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Introduction

Climate is one of many factors with the potential to alter 
disease states and is expected to exert an overwhelming nega-
tive effect on the health of humans and animals (Rabinowitz 
and Conti, 2013). In addition, several studies suggested that the 
increase of temperature might reduce mortality and/or improve 
health and welfare related aspects in humans and livestock liv-
ing in geographic areas with cold winters (Ballester et al., 2011; 
Rose et al., 2015).

The effect of climate change on animal health may be 
either direct or indirect (Figure 1) and may be due primarily 
to changes in environmental conditions, which include air tem-
perature, relative humidity, precipitation, and frequency and 
magnitude of extreme events (i.e., heat waves, severe droughts, 
extreme precipitation events, and coastal floods). Although this 
article focuses on the effects of environmental factors, it should 
be noted that factors leading to the effects of climate change on 
health are extremely complex, involving not only environmen-
tal forces, but also ecological and social aspects, economical 
interests, and individual and community behaviors (Forastiere, 
2010).

The direct effects of climate change on health include tem-
perature-related illness and death. Indirect impacts follow more 
intricate pathways and include those derived from the influence 
of climate on microbial density and distribution, distribution 
of vector-borne diseases, food and water shortages, or food-
borne diseases (Lacetera et al., 2013). The aim of this article 
is to summarize the current state of knowledge regarding 
the influence of climate and climate change on the health of 
food-producing animals.

Direct Effects

The direct effects of climate change on health may be due 
primarily to increased temperatures and frequency and inten-
sity of heat waves (Gaughan et  al., 2009). These effects are 
mediated by induction of heat stress conditions. Depending on 
its intensity and duration, heat stress may negatively affect live-
stock health by causing metabolic alterations, oxidative stress, 
immune suppression, and death (Figure 2).

Metabolic Disorders

Homeothermic animals respond to high temperatures by 
increasing heat loss and reducing heat production in their 
attempt to avoid increased body temperature (hyperthermia). 
Such responses include an increase in respiratory and sweating 
rates and a decrease in feed intake. These physiological events 
may provide a significant contribution to explain the occurrence 
of metabolic disorders in heat-stressed animals (Figure 3).

Heat stress can contribute to the occurrence of lameness in 
dairy and beef cows (Shearer, 1999). Lameness in cattle may be 
defined as any foot abnormality that causes an animal to change 

Implications

•	 Climate change is expected to exert an overwhelming negative 
effect on livestock health and welfare. Several studies suggest 
that the expected increase of air temperatures might reduce 
the risk of death and improve health and welfare of humans 
and livestock living in areas with very cold winters.

•	 The negative effects of climate change on animal health and 
welfare will be the consequence of combined changes of air 
temperature, precipitation, frequency, and magnitude of 
extreme weather events and may be both direct and indirect.

•	 The direct effects of climate change may be due primarily to 
increased temperatures and frequency and intensity of heat 
waves. Depending on its intensity and duration, heat stress 
may affect livestock health by causing metabolic disruptions, 
oxidative stress, and immune suppression causing infections 
and death.

•	 The indirect effects of climate change are primarily those 
linked to quantity and quality of feedstuffs and drinking 
water and survival and distribution of pathogens and/or their 
vectors.

•	 Development and application of methods linking climate data 
with disease occurrence should be implemented to prevent 
and/or manage climate-associated diseases.
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the way that it walks. Lameness can be caused by a range of 
foot and leg conditions, themselves caused by disease, manage-
ment, or environmental factors and is one of the most signifi-
cant health, welfare, and productivity issues. The contribution 
of heat stress to lameness is perhaps due to ruminal acidosis or 
increased output of bicarbonate (Cook and Nordlund, 2009). 
Heat-stressed cattle eat less frequently during cooler times of 
the day, but they eat more at each feeding. Reduced feed intake 
during the hotter part of the day, followed by increased feeding 
when the ambient temperature cools down, can cause acidosis 
which is considered a major cause of laminitis (Shearer, 1999). 
As ambient temperatures rise, the respiratory rate increases 
with panting progressing to open-mouth breathing. A conse-
quence is respiratory alkalosis resulting from a rapid loss of 
carbon dioxide. Cattle compensate by increasing urinary out-
put of bicarbonate. Rumen buffering is affected by a decreased 
salivary bicarbonate pool. Lameness, with sole ulcers and white 
line disease, will appear in a few weeks to a few months after 
heat stress.

