus weight (70).

It seems that the ultimate effect of stress on the im-
mune system depends not only on the duration of stress 
and stressor factors, but also on the individual exposed 
to this stress. Social stress appears to suppress the 
immune response to a viral vaccine and consequently 
impairs protection against a challenge infection more 
in dominant than in subordinate individuals subjected 
to social stress (16).

Generally, socially dominant and submissive pigs 
showed alterations in the immune function (elevated 
numbers of neutrophils and decreased antibody pro-
duction) compared with average pigs. Heat and social 
stress interact in their effect on the pig’s immune 
system and cause immunosuppression in average ani-
mals, although there are also immunological costs to 
dominant pigs as well (39).

Stress is also connected with stereotypies and even 
destructive disorders, such as tail biting, which may be 
counteracted by environmental enrichment (9). What 
is interesting, environmental enrichment may also 
affect certain components of the immune system (35, 
38, 54, 60, 61). Some data indicate lower N: L ratios 
and haptoglobin levels in enriched-housed pigs, which 

suggests that they are less stressed and their immune 
system is less activated (1). These results confirm the 
relationship of stress with the immune system, as well 
as the beneficial effect of enrichment on pig behavior 
and welfare. At this point, it should be emphasized that 
a short-term activation of the immune system and pro-
inflammatory response may be beneficial, although it 
has a negative effect in the long term.

Stress-associated immune response changes  
in the gastrointestinal tract

Above all, it is necessary to maintain the balance be-
tween the animal’s organism and the surrounding eco-
system. Prevention of chronic inflammatory processes 
on the enormous surface of the intestinal mucosa (about 
300 m2 in a 100 kg fattener) is particularly important. 
Gut-associated lymphoid tissue (GALT) is the largest 
bastion of the immune system (IS) just beneath the 
epithelium of the gastrointestinal tract. The function of 
the immune cells that are part of GALT is a quick and 
strong reaction to invasion by microorganisms or to 
their toxins. At the same time, GALT limits the scope 
of reaction against non-pathogenic factors to prevent 
the excessive activity of the IS and, consequently, ex-
cessive damage to the organism by the inflammatory 
reaction (4).

Among GALT we can distinguish a  few pivotal 
populations such as innate like-lymphocytes (ILL) 
which combines intraepithelial lymphocytes (IEL), 
mucosal-associated invariant T (MAIT) cells, and in-
variant natural killer T (iNKT), and innate lymphoid 
cells (ILC) (2). Innate-like lymphocytes, which are 
located in the small intestine and, to a lesser degree, in 
the large intestine, play an important role as producers 
of cytokines, cytotoxic molecules, and antimicrobial 
peptides (78). MAIT recognize a microbial vitamin B 
metabolite and may have an adaptive capacity with 
probable participation in host defenses against both 
infectious and non-infectious diseases (80). Invariant 
natural killer T cells recognize glycolipids derived 
from microbes and modulate the immune response 
to intestinal pathogens via cytokines, such as IL-12,  
IL-18, IFNγ, IL-17, and GM-CSF (59). The population 
of ILC with three subpopulations mainly play role in 
intestinal homeostasis and protection of the gastrointes-
tinal tract (77). These cells play an important role in the 
cytokine-driven integrity of the intestinal epithelium. 
ILC3, by producing specific cytokines (IL-17A and 
IL-22), regulate the level of anti-infective immunity 
and, consequently, limit the multiplication and spread 
of pathogenic bacteria in the intestines. They also limit 
the response of helper lymphocytes (Th CD4+) to com-
mensals that are part of the microbiome (19). In the 
digestive tract of pigs, there are several hundred spe-
cies of various bacterial strains, which, in exchange for 
nutrients and living space, provide the body with ben-
efits resulting, among others, from protection against 
excessive multiplication of pathogenic bacteria (30).
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Thus, an immune response is triggered, among oth-
ers, by the recognition of bacterial, viral, parasitic, and 
other ligands by IS cells and causes a rapid release of 
pro-inflammatory cytokines, TGF beta and other me-
diators into the surrounding tissues and bloodstream. 
Cytokines point to the effector cells information about 
the site of infection, where the latter help remove the 
pathogen through several mechanisms. The bacterial 
flora of commensals and conditionally pathogenic 
microorganisms (microbiome) together with the cells 
of the macroorganism form a comprehensive, interac-
tive ecosystem, determining, among other things, the 
activity of IS and actively participate in gastrointestinal 
tract protection.

