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The Lusitano horse is an autochthonous Portuguese breed with a growing
worldwide expansion. Our objective was to establish reference intervals for hae-
matological parameters using the haematological cell counter LaserCyte (IDEXX).
For this purpose, blood samples from 100 healthy adult horses (13 females and 87
males, ranging from 3 to 25 years of age) were analysed. The reference intervals
were estimated following the ASVCP guidelines with the Reference Value Advi-
sor software. The obtained reference intervals were 6.4-10.1 x 10'%/L for red
blood cells, 30.6-45.1% for haematocrit, 11.6-17.1 g/dL for haemoglobin, 42.8—
53.2 fL for mean corpuscular volume (MCV), 15.5-20.8 pg for mean corpuscular
haemoglobin (MCH), 33.7-39.4 g/dL for mean corpuscular haemoglobin concen-
tration, 17.8-20.3% for red cell distribution width (RDW), 4.5-10.1 x 10°/L for
white blood cells, 2.2-6.0 x 10°/L for neutrophils, 0.9-4.9 x 10°/L for lympho-
cytes, 0.2-0.5 x 10°/L for monocytes, 0.1-0.6 x 10°/L for eosinophils, 0.0-0.1 x
10°/L for basophils, 78.5-172.2 K/mL for platelets, 4.3-9.4 fL for mean platelet
volume, 18.8-24.2% for platelet distribution width, and 0.06-0.12% for plate-
letcrit. LaserCyte equine reference intervals are transferable to the Lusitano horse
for 18 of the 22 analytes studied. Regarding age, significant statistical differences
were observed for MCV, RDW, neutrophils and lymphocytes between the mean
values of young (3—6 years old), middle-aged (7—14 years old) and old (> 15 years
old) age groups. MCH means were statistically significantly different between the
three age groups. The haematological reference intervals established in this study
might represent a valuable and applicable tool for haematological assessment of
adult Lusitano horses, providing useful information that helps clinicians to inter-
pret clinical data.
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The Lusitano horse is an autochthonous Portuguese breed considered to be
the most important native equine breed in Portugal with a growing worldwide
expansion (Vicente et al., 2009). This breed has also contributed to the develop-
ment of horse breeds in other parts of the world, especially on the American con-
tinent (Luis et al., 2007). The Lusitano horse is considered a ‘hot’ breed and a di-
rect descendant of the Iberian horse, being one of the oldest saddle breeds in the
world. It is an excellent horse for bullfighting and for almost all modern eques-
trian sports. The Lusitano breed is considered a minority breed with only 20,000
specimens all around the world (APSL, 2012), with a registered census of about
5000 breeding mares, about half of which are kept in Portugal and the remainder
are spread throughout the world (Vicente et al., 2009). At present, 32 different
countries breed and register Lusitano horses. Besides Portugal, there are im-
portant Nucleus and Breeders’ Associations in countries including Australia,
Belgium, Brazil, Colombia, Denmark, Ecuador, Finland, France, Germany, Italy,
Mexico, The Netherlands, Norway, South Africa, Spain, Sweden, Switzerland,
United Kingdom, and the United States of America (APSL, 2012).

The Lusitano horse has a very long history, with pedigree information da-
ting back to the beginning of the 19th century, and presents nowadays a mean in-
breeding of 11.34% (Vicente et al., 2012), which is similar to that observed in
Pura Raza Espafiola (Valera et al., 2005), Lipizzaner (Zechner et al., 2002) and
Thoroughbred horses (Cunningham et al., 2001). Considering that the Lusitano
horse is an ancestral breed kept with some levels of inbreeding, it is of relevance
for the study of haematological parameters and the respective confidence intervals.

The haematological reference intervals commonly used in veterinary med-
icine can be influenced by internal factors like age, sex or breed, as well as fac-
tors such as environment, lifestyle and time of the year (Piccione et al., 2008;
Fazio et al., 2011; Friedrichs et al., 2012; Vazzana et al., 2014). Thus, published
reference values may not be directly applicable to this particular breed. To the best
of the author’s knowledge, there are no studies about haematological reference
intervals (RI) in Lusitano horses. In view of this, our aim was to establish haema-
tological RI for Lusitano horses using the LaserCyte (IDEXX) in a well-defined
reference sample population, with well-characterised analytical methods, and to
compare them to the RI established by the manufacturer for horses in general.