The reduction of feed intake combined with increased 
energy expenditure for maintenance may alter energy balance 
and explain why heat-stressed animals lose body weight and/or 
mobilize adipose tissue during heat stress. In particular, during 
summer, early lactating dairy cows are more likely to experience 
subclinical or clinical ketosis (Lacetera et  al., 1996) and are 
at higher risk to develop liver lipidosis (Basiricò et al., 2009). 
Ketosis is a metabolic disease that occurs when the animal is 
in a severe state of negative energy balance, undergoes intense 

lipomobilization, and accumulates ketone bodies, which derive 
from incomplete catabolism of fat. Liver lipidosis is another 
consequence of the intense mobilization of fat from adipose 
tissue. Compromised liver function in heat-stressed cattle is tes-
tified by reduced albumin secretion and liver enzyme activities 
(Ronchi et al., 1999).

Oxidative Stress

In farm animals, oxidative stress may be involved in several 
pathological conditions, including conditions that are relevant 
for animal production and the general welfare of individuals 
(Lykkesfeldt and Svendsen, 2007). Oxidative stress results from 
an imbalance between oxidant and antioxidant molecules and 
may depend on the excess of oxidant and/or lack of antioxidant 
substances (Figure 4). In the last 10 to 15 yr, the involvement 
of heat stress in inducing oxidative stress in farm animals has 
received increasing interest (Bernabucci et  al., 2002; Akbarian 
et al., 2016). The total antioxidant status concentrations in serum 
of heifers were lower in the summer than in the winter in peri- 
and postpartum periods (Mirzad et al., 2018). In mid-lactating 
cows, plasma values of reactive oxygen metabolite substances 
were increased during summer. Total carotenes and vitamin E 
were decreased during summer. Increased oxidant and decreased 
antioxidant molecules in blood during the hot summer season 
have been reported both in dairy and buffalo cows. Finally, 
heat stress has been associated with an increase of antioxidant 
enzyme activities (e.g., superoxide dismutase, catalase, and glu-
tathione peroxidase), which has been interpreted as an adapta-
tion response to increased levels of reactive oxygen species.

Immune Suppression

The immune system has evolved as a complex of mechanisms to 
protect the host from invasion by pathogenic organisms. A num-
ber of factors may affect the proper functioning of the immune 
system (Lacetera, 2012). Several studies reported that heat stress 
may impair the function of the immune system in food-produc-
ing animals. Effects of heat stress on immune function are not 
always straightforward and may depend on the species, breed, 
genotype, age, social status, acclimation level, and intensity and 
duration of the exposure to the unfavorable conditions.

Immune suppression facilitates the occurrence of infections, 
which impairs reproductive efficiency, overall production effi-
ciency, and may compromise animal welfare and increase the 

Figure 2. Schematic representation of the most frequent consequences of heat stress on animal health.

Figure 1. Schematic representation of the impact of climate change on animal 
health.
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use of antimicrobials. Increased use of antimicrobials may lead 
to development of antimicrobial resistance in microorganisms.

