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Abstract Appropriate hematological reference intervals mit-
igate the risk of unnecessary investigations and failures on
disease diagnosis. Species, breed, environment, handling, and
physiologic stage could influence hematological variables. In
this context, there is a lack of hematological reference inter-
vals for Péga donkeys, an important Brazilian asinine breed.
This study aimed to establish hematological reference values
for Péga donkeys and determine the influence of age and sex
on these variables. The complete blood count of samples
collected from 110 animals, 79 females and 31 males was
performed, maintained under field conditions. The animals
under 1 year old (three females and five males) were moni-
tored by collections on the day of birth, on 3rd, 7th, 15th day,
and monthly until 12 months of life, while the other donkeys
were sampled once. There were differences in several vari-
ables analyzed, confirming the requirement of different refer-
ence intervals according to age group and sex. Moreover,
differences among the values obtained and those of previous
studies show a breed influence on the hematological variables
of donkeys. For Péga breed donkeys, animal’s age and sex
influence most of the hematological variables. This study can
be useful in the clinical routine and serve as basis to other
scientific researches related to Péga donkeys.
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Introduction

The Péga donkey (Equus asinus), the most popular Brazilian
breed, is a big asinine that has Iberian origin, being also
popular in some other countries in South America as
Bolivia, Paraguay, and Colombia. Its breeding started in
Minas Gerais State and, since then, the Péga breed has been
selected for more than two centuries, mainly to produce out-
standing saddle-type mules. Nowadays, the Brazilian
Association of Péga Donkey Breeders (ABCJ Péga) has ap-
proximately 2,000 members and about 20,000 mules and
donkeys registered (Canisso and McDonnell 2010).
However, a limited number of researches about hematological
and serum biochemical variables of this species in Brazil have
been performed (Campos et al. 1968; Gacek et al. 1973,
1975a, b; Perdigdo de Oliveira et al. 1974, 1980, 1983;
Godoy 2003; Mori et al. 2003, 2004, 2010a, b; Gravena
et al. 2010; Gameleira et al. 2011; Cavalcante et al. 2012;
Girardi et al. 2013), and this number is further reduced when
speaking specifically of Péga breed (Campos et al. 1968;
Girardi et al. 2013). Much of necessary informations to clin-
ical activities with donkeys are extrapolated from those
existing for horses, which could not be a valid comparison
(Aluja et al. 2001). Despite belonging to the same family
(Equidae) and the same genus (Equus), horses and donkeys
exhibit very different characteristics in their erythrograms
(Perdigdo de Oliveira et al. 1974). In general, veterinarians
have dispensed little attention to this species, and in most
schools of veterinary medicine, donkeys are not included in
the study plans (Aluja et al. 2001).

Changes in hematological variables for donkey breeds and
populations may be influenced by age, sex, and the time of
sampling in relation to exercise, geographical, and nutritional
factors (Mori et al. 2004) and should be considered in the
clinical analysis of these animals. Often, veterinarians and
owners are faced with difficulty in interpreting biological
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analysis results from asinines by lack of reference ranges
clearly established (Pitel et al. 2006). This study aimed to
evaluate the influence of age and sex on hematological refer-
ence intervals of Péga donkeys and obtain data which will
guide more accurate interpretation of blood samples from
donkeys and serve as basis for future scientific investigations.

Materials and methods
Animals

For this study, blood samples were collected from 110 don-
keys, 79 females and 31 males, apparently healthy (based on
the animal’s history, physical examination, and biochemical
analyzes performed concomitantly), maintained under field
conditions, bred for reproductive purposes in three donkey
herds of Sdo Paulo and Minas Gerais States, Brazil. All farms
had the same breeding system, fed on pasture, with supply of
feed and mineral mixture when necessary, and appropriated
health management.

