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Agriculture sector provides the highest number of livelihood than any other sector [1]. In this sector, livestock provides milk, meat,
draught, fuel and manure to the farmers, thus playing a huge role in the life of landless, small and marginal farmers [2]. Stress due to the
erratic weather pattern has become a factual burden to the livestock especially due to the Heat Stress (HS). HS is one of the important
stresses that affect the livestock in the present climate change scenario. In recent years, climate change has gained its importance ow-
ing to its impact on both humans as well as livestock. Impact of HS has not only affected the animal’s growth and production but also
their immune system. The brain perceives the HS situation and stimulates the hypothalamic-pituitary-adrenal axis (HPA axis) and the
sympathetic-adrenal-medullary (SAM) axis. The activated hypothalamus releases corticotropin-releasing hormone (CRH) which acts on
the pituitary to produce adrenocorticotropin hormone (ACTH). ACTH acts on the adrenal gland to produce glucocorticoids and nor-
adrenaline and adrenaline (catecholamines). The primary glucocorticoid molecule is cortisol. The glucocorticoids efficiently act to abate

the HS response and has an anti-inflammatory effect on the immune response while the catecholamines have an inflammatory effect.

The immune system is an essential component of the defense system that has evolved and changed through evolution, to safeguard
the livestock against the invading pathogens. The invading pathogens are neutralized by the innate and adaptive immune system. The bal-
ance between the innate and the adaptive immune systems are controlled by the combinatorial action of both HPA axis and SAM axis. The
genes coding for the stressor proteins like heat shock proteins (HSPs), Toll-like receptors (TLRs), NOD-like receptors (NLRs), C-type lectin
receptors (CLRs), RIG-I like receptors (RLRs), and the AIM2-like receptors (ALRs) and cytokines play a vital role in immune regulation [3].

HS an important challenge in the forthcoming years due to escalating environmental temperature at a global scale. This rise in tem-
perature along with decreasing agriculture land and increasing human population to feed, is really a concern for the farmers and to the
livestock industry [4]. Extreme temperature can cause distress to animals leading to changes in pulse rate, respiration rate, temperature,
and metabolism, thus affecting their growth, production and immune system. Hence to overcome the HS, the animal moves into/near
water bodies or exhibit shade-seeking behavior. Animals maintain their body temperature in a balanced state by the process of thermo-

regulation. Metabolism helps the animal to produce heat for various body functions. Increased metabolic heat and elevating weather
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temperature simultaneously, leads to affect the dissipation of excess heat gained. HS also plays an important role in affecting animal’s
immune system thus making them more susceptible and increasing the morbidity and mortality rate. Better adaptability of the animals

together with the strong immune system is the key for the livestock survival.

Immunity is of two type’s innate and adaptive immunity. Innate immunity is a non-specific immunity, forming the first line of de-
fense which is also present in the lower strata of the phylum, including the plants. The adaptive immune system gets activated after the
entry of the pathogen. The adaptive immune system is divided into 1, Cell Mediated Immunity (CMI) and 2, Humoral Mediated Immunity
(HMI). Under the CMI, T-lymphocyte plays a vital role while the B-lymphocyte play a vital role in HMI. Cells involved in the adaptive
immune system include natural killer cells, mast cells, eosinophils, basophils; and the phagocytic cells (macrophages, neutrophils, and
dendritic cells). Though CMI and HMI are classified into two subtypes, they are interdependent and maintain a balance between the two
for effective functioning [5]. HS affects both humeral and cellular immunity, by decreasing the production of both primary and secondary
immunoglobulin as well as by regulating the production of various inflammatory and anti-inflammatory cytokines leading to impair-

ment of the normal immune function.

