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Abstract. The aim of this investigation was to evaluate Haptoglobin (Hp), Serum amyloid-A (SAA), Alpha-1-acid 

glycoprotein (AGP), Albumin (ALB), Total protein (TP), Globulin (GLB), Malondialdehyde (MDA), Total 

antioxidant capacity (TAC), and Troponin (cTnI) following natural infection with some metacestodes, and 

Sarcocystis spp. A total of 400 sheep were examined at a slaughterhouse in Torbate-Heidarie, Razavi Khorasan 

province, Iran in January 2015. Blood samples were obtained before slaughtering. Different lesions attributed to 

parasites were recorded with details in evisceration and examination of internal organs. Sensitivities and 

specificities values of parameters for distinguishing between infected sheep and healthy ones were estimated 

using ROC (Receiver Operating Characteristic) curves. Two hundred ninety-four (73.5%) and 106 (26.5%) sheep 

were considered healthy and infected, respectively. The prevalence of parasitic lesions was attributed to 

Echinococcus granulosus or hydatid cysts (17.5%), Cysticercus tenuicollis (3.75%), Cysticercus ovis (0.75%), 

Sarcocystis spp (0.75%), Dicrocoelium dendriticum (0.25%), or some combination of these species (3.5%). 

Hydatid cysts occurred frequently in the lungs (22.64%) and liver (11.32%), but co-infection of the liver and 

lungs was common (32.7%). Cut off points of HP and SAA for differentiating between infected sheep with 

internal parasites such as cysticercus and hydatid cysts from healthy ones was more than 0.1 mg/ml and 4.89 

μg/ml. It is concluded acute phase proteins may be useful for understanding the host-parasite relationship, since 

the plasma concentrations of Hp and SAA are important parameters that changed. These parameters can be used 

as non specific indicators for infection in sheep that are naturally infected by the mentioned parasites. 
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Introduction 
 
Acute-phase proteins (APPs) are a class of 
proteins whose plasma concentrations 
increase (positive APPs) or decrease (negative 
APPs) in response to infections and injuries 
involving inflammation (Ceciliani et al., 2012). 
It was revealed that, APPs such as Hp, SAA and 
AGP will increase in concentration multifold 
following inflammation and infectious diseases, 
including mastitis (Eckersall and Bell, 2010), 
respiratory diseases (Petersen et al., 2004), 
surgical trauma or stress (Murata et al., 2004; 
Lomborg et al., 2008) and in metabolic diseases 
related to the periparturient period in dairy 
cows (Tothova et al., 2014). The APPs 
contribute to restoring homeostasis in animals 
(Murata et al., 2004). APPs production is 
triggered by different stimuli and then their 
serum concentration returns to base levels 
when the triggering factor is no longer present 
(Petersen et al., 2004). Parasitic infections are 
responsible for the condemned organs or 
carcasses of sheep in the world and in Iran 
(Borji and Parandeh, 2010). Iran is an 
important endemic region for hydatid cyst 
disease which is caused by infection with the 
Echinococcus granulosus metacestodes and 
affects both humans and livestock (Fasihi 
Harandi et al., 2002). In addition, sheep may be 
infected by the species of Sarcocystis. Sheep are 
the intermediate hosts for Sarcocystis. They 
may cause abortion or acute disease during the 
early phase of infection, and chronic disease 
during the late phase of infection in sheep. The 
macroscopic species were almost non-
pathogenic but were responsible for economic 
losses because of rejection of parts or all 
carcasses at slaughterhouses (Oryan et al., 
1996; Heckeroth and Tenter, 1999). Liver 
flukes may infect most mammals, including 
sheep. Studies in slaughterhouses indicate that 
sheep may be the main reservoir species in 
parts of Iran (Moghaddam et al., 2004). These 
parasites are usually considered after 
slaughtering and evisceration. The host-
parasite relationship and the varied reactions 
of the host to infection by parasites in sheep 
have been poorly studied. Nevertheless, there 
are interspecies variations in the pattern of 
response of the APPs (Eckersall, 1995). The 
present study aimed to assess the status of 
infection to metacestodes, Sarcocystis spp and 

liver flukes in sheep along with evaluation of 
potential changes in some blood parameters 
such as Haptoglobin (Hp), Serum amyloid-A 
(SAA), Alpha-1-acid glycoprotein (AGP), 
Albumin (ALB), Total protein (TP), Globulin 
(GLB), Malondialdehyde (MDA), Total 
antioxidant capacity (TAC), and Troponin 
(cTnI). 
 
Materials and methods 
 
The study was conducted in January 2015 at a 
slaughterhouse in Torbat-e Heydariyeh, which 
is located in the Razavi Khorasan province, 110 
km southeast of Mashhad city, (35°16′26″N 
59°13′10″E). Animals were transported from 
villages and towns closest to the abattoir using 
vehicles. A total of 400 sheep were examined 
and sex and age were recorded. 
Clinical examination prior to slaughter was 
done by expert veterinarians and all clinically 
healthy sheep enrolled in the study.The age 
grouping was done according to the dental 
formula (Pugh and Baird, 2012). Animals were 
grouped into young group, which have not 
erupted permanent incisor teeth and adult, 
which have one pair and above permanent 
teeth. 
 