Sample collection

The animals under 1 year old had blood collected on the day of
birth, on 3rd, 7th, 15th day, and monthly until 12 months of life,
amounting 124 samples collected from these individuals, with
collection period from February 2010 to December 2011. The
other donkeys were separated into two age groups: 1 to 3 years
(33 animals) and over 3 years old (69 animals), each animal
sampled only once, between September 2009 and May 2011.
The collections were performed during the morning, in
nonfasting animals, only under mechanical restraint, by closed
evacuated system (BD Vacutainer)' using multiple sample
needles and plastic tubes of 4 mL volume with dipotassium
ethylenediaminetetraacetic acid anticoagulant (K,EDTA
7.2 mg). The collection was conducted by external jugular
venipuncture after proper regional antisepsis, up to complete
capacity of the tube (Meyer et al. 1995). The samples were mixed
after collection and packed in cooler with reusable ice packs for
temporary storage and transportation. When they could not be
immediately processed, the samples were stored under refriger-
ation at 4 °C during a maximum period of 12 h (Jain 1993).

Hematological analysis

Red blood cell count (RBC), white blood cell count (WBC),
platelet count, packed cell volume (PCV), and hemoglobin
concentration (Hb) were measured using an automated veter-
inary hematology analyzer (ABXVET).? The differential

! BD Diagnostics—Preanalytical Systems, Sdo Paulo, Sdo Paulo, Brazil
2 Horiba ABX, Montpellier, Hérault, France
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leukocyte count (basophils, eosinophils, bands, segmented
neutrophils, lymphocytes, and monocytes) was performed
by blood smear analysis, stained by modified Rosenfeld meth-
od, using light microscopy. The analyses were performed at
the Clinical Pathology Laboratory of the Veterinary Hospital
“Governador Laudo Natel”, School of Agrarian and
Veterinary Sciences, Sao Paulo State University, Jaboticabal,
Brazil.

Data analysis

Data analysis was performed using a statistical software
(GraphPad InStat version 3.10, 32 bit for Windows).® Each
parameter was tested for normality applying the Kolmogorov
and Smirnov methods. The reference intervals were given as
mean + SD, or median = SD when the reference intervals did
not have a Gaussian distribution, and the 95 % confidence
limits. Tukey—Kramer multiple comparison test was used to
determine the effect of age on hematological variables for
normally distributed data, and if data did not seem to be
normally distributed, a nonparametric test (Kruskal-Wallis
test and Dunn’s multiple comparisons post test) was used.
Unpaired ¢ tests were used to determine the effect of sex on
hematological variables for normally distributed data, and
nonparametric tests (Mann—Whitney U test) were performed
for data not normally distributed. Unpaired ¢ tests were also
used to compare the present results with hematological refer-
ence intervals of donkeys from other studies. Dixon—Reed and
Tukey’s tests were performed to help the identification of
additional outliers using a set of macroinstructions
(Reference Value Advisor V 1.4) (Geffre et al. 2011) for
spreadsheets (Microsoft Excel).* The level of statistical sig-
nificance was set at P<0.05.

Ethical considerations

This study was approved by the Ethics Commission in Use of
Animals of the School of Agrarian and Veterinary Sciences,
Séo Paulo State University, Protocol No. 6369/10.

Results and discussion

Reference intervals of hematological variables of Péga donkey
breed determined in the current study are shown in Tables 1 and
2. Comparisons between results of this study and those of
previous researches are presented in Tables 3 and 4.

The variables RBC, Hb, PCV, WBC, eosinophils, segment-
ed neutrophils, lymphocytes, monocytes, and platelet counts
had Gaussian distribution. Just basophil and neutrophil band

3 GraphPad Software Inc., San Diego, California, USA
4 Microsoft, Redmond, Washington, USA
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Table 1 Hematological variables of Péga donkey (Equus asinus) breed subtyped by age: under 1 year old (<1), 1 to 3 years old (1-3), and over 3 years

old (>3)

Analyte <l (n=8)

1-3 (n=33)

>3 (n=69)

