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ARTICLE INFO                          ABSTRACT 
 
The aim of this study was to identify erythrocyte changes resulting from heat stress in relation to 
different times of blood collection throughout the day. The experiment was carried out with 39 
Rhode Island Red hens, in the initial laying phase, receiving standardized ad libitum feeding. The 
birds were placed in an environment of 20m2, with controlled temperature, divided into 2 distinct 
groups: Control Group with 12 animals at 16°C and Experimental Group with 27 animals at 
30°C. Venipuncture took place at 7:00 am, 11:00 am and 3:00 pm. Blood was stored in an EDTA 
tube, aiming at cell preservation for further analysis. Total red blood cell count, hematimetry and 
erythroid morphometry were performed. After evaluating the erythroid and hematimetric 
parameters of the 39 birds, a negative correlation of heat stress was observed when comparing the 
different times of blood collection throughout the day. For morphometric correlation, there was a 
significant difference (P>0.01) at 3:00 pm. When evaluating the results between the times of 
blood collection from the same animal, it was observed that 55.5% reduced the hematocrit, while 
the total red blood cell count was reduced by 51.8%. It is essential that there is a systematization 
of time in the collection of blood from laying hens. 
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INTRODUCTION 

The hematological examination, considered as the main routine 
examination in veterinary medicine, has some peculiarities in relation 
to birds when compared to mammals. The smal amount of 
hematological studies in laying hens makes the blood count 
interpretation in these animals more difficult (Campbell, 2004; Lasser 
& Weiser, 2006). In order to make a diagnosis of diseases in poultry, 
it is important knowing these animals physiological variations. These 
variations can be determined from serum changes in serial and 
comparative tests and that the exam be always from the same animal, 
in order not to compromise the expected results (Howlett et al., 1998; 
Campbell, 2004).Since the 1980s, cell morphometric parameters have 
been used to help determining the degree of hematological and 
neoplastic diseases in humans. However, no published data are 
obtained regarding laying hens and their physiological variations, 
highlighting the need for studies in this area (Brahmi et al., 2001). 
Due to the lack of information on reference levels for hematological 
indices in laying hens, the present study aimed to identify erythrocyte 
changes due to thermal stress compared to different blood collection 
times throughout the day. 
 

 
 
 

MATERIAL AND METHODS 

The project was authorized by the Comissão de Ética para Uso de 
Animais (CEUA/Oculto para revisão) under protocol number 
5205220418. The experiment was carried out with 39 Rhode Island 
Red hens, in the initial laying phase, receiving a standardized ad 
libitum feeding containing 125g/kg of maximum moisture, 160g/kg 
of crude protein, 25g/kg of ether extract, 70g/kg of fibrous matter and 
150g/kg of mineral matter. The birds were allocated in a 20m2 
environment, kept in a natural photoperiod, with temperature 
controlled by means of air conditioning, divided into two distinct 
groups: 
 

G1: Control group containing 12 laying hens in an air-
conditioned environment at 16ºC during seven days. 

G2: Experimental group containing 27 laying hens in an air-
conditioned environment at 30ºC during seven days. 

 

Venipuncture was proceeded strictly at 7:00 am, 11:00 am and 3:00 
pm, for a complete blood count. The blood collection sites were the 
right jugular vein, the ulnar vein or the medial metatarsal vein, 
according to accessibility to the vein.  
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Initially, asepsis was performed with 70% alcohol with the aid of 
gauze and punctured with a 13x0.45 mm needle and 1 mL syringe. 
The amount of blood collected was according to the animal's weight, 
respecting the maximum limit of 0.5% of live weight. The blood was 
stored in a EDTA (ethylenediamine tetraacetic acid) containing tube 
for cell preservation and then a blood smear, total red blood cell 
count, hematimetry and erythroid morphometry were performed. The 
hematimetry technique was performed by filling a capillary tube with 
venous blood up to ¾ of its capacity, one extremity was closed in the 
flame of a lamp, and then it was centrifuged for five minutes at 3663 
G. For the erythrocyte diameter measurement, five fields were 
randomly selected from each blood smear. After selecting the 
counting field, five erythrocytes with a larger apparent diameter and 
five erythrocytes with a smaller diameter were chosen, visually 
corresponding to the greatest variation of anisocytosis. Thus, for each 
blood smear, fifty red blood cells were measured. The slides were 
analyzed and photomicrographed with an Axioskop-Zeiss 
photomicroscope, with the aid of the software ZEN 2 (blue edition)® 
version 6.3.9600. To correlate the hematimetric values with the total 
amount of red blood cells at different times of blood collection, the 
Tukey and Test-t tests were used with a completely randomized 
design with a factor of 2x3x2 with a 95% confidence index. The 
ANOVA test was used followed by the Tukey test with a 95% 
confidence index to evaluate the morphometric values between the 
same group of birds and compare different groups. 

