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Heat stress (HS) is a complex phenomenon which triggers a variety of animal response mechanisms that have

negative impact on livestock welfare and their production. While these negative effects are well established and

known to be associated with production responses, growing body of evidence suggests that HS leads to negative

effects on the immune response of dairy cattle. The stress response primarily modulates the immune response via

the hypothalamic–pituitary–adrenal (HPA) axis but is also likely to shift the adaptive immune function from cell

mediated to humoral immunity and thus weakens the animal immune function. While the various management

strategies such as providing shade and sprinklers for cows, and nutritional supplementation could be adopted to

ameliorate some of the negative effects, further research is required to better understand the impact on production

responses because of altered immune status of dairy cattle during HS.

dairy cattle  heat stress  immune response  heifers

1. Introduction

Heat stress (HS) is one of the major factors affecting animal’s immune system and their productivity. The earth’s

climate is gradually evolving and changing. Intergovernmental Panel on Climate Change (IPCC)  reported that

the earth’s temperature has increased by 0.2 °C per decade, with the prediction that the average temperature of

the earth will increase by 1.4 °C to 5.8 °C during the 21st century. The thermoneutral zone, a temperature range at

which a healthy adult animal can maintain a normal body temperature without the need of using energy beyond its

normal basal metabolic rate in dairy cattle ranges from 16 °C to 25 °C . The dairy cattle can maintain their

physiological body temperature of 38.4 °C to 39.1 °C in this zone. At the point when an animal crosses its

thermoneutral zone, that is surface temperature of 22–25 °C in mild and 26–37 °C in tropical climate environments

like India, increased heat gain as compared to loss from the body occurs and the animal’s core body temperature

starts increasing beyond the normal range resulting in HS . Besides ambient temperature, environmental

humidity is also an important factor affecting HS’s severity. Therefore, Temperature Humidity Index (THI) is a

potential measure of HS. Exposure to a THI value of greater than 72 is stressful for dairy cattle and is likely to

cause a negative impact on their welfare and production . Similarly, in buffaloes , exposure to a THI value of 75

has been reported to cause deleterious effects on their reproductive function. Further, endocrine shifts are visible in

cows, especially in prolactin and cortisol levels, when exposed to HS. This increase accommodates the need to

increase heat loss . Both hormones are known to affect the immune system. Prolactin  and cortisol  exert

their influence on genes associated with immune responses, notably the heat shock proteins (HSP), which are

molecular chaperons and protect cells against the damage caused by increased temperature.
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Immune system of animals plays a very important role to overcome various stressors confronted in contemporary

production systems . Immune system in calves begins to develop at conception, continues in utero, and matures

approximately 6 months after birth . The immune system is of two types: the innate immune system and the

adaptive immune system. The innate immune system is independent of exposure to pathogens, while the adaptive

immune system is dependent on exposure to pathogens. Both systems work closely together and perform different

tasks. Various studies that have examined bovine fetuses at different stages revealed that bovine fetuses had 4

major T cells (associated with immunity) in splenic tissues and the thymus. These T cells were significantly higher

in fetal and young calf splenic tissues compared to adults (above 150 days of age), whereas the difference was

non-significant for thymus .

Critical cellular components of the innate immune response are neutrophils and macrophages . A recent study

conducted on functional response of bovine monocyte derived macrophages over thermal and Lipopolysaccharide

(LPS) induced stress challenge indicates upregulation of heat shock protein 70 (HSP 70) gene and downregulation

of cell signaling, i.e., Toll-like receptor 4 (TLR4) alteration in functional responses like autophagy, phagocytosis,

and oxidative ability. Thus, during thermal stress, dairy cattle may be more susceptible to diseases due to

dysregulation of macrophage function caused by thermal cum LPS stress . After an in vivo heat challenge, high

immune responders (based on their breeding values for antibody and cell-mediated immune responses)

outperformed average and low responders in terms of HSP 70 concentration and cell proliferation. Because these

results are identical to those obtained during an in vitro heat challenge, it is possible to draw the conclusion that

high responders may be more resistant to HS than low and average responders .

The innate immune response of the fetal bovine is underdeveloped until gestation. However, as gestation

approaches, the functional capacity of innate immune response further decreases due to increased fetal cortisol

levels . An acquired immune response consists of antibodies, memory lymphocytes and effector cells. It has

been revealed that T lymphocytes and monocytes increased during gestation (from 3 months to the end of

gestation). In contrast, B lymphocytes remained low throughout the pregnancy in the spleen as well as peripheral

blood .

At birth, calves are ‘immunonaive’, i.e., they don’t have immunoglobulins and circulating antibodies . Due to the

protective environment in the womb, they do not even have the chance to increase adaptive immunity through

experience. The maternal factors during parturition, such as increased cortisol concentration further depress their

immune competence, and passive transfer of antibodies from colostrum becomes a necessity at least for the first

2–4 weeks of age . Colostrum is primarily composed of antibodies, cytokines, and cells. Calves that ingest

colostrum shortly after birth have significant concentrations of immunoglobulin in serum, whereas colostrum-

deprived calves have only trace amounts of immunoglobulin during the first 3 days of life .