It has been unequivocally proven that stresses related 
to the environment in which animals live impairs the 
intestinal barrier and induces immunosuppression of 
intestinal immune responses due to the up-regulation of 
IL-10 (32), which may decrease the efficiency of ani-
mal production and increase the incidence of diseases 
(51). In addition, early stress due, for example, to an 
early weaning of pigs, is associated with an impaired 
future response to E. coli bacteria (40). Moreover, the 
activation of intestinal mast cells has been shown in 
multiple animal models and in humans to be a  key 
immune player in stress-induced gastrointestinal dis-
ease (44). This up-regulation of mast cell activity was 
also confirmed in another study with pigs subjected to 
chronic social stress (32).

Immune stress and its influence  
on the body and production

The long-term immunological mobilization of the 
animal’s organism, related to defense against constant 
pressure from unfavorable environmental conditions, 
including pathogens, is defined as immunological 
stress. There is still an incomplete understanding 
of mechanisms related to long-term immune stress, 
which determine the negative effects on the animal’s 
development, including a high rate of morbidity and 
mortality, an increase in the feed conversion rate (FCR) 
and, important in intensive pig production, weight dif-
ferentiation of the same age groups of pigs. It is known, 
however, that the innate immune system is part of the 
first line of anti-infective defense of the host. These 
defense mechanisms are innate, and the ability to re-
spond does not change with or adapt to the pathogen. 
The barriers of the epidermis and mucosa epithelium 
constitute the first barrier to the pathogenic factor.

When the pathogen is strongly pathogenic or present 
in large numbers, or when the barriers are damaged 
(abrasions of the epidermis, disruption of the continu-
ity of the mucous membranes), it is possible to break 
these barriers and infect the host. Microorganisms 
that have broken such barriers are recognized by IS 
cells through pathogen-associated molecular patterns 
(PAMPs) derived from bacteria, viruses, fungi, and 
protozoa by Toll-like receptors (TLRs). TLRs, which 

are expressed on macrophages, dendritic cells, mast 
cells, and NK cells, as well as on T and B lymphocytes, 
distinguish pathogens from dead and inactive (debris) 
elements (37). The activation of TLRs is a  pivotal 
signal for the activation of both innate and acquired 
immune responses and for combating the pathogen 
in accompaniment with a  massive proliferation of 
immune cells and production of immunoglobins, cy-
tokines, chemokines, acute phase proteins, and many 
others. Moreover, the stimulation of individual cells 
of the immune system, for fear of the threat, is a prior-
ity more important than reproduction, weight gain, or 
FCR. Especially, an enteric infection is one of major 
stressors causing low productivity in farm animals, 
including pigs, since it is known to suppress the feed 
conversion efficiency (29, 81). Survival is always the 
most important goal of an organism. Thus, it is not 
surprising that such a  state of immunological stress 
results in a negative energy balance and weight loss 
(25, 66). During immune stress, the metabolic priority 
is mainly the production of APP by the liver.

Acute phase proteins include proteins whose con-
centration in plasma increases by at least 20% after 
tissue damage. The priority action of APP is to restore 
the body’s homeostasis. Acute phase proteins simul-
taneously inhibit the synthesis of certain proteins and 
accelerate the degradation of muscle proteins (20). 
Similar results were obtained in swine, in which APP 
levels showed an inverse relationship with weight 
gain (52). A negative consequence of APP activity is 
increased catabolism leading to weight loss. According 
to calculations, about 850 mg APP/BWT is produced in 
the human body during the activation of IS. The amount 
of degraded muscle tissue in this period amounts to 
1980 mg/BWT.

