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Abstract

Background: Hematological evaluation is an important step for health assessment in equine medicine. Besides
biochemical tests, that evaluation could be pivotal for diagnosis, prognosis, and treatment monitoring. In Libya, the
horse population has drastically increased in the last years, and hitherto, no report addressed the reference hematological
values for the existing equine breeds.

Aim: This study aimed to establish the reference for hematological indices of traditional equestrian and stud-farm
equine breeds in Western Libya in regard to some variables such as individual characteristics, management system,
and rearing purpose.

Methods: Blood samples of 167 horses of Arabian, Thoroughbred, and local breeds were collected from an area
covering a large part of Western Libya and complete blood counts of the samples were performed using a hematological
auto-analyzer. The collected data were statistically analyzed using the Statistical Package for Social Science software.
Results: Hematological reference indices were generated for the aforementioned equine breeds in Western Libya.
The equine hematological profile was variable according to some individual and management factors. In addition, the
significant effects of those factors were usually restricted to erythrocyte- and platelets (PLTs)-related indices. In terms
of breed influence, Thoroughbreds had significantly lower erythrocyte counts of red blood cells (RBCs) compared to
local horses (p = 0.04), and Arabian horses showed significantly higher PLT counts compared to Thoroughbreds and
local horses; p =0.00 and p = 0.03, respectively. Moreover, significantly lower values of hemoglobin (HGB), hematocrit
(HCT), mean cell volume (MCV), and PLT counts were noticed in young horses vis-a-vis significantly higher values
of HCT, mean corpuscular hemoglobin concentration and red cell distribution width in females. In regard to exercise,
racing horses varied significantly from nonracing horses in monocyte percentage (» = 0.04), RBC (p = 0.00), HGB (p
=0.00), HCT (p = 0.00), MCV (p = 0.00), and mean corpuscular hemoglobin (MCH) (p = 0.00). Diet supplementation
also influenced the equine erythrocyte-related indices, as horses offered supplemented diet had significantly higher
RBC (p = 0.00), HGB (p = 0.00), HCT (p = 0.00), MCV (p = 0.00), and MCH (p = 0.00), comparing to those served
nonsupplemented diet.

Conclusion: This study provided the first reference values of the equine hematological profile in Western Libya. In
addition, the age, breed, exercise, and diet supplementation had variable impacts on hematological equine indices.
Keywords: Age, Breed, Hematological reference, Horse, Libya.

Introduction

Equine rearing for different purposes in Libya has
increased in the last few years. Among the purposes
of rearing are breeding, track race, and participation
in traditional equestrian events. There is obviously
a tremendous increase in the activities of the equine
industry in the whole country and especially the

western region. Though there are no official statistics
for the horse population in Libya yet, it is believed
that the most common breed in Western Libya is the
Thoroughbred, which was founded in England early
1700s by crosses between stallions of Arabian origin
and a poorly defined group of mares imported mainly
from UK (McGreevy, 2012; Uluisik et al., 2013). The
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horse population in Libya includes other breeds such as
the pure Arabian breed. Locally, this breed is managed
mostly by the Libyan Association of Arabian Horses.
In addition, there are crossbred horses with different
degrees of blood purity (50%, 75%, 87%, and 92%),
which are called locally the Libyan horses (mentioned
throughout the text as local). These horses are
widely distributed and used for traditional equestrian
festivities. Track races in Libya, mainly accomplished
by Thoroughbred and Arabian horses, were started early
1960s and bloomed after the 2000s, with a markedly
more active equine industry.