Plasma cortisol decreased the production of L-selectin expression on the surface of neutrophil, which is responsible for recruitment
of neutrophil. Thus, inhibiting the movement of the neutrophils into the tissue and their phagocytic activity. During HS condition, the
HSPs increases and encourages the innate immune system cells to act against the invading pathogen. The migration of the circulating
White Blood Cells into the mammary glands decreased during HS. In pigs, during the summer season, the level of IgG and IgM decreased
during summer while the level of IgA did not change on comparison with spring autumn and winter [6]. In utero HS condition affects
the IgG absorption due to the closure of the gut which aid in absorption [7] and serum level of IgG in calves decreased during HS condi-
tion [8]. Similarly, IgG decreased during HS in the broiler, this could be due to the decrease in the size of the lymphoid organs [9]. HS
decreased the production of specific immunoglobulin thus affecting the humoral immunity.

HSPs play a crucial role in antigen processing and presentation in addition to their known chaperonin activities. Antigen transport
associated with HSP70 requires ATP for transport. HSP70 and 60 associated with TLR4 is needed for dendritic cell stimulation. HSPs
activate both adaptive and innate immune response [10]. Exposure to HS induced mRNA HSP70 expression in PBMC [11], testis [12] liver
[13], adrenal gland [13] might play a role in the reduction of membrane permeability, cells resilience capacity and immunity. They also

help in promoting anti-inflammatory cytokines and inhibit the pro-inflammatory cytokines thus boosting the immunity.

Cytokines that play a major role in the innate immune system include, TNF-q, IL-1, IL-10, IL-12, type [ interferons (IFN-a and IFN-f3),
IFN-y, likewise the IL-2, IL-4, IL-5, TGF-3, and IFN-y play a vital part in the adaptive immune system. There was upregulation of the mRNA
expression of TNF-a and IL-8 cytokine gene expression in HSed cows during the transitional period [14]. Lactating cows subjected to HS

showed an increase in the serum TNF-alpha and IL-10 levels [15].

During HS the expression of TLR2 and TLR4 was increased in PBMC in response to lipoteichoic acid or LPS [16]. Malabari goats
subjected to HS for 45 days, also showed increased expression of TLR2 in their lymph node [17]. The TLR2 and TLR4 mRNA expression
were upregulated during in vivo and in vitro conditions in PBMCs [18]. Likewise, Osmanabadi goats showed increased splenic mRNA ex-
pression level of TLR 1, 2, 3, 5, 6, 8 and 10, where TLR3 could act as a suitable marker during the environmental HS [19]. The liver mRNA
expression of TLR8 and TLR10 showed significantly higher expression level and might also act as an immunological marker during HS in
the Osmanabadi goats [20]. The expression of TLR2 was not elevated in the HSed pigs [21] and in HSed chicken also showed decreased
mRNA expression of TLR2 in spleen and cecal tonsils infected with Salmonella enteritidis [22]. The increase in the TLR expression is to fa-
cilitate the exclusion of the pathogen in a non-specific way and in short time on comparison with the adoptive immunity which takes days

to weeks to eliminate the pathogen. Thus increase in the TLR expression could be an adaptation sign to counter the invading pathogens.
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HS immunomodulated the immune function response of the chickens by shifting the B-lymphocyte to a T-cytotoxic and T-helper lym-
phocyte profile in both HSed and HSed vaccinated group while, there was increase the igG in the HSed group and there was an increase
in IgM in HSed non vaccinated group [23]. Under normal condition, the animal maintains equilibrium between Th1 which favors the CMI
and Th2 which favors the HMI. During HS condition the balance between the two is disturbed due to secretion of the glucocorticoids
also cause a shift from Th-1 to Th2 responses. During chronic HS, the immune system favors a shift in the response towards the HMIL.
Thus chronic HS could negatively impact the immune system by altering the innate and adaptive immune system during HS conditions,

however, the mild or acute HS could be beneficial.

HS affects both the innate and the adaptive immunity. However, various pathways related to innate immune-based receptors have
not been studied in the livestock. Similarly, in-depth studies on livestock immunity in relation to HS are lacking. Hence, importance
should be given to study the immune system in detail. Studying the immune mechanism along with ameliorative measures like nutri-
tional interventions and managemental measures to abate HS could be the key to improve immunity in the livestock without affecting

the productivity.
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