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Haematologic parameters play a pivotal role in clinical diagnosis, the evaluation of patient before
surgical intervention and in monitoring responses to therapy. The paper reviews haematologic
parameters as influenced by exogenous and endogenous factors, including reproductive cycle, sex,
age and season, with emphasis on domestic animals reared in the tropics. It is concluded that
reproductive cycle, sex, age and season modulate haematologic parameters, and that they should be
considered in order to ensure accurate interpretation of the parameters in domestic animals.
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INTRODUCTION
From time immemorial blood has been regarded by
humans as the essence of life, the seat of the soul and
the progenitor of psychic and physical strength (Ajibola
and Ogunsanmi, 2004). Haematological and serum
biochemical profiles provide reliable information on the
health status of animals (Kral and Suchy, 2000; Cetin et
al., 2009). They also reflect the responsiveness of an animal to its internal and external environments (Esonu et
al., 2001). Haematological tests have been widely used
for the diagnosis of various livestock diseases (Tibbo et
al., 2004; Cetin et al., 2009). The information obtained
from blood parameters substantiates physical examination and, coupled with medical history, provide excellent
basis for diagnosis of diseases (Tibbo et al., 2004). It is
also useful in evaluating patients before commencing any
surgical intervention and selecting appropriate treatment.
For instance, haematocrit or packed cell volume (PCV),
haemoglobin (Hb), total protein (TP), leucocyte count and
whole blood coagulation time are important indices of
animal health and production (Oladele et al., 2005). PCV

is a reliable indicator of the value of haemoglobin and
circulating erythrocytes (RBCs), while changes in plasma
globulins reflect the severity of a disease in birds and,
thus, serve as the basis for prognosis (Oladele et al.,
2005). It also helps in distinguishing the normal state
from the state of stress which can be nutritional, environmental or physical (Aderemi, 2004).
Several factors affect cellular and plasma haemodynamics. They include, age (Egbe-Nwiyi et al., 2000;
Olayemi and Nottidge, 2007; Devi and Kumar, 2012), sex
(Gabriel et al., 2004; Cetin et al., 2009), breed (Tibbo et
al., 2004; Tibbo et al., 2008a; Tibbo et al., 2008b), season (Mira and Maria, 1994; Oladele et al., 2005), pregnancy
(Ozegbe, 2001; Kim et al., 2002; Farooq et al., 2011;
Okonkwo et al., 2011a) and nutritional status (Ekenyem
and Madubruke, 2000; Iyayi, 2001). Other factors that
affect haematological parameters include lactation
(Harewood et al., 2000), egg laying (Oyewale and Fajimi,
1988), blood volume (Probst et al., 2006), stage of
oestrous cycle (Alavi-Shoustari et al., 2006; Chaudhari
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and Mshelia, 2006), biological rhythms (Hauss, 1994;
Greppi et al., 1996; Azeez et al., 2009) and altitude
(Wickler and Aderson, 2000). The aim of the present
paper is to briefly review the current state of existing
knowledge on the influence of reproductive cycle, sex,
age and season on haematologic indices, with emphasis
on domestic animals reared under tropical conditions.

SEX
DIFFERENCE
PARAMETERS

IN

HAEMATOLOGIC

Erythrocytic parameters
Sex has been found to influence haematological values in
many animal species, and values in females are almost
always lower than in males. Olayemi et al. (2006), observed no significant sex differences in PCV, RBC count and
erythrocytic indices in the fruit bat (Eidoln helvum). The
lack of sexual dimorphism in the RBC values observed
was attributed to the fact that the bats were bled outside
their breeding season, when the influence of hormone
was minimal on the blood values. Higher values in males
than females in parameters relating to RBCs were reported in pheasant birds (Hauptmanova et al, 2006), geese
(Lazar et al., 1991), Japanese quails (Mihailov et al.,
1999), budgerigars (Itoh, 1992), chickens (Oladele et al.,
2000), ducks (Oladele et al., 2001a). and guinea fowls
(Oladele et al., 2005; Obinna et al., 2011). In the mallard
duck, PCV and Hb were reported to be higher in the male
than female, with values of 41.5 % vs 39.0 %, and13.8
g% vs 13.00 g% for packed cell volume and haemoglobin, respectively (Oladele et al., 2007). Oladele and
Audu, (2010) reported insignificant lower PCV for female
than male geese (Anser anser) in Zaria. Other studies by
Oyewale and Ajibade (1990) and Awotwi and Boohene
(1992) also showed that male birds have higher PCV and
Hb than their female counterparts.
The rise in blood parameters in males in comparison
with females is often attributed to the effect of androgens,
which stimulate erythropoiesis and, thus, cause increase
in the number of circulating RBCs, PCV and Hb concentration (Villiers and Dunn, 1998). Higher PCV, Hb and
RBC values were also observed in the male Agora rabbit
in comparison with the female (Cetin et al., 2009). Similar
higher PCV, Hb, MCH and MCHC were reported in the
male than female (Chineke et al., 2006). It was also
reported that haemoglobin was higher in female New
Zealand rabbits (Poljicak-Milas et al., 2009). However, a
few other workers reported similar RBC values in male
and female Nigerian laughing doves (Olayemi et al.,
2006), pigeons, peafowls (Oyewale, 1994) and ducks
(Olayemi et al., 2002). In Red Sokoto goats, the males
have been shown to have a higher PCV than the females
(Tambuwal et al., 2002; Okonkwo, 2011b). On the other
hand, in West African Dwarf and Sahel goats, PCV values
were reported to be similar for both sexes (Daramola et
al., 2005; Okonkwo, 2011b). Adamu et al. (2010) did not