2. General Effects of Heat Stress on Immunity

2.1. Effects of Heat Stress on Immunity during Pre-Natal Period

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[14]

[9]

[16]



Heat Stress Effects Immunity of Dairy Cattle | Encyclopedia.pub

https://encyclopedia.pub/entry/41328 3/14

(i)

(ii)

Fetal exposure to prenatal maternal stressors during development has consequences that are life-long, affecting

the genetic potential of an individual. Research has been conducted on in utero HS during late gestation, affecting

immune system during early life and the pre-weaning period . During the last week of gestation, pre-natal HS

increased the incidence of disease, particularly pneumonia, diarrhea, and omphalitis, in calves. Pneumonia was

found to be most strongly associated with pre-natal HS followed by diarrhea and omphalitis. Generally, last week of

gestation is the most important week as far as detrimental effects on calves in form of diseases were concerned

.

Heat stress during the dry period of dairy cows leads to impaired passive transfer of IgG from colostrum during the

pre-weaning period . There are some studies comparing the quality and quantity of colostrum from cows

exposed to hot conditions. According to one such study, the colostrum of cows exposed to high temperatures had

lower concentrations of IgG and IgA . Conversely, some studies have shown no difference in IgG

concentrations  or even increased concentration of Immunoglobulins .

Overall, the immune competence of calves in post-natal life is negatively affected by HS during pre-natal life

through the altered hematological profile and cellular immune status. Total plasma protein levels of the calves

suckling colostrum from their heat-stressed dams during gestation were reduced compared to calves suckling

thermally comfortable dams . Calves born to heat-stressed dams had higher platelets, higher circulating

hemoglobin, higher basophils and circulating acute phase proteins with lower lymphocytes compared to calves

born to thermoneutral dams . Maternal HS during gestation can impact the immune status of the calf before

weaning. Strong et al.  concluded that calves from heat-stressed dams had less expression of tumor necrosis

factor alpha (TNF-α) and Toll-like receptor 2 (TLR2) (blood immune markers) and a reduction in lymphocyte

percentage as compared to calves from cooled dams.

2.2. Effect of Heat Stress during Post-Natal Period on Immunity

Preweaned calves

There are numerous studies on the effect of HS on lactating as well as dry cows  and the strategies for the

amelioration of HS but pre-weaned calves have not been considered for such HS abatement strategies. In practice,

cooling calves are not considered economical as there is no direct effect on the milk production losses. Like mature

cows, calves also suffer from HS as it exceeds their ability to dissipate heat. The thermoneutral zone for pre-

weaned dairy calves ranges from 10–26 °C . Above this temperature, all the energy of the calf is utilized in

maintaining body temperature. The thermoneutral zone of different animals depends on various factors like age,

size, breed, nutrition, hair coat, behavior, bedding, and weather .

Growing heifers

The effects of HS on the immunity of heifers have not been fully studied based on the assumption that heifers are

not affected by HS. Nevertheless, the effect of HS on heifers cannot be ignored. Heifers when exposed to high

ambient temperatures of 24 °C and above; increase in respiration rate and rectal temperature , and
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heart rate  have been observed. These observations suggest that heifers are also affected by HS like mature

cows. The surface area of heifers increases from 1 to 12 months of age but the ratio of surface area to body weight

decreases. Moreover, heat production per unit of body surface area increases with increasing age of the heifer .

These observations indicate that the ability of heifers towards heat tolerance and heat dissipation decreases with

their age. When confronted with a temperature of 42 °C for 12 h, heifers reduced thymidine (3H) incorporation .

However, a three-fold increase in the concentration of HSP 70 was recorded when exposed to 42 °C for 1 h. Breed

difference between Angus heifers and Romosinuano heifers in response to HS has been documented .

Response of HS post lipopolysaccharide (LPS) concentration of TNF-α was different in both types of heat-stressed

heifers as compared to heifers in a thermoneutral environment. The concentration increased in Angus heifers while

it decreased in Romosinuano heifers. Moreover, HS post LPS concentration of IFN-γ in Romosinuano heifers

increased as compared to Angus heifers where the concentration of IFN-γ decreased. These results indicate

potential genetic differences in the impact of HS on the immune status of dairy cattle.

2.3. Effects of Heat Stress on Immunity of Lactating Cows

During summer, an increase in somatic cell count (SCC) and reduction in milk volume and quality have been

observed in temperate  and subtropical areas  with the increased THI. It was expected that the total

pathogen load should increase as temperature rises, but several variations were found. Lundberg et al. 

observed that in a herd studied for 12 months, infections such as Streptococcus dysgalactia and Streptococcus

uberis were common during pasture season, i.e., summers and in late housing season, i.e., winters, respectively.

The SCC of heat stressed cows was higher as compared to cooled cows . However, the blood plasma

concentrations of cytokines and immunoglobulins were lower in heat stressed cows as compared to cooled cows

indicating adverse effects of HS on dairy cattle immunity. It was further reported that cooling lactating cows with

fans for 8 h per day was found to improve feed intake and milk yield compared to cows under HS. Thus, it can be

concluded that that HS abatement strategies may be helpful in eliminating adverse effects of HS.

