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The objective of the present study was to investigate values of hematological parameters in Bosnian mountain 
horses. Eleven hematological measurements were performed on 30 clinically healthy adult horses of mixed age and 
both genders. Blood samples were obtained by jugular vein puncture (vena jugularis externa) in vacuum tubes with 
EDTA and determined using an automated analyzer IDEXX QBC VET AutoRead. Mean value of HB was higher than 
recommended reference intervals for adult horses in general while mean values of MONO and EOS counts were slightly 
above reference intervals for adult „warm-blooded“ horses. The specific hematological values determined in Bosnian 
mountain horses may be related to the immune condition of investigated breed that is well adapted to environmental 
and climatic conditions and should be taken into consideration when dealing with this horse breed. 
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ХЕМАТОЛОШКИ ВРЕДНОСТИ НА КРВТА НА БОСАНСКИТЕ ПЛАНИНСКИ КОЊИ 

Целта на оваа студија беше да се испитаат вредностите на хематолошките параметри кај босанските 
планински коњи. Беа извршени единаесет хематолошки мерења на 30 клинички здрави возрасни коњи од 
различна возраст и од двата пола. Примероците од крвта се добиени со јунуларна венска пункција (vena jugu-
laris externa) во вакуумски епрувети со EDTA и детерминирани се со користење на автоматски анализатор 
IDEXX QBC VET AutoRead. Средната вредност на HB беше повисока од препорачаните референтни интервали 
за возрасни коњи во целина, додека средните вредности на MONO и EOS беа нешто над референтните 
интервали за возрасни "топлокрвни" коњи. Вредностите на RBC, HCT и HB беа на горната граница или 
повисоки од вредностите објавени во претходните испитувања. Специфичните хематолошки вредности 
утврдени кај босанските планински коњи можат да бидат поврзани со имунолошката состојба на испитуваната 
раса која е добро приспособена на еколошките и климатските услови, што треба да се земе предвид кога се 
работи за оваа раса на коњот. 

Клучни зборови: босански планински коњ; хематологија; параметри 

INTRODUCTION 

Hematological parameters in horses are fre-
quently used as an aid for clinical diagnosis of or-
ganic, infectious and some parasitic diseases. They 
are also used to provide information about meta-
bolic state of an animal, the recovery monitoring, 

treating the diseases and in postoperative patients 
(Satue et al., 2009; Mikniene et al., 2014). It is used 
in sport horses to plan specific physical exercise 
(Altinsaat, 2008). Interpretation of hematological 
parameters is challenging because many exogenous 
and endogenous factors modify blood parameters 
(Satue et al., 2009). In interpreting laboratory test 
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results of an individual, the clinician usually com-
pares the observed values with reference values. 
The hematological values obtained abroad may not 
be fully applicable under local conditions because 
these are influenced by multiple factors including 
breed, environmental and management differences.  

Some variations also exist in results between 
laboratories using different reagents, methods and 
instruments (Gul et al., 2007). The blood profile of 
horses can be influenced by their temperament; 
which classifies horses as Hotbloods (HB), Warm-
bloods (WB) and Coldbloods (CB) (Lacerda et al., 
2006). Bosnian mountain horse (Bosnian and Her-
zegovinian mountain horse, Bosnian pony) is clas-
sified as WB horse. Due to their size and type it be-
longs to the largest group of ponies. This breed is 
the only autochthonous horse breed in Bosnia and 
Herzegovina (B&H), well adapted to ecological and 
geographical conditions of the region and have 
characteristics that might be reflected in their hema-
tological parameters (Žiga and Telalbašić, 2009; 
Dekić et al., 2014). 