Briefly, Regnier and Kelley (1981) reported that chronic expos-
ure to heat stress impaired immune response in avian species. 
Nardone et al. (1997) indicated that severe heat stress reduced 
colostral immunoglobulins (IgG and IgA) in dairy cows with 
negative consequences on immunization and survival of newborn 
calves. Lacetera et al. (2005) described a dramatic depression in 
lymphocyte function in severely heat stressed peri-parturient 
dairy cows, which may increase their vulnerability to pathogens 
and also reduce the efficacy of vaccinations. Finally, Lecchi et al. 
(2016) reported that high temperatures impaired significantly 
the functionality of neutrophils, which have a central role in the 
protection of the mammary gland against infections. Mastitis is 
a major endemic disease of dairy cattle and usually occurs as an 
immune response to bacterial invasion of the teat canal or as a 
result of chemical, mechanical, or thermal injury to the cow’s 
udder. Several studies reported the increased occurrence of mas-
titis during the summer months (Morse et al., 1988; Waage et al., 
1998). Results of a recent 2-yr study on the largest Italian dairy 
farm demonstrated that the greater risk of the occurrence of 
clinical mastitis in primiparous dairy cows was recorded in July 
(Vitali et al., 2016). Heat stress may improve the survival capabil-
ity or growth of pathogens or their vectors (Chirico et al., 1997), 
and they may surely be involved in these important epidemio-
logical findings. Further epidemiological studies are necessary to 
determine whether high environmental temperatures are associ-
ated with a higher incidence of other  infections. The potential 
for impairment of immune cell function under hot environment 
supports the use of management practices (i.e., cooling, altered 
nutritional programs, improved animal hygiene, etc.), which may 
help to limit the increase of body temperature to prevent out-
breaks of infections.

Death

A series of studies have described a greater risk of mortal-
ity during the hottest months (Dechow and Goodling, 2008; 
Vitali et al., 2009) and an increased death rate during extreme 
weather events (Hahn et  al., 2002; Vitali et  al., 2015). High 
temperatures may cause heat stroke, heat exhaustion, heat syn-
cope, heat cramps, and ultimately organ dysfunction. These 

heat-induced complications occur when the body temperature 
rises 3 to 4 °C above normal.

In an Indian study, Purusothaman et al. (2008) reported an 
increase of mortality in Mecheri sheep during summer season. 
Another series of studies on the effects of temperatures on 
mortality in farm animals described an increase of deaths dur-
ing extreme weather events. Hahn and Mader (1997) and Hahn 
et al. (2002) described the impact on livestock from a weeklong 
heat wave in the mid-central United States during July 1995. 
A heat wave is generally defined as a prolonged period of exces-
sively hot weather. It was also reported that during the severe 
and prolonged heat waves which occurred in Europe during 
summer 2003, over 35,000 people and thousands of pigs, poul-
try, and rabbits died in the French regions of Brittany and 
Pays-de-la-Loire (http://lists.envirolink.org/pipermail/ar-news/
Week-of-Mon-20030804/004707.html). Vitali et al. (2015) indi-
cated that summer mortality in dairy cows was greater during 
days in a heat wave compared with days not in a heat wave. 
Furthermore, the risk of mortality continued to be higher dur-
ing the three days after the end of the heat wave. Mortality also 
increased with the length of the heat wave. Considering deaths 
stratified by age, cows up to 28 mo old were not affected by heat 
waves, whereas all the other age categories of cows (29 to 60, 61 
to 96, and >96 mo) showed a greater mortality when exposed 
to a heat wave. The risk of death during a heat wave was higher 
in the early summer months. In particular, the highest risk of 
mortality was observed during a heat wave in June.

The temperature–humidity index combines temperature and 
humidity into a single value and is widely considered a useful 
tool to predict the effects of the environment on farm animals.

An epidemiological study with dairy cows (Vitali et al., 2009) 
indicated that 80 and 70 are the daily maximum and minimum 
temperature–humidity index values, respectively, above which 
heat-induced death rate increases. In addition, the same study 
indicated that 87 and 77 are the daily upper critical maximum 
and minimum temperature–humidity index, respectively, above 
which the risk of heat-induced death becomes maximum.