RBC (x10'%/L) 8.48+1.31a, 8.25-8.71

Hb (g/L) 123.8+18.4 a, 120.6-127.0
PCV (LL) 0.417+0.064 a, 0.406-0.428
WBC (x10°/L) 11.93+3.74 a, 11.26-12.60
Basophils (x10°/L)* 0.00+0.06 a, 0.01-0.03
Eosinophils (x10%L) 0.23+0.17 a, 0.20-0.27
Neutrophil band (x10%/L)* 0.10+0.15 a, 0.10-0.15
Segmented neutrophils (x10%/L) 6.05£2.02 a, 5.69-6.42

Lymphocytes (x10°/L) 4.95+2.67 a, 4.48-5.42
Monocytes (x10°/L) 0.40+0.20 a, 0.36-0.43
Platelets (x10°/L) 345+126 a, 322-367

7.12+£0.93 b, 6.79-7.45
120.8+17.3 ab, 114.6-126.9
0.396+0.053 ab, 0.377-0.414
10.59+1.98 ab, 9.89-11.30
0.00+0.04 a, 0.00-0.03
0.32+0.18 a, 0.27-0.40
0.00+0.06 b, 0.01-0.05
5.16+£1.41 b, 4.66-5.66
4.62+1.28 a, 4.16-5.07
0.35£0.15 a, 0.30-0.41
340+100 a, 305-376

6.02+0.95 ¢, 5.80-6.25
114.0+15.9 b,110.1-117.7
0.370+0.042 b, 0.359-0.380
10.39+2.08 b, 9.89-10.89
0.00+0. 04 a, 0.01-0.03
0.47+0.29 b, 0.41-0.56
0.00£0.08 b, 0.04-0.07
5.07£1.38 b, 4.74-5.40
4.43+1.50 a, 4.07-4.79
0.26+0.14 b, 0.23-0.29
324+114 a, 296-351

Reference intervals are given as mean + SD (standard deviation) and 95 % confidence limits; analyzed sample size within parentheses; means followed

by same letters in rows did not differ significantly at 5 % probability

RBC red blood cells, Hb hemoglobin, PCV packed cell volume, WBC white blood cells
#Reference intervals are given as median + SD (standard deviation) and 95 % confidence limits

counts did not seem to be normally distributed for all age and
sex groups.

The RBC decreased with advancing age, as described by
several authors (Zinkl et al. 1990; Folch et al. 1997; Caldin
etal. 2005; Pitel et al. 2006; Ahmed et al. 2007). The under 1-
year-old group had higher Hb than donkeys over 3 years old,
as well as reported by researchers for whom this concentration
was lower for older animals (Orlandi et al. 1997; Ahmed et al.
2007; Etana et al. 2011). The mean PCV was higher for the
under 1-year-old group compared to that for the adult animals,
corroborating the descriptions of Pitel et al. (2006), Ahmed

et al. (2007), Etana et al. (2011), and Lemma and Moges
(2009) that observed lower PCV for older donkeys. These
higher erythrocytic values for animals up to 1 year of age were
possibly because younger donkeys suffer greater stress during
the sampling, resulting in splenic contraction with release of
erythrocytes in bloodstream, fact also observed in horses (Pitel
et al. 2000).

Animals under 1 year of age show bigger mean of WBC
than the group above 3 years old, similarly to reports of other
researchers (Dinev and Khubenov 1986; Folch et al. 1997;
Caldin et al. 2005; Pitel et al. 2006; Etana et al. 2011) and

Table 2 Hematological variables of Péga donkey (Equus asinus) breed subtyped by sex

Analyte

Female (n=79)

Male (n=31)

RBC (x10'/L)

Hb (g/L)

PCV (L/L)

WBC (x10°/L)

Basophils (x10°/L)*
Eosinophils (x10°/L)
Neutrophil band (x10°/L)*

Segmented neutrophils (x10°/L)

Lymphocytes (x10°/L)
Monocytes (x10°/L)
Platelets (x10°/L)