2.4. Effects of Heat Stress on Immunity of Dry Cows

The dry period is very important for udder health, productivity, and overall health of dairy cattle . Pre-

partem HS increased the incidence of metritis and persistence of uterine diseases in dairy cows independent of

vaginal bacteria content . 251 proteins and 224 phosphorylated proteins were found in the lactating mammary

glands of cows subjected to pre-partem HS (HS in dry period). These proteins were indicative of increased

oxidative stress, reorganization of the mammary gland, and immune dysregulation. Thus, dairy cows may

experience reduced milk yield as a result of disrupted mammary function caused by dry period HS . The

occurrence of many peripartum diseases can be vigorously monitored and controlled in the dry period . Good

dry period management helps in a smooth transition from one lactation to the next by decreasing incidences of

ketosis, with no major adverse effects on other health parameters . Incidence rates of clinical mastitis vary in

different seasons but are maximum in summers . Mild HS does not affect cell-mediated immunity, colostrum’s

concentration above protective levels, and passive immunity in dairy cow offspring .
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Various studies which directly compare HS and cooling show the differences in immune responses. Prolactin

signaling in lymphocytes was compared both in HS and cooled environments . Lymphocyte proliferation of

cooled cows was more than in heated cows, and they expressed more prolactin receptor (PRL-R) mRNA

compared to heated cows suggesting that prolactin signaling affects lymphocyte functions directly. Heat stress

abatement during the dry period improves the immune system in dairy cows in their transition period. Neutrophil

oxidative burst and phagocytosis in cooled cows were more in comparison to heated cows .

3. Effects of Heat Stress on Reproductive Immunology

In dairy cows, HS can have a significant impact on fertility and reproductive processes. Heat stress significantly

affects reproductive functions and fertility in dairy cows. Further, it negatively effects gonadotropins Luteinizing

Hormone and Follicle Stimulating Hormone (LH and FSH). Although there are some discrepancies in the literature

on gonadotropins, most studies show that heat stress reduces LH secretion and its function. For example: follicle

tissues from heat stressed cows secreted, lower levels of steroids under gonadotropin stimulation . Under HS,

lower concentrations of the GnRH-induced LH surge were found in other studies . Unlike LH secretion, FSH

secretion increases under HS.

Heat stress might also cause adverse effects on oocyte maturation and early embryonic development . It can

prevent growth of oocytes in many ways. Luteinizing hormone and estradiol’s pre-ovulatory surge may be reduced,

resulting in cattle with poor follicle maturation and ovarian inactivity . HS reduces degree of dominance of

selected follicle, which in turn reduce the capacity of theca interna and granulose cells. Blood estradiol

concentration is, thus, reduced in response. The concentration of progesterone in the blood is also affected by HS,

which is a major cause of oocyte abnormal maturation and implantation failure . Blood flow to the uterus is

reduced during HS, resulting in an elevated uterine temperature. This leads to early embryonic losses and

vanquishes development of the embryos .

HS also leads to hyperprolactinemia in buffaloes, suppressing gonadotropin secretion and leading to altered

ovarian steroidogenesis. Additionally, embryonic survival is reduced when pregnant females are subjected to HS

from day 0 to day 7 of their pregnancy . During summers, high mean prolactin concentration was observed in

buffaloes as compared to winters. This eventually contributes to poor fertility by lowering gonadal hormone

(progesterone synthesis) . Conception rate has been found to decline in dairy cattle above THI 72, and a

significant decrease in the conception rates of buffaloes has been observed above THI 75 .

4. Amelioration of Heat Stress in Dairy Cattle

4.1. Physical Modification of the Environment to Alleviate Heat Stress

Proper shelter is of utmost importance to protect animals from extreme weather conditions without impacting

animal performance in terms of growth, health and productivity. Heat stress can be reduced by using straight

forward design principles for animal facilities (such as shape, orientation, the thermophysical characteristics of
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building materials, ventilation, and opening facilities). However, the focus should be to use economically viable

indigenous materials like white galvanized or aluminum roofs, thatch, wood, clay tiles, etc., so farmers can easily

adopt those technologies .

Shade can be considered a very efficient way to minimize the effects of direct solar radiation on animals, although

it doesn’t mitigate high relative humidity and ambient air temperature completely . However, building a structure

around the shed and planting trees can be extremely helpful in protecting animals from high heat load . The

most efficient natural protection of animals from heat load is trees. Artificial structures or buildings are only required

if natural shade is not available .

In addition to provision of shade, various cooling strategies can be used to lower the body temperature of the cows

to maintain flow of heat from core of the body to skin. Evaporative cooling becomes the preferred method of heat

loss from animal body when usual methods of heat loss such as radiation and conduction cease to operate as heat

gradient is lost once ambient temperature equals the skin temperature.

Both direct and indirect methods of cooling can be used on farm to cool the cows during summer. Direct methods

involve misting, sprinkling and fogging systems . Foggers are generally effective in low humidity areas and work

on the principle of scattering very fine drops of water which quickly evaporates and immediately cools down the

surrounding air . Mist drops are generally larger than fog drops but the working principle is the same. Cooling is

done primarily by inspiration of cooled air . Sprinkling on the other hand does not work on the principle of

fogging and misting but rather the large water droplets are used to wet the hair coat and skin. Cooling occurs as

water evaporates from the hair and skin surface . 

