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Abstract
The current review is designed with aims to highlight the impact of heat stress (HS) on calves and heifers and to
suggest methods for HS alleviation. HS occurs in animals when heat gain from environment and metabolism
surpasses heat loss by radiation, convection, evaporation and conduction. Although calves and heifers are
comparatively heat resistant due to less production of metabolic heat and more heat dissipation efficiency, they still
suffer from HS to some degree. Dry matter intake and growth performance of calves and heifers are reduced
during HS because of redistributing energy to heat regulation through a series of physiological and metabolic
responses, such as elevated blood insulin and protein catabolism. Enhanced respiration rate and panting during HS
accelerate the loss of CO2, resulting in altered blood acid-base chemistry and respiratory alkalosis. HS-induced
alteration in rumen motility and microbiota affects the feed digestibility and rumen fermentation. Decreased
luteinizing hormone, estradiol and gonadotrophins due to HS disturb the normal estrus cyclicity, depress follicular
development, hence the drop in conception rate. Prenatal HS not only suppresses the embryonic development by
the impaired placenta, which results in hypoxia and malnutrition, but also retards the growth, immunity and future
milk production of newborn calves. Based on the above challenges, we attempted to describe the possible impacts
of HS on growth, health, digestibility and reproduction of calves and heifers. Likewise, we also proposed three
primary strategies for ameliorating HS consequences. Genetic development and reproductive measures, such as
gene selection and embryo transfers, are more likely long-term approaches to enhance heat tolerance. While
physical modification of the environment, such as shades and sprinkle systems, is the most common and easily
implemented measure to alleviate HS. Additionally, nutritional management is another key approach which could
help calves and heifers maintain homeostasis and prevent nutrient deficiencies because of HS.
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Introduction
Livestock could maintain a constant body temperature
within a specific environmental temperature range,
known as the thermoneutral zone (TNZ), and achieve
minimal physiological costs and maximal productivity
[1]. The TNZ of a 1 month old calf is between 13 to
25 °C, and the TNZ of a heifer with 0.8 kg daily gain is
between 0 to 15 °C [2]. Heat stress (HS) occurs when the
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body temperature of the livestock increases and they
cannot dissipate body heat adequately to maintain thermal equilibrium, which is due to an elevated ambient
temperature above TNZ along with high humidity and
slow air movement [3, 4]. This heat accumulation would
result in compromised performance and reproduction
and increased mortality of livestock. It was estimated
that total annual economic losses to livestock industries
caused by HS amounted to between $1.69 and $2.36
billion across the United States [5]. Thus, HS is a significant challenge in the animal husbandry.
Most studies on the effect of HS delve on production
inefficiencies like reduced milk yield and death in
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mature dairy and beef cattle [6–8]. Besides, calves and
heifers generate less metabolic heat and have greater
body surface area relative to body mass, hence efficiently
dissipating body heat and are thus considered to be
more tolerant of HS than mature cattle [9]. However,
scientific evidence has shown influences of HS on the
physiology, feed conversion efficiency, rumen and
reproduction of calves and heifers [10, 11]. These impacts play an essential role in their future productive life.
Therefore, attention on calves and heifers under HS is
required. A clear understanding of HS effect on calves
and heifers is necessary to help develop strategies to
mitigate the related adverse effect. Physical modification
of the environment, genetic development and reproductive measures, and nutritional management seem to be
three major practices [12] to help calves and heifers respond to the challenge of HS. Keeping in view the emerging issue of HS, the current review is designed with
objectives to assess the impact of HS on calves and
heifers and attempt to highlight the practical methods
for HS alleviation.
Effect of heat stress on calves and heifers
The indicator of heat stress level

Typically, the level of HS in cattle is estimated by using
temperature-humidity index (THI), which was first introduced by Thom [13]. This index has been adapted to
describe ambient temperature and humidity that cause
HS on cattle [14]. Segnalini et al. [15] have divided THI
into six categories defining the level of HS on dairy cattle. However, THI values only serves as a rough measure
of HS effect on production [16]; and they call for necessary adjustments, because the environmental stimulus
includes other factors, such as wind speed and solar radiation [8]. Moreover, the THI threshold for calves and
heifers remains unknown because of very limited information available related to THI and HS on calves and
heifers. More studies will help to quantify THI for calves
and heifers and even explore new indices to indicate the
level of HS.
Heat stress effect on dry matter intake, growth
performance, mortality and water intake