6.37+1.08 a, 6.16-6.58
116.4£16.9 a, 113.3-1194
0.382+0.052 a, 0.372-0.391
11.15+2.21 a, 10.74-11.56
0.02+0.06 a, 0.01-0.03
0.42+0.30 a, 0.37-0.48
0.08+0.11 a, 0.06-0.10
5.58+1.50 a, 5.31-5.86
4.70+1.70 a, 4.39-5.02
0.31£0.14 a, 0.28-0.33
342+90.6 a, 326-359

8.22+1.20 b, 7.98-8.45
124.9+18.1 b, 121.4-128.5
0.419+0.061 b, 0.408-0.431
10.83+3.19 a, 10.20-11.46
0.01£0.05 a, 0.00-0.02
0.25+0.18 b, 0.21-0.28
0.11+0.14 a, 0.08-0.13
5.15+1.58 b, 4.83-5.48
4.70+2.31 a, 4.25-.15
0.36+0.18 b, 0.32-0.40
333+133 a, 307-359

Reference intervals are given as mean + SD (standard deviation) and the 95 % confidence limits; analyzed sample size between parentheses; means
followed by same letters in rows did not differ significantly at 5 % probability

RBC red blood cells, Hb hemoglobin, PCV packed cell volume, WBC white blood cells

?Reference intervals are given as median + SD (standard deviation) and 95 % confidence limits
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Table 3 Comparison of hemato-
logical intervals of the Péga don-
key (Equus asinus) with other
donkey breeds, subtyped by age

Reference intervals are given as
mean or median + SD (standard
deviation)

RBC red blood cells, Hb hemo-
globin, PCV packed cell volume,
WBC white blood cells

Means followed by asterisks in
rows differ significantly from
those obtained by Girardi et al.
(*P<0.05, **P<0.01)

<1

<3

>3

year

RBC (x10'*/L)

Hb (g/L)

PCV (L/L)

WBC (x10°/L)

Eosinophils (x10%L)
Segmented neutrophils (x10°/L)
Lymphocytes (x10°/L)
Monocytes (x10%/L)

Platelets (x10°/L)

3 years

RBC (x10'*/L)

Hb (g/L)

PCV (L/L)

WBC (x10°/L)

Eosinophils (x10°/L)
Segmented neutrophils (x10°/L)
Lymphocytes (x10%/L)
Monocytes (X 109/L)

years

RBC (x10'%/L)

Hb (g/L)

PCV (L/L)

WBC (x10°/L)

Basophils (x10°/L)
Eosinophils (x10°/L)
Neutrophil band (x10%/L)
Segmented neutrophils (x10°/L)
Lymphocytes (x10°/L)
Monocytes (x10°/L)
Platelets (x10°/L)

years

RBC (x10'/L)

Hb (g/L)

PCV (L/L)

WBC (x10°/L)

Basophils (x10°/L)
Eosinophils (x10°/L)
Neutrophil band (x10%/L)
Segmented neutrophils (x10°/L)
Lymphocytes (x10°/L)
Monocytes (x10°/L)
Platelets (x10°/L)

Girardi et al.
8.48+1.31
123.8+18.4
0.417+0.064
11.93+3.74
0.23+0.17
6.05+2.02
4.95+2.67
0.4+0.2
345+126

Girardi et al.
7.12+0.93
120.8+17.3
0.396+0.053
10.59+£1.98
0.32+0.18
5.16+£1.41
4.62+1.28
0.35+0.15

Girardi et al.
8.19+1.36
123.1+18.2
0.413+0.062
11.65+£3.47
0.02+0.06
0.37+0.48
0.11+0.14
5.86+1.94
4.88+2.45
0.39+0.19
3444121

Girardi et al.
6.02+0.95
114.0+15.9
0.370+0.042
10.39+2.08
0.00+0.04
0.47+0.29
0.00+0.08
5.07+£1.38
443£1.5
0.26+0.14
324+114

Caldin et al. (2005)
6.55+1.10%**
116.0+16.2
0.287+0.043**
12.36+3.16
0.54+0.32%**
4.5+0.74%*
6.84+2 5%
0.47+0.4
194+48.6%*