4.2. Nutritional Interventions to Counter Heat Stress

Nutrition has a major role in alleviating HS. Exogenous antioxidants and salt supplementation in the diet can be

effective methods for HS alleviation . It should also be noted that during HS nutritional needs of animals change.

Efficient nutritional strategies like increasing nutrient density, ration reformulation which accounts for the reduced

dry matter intake, minerals, vitamins and antioxidant supplementation become critical for optimum production in

livestock during HS conditions . Nutritional strategies such as chromium picolinate, betaine, and antioxidant

supplementation in the diet, as well as changing the rate of starch fermentation, can help animals cope with HS .

During HS, changing the diet composition has been reported to encourage increased intake to compensate for low

feed consumption . Essential nutrients, particularly amino acids, have been found to be critical for improving

production. During HS, oxidative damage occurs, so antioxidant supplementation is one of the primary means to

repair damage caused by HS. Antioxidants, both enzymatic and non-enzymatic, protect against oxidative damage

produced by HS . Supplementation of sodium and potassium in the form of carbonate and bicarbonate help in

regulation of acid–base balance in blood . Several studies have shown that adding Vitamin A, C, E and Zinc in

animal feed help in combating HS.
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Methionine is an indispensable amino acid (IAA). There has been evidence of an increase in milk yield when dairy

cattle are fed appropriately with IAA . Additionally, dairy cows under stress whose diets contain rumen protected

methionine (RPM) experience an increase in milk yield . Previous research has shown that during the transition

period, when RPM is fed, liver function, oxidative stress, and inflammation improve . However, there are

not much data available on effect of feeding RPM during HS. But supplementation of methionine and arginine

during HS to dairy cattle has been shown to improve mammary epithelial cell functions and mammary metabolism

.

4.3. Enhancement of Immunity as an Abatement Strategy

Enhancing immunity can be a very important stress abatement strategy. Boosting immunity largely depends on

nutrition and hence, providing effective nutritional supplements could be considered a significant abatement

strategy for HS. Nutrition plays an important role in improving immune status of dairy cows. Buffaloes’ cell-

mediated immunity has been found to be enhanced by the use of vitamin C and electrolytes . Supplementation

of Vitamin A increases pro-inflammatory cytokines such as interleukin 1 (IL-1), TNF-α, IgM, IgG and IgA and thus

improves immunity in dairy cattle . Vitamin A also helps in immunoglobulin transport proteins production .

Vitamin E along with selenium plays a crucial role in immune function. Vitamin E and selenium supplementation

have positive influence on chemotaxis and oxidizing property of neutrophils  and phagocytic ability .

References

1. Intergovernmental Panel on Climate Change (IPCC). Climate Change: Synthesis Report. 2007.
Available online: https://www.ipcc.ch/site/assets/uploads/2018/02/ar4_syr_full_report.pdf
(accessed on 17 November 2007).

2. Yousef, M.K. Stress Physiology in Livestock, 2nd ed.; CRC Press: Boca Raton, FL, USA, 1995;
Volume 1, pp. 67–73.

3. Vale, W.G. Effects of environment on buffalo reproduction. Ital. J. Anim. Sci. 2007, 6, 130–142.

4. Kumar, S.B.V.; Kumar, A.; Meena, K. Effect of heat stress in tropical livestock and different
strategies for its amelioration. J. Stress Physiol. Biochem. 2011, 7, 45–54.

5. Collier, R.J.; Collier, J.L.; Rhoads, R.P.; Baumgard, L.H. Invited Review: Genes Involved in the
Bovine Heat Stress Response. J. Dairy Sci. 2008, 91, 445–454.

6. Stocco, C.; Callegari, E.; Gibori, G. Opposite effect of prolactin and prostaglandin F2(alpha) on
the expression of luteal genes as revealed by rat cDNA expression array. Endocrinology 2011,
142, 4158–4161.

7. Vijayan, M.M.; Raptis, S.; Sathiyaa, R. Cortisol treatment affects glucocorticoid receptor and
glucocorticoid-responsive genes in the liver of rainbow trout. Gen. Comp. Endocrinol. 2003, 132,

[73]

[74]

[75][76][77]

[78]

[79]

[80] [81]

[82] [83]



Heat Stress Effects Immunity of Dairy Cattle | Encyclopedia.pub

https://encyclopedia.pub/entry/41328 8/14

256–263.

8. Cooke, R.F. Effects on animal health and immune function. Vet. Clin. N. Am.-Food Anim. Pract.
2019, 35, 331–341.

9. Chase, C.C.L.; Hurley, D.J.; Reber, A.J. Neonatal Immune Development in the Calf and Its Impact
on Vaccine Response. Vet. Clin. N. Am.-Food Anim. Pract. 2008, 24, 87–104.

