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 A brief introduction to heat stress 

How do the farmers see 
heat stress during the 
summer season? 

- Cows produce less milk 
- Cows eat less 
- Cows are quieter 
- Cows express shorter 

estrus periods with 
reduced mounting activity 

- Fertility of cows following 
AI at detected heat is very 
low 
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A brief introduction to heat stress 
Heat stress is evaluated by the temperature-humidity index (THI), 

that combines temperature and humidity. 
         THI= (1.8T +32) ((0.55-0.0055RH) (1.8T-26))  

 

Humidity 

Light 

No stress 

Serious 

Severe 

Death 
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 A brief introduction to heat stress 

Morton et al 2007 

Conception rate starts declining when THI reaches 72, and 
collapses at higher THI values 
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A brief introduction to heat stress 

Hansen & Arechiga 
1999 

End of the 
high heat 

period 

Carry over effects 
of heat stress       
= low fertility while temp 
is back to normal 

Heat stress reduces fertility not only during the period of high heat and 
humidity, but also in the 2-3 months following this period (carry over effect) 
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When is heat stress reducing reproductive performance? 

Morton et al 2007 

luteolysis 

Pre and post ovulatory days 

There are 2 periods in the cycle when heat stress has clear detrimental 
effects: the peri-ovulatory period and around luteolysis 
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Where is heat stress interfering with reproduction? 
• Hypothalamo-pituitary axis 
a. Altered amplitude of LH pulses (Gilad et al 1993) 
b. Reduced pituitary sensitivity to GnRH (blunted LH surge)(Gilad et al 1993) 

• Ovarian function 
a. Altered follicular dominance (Wolfenson et al 1995) 
b. Reduced ability to convert androgens to estrogens (Wolfenson et al 1997) 
c. Reduced progesterone production by the CL (Wolfenson et al 2002) 

• Young embryo 
a. Increased apoptosis (Roth & Hansen 2004) 
b. Impaired resumption of meiosis (Roth & Hansen 2005) 
c. Impaired oocyte cytoplasmic maturation, resulting in fewer blastocysts formed 

(Payton et al 2004) 

• Reproductive tract 
a. Heat shock increases prostaglandin output by cultured endometrium collected on 

day 17 of the cycle (Malayer et al 1990) and increases uterine production of PGF2 
alpha in response to oxytocin (Wolfenson et al 1993) 

b. Exposure of cultured day 17 conceptuses to 43°C reduces production of interferon 
tau, the embryonic signal that prevents luteolysis (Putney et al 1988) 
 



9 

Why is heat stress reducing reproductive performance? 
THE PRE-OVULATORY PERIOD 

Aggravated negative 
energy balance 

High heat 

Reduced proliferation and 
maturation of follicular somatic cells 

Reduced androgen 
production by theca 

cells 

Reduced aromatization of 
androgens to estrogens (GC) 

Low estradiol output by the 
ovulatory follicle Reduced sensitivity of 

the pituitary to GnRH 

Short & shallow estrus Delayed/blunted 
LH surge 

Reduced pulsatile  LH 
secretion 
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Why is heat stress reducing reproductive performance? 

High heat 

Altered nuclear 
maturation of the oocyte 

Oocyte apoptosis Altered cytoplasmic 
maturation of the oocyte 

Low proportion of 
oocytes cleaving to 

reach the morula stage 
Reduced 

progesterone 
production by the CL Lower proportion of 

blastocysts formed 

Reduced growth rate of 
the blastocysts 

Small for age 
embryos at the 
time of luteolysis 

No pregnancy! 

THE POST-OVULATORY PERIOD 
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What to do to alleviate the effects of heat stress? 
During the heat stress period 

Cool and provide shade to the cows during the two 
periods when they are most sensitive to heat stress 
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What to do to alleviate the effects of heat stress? 

1. Use estrus synchronization to get around the estrus detection problems 

 

During the heat stress period 

De la Sota et al 1998 

GPG synchronisation treatments are useful as they increase submission rates 
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What to do to alleviate the effects of heat stress? 

