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Introduction

Equine theileriosis is a serious hemoprotozoan disease 
of equids (horses, donkeys, zebras and mules) in tropical, 
subtropical and temperate regions of the world [15]. 

Clinical theileriosis occurs in different forms and 
categorized as peracute, acute, subacute, and chronic. The 
peracute form is observed in naïve horses introduced into 
endemic area. Acute piroplasmosis, which occurs frequently, 
includes fever, anemia, anorexia, limb edema, icterus, and 
hemoglobinuria. The subacute form is characterized by 
anorexia, intermittent pyrexia, anemia, weight loss, limb 
edema, lethargy, and poor performance. The clinical signs of 

the chronic infection are ambiguous and display inappetence, 
poor body condition, and poor performance. These 
inapparent carriers can serve as reservoir for transmission of 
infection via ticks. Anemia may be absent or minimal in the 
chronic form [26,27]. 

Although the serum biochemical changes caused by 
Theileria spp in ruminants [8,14] and some breeds of horses 
[27] have been extensively evaluated but there is no study 
about clinicopathological changes caused by T.equi in 
Turkoman breed horses. Results of laboratory analyses may 
aid in diagnosis of infection, estimation of prognosis and 
evaluation of treatment.

SUMMARY

This study was performed to evaluate some of the serum biochemical 
variables in Turkoman horses and donkeys infected with Theileria equi. 
Equine theileriosis is considered as a serious problem because of harmful 
effects on the health and performance of equids. Despite the importance of 
this disease, there are few studies in related to clinical pathologic changes in 
equine theileriosis especially in Turkoman horses and donkeys. 
In this study, the oxidative stress markers, lipid profile, enzymes, electrolytes, 
minerals and some metabolites were evaluated in Turkoman breed horses 
(n=30) and donkeys (n=30) infected with T. equi in comparison with healthy 
groups. 
In infected horses, the serum concentrations of bilirubin total, total protein, 
globulin, triglyceride, very low density lipoprotein and malondialdehyde 
and serum activity of creatinine kinase were found significantly higher and 
serum concentrations of calcium, magnesium, inorganic phosphate, copper, 
total antioxidant capacity and albumin: globulin ratio were found lower 
when compared to the non-infected horses (p<0.05). 
In infected donkeys, serum concentration of albumin and albumin: globulin 
ratio were found significantly lower and serum concentration of globulin, 
urea and bilirubin total have been found significantly higher than non-
infected donkeys (P<0.05). 
In conclusion, some serum biochemical variables in infected horses 
have considerable changes and can provide valuable information about 
pathophysiological aspects and also are good indicators for diagnosis, 
prognosis and treatment evaluation. Despite equal parasitemia in both 
groups, infection with this hemoparasite in horses led to more serum 
biochemical changes in comparison with donkeys. 

Keywords: Cardiac troponin I, Equine piroplasmosis, 
MDA, TAC, Trace elements.

RÉSUMÉ

Évaluation du profil biochimique du sérum de chevaux et ânes Turkmènes 
infectés par Theileria equi