HS exerts a negative effect on the dry matter intake
(DMI) and growth performance of calves and heifers. It
was reported that dairy calves born in summer tended to
have lower average daily gain (ADG) than those born in
winter [17]. Because calves consume a given volume of
milk or milk replacer and starter ad libitum daily, the
main effect of HS on DMI for calves might lie in the
starter. Rauba et al. [18] reported that calves born in
summer had lower starter DMI than those born in winter. Broucek et al. [19] showed that calves under HS
conditions (74.8 of THI) had reduced starter intake
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compared with those raised under moderate conditions
(59.7 of THI). Colditz and Kellaway [10] showed that
heifers raised under HS condition (38 °C environment)
had reduced feed intake and ADG compared to those
maintained under cool ambient conditions (17 °C environment). Similarly, Baccari et al. [20] also reported lower
feed intake, ADG and feed efficiency of Holstein heifers
under HS conditions (32.5 to 34 °C environment) compared with cooler conditions (18 to 20 °C environment).
Moreover, Nonaka et al. [21] found that daily dry matter
intake and ADG of prepubertal Holstein heifers at 33 °C
environment dropped by 9% and 22%, respectively, compared to those raised at 28 °C environment, while water
intake increased by 23% due to additional evaporative
water loss, such as sweating. In addition to these findings, a study quantified the adverse effect of HS on the
productivity of dairy replacements under 2 years of age.
In this study, the responses of dairy replacements under
2 years of age to HS, such as decreased DMI losses, daily
gain and increased monthly mortality, were modeled
from literature data with equations using a combination
of maximum THI, daily duration of HS, and a heat load
index. Then this study estimated the economic losses
from HS based on these models, and the number was
$48 million per year [5].

Heat stress effect on heat production and energy allocation

During HS, heat gain of calves and heifers from environment and metabolic processes would exceed heat loss
through radiation, convection, evaporation and conduction. Thus heat accumulates in calves and heifers, resulting in a rise in body core temperature. It has been
reported that heat production and rectal temperature of
heifers at 30 °C environment were significantly higher
than those at 15 °C environment [22]. Similar results of
calves and heifers under HS conditions (around 32.5 to
34 °C environment) were observed by several other researchers [20, 21]. Sartori et al. [23] pointed out the
positive relationship between ambient temperature and
body temperature in nulliparous dairy heifers (11 to 17
months old) by establishing linear regression equation,
which not only indicated the change in body
temperature for heifers during HS but also suggested
that heifers were more tolerant of HS than lactating
cows because of the less changes in body temperature
(Fig. 1). Calves and heifers would reduce heat gain and
elevate heat loss to adapt to HS. Once they fail to adjust
to the significant heat gain, they might end up dying [1].
Reduced feed intake, as previously mentioned, might
contribute to the decline of heat gain from digestion and
metabolism [24]. Besides, long standing time of heifers
under HS conditions (40 °C environment for 4 h daily)
was reported [25], which was supposed to expose more
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Fig. 1 Relationship between ambient temperature (AT) and body
temperature (BT) in lactating cows and nulliparous heifers. Values
within parentheses represent the number of observations of BT for
each group evaluated for each degree of AT. Calculated linear
regression for cows was BT = 0.11AT + 36.49 (dashed line) and for
heifers was BT = 0.02AT + 38.05 (solid line). Adapted from
Sartori et al. [23].

surface area for heat abatements, such as sensible heat
loss and convection via air movement [26].
As environmental temperature rises, the energy intake
of calves and heifers decreases because of compromised
DMI while the energy expenditure on maintenance and
metabolism increases to remove the heat load. Consequently, calves and heifers under HS would sacrifice a
fraction of growth energy for heat regulation, which
could partly explain the decreased growth performance
and productive efficiency [21, 22]. Besides, it has been
reported that prepubertal heifers (around 7.7 months old)
under HS conditions (33 °C environment) might change
the way of storing body energy, such as reduced protein
retention and thicker fat [21]. The mechanism for this
remains unknown. More studies are required to explain
this way of storing body energy.
Heat stress effect on physiology