Hematological parameters of horses have been 
investigated, including Lipizzan (Čebulj-Kadunc et 
al., 2002), Kathiawari (Gupta et al., 2002), Criollo 
and Brasileiro de Hipismo (Lacerda et al., 2006), 
apparently healthy horses from Faisalabad city – Pa-
kistan (Gul et al., 2007), Arabian horses (Altinsaat, 
2008), Pakistan horses (Pritchard et al., 2009), Eti-
opian  (Simenev et al., 2011), horses from Nigeria 
(Ebge-Nwiyi et al., 2012), Standardbred (Jagrič et 
al., 2012), Kiso horses (Takasu et al., 2013), 
Žemaitukai (Mikniene et al., 2014), Posavina and 
Croatian Coldblood (Pađen et al., 2014) and Hucul 
horses (Cywinska et al., 2015).  

The information about the ancient Bosnian 
mountain horse breed is limited in the literature for 
the moment. Thus, the aim of this study was to in-
vestigate mean values of hematological parameters 
in clinically healthy adult Bosnian mountain horses 
and to compare obtained results with results previ-
ously reported for other breeds of horses, reference 
intervals for adult horses in general and adult WB 
horses. 

MATERIALS AND METHODS 

Blood samples were collected in May 2014, on 
stud farm Borike (altitude of 950 m). The study was 
carried out on 30 clinically healthy adult horses of 
both gender (16 females and 14 males) with ages 

between two and twenty-three years. Means ±SD of 
age were 9.9±6.0 and 7.9±2.3 years for females and 
males, respectively. 

Applying molecular markers were found that 
horses are constituted of indigenous Bosnian moun-
tain horses and no genetic differentiation between 
them was observed (Rukavina et al., 2015). Blood 
samples were collected in the morning before feed-
ing and watering. All the individuals, except stal-
lions, were kept in outdoor conditions, on pastures 
of a mountainous plateau. During the winter period 
they are also mostly outdoors, fed with hay. 

Blood samples were obtained by jugular vein 
puncture (vena jugularis externa) in vacuum tubes 
with anticoagulant (EDTA). The number of red 
blood cells (RBC) (×1012/l), hematocrit (HCT) (%), 
hemoglobin concentration (HB) (g/dl), mean cor-
puscular hemoglobin concentration (MCHC) (g/dl), 
platelet cells (PLT) (×109/l), total number of leuko-
cytes/white blood cells (WBC) (×109/l), neutrophils 
(NEU) (×109/l) lymphocytes (LYM) (×109/l), mon-
ocytes (MONO) (×109/l), eosinophils (EOS) 
(×109/l) and basophils (BASO) (×109/l) were deter-
mined using an automated cell counter IDEXX 
QBC VET AutoRead (IDEXX, Netherland).  

Data were analyzed with descriptive statistics 
in SPSS 17.0 (SPSS Inc., Chicago, IL, USA) and 
Microsoft excel 2010. All animals were treated in 
accordance to Internal Ethical Committee by re-
specting animal welfare and well-being.  

RESULTS AND DISCUSSION 

Data regarding hematological values in Bos-
nian mountain horse breed are limited in the litera-
ture for the moment. For that reason, the need for a 
reference range of values for hematological param-
eters in Bosnian mountain horse breed becomes ev-
ident. In the present study, results of basic hemato-
logical parameters were provided. Results of mean 
values with standard deviation (±SD) and range of 
hematological parameters in clinically healthy adult 
Bosnian mountain horses, reference intervals for 
adult horses in general (Freeman and Klenner, 
2015) and adult WB horses (Freeman and Klenner, 
2015; Čebulj-Kadunc et al., 2002) are shown in Ta-
ble 1. A total of eleven hematological parameters 
were determined. Mean value of HB was higher 
than recommended reference intervals for adult 
horses in general while mean values of MONO and 
EOS were slightly above reference intervals for 
adult WB horses.  
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T a b l e  1  