Cette étude a été réalisée pour évaluer certaines variables biochimiques 
sériques chez les chevaux et les ânes Turkomènes infectés par Theileria equi. 
La théiliose équine est considérée comme un problème grave en raison de 
ses effets sur la santé et les performances des équidés. Malgré l’importance 
de cette maladie, il existe peu d’études liées aux changements cliniques 
pathologiques lors de la théilériose chez les chevaux et les ânes.
Dans cette étude, les marqueurs de stress oxydatif, le profil lipidique, les 
enzymes, les électrolytes, les minéraux et certains métabolites ont été évalués 
chez des chevaux de race turkmène (N = 30) et chez des ânes (n = 30) infectés 
par T. equi en comparaison avec des sujets sains. Chez les chevaux infectés, les 
concentrations sériques de bilirubine totale, de protéines totales, globuline, 
triglycéride, lipoprotéines de très faible densité et malondialdéhyde et 
l’activité sérique de la créatinine kinase étaient significativement plus 
élevés alors que les concentrations sériques de calcium, de magnésium, de 
phosphate inorganique, de cuivre, la capacité antioxydante totale et le taux 
d’albumine: globuline étaient plus bas par rapport aux chevaux non infectés 
(p <0,05). Chez les ânes infectés, la concentration sérique d’albumine et 
le rapport albumine: globuline étaient significativement plus bas alors 
que la concentration sérique de globuline, urée et bilirubine totale étaient 
significativement plus élevés que chez les ânes non-infectés (P <0,05).
En conclusion, certaines variables biochimiques sériques chez les chevaux 
infectés ont des changements considérables et peuvent fournir des 
informations pathophysiologiques et sont également de bons indicateurs 
pour le diagnostic, le pronostic et évaluation du traitement. Malgré une 
parasitémie égale chez les chevaux et les ânes cet hémoparasite a entraîné 
plus de variations au niveau biochimique chez les chevaux que chez les ânes.

Mots clés: Piroplasmose, cheval, ane, thélériose, 
biochimie, stress oxydatif
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Theileriosis in donkeys is considered as a serious problem 
because of harmful effects on the health and performance, 
and also it causes infected donkeys to become asymptomatic 
carriers and help to the spread of this disease [15]. Chronic 
form of infection is common in donkeys and clinical signs 
are usually nonspecific and including; mild appetence, 
poor work performance and poor body weight gain [15, 
26]. Despite the importance of the theileriosis in donkeys, 
there are few studies in related to clinical pathologic changes 
especially biochemical alterations in donkeys infected with 
T. equi [3]. 

This study was conducted to evaluate serum biochemical 
variables in Turkoman breed horses and donkeys infected 
with T.equi to gain more comprehensive view of clinical 
pathologic changes of equine theileriosis. Considering to 
occurrence more severe clinical signs in infected horse rather 
than infected donkeys, it seems that horses are more sensitive 
to T. equi when compared with donkeys. So, the second aim 
of this study was comparison of serum biochemical variables 
between infected horses and donkeys. 

Materials and methods

FIELD STUDY AREA

This study was performed in the North Khorasan 
Province which is located next to the north-eastern border of 
Iran (36°37_–38°17_N and 55°53_–58°20_E). This province 
is a breeding center for Turkoman breed horses and donkeys 
breeded in close contact of horses. From June to August 
2015, one hundred Turkoman horses (about 1-7 years old) 
and one hundred and six donkeys (about 1-5 years old) from 
14 villages were randomly selected. At first, the data of each 
animal, including age and sex were recorded. All horses and 
donkey had free access to pasture and their body condition 
was in normal range. 

SAMPLING AND PREANALYTICAL CONDITIONS

Blood specimens were collected through jugular vein 
between 8.00 and 11.00 A.M and placed into plain (WEGO, 
China) and K3-EDTA (FL medical, Italy) tubes. Blood 
specimens immediately placed on ice and transferred to the 
laboratory. Blood specimens in plain tubes (7.5 mL) were 
centrifuged (Jouan, C 412, France) at 1800g for 10 min. 
Serums were placed into Eppendorf tubes (1.5 mL flat cap 
micro centrifuge tubes, Germany) and immediately were 
stored at -70 °C until they were processed approximately for 
1 month after the last blood sampling.

MICROSCOPIC OBSERVATION

Peripheral blood smears were prepared and fixed in 
methanol and stained in 10% Giemsa solution and then 
examined under oil immersion lens (× 1000). For detection 
of any parasite, fifty fields in each smear were observed.

