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Abstract

Background: Hucul horses are the unique, genetically distinct breed of Carpathian Mountains.
Even though they are recognized as primitive breed, many morphological differences between them
and other primitive horses have been reported. Neither hematological nor blood biochemical studies
in this breed have been conducted so far.

Objectives: The aim of this study was to establish the reference intervals for basic hematological
and selected biochemical variables and to compare them with other breeds.

Material and Methods: Blood samples were collected from 168 Hucul horses and the analyses
were performed using routine methods. Mainly nonparametric method was used to establish refer-
ence intervals.

Results: The following reference intervals have been established (rounded to two significant
digits): RBC: 7.0-13x10'%/1; HGB: 106.1-195.8 g/1; HCT: 0.3-0.6 1/l; MCV: 35-50 fl; MCH 11.9-17.1 pg;
MCHC: 31.9-34.8 g/dl; WBC: 7.5-22x10%/1, bands: 0-0.5x10/1; segmented neutrophils: 3.3-10x10%/1;
eosinophils: 0-1.1x10%1; basophils: 0-0.3x10%/1; lymphocytes: 1.9-12x10%1; monocytes: 0-0.2x10°/1; PLT
95-350x10°/1; MPV 5.2-7.0; ALP: 98-425 U/l; AST: 220-470 U/l; GGT: 9.1-31 U/l; total bilirubin:
6.5-29 pmol/l; CPK: 120-640 U/l; triglycerides: 0.1-0.9 mmol/l; urea: 3.8-11 mmol/l; creatinine: 44 -140
umol/l; serum amyloid A: 130-5200 pg/l.

Conclusions: Hematological and biochemical variables in Hucul horses were closer to
hot-blooded then to cold-blooded and primitive horses or wild equidae. The reference intervals
presented in this study pose clinically useful tool for evaluation of blood check-up in Hucul horses.
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Introduction

Hucul breed represents small mountain horses of
Carpathian Mountains. It is classified as small-numb-
ered breed and it has been protected as the part of the
FAO Program for the Preservation of Animal Genetic
Resources since 1979 (Mason 1996, Trandzik et al.
2007, Georgescu et al. 2011). Last years, the renais-
sance of Hucul horses may be observed and the inter-
est in this breed is increasing, mostly due to their nu-
merous performance values (Purzyc 2007).

Hucul horses are small, characterized by strong
and lean constitution, solid body and limb frames,
tough hooves, which make them perfectly adapted to
the mountain conditions. They are known for their
excellent health including disease resistance and toler-
ance for environmental conditions, high fertility and
longevity. They are very neat in character, equable
with high vitality, lively temperament and calm dispo-
sition (Purzyc 2007, Trandzik et al. 2007, Komosa and
Purzyc 2009, Georgescu et al. 2011). Such traits make
them skillful for endurance in mountain area, thus
they are used as draft horses in forests, riding horses
on mountainous routes and pack animals but they are
also recommended for hippotherapy. The breed orig-
inate from Hucul region in the East Carpathian
Mountains, however, the breeding included other re-
gions of Ukraine, Romania, Poland and Slovakia and
has been extended also to Czech Republic, Hungary
and Austria (Purzyc 2007, Trandzik et al. 2007,
Komosa and Purzyc 2009). Hucul horses are used not
only near Carpathian Mountains but also in Finland,
United Kingdom, Germany, France and even Repub-
lic of South Africa (Fornal et al. 2013). At present, the
largest population lives in Poland and according to
the Polish Horse Breeders Association it counts al-
most 2500 individuals (PHBA data).