10. Wilson, R.A.; Zolnai, A.; Rudas, P.; Frenyo, L.V. T-cell subsets in blood and lymphoid tissues
obtained from fetal calves, maturing calves, and adult bovine. Vet. Immunol. Immunopathol. 1996,
53, 49–60.

11. Ackermann, M.R.; Derscheid, R.; Roth, J.A. Innate Immunology of Bovine Respiratory Disease.
Vet. Clin. N. Am.-Food Anim. Pract. 2010, 26, 215–228.

12. Rajamanickam, K.; Leela, V.; Suganya, G.; Basha, S.H.; Parthiban, M.; Visha, P.; Elango, A.
Theramal cum lipopolysaccharide induced stress challenge downregulates functional response of
bovine monocyte derived macrophages. J. Therm. Biol. 2022, 108, 103301.

13. Cartwright, S.L.; Schmied, J.; Livernois, A.; Mallard, B.A. Effect of In-vivo heat challenge on
physiological parameters and function of peripheral blood mononuclear cells in immune
phenotyped dairy cattle. Vet. Immunol. Immunopathol. 2022, 246, 110405.

14. Barrington, G.M.; Parish, S.M. Bovine Neonatal Immunology. Vet. Clin. N. Am.-Food Anim. Pract.
2001, 17, 463–476.

15. Senogles, D.R.; Paul, P.S.; Johnson, D.W.; Muscoplat, C.C. Ontogeny of T cells, B cells and
monocytes in the bovine foetus. Clin. Exp. Immunol. 1977, 36, 299–303.

16. Clover, C.K.; Zarkower, A. Immunologic responses in colostrum-fed and colostrum-deprived
calves. Am. J. Vet. Res. 1980, 41, 1002–1007.

17. Laporta, J.; Fabris, T.F.; Skibiel, A.L.; Powell, J.L.; Hayen, M.J.; Horvath, K.; Miller-Cushon, E.K.;
Dahl, G.E. In utero exposure to heat stress during late gestation has prolonged effects on the
activity patterns and growth of dairy calves. J. Dairy Sci. 2017, 100, 2976–2984.

18. Davidson, B.D.; Senn, B.D.; Quellet, V.; Dahl, G.E.; Laporta, J. Effect of late-gestation heat stress
in nulliparous heifers on postnatal growth, passive transfer of immunoglobulin G, and
thermoregulation of their calves. JSD Commun. 2021, 2, 165–169.

19. Yin, T.; Halli, K.; Konig, S. Direct genetic effects, maternal genetic effects and maternal genetic
sensitivity on pre-natal heat stress for calf diseases and corresponding genomic loci in German
Holsteins. J. Dairy Sci. 2022, 105, 6795–6808.

20. Tao, S.; Monteiro, A.P.A.; Thompson, I.M.; Hayen, M.J.; Dahl, G.E. Effect of late-gestation
maternal heat stress on growth and immune function of dairy calves. J. Dairy Sci. 2012, 95,
7128–7136.



Heat Stress Effects Immunity of Dairy Cattle | Encyclopedia.pub

https://encyclopedia.pub/entry/41328 9/14

21. Nardone, A.; Lacetera, N.; Bernabucci, U.; Ronchi, B. Composition of Colostrum from Dairy
Heifers Exposed to High Air Temperatures During Late Pregnancy and the Early Postpartum
Period. J. Dairy Sci. 1997, 80, 838–844.

22. Adin, G.; Gelman, A.; Solomon, R.; Flamenbaum, I.; Nikbachat, M.; Yosef, E. Effects of cooling
dry cows under heat load conditions on mammary gland enzymatic activity, intake of food and
water, and performance during the dry period and after parturition. Livest. Sci. 2009, 124, 189–
195.

23. Monteiro, A.P.A.; Tao, S.; Thompson, I.M.; Dahl, G.E. Effect of heat stress during late gestation on
immune function and growth performance of calves: Isolation of altered colostral and calf factors.
J. Dairy Sci. 2014, 97, 6426–6439.

24. Skibiel, A.L.; Fabris, T.F.; Corrá, F.N.; Torres, Y.M.; McLean, D.J.; Chapman, J.D.; Kirk, D.J.; Dahl,
G.E.; Laporta, J. Effects of feeding an immunomodulatory supplement to heat-stressed or actively
cooled cows during late gestation on postnatal immunity, health, and growth of calves. J. Dairy
Sci. 2017, 100, 7659–7668.

25. Strong, R.A.; Silva, E.B.; Cheng, H.W.; Eicher, S.D. Acute brief heat stress in late gestation alters
neonatal calf innate immune functions. J. Dairy Sci. 2015, 98, 7771–7783.

26. West, J.W. Effects of Heat-Stress on Production in Dairy Cattle. J. Dairy Sci. 2003, 86, 2131–
2144.

27. Tao, S.; Dahl, G. Invited review: Heat stress effects during late gestation on dry cows and their
calves. J. Dairy Sci. 2013, 96, 4079–4093.