Reference intervals for adult horses in general and WB horses, mean, standard deviation (± SD)  

and ranges of hematological parameters in Bosnian mountain horses 

Parameter 
Reference intervals 

for adult horse 
Reference intervals 
for adult WB horse 

Mean SD Min Max 

RBC (×1012/l) 5.5–9.5 6.5–11 8.62 1.45 6.71 11.93 

HCT (%) 24–45 32–53 42.47 8.41 31.30 62.80 

HB (g/dl) 8–14 10–18 15.15 2.55 11.50 22.80 

MCHC (g/dl) 34–38 34–38 35.14 2.29 27.70 39.40 

WBC (×109/l) 6–12 5–10 9.33 3.59 4.76 21.50 

PLT (×109/l) 100–360 103–244 212.10 78.00 95.00 383.00 

NEU (×109/l) 3.0–6.3 3–7 5.56 2.31 2.85 12.00 

LYM (×109/l) 1.3–4.3 1.5–4.0 2.42 1.24 0.67 6.80 

MONO (×109/l) 0.0–1.0 0.0–0.5 0.63 0.27 0.32 1.20 

EOS (×109/l) 0.0–1.0 0.0–0.4 0.70 0.41 0.11 1.45 

BASO (×109/l) 0.0–0.3 – 0.08 0.02 0.01 0.08 

 

The values of basic hematological parameters 
(WBC, RBC, HCT, HB, MCV, MCH, MCHC) of 
Bosnian pony from the Borike Stud are available in 
literature (Dekić et al., 2014). The mean values of 
HCT and HB detected in our study were similar 
with results referred by Dekić et al. (2014). How-
ever, mean values of RBC and MCHC were lower, 
while mean value of WBC was higher than values 
given by Dekić et al. (2014). Obtained differences 
could be due to sample size, different used methods, 
reagents and instruments. Mean RBC value in Bos-
nian mountain horses was similar or in upper limit 
to RBC values in Criollo (8.59×1012/l) (Lacerda et 
al., 2006), Arabian (8.89×1012/l) (Altinsaat, 2008), 
Standardbred (8.89×1012/l) (Jagrič et al., 2012), 
Žemaitukai (7.74–8.36×1012/l) (Mikniene et al., 
2014) and Thoroughbreed horses (9.0×1012/l) 
(Pađen et al., 2014). Higher mean RBC value was 
reported by Cywinska et al. (2015) for Hucul horses 
(10.1×1012/l). The RBC values detected in our study 
were higher than that reported for other horse breeds 
(4.97–8.18×1012/l) (Čebulj-Kadunc et al., 2002; 
Gupta et al., 2002; Lacerda et al., 2006; Gul et al., 
2007; Pritchard et al., 2009; Simenev et al., 2011; 
Ebge-Nwiyi et al., 2012; Takasu et al., 2013; Pađen 
et al., 2014).  

Results for a mean value of HCT, obtained in 
our study, were similar to HCT values in Lipizzan 
(39–43%) (Čebulj-Kadunc et al., 2002), Arabian 
(37.33–43.89%) (Altinsaat, 2008) and Hucul horses 

(43%) (Cywinska et al., 2015). Mean values of HCT 
reported in the literature for other horse breeds 
mostly ranged from 30.84% to 39.5% (Gupta et al., 
2002; Lacerda et al., 2006; Gul et al., 2007; 
Pritchard et al., 2009; Simenev et al., 2011; Ebge-
Nwiyi et al., 2012; Jagrič et al., 2012; Takasu et al., 
2013; Mikniene et al., 2014; Pađen et al., 2014) and 
were lower than the one we detected.  