A recent study with swine in Italy reported the effects of 
month, length of the journey, and temperature–humidity index 
on mortality of heavy slaughter pigs (approximately 160 kg live 
weight) during transport and lairage (Vitali et al., 2014). The 
aggregated data of the summer vs. nonsummer months showed 

Figure 3. Schematic representation of some mechanisms through which heat stress may cause metabolic disorders in farm animals.

http://lists.envirolink.org/pipermail/ar-news/Week-of-Mon-20030804/004707.html
http://lists.envirolink.org/pipermail/ar-news/Week-of-Mon-20030804/004707.html
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a greater risk of pigs dying during the hot season when consid-
ering both transport and lairage. The month with the greatest 
frequency of deaths was July, whereas the lower mortality risk 
ratios were recorded for January and March. The mortality 
risk ratio during transport increased significantly for journeys 
longer than 2  h. Finally, 78.5 and 73.6 temperature–humid-
ity index were the thresholds above which the mortality rate 
increased significantly during transport and at lairage, respec-
tively. In a long-term study on scenarios of temperature-related 
mortality in Europe, Ballester et al. (2011) predicted a change 
in the seasonality of mortality, with maximum monthly inci-
dence progressively shifting from winter to summer from 1950 
to 2100.

Indirect Effects

As already described earlier, weather and climate change 
are likely to affect the biology and distribution of vector-borne 
infections. For example, temperature changes, global wind 
and precipitation patterns, and changes in relative humidity 
in temperate climates will affect positively the reproduction of 
insects and, consequently, their population density. Thus, some 
tropical diseases, especially those transmitted by insects, may 
probably move from their natural basin of endemic to other 
countries.

Simulating an increase of temperature values by 2  °C, a 
model tested by Wittmann et al. (2001) indicated the possibil-
ity of an extensive spread of Culicoides imicola, which repre-
sents the major vector of the bluetongue virus. This virus is 
responsible for an infectious arthropod-borne disease primar-
ily of domestic and wild ruminants. Infection with bluetongue 
virus is common in a broad band across the world. Since 1990, 
this virus has spread considerably due to changing climatic and 
environmental conditions necessary to support the Culicoides 
vectors.

Another mechanism through which climate change may 
alter livestock and human health is represented by the favorable 

effects that high temperatures and moisture may exert on growth 
of mycotoxin-producing fungi. Growth of these fungi and the 
associated toxin production are closely related to the tempera-
ture and degree of moisture, which are dependent on weather 
conditions at harvest and techniques for drying and storage 
of grains (Frank, 1991). Mycotoxins can cause acute disease 
episodes when animals consume critical quantities of contam-
inated feeds. These mycotoxins may have a negative effect on 
specific tissues and organs such as liver, kidney, oral and gastric 
mucosa, brain, or reproductive tract. Most frequently, however, 
concentrations of mycotoxin in feeds are below those that can 
cause acute disease. At low concentrations, mycotoxins may 
reduce the growth rate of young animals. Some mycotoxins 
may interfere with the native mechanisms of disease resistance 
and may impair immunologic responsiveness, making the ani-
mals more susceptible to infection (Bernabucci et al., 2011).

Finally, other examples of how climate change may affect 
animal health are provided from parasitic diseases. In this con-
text, gastrointestinal nematodes are important parasites of live-
stock, causing mortality and morbidity. Because a significant 
part of the life cycle of these parasites is completed outside 
of the host, their survival and development are susceptible to 
climate change. In this regard, a recent simulation study (Rose 
et al., 2015) predicted that future climatic data for a temperate 
region will have an opposite effect on annual infection pressure 
(increase or decrease) depending on the species of parasites.

Conclusions

Although further epidemiological studies are needed, a sig-
nificant amount of research has already demonstrated that 
climate change will affect animal health and welfare. Heat 
stress conditions as a result of global warming, high air tem-
peratures, and higher frequency of extreme weather events and 
droughts may negatively affect animal health and welfare. Such 
effects may take place by direct and/or indirect mechanisms. 
Tools and techniques for an animal disease surveillance system 

Figure 4. Balance between oxidants and antioxidants molecules in animal health and disease (from Knoefler et al., 2014).
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to incorporate animal data with relevant climate conditions are 
also needed. Development and application of methodology to 
link climate data with disease surveillance systems should be 
implemented to improve prevention of diseases as well as miti-
gation and adaptation responses of animals to heat stress.