28. Stull, C.; Reynolds, J. Calf Welfare. Vet. Clin. N. Am.-Food Anim. Pract. Livest. Sci. 2008, 24,
191–203.

29. Wathes, C.M.; Jones, C.D.; Webster, A.J. Ventilation, air hygiene and animal health. Vet. Rec.
1983, 113, 554–559.

30. Holmes, C.W.; Christensen, R.; McLean, N.A.; Lockyer, J. Effects of winter weather on the growth
rate and heat production of dairy cattle. N. Z. J. Agric. Res. 1978, 21, 549–556.

31. Schrama, J.W.; Arieli, A.; Brandsma, H.A.; Luiting, P.; Verstegen, M.W. Thermal requirements of
young calves during standing and lying. J. Anim. Sci. 1993, 71, 3285–3292.

32. Kibler, H.H. Environmental physiology and shelter engineering LV: Energy metabolism and related
thermoregulatory reactions in Brown Swiss, Holstein, and Jersey calves during growth at 50° and
80° F temperatures. Missouri Agric. Exp. Stn. Res. Bull. 1960, 743, 1–38.

33. Nonaka, I.; Takusari, N.; Tajima, K.; Suzuki, T.; Higuchi, K.; Kurihara, M. Effects of high
environmental temperatures on physiological and nutritional status of prepubertal Holstein heifers.
Livest. Sci. 2008, 113, 14–23.



Heat Stress Effects Immunity of Dairy Cattle | Encyclopedia.pub

https://encyclopedia.pub/entry/41328 10/14

34. Purwanto, B.P.; Nakamasu, F.; Yamamoto, S. Effect of environmental temperatures on heat
production in dairy heifers differing in feed intake level. Asian Australas J. Anim. Sci. 1993, 6,
275–279.

35. Wang, J.; Li, J.; Wang, F.; Xiao, J.; Wang, Y.; Yang, H. Heat stress on calves and heifers: A
review. J Anim. Sci. Biotechnol. 2020, 11, 79.

36. Pandey, P.; Hooda, O.K.; Kumar, S. Impact of heat stress and hypercapnia on physiological,
hematological, and behavioral profile of Tharparkar and Karan fries heifers. Vet. World 2017, 10,
1146–1155.

37. Johnson, H.D.; Ragsdale, A.C. Environmental physiology and shelter engineering LXII: Surface
area determinations of beef and dairy calves during growth at 50° and 80° environmental
temperatures. Missouri Agric. Exp. Stn. Res. Bull. 1961, 770, 27.

38. Kamwanja, L.A.; Chase, C.C.; Gutierrez, J.A.; Guerriero, V.; Olson, T.A.; Hammond, A.C.
Responses of bovine lymphocytes to heat shock as modified by breed and antioxidant status. J.
Anim. Sci. 1994, 72, 438–444.

39. Carroll, J.; Sanchez, N.B.; Chaffin, R.; Chase, C., Jr.; Coleman, S.; Spiers, D. Heat-tolerant
versus heat-sensitive bos taurus cattle: Influence of air temperature and breed on the acute
phase response to a provocative immune challenge. Domest. Anim. Endocrinol. 2013, 45, 163–
169.

40. Zeinhom, M.M.; Aziz, R.L.A.; Mohammed, A.N.; Bernabucci, U. Impact of seasonal conditions on
quality and pathogens content of milk in friesian cows. Asian-Australas. J. Anim. Sci. 2016, 29,
1207–1213.

41. Lambertz, C.; Sanker, C.; Gauly, M. Climatic effects on milk production traits and somatic cell
score in lactating Holstein-Friesian cows in different housing systems. J. Dairy Sci. 2014, 97,
319–329.

42. Nasr, M.A.; El-Tarabany, M.S. Impact of three thi levels on somatic cell count, milk yield and
composition of multiparous Holstein cows in a subtropical region. J. Therm. Biol. 2017, 64, 73–77.

43. Lundberg, Å.; Nyman, A.; Aspán, A.; Börjesson, S.; Unnerstad, H.E.; Waller, K.P. Udder infections
with staphylococcus aureus, streptococcus dysgalactiae, and streptococcus uberis at calving in
dairy herds with suboptimal udder health. J. Dairy Sci. 2016, 99, 2102–2117.

44. Safa, S.; Kargar, S.; Moghaddam, G.A.; Ciliberti, M.G.; Caroprese, M. Heat stress abatement
during the postpartum period: Effects on whole lactation milk yield, indicators of metabolic status,
inflammatory cytokines, and biomarkers of the oxidative stress. J. Anim. Sci. 2019, 97, 122–132.

45. Eberhart, R.J. Management of Dry Cows to Reduce Mastitis. J. Dairy Sci. 1986, 69, 1721–1732.



Heat Stress Effects Immunity of Dairy Cattle | Encyclopedia.pub

https://encyclopedia.pub/entry/41328 11/14

46. Enevoldsen, C.; Sørensen, J.T. Effects of Dry Period Length on Clinical Mastitis and Other Major
Clinical Health Disorders. J. Dairy Sci. 1992, 5, 1007–1014.

47. Sorensen, J.T.; Enevoldsen, C. Effect of dry period length on milk production in subsequent
lactation. J. Dairy Sci. 1991, 74, 1277–1283.