 MOLECULAR ANALYSIS

At first, genomic DNA was extracted by a commercial 
kit (MBST, Iran), based on the manufacturer’s instructions. 
In order to detection of Theileria and Babesia spp in whole 
blood  specimen, extracted DNA was amplified by PCR that 
previously described by [20] and then a multiplex PCR was 
performed for detection of T. equi and B. cabali according to 
[1]. In multiplex-PCR, 54 (50.94%) donkeys and 45 horses 
(45%) were positive for T. equi. 

BIOCHEMICAL ANALYSIS

Based on molecular results, 30 Turkoman horses (male: 
17; female: 13) and donkeys (male: 20; female: 10) infected 
with T. equi and 30 healthy donkeys (male: 22; female: 8) 
and Turkoman breed horses (male: 18; female: 12) as control 
groups were selected for biochemical analysis. 

Biochemical variables such as; total protein (TP), albumin 
(Alb), urea, creatinine (Cr), glucose (Glu), triglyceride 
(TG), cholesterol (Chol), low-density lipoprotein (LDL-C), 
high-density lipoprotein (HDL-C,), total bilirubin (BT), 
magnesium (Mg), calcium (Ca), inorganic phosphate (Pi), 
iron (Fe), alkaline phosphatase (ALP), lactate dehydrogenase 
(LDH), creatinine kinase (CK), gammaglutamyl transferase 
(GGT) and aspartate aminotransferase (AST) were 
measured by commercial kits (Pars Azmoon, Tehran, 
Iran). Serum concentrations of copper (Cu) and zinc (Zn) 
were determined by Biorex diagnostics (Antrim, UK) and 
ZiestChem Diagnostics (Iran, Tehran) kits, respectively. All 
these variables measured by an autoanalyzer (Biotecnica, 
BT1500, and Rome, Italy) and accuracy of measurements 
were checked by Randox control serum (Antrim, UK) and 
TrueLab Lipid control (Pars Azmoon, Tehran, Iran). The 
amounts of sodium (Na), chloride (Cl) and potassium (K) 
were measured by an electrolyte analyzer (StarlyteTM III, 
Alfa Wassermann, Netherlands). The serum concentration 
of globulin and VLDL were calculated by subtraction of Alb 
from the TP and TG dividing to 5 respectively. The serum 
concentration of CTnI was measured by ELISA technique 
and commercial kit (Monobined, USA). The concentration of 
malondialdehyde (MDA, TBARS), total protein thiol groups 
(SH, TBA) and total antioxidant capacity (TAC, FRAP) were 
determined according to the method described by [4, 13, 18]. 
Methods of measurements and details of test characteristics 
are showed in table I.

STATISTICAL ANALYSIS

All data were analyzed by SPSS software, version 16.0 
(SPSS Inc, Chicago, IL, USA). First, the distribution of each 
of the measured variables was tested by the Kolmogorov-
Smirnov test. Regarding the normal or abnormal distribution 
of the obtained data, two independent samples T test and 
Mann-Whitney U test were applied for inter and intra species 
comparisons and P < 0.05 was considered as statistically 
significant.
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Results

There was no clinical sign (fever, anorexia, icterus, 
weight loss, poor condition and poor performance) of 
equine piroplasmosis at the time of sampling in infected 
groups. Microscopic examination revealed intraerythrocytic 
piroplasm in 6.66% (2/30) and 13.3% (4/30) of infected 
donkeys and horses respectively with the same and low 
parasitemia (approximately 0.01-0.03%).  

Although, there are differences in most serum variables 
between negative horses and donkeys, but according to 
previous studies most of them were in reported references 
intervals for horses and donkeys and has probably no clinical 
significance.

In infected horses,  the serum concentrations of BT, TP, 
Glo, TG , VLDL, CK, MDA were found significantly higher 

and  serum concentrations of Ca, Mg, Pi, Cu,  TAC and A:G 
ratio were found lower when compared to the non-infected 
horses (p<0.05). 

In infected donkeys, the serum concentration of Alb 
and A: G ratio were found significantly (p<0.05) lower 
than in the control group. Also in infected donkeys, the 
serum concentration of Glo, Urea and BT have been found 
significantly higher when compared to the non-infected 
group (P<0.05). 