Materials and methods

Study population

This study was conducted in northern Portugal using purebred Lusitano
horses from private owners stabled in their normal environment. The study in-
cluded 100 adult Lusitano horses (13 females and 87 males). To study the effect
of age on the haematological profile, the horses were divided into three groups:
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young (3—6 years old; n = 41), middle-aged (7-14 years old; n = 36) and old
(> 15 years old; n = 23). Regarding the effect of sex, the horses were grouped in-
to males (non-castrated) and females.

The horses were kept under natural photoperiod and ambient temperature
(climate classification: warm temperate with dry summers) in individual stalls,
with free access to water and were fed twice a day with hay (2% body weight)
and commercial feed (14% protein and 4.35% fat). In general, all animals were
exercised three times a week for approximately one hour on a regular basis. All
owners gave their informed consent to the use of their animals’ data. The study
was ethically approved by the board of the University of Tras-os-Montes e Alto
Douro Veterinary Teaching Hospital as complying with the Portuguese legisla-
tion for the protection of animals (Law no. 92/1995, 12 September), and fol-
lowed the ASVCP guidelines (Friedrichs et al., 2012). For the present study, in-
clusion and exclusion criteria were established prior to sample collection, as fol-
lows: only adult healthy animals, routinely dewormed and vaccinated against tet-
anus and influenza in the previous 6 months, were included. For each horse the
owners or caretakers stated the normal physical condition and regular activity,
lack of signs of disease or any health problems in the previous 6 months. Before
blood sampling, all animals had a normal complete physical examination includ-
ing visual inspection, rectal temperature, heart and respiratory rates, appearance
of mucous membranes and capillary refill time, pulmonary, cardiac and ab-
dominal auscultation. Animals that were deemed unhealthy, had undergone sur-
gery or received any medication in the previous 6 months, as well as pregnant
and lactating mares were excluded. Samples from animals that were excited or
agitated at the time of sampling were also excluded.

Sample collection and haematological analyses

Blood samples were collected during the spring, in the morning period from
non-fasted animals, and obtained by jugular venepuncture with a 5-mL syringe
and a 20-gauge needle, and placed into a 1-mL EDTA K3 container (IDEXX
Vetcollect). All samples were kept at 2—4 °C during transportation, analysed within
4 h of collection and processed at the Clinical Pathology Laboratory of the Uni-
versity of Tras-os-Montes ¢ Alto Douro Veterinary Teaching Hospital. The sam-
ples were analysed by the use of LaserCyte (IDEXX), previously validated for
use in equine medicine (Silva et al., 2010; Silvestre-Ferreira et al., 2010a, 20105)
and following the manufacturer’s instructions. Samples with agglutination signs
were rejected. The studied parameters were red blood cells (RBC), haematocrit
(HTC), haemoglobin (HGB), mean corpuscular volume (MCV), mean corpuscu-
lar haemoglobin (MCH), mean corpuscular haemoglobin concentration (MCHC),
red cell distribution width (RDW), white blood cells (WBC), neutrophils (NEU),
lymphocytes (LYM), monocytes (MONO), eosinophils (EOS), basophils (BASO),
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platelets (PLT), mean platelet volume (MPV), platelet distribution width (PDW)
and plateletcrit (PCT).

Statistical analyses

The calculations of basic descriptive statistics, RI, their confidence inter-
val limits (90%) and the linear regression coefficients of age on the analytes were
performed with the Reference Value Advisor V 2.1 software, a free set of macro-
instructions to calculate RI with Microsoft Excel (Geffié et al., 2011). The RI were
estimated according to the ASVCP guidelines (Friedrichs et al., 2012), namely
those recommended for sample sizes (x) included in the interval of 40 < x < 120.
The Anderson—Darling test was used to assess normality, and the outliers were
identified by Tukey and Dixon—Reed methods and eliminated after visual evalua-
tion. Depending on the distribution, the parametric or robust method with or
without Box-Cox transformation was applied to calculate 95% population-based
RI. Following the guidelines (Horowiz et al., 2008; Friedrichs et al., 2012; Sam-
ple et al., 2015) in order to determine whether LaserCyte (IDEXX) equine RI are
transferable to Lusitano horses, the acceptance criterion was as follows: after the
elimination of outliers, less than 10% of the results fell outside the LaserCyte
(IDEXX) equine RI. This method replicates the binomial test.