obtain a significant effect of sex on PCV and total white
blood cell count, but recorded significantly higher plasma
fibrinogen in the female than male Polo horses.
Leukocytic parameters
Circulating total leucocyte count represents the outcome
of the dynamic production of bone marrow, the release of
the cells to the peripheral circulation and the storage in
different organs or pools. Sex differences in immune
function are well established in vertebrates (Schuurs and
Verheul, 1990; Kaushalendra, 2012). Male generally exhibit lower immune response than female and under
pathogenic conditions (Schuurs and Verheul, 1990; Zuk
and McKean, 1996). Male goats have higher lymphocyte
count as compared to females, whereas the females
have a higher neutrophil count as compared to the males
(Tambuwal et al., 2002; Daramola et al., 2005). Similarly,
in the Red Sokoto goat, higher leucocyte count had been
reported in females than in males (Tambuwal et al.,
2002).
No significant sex difference in total leucocyte count
was observed in African Fruit bats (Olayemi et al., 2006),
African White-bellied pangolins and guinea fowls (Numida
meleagris pallas) (Oyewale et al., 1997). However, a significantly higher total leukocyte in male than female
African Giant rats was observed (Oyewale et al., 1998).
In rabbits, total leucocyte was significantly higher in females
than males (Chineke et al., 2006). Total leucocyte are
higher in females than in stallion, as reported in Spanish
purebred horses (Hernandez et al., 2008), while other
study failed to find significant differences between sexes
(Lacerd et al., 2006).
Plasma proteins
Plasma proteins are the key components of plasma and
they play crucial role in maintaining homeostasis. Plasma
proteins consist of albumin, globulin and fibrinogen
(Okonkwo et al., 2011b). These proteins have multiple
functions; albumin is the most abundant and osmotically
active plasma protein, and it is an important carrier of
many substances in the peripheral circulation (Alberghina
et al., 2010). Globulins are classified on the basis of their
electrophoretic mobility as alpha-, beta- and gamma- globulins. While fibrinogen is important in blood clot formation (Harper et al., 1977), thereby preventing loss of
blood from ruptured blood vessel.
The effect of sex on plasma proteins has been shown
to vary in birds, depending on the breed of the birds.
Significantly higher total protein level had been reported
in the females than in male guinea fowls (Oladele et al.,
2005) and chickens (Oladele et al., 2000). However, no
significant sex variation in total protein was observed in
local ducks (Oladele et al., 2001a) and pigeons (Oladele
et al., 2001b). In West African Dwarf goats, there were no
significant sex effects on albumin and globulin, but the
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male had significant higher fibrinogen than the female.
This is in contrast to the finding of Adamu et al. (2010),
who documented higher fibrinogen in the female of Polo
horses.