Perdigao de Oliveira et al. (1974)
6.62+1.02%

122.4+15.4

0.338+0.046**

Folch et al. (1997)
7.14+1.34%*
118.4+14.1*
0.340+0.030**
13.94£3%*
0.02+0.05
0.81+£0.71**
0.09+0.14
5+1.3%*
8+2.7%*
0.27+£0.26**
229+86.5%*

Folch et al. (1997)
6.77+1.17**
124.0£25.1%*
0.360+0.050
9.6+1.8%*
0.02+0.06**
0.63+0.46**
0.08+0.1
4.3+1.2%*
42+12
0.21+0.16*
2364+82.1%*

Mori et al. (2010a)
7.68+0.66
126.4+8.8
0.371+0.023
13.99+3.37
0.57+0.33

5.57+1

7.52+2 5%
0.56+0.2

Caldin et al. (2005)
6.27+0.75*
125.0+13.3
0.306+0.035**
11.52+2.32
0.5+0.22*
5.22+1.16
54=1.35
0.4+0.34

Caldin et al. (2005)
5.25+0.67**
114.0£10.5
0.285+0.030**
9.83+2.29

0.74+0.37**

4.58+1.65
4.01+£1.15
0.32+0.2
220+72.1%*

presented the biggest mean of band count, while other age
groups did not differ, agreeing with Folch et al. (1997) who
observed decreasing in this count with advancing age.

@ Springer

Animals up to 3 years old had lower eosinophil count than
adult animals, similar to the reports of Zinkl et al. (1990) and
Etana et al. (2011). This increase is probably due to
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progressive contact of animals with parasite or allergen anti-
gens since their birth, which induct eosinophil poietic factors
formation, mainly interleucin 5 (Weiss and Wardrop 2010).

The over 3 years old group showed the lowest mean
monocyte count, while the other age groups did not differ, as
reported by studies in which observed greater monocyte count
for younger animals (Folch et al. 1997; Caldin et al. 2005;
Pitel et al. 20006).

Animals under 1 year old showed the highest mean of
segmented neutrophil, corroborating with Folch et al.
(1997), who reported reduction of this parameter with aging.

As reported by other authors, mean counts of lymphocyte
(Gul et al. 2007), platelet (Folch et al. 1997), and basophil
(Folch et al. 1997; Gul et al. 2007) did not show age-related
differences.

Specifically for animals under 1 year old, the hematological
reference intervals were similar to those defined for donkeys in
Brazil (Mori et al. 2010a), except the lymphocyte count, that
was lower than the limits established by these authors.

The reference limits of Hb for animals between 1 and
3 years old were similar to that described for Brazilian and
Italian donkey breeds with 1 to 2 years old (Perdigdo de
Oliveira et al. 1974), but the values of RBC and PCV were
higher in the present study.

The interval of band count was resembling, while the
values of segmented neutrophil, monocyte, and platelet counts
were higher, and the eosinophil count was lower compared to
the intervals established by Folch et al. (1997) for all age
groups. For adult animals, the intervals of PCV and lympho-
cytes were similar, WBC was greater, and RBC, Hb, and
basophil count were less than those described by Folch et al.
(1997). The interval of basophil count was similar, while for
RBC, Hb, and PCV were higher and for WBC and lympho-
cyte count were lower than the ranges of these authors, for
animals up to 3 years old.

The intervals of WBC, Hb, and monocyte were resembling,
while RBC, PCYV, and platelet count were higher, and eosin-
ophil count was lower than those intervals defined by Caldin
et al. (2005), for all age groups. The intervals for lymphocyte
and segmented neutrophil counts were similar to those de-
scribed by these latter researchers for animals older than 1 year
old and less than the intervals of these authors for animals
under 1 year old.

Although no sex-related differences for hematological var-
iables of donkeys have been reported by Dinev and Khubenov
(1986) and Cubeddu et al. (1991), this study showed some
discrepant values between sexes.