The calculations to investigate the eventual significant differences in rela-
tion to sex and age groups (young, middle-aged, old) were performed with IBM
SPSS V.21.0. The normality assumption was checked with the Shapiro—Wilk test
and homoscedasticity with Levene’s test. The data proving to be not normally
distributed were subjected to Independent-Samples Mann—Witney U Test to in-
vestigate if the distribution was the same across sex categories. The normally dis-
tributed analytes were subjected to a one-way analysis of variance (ANOVA)
and Robust Tests of Equality of Means (Welch, Brown-Forsythe). Multiple com-
parisons among means were made by the Games—Howell method. Statistical sig-
nificance was set at P < 0.05.

Results

One hundred adult Lusitano horses (13 females with a mean age of 10 +
6.1 years ranging from 3 to 19 years, and 87 males with a mean age of 9.2 £ 5.5
years ranging from 3 to 25 years) were enrolled in the study.

The established reference intervals are presented in Table 1. LaserCyte
(IDEXX) equine RI are not transferable to Lusitano horses in parameters MCHC
(33.7-39.6 g/dL), WBC (4.1-9.4 10°/L), LYM (1-4.7 10°/L) and BASO (0-0.1
10°/L) because, after excluding the outliers, more than 10% of the samples fell
outside the LaserCyte (IDEXX) RI values.
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Table 2

Effect of age on haematological parameters in the Lusitano horse

Age effect
Young Middle-aged Old
Parameter (n=41) (n=36) (n=23) Significance (P)
Mean (SD)
a 8.1212» 7.9375% 7.6200° Young vs. Middle-aged, P = 0.682
(0.97668) (0.94773) (0.76968) Young vs. Old. P =0.073
Middle-aged vs. Old, P = 0.350
MCV 46.0172 48.111° 49.227° Young vs. Middle-aged, P < 0.001
(fL) (1.6432) (1.4983) (2.1922) Young vs. Old, P <0.001
Middle-aged vs. Old, P = 0.104
MCH 17.44682 18.3106° 19.2191¢ Young vs. Middle-aged, P = 0.005
(pg) (1.2647) (1.07395) (1.18455) Young vs. Old, P <0.001
Middle-aged vs. Old, P=0.015
RDW 19.215% 18.725° 18.695° Young vs. Middle-aged, P = 0.001
(%) (0.5829) (0.5101) (0.5296) Young vs. Old, P =0.002
Middle-aged vs. Old, P =0.976
NEU 51.668: 61.833° 64.736° Young vs. Middle-aged, P < 0.001
(%) (8.4615) (8.0355) (4.7794) Young vs. Old, P < 0.001
Middle-aged vs. Old, P =0.205
LYM 39.924¢ 29.311° 27.391° Young vs. Middle-aged, P < 0.001
(%) (9.4417) (7.9741) (4.9254) Young vs. Old, P <0.001
Middle-aged vs. Old, P = 0.498
NEU 3.5715 4.1044° 4.2532° Young vs. Middle-aged, P = 0.024
(x 10%) (0.69424) (0.99192) (0.84631) Young vs. Old, P = 0.007
Middle-aged vs. Old, P = 0.817
LYM 2.8607 1.9375° 1.7968° Young vs. Middle-aged, P < 0.001
(x 10% (1.07559) (0.61019) (0.45353) Young vs. Old, P < 0.001
Middle-aged vs. Old, P =0.579
PDW 20.6682 21.175° 21.277% Young vs. Middle-aged, P = 0.198
(%) (1.0558) (1.4389) (1.6245) Young vs. Old, P = 0.266

Middle-aged vs. Old, P =0.968

Multiple comparisons among means were made by the Games—Howell method. RBC: red blood
cells, MCV: mean corpuscular volume, MCH: mean corpuscular haemoglobin, RDW: red cell dis-
tribution width, NEU: neutrophils, LYM: lymphocytes, PDW: platelet distribution width

Regarding the effect of age on the analytes, data of all the animals were
analysed by a simple linear regression method and a negative regression coeffi-
cient (b) was found for RBC (b = -0.040, P < 0.017), RDW % (b =-0.038, P <
0.001), LYM % (b = -0.936, P < 0.0001) and LYM (b = —0,081, P < 0.0001);
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while a positive regression coefficient (b) was observed for MCV (b =0.222, P <
0.0001), MCH (b = 0.121, P < 0.0001), NEU % (b = 0.963, P < 0.0001), NEU
(b=0.047, P <0.003) and PDW % (b =0.061, P <0.014). No statistically signif-
icant results were found for the other parameters analysed.