This is related, among others, to the persistently high 
level of cytokines secreted by stimulated leukocytes. 
The problem of weight loss is exacerbated by the 
overproduction of cytokines, especially IL-6, IL-1β, 
and TNF-α, which are a significant cause of changes 
in mood and behavior leading to weakness and some-
times even a lack of appetite (7, 28, 39, 48). Even an 
increase in cytokines such as IL-1 observed during 
a virus infection was associated with a lack of appetite 
and weight loss in pigs (34). The lack of appetite due 
to the chronic stimulation of IS can also be observed 
in pigs kept in overcrowded pens, exposed to many 
conditionally pathogenic microorganisms, frequently 
moved or rearranged, or in piglets weaned too early 
(before the 28th day of life).

It should be emphasized that any disturbance of ho-
meostasis due to the impact of long-lasting stress on the 
organism weakens its immune defense and increases 
its sensitivity to pathogenic microorganisms present in 
the environment. Although a piglet or weaner with an 
efficient immune system can cope with conditionally 
pathogenic or pathogenic microorganisms present in 
its environment, an animal that finds itself in condi-
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tions of biological and/or physical environmental 
imbalance may undergo subclinical infection with 
its economic consequences, or even become sick. As 
already mentioned, environmental stress factors, such 
as overcrowding or heat/cold stress, often combine in 
their unfavorable effects to overcome the barriers of 
innate and acquired immunity. However, improper 
feeding of animals may also worsen the effects of the 
above-mentioned imbalance. Especially in young ani-
mals, a diet that does not contain nutrients essential for 
strengthening the anti-infectious resistance may make 
the animals more vulnerable to infection by pathogenic 
microorganisms. It has been shown that an appropriate 
diet can support the pig’s immune system, and if that 
pig is a sow, such a diet can even have a positive effect 
on the immune system of its piglets (55, 76). On the 
other hand, mycotoxins naturally present in corn may 
result in an altered immune response with systemic 
inflammation and partial liver damage, causing a re-
duction in the growth of pigs (6).

For this reason, improper feed may be a secondary 
factor causing dysfunctions of the physiological sys-
tems of the organism, including a dysfunction of IS.

The fact that the organism’s immunity has been 
broken down by pathogens living in the environment 
is usually noticed only when the clinical form of the 
disease becomes evident. We are not aware of the fact 
that pigs exposed to stress, e.g. related to a large daily 
temperature amplitude in the room or drafts have a re-
duced appetite and reduced weight gains, even when 
there is no clinical disease in the herd. The correlation 
between the microbiological contamination of pigs’ 
habitat and the consequent decrease in production, 
even in the case of taking the same amount of feed by 

animals, is well documented and known to most pig 
producers and veterinarians.

A typical observation is that the first groups of ani-
mals reared in a new facility, usually have better weight 
gains and FCR than subsequent groups, even when all 
biosecurity rules, including the All-In-All-Out (AIAO) 
principle, are continuously followed. Potentially 
pathogenic microorganisms found in the environment 
increasingly infect subsequent technological groups of 
animals, thus supporting and sometimes even increas-
ing chronic immune stress.

Mainly because of the labor-intensive and time-
consuming nature of cleaning and disinfecting, but 
also because of the insufficient awareness of the impact 
of the environment on animals’ IS and, consequently, 
on their health and production effects, pig producers 
often prefer to use “strategic medication” (which is in 
principle already banned by the EU), instead of taking 
care of hygiene on their premises.