As reported by other authors, males showed higher means
of RBC (Campos et al. 1968; Pitel et al. 2006; Etana et al.
2011), PCV (Nayeri 1978), and Hb (Campos et al. 1968;
Nayeri 1978) because female estrogens decrease the erythro-
poietin production, hormone responsible for the regulation of
the erythropoiesis rate (Kerr 2002).

@ Springer

As well as previous studies about the leukogram of don-
keys, eosinophil (Campos et al. 1968; Nayeri 1978) and
segmented neutrophil (Zinkl et al. 1990) counts were higher
for females, mean monocyte count was higher for males
(Campos et al. 1968; Nayeri 1978), and several leukocyte
counts did not have sex-related differences, such as WBC
and lymphocyte (Folch et al. 1997; Al-Busadah and
Homeida 2005; Gul et al. 2007; Etana et al. 2011), basophil
(Al-Busadah and Homeida 2005; Gul et al. 2007), band
(Folch et al. 1997), and platelets (Folch et al. 1997; Etana
et al. 2011).

The reference intervals of WBC and Hb, for both sexes,
were lower than those described by Campos et al. (1968). For
females, the interval of RBC was similar and PCV was higher,
while for males, the opposite happened, with resembling PCV
and higher RBC intervals than those established by these
authors.

The present limits of eosinophil count were similar, but
WBC and monocyte counts were greater, for both sexes, than
those described by Mori et al. (2004) for Brazilian donkeys
breed. For females, the intervals of segmented neutrophil and
lymphocyte counts were higher, while RBC, Hb, basophil,
and band counts were lower than those described by Mori
et al. (2004). The intervals of RBC, Hb, band, segmented
neutrophil, and lymphocyte counts were similar, but PCV
was greater than the ranges of those described by these au-
thors, for males.

For both sexes, basophil count was resembling, monocyte
count and PCV were higher, eosinophil and lymphocyte
counts were lower than the intervals of those described by
Nayeri (1978). The values of Hb, for females, RBC and
segmented neutrophil count, for males, were similar, while
the RBC and WBC of females and Hb of males were less than
the intervals of those described by this author.

The intervals of RBC, eosinophil, segmented neutrophil,
lymphocyte and monocyte counts were higher, while Hb was
lower than the intervals of those described by Orlandi et al.
(1997), for both sexes. The WBC interval was less, for fe-
males, and greater, for males, than those described by these
last researchers.

For both sexes, the intervals of WBC, PCV, segmented
neutrophil, lymphocyte, and monocyte counts were higher,
while basophil and eosinophil counts were lower than those
established by Mot et al. (2010). The values of RBC and Hb
were similar for females, and greater for males, compared with
those of the reports of these authors.

The reference intervals of RBC and PCV were higher, but
those of WBC, eosinophil, and lymphocyte counts were lower
than those defined by Etana et al. (2011), for both sexes. For
females, Hb, segmented neutrophil, and monocyte count in-
tervals were resembling, while the platelet count was greater
compared to Etana et al. (2011). The interval of platelet count
was similar, Hb and monocyte counts were higher, but
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segmented neutrophil was lower than those of these re-
searchers, for males.

Differences were observed in comparisons, by gender, of
hematological ranges for Péga donkeys with other donkey
breeds (Nayeri 1978; Orlandi et al. 1997; Mori et al. 2004;
Pitel et al. 2006; Mot et al. 2010; Etana et al. 2011) and also
within the race (Campos et al. 1968), showing that there are
some influential factors on donkey hematological variables
such as environment, handling system, feeding, breed, and
analysis methodology. It was noticed that about the variables
subtyped by age, animals less than 1 year old presented the
most discrepant results, reinforcing the importance of specific
hematological reference intervals for this age group.

Conclusions

The results obtained indicate that for Péga breed donkeys, age
group and sex of the animal influence most of the hematolog-
ical variables, and this fact becomes necessary in the estab-
lishment of specific reference intervals. Differences among
the present results and those of previous researches indicate
influences of breed, environment, handling, and analysis
methodology on hematological variables of donkeys. The
intervals defined in this study are useful for clinical routine
and serve as basis for future scientific investigations about
these asinines.
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