The hematological profile in equine medicine, besides
the physical examination, presents important data that
reflects the health status, supports making a diagnosis,
and assesses the response to treatment and performance
of horses (Messer, 1995; Munoz et al., 2010). In
addition, the profile provides useful information
about the disease severity and prognosis (Messer,
1995; Satue et al., 2012). The hematological data are
ordinarily variable among breeds and influenced by
age, gender, management, and environmental factors
(Cebulj-Kadunc et al., 2002; Satue et al., 2009;
Munoz et al., 2010; Uluisik et al., 2013; Mikniene et
al., 2014). Many published papers established normal
hematological parameters for equids (particularly
horses and donkeys) and showed the effect of certain
parameters on horses’ performance in different regions
globally (Lumsden ef al., 1980; Eikmeier, 1982;
Geiser et al., 1984; Adamu et al., 2013; Cywinska et
al., 2015; Burden ef al., 2016). Therefore, comparison
of these parameters with respect to equine breeds or
in the same breed may result in a substantial base for
assessment reference profile. The latter was shown
to be affected by different factors such as breed, age,
and purpose of breeding and that affect the reading
(Folch et al., 1997; Satue et al., 2012). Feed additives,
particularly hematinic supplements among which, iron,
B-complex group, and copper, were previously shown
to alter hematological values (Reed ef al., 2010; Satue
et al., 2012; Satué et al., 2013; Massanyi et al., 2014;
Smith, 2014; Assenza et al., 2016) which could help
in the diagnosis of issues related to poor performance
(Adamu et al., 2013). Thus, thorough measurement of
the reference values with respect to each parameter is
fundamental and could have a potential impact on the
readability and reliability in context (Pritchard et al.,
2009; Satue et al., 2009; Satué et al., 2013; Uluisik et
al., 2013).

However, in Libya, no studies reported either the
hematological reference indices in different breeds of
the equine population or the impact of factors such as
age, breed, management system, breeding purpose, or
others on those indices. Therefore, this study aimed to
provide and compare the hematological profile of the
main equine breeds in Western Libya, which constitute
the vast majority of the horse population in the country,

and the potential impact of other variables such as age,
breed, training, and feed supplementation (regardless
of their constituents) on the profile indices.

Materials and Methods

Study area and design

The study population (167 horses) was randomly chosen
in a geographical area extending along the west Libyan
coast from Zawara to Misurata cities and south to Sahl
Aljafara and the Western Mountain. Animals enrolled
were either part of horses admitted to Sebaq Veterinary
Clinic (Tripoli countryside) or those inspected during
visits to horse farms and equestrian clubs since 2014.
Feeding regime

Nonracing horses are most regularly fed twice on a
concentrated diet of barley and bran with frequent hay
meals during the day or grazing in the winter—spring
season. On the other hand, racing animals are mostly
kept indoors with a three times concentrate diet and
continuous hay diet (ad libitum); typically alfalfa and
oat hay. Moreover, green grass or vegetables were
regularly offered during the week. Deworming is usually
practiced on a regular basis for racing/training horses
and occasionally for the nonracing ones. Vitamins,
minerals, and other elements and energy supplements
used in feeding regimes are products of different
international companies (Superior Performance,
Omega, Brinicomb, Equine products, TRM, and
others); most of them contain the previously mentioned
effective constituents in variable concentrations.

Blood sampling and analysis

Criteria used to exclude ill animals and consider
soundness were as previously described (Radostits et
al., 2000; Rockett and Bosted, 2016); including skin
tent test, capillary refill time, mucous membrane color,
and vital signs; temperature, pulse, and respiration
in addition to the absence of any signs of stress,
lesions on the skin, external parasite, diarrhea, and
musculoskeletal problems.

All selected animals were aged from 2 to 8 years and
were clinically healthy after the examination. Blood
samples were specified by gender to male or female
once been collected. Parallel to the collection, individual
information regarding age, breed (Thoroughbred,
Arabian, or Local), and the purpose of rearing
(racing or breeding) were recorded. Furthermore,
diet supplementation (vitamins, minerals, and other
elements) was also investigated.

Venipuncture sampling was performed on nonexcited
animals, to ovoid splenic contraction, and blood was
collected 3 hours before or after exercise for the
training horses. Moreover, no history of antimicrobial
or anti-inflammatory treatment for 2 months before
sample collection was considered. All nonracing adult
females were nonpregnant and all local (Libyan) horses
of different degrees of purity were considered as one
group. When mentioned, nonracing horses refer to
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animals not under intensive training for track races or
those who have been retired from intensive training for
at least 2 years.