An excessive, long-lasting immune alert leads to 
inflammatory changes in the intestines, and a high level 
of pro-inflammatory cytokines may lead to intestinal 
dysbacteriosis, or dysbiosis (a microbiological imbal-
ance in the intestines). This may cause undesirable 
consequences affecting the entire body, which was 
also confirmed in swine exposed to heat stress (79). 
Changes in the composition of the microbiome can be 
qualitative, such as a decrease in the diversity of the 
intestinal flora, and/or quantitative, such as changes in 
the number of individual bacteria.

An additional cost of a long-term alert may be the 
aforementioned periodical deterioration of appetite 
and, consequently, a  prolonged fattening period. 
A deterioration in FCR is often observed. Since the 

pressure from environ-
mental stressors affects 
individual animals dif-
ferently, there will be 
a  differentiation in 
the weight of weaners 
or fattening pigs of 
the same age. Weight 
differentiation among 
animals of the same 
age may have seri-
ous economic conse-
quences, contributing 
to problems related to 
the rhythmic produc-
tion of numerically 
appropriate groups of 
weaners or finishers.

Various issues re-
lated to the impact of 
stress on the immune 
response and health in 
swine are presented in 
Figure 1.Fig. 1. Impact of stress on swine immune response and health
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In addition to influencing the functioning of IS, 
mediators of immune response also affect several 
other important functions of the body. They change 
the way nutrients are used and increase the synthesis 
of proteins involved in immunological processes. This 
comes at the expense of using nutrients for several 
other important bodily functions, and cause change 
of nutrients use from anabolic to catabolic. It can be 
argued that cytokines antagonize production processes. 
This happens, among others, by changing the animal’s 
metabolic priorities towards supporting IS efficiency 
at the expense of other vital functions.

In conclusion, it can be said that all actions aimed 
at minimizing the exposure of pigs to stress, limiting 
the survival and multiplication of pathogenic and 
conditionally pathogenic microorganisms, as well as 
improved management, can significantly enhance the 
functioning of IS and, consequently, reduce the costs 
of pig production by improving the feed conversion 
of animals and reducing treatment costs.

There is no doubt that long-term stress, including that 
related to management errors, has a negative impact on 
the functioning of the IS of animals. It thus increases 
the likelihood of symptomatic and asymptomatic infec-
tions with microorganisms living in the environment, 
which have a negative impact on production.

References
  1.	Beattie V. E., O’Connell N. E., Moss B. W.: Influence of environmental enrich-

ment on the behaviour, performance and meat quality of domestic pigs. Livest. 
Prod. Sci. 2000, 65, 1-2, 71-79.

  2.	Bennett M. S., Round J. L., Leung D. T.: Innate-like lymphocytes in intestinal 
infections. Curr. Opin. Infect. Dis. 2015, 28, 457.

  3.	Bonnette E. D., Kornegay E. T., Lindemann M. D., Hammerberg C.: Humoral 
and cell mediated immune response and performance of weaned pigs fed 
four supplemental vitamin E levels and housed at two nursery temperatures. 
J. Anim. Sci. 1990, 68, 1337-1345.

  4.	Burkey T. E., Skjolaas K. A., Minton J. E.: Porcine mucosal immunity of the 
gastrointestinal tract. J. Anim. Sci. 2009, 87, 1493-1501.

  5.	Carstens E., Moberg G. P.: Recognizing pain and distress in laboratory animals. 
Ilar. Journal 2000, 41, 62-71.

  6.	Chaytor A. C., See M. T., Hansen J. A., de Souza A. L. P., Middleton T. F., 
Kim S. W.: Effects of chronic exposure of diets with reduced concentrations of 
aflatoxin and deoxynivalenol on growth and immune status of pigs. J. Anim. 
Sci. 2011, 89, 124-135.

  7.	Dantzer R., O’Connor J. et al.: From inflammation to sickness and depression: 
when the immune system subjugates the brain. Nat. Rev. Neurosci. 2008, 9, 
1, 46-56.