RESULTS  

The hematimetric parameters of the birds exposed to a temperature of 
16ºC differed from those exposed to 30ºC. There was a negative 
correlation of thermal stress when compared to the different time of 
blood collection throughout the day (Table 1). For morphometric 
correlation between the different blood collection times that occurred 
throughout the day, when the control group compared to the 
experimental group, there was a significant difference (P>0.01) that 
occurred at 3:00 pm. The data obtained by the erythrogram and 
erythroid morphometry are presented in Table 2. The average of the 
values found in the erythroid morphometry of the blood collected at 
3:00 pm corroborates to the values of the globular volume. In both 
tests, it was possible to observe a decrease in cell diameter, since the 
erythrocyte area influenced the reduction in globular volume. Unlike 
the result above, the morphometric and globular volume data from 
7:00 am and 11:00 am remained within the reference range, when 
compared to the experimental control group, differing only the group 
of birds with blood collection at 3:00 pm. Nutritional deficiency 
causes a decrease the muscle mass and a reduction in the weight of 
the birds. The control group obtained an average weight of 1.950g ± 
255g, while the birds subjected to thermal stress obtained an average 
weight of 1.575g ± 202g. When evaluating the results between blood 
collection times of the same animal, it was observed that 55.5% 
(15/27) of the animals had a reduced hematocrit degree, while the 
total red blood cell count had a reduction in their baseline values of 
51.8% (14/27), both at light and critical levels. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

DISCUSSION 

The statistical difference reported in the hematimetric parameters of 
birds subjected to thermal stress can have several influential factors, 
such as the environment temperature, feather changes, reproductive 
state and photoperiod. Thus, it is necessary to know these 
physiological variations when assessing blood parameters (Campbell, 
2004; Lasser & Weiser, 2006). Due to the thermal stress to which the 
hens were exposed in the experimental group, it was expected that 
there would be a decrease in the amount of hydric and food intake, 
mainly, because of the thermal fatigue with respiratory 
decompensation. The values obtained from hematocrit indicate that 
the animals had relative anemia, associated with dehydration that 
occurred as a result of decreased water intake (Oliveira et al., 2014; 
Melo et al., 2016). The greater the animal's muscle mass, the greater 
the amount of red cells needed to maintain tissue perfusion, resulting 
in greater oxygenation. The decrease in hematocrit is also correlated 
with the weight loss of the animals evaluated, so it is worth noting 
that there is a greater energy expenditure for the heat stressed animals 
maintain homeostasis due to thermal stress (Ritchie et al., 1994; 
Vleck et al., 2000). 
 
Several mechanisms have been described in order to explain the 
appearance of anemia during the egg production phase, correlating 
with the decrease in hematocrit levels and the number of red blood 
cells that can be an indirect effect of liver production, being it 
dependent on estrogen through the precursors the yolk and the 
mobilization of calcium ions, an osmotically active compound carried 
in high blood concentrations during the laying period. Anemic 
animals have decreased oxygen transport capacity and consequently 
compromise the animal's aerobic performance (Morton, 1994; 
Monaghan et al., 1998; Nager et al., 2001; Salvante & Williams, 
2002; Kalmbach et al., 2004). The morphometric classification of red 
blood cells depends on the values of mean corpuscular volume 
(MCV). However, a large cell volume must be altered to result in an 
abnormal value as observed in blood collected at 3 pm. We did not 
find in current literature reports where RDW (Red Cell Distribution 
Width) was evaluated in birds, however, the morphometry allows to 
visualize cell regeneration responses (Weiser, 1982; Ritchie et al., 
1994).  
 
The use of RDW together with the erythrocyte morphometry allows 
to distinguish whether the variation in the erythrocyte diameter is due 
to the encounter of macrocytes, microcytes or both, being more 
sensitive than when compared alone, therefore, new research in the 
area needs to be encouraged (Braz et al., 2017). The data found in this 
study, demonstrates that to laying hens there is the necessity of 
systematizaion about the blood collection time in any species of bird, 
be it from production, domestic to company or wild. Such findings 
about these hematological alterations cause changing of the condition 
and requirement of serum materials to be sent to veterinary clinical 
analysis laboratories (Ritchie et al., 1994; Melo et al., 2016). 
 

Table 1. Correlation 2x3x2, observing two treatments, 3 blood collection times, 7:00 am, 11:00 am and 3:00 pm, and also the 
evaluation of two hematological parameters: erythroid and hematimetric count, in laying hens of the Rhode Island  

Red breed in early laying 
 

Group Significance Error Tukey T-test P value 

Control 4,48 0,35 a a 0,0301 
Experimental 3,03 0,53 b b 0,0301 

Control (n=12) and Experimental (n=27). Different letters on the line, report significant difference by the Tukey test and the T-test at the 5% probability level. 

 
Table 2. Data obtained through erythrogram and erythroid morphometry 

 

Grupo Hametimetry (%) Morfometria (µm2) 

7:00 am 11:00 am 3:00 pm 7:00 am 11:00 am 3:00 pm 
Controle 32,9 ± 5,4 25,3 ± 2,3 32,2 ± 6,3 27,7 ± 4,2 28,3 ± 5,1 30,2 ± 4,2 
Experimental 27,5 ± 3,5 25,6 ± 2,9 25,8 ± 3,2 27,0 ± 4,2 26,8 ± 4,2 25,7 ± 5,4 

           Control (n=12) and Experimental (n=27). 
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CONCLUSIONS 

It is of great importance that, when collecting blood from laying hens, 
there is a time systematization in the execution of the procedure, 
since, when comparing results from different times on the same 
animal, there were differences in the results of red blood cell count 
and hematimetric and morphometric indices. In addition, thermal 
stress was another factor that generated changes in these evaluated 
parameters. 
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