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abstract
the aim of this study was to establish physiological responses of piemontese cows to different envi-
ronmental conditions (ambient temperature, relative humidity and temperature-humidity index). 
to this end, 43 clinically healthy piemontese cows aged 2–12 years were used to evaluate the effect 
of environmental conditions on haematological parameters. for each period, ambient temperature 
and relative humidity were recorded by means of a data logger and the temperature-humidity in-
dex (thi) was calculated as indicator of thermal comfort for cattle. Blood samples were collected 
at 4 time points under different environmental conditions (t1, t2, t3 and t4) and analysed for 
haematological parameters. one way repeated measure analysis of variance showed a statisti-
cally significant effect of time (P<0.0001) on RBC, Hb, Hct, MCV, MCH, MCHC, Plt, WBC, neu-
trophils, lymphocytes, monocytes and eosinophils. the majority of haematological values obtained 
in the present study, even though within the physiological range for cattle, showed that variations 
in haematological parameters are related to changes in ambient temperature, relative humidity 
and temperature-humidity index. these results provide insight into the physiological responses 
of piemontese cows to different environmental conditions, allowing to better evaluate its ability to 
adapt and cope with environmental stress.

Key words: cow, haematological parameters, ambient temperature, relative humidity, tempera-
ture-humidity index.

Seasonal and environmental changes may influence haematological values in do-
mestic animals (Feldman et al., 2002). Thermal environment is a major factor that 
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can negatively affect cow performance, especially in animals of high genetic value. 
Increased livestock productivity is associated with increased production diseases 
that reflect changes in blood profile (Hewett, 1974). The variation in environmental 
variables such as ambient temperature, relative humidity, wind and rainfall were rec-
ognized as the potential hazards in livestock growth and production. Some species 
have evolved endogenous annual rhythmicity as an adaptive mechanism to react in 
advance to regular environmental changes associated with the seasons (Piccione et 
al., 2009).

Haematological measurements have been used to identify constraints on pro-
ductivity in beef cattle (Grünwaldt et al., 2005). Blood parameter profile as ani-
mal response indicators can serve as the basis for diagnosis, treatment, and prog-
nosis of diseases (Otto et al., 2000; Ndlovu et al., 2007). Stress-induced changes 
in immune function have been documented in cattle, with alterations to cell-me-
diated and humoral immunity having a significant impact on immunocompetence  
which may render an animal more susceptible to infection (Carroll and Forsberg, 
2007). Exposure of cows to hot environment stimulates thermoregulatory mecha-
nisms and produces reduction in the rates of metabolism, feed intake and pro-
ductivity (Abdelatif and Alameen, 2012). In order to maintain homeothermy, an  
animal must be in thermal equilibrium with its environment, which includes radia-
tion, air temperature, air movement and humidity (Kadzere et al., 2002). Heat stress 
occurs when any combination of environmental conditions causes the effective  
temperature of the environment to be higher than the animal’s “thermoneutral”  
zone (Armstrong, 1994). Previous studies (Armstrong, 1994; Kadzere et al., 2002; 
Dikmen and Hansen, 2009) suggested that the temperature-humidity index (THI) 
could be used as indicator of thermal climatic conditions and of stress degree on 
cows.

Considering that environmental conditions are major physiological stressors 
which affect the animal’s biological system, the objective of this study was to meas-
ure some haematological responses of Piemontese cows under different environmen-
tal conditions.

material and methods

animals
Forty-three Piemontese cows (2–12 years old, mean body weight 530±78 kg), 

farmed in Sicily, Italy (latitude 36° 53’ 27”N, longitude 15° 4’ 37”E, 152 m above 
sea level), were used for this study. All animals were clinically healthy. Their health 
status was evaluated based on a thorough clinical exam. All animals were kept under 
natural photoperiod and environmental temperature. All cows were fed a constant 
diet composed of good-quality alfalfa hay and a concentrate mixture (oats 23%, corn 
36%, barley 38%, and mineral supplements 3%). About 2.5 kg/animal of concentrate 
was distributed twice daily and water was available ad libitum. The concentrate was 
formulated to meet the requirements of beef cows based on the recommendations of 
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the National Research Council (1996).
Environmental conditions
Environmental conditions recorded during the experimental period are presented 

in Table 1.

Table 1. Values of environmental conditions (ambient temperature, relative humidity, rainfall) and 
sunrise and sunset times during experimental periods

Experimental
periods

Ambient temperature
(°C) Relative humidity

(%)
Rainfall
(mm) Sunrise time Sunset time

Min Max

T1 5 16 75 73 07:12 17:08

T2 12 24 19 68 04:51 19:02

T3 20 33 9 67 05:19 18:48

T4 10 20 62 75 06:39 16:50

Thermal and hygrometric records were carried out for the whole study by means 
of a data logger with a high reading accuracy and resolution (Model Tinytag Ultra 2 
Temperature/Relative Humidity Logger, Gemini Data Logger, West Sussex, United 
Kingdom; resolution: 0.01°C / 0.3% RH; accuracy: ±1°C from –25°C to +85°C / 
±3.0% RH from 0% to 95% RH) placed inside the stanchion barn. For each ex-
perimental period, temperature-humidity index (THI), used as indicator of thermal 
comfort for cattle, was calculated using the U.S. Weather Bureau’s Temperature Hu-
midity Index Formula for bovine species (Potter and Jacobsen, 2000):

THI[°C] = T°ambient + (0.36 * point of steam condensation) + 41.5.