Considerable physiological changes take place in blood
flow, acid-base chemistry and hormones, as the responses of calves and heifers to HS. Located throughout
the bodies of cattle, neurons are temperature sensitive
and send information to the hypothalamus, which produces numerous physiological and behavioral responses
in the attempt to maintain heat balance.
It has been reported that heifers experience an
increased heart rate during HS [22, 25]. This helps
maintain blood pressure as a response to the elevated
vasodilation and increased blood flow caused by HS
[22]. Moreover, blood flow is redistributed to peripheral
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tissues, which ensures body heat is transported from organs to the body surface [27]. Thus, the change in heart
rate could serve as a protective mechanism of heifers to
maintain their heat balance.
Increased respiration rate and panting were reported
in nulliparous heifers under HS [21, 22]. This ensures
that the excess heat is dissipated through enhanced
evaporative cooling [2], resulting in an altered blood
acid-base chemistry [9]. For lactating cows, enhanced
respiration rate and panting lead to greater loss of CO2
via pulmonary ventilation, reduced blood concentration
of carbonic acid and upsetting the critical ratio of carbonic acid to bicarbonate necessary to maintain blood
pH, eventually a respiratory alkalosis [28]. Therefore,
they need to compensate for higher blood pH by increasing urinary bicarbonate excretion with the loss of
blood carbonic acid [29]. Moreover, lactating cows
under HS exhibited a variation in blood pH and bicarbonate levels, which was relative to their respiratory rate
[30]. Though researches in calves and heifers are lacking,
it is most likely that the response of calves and heifers to
respiratory alkalosis would be similar to that of lactating
cows, because of their reported increased respiration rate
and panting.
HS could lead to hormonal alterations. For calves and
heifers under HS, increased insulin and decreased thyroid hormones were frequently reported [20, 21, 31, 32].
Although the contribution of hormones to HS requires
more studies, there is a plausible explanation from cellular and tissue standpoints. Several studies have revealed
that the exposure to heat could enhance cellular reactive
oxygen species (ROS) production and induces oxidative
stress, which leads to the cytotoxicity [33]. The disturbance of the steady state level of ROS production induces
the inactivation of the respiratory chain, then mitochondria are damaged and cells fail to meet enhanced energy
requirements and the demand for more metabolic substrates increases, such as glucose [34]. Thus, glucose uptake by tissues or organs is stimulated through the
escalation of insulin, but central nervous and immune
systems, which are obligate glucose users [35], would
take a high priority of adequate glucose supply over
other tissues. This change in the hierarchy of glucose
utilization decreases the allocation of glucose to the
mammary gland and skeletal muscles [36]. Additionally,
insulin prevents calves and heifers under HS from mobilizing adipose tissue [37]. This might lead to an accelerated protein catabolism in the mammary gland and
muscles for more energy substrate [36], and compromised growth performance, which also might be related
with reduced thyroid hormone for its positive correlation with weight gain and tissue development [38].
These alterations in physiology and following energy
metabolism afterwards tend to be adaptive mechanisms
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employed to prioritize the maintenance and are responsible for reduced growth performance during HS. More
deep knowledge is still warranted to take an insight into
the mechanism of how HS influences the growth performance of calves and heifers.
Heat stress effect on rumen motility, microbiota and
fermentation

In response to HS, heifers tend to reduce the gastrointestinal motility to decrease metabolic heat, hence a reduction in the passage rate of digesta [30]. Several researchers
have reported a lower ruminal passage rate of feed in
heifers under HS conditions. Nonka et al. [21] reported
that prepubertal heifers at 33 °C had 56% lower ruminal
passage rate compared to that of heifers at 20 °C. Bernabucci et al. [39] also showed that significant difference in
ruminal passage of 10 months old heifers under 84 and 64
of THI. Increased retention time in the whole gastrointestinal tract, along with the reduced DMI, would lead to
higher digestibility in heifers under HS conditions [40].
Such an increment in digestibility was indicated by previous studies [10, 21, 39, 41]. However, some contrasting results were available regrading decreased digestibility of
cattle under HS conditions (32.2 °C environment) [42].
This reduction could be explained by some factors, such
as the dilution of rumen contents caused by increased
water intake [43], and lower rumen and intestinal absorption of nutrients due to reduced blood flow [44]. Furthermore, Bernabucci et al. [39] suggested that these changes
in digestibility were not only because of the passage rate
and DMI but also due to other factors mentioned before,
which might serve as an adaptive response of the digestive
tract to HS.
Besides, rumen microbiota and fermentation of heifers
would change during HS. During HS, the community of
ruminal microbiota is significantly restructured due to
the alteration in the composition and volume of feed,
leading to the change of the ruminal fermentation product [45, 46]. Uyeno et al. [47] showed that the relative
abundance of the Clostridium coccoides–Eubacterium
rectale group, which is a cluster of butyrate-producing
bacteria [48], and the genus Streptococcus increased
while the genus Fibrobacter, a representative of acetate
producing bacteria [49], decreased in heifers under HS
conditions (33 °C environment). Thus, some researches
reported that heifers under HS conditions (around 32 to
33 °C environment) had decreased amount of volatile
fatty acids (VFAs), reduced amount and concentration
of acetic acid and increased amount and concentration
of butyric acid [21, 41, 50]. These changes might contribute to the impaired growth performance of growing
cattle because VFAs serve as primary energy supply of
them and the amount they could utilize reduced [41].
More in-depth studies are suggested to explore the
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dynamics of ruminal microbiota and how this alteration
might affect rumen fermentation and performance of
heifers under HS.
Heat stress effect on reproduction