Collection of blood samples via venipuncture was
performed throughout the year without season
preference. A total of 167 blood samples (one sample
per animal) were collected according to the criteria
previously described (Satue et al, 2012) from the
jugular vein in K3-EDTA complete blood count (CBC)
tubes, packed in ice (samples collected in the field) until
they were processed in a hematology auto-analyzer
(BC-2800 Vet, Mindary, China) as soon as possible.
The wused apparatus provides the leukocytes-,
erythrocytes-, and blood platelets (PLTs)-related
measurements. Leukocyte data included white blood
cells (WBCs), lymphocyte (lymph), and granulocyte
(Gran) counts and percentages. Erythrocyte data
included red blood cells (RBCs), hemoglobin (HGB),
hematocrit (HCT), mean cell volume (MCV), mean
corpuscular hemoglobin (MCH), mean corpuscular
hemoglobin concentration (MCHC), and red cell
distribution width (RDW). Blood PLTs-related
measurements included PLT count, mean platelet
volume (MPV), and platelet distribution width (PDW).
During data refining, the very odd CBC readings were
excluded from counting.

Statistical analysis

Collected data were analyzed using the Statistical
Package for Social Science (SPSS20) and a #-test
was used to compare data. Data presented as mean +
standard deviation (SD) and p < 0.05 was considered
significant.

Ethical approval

This study was approved by the Department of Internal
Medicine of the Faculty of Veterinary Medicine at the
University of Tripoli, Libya. Clinical examination
and sampling procedures were carried out as routinely
performed and according to the animal welfare protocols.

Results

General characteristics of the study population

Among 167 horses enrolled in this study, the Arabian
breed represented 26.3% (n = 44) of participated horses,
whereas thoroughbreds and local horses represented
47.9% (n=_80) and 25.7% (n =43) of horses, respectively
(Table 1). Horses of less than 5 years of age represented
83.8% (n = 140), while 15.6% (n = 26) of them were
more than 5 years old (Table 1). Regarding gender,
female horses represented 61.7% (n = 103) of the study
population while 38.3% (n = 64) were males (Table 1).
Racing horses constituted 70.7% (7 = 118) and nonracing
horses made up 29.3% (n = 49) of participated horses
(Table 1). Vis-a-vis 55.7% (n = 93) of horses offered
the mentioned supplements in their diet, 44.3% (n = 74)
were fed an ordinary nonsupplemented diet (Table 1).
Equine hematological profile in Western Libya

The mean and SD of equine hematological parameters
of Arabian, Thoroughbred, and local horses in Western

Table 1. General characteristics of the study population.

el Percentage
Characteristic Number (%)
Arabian 44 26.3
Thoroughbred 80 47.9
Breed
Local 43 25.7
Total 167 100.0
<5 years 140 83.8
>5 years 26 15.6
Age o
Missing 1 0.6
Total 167 100.0
Female 103 61.7
Gender Male 64 38.3
Total 167 100.0
; Racing 118 70.7
Keeping Nonracing 49 29.3
purpose
Total 167 100.0
Supplemented 93 55.7
Diet ' Nonsupple- 74 443
supplementation mented
Total 167 100.0

Libya investigated in this study are presented in Table
2. In addition, the hematological profile of the Arabian,
Thoroughbred, and local horses according to age
gender, training activity, and diet supplementation are
shown in Tables 3-5, respectively. Collectively, these
results are considered the first published reference of
equine hematological indices in the country.

Influence of breed on equine hematological profile

In terms of breed influence, the results revealed a
significant variation among breeds for erythrocyte
count and PLTs. For RBCs, Thoroughbreds differed
significantly from local horses (9.46 + 1.13 vs. 10.10
+ 1.69) (p = 0.04) (Table 6). For PLTs, Arabian horses
differed significantly from that of Thoroughbreds
(99.48 £ 36.72 vs. 79.11 £ 20.09) (p = 0.00), and local
horses (99.48 =+ 36.72 vs. 83.52 + 30.31) (p = 0.03)
(Table 6). However, there was no effect of breed on
total number of leukocytes and their differential counts
and other values.