48. Molinari, P.C.C.; Dahl, G.E.; Sheldon, I.M.; Bromfield, J.J. Effect of calving season on metritis
incidence and bacterial content of the vagina in dairy cows. Theriogenology 2022, 191, 67–76.

49. Skibiel, A.L.; Koh, J.; Zhu, N.; Zhu, F.; Yoo, M.J.; Laporta, J. Carry-over effects of dry period heat
stress on the mammary gland proteome and phosphoproteome in the subsequent lactation of
dairy cows. Sci. Rep. 2022, 12, 6637.

50. Dingwell, R.T.; Kelton, D.F.; Leslie, K.E. Management of the dry cow in control of peripartum
disease and mastitis. Vet. Clin. Food Anim. Pract. 2003, 19, 235–265.

51. Santschi, D.; Lefebvre, D.; Cue, R.; Girard, C.; Pellerin, D. Incidence of metabolic disorders and
reproductive performance following a short (35-d) or conventional (60-d) dry period management
in commercial Holstein herds. J. Dairy Sci. 2011, 94, 3322–3330.

52. Riekerink, R.O.; Barkema, H.; Stryhn, H. The effect of season on somatic cell count and the
incidence of clinical mastitis. J. Dairy Sci. 2007, 90, 1704–1715.

53. Lacetera, N.; Bernabucci, U.; Ronchi, B.; Scalia, D.; Nardone, A. Moderate summer heat stress
does not modify immunological parameters of Holstein dairy cows. Int. J. Biometeorol. 2002, 46,
33–37.

54. Do Amaral, B.C.; Connor, E.E.; Tao, S.; Hayen, J.; Bubolz, J.; Dahl, G.E. Heat stress abatement
during the dry period influences prolactin signaling in lymphocytes. Domest. Anim. Endocrinol.
2010, 38, 38–45.

55. Do Amaral, B.C.; Connor, E.E.; Tao, S.; Hayen, J.; Bubolz, J.; Dahl, G.E. Heat-stress abatement
during the dry period: Does cooling improve transition into lactation? J. Dairy Sci. 2009, 92, 5988–
5999.

56. Bridges, P.J.; Brusie, M.A.; Fortune, J.E. Elevated temperature in vitro reduces and restenedione
and estradiol and increases progesterone secretion by follicular cells from bovine dominant
follicles. Domest. Anim. Endocrinol. 2005, 29, 508–522.

57. Gilad, E.; Maidan, R.; Berman, A.; Graber, Y.; Wolfenson, D. Effect of heat stress on tonic and
GnRH induced gonadotropin secretion in relation to concentration of oestradiol in plasma of cyclic
cows. J. Reprod. Fertil. 1993, 99, 315–321.

58. Wolfenson, D.; Roth, Z.; Meidan, R. Impaired reproduction in heat stressed cattle: Basic and
applied aspects. Anim. Reprod. Sci. 2000, 60–61, 535–547.



Heat Stress Effects Immunity of Dairy Cattle | Encyclopedia.pub

https://encyclopedia.pub/entry/41328 12/14

59. Hansen, P.J. Exploitation of genetic and physiological determinants of embryonic resistance to
elevated temperature to improve embryonic survival in dairy cattle during heat stress.
Theriogenology 2007, 68, S242–S249.

60. Khodaei, M.M.; Shahneh, A.Z.; Masoumi, R.; Derensis, F. Alterations in reproductive hormones
during heat stress in dairy cattle. Afr. J. Biotechnol. 2011, 10, 5552–5558.

61. De-Rensis, F.; Scaramuzzi, R.J. Heat stress and seasonal effects on reproduction in the dairy
cow. A Review. Theriogenology 2003, 60, 1139–1151.

62. Das, G.K.; Khan, F.A. Summer anoestrus in buffalo. A review. Reprod. Domest. Anim. 2010, 45,
e483–e494.

63. Roy, K.S.; Prakash, B.S. Seasonal variation and circardian rhythmicity of prolactin profile during
summer months in repeat breeding Murrah buffalo heifers. Reprod. Fertil. Dev. 2007, 19, 569–
575.

64. Dash, S.; Chakravarty, A.; Singh, A.; Upadhyay, A.; Singh, M.; Yousuf, S. Effect of heat stress on
reproductive performances of dairy cattle and buffalo. A Review. Vet. World 2016, 9, 235–244.

65. Renaudeau, D.; Collin, A.; Yahav, S.; de Basilio, V.; Gourdine, J.L.; Collier, R.J. Adaptation to hot
climate and strategies to alleviate heat stress in livestock production. Animal 2012, 6, 707–728.

66. Kalyan, D.; Ramana, D.B.V.; Kumar, D.; Sahoo, A. Shelter management- a means to resist
extreme climatic variables. In Climate Resilient Small Ruminant Production; National Initiative on
Climate Resilient Agriculture (NICRA); Central Sheep and Wool Research Institute: Izatnagar,
India, 2013; pp. 1–106.

67. Sejian, V.; Mech, A.; Kolte, A.P.; Ravindra, J.P.; Prasad, C.S. Management strategies for
optimizing productivity of small ruminants under changing climate scenario. In Model Training
Course on Management Strategies for Sustainable Livestock Production against Impending
Climate Changes at Southern Regional Station; National Dairy Research Institute: Bengaluru,
India, 2013; pp. 94–98.