There are mostly no or moderate effects of theileriosis, 
and that there were less in donkeys than in horses and these 
seem to be due to species differences. Obtained results showed 
that there were significant differences (P<0.05) between 
infected donkeys and horses in serum biochemical variables 
including; Alb, TP, Chol, LDL, Cre, Cu, Zn, GGT, CK and 
LDH. The median, maximum and minimum of obtained 

Analytes Method Inter assay CV 
(%)*

Analytical 
range**

Total proteins (g/L) Biuret 2.5 5-150
Albumin (g/L) Bromcresol green 2.0 2-60
Urea ( mmol/L ) Urease/glutamate dehydrogenase 3.80 0.72-72 
Creatinine ( μmol/L) Kinetic Jaffe 0.5 17.68-1326 
Total bilirubin (μmol/L) Dichloroanylin 2.5 1.71-513 
Glucose ( mmol/L ) Glucose oxidase/PAP (4-aminoantipyrine) 1.12 0.28-22.2 
Triglycerides ( mmol/L ) Glycerol 3 phosphate oxidase/PAP (4-aminoantipyrine) 2.15 0.06-7.91 
Cholesterol (mmol/L) Cholesterol oxidase/PAP (4-aminoantipyrine) 1.35 0.13-12.93 
HDL-c (mmol/L) Enzymatic (Cholesterol esterase & cholesterol oxidase) 1.40 0.02-3.88
LDL-c (mmol/L) Enzymatic (Cholesterol esterase & cholesterol oxidase) 1.23 0.02-7.75
LDH (U/L) Pyruvate as substrate 2.3 5- 3000
CK (U/L) Creatine phosphate as a substrate 1.0 1-1015 
GGT (U/L) L-gamma-glutamyl-3- carboxy-4-nitroanilide 2.9 2-400 
AST (U/L) L-aspartate/2-oxoglutrate as substrate 1.3 2-300 
Mg ( mmol/L ) Xylidile blue 0.81 0.02-2.06 
Ca ( mmol/L ) CresophetaleinComplexone 2.39 0.05-4.99 
Pi (mmol/L ) Phosphomolybdate 1.40 0.06-9.69 
Fe (μmol/L) Ferene S 2.57 0.89-89.55 
Cu  (μmol/L) 4-(3, 5-dibromo-2 pyridylazo)-N-ethyl-IN-sulopropylaniline 2.86 0.04-78.7
Zn (μmol/L) 5- Br-PAPS 2.47 0.61-61.2
Na (mmol/L) Ion Selective Electrode 2.5 40-205 
K (mmol/L) Ion Selective Electrode 1.49 1.5-15 
Cl (mmol/L) Ion Selective Electrode 1.7 50-200 
CTnI (µg/L) ELISA 1.5 > 0.03
TAC FRAP 1.42 ---
MDA TBARS 2.03 ---
Thiol group TBA 3.08 ---

* Inter assay CV: The biochemical variables were analyzed 5 serum specimens on twenty consecutive days. 
Separate runs carried out on different days. **  Analytical ranges were from kits manufacturers. 

Table I: Methods of measurements and details of test characteristics.
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serum biochemical variables in donkeys and Turkoman 
horses infected with T.equi were presented in table II.

Discussion

Few studies have been done regarding to the serum 
biochemical alterations in donkeys infected with T. equi, 
therefore the most of the results should be interpreted and 
compared to data obtained from other infected species such 
as; equine, bovine, ovine and caprine. 