In order to better clarify the effect of age, the mean and standard deviation
for the parameters that revealed significantly different regression coefficients
were calculated within each age group, and the Games—Howell method was used
to make multiple comparisons among age group means for each of those analytes
(Table 2). For all these parameters the mean of the young group differed from the
means of the other two groups. Only the parameter MCH presented statistically
significant differences between the three age groups. For RBC and PDW no sig-
nificant differences were observed among the age groups, despite the previously
obtained significant difference of the regression coefficients.

A significant effect of sex on RBC, HCT, HGB, WBC, MONO %, BASO
% and LYM was demonstrated (Table 3). All of the above parameters were sig-
nificantly higher in females than in males except for MONO % and BASO %
which were significantly higher in males than in females (P < 0.05).

Table 3

Effect of sex on haematological parameters in the Lusitano horse

Sex effect
Haematological Females (n=13) Males (n = 87)
parameter Significance
Mean gtapdgrd Mean Star}d{ird ®)
eviation deviation

RBC (x 10°L™) 8.53 0.93 7.83 0.89 0.014
HCT (%) 40.56 3.38 37.12 3.84 0.004
HGB (g/dL) 15.40 1.07 14.16 1.32 0.003
WBC (x 10° LY 7.72 1.73 6.63 1.18 0.006
LYM (x 103) 2.93 1.35 2.22 0.85 0.013
MONO (%) 3.55 0.84 4.55 1.24 0.008
BASO (%) 0.23 0.13 0.34 0.15 0.013

The statistical method was a one-way analysis of variance (ANOVA). RBC: red blood cells, HCT:
haematocrit, HGB: haemoglobin, WBC: white blood cells, LYM: lymphocytes, MONO: mono-
cytes, BASO: basophils

Discussion

It is well known that several factors including breed, age (Kramer, 2000;
Southwood, 2013), sex, reproductive and athletic status (Piccione et al., 2008; Pic-
cione et al., 2010; Fazio et al., 2011; Bazzano et al., 2014; Vazzana et al., 2014), as
well as geographic location and environment (Friedrichs et al., 2012) influence the
haematological profiles of horses. Comparative studies on haematological RI are
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difficult to perform due to the use of different samples, methodologies, haemato-
logical analysers and interval calculation methods. Additionally, some studies do
not specify exactly the reference sample population, making it difficult to deter-
mine if RI are appropriate for clinical use (Pritchard et al., 2009; Friedrichs et al.,
2012). Finally, most of the time, the absence of appropriate in-house RI leads cli-
nicians to use published RI, or RI from instrument manufacturers, in order to inter-
pret laboratory results (Friedrichs et al., 2012; Leidinger et al., 2015).

In the present study, the RI for haematological parameters were deter-
mined in Lusitano horses using the haematological cell counter LaserCyte
(IDEXX). The resulting haematological RI of some parameters (Table 1) partial-
ly overlap between Lusitano horses and other breeds reported in the literature.
The RI of RBC in Lusitano horse (6.2-9.6 x 10° L™") is similar to that of Spanish
horses (6.3-12.3 x 10° L") (Mufioz et al., 2012) but lower than that of Standard-
bred horses in Italy (mean 9.11 + 0.67 x 10° L™") (Padalino et al., 2014). The RI
of HCT in the present study (29.5-45.3%) is slightly higher than that of the Kiso
horse (28.9-36.9%) (Takasu et al., 2013) and working horses in Pakistan (25—
40.3%) (Pritchard et al., 2009) but somewhat overlaps with that of Spanish hors-
es (33-45.5%) (Muioz et al., 2012) and Thoroughbreds (37.9-45.5%) or Stand-
ardbreds (34.8-41.8%) (Moms, 1989). The mean MCV in Lusitano horses (47.4 +
2.2 fl) is higher than that of Standardbred horses in Italy (mean 42 + 2.62 fl)
(Padalino et al., 2014), but lower than that of Spanish horses (mean 48.55 + 4.15 fl)
(Mufioz et al., 2012). The mean MCHC in Lusitano horses (37.2 + 1.5 g/dL) pre-
sents similarities to that of Standardbred horses in Italy (mean 36.94 = 0.6 g/dL)
(Padalino et al., 2014) but is higher than that of Thoroughbreds (31.5 £ 2 g/dL),
Arabians (34.9 + 1 g/dL) and Lipizzaners (31.4 = 0.94 g/dL) reported in equine
medicine textbooks (Kingston, 2004a).