The mean HB value, obtained in our study, was 
higher than the recommended reference intervals for 
adult horses in general (8–14 g/dl) and was in the 
upper limit to the recommended reference ranges 
for adult WB horses (10–18 g/dl) (Freeman and 
Klenner, 2015). The values of HB found in this 
study were higher than values reported in previous 
studies on different horse breeds (8.9–14.1 g/dl) 
(Čebulj-Kadunc et al., 2002; Gupta et al., 2002; 
Lacerda et al., 2006; Gul et al., 2007; Altinsaat, 
2008; Pritchard et al., 2009; Simenev et al., 2011; 
Ebge-Nwiyi et al., 2012; Jagrič et al., 2012; Takasu 
et al., 2013; Mikniene et al., 2014; Pađen et al., 
2014; Cywinska et al., 2015). According to Satue et 
al. (2009) values of HB are higher in the spring. 
Blood samples used in this work were collected in 
May and obtained results of HB values supports the 
hypothesis of Satue et al. (2009). Also, higher val-
ues of HB, as well as RBC and HCT values, de-
tected in the present study, may be explained with 
adaptation of Bosnian mountain horses to the envi-
ronmental and climatic conditions. According to 
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Satue et al. (2009) horses subjected to high altitude 
have higher RBC, HB and HCT values, compared 
to animals that live at less altitude. It is considered 
a compensatory mechanism for the lower content of 
oxygen in the atmospheric air, which is proportion-
ally reduced to the altitude (Wickler and Anderson, 
2000). 

The mean MCHC value in Bosnian mountain 
horses was similar to the previously cited values for 
horses from Etiopia (37.02 g/dl) (Simenev et al., 
2011) and Nigeria (38.26 g/dl) (Ebge-Nwiyi et al., 
2012). In Mikniene et al. (2014) research on 
Žemaitukai horses, a mean values of MCHC were 
highеr (42.41–44 g/dl), while in Lipizzan (31.4–32 
g/dl) (Čebulj-Kadunac et al., 2002), Kathiawari 
(28.02–29.08 g/dl) (Gupta et al., 2002), Arabian 
(30.38 – 31.13 g/dl) (Altinsaat, 2008) and Hucul 
horses (20.9 g/dl) (Cywinska et al., 2015) mean val-
ues of MCHC were lower than the one we detected.  
This result could be explained by higher RBC and 
HB concentrations obtained in the present study. 

The mean value of WBC, obtained in our 
study, was similar to WBC values in Arabian (7.73–
9.16×109/3) (Altinsaat, 2008), Nigerian horses 
(9.38×109/l) (Ebge-Nwiyi et al., 2012) and 
Žemaitukai horses (9.29–9.48×109/l) (Mikniene et 
al., 2014). Lower values were detected in Lipizzan 
(7.48–7.56×109/l) (Čebulj-Kadunac et al., 2002), 
Brasileiro de Hipismo (7.61×109/l) (Lacerda et al., 
2006), apparently healthy horses from Faisalabad 
city (7.18×109/l) (Gul et al., 2007), Standardbred 
(6.21×109/l) (Jagrič et al., 2012) and Kiso horses 
(8.27×109/l) (Takasu et al., 2013) while in Kathi-
awari (11.22–12.72×109/l) (Gupta et al., 2002), Cri-
ollo (11.13×109/l) (Lacerda et al., 2006), Etiopian 
(11.19×109/l) (Simenev et al., 2011) and Hucul 
horses (12.4×109/l) (Cywinska et al., 2015) were de-
tected higher mean values of WBC. Differences in 
leucocyte counts may be altered by factors such as 
age, nutritional status, pregnancy and lactation 
(Reece, 1997). 

Equine platelet concentrations are some of the 
lowest reported for mammals (Satue et al., 2009). 
The values of PLT, found in this study, were higher 
than values reported for Žemaitukai horses (144.55–
150.54×109/l) (Mikniene et al., 2014) and were sim-
ilar to values reported for Etiopian  (207.65×109/l) 
(Simenev et al., 2011) and Hucul horses (231.7 
×109/l) (Cywinska et al., 2015). 