Influence of age on equine hematological profile

The results of this study showed an effect of age on the
hematological profile of horses. For erythrocyte indices,
there was a significant variation between <5 years-old
horses and older ones for HGB (13.70 £2.01 vs. 14.95
+2.52) (p =0.01), HCT (37.16 + 5.35 vs. 40.68 £ 5.56)
(» = 0.00) and MCV (39.07 + 3.06 vs. 43.11 + 10.03)
(p = 0.00) (Table 6). PLTs also varied significantly in
younger horses than those of >5 years of age (83.16 +
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Table 2. Hematological profile of Arabian, Thoroughbred, and local horses in Western Libya.

Index Unit Arabian Thoroughbred Local All
WBC x10%/1 9.66 +2.09 9.38 + 1.84 9.71 £2.42 9.54 +2.06
Lymph# x10%/1 3.46 +1.96 3.33+1.55 347+2.32 3.40+1.87
Mon# x10°/1 0.49 +£0.16 0.52+0.28 0.46+0.14 0.50+0.22
Gran#t x10%/1 5.69 +1.82 5.76 £1.95 5.77 £ 1.65 5.74 £1.83
Lymph% % 35.32+1.36 35.07£1.85 3495+ 1.78 35.11 £2.98
Mon% % 523+1.21 547+1.21 499 +1.16 528+1.21
Gran% % 60.02 +4.78 59.23+2.30 59.23+£4.07 59.44 +£3.37
RBC x10%/1 9.49+1.33 9.47 +£1.13% 10.11 &+ 1.69° 9.64 +1.37
HGB g/dl 13.99 +2.50 13.76 = 1.94 14.08 £2.10 13.90 £2.13
HCT % 37.97+5.42 37.45+4.93 38.04 £ 6.59 37.74 £5.50
MCV fl 4091 +8.33 39.42 +£3.12 38.97 +2.80 39.70 +£5.02
MCH pg 14.60 = 1.51 14.42 +1.28 14.74 £ 4.24 14.55 +£2.44
MCHC g/dl 36.85+2.11 36.69 + 1.47 36.42+1.28 36.66 = 1.62
RDW % 18.14 +1.08 18.13 £ 0.68 18.45 +0.96 18.21 +0.88
PLT x10°/1 99.48 + 36.72° 79.11 £ 20.09° 83.53 £30.31°¢ 85.61 +29.09
MPV fl 5.50 +0.28 5.54+0.23 5.58 £0.30 5.54+0.26
PDW % 14.15+1.54 14.45+0.25 14.46 £ 0.22 14.37 £ 0.82

(") is significantly different from (*) and (°) at a level of p < 0.05 in the same index. WBC: white blood cells, Lymph: lymphocytes,
Gran: granulocytes, RBC: red blood cells, HGB: hemoglobin, HCT: hematocrit, MCV: mean cell volume, MCH: mean corpuscular
hemoglobin, MCHC: mean corpuscular hemoglobin concentration, RDW: red cell distribution width, PLT: platelets, MPV: mean
platelet volume and PDW: platelet distribution width. Data presented as mean + SD.

29.13 vs. 99.65 + 25.39) (p = 0.01) (Table 6). Again,
leukocyte indices and other values did not vary here.
Influence of gender on equine hematological profile

In this study, gender also had an effect on equine blood
profile. There was a significant variation between
females and males in HCT (38.45 + 4.80 vs. 36.58 +
6.35) (» =0.03), MCHC (36.89 £ 1.65 vs. 36.30 + 1.52)
(p = 0.02) and RDW (18.34 + 0.93 vs. 18.01 = 0.77)
(» = 0.02) (Table 6). Total and differential leukocyte
counts and other values did not vary significantly with
gender.