So far, different pathogenic mechanisms have been 
proposed for anemia due to theileriosis and oxidative stress 
is one of the routes is considered recently in studies [19]. 
The extravascular hemolysis during oxidative stress can 
be related to decrease of antioxidant function [16] and/or 
lipid peroxidation of erythrocytes [10]. Significant lower 
concentration of TAC and higher concentration of MDA 
in this study strongly suggest an oxidative stress occurred 
in infected horses. These findings are in agreement with 
previously published studies that evaluated oxidative stress 
in bovine and equine theileriosis [3, 19]. An increasing trend 
of MDA concentration in plasma, as a sensitive biomarker 
of lipid peroxidation was found with rising of parasitemia 
percentage in carrier donkeys with experimentally infected 
with T.equi [3].

Copper and zinc are essential trace elements for 
antioxidant systems against free radical-induced damages 
and the reduction of these elements in infected equids can 
provide conditions for occurrence of oxidative stress. The 
lower serum concentration of Cu in infected horses rather 
than healthy group are in agreement with [19].  In apposite 
to our findings, lower serum concentration of Zn in T. equi 
in infected horses has been reported previously by DEDE 
et al. (2008), but they did not indicate change in serum Cu 
concentration [6]. NAZIFI et al. (2012) observed higher 
concentrations of both Fe and Zn and no changes in serum 
Cu concentration in ovine theileriosis [17]. In this study, 
theileriosis had no effect on serum iron concentration in 
both infected species. Higher serum concentration of iron 
in theileriosis may be related to extravascular hemolytic 
anemia due to theileriosis [22]. But elevation of serum 
iron concentration may be masked by hypoferemia due to 
inflammation and sequestration of iron in storage. 

There are no data about lipid profile changes in equine 
theileriosis but different results have been recorded about 
TG concentration in ruminant theileriosis. The elevation of 
adipose tissue lipolysis stimulates TG and VLDL production 
in liver and defect in remove of TG from blood circulation 
may be associated with increase of serum TG and VLDL 
concentration [25]. Several studies showed that bovine 
theileriosis result in decrease of serum concentration 
of cholesterol, triglyceride and glucose due to fever, 
malabsorption and diarrhea [5, 8, 14, 21].  

Low serum concentrations of minerals in infected horses 
are in agreement with results reported in pony and horses 
with clinical signs of equine piroplasmosis [12, 24, 27] and 
also in infected cattle and buffaloes with T. annulata [5, 14, 
21, 27]. This reduction likely attributed to reduced dietary 
absorption, hypoproteinemia, intestinal and kidney disorders 
[5]. In opposite to our results, the reduction of serum Na and 
K has been reported by HEERDEN (1996) in a pony with 
theileriosis [12].

The serum protein changes in this study are similar to 
those reported in naturally infected horses with T. equi and 
B. cabali [6, 24]. Albumin as a negative acute phase protein 
may reduce due to impaired liver synthesis of Alb and/or 
extensive protein degradation during prolonged fever [6]. 
Stimulation of the immune system by the parasite leads 
to increase production of positive acute phase proteins, 
immunoglobulins and decrease the A: G ratio [22]. In 
addition, reduction of all serum protein fractions has been 
observed in bovine theileriosis [5, 8, 14, 21, 23] due to liver 
failure or/and severe lymphocytopenia [11, 23].

The higher CK activity in infected horses may reflect 
very mild muscle damage; similar increases of serum 
enzymes originating from muscles have also been reported 
in ruminants infected with Babesia spp and Theileria spp by 
[5, 8,23]. TAKEET et al. (2009) did not observe any change 
in serum enzymes activity in two horses with clinical signs of 
theileriosis [24]. 

There was no evidence of myocardial damage, whereas it 
had been reported by others [7, 9]. 

The higher serum concentration of total bilirubin 
has been also reported in equine piroplasmosis [12, 27], 
bovine theileriosis and caprine babesiosis [5, 14, 23]. 
Hyperbilirubinemia in theileriosis related to extravascular 
hemolysis that occurs in reticuloendothelial system [2]. 