68. Sejian, V.; Valtorta, S.; Gallardo, M.; Singh, A.K. Ameliorative measures to counter act
environmental stresses. In Environmental Stress and Amelioration in Livestock Production;
Springer: Berlin/Heidelberg, Germany, 2012; pp. 153–180.

69. Becker, C.A.; Stone, A.E. Graduate Student literature Review: Heat abatement strategies used to
reduce negative effects of heat stress in dairy cows. J. Dairy Sci. 2020, 103, 9667–9675.

70. Shearer, J.K.; Bray, D.R.; Bucklin, R.A. The management of heat stress in dairy cattle: What we
have learned in Florida. In Proceedings of the Feed and Nutritional Management Cow College;
Virginia Tech: Blacksburg, VA, USA, 1999; pp. 1–13.



Heat Stress Effects Immunity of Dairy Cattle | Encyclopedia.pub

https://encyclopedia.pub/entry/41328 13/14

71. Dunshea, F.R.; Leury, B.J.; Fahri, F.; DiGiacomo, K.; Hung, A.; Chauhan, S.; Clarke, I.J.; Collier,
R.; Little, S.; Baumgard, L. Amelioration of thermal stress impacts in dairy cows. Anim. Prod. Sci.
2013, 53, 965–975.

72. Sanchez, W.K.; Beede, D.K.; Cornell, J.A. Interactions of Na+, K+ and Cl- on lactation, acid-base
status and mineral concentrations. J. Dairy Sci. 1994, 77, 1661–1675.

73. Schwab, C.G.; Broderick, G.A. A 100 year review: Protein and amino acid nutrition in dairy cows.
J. Dairy Sci. 2017, 100, 10094–10112.

74. Pate, R.T.; Luchini, D.; Cant, J.P.; Baumgard, L.H.; Cardoso, F.C. Immune and metabolic effects
of rumen-protected methionine during a heat stress challenge in lactating Holstein cows. J. Anim.
Sci. 2021, 99, skab323.

75. Osorio, J.S.; Ji, P.; Drackley, J.K.; Luchini, D.; Loor, J.J. Supplemental Smartamine M or
MetaSmart during the transition period benefits postpartal cow performance and blood neutrophil
function. J. Dairy Sci. 2013, 96, 6248–6263.

76. Zhou, Z.; Trevisi, E.; Luchini, D.N.; Loor, J.J. Differences in liver functionality indexes in peripartal
dairy cows fed rumen-protected methionine or choline are associated with performance, oxidative
stress status, and plasma amino acid profiles. J. Dairy Sci. 2017, 100, 6720–6732.

77. Batistel, F.; Arroyo, J.M.; Bellingeri, A.; Wang, L.; Saremi, B.; Parys, C.; Trevisi, E.; Cardoso, F.C.;
Loor, J.J. Ethyl-cellulose rumen-protected methionine enhances performance during the
periparturient period and early lactation in Holstein dairy cows. J. Dairy Sci. 2017, 100, 7455–
7467.

78. Salama, A.A.K.; Duque, M.; Wang, L.; Shahzad, K.; Olivera, M.; Loor, J.J. Enhanced supply of
methionine or arginine alters mechanistic target of rapamycin signaling proteins, messenger RNA,
and microRNA abundance in heat-stressed bovine mammary epithelial cells in vitro. J. Dairy Sci.
2019, 102, 2469–2480.

79. Kumar, S.B.V.; Singh, G.; Meur, S.K. Effects of addition of electrolyte and ascorbic acid in feed
during heat stress in buffaloes. Asian-Aust. J. Anim. Sci. 2010, 23, 880–888.

80. Jin, L.; Yan, S.; Shi, B.; Bao, H.; Gong, J.; Guo, X.; Li, J. Effect of Vitamin A on the milk
performance, antioxidant functions and immune functions of dairy cows. Anim. Feed Sci. 2014,
192, 15–23.

81. Tjoelker, L.W.; Chew, B.P.; Tanaka, T.S.; Daniel, L.R. Effect of dietary Vitamin A and β Carotene
on polymorphonuclar leucocyte and lymphocyte function in dairy cows during the early dry period.
J. Dairy Sci. 1990, 73, 1017–1022.

82. Aziz, C.S.; Klesius, P.H. Depressed neutrophil chemotactic stimuli in supernatants of ionophore-
treated polymorphonuclear leucocytes from selenium deficient goats. Am. J. Vet. Res. 1986, 47,
148–151.



Heat Stress Effects Immunity of Dairy Cattle | Encyclopedia.pub

https://encyclopedia.pub/entry/41328 14/14

83. Grasso, P.J.; Scholz, R.W.; Erskine, R.J.; EBehart, R.J. Phagocytosis, bactericidal activity and
oxidative metabolism of milk neutrophils from dairy cows fed selenium supplemented and
selenium deficient diets. Am. J. Vet. Res. 1990, 51, 269–274.

Retrieved from https://encyclopedia.pub/entry/history/show/93088