HS not only affects the whole reproduction stage of
heifers from estrous to calving period, but also generates
a lasting effect on newborn calves. The duration and intensity of estrus are reduced by HS [51, 52], resulting in
the silent heat or weak estrus expression thus the difficulty in breeding [53]. Besides, HS might depress follicular development [54] by impairing follicle selection,
delaying follicular wave, reducing follicular dominance
and compromising follicular steroidogenesis, eventually
leading to the poor quality of oocytes [55–59]. And the
possibility of successful inseminations might be curtailed
by HS because of altering the intrauterine environment
[60]. Therefore, conception rate drastically drops during
HS. The physiological mechanism regulating the effect
of HS on reproduction is still unclear. However, the hormone regulatory axis might serve as a probable explanation [24, 61]. HS could increase the adrenocorticotropic
hormone (ACTH) secretion, which was reported to
block estradiol-induced sexual behavior [62], and the
cortisol secretion, which could inhibit the gonadotropinreleasing hormone (GnRH) and luteinizing hormone
(LH) secretion and affect the hypothalamic-hypophysealovarian axis [63]. These increased secretions could lead
to hindered luteolysis, altered follicle dominance and
disrupted ovulation [63]. Though most of related researches focused on mature cows, these discussions
below might fit for both breeding heifers and cows.
HS also suppresses the embryonic development [64]
and produces a carryover effect on newborn calves [65].
Although the effect of HS on embryos is different at
various developmental stages [66], the survival of early
embryos in first 7 d is particularly susceptible to HS for
disturbing heat shock protein synthesis [67], oxidative
cell damage [68], impaired interferon-tau production for
pregnancy maintenance [54] and the expression of genes
related with apoptosis [69]. As the pregnancy proceeds,
the effect of HS on embryonic survival diminishes [70].
Because the fetus grows at the fastest rate and gains 60%
of its birth weight during the last 2 months of gestation
[71], HS during this period could lead to fetal growth retardation and compromised postnatal growth [65]. Due
to HS-induced low uterine and umbilical blood flow
[72], placental development is depressed, represented as
reduced placental weight [73] and circulating placental
hormones [74]. Fetus relies on the placenta for the supply of oxygen and nutrients [75]. Thus impaired placental development could cause a hypoxic state and
compromised intake of nutrients, such as glucose and
amino acids [65]. This insufficient placental supply
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would consequently retard the growth of the fetus and
have profound effects on postnatal growth [76]. Available researches have revealed that the birth weight and
growth rate of calves born from late gestation heat
stressed cows were low [77–79]. In addition to the
growth, prenatal HS might exert a negative influence on
the immunity of newborn calves. HS might cause the
alteration in colostrum composition, such as lower Ig
content [80], and impaired passive immune transfer
because of decreased enterocyte turnover in the small
intestine [81]. Besides, prenatal HS influences the maternal environment and might induce epigenetic modifications in the development of normal fatal immune cells
and hence depressing the cell-mediated immune function in neonatal calves [77]. Moreover, negative prenatal
HS effects could persist in the future stage of calves.
Monteiro et al. [82] reported that calves experiencing
maternal HS produced less milk in the first lactation
than calves with maternal cooling environment. More
studies are necessary to elucidate the effects of prenatal
HS on the fetus and neonatal calves and the mechanism
underlying it.
Strategies to alleviate heat stress

Factors that influence the extent of HS on calves and
heifers include genetic, reproductive, environmental and
nutritional aspects. Strategies developed based on these
aspects could ameliorate HS on calves and heifers.
Genetic development and reproductive measures