  8.	De A. K., Sawhney S., Ponraj P., Sunder J., Banik S., Bhattacharya D.: 
Physiological and immune responses to long road transportation in Andaman 
local pigs. Trop. Anim. Health Prod. 2021, 53, 247.

  9.	D’Eath R. B., Arnott G., Turner S. P., et al.: Injurious tail biting in pigs: how 
can it be controlled in existing systems without tail docking? Anim.: Inter. J. 
Anim. Biosci. 2004, 8, 1479-1497.

10.	Dhabhar F. S.: Enhancing versus suppressive effects of stress on immune 
function: Implications for immunoprotection and immunopathology. 
Neuroimmunomodulation 2009, 16, 300.

11.	Dhabhar F. S., Miller A. H., McEwen B. S., Spencer R. L.: Effects of stress on 
immune cell distribution. Dynamics and hormonal mechanisms. J. Immunol. 
1995, 154, 5517-5527.

12.	Dobson H., Smith R. F.: What is stress, and how does it affect reproduction? 
Anim. Reprod. Sci. 2000, 60-61, 743-752.

13.	Escribano D., Soler L., Gutiérrez A. M., Martínez-Subiela S., Cerón J. J.: 
Measurement of chromogranin A in porcine saliva: validation of a  time-
resolved immunofluorometric assay and evaluation of its application as 
a marker of acute stress. Animal 2013, 7, 640-647.

14.	Fevre M. le, Matheny J., Kolt G. S.: Eustress, distress, and interpretation in 
occupational stress. J. Manag. Psychol. 2003, 18, 726-744.

15.	García-Celdrín M., Ramis G., Juan E., Quereda J., Armero E.: Reduction of 
transport-induced stress on finishing pigs by increasing lairage time at the 
slaughter house. J. Swine Health. Prod. 2012, 20, 118-122.

16.	Groot J. de, Ruis M. A. W., Scholten J. W., Koolhaas J. M., Boersma W. J. A.: 
Long-term effects of social stress on antiviral immunity in pigs. Physiol. Behav. 
2001, 73, 145-158.

17.	Wrona-Polańska H.: Zdrowie i jego psychobiologiczne mechanizmy. Impuls, 
Kraków 2008, 17-37.

18.	Henry J., Stephens P.: Stress, health, and the social environment: A socio-
biologic approach to medicine. Springer Science & Business Media 2013, 
141-166.

19.	Hepworth M. R., Monticelli L. A., Fung T. C., et al.: Innate lymphoid cells 
regulate CD4+ T cell responses to intestinal commensal bacteria. Nature 2013, 
498, 113.

20.	Herman J. P., McKlveen J. M., Ghosal S., et al.: Regulation of the hypotha-
lamic-pituitary-adrenocortical stress response. Compr. Physiol. 2016, 6, 603.

21.	Herold M. J., McPherson K. G., Reichardt H. M.: Glucocorticoids in T cell 
apoptosis and function. Cell. Mol. Life Sci. 2006, 63, 60.

22.	Hillmann E., Schrader L., Mayer C., Gygax L.: Effects of weight, temperature 
and behaviour on the circadian rhythm of salivary cortisol in growing pigs. 
Animal 2008, 2, 405-409.

23.	Jain S., Gautam V., Naseem S.: Acute-phase proteins: As diagnostic tool. 
J. Pharm. Bioallied Sci. 2011, 3, 118.

24.	Johnson J. S., Maskal J. M., Duttlinger A. W., et al.: In utero heat stress alters 
the postnatal innate immune response of pigs. J. Anim. Sci. 2020, 98, 1-13.

25.	Johnson R. W.: Inhibition of growth by pro-inflammatory cytokines: an inte-
grated view. J. Anim. Sci. 1997, 75, 1244-1255.