Hucul horses are recognized as primitive breed, as
manifested by the phenotype, however, their origin is
controversial (Purzyc 2007, Komosa and Purzyc 2009,
Georgescu et al. 2011). It is generally believed, that
they are the descendant of the Tarpan horse, crossed
with different types and breeds including Mongol do-
mestic horses, Przewalski horses as well as Arabians,
Lipican, Hafling, Fjord and Nordik breeds (Purzyc
2007, Trandzik et al. 2007). According to the genetic
analyses, Hucul breed represents the only autoch-
tonous primitive breed surviving over the centuries in
Carpatian Mountains and is totally separate from the
other breeds, including pony class: Exmoor, Icelandic
Pony, Sorraia, Przewalski Horse, Mongolian Wild
Horse, Polish Konik, Shetland Pony and Caspian
Pony as well as Arabian and Akhal Teke (Georgescu
et al. 2011). The investigation of microsatellite
markers has shown that the mean number of alleles

per locus was higher than reported in literature for
other breeds (Fornal et al. 2013).

In any species, breed traits manifest as diversity in
the appearance and disposition, but may also produce
differences in blood composition, reflected by vari-
ations in hematological and biochemical variables. In
horses, several such differences have been reported
including higher erythrogram values in hot-blooded
horses, low hematocrit in draft horse and pony breeds
as well as other minor differences (Krumrych et al.
1993, Smith 2009, Grondin 2010). In the global litera-
ture, there are only few reports dealing with Hucul
horses, documenting mainly genetic studies (Geor-
gescu et al. 2011, Wnuk et al. 2011, Kusza et al. 2013)
and occasionally morphologic research (Purzyc 2007,
Purzyc et al. 2011).

Thus, the aim of this study was to extend the char-
acteristics of this breed by defining the reference in-
tervals (RIs) for selected hematological and biochemi-
cal variables on the basis of Hucul population in Be-
skid Niski Mountains.

Materials and Methods

The samples were collected in May 2011, from 168
Hucul horses, of both sexes, aged from 6 months to 23
years, from two main breeding stables in Beskid Niski
Mountains (an Eastern part of Carpathian Mountains
in Poland). The horses were kept in natural environ-
ment, on pasture during the day and in stables at
night. Pasture, situated not higher than 600 meters
above sea level, gave sufficient nutrition with grain
provided once a day. Water and salt were given ad
libitum. The horses were examined in the morning,
when they were in stables. They were handled by their
carers to minimalize the stress. The horses were se-
lected on the basis of standard clinical examination
and no clinical symptoms of any disease were noted.
All horses were dewormed and vaccinated according
to standard protocol in the stable. However, neither
of these procedures had taken place less than 2 weeks
before blood collection. All procedures were carried
out in accordance with the standards recommended
by the EU Directive 2010/63/EU for animal experi-
ments and approved by Local Ethic Committee.
Blood samples were collected by jugular venipuncture
into EDTA-3K tubes (Becton Dickinson) for hema-
tological tests and serological tubes (Becton Dickin-
son) for serum analyses. The tubes were kept in refrig-
erator (+4°C) and analyzed within 6 hours after col-
lection. The tubes with no anticoagulant were centri-
fuged at 4380 g for 5 minutes, serum was aspirated,
immediately frozen, and stored at -20°C until ana-
lyzed. Hematological variables: total number of white
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Table 1. Reference intervals (RIs) of hematological variables for Hucul horses.