Breed plays an important role in genetic influence on
the HS tolerance of calves and heifers, thus there appears to be benefits from hybrid vigor under HS conditions [10] and crossing Holstein cows with domestic
dairy breeds would potentially enhance the HS tolerance.
However, whether these cross-breeds are sufficiently
productive to meet the needs of the dairy industry remains questionable. Generally, dairy cows seem to be
more sensitive to HS as milk production elevates metabolic heat production. Therefore, breeding dairy cows
selectively for milk yield would increase their susceptibility to HS [54]. But selecting particular genes that control
traits related to thermotolerance would be desirable as
the only thermal resistance would be selected for without compromising milk yield [83]. The slick hair gene,
which results in a short, sleek and glossy hair coat, has
been introduced to improve the thermoregulatory ability
because the hair color is associated with solar radiation
absorption and the hair length is related to convective
and conductive heat loss [84]. Heat shock genes could
also serve as markers in marker-assisted selection for
thermotolerance in that heat shock protein protects cells
from HS by maintaining cellular machinery and cellular
apoptosis [85, 86]. However, it might not be practical
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only to select heat shock genes, some target traits should
be set together to lead the specific genetic development.
Besides, embryo transfers at 7 to 8 d after estrus, which
is the most thermosensitive period of survival, could bypass the effect of HS on early embryos and increase the
pregnancy rate [87, 88]. The addition of survival factors
to bovine embryos, such as antioxidants and insulin-like
growth factor-1, has been reported to minimize the
inhibition of embryonic development and apoptosis
induced by HS and thus improve embryo HS resistance
[89, 90].
Physical modification of the environment

Modification of the environment could reduce the heat
gain and elevate the heat dissipation to protect calves
and heifers from HS. The most prevalent measures to alleviate HS are the provision of house or shade (together
with feed and water), evaporative cooling with water in
the form of fog, mist, or sprinkling with natural or
forced air movement, as well as cooling ponds [91].
Water sprinkling with ventilation could enhance evaporation, which serves as the dominant mode of heat dissipation for heifers under HS conditions [92]. Exposed to
HS conditions (36 °C environment), heifers sprayed with
water were reported to have a lower rectal temperature,
respiratory rate and 26.1% higher weight gain compared
with non-cooled heifers [93]. Similarly, with the use of
fans, the ADG and feed efficiency of dairy calves increased significantly by 23% and 21% respectively under
HS conditions (around 29 °C environment) [94]. Moreover, Moghaddam et al. [95] reported with sprinkler and
fan, the cooling of dairy heifers for a short time before
and after artificial insemination could increase the pregnancy rate during HS (36.1 °C environment). In addition,
shading is regarded as one of the most easily implemented and cost-effective methods to minimize heat
load from solar radiation. Well-designed shade could reduce 30% to 50% head load from solar radiation [96].
Marcillac-Embertson et al. [97] reported that in corrals,
heifers with 65.0 m2 shade had significantly higher DMI
and ADG than sprinkle cooled heifers with 5 times daily
from 11:00 to 19:00 h and 7 min of each period. Under
this housing system and cooling ways, shade might be
more effective than sprinkle systems for heifers during
HS.
Nutritional management

Nutritional management could help calves and heifers to
maintain homeostasis or prevent nutrient deficiencies
because of HS. The starter intake of calves might be depressed by HS [94], leaving them with less energy available to support high energy requirements. The
nutritional management of liquid feed for calves, such as
intensity and nutrient density, should be considered to

Wang et al. Journal of Animal Science and Biotechnology

(2020) 11:79

support high energy requirements based on different
situation. Like mature cattle, the nutrient density of the
ration should be raised to overcome the decline in DMI
of heifers [9]. Given that greater heat production is associated with the metabolism of acetate compared with
propionate in rumen [98], it would be reasonable to feed
heifers more concentrates at the expense of fibrous ingredients to increase the nutrient density and decrease
the heat increment [99]. This method, however, should
take into consideration the need of heifers for adequate
fiber to ruminate and maintain health. Besides, the
addition of dietary fat could also be advantageous to
heifers, because this has improved the efficiency of the
conversion of dietary fat to body fat and lowered the
heat increment compared to protein and carbohydrates
[99]. The supplementation of vitamins A, C and E and
mineral, such as zinc, could relieve the oxidative damage
due to HS, and the regulation of feed electrolyte by dietary cation-anion difference (DCAD) could help maintain
the blood acid-base balance and correct the mineral deficiency of Na and K due to sweating during HS [99–101].

Conclusion
Based on the available information in literature, we concluded that although calves and heifers are supposed to
be more tolerant of HS than mature cattle, they still suffer from HS to some degree. In order to acclimatize to
HS, calves and heifers experience a series of physiological and metabolic changes to achieve the redistribution of energy, hence the compromised growth
performance. HS-induced alteration in rumen motility
and microbiota leads to the change of feed digestibility
and production of rumen fermentation. HS reduces the
duration and intensity of estrus, depresses follicular development by the regulation of reproduction hormone
and suppresses the embryonic development by impaired
placenta and the growth and immunity of the offspring.
Genetic development and reproductive measures, physical modification of the environment and nutritional
management are three major strategies to ameliorate
HS. Productive benefits should be taken into consideration when developing strategies to ameliorate HS.
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