Acknowledgments

This work was carried out in the frame of the MIUR 
(Ministry for education, University and Research) initiative 
“Department of excellence” (Law 232/2016).

Literature Cited
Akbarian, A., J. Michiels, J. Degroote, M. Majdeddin, A. Golian, and S. De 

Smet. 2016. Association between heat stress and oxidative stress in poultry; 
mitochondrial dysfunction and dietary interventions with phytochemicals. 
J. Anim. Sci. Biotechnol. 7:37. doi:10.1186/s40104-016-0097-5

Ballester, J., J.-M. Robine, F.R. Herrmann, and X. Rodó. 2011. Long-term pro-
jections and acclimatization scenarios of temperature-related mortality in 
Europe. Nat. Commun. 2:358. doi:10.1038/ncomms1360

Basiricò, L., U. Bernabucci, P. Morera, N. Lacetera, and A. Nardone. 2009. 
Gene expression and protein secretion of apolipoprotein B100 (ApoB100) 
in transition dairy cows under hot or thermoneutral environments. Proc. 
XVIII Congr. Naz. Ass. Sci. Prod. Anim. 8:592–594.

Bernabucci, U., L.  Colavecchia, P.P.  Danieli, L.  Basiricò, N.  Lacetera, 
A. Nardone, and B. Ronchi. 2011. Aflatoxin B1 and fumonisin B1 affect 
the oxidative status of bovine peripheral blood mononuclear cells. Toxicol. 
In Vitro 25:684–691. doi:10.1016/j.tiv.2011.01.009

Bernabucci, U., B.  Ronchi, N.  Lacetera, and A.  Nardone. 2002. Markers 
of  oxidative status in plasma and erythrocytes of  transition dairy 
cows during hot season. J. Dairy Sci. 85:2173–2179. doi:10.3168/jds.
S0022-0302(02)74296-3

Chirico, J., P. Jonsson, S. Kjellberg, and G. Thomas. 1997. Summer mas-
titis experimentally induced by Hydrotaea irritans exposed to bac-
teria. Med. Vet. Entomol. 11:187–192. doi:10.1111/j.1365-2915.1997.
tb00312.x

Cook, N.B., and K. V.  Nordlund. 2009. The influence of the environment 
on dairy cow behavior, claw health and herd lameness dynamics. Vet. J. 
179:360–369. doi:10.1016/j.tvjl.2007.09.016

Dechow, C.D., and R.C. Goodling. 2008. Mortality, culling by sixty days in 
milk, and production profiles in high- and low-survival Pennsylvania herds. 
J. Dairy Sci. 91:4630–4639. doi:10.3168/jds.2008-1337

Forastiere, F. 2010. Climate change and health: a challenge for epidemi-
ology and public health. Int. J.  Public Health 55:83–84. doi:10.1007/
s00038-009-0096-9

Frank, H. K. 1991. Risk estimation for ochratoxin A in European countries. 
IARC Sci. Publ. 115:321–325.

Gaughan, J.B., N.  Lacetera, S.E.  Valtorta, H.H.  Khalifa, G.L.  Hahn, and 
T.L.  Mader. 2009. Response of domestic animals to climate challenges. 
In: Ebi, K.L., I.  Burton, and G.R. McGregor, editors, Biometeorology 
for adaptation to climate variability and change. Heidelberg (Germany): 
Springer-Verlag; p. 131–170.

Hahn, G.L., and T.L. Mader. 1997. Heat waves in relation to thermoregula-
tion, feeding behavior and mortality of feedlot cattle. In: Proceedings of the 
5th International Symposium. St Joseph (MI): ASAE; p. 563–571.