Influence of training/racing on equine hematological
profile

About the impact of racing, there was a significant
variation between racing and nonracing horses in
monocyte percentage (5.16 = 1.10 vs. 5.58 £ 1.39) (p
= 0.04) and erythrocyte count (9.85 + 1.40 vs. 9.12 +
1.15) (»p = 0.00) (Table 6). There was also a significant
variation between racing and nonracing horses in HGB
(14.44 £1.99 vs. 12.60 £ 1.90) (p = 0.00), HCT (39.34
+4.74 vs. 33.86 = 5.32) (p = 0.00), MCV (40.50 + 5.37
vs. 37.77 + 3.40) (p = 0.00), and MCH (14.92 + 2.69
vs. 13.66 + 1.34) (p = 0.00) (Table 6). There was no
variation in other values.

Influence of diet supplementation on equine
hematological profile

Concerning diet supplementation, the results showed
a significant variation between horses offered a

supplemented diet and those served a nonsupplemented
diet in erythrocyte count (10.09 = 1.38 vs. 9.07 £ 1.12)
(» = 0.00) and HGB (14.91 + 1.83 vs. 12.64 + 1.79 (p
= 0.00). There was also a significant variation between
horses fed supplemented diet and nonsupplemented
diet in HCT (40.53 + 4.26 vs. 34.22 + 4.85) (p = 0.00),
MCV (40.99 + 5.75 vs. 38.07 + 3.28) (p = 0.00), and
MCH (15.14 + 2.93 vs. 13.80 = 1.29) (p = 0.00).
Other values were not changed significantly by diet
supplementation.

Discussion

In veterinary practice, hematological analysis,
among other diagnostic data, is crucial in the clinical
evaluation of the health condition of adult and young
horses. Such evaluation can serve in monitoring a
horse’s health soundness (e.g., for breeding, trade,
racing, and so on) or during the follow up of sick
animals suffering pathologies due to infectious or
noninfectious illness (Lumsden et al., 1975; Ricketts,
1987; Sellon et al., 1996; Smith, 2009; Munoz et al.,
2010;Reedetal.,2010). Asofnow in Libya, few studies
have been published in the field of equine medicine
addressing different pathological and therapeutic
matters in horses (Sawesi et al., 2015; Abushhiwa
et al., 2019; Othman et al., 2021; Abushhiwa et al.,
2022) but not the hematological profile. Southern
Mediterranean countries, such as Libya, are
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characterized by their hot humid environment most of
the year and, thus, hematological parameters of the
horse population, which acclimatized to live, train,
and race in such conditions, could potentially vary.
Accordingly, this study aimed to establish equine
hematological reference values in the Libyan territory
and to investigate variations in those values according
to diverse individual and management factors. The
established references represent an added value in the
sake of improving equine health and welfare in Libya
beside other previously published works (Sawesi et
al., 2015; Abdalmula et al., 2018; Abushhiwa et al.,
2019; Othman et al., 2021; Abushhiwa et al., 2022;
Abdalmula et al., 2023).

Despite the absence of precise statistics regarding the
horse population in Libya, it is believed that Western
Libya comprises the majority of that population, with
greater horse-related industry and activities. Therefore,
this study’s findings could be generalized in a wider
spectrum nationally. In addition, these findings could
be further generalizable in considering the degree of
similarities in climate conditions and horse breeds
regionally.

Comparing the results of this study with the profile of
chronically ill animals reported previously (Munoz et
al., 2010), it does not seem hematologically that the
horses involved suffering from any chronic illness or
were neglected, particularly for the erythrocyte profile.
In addition, the hematological profile established
by this study is majorly consistent with the findings
previously reported regionally and internationally
(Allen and Archer, 1973; Pritchard ef al., 2009; Smith,
2009; Reed et al., 2010; Takasu et al., 2013; Mikniene
et al.,2014; Cywinska et al., 2015; Hassan et al., 2015;
Chikhaoui et al., 2018; Said et al., 2018; Mesaric et al.,
2023). Furthermore, the current study findings are in
considerable agreement with those reported in previous
studies regarding Thoroughbreds and donkeys as well
(Folch et al., 1997; Cebulj-Kadunc ef al., 2002; Ribeiro
et al., 2008; Satue et al., 2009; Takasu et al., 2013).