Blood sampling and analysis
Blood was collected by coccygeal venipuncture into vacuum tubes containing 

EDTA (Terumo Co., Tokyo, Japan). Whole blood was sampled at 4 time points 
under differing environmental conditions: T1, T2, T3 and T4. EDTA blood sam-
ples were refrigerated and analysed for complete blood count within 6 h. From the 
collection, blood analysis was performed using the HeCo Vet C blood cell counter 
(SEAC, Florence, Italy). All samples were tested for red blood cell (RBC), hae-
moglobin concentration (Hb), haematocrit (Hct), mean corpuscular volume (MCV), 
mean corpuscular haemoglobin (MCH), mean corpuscular haemoglobin concentra-
tions (MCHC), platelet (Plt) and white blood cell (WBC). For leukocyte identifica-
tion and counting, a manual analysis was performed on all samples. Blood smears 
were prepared immediately and air-dried. The Pappenheim method (May-Grünwald 
+ Giemsa-Romanowsky staining) for the basal blood cell types characterization was 
used. The leukocyte differential counts were assessed by enumeration of 200 cells in 
each smear stained by the Pappenheim method (Konuk, 1981).

statistical analysis
One-way repeated measure analysis of variance (ANOVA) was applied to deter-
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mine significant effects of time on haematological parameters studied. P value <0.05 
was considered statistically significant. Bonferroni’s multiple comparison test was 
applied for post hoc comparison. Data were analysed using statistical software Prism 
v. 4.00 (Graphpad Software Ldt., USA, 2003).

results

The ambient temperature, relative humidity and THI observed during the four 
experimental periods (T1-T4) are shown in Figure 1.

Figure 1. Mean values of ambient temperature (AT), relative humidity (RH) and temperature-humidity 
index recorded during experimental periods (T1-T4)
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All results are expressed as means ± standard deviation (SD) in Table 2.

Table 2. Mean values ± SD together with the relative statistical significance of haematological  
parameters and WBC differential cell counts observed in experimental periods

Parameters
Experimental periods

T1 T2 T3 T4

RBC (106/µl) 6.37±0.6 5.98±0.7 A 5.57±0.8 A,B 5.75±0.8 A

Hb (g/dl) 10.48±1.1 C 9.97±1.1 C 9.35±1.2 10.20±1.4 C

Hct (%) 29.99±2.9 B,C 28.09±3.1 27.51±3.4 30.26±3.9 B,C

MCV (fL) 49.72±4.7 D 47.26±4.1 A,D 47.14±3.6 A,D 52.91±3.7

MCH (Pg) 16.97±1.6 D 16.55±1.5 D 16.71±1.3 D 17.80±1.4

MCHC (g/dl) 34.90±0.7 C,D 35.51±0.7 A,C,D 34.11±0.7 D 33.71±0.7

PLT (10³/µl) 310±103 C 289±91 C 222±68 302±102 C

WBC (10³/µl) 6.49±1.6 8.04±1.1 A 7.22±1.8 A 6.30±1.8 C

Lymphocytes (%) 50.95±5.9 C 50.70±5.6 C 59.64±4.3 50.23±6.1 C

Neutrophils (%) 41.21±7.7 C 40.07±5.8 C 31.96±4.6 41.60±4.9 C

Monocytes (%) 5.63±2.9 4.00±1.9 A 4.00±2.4 4.74±2.7 A

Eosinophils (%) 2.21±1.0 B,C 5.23±2.3 4.40±2.3 3.43±1.8 B,C

Basophils (%) 0.00±0.0 0.00±0.0 0.00±0.0 0.00±0.0

Significance: A vs T1; B vs T2; C vs T3; D vs T4.

One-way ANOVA showed a statistically significant effect of time on the follow-
ing parameters: RBC (P<0.0001), Hb (P<0.0001), Hct (P<0.0001), MCV (P<0.0001), 
MCH (P<0.0001), MCHC (P<0.0001), PLT (P<0.0001), WBC (P<0.0001), lym-
phocytes (P<0.0001), neutrophils (P<0.0001), monocytes (P<0.0001) and eosi-
nophils (P<0.0001).