The higher serum concentration of urea in infected 
donkeys might be attributed to decreased GFR due to anemia, 
dehydration or kidney damage [5, 6]. This alteration has been 
observed in bovine and equine theileriosis [5, 21, 24]. 

Although, there are differences in most serum variables 
between negative horses and donkeys, but according to 
previous studies most of them were in reported references 
intervals for horses and donkeys and has probably no clinical 
significance.

Considering to significant difference between negative 
horses and donkeys and lack of access to normal reference 
range for some variables (lipid profile and trace elements) 
in health donkeys, study of serum biochemical variables 
in donkeys is essential. The significant difference was also 
observed in some variables (GGT, LDH, CK, LDL, Chol, Cre, 
Fe, Cu, and Zn) between infected donkeys and horses. 
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DonkeysHorsesInfection Variables 
74.0

(50.0-87.0)
72.0

(47.0- 101.0)
Negative 

Total Protein 
(g/L) 73.5

(61.0- 92.0)
84.0*†

(56.0-99.0)
Positive 

34.0
(28.0-45.0)

37.7
(27.1-47.9)

Negative 
Albumin
(g/L) 32.0*

(21.0-38.0)
39.7†

(16.8-47.7)
Positive 

37.5
(16.0-56.0)

38.0
(19.0-62.0)

Negative 
Globulin 
(g/L) 41.0*

(30.0-64.0)
48.5*

(24.0-69.0)
Positive 

0.91
(0.55-2.13)

0.98
(0.55-1.85)

Negative 
A:G 
ratio 0.77*

(0.33-1.13)
0.79*

(0.61-1.33)
Positive 

3.17
(1.67-5.83)

4.74§
(3.16-8.15)

Negative 
Urea 
(mmol/L) 3.91*

(2.16-6.49)
4.66

(2.83-6.66)
Positive 

68.9
(51.3-126.4)

102.5§
(56.5-171.4)

Negative 
Creatinin 
(µmol/L) 67.2

(40.6-93.7)
105.1†

(72.4-153.8)
Positive 

4.8
(3.4- 5.1)

15.2§
(10.4-53.3)

Negative 
Bilirubin total
(µmol/L) 5.1*

(4.8-6.8)
36.7†*

(10.4-59.8)
Positive 

4.05
(2.11-7.55)

4.11
(2.05- 6.00)

Negative 
Glucose 
(mmol/L) 4.05

(2.22-7.77)
4.38

(2.27-4.38)
Positive 

0.63
(0.19-2.03)

0.31§
(0.14-0.64)

Negative 
Triglyceride 
(mmol/L) 0.49

(0.14-2.05)
0.42*

(0.21-1.21)
Positive 

1.92
(1.27-2.77)

2.22§
(1.52-3.31)

Negative 
Cholesterol  
(mmol/L) 1.81

(1.11-2.53)
2.32†

(1.39-3.36)
Positive 

1.23
(0.84-2.08)

1.70§
(1.03-1.94)

Negative 
HDL-C
(mmol/L) 1.30

(0.93-1.90)
1.42

(0.95-1.94)
Positive 

0.47
(0.31-0.74)

0.66§
(0.36-1.11)

Negative 
LDL-C  
(mmol/L) 0.46

(0.28-0.79)
0.69†

(0.44-1.21)
Positive 

0.12
(0.04-0.41)

0.06§
(0.03-0.13)

Negative 
VLDL-C  
(mmol/L) 0.10

(0.03-0.41)
0.08*

(0.04-0.24)
Positive 

320.0
(114.0-746.0)

541.0§
(255.0-1365.0)

Negative 
LDH 
(U/L) 320.5

(102.0-716.0)
738.0†

(190.0-1619.0)
Positive 

89.5
(35.0-279.0)

138.0§
(59.0-328.0)

Negative 
CK  
(U/L) 80.5

(38.0-305.0)
186.0*†

(59.0-872.0)
Positive 
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27.0
(13.0-140.0)

14.0§
(9.0-21.0)