26.	Kanitz E., Puppe B., Tuchscherer M., Heberer M., Viergutz T., Tuchscherer A.: 
A single exposure to social isolation in domestic piglets activates behavioural 
arousal, neuroendocrine stress hormones, and stress-related gene expression 
in the brain. Physiol. Behav. 2009, 98, 176-185.

27.	Kanitz E., Tuchscherer M., Puppe B., Tuchscherer A., Stabenow B.: 
Consequences of repeated early isolation in domestic piglets (Sus scrofa) on 
their behavioural, neuroendocrine, and immunological responses. Brain Behav. 
Immun. 2004, 18, 35-45.

28.	Khairova R., Machado-Vieira R., Du J.: A potential role for pro-inflammatory 
cytokines in regulating synaptic plasticity in major depressive disorder. Int. J. 
Neuropsychopharmacol. 2009, 12 (4), 561-578.

29.	Kiarie E., Bhandari S., Scott M., Krause D. O., Nyachoti C. M.: Growth per-
formance and gastrointestinal microbial ecology responses of piglets receiving 
Saccharomyces cerevisiae fermentation products after an oral challenge with 
Escherichia coli (K88). J. Anim. Sci. 2011, 89, 1062-1078.

30.	Knecht D., Cholewińska P., Jankowska-Mąkosa A., Czyż K.: Development 
of swine’s digestive tract microbiota and its relation to production indices – 
A review. Animals 2020, 10, 527.

31.	Kumar B.: Stress and its impact on farm animals. Front. Bioscience 2012, 4, 
1759-1767.

32.	Li Y., Song Z., Kerr K. A., Moeser A. J.: Chronic social stress in pigs impairs 
intestinal barrier and nutrient transporter function, and alters neuro-immune 
mediator and receptor expression. PLoS one 2017, 12, e0171617.

33.	Lightman S. L.: The neuroendocrinology of stress: A never ending story. 
J. Neuroendocrinol. 2008, 20, 880-884.

34.	Liu Y., Shi W., Zhou E., et al.: Dynamic changes in inflammatory cytokines 
in pigs infected with highly pathogenic porcine reproductive and respiratory 
syndrome virus. Clin. Vaccine Immunol. 2010, 17, 1439.

35.	Luo L., Geers R., Reimert I., Kemp B., Parmentier H. K., Bolhuis J. E.: Effects 
of environmental enrichment and regrouping on natural autoantibodies-binding 
danger and neural antigens in healthy pigs with different individual charac-
teristics. Anim.: Inter. J. Anim. Biosci. 2017, 11, 2019-2026.

36.	Maes M., Song C., Lin A., et al.: The effects of psychological stress on humans: 
increased production of pro-inflammatory cytokines and a Th1-like response 
in stress-induced anxiety. Cytokine 1998, 10, 313-318.

37.	Mair K. H., Sedlak C., Kser T., et al.: The porcine innate immune system: An 
update. Dev. Comp. Immunol. 2014, 45, 321.

38.	Manciocco A., Sensi M., Moscati L., et al.: Longitudinal effects of environ-
mental enrichment on behaviour and physiology of pigs reared on an intensive-
stock farm. Ital. J. Anim. Sci. 2011, 224-232.

39.	McKim D., Weber M., Niraula A., et al.: Microglial recruitment of IL-1β-
producing monocytes to brain endothelium causes stress-induced anxiety. 
Mol. Psychiatry 2018, 23 (6), 1421-1431.

40.	McLamb B. L., Gibson A. J., Overman E. L., Stahl C., Moeser A. J.: Early wean-
ing stress in pigs impairs innate mucosal immune responses to enterotoxigenic 
E. coli challenge and exacerbates intestinal injury and clinical disease. PLoS 
one 2013, 8.

41.	Mensah P.: Stress management and your health. Strategic Book Publishing. 
Durham. 2013, 52.

42.	Mestecky J.: Immunobiology of IgA. Am. J. Kidney Dis. 1988, 12, 378-383.



Med. Weter. 2022, 78 (11), 541-547 547

43.	Minton J. E.: Function of the hypothalamic-pituitary-adrenal axis and the 
sympathetic nervous system in models of acute stress in domestic farm animals. 
J. Anim. Sci. 1994, 72, 1891-1898.