Reference value

Descriptive statistics Reference Interval

Variable Units — — advisor
mean  median SD l?gleg(l)l;:;t ugge;élc;)lt n method
WBC x10°1 134 13.3 3.6 7.5 (5.9-8.1) 21.7 (19.4-25.8) 168 NPAR
WBC adults x10°1 12.4 12.3 2.9 7.3 (5.9-7.9) 18.1 (16.4-20.2) 135 NPAR
RBC x10'%/1 10.1 10.1 1.7 7.0 (6.6-7.3) 13.4 (12.8-14.5) 168 NPAR
HGB mmol/l 8.9 8.9 1.3 6.6(6.3-7.0) 12.1 (11.7-12.5) 168 NPAR
HCT n 0.43 0.43 0.07 0.31 (0.29-0.33) 0.60 (0.56-0.62) 168 NPAR
PLT x10%1 231.7 233 66.2 95.1 (29-129) 352.3 (333-407) 168 NPAR
MCV fl 42.7 43.0 4.0 35.0 (34.0-36.0) 50.0 (49.0-51.0) 168 NPAR
MCH fmol 0.89 0.89 0.09 0.74 (0.56-0.76) 1.06 (1.05-1.08) 168 NPAR
MCHC mmol/l 209 21.0 0.7 19.8 (13.7-20.1) 21.6 (21.5-21.8) 168 NPAR
MPV fl 5.9 5.8 0.5 5.2 (5.0-5.2) 7.0 (6.8-7.6) 168 NPAR
Total neutrophils x10%/1 6.8 5.8 1.8 3.4 (3.2-3.7) 10.6 (9.5-11.2) 66 NPAR
Bands x10%/1 0.12 0.12 0.13 0.0 (0-0) 0.54 (0.31-0.67) 66 NPAR
Segments x10%1 5.9 5.6 1.8 33(3.1-34) 10.3 (10.2-11.0) 66 NPAR
Eosinophils x10%1 0.31 0.3 0.24 0.00 (0-0) 1.06 (0.73-1.15) 65 NPAR
Basophils x10°1 0.07 0 0.09 0.0 (0-0) 0.35 (0.25-0.44) 66 NPAR
Lymphocytes x10°/1 6.1 5.8 24 1.9 (1.5-2.3) 11.6 (10.5-11.8) 66 NPAR
Monocytes x10%/1 0.02 0 0.05 0.00 (0-0) 0.20 (0.12-0.31) 66 NPAR

WBC - total number of white blood cells, HCT — hematocrit, HGB — hemoglobin concentration, RBC — number of red blood
cells, MCV - mean corpuscular volume, MCH - mean corpuscular hemoglobin, MCHC - mean corpuscular hemoglobin
concentration, PLT -total number of platelets, MPV — mean platelet volume, NPAR — non-parametric method

Table 2. Reference intervals (RIs) of blood biochemical variables for Hucul horses.

Reference value

Descriptive statistics Reference Interval

Variable Units — — advisor
mean  median SD l?\cwfrg(l)l;;;t u(p CpIe; 5171‘;1)1'[ n method
ALP U/l 220.1 211.1 81.3 98.0 (83.3-120.5) 425.0 (367.1-493.8) 96 NPAR
ALP adults U/l 191.1 185.5 59.3 89.9 (83.3-117.2) 357.6 (273.1-448.9) 74 NPAR
AST U/l 325.2 3205 66.3 2227 (172.1-231.8)  471.6 (458.2-534.7) 96 NPAR
GGTP U/l 16.8 16.5 4.8 9.1 (7.8-10.9) 31.0 (25.2-38.9) 96 NPAR
Total bilirubin umol/l 15.5 14.2 5.7 6.5 (6.0-8.6) 29.3 (26.5-32.5) 90 NPAR
CPK U/l 278.8 249.2 131.3 118.2 (112.8-133.5) 644.6 (555.3-6717.2) 94 NPAR
TG mmol/l  0.28 0.21 0.19 0.05 (0.04-0.07) 0.86 (0.70-0.89) 93 NPAR
Urea mmol/l  7.16 7.3 1.74 3.76 (3.50-4.49) 10.94 (9.57-13.16) 97 NPAR
Creatinine umol/l  83.22 81.33 20.07 43.63 (43.32-56.00)  144.00 (115.98-149.4) 93 NPAR
SAA ug/l 11222 8023  1098.2 129.3 (49.5-266.7)  5153.8 (3622.6-5222.3) 99 NPAR

ALP - alkaline phosphatase, AST — asparagine aminotransferase, GGT — gamma-glutamyl transpeptidase, CPK - creatine
phosphokinase, TG - triglicerides, SAA — serum amyloid A, NPAR - non-parametric method, *RUD - robust untransformed
data, **RTD - robust transformed data — chosen on account of normal distribution (Anderson-Darling test, p=0.090) and
symmetry (test for symmetry, p=0.500) of transformed data, ***STD - standard Box-Cox transformed data — chosen on account
of normal distribution (Anderson-Darling test, p=0.058) and lack of symmetry (test for symmetry, p=0.012) of transformed
data.
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Table 3. Parameters that differ significantly between foals (6 months — 1 year of age) and adult (>1 year of age) Hucul horses.