The mean value of NEU count detected in our 
study was similar to Lacerda et al. (2006) research 
on Criollo horses (4.9×109/l) and Altinsaat (2008) 
research on Arabian horses (3.78–6.26×109/l), but 

lower than a mean values reported for Posavina and 
Croatian Coldblood horses (6.46×109/l) (Pađen et 
al., 2014) and Hucul horses (6.8×109/l) (Cywinska 
et al., 2015). For Brasileiro de Hipismo horses was 
reported lower mean value of NEU count (4.14 
×109/l) (Lacerda et al., 2006). 

Results for a mean value of LYM count de-
tected in our study, was similar to values reported 
for Arabian (2.32–5.9×109/l) (Altinsaat, 2008), 
Standardbred (2.57×109/l) (Jagrič et al., 2012) and 
Žemaitukai horses (2.38–2.72×109/l) (Mikniene et 
al., 2014) but lower than that found for other inves-
tigated horse breeds (3.62–6.1×109/l) (Lacerda et 
al., 2006; Ebge-Nwiyi et al., 2012; Pađen et al., 
2014). According to Satue et al. (2009) LYM count 
is higher in the evening and lower in the morning. 
Samples used in this work were collected in the 
morning and obtained results support the hypothe-
sis. 

In this study, a mean value of MONO count 
was higher than recommended reference intervals 
for adult WB horses (0.0–0.5×109/l) (Freeman and 
Klenner, 2015) and than values previously reported 
for other horse breeds (0.02–0.40×109/l) (Lacerda et 
al., 2006, Ebge-Nwiyi et al., 2012; Jagrič et al., 
2012; Pađen et al., 2014; Cywinska et al., 2015).  

Mean value of EOS count was higher than rec-
ommended reference intervals for adult WB horses 
(0.0–0.4×109/l) (Freeman and Klenner, 2015). 
Higher values of EOS counts were obtained in Ara-
bian horses (1.7–2.7×109/l) (Altinsaat, 2008) and 
Posavina and Croatian Coldblood horses (0.85 
×109/l) (Pađen et al., 2014). Lower values of EOS 
count were published for other horse breeds (0.16–
0.31×109/l) (Lacerda et al., 2006; Ebge-Nwiyi et al., 
2012; Jagrič et al., 2012; Cywinska et al., 2015). In-
creased EOS count, found in this study, may be as-
sociated with parasitic damage of epithelial cells be-
cause mares were kept in an open area, exposed to 
various parasite infestations. 

Results for a mean value of BASO count, ob-
tained in this study were similar to values reported 
for Posavina and Croatian Coldblood horses (0.08 
×109/l) (Pađen et al., 2014) and Hucul horses (0.07 
×109/l) (Cywinska et al., 2015). Jagrič et al. (2012) 
reported higher value for BASO count in Standard-
bred horses (0.35×109/l) while Lacerda et al. (2006) 
found lower values in Brasileiro de Hipismo and 
Criollo horses (0–0.017×109/l).  

Generally, differences detected in values of 
observed hematological parameters could be due to 
breed, differences in geographical, physiological, 
season and climate conditions of sampled horses as 
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well as nutritional factors, management and sample 
size. Also, differences in hematological parameters 
could be attributed to different reagents, methods 
and applied instruments. 

With slight differences, results of hematology 
parameters, detected in our study, confirmed that 
Bosnian mountain horse belong to WB horses. Ob-
tained hematological values of Bosnian mountain 
horse breed were intermediate between the two 
other hot-blooded and cold-blooded horse breeds. 
More similarity was observed with hot-blooded 
Arabian horse breed. This result was not unexpected 
and could be explained by fact that Bosnian moun-
tain horse breed is Arabian ancestral origin.  

In conclusion, higher values of RBC, HCT and 
HB in Bosnian mountain horses may be related to 
the immune condition of investigated breed that is 
well adapted to environmental and climatic condi-
tions suggesting that the adaptation process gener-
ated physiological changes. The specific hemato-
logical values determined in Bosnian mountain 
horses should be taken into consideration when 
dealing with this breed of horses. 
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