The application of Bonferroni’s post-hoc comparison showed a statistically sig-
nificant decrease in RBC values at T2, T3 and T4 compared to T1 and at T3 com-
pared to T2. Hb concentrations were decreased at T3 compared to T1, T2 and T4. 
Hct levels exhibited lower values at T2 and T3 compared to T1 and T4. MCV levels 
exhibited higher values at T4 compared to T1, T2 and T3, and at T1 compared to T2 
and T3. MCH values were higher at T4 compared to T1, T2 and T3. MCHC values 
were lower at T4 compared to T1, T2 and T3, at T3 compared to T1 and T2, and at T1 
compared to T2. PLT levels exhibited lower values at T3 compared to T1, T2 and T4. 
WBC values were higher at T1 compared to T2 and T3, and at T4 compared to T3.

Lymphocyte values were higher at T3 compared to T1, T2 and T4, whereas at 
the same times neutrophil values were lower. Monocyte values were higher at T1 
compared to T2 and T4. Eosinophil values were higher at T2 and T3 compared to 
T1 and T4.
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discussion

The ambient temperature and THI recorded at T4 were within the upper critical 
zone (Figure 1). The ideal ambient temperature (“thermoneutral” zone) for a cow is 
between 5°C and 25 C (Roenfeldt, 1998). As ambient temperature increases, it be-
comes more difficult for a cow to cool herself adequately and she enters heat stress. 
THI values of 70 or less are considered comfortable, 75–78 stressful, and values 
greater than 78 cause extreme distress with lactating cows being unable to maintain 
thermoregulatory mechanisms or normal body temperatures (Kadzere et al., 2002).

All results obtained in the present study are within the physiological range for 
cattle (Feldman et al., 2002). The haematological profile is important for indicating 
animal physiological changes (Jain, 1993). Usually, blood examination is performed 
such as screening procedure to assess general health and welfare, but haematologi-
cal values indicated adaptability to adverse environmental conditions (Wood and 
Quiroz-Rocha, 2010).

The RBC count showed a significant decrease with concomitant significant 
changes in Hb and Hct during the warmest experimental periods (T3-T4). These data 
confirm results obtained in previous studies (Gutierrez-De Lar et al., 1971; Casella et 
al., 2013). These fluctuations during experimental periods can be attributed to chang-
es in water balance. High environmental temperatures may lead to higher evaporative 
water loss through the skin surface, as well as the respiratory tract, thereby requir-
ing compensatory water intake to regulate body temperature (Moustafa et al., 1977; 
Ogebe et al., 1996). The RBC, Hb and Hct heat-induced depression in cows exposed 
to high temperatures was probably associated to haemodilution effect, because more 
water was transported in circulatory system for evaporative cooling (El-Nouty et al., 
1990; Koubkova et al., 2002). Together with the reduction in Hb and Hct, the signifi-
cant decrease of MCV and MCH under high environmental temperatures (T3-T4) 
suggests that this adaptation is related to reduction in cellular oxygen requirements 
in order to reduce metabolic heat load (El-Nouty et al., 1990). However, decreased 
MCV may be seen in iron deficiency and chronic blood loss. Decreasing MCH may 
give an early clue of impending iron deficiency, since MCH falls before MCV and 
decreased MCHC occurs in iron deficiency anemia (Aengwanich et al., 2009). Ac-
cording to previous studies (El-Nouty et al., 1990; Mirzadeh et al., 2010; Casella et 
al., 2013), our results showed a decrease in PLT values associated with the rise in 
temperature (T3). This reduction can be due to high ambient temperature that is the 
main environmental stressing factor (Casella et al., 2013). In the present study WBC 
values were higher with increase in temperatures (T3), confirming results obtained 
in previous studies (Wegner et al., 1976; Abdelatif and Alameen, 2012). This could 
be due to release of corticosteroids or epinephrine hormones due to environmental 
heat stress which in turn increased leukocyte count (Jain, 1986). In accordance with 
Narayan et al. (2007), in the present study the lymphocyte values were increased in 
the hottest period, whereas the neutrophil values were decreased.

Possible causes of increase in eosinophils were parasite infestations, i.e. Babe-
sia spp., Theileria spp., Anaplasma spp. and Trypanosoma spp. (Wood and Quiroz-
Rocha, 2010; Lempereur et al., 2012). Infection with many of these haemoparasite 
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species results in a state of premunity, in which the host becomes a long-term, often 
asymptomatic carrier serving as a source of infection for the tick or insect vector 
(Bell-Sakyi et al., 2004). The increase in monocytes in the present study could be 
associated with increase in cortisol secretion. Monocytes respond to elevation in 
blood corticosteroid concentration, but species differences are seen with the type of 
response and the mechanism of monocytosis which occurs in some species is not 
known (Jain, 1993).

Although within the physiological range for cattle, our results showed variations 
in haematological parameters related to changes in ambient temperature, relative 
humidity and temperature-humidity index. Therefore, we can claim that the envi-
ronmental conditions can influence the haematological profile of Piemontese cows. 
Major changes have been under the hottest environmental conditions; therefore suit-
able measures should be adopted to minimize environmental stress improving ani-
mal welfare.
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