Negative 
GGT 
(U/L) 35.0

(17.0-121.0)
15.0†

(6.0-31.0)
Positive 

213.5
(83.0-389.0)

197.0
(92.0-288.0)

Negative 
AST 
(U/L) 235.0

(109.0-388.0)
195.0

(122.0-437.0)
Positive 

0.93
(0.38-1.36)

1.12§
(0.80-1.37)

Negative 
Magnesium 
(mmol/L) 0.95

(0.45-1.22)
0.96*

(0.63-1.22)
Positive 

2.83
(1.60-3.52)

3.46§
(2.54-4.11)

Negative 
Calcium 
(mmol/L) 2.91

(1.62-3.37)
3.00*

(1.82-4.29)
Positive 

1.20
(0.73-2.37)

1.64§
(0.93-2.48)

Negative 
Phosphate 
(mmol/L) 1.26

(0.81 -2.03)
1.44*

(0.86-2.12)
Positive 

21.93
(16.66-30.45)

28.83§
(20.78-34.57)

Negative 
Iron
(µmol/L) 22.74

(14.87-32.42)
28.29†

(21.31-34.39)
Positive 

17.31
(6.03-30.54)

21.72§
(11.34-34.31)

Negative 
Copper 
(µmol/L) 20.14

(1.81-32.42)
16.13*†

(5.09-28.17)
Positive 

11.36
(4.90-17.14)

15.45§
(9.15-26.16)

Negative 
Zinc 
(µmol/L) 12.07

(4.91-20.96)
15.91†

(9.48-19.89)
Positive 

130.5
(112.0-140.0)

131.0
(119.0-143.0)

Negative 
Sodium 
(mmol/L) 127.0

(112.0-142.0)
132.0

(124.0-140.0)
Positive 

4.20
(2.50-5.60)

4.10
(3.12-5.00)

Negative 
Potassium
(mmol/L) 3.70

(1.90-5.50)
3.95

(3.10-5.90)
Positive 

105.5
 ( 93.0-113.0)

103.0
(95.0-111.0)

Negative 
Chloride 
(mmol/L) 104.0

(92.0-114.0)
104.0

(98.0-110.0)
Positive 

0.01
(0.00-0.51)

0.01
(0.00-0.51)

Negative 
cTnI
(µg/L) 0.00

(0.00-4.30)
0.00

(0.00-4.30)
Positive 

0.96
(0.82-1.12)

0.83
(0.76-0.90)

Negative 
TAC
(mmol/L) 0.78

(0.54-0.99)
0.26*†

(0.14-0.35)
Positive 

0.91
(0.77-1.01)

0.74
(0.52-0.93)

Negative 
MDA  
(mmol/L) 1.05

(0.83-1.21)
4.03*†

(2.64-5.25)
Positive 

0.28
(0.10-0.47)

0.28
(0.24-0.29)

Negative 
Thiol group
(mmol/L) 0.25

(0.18-0.51)
0.27

(0.24-0.30)
Positive 

Table II: The median (Med), maximum (Max) and minimum (Max) of serum biochemical variables in Turkoman breed horses and donkeys naturally 
infected with T.equi. *Significant differences between infected and uninfected groups. † Significant differences between infected horses and donkeys.  § Significant 
differences between uninfected horses and donkeys.
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Conclusions

In conclusion, serum concentration of total bilirubin, 
total protein and protein fractions could indicate extent 
of tissue damage and be helpful indicators for diagnosis, 
prognosis and treatment evaluation in infected animal.

Based on this study, despite mild and equal parasitemia 
in both groups, infection with this hemoparasite in donkeys 
led to less serum biochemical changes in comparison with 
horses. It may confirm that infected donkeys could be 
asymptomatic carriers that help to the spread of this disease. 
However the low severity of parasitemia in donkeys subjected 
in the present study should not be ignored and probably more 
blood variables will be changed in the severe parasitemia.
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