2. Inject GnRH at estrus to ensure a “normal” LH surge 

 

During the heat stress period 

Location and 
treatments 

Group size Fertility untreated 
group 

Fertility treated 
group 

Ullah et 
al (1996) 

USA (MS), 100µg 
GnRH at estrus 
synchonized by a 
prostaglandin 
vs neg control 

49 treated 
& 45 
controls 

17.9% 28.6% 

Kaim et 
al (2003) 

Israel 
10µg Buserelin vs neg 
control in PG 
synchronized cows 

157 
control & 
157 
treated 

35.1% 51.6% 

Lopez-
Gatius et 
al (2006) 

Spain 
100µg GnRH at estrus 
vs neg control (all 
presynchronized 

429 
treated & 
431 
controls 

20.6% 30.8% 
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What to do to alleviate the effects of heat stress? 

3. Inject GnRH to alter follicular turn over (days 5 and 11)and possibly 
postpone initiation of the luteolytic cascade (day 11) (Willard et al 2003) 

During the heat stress period 

Treatment 
Location 

USA (MS & 
NC) 

N= Fertility  

Control Ovsynch 
synchronized 

37 19% 

GnRH Day 5 As above+ 
100µg GnRH 

34 32% 

GnRH Day 11 As above 
+100µg GnRH 

34 38% 
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What to do to alleviate the effects of heat stress? 

4. Inject GnRH on days 0 and again around day 12 to combine the 
benefits of the two previous approaches 

During the heat stress period 
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What to do to alleviate the effects of heat stress? 

PROVIDE MAXIMAL SHADE, COOL & TRY TO BE SMART… 
1. Selectively breed the heifers during the heat stress period 
2. Use embryo transfer to breed the lactating cows 

During the heat stress period 

Drost et al 1999 



17 

What to do to alleviate the effects of heat stress? 

As none of these treatments will stop the effects of heat on the oocytes, 
do not expect miracles from such treatments  
 
 
 
 
 
 
 
Further research is needed to identify strategies whereby the young 
embryos (before genome activation) may be made tolerant to heat! 

During the heat stress period 

http://www.google.fr/imgres?imgurl=http://1.bp.blogspot.com/-iO4UL6NVbGU/ThCio4jjyMI/AAAAAAAABJ8/C6C-ShE-ffs/s1600/fee.jpg&imgrefurl=http://polaranyons.blogspot.com/2011/07/et-la-bonne-fee-transforma-la.html&usg=__ZNtZH41iX9uvR4XFYamU5OyqxkE=&h=350&w=350&sz=16&hl=fr&start=10&zoom=1&tbnid=-uQThOmRP4k-eM:&tbnh=120&tbnw=120&ei=w9WWTqG2CdDXsgaL8uT8Aw&prev=/search?q=f%C3%A9e&hl=fr&gbv=2&tbm=isch&itbs=1
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What to do to alleviate the effects of heat stress? 
During the carry over period 

1. Remove the heat damaged follicles by follicle aspiration (Wolfenson et al 
2001)  

2. Accelerate follicle turn over by injection FSH to deplete the ovary from heat 
stressed follicles (Roth et al 2002) 

However, none of these approaches is easy and has gained 
acceptance in field conditions… 

AND 

Further research is needed to understand the delayed 
effects of heat on oocyte and follicle quality 
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Conclusion (1) 
Heat stress is a very complex problem that warrants further research 

Rensis & 
Scaramuzzi  

2003 
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Conclusion (2) 

Understanding of 
reproduction –heat 
stress interactions 

Understanding of the 
appetite-metabolic 
balance-heat stress 

interactions 

Understanding of the 
lactation-heat stress 

interactions 

Understanding of 
the genetics-
reproduction 

interactions in 
breeds tolerant to 

heat stress 

Understanding of the 
effects of heat stress 
of pregnant cows on 

their progeny 

Multi-disciplinary research is needed 
to devise improved solutions 
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