Parameter Foals Adults Student’s t-test
n mean (CI 95%) n mean (CI 95%) p-value
WBC [x10°/1] 33 17.5 (16.3-18.8) 135 12.4 (11.9-12.9) <0.0001
MCV [fl] 33 37.4 (36.7-38.0) 135 44.0 (43.4-44.5) <0.0001
PLT [x10°/1] 33 284.5 (263.7-305.3) 135 218.9 (208.4-229.3) <0.0001
ALP [U/1] 22 319.0 (290.0-348.1) 74 189.0 (175.7-202.2) <0.0001
CPK [U/] 24 182.0 (157.7-206.3) 70 312.0 (280.2-343.7) <0.0001
TG [mmol/l] 22 0.4 (0.3-0.5) 71 0.2 (0.16-0.22) <0.0001

WBC - total number of white blood cells, MCV — mean corpuscular volume, PLT — total number of platelets, ALP — alkaline

phosphatase, CPK - creatine phosphokinase, TG - triglicerides.

blood cells (WBC), hematocrit (HCT), hemoglobin
concentration (HGB), the number of red blood cells
(RBC), mean corpuscular volume (MCV), mean cor-
puscular hemoglobin (MCH), mean corpuscular he-
moglobin concentration (MCHC), total number of
platelets (PLT) and mean platelet volume (MPV)
were counted with an automated hematology analyzer
calibrated for equine species (ABX, Horiba). Differ-
ential counts of WBC were obtained from the ana-
lyzer and confirmed manually on blood smears by
counting 100 cells.

Serum activity of four enzymes — alkaline phos-
phatase (ALP), aspartate aminotransferase (AST),
gamma-glutamyl transpeptidase (GGT), creatine
phosphokinase (CPK), as well as serum concentration
of five biochemical compounds — total bilirubin, trig-
licerides (TG), urea, creatinine and serum amyloid
A (SAA) were measured.

Clinical biochemistry analyses including ALP,
AST, GGT, CPK, total bilirubin, TG, urea, and cre-
atinine were provided with automated clinical bio-
chemistry analyzer (Miura One, ISE. S.r.L, Italy). For
all measurements Pointe Scientific (USA) reagents,
standards, calibrators and controls were used. SAA
concentrations were measured using a double sand-
wich ELISA (Phase Serum Amyloid A Assay, Tridelta
Ltd., Ireland), according to manufacturer protocol.

Blood samples taken from six horses were tested
for all morphological and biochemical variables
3 times and the coefficients of variation (CV) were
calculated in order to evaluate precision of the tests.
For each value CV was below 5%, except for PLT
whose CV was between 5 and 10%.

Total number of hematological results from 168
horses was used to calculate RIs for morphological
variables, 66 results for leukocyte subpopulations, 97
for biochemical variables and 106 for SAA. Every
time cases were removed from the analysis when clas-
sified as outliers according to Tukey’s rule (Tukey
1977). RIs were calculated using Reference Value

Advisor (Geffre et al. 2011). Method of RI calculation
depended on the number of available cases and dis-
tribution of data points checked with Anderson-Dar-
ling test (h=0.05). Briefly, RIs for all variables except
for ions were calculated using nonparametric method.
Robust Horn or parametric methods were used for
ions, with Box-Cox transformation if necessary.

Means of all values were compared between foals
(6 months — 1 year-old) and adult horses using Stu-
dent’s t-test for unpaired samples (a=0.05). However,
even if significant differences were observed separate
RIs were calculated only for adults due to small
number of foals (22-33 foals depending on a variable)
insufficient to substantiate the decision about par-
titioning of the sample (CLSI 2010). Linear correla-
tion between leukocyte subpopulations counted by
automated and manual methods was evaluated using
Pearson’s product-moment correlation coefficient on
66 blood samples.

Results

Precise RIs determined for certain hematological
and biochemical parameters in Hucul horses are pres-
ented in Tables 1 and 2. The variables that differed
significantly between foals and adults are shown in
Table 3.