44.	Moeser A. J., Ryan K. A., Nighot P. K., Blikslager A. T.: Gastrointestinal 
dysfunction induced by early weaning is attenuated by delayed weaning and 
mast cell blockade in pigs. Am. J. Physiol. Gastrointestin. Liver Physiol. 2007, 
293, 413-421.

45.	Morrow-Tesch J. L., McGlone J. J., Salak-Johnson J. L.: Heat and social stress 
effects on pig immune measures. J. Anim. Sci. 1994, 72, 2599-2609.

46.	Muneta Y., Minagawa Y., Nakane T., Shibahara T., Yoshikawa T., Omata Y.: 
Interleukin-18 expression in pig salivary glands and salivary content changes 
during acute immobilization stress. Stress 2011, 14, 549-556.

47.	Muneta Y., Yoshikawa T., Minagawa Y., Shibahara T., Maeda R., Omata Y.: 
Salivary IgA as a useful non-invasive marker for restraint stress in pigs. J. Vet. 
Med. Sci. 2010, 72, 1295-1300.

48.	Munshi S., Parrilli V., Rosenkranz J. A.: Peripheral anti-inflammatory cytokine 
Interleukin-10 treatment mitigates interleukin-1β-induced anxiety and sickness 
behaviors in adult male rats. Behav. Brain Res. 2019, 372, 112024.

49.	Nawroth C., Langbein J., Coulon M., Gabor V., Oesterwind S., Benz-
Schwarzburg J., von Borell E.: Farm animal cognition-linking behavior, welfare 
and ethics. Front. Vet. Sci. 2019, 6, 24.

50.	Peleg Z., Walia H., Blumwald E.: Integrating genomics and genetics to ac-
celerate development of drought and salinity tolerant crops. Plant Biotechnol. 
Agriculture 2012, 271-286.

51.	Peng J., Tang Y., Huang Y.: Gut health: The results of microbial and mucosal 
immune interactions in pigs. Anim. Nutr. 2021, 17, 282-294.

52.	Piñeiro C., Piñeiro M., Morales J., et al.: Pig acute-phase protein levels after 
stress induced by changes in the pattern of food administration. Animal 2007, 
1, 133-139.

53.	Puppe B., Tuchscherer M., Tuchscherer A.: The effect of housing conditions 
and social environment immediately after weaning on the agonistic behaviour, 
neutrophil/lymphocyte ratio, and plasma glucose level in pigs. Livest. Prod. 
Sci. 1997, 48, 157-164.

54.	Reimert I., Rodenburg T. B., Ursinus W. W., Kemp B., Bolhuis J. E.: Selection 
based on indirect genetic effects for growth, environmental enrichment and 
coping style affect the immune status of pigs. PloS one 2014, 9, e108700.

55.	Rudar M., Zhu C. L., de Lange C. F. M.: Effect of supplemental dietary leucine 
and immune system stimulation on whole-body nitrogen utilization in starter 
pigs. J. Anim. Sci. 2016, 94, 2366-2377.

56.	Ruis M. A. W., Brake J. H. A., Engel B., Ekkel E. D., Buist W. G., Blokhuis 
H. J., Koolhaas J. M.: The circadian rhythm of salivary cortisol in growing 
pigs: effects of age, gender, and stress. Physiol. Behav. 1997, 62, 623-630.

57.	Salak-Johnson J. L., Webb S. R.: Pig social status and chronic cold or crowd 
stressors differentially impacted immune response. Open J. Anim. Sci. 2018, 
8, 280-293.

58.	Salleh M. R.: Life event, stress and illness. Malays. J. Med. Sci. 2008, 15, 9.
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