EFFECT OF AGE ON HAEMATOLOGIC PARAMETERS
Erythrocytic parameters
The influence of age on the blood parameters of animals
has been determined in several species of mammals and
birds in Nigeria, such as the New Zealand rabbits
(Olayemi et al., 2007), local dogs (Awah and Nottidge,
1998), cats (Nottidge et al., 1999), African Giant rats
(Nssien et al., 2002), goats (Egbe-Nwiyi et al., 2000;
Addass et al., 2010b), local ducks (Olayemi et al., 2003)
and exotic ducks (Oyewale and Ajibade, 1990; Hatipoglu
and Bagci, 1996). Mean PCV, Hb and RBC indices were
similar in young and adult New Zealand rabbits (Olayemi
et al., 2007). A similar observation was made in Nigerian
local cats (Nottidge et al., 1999). However, dogs that
were more than three months’ old were found to have
lower PCV values than adult dogs (Oduye, 1978). Higher
PCV values were observed in old than young goats
(Addass et al., 2010b). Similarly, in sheep, PCV showed
a gradual increase with age (Addass et al., 2010a), with
lowest values occurring within the first three months of
life (Egbe-Nwiyi et al., 2000). Furthermore, also documented an increase in PCV with advancing age in cattle.
This trend is also true for donkeys with increasing RBC,
PCV, Hb and erythrocytic indices with advancing age
(Terkawi et al., 2002; Etana et al., 2011). This finding is
also corroborated by the observation in buffalo (Patil et
al., 1992; Jabbar et al., 2012). Jabbar et al. (2012) concluded that higher erythrocyte count was responsible for
increased PCV value in growing buffalo heifers as
compared to adult heifers; apparently due to high basal
metabolic rate, leading to increased rate of erythropoiesis
and hence increase in erythrocyte count. Contrary to the
trend of erythrocyte count and PCV, haemoglobin concentration tends to be higher at birth when compared with
the value in adults (Patil et al., 1992; Jabbar et al., 2012).
Leucocyte count
Total leucocyte count and lymphocyte counts (LC) are
lower, but higher heterophil and eosinophil counts in adult
than in young Hawaiian dark-rumped petrels (Pterodoma
phaepygia) have been reported (Work, 1996). In addition,
Addass et al. (2010a) reported a significant age effect on
LC in Nigerian indigenous sheep. Similarly, decreased
total leucocyte count and LC and increased NC and
eosinophil count with age were obtained in Ethiopian
indigenous goats (Tibbo et al., 2004). However, this is in
contrast to the finding in indigenous goats in Nigeria, in
which age had no significant influence on TLC in four
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breeds (West African dwarf, Red Sokoto, Kano Brown
and Borno White goats) of goats (Addass et al., 2010b).
This is in consonant with the finding in New Zealand
rabbit in Nigeria (Olayemi and Nottidge, 2007). Furthermore, lower TLC and lymphocyte count in older pregnant
Andalusian Carthusian strain were documented (Satue et
al., 2009).
SEASONAL
VARIATION
PARAMETERS

IN

HAEMATOLOGIC

Erythrocytic parameters
Generally, the haematological profile is an important
indicator of the physiological changes in animals (Jain,
1993; Kumar and Pachaura, 2000). Seasonal changes in
the thermal environment influence the physiological responses of animals. Changes in haematological parameters such as total RBC count (Koubkova et al., 2002),
PCV (El-Nouty et al., 1990) and RBC indices of mean
corpuscular volume (MCV), mean corpuscular haemoglobin (MCH), mean corpuscular haemoglobin concentration (MCHC) are of value in determining the adaptation
of animals to the environment. Haemoglobin concentration (Kumar and Pachaura, 2000) and TLC are also
indicative of adaptation to adverse environmental conditions. Indeed, haematological values are used to asses
stress and welfare in animals (Anderson et al., 1999),
especially the neutrophil/lymphocyte ratio (Stanger et al.,
2005; Minka and Ayo, 2007).
An increase in body temperature of goats is usually
associated with a rise in water intake and depression of
food intake (Quartermain and Broadbent, 1997). Thermal
stress causes the rostral cooling centre of the hypothalamus to stimulate the medial satiety centre, which inhibits
the appetite centre, resulting in reduced feed intake (Albright
and Allison, 1972). Under subtropical conditions, the
water consumption of goats was greater in summer than
winter and spring (Hadjipanayioton, 1995). Such nutritional
changes influence the composition of blood in goats
(Abdelatif et al., 2009). Furthermore, at high ambient temperature, peripheral vasodilatation and redistribution of
cardiac output are associated with expansion of blood
volume and haemodilution (Olson et al., 1995).
Aengwanich et al. (2009) reported no significant effect
of season on haematological values of crossbred beef
cattle at slaughterhouse in northern part of Thailand.
However, Tibbo et al. (2004) showed that RBC, PCV and
Hb values decreased more during the rainy than any
other season. They attributed the decrease to a possible
increase in parasite challenge and/or increased water intake
through the lush grasses that were available for grazing
in that season. Similarly, MCV, MCH and MCHC were
higher in summer, while PCV was lower during winter (Kumar
and Pachura, 2000). Abdelatif et al. (2009) reported the
highest RBC count, PCV and Hb concentration during
wet summer and lowest during dry summer; while MCV
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and MCH were significantly higher during winter than in
either wet or dry summer in Nubian goats. The same trend
was observed in RBC parameters of goats and in Angora
rabbits (Cetin et al., 2009). However, the highest PCV
and Hb were recorded during the rainy season in pigeons
in Nigeria (Oladele et al., 2001).
Leucocyte count and biochemical parameters
Total leucocyte, lymphocyte and heterophil counts have
been reported to be higher in Nigerian local ducks during
the dry than wet season, but monocyte and eosinophil
counts were not affected by season (Olayemi and
Arowolo, 2009). Cetin et al. (2009) also demonstrated a
decrease in leucocyte and lymphocyte ratio during the
month of July and October in Agora rabbits. Abdelatif et
al. (2009) did not observe any significant effect of season
on TLC, but the monocyte ratio was significantly higher
during the wet and dry summer, as compared to that of
the winter.
REPRODUCTIVE
CYCLE
VARIATION
HAEMATOLOGIC PARAMETERS