Regarding total WBC, the RI in Lusitano horses (4.1-9.4 x 10° L") over-
laps the values reported from New Bolton Center (4.9-10.3 x 10° L™") (South-
wood, 2013) but is lower than the values for hot-blooded breeds (5.4-14.3 x
10° L") published in an equine hospital manual (Kramer, 2000). The means of
total WBC in Spanish horses (11.35 + 3.4 x 10° L™") (Mufioz et al., 2012) and
Arabian horses (9.53 + 2.35 x 10° L") (Kingston, 2004b) are higher than that
found for the Lusitano horse (6.8 = 1.3 x 10’ L™"). The RI for LYM found in the
present study (1-4.7 x 10%) is lower than that published for hot-blooded breeds in
an equine medicine textbook (1.5-7.7 x 10%) (Kramer, 2000), and the mean of
LYM (2.3 + 0.9) is also lower compared to that of Arabian horses (4 + 1.3 x 10°)
or Spanish horses (5.34 + 3.12 x 10*) (Muifioz et al., 2012).

The use of inappropriate RI may lead to misinterpretation of laboratory re-
sults, resulting in inappropriate diagnosis and inadequate treatment (Friedrichs et
al., 2012). In order to be transferable between breeds, reference intervals should
come from a similar animal population and be collected under similar preanalyti-
cal conditions as those used by the adopting laboratory (Horowiz et al., 2008;

Acta Veterinaria Hungarica 66, 2018



538 SILVESTRE-FERREIRA et al.

Friedrichs et al., 2012). These facts emphasise the importance of performing
standardized studies, according to ASVCP guidelines, with regard to autochtho-
nous breeds in their own environment, which is the case of present study.

As stated before, several factors including sex and age may influence the
haematological profile. As regards gender and age, the horses included in this
study were at least 3 years old and males were overrepresented, although this
was considered to be representative of the overall population of Lusitano horses
in Portugal. Nevertheless, variations related to age were detected and a signifi-
cant effect of sex on some parameters was found. In our study, differences relat-
ed to age in RBC, MCV and MCH are consistent with the results presented for
other equine breeds, such as Thoroughbred and Spanish Purebred horses (Her-
nandez et al., 2008) and Carthusian pregnant mares (Satué¢ et al., 2009). In all
these breeds, as in our study, a reduction in RBC count, with a compensatory in-
crease in MCV and MCH, was associated with aging. The NEU/LYM ratio in-
creased with aging, as previously described in other horse breeds (Jain, 1993;
Hernandez et al., 2008).

In horses, minor differences have been reported on the effect of sex on the
haematological and biochemical parameters; however, there is a lack of consensus
on this issue, mainly because the results were obtained in different breeds, which
makes it difficult to compare them. In our study, females presented higher RBC,
HTC and HGB than previously described for racing Arabian horses (Gill and
Rastawicka, 1986). Regarding the WBC count, our results are similar to those re-
ported by Satué et al. (2012); in particular, WBC counts are higher in females
(7.72 £ 1.73 x 10° L") than in stallions (6.63 £ 1.18 x 10° L™, as recently found
in Spanish Purebred horses (Satué et al., 2012). However, a limitation of the pre-
sent study is that the sample size did not allow the calculation of an RI for sex.

To the best of the authors’ knowledge, this is the first report on the normal
haematological reference intervals for adult Lusitano horses. The present results
indicate that LaserCyte RI are acceptable for the clinical practice for all haemato-
logical parameters except MCHC, WBC, LYM and BASO, because for these lat-
ter parameters, after excluding the outliers as indicated by ASVCP guidelines
(Friedrichs et al., 2012), more than 10% of the samples were out of the La-
serCyte (IDEXX) RI values. For the latter parameters the following RI should be
used: MCHC 33.7-39.6 g/dL; WBC 4.1-9.4 x 10°/L; LYM 1-4.7 x 10°/L;
BASO 0-0.1 x 10°/L.

In conclusion, the haematological reference values established in this study
represent valuable and applicable ranges for the haematological assessment of
healthy adult Lusitano horses, providing useful information that could help clini-
cians to better interpret clinical data. However, further studies are needed in order
to completely characterise the haematological RI of Lusitano horses, particularly
on larger sample sizes that allow a more specific approach by age range, reproduc-
tive and athletic status.
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