In the leukocyte profile, this study does not present
a significant difference among breeds and the other
variables except in monocyte count. Monocytes
are large WBCs that circulate in blood and mature
into macrophages when they move to tissues. The
significantly higher monocyte count in nonracing
horses compared to racehorses could be attributed to
that the former might recover from subclinical viral
illness or mild chronic septicemia, or due to increased
demand of local phagocytosis as a response to another
subclinical insult (Munoz et al., 2010; Satué et al.,
2013). Also, in the breed impact context, Arabian
horses had significantly higher PLT numbers than the
other breeds in this study. These findings are consistent
with results shown in a previous report (Satue et al.,
2017), but not with another study from Algeria which
found that Barbe horses had a higher PLT count than
Arabians (Said et al, 2018). Although the cause

behind such PLT count difference is unclear but mild
septicemias due to suboptimal feeding conditions and
intravascular hemolysis may play a role in increased
PLT consumption (Sellon et al., 1996).

Previous studies reported an increase in HGB percent
and MCV values by increasing age in contrast to
RBC count which decreased with age. This could be
attributed mainly to the differentiation process (Allen
and Archer, 1973; Satue et al., 2009; Mikniene et al.,
2014). The current study is in agreement with those
studies regarding HGB and MCYV, but disagrees with
another study from a neighboring country regarding
different RBC counts among breeds (Chikhaoui et
al., 2018). Splenic contraction and maturation may
contribute to those differences.

Gender had no drastic effect on the readings in this study
except for HCT, MCHC, and RDW, with significantly
higher values in females than males, which is in
agreement with a previous report (Uluisik et al., 2013).
However, age was also noticed to have an influence on
MCHC and HCT in the later study and in mature horses
by Gill and Rastawicka (1986). Contrarily, Satue et al.
(2020), showed a limited influence of gender on these
indices and physiological features may contribute to
such an effect.

RDW is an important marker of erythrocyte diseases
and others. However, it is not fundamentally affected
by gender as reported before (Ramires et al., 2019),
but could be different among breeds as shown in other
studies (Andriichuk and Tkachenko, 2017; Ramires
et al., 2019). Furthermore, breed differences in RDW
values between males and females were found (Carvalho
et al., 2016). On the other hand, husbandry conditions
and physical activities such as sports did not influence
RDW (Holanda et al., 2013). In contrast, gender had a
significant influence on RDW between male and female
horses in this work. It might be a reflection of RBC and
HGB alterations. Moreover, racing was shown to affect
the hematological and biochemical parameters in a
short time manner after exercise (Piccione et al., 2007,
Hassan et al., 2015). However, another study showed
no hematological values difference during training
(Tyler-Mcgowan et al., 1999).

The significant differences due to training in this
study were mostly in the erythrocyte profile. This is
probably due to supplementations offered to racehorses
to improve their performance and to other factors like
spleen stimulation associated with training and that
activities simultaneous to training further release blood
cells into circulation (Lassen and Swardson, 1995).
The influence of food supplementation on certain
animal groups in this study was similar and supportive
to the significant changes related to training for HGB,
HCT, MCV, and MCH. The care that racehorses receive
affects their hematological profile generally and the
erythrocyte profile in particular.

An important harmony was set between papers that
looked at the equine hematological data previously
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(Satue et al., 2012; Satué et al., 2013; Mikniene et
al., 2014; Andriichuk and Tkachenko, 2017; Paz et
al., 2022). It is possible that some environmental and
management differences might influence our findings,
but generally, hematological reference values for the
equine population in western Libya were established
and did not break recorded reference data obtained
previously in many countries. Therefore, this study’s
results present a reliable reference for the equine
hematological indices and are ready to be considered
in practice. Further studies to evaluate biochemical
indices of the equine population in the country are
under investigation.

Conclusion

This study represents the first exploration for
establishing the reference hematological values of
apparently healthy horses in Libya in relation to some
individual and management factors. Further efforts are
needed to establish the biochemical reference values of
this species in the country.
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