Hahn, G.L., T.L.  Mader, J.A.  Harrington, J.A.  Nienaber, and K.L.  Frank. 
2002. Living with climatic variability and potential global change: clima-
tological analyses of impacts on livestock performance. Proceeding of 
the 16th International Congress on Biometeorology, Kansas City (MO). 
p. 45–49.

Knoefler, D., L.I.  Leichert, M.  Thamsen, C.M.  Cremers, D.  Reichmann, 
M.J. Gray, W.Y. Wholey, and U. Jakob. 2014. About the dangers, costs and 
benefits of living an aerobic lifestyle. Biochem. Soc. Trans. 42:917–921. 
doi:10.1042/BST20140108

Lacetera, N. 2012. Effect of environment on immune functions. In: Collier, 
R.J., and J.L. Collier, editors, Environmental physiology of livestock. 
Chichester (England): Wiley-Blackwell; p. 165–179.

Lacetera, N., U. Bernabucci, B. Ronchi, and A. Nardone. 1996. Body condition 
score, metabolic status and milk production of early lactating dairy cows 
exposed to warm environment. Riv. Agric. Subtrop. Trop. 90:43–55.

Lacetera, N., U.  Bernabucci, D.  Scalia, B.  Ronchi, G.  Kuzminsky, and 
A.  Nardone. 2005. Lymphocyte functions in dairy cows in hot environ-
ment. Int. J. Biometeorol. 50:105–110. doi:10.1007/s00484-005-0273-3

Lacetera, N., M. Segnalini, U. Bernabucci, B. Ronchi, A. Vitali, A. Tran, H. Guis, 
C.  Caminade, C.  Calvete, A.  Morse, et  al. 2013. Climate induced effects 
on livestock population and productivity in the Mediterranean area. In: 
Navarra, A., and L. Tubiana, editors, Regional assessment of climate change 
in the Mediterranean. Advances in global change research 51. Dordrecht 
(The Netherlands): Springer Science+Business Media; p. 135–156.

Lecchi, C., N.  Rota, A.  Vitali, F.  Ceciliani, and N.  Lacetera. 2016. In vitro 
assessment of the effects of temperature on phagocytosis, reactive oxygen 
species production and apoptosis in bovine polymorphonuclear cells. Vet. 
Immunol. Immunopathol. 182:89–94. doi:10.1016/j.vetimm.2016.10.007

Lykkesfeldt, J., and O.  Svendsen. 2007. Oxidants and antioxidants in dis-
ease: oxidative stress in farm animals. Vet. J. 173:502–511. doi:10.1016/j.
tvjl.2006.06.005

Mirzad, A.N., T. Tada, H. Ano, I. Kobayashi, T. Yamauchi, and H. Katamoto. 
2018. Seasonal changes in serum oxidative stress biomarkers in dairy 
and beef cows in a daytime grazing system. J. Vet. Med. Sci. 80:20–27. 
doi:10.1292/jvms.17-0321

Morse, D., M.A.  DeLorenzo, C.J.  Wilcox, R.J.  Collier, R.P.  Natzke, and 
D.R. Bray. 1988. Climatic effects on occurrence of clinical mastitis. J. Dairy 
Sci. 71:848–853.

Nardone, A., N. Lacetera, U. Bernabucci, and B. Ronchi. 1997. Composition 
of colostrum from dairy heifers exposed to high air temperatures during 
late pregnancy and the early postpartum period. J. Dairy Sci. 80:838–844. 
doi:10.3168/jds.S0022-0302(97)76005-3

Purusothaman, M.R., A.K.  Thiruvenkadan, and K.  Karunanithi. 2008. 
Seasonal variation in body weight and mortality rate in Mecheri adult 
sheep. Livest. Res. Rural Develop. 20:150. Available from http://www.lrrd.
org/lrrd20/9/thir20150.htm

Rabinowitz, P., and L. Conti. 2013. Links among human health, animal health, 
and ecosystem health. Annu. Rev. Public Health 34:189–204. doi:10.1146/
annurev-publhealth-031912-114426