Discussion

The results obtained in our study were generally
closer to these reported in hot-blooded then in
draught and primitive horses (Krumrych et al. 1993,
Szarska 1999, Hinchcliff and Geor 2004, Smith 2009,
Grondin 2010, Winnicka 2011, Niedzwiedz et al.
2013). However, RlIs established for hot-blooded
(Szarska 1999, Hinchcliff and Geor 2004, Winnicka
2011), cold-blooded (Smith 2009, Winnicka 2011) and
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wild equidae (Walzer 2003) are wide, so the differen-
ces are not substantial. In some studies focused on
particular breeds narrower ranges were proposed
(Geiser and Held 1984, Harvey et al. 1984, Krumrych
et al. 1993, Cebulj-Kadunc et al. 2002, Kedzierski and
Kowalik 2009, Kedzierski et al. 2009). Most of these
reports were provided long time ago using different
analytical and statistical methods and the intervals are
usually presented as arithmetic mean + standard devi-
ation. Thus, to investigate breed specific features we
compared the values (means £ SD) obtained in our
study to those reported for particular breeds rather
than general RIs.

From the genetic standpoint Hucul horses are
classified separately from all other breeds, including
primitive ones (Georgescu et al. 2011). Our results
indicate that also hematological variables in Huculs
markedly differ from that determined for Polish
Konik (referred also as Polish Primitive Horse)
(Krumrych et al. 1993). Krumrych et al. (1993) re-
ported that RBC in Polish Konik (7.1+1.1x10%/1) was
close to that established for American Miniature
Horses, Percherons and draught horses, but much
lower than RBC determined by us for Huculs
(10.1£1.7x10°/1). Similarly, HCT and HGB values
measured in our study were higher than these ob-
served in Polish Konik (0.43£0.07 vs. 0.34+0.04 1/1 and
8.9+1.3 vs. 8.5£1.7 mmol/l, respectively). Krumrych et
al. (1993) interpreted their results as moderate, not
low values. Erythrogram results determined in our
study were closer to the values proposed for Thor-
oughbred horses in training (Szarska 1999, Hinchcliff
and Geor 2004, Grondin 2010, Winnicka 2011) or to
these determined in zebras (Walzer 2003). This fact
may be explained by life conditions of Hucul horses,
originating from Carpathian Mountains. We do not
interpret it as adaptation of individuals to mountain
conditions, as the horses examined in our study were
kept on pasture not higher than 600 m.a.s.l. It is poss-
ible, however that high erythrogram values pose the
breed feature in Huculs that increases their tolerance
to environmental conditions and predispose them to
work in the mountains.

The total numbers of WBC, as well as the numb-
ers of neutrophils determined in our study were high
(13.443.6 and 5.9+1.8x10%/1, respectively) when com-
pared to these reported by Krumrych et al. (8.8£2.1
and 4.1+1.1x10%/1, respectively) but also the ones deal-
ing with hot-blooded horses (including Thorough-
breds and Arabians) (Szarska 1999, Hinchcliff and
Geor 2004, Grondin 2010, Winnicka 2011). In the
horses, the upper limit of reference intervals are
usually established close to 15x107%1, although it is also
suggested to interpret the values higher than 14x10%1
as moderate leukocytosis (Grondin 2010). On the

other hand, the phenomenon known as physiologic
leukocytosis, when WBC counts reach 25x107/1, result-
ing from excitation is frequent in horses, particularly
unaccustomed to being handled (Grondin 2010). The
high upper limit of RI for WBC observed in our study
resulted perhaps from concurrent analysis of data
from adults and foals, which had significantly
(p«0.001) higher WBC due to both the age and excita-
tion. When RI was analyzed only for adults the limits
were lower. Hucul horses are kept mainly in
close-to-natural condition and are not accustomed to
blood collection. In this study we minimize the stress
by examining horses in the stable where they were
handled by their carers. However, in some horses and
particularly the foals, the impact of excitation on the
results cannot be ignored.