IN

Variations in haematological parameters during the
reproductive cycle
Haematological parameters vary with normal physiological and pathological status (Bobade et al., 1985).
Various workers have reported changes in haematological parameters during the different phases of the
oestrous cycle (Harewood et al., 2000; Alavi-Shoushtari
et al., 2006; Chaudhari and Mshelia, 2006). Significantly
higher erythrocyte and leucocyte counts have been
reported in oestrus in comparison with the dioestrus
phase in cattle (Soliman and Zaki, 1963; Hussain and
Daniel, 1991). The finding in RSG revealed no significant
fluctuation of blood cellular component during the oestrous
cycle (Yaqub et al., 2011a). Ijaz et al. (2003) reported an
increase in Hb concentration, erythrocyte sedimentation
rate, MCH, MCHC in cyclic as compared to non-cyclic
cows. In bitches, Chudhari and Mshelia (2006) observed
the highest RBC values at pro-oestrus and the lowest
during pregnancy. WBC, PCV and Hb values showed
increasing pattern from anoestrus to pro-oestrus and
decreasing pattern with transition from pro-oestrus to
estrus. Also in the study, the lowest TLC was recorded
during pregnancy, while the highest was obtained during
dioestrus. Harewood et al. (2000) observed a decrease in
Hb, PCV and RBC, but an increase in MCV during pregnancy. By contrast, significant higher PCV was recorded
in pregnant West African Dwarf ewes than either the
lactating or dry ewes (Durotoye and Oyewale, 2000).
Tewes et al. (2007) demonstrated significant cyclic changes in TLC, blood pH and total protein, but not in RBC
and its indices in sows.
In Baladi does, the blood cellular components decreased

during the last four weeks of pregnancy, but leuco-cyte
increased on the day of parturition (Azab and AbdelMaksad, 1999). The erythrocytic indices of MCH and
MCV increased during the last three weeks of pregnancy.
Effect of reproductive cycle phase on plasma protein
concentrations
Some conditions such as dehydration, external haemorrhage, inflammatory disorders, stress, pregnancy, lactation (Thomas, 2000) and stage of oestrous cycle have
been reported to affect plasma protein concentration
(Alavi-Shoushtari et al., 2006). In cows, serum total protein was reported to be lower during the oestrus than
other phases, and this was attributed to a reduction in
serum α1, γ1 and γ2 globulin during oestrus (AlaviShoushtari et al., 2006). Similar low serum concentration
of total protein was documented during oestral phase of
oestrous cycle in Red Sokoto goats (Yaqub et al.,
2011b). However, Khan et al. (2010) demonstrated significantly higher level of plasma globulin in normally cycling
cows on day 0 of the cycle (3.82 ± 0.01 g/dl) in comparison with day 20 (3.58 ± 0.11 g/dl).
Repeat-breeder cows had significantly lower plasma
proteins as compared to normal cycling cows, irrespective of the days of the cycle. In repeat breeding cows,
highest and lowest concentrations of plasma proteins
were recorded on day 5 and 20 of the cycle, respectively
(Khan et al., 2010). In repeat breeding cows, lowest level
of albumin was observed on day 15 of the cycle, and
highest concentration on day 20; while the lowest and
highest levels of globulin were recorded on day 20 and 5
of the cycle, respectively (Khan et al., 2010). Similar
cyclic variation in plasma protein in repeat-breeders in
comparison with normal cycling animals has been
documented by many workers (El-Belely, 1993; Burle et
al., 1995; Jani et al., 1995). However, Gandotra et al.
(1993) and Ramakrishima (1996) observed no significant
variation in protein levels between normal cycling and
repeat breeding cows. High incidence of repeat breeding
and anoestrous in cows has been attributed to a decrease
in circulation of cholesterol (Kumar and Sharma, 1993),
glucose (Jani et al., 1995), total protein, albumin and globulin (Joe Arosh et al., 1998).
There were no differences in plasma total protein and
albumin between pregnancy and early lactation mares
(Milinkovic-Tur et al., 2005). This finding is in congruent
with the result obtained in Sahel goats during pregnancy
(Waziri et al., 2010). In cows, there were differences in
total protein, albumin and globulin fractions between
pregnant and non-pregnant cows (Zvorc et al., 2000). In
addition, many of the globulin fractions decreased during
the last month of gestation.
CONCLUSIONS
Haematologic parameters of domestic animals are significantly influenced by reproductive cycle, sex, age and
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season. These factors should be considered when interpreting the parameters in order to ensure accuracy.
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