About the Author
Nicola Lacetera graduated in 
Veterinary Medicine and earned 
a PhD in Veterinary Immunology 
from the University of Perugia, 
Italy. He joined the University 
of Tuscia (Viterbo, Italy) as an 
assistant professor in the Institute 
of Animal Science and cur-
rently is professor and head of 
Department of Agriculture and 
Forest Sciences. He was visiting 
professor at Caldwell Animal 
Hospital (USA, 1986), Colorado 
State University (USA, 1988 
to 1989), University of Bristol 
(UK, 1994 and 1995), the Ecole 
Vétérinaire of Lion (France, 1997), 

and Commonwealth Scientific and Industrial Research Organization in 
Australia (2015). His research focuses on the interactions between metab-
olism, immunity, and health in dairy cattle and the effects of heat stress 
on health, performance, and risk of death in dairy cows. Corresponding 
author: nicgio@unitus.it

http://www.lrrd.org/lrrd20/9/thir20150.htm
http://www.lrrd.org/lrrd20/9/thir20150.htm
mailto:nicgio@unitus.it?subject=


31Jan. 2019, Vol. 9, No. 1

Regnier, J.A., and K.W.  Kelley. 1981. Heat- and cold-stress suppresses in 
vivo and in vitro cellular immune responses of chickens. Am. J. Vet. Res. 
42:294–299.

Ronchi, B., U.  Bernabucci, N.  Lacetera, A.  Verini Supplizi, and 
A.  Nardone. 1999. Distinct and common effects of  heat stress and 
restricted feeding on metabolic status of  Holstein heifers. Zoot. Nutr. 
Anim. 1:11–20.

Rose, H., T.  Wang, J.  van Dijk, and E.R.  Morgan. 2015. GLOWORM-FL: a 
simulation model of the effects of climate and climate change on the free-liv-
ing stages of gastro-intestinal nematode parasites of ruminants. Ecol. Mod. 
297:232–245. doi:10.1016/j.ecolmodel.2014.11.033

Shearer, J.K. 1999. Foot health from a veterinarian’s perspective. Proc. Feed 
Nutr. Manag. Cow Coll. Virg. Tech. 33–43.

Vitali, A., U. Bernabucci, A. Nardone, and N. Lacetera. 2016. Effect of sea-
son, month and temperature humidity index on the occurrence of clin-
ical mastitis in dairy heifers. Adv. Anim. Biosci. 7:250–252.  doi:10.1017/
S2040470016000315

Vitali, A., A.  Felici, S.  Esposito, U.  Bernabucci, L.  Bertocchi, C.  Maresca, 
A. Nardone, and N. Lacetera. 2015. The impact of heat waves on dairy cow 
mortality. J. Dairy Sci. 98:4572–4579. doi:10.3168/jds.2015-9331

Vitali, A., E. Lana, M. Amadori, U. Bernabucci, A. Nardone, and N. Lacetera. 
2014. Analysis of factors associated with mortality of heavy slaughter pigs 
during transport and lairage. J. Anim. Sci. 92:5134–5141. doi:10.2527/
jas.2014-7670

Vitali, A., M.  Segnalini, L.  Bertocchi, U.  Bernabucci, A.  Nardone, and 
N. Lacetera. 2009. Seasonal pattern of mortality and relationships between 
mortality and temperature–humidity index in dairy cows. J. Dairy Sci. 
92:3781–3790. doi:10.3168/jds.2009-2127

Waage, S., S. Sviland, and S.A. Odegaard. 1998. Identification of risk factors 
for clinical mastitis in dairy heifers. J. Dairy Sci. 81:1275–1284. doi:10.3168/
jds.S0022-0302(98)75689-9

Wittmann, E.J., P.S. Mellor, and M. Baylis. 2001. Using climate data to map the 
potential distribution of Culicoides imicola (Diptera: Ceratopogonidae) in 
Europe. Rev. Sci. Tech. 20:731–740.