Physiological ranges of leukocyte differential
counts presented in the literature differ considerably
and the effect of age and physiological status of the
horse on the leukocyte subpopulations is emphasized.
Thus, our results are generally in line with literature
data and no breed-specific features can be proposed.
It should also be mentioned that the numbers of neu-
trophils and lymphocytes computed by the analyzer
strongly correlated with that established by manual
count (r=0.78 and r=0.88, respectively, both
p«0.001), but such correlations were not observed in
case of eosinophils and monocytes numbers (r=0.14,
p=0.259 and r=0.06, p=0.679, respectively). Given
that neutrophils and lymphocytes are main and the
most numerous leukocyte subpopulations, the data
obtained from this equipment are accurate and suffi-
cient for clinical application of differential count.
However, it is always recommended to perform man-
ual count that allows evaluation of the morphology of
blood cells and their precise identification (Barrelet
and Ricketts 2002).

Biochemical variables were generally similar to
those established for hot-blooded horses (Hinchcliff
and Geor 2004, Winnicka 2011), Polish Konik (Ked-
zierski and Pluta 2013, Niedzwiedz et al. 2013) and
wild equidae (Walzer 2003). Only the upper limits of
RI for ALP and CPK were surprisingly high. In case
of ALP it may be explained by concurrent analysis of
data from adults and foals as the latter had signifi-
cantly (p<0.001) higher ALP activity. It is generally
known that ALP activity is higher in young animals
due to skeletal growth and the values similar to that
obtained in our study can be found in literature (Price
et al. 1995). When only adults were taken into con-
sideration the upper limit of RI 360 U/l was roughly
similar to upper limits established by other authors
(Winnicka 2011, Niedzwiedz et al. 2013).

The upper limit of RI for CPK activity determined
in our study was higher than commonly accepted in
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equine practice (Szarska 1999, Hinchcliff and Geor
2004, Kedzierski et al. 2009, Smith 2009, Kedzierski
2011, Winnicka 2011, Kedzierski and Pluta 2013).
Several factors reflecting the status of skeletal muscles
are known to result in an increase in CPK activity.
Low-grade chronic muscle damage and short term re-
versible effect of strenuous exercise seem the most
important (Szarska 1999, Hinchcliff and Geor 2004,
Winnicka 2011, Niedzwiedz et al. 2013). The horses
involved in our study did not exercise. In case of
muscle damage, regardless the cause, CPK activities
reach much higher values than determined in our
study (Szarska 1999, Knoepfli 2002, Smith 2009). The
other cause of higher CPK activity is the contamina-
tion of needle with tissue during blood collection
(Meyer 2004), however, it is not likely in the horses
examined in our study. It is generally accepted that
CPK activity is related to the muscle mass. This has
been confirmed in our study by lower values in the
foals than in adults. Thus, it can be postulated that
high CPK activity in Hucul horses reflects the relative-
ly large muscle mass in this breed.

SAA is usually not included in routine blood
analysis, however, it is known as good indicator of
inflammation. Moreover, it has been reported as use-
ful in the evaluation of herd health status (Petersen et
al. 2004). Commonly accepted RI for SAA is very
wide (0-20 mg/l) (Hinchcliff and Geor 2004), but the
values reported in horses well trained for endurance
competitions did not exceed 1 mg/l (Cywinska et al.
2010). The levels detected in healthy, but not regular-
ly trained horses were below 7 mg/l (Hulten et al.
1999) and similar results were obtained also in our
study.

In conclusion, this is the first study providing RlIs
for blood variables for Hucul horses. The results have
shown that basic hematological variables in Hucul
horses are closer to hot-blooded horses than to Polish
Konik. RIs are quite wide due to various age and
physiological status of horses. Ideally, it is recommen-
ded to establish a set of normal values for each indi-
vidual. In this way early and subtle change may be
detected (Barrelet and Ricketts 2002, Meyer 2004,
Kedzierski and Pluta 2013). It is useful and practiced
in case of performance horses but not in Hucul stables
where veterinary examination is much less frequent.
Thus, breed-specific RIs seem to be useful in veterin-
ary practice.
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