Blood samples were obtained by jugular 
venepuncture into plain tubes and tubes 
containing EDTA (in a 10:1 ratio) as an 
anticoagulant before slaughtering. After 
slaughtering evisceration was done and 
internal organs were thoroughly examined by 
visual inspection, palpation and systematic 
incisions for the presence of any abnormalities 
such as cysts, adult parasites etc. 
 
Biochemical analysis 
 
After centrifugation of blood at 750 g for 15 
min at room temperature, serum or plasma 
was separated and stored at -80°C until 
analysis. The samples with hemolysis were 
discarded. 
 
Acute phase proteins (Hp, SAA and Alpha-1-acid 
glycoprotein) determination 
 
Haptoglobin (Hp) was measured using a 
commercial kit based on prevention of the 
peroxidase activity of hemoglobin, which is 
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directly proportional to the amount of Hp. The 
analytical sensitivity of this test in serum has 
been determined as 0.0156 mg/mL for Hp by 
the manufacturer (Tridelta Development Plc, 
Wicklow, Ireland). Serum amyloid A (SAA) 
was measured by a solid phase sandwich-
ELISA method with a sensitivity of 0.156 
pg/ml (Sheep SAA Elisa Kit, Cusabio Biotech 
Company, Wuhan, China). Alpha-1-acid 
glycoprotein (AGP) was measured using ovine 
ELISA Kit from My Bio Source Company 
(USA). 
 
Serum proteins measurements 
 
Serum was analysed for total protein (TP) by 
Biuret method (Commercial kit; Pars Azmoon, 
Tehran, Iran), albumin (ALB) by the 
bromocresol green method (Commercial kit; 
Pars Azmoon, Tehran, Iran). Serum total 
globulin (GLB) was determined as the 
difference between serum TP and ALB. 
Biochemical analyses were measured using a 
standard autoanalyser with veterinary 
software (Cobas-Mira, ABX-Diagnostics, 
Japan). 
 
Measurement of malondialdehyde (MDA) 
 
To evaluate lipid peroxidation in serum, a 
modified HPLC method was used based on the 
reaction of MDA with thiobarbituric acid 
(TBA), to form a colored MDA–TBA adduct 
(Lykkesfeldt 2001). 40 μL of sample was 
diluted with 100 μL of H2O and mixed with 20 
μL of 2.8 mmol/L butylated hydroxyl toluene 
(BHT) in ethanol, 40 μL of 81 g/L sodium 
dodecyl sulfate and 600 μL of TBA reagent (8 
g/L TBA diluted 1:1 with 200 ml/L acetic acid 
adjusted to pH 3.5 with NaOH). The mixture 
was immediately heated (60 min at 95°C) and 
cooled with running water; 200 μL of H2O and 
1000 μL of butanol–pyridine (15:1, v/v) were 
then added. After vigorous mixing, the organic 
layer was separated by centrifugation (3 min 
at 16,000g). The supernatant was analyzed on 
a UV-visible spectrophotometer fitted with an 
80 µL flow cell. The absorbance was measured 
at 532 nm (the mobile phase consisted of 300 
mL/L methanol in 50 mmol/L potassium di 
hydrogen phosphate buffer, pH 7.0). 1, 1, 3, 3-
tetraethoxypropane was used as a standard, 
and MDA-TBA reactive substances’ values 

were expressed as MDA mili-mole per liter 
(mmol/L). The HPLC system consisted of a 
solvent delivery pump (JASCO 980-PU, Tokyo, 
Japan), a reversed-phase column (Luna C18, 
250 mm × 4.6 mm, Phenomenex, CA, USA), 
and a UV–Vis detector (Jasco, UV-975, Tokyo, 
Japan) operated at 532 nm. 
 
Measurement of total antioxidant capacity 
(TAC) 
 
Determination of total antioxidant capacity 
(TAC) in serum by commercial kit (Labor 
Diagnostika Nord (LDN) Com, Nordhorn, 
Germany) was based on the reaction of 
peroxides with peroxidase followed by a color 
reaction of the chromogenic substrate 
tetramethyl benzidine. The change in color 
was measured colorimetrically at 450 nm and 
expressed as mili moles per liter. 
 
Troponin (cTnI) analysis 
 
cTnI concentration in serum was measured by 
commercial immunoassay system, using the 
one-step sandwich method (Unicel Beckman 
Coulter Access II, USA).The normal range is 
accepted to be 0.04 ng/ml, (measurement 
range, 0.01-100 ng/ml) and their positive and 
negative status was determined accordingly. 
The samples below this value were accepted 
as negative and the samples above this value 
were accepted as positive. 
 
Statistical analysis 
 
The results were analyzed using SPSS (version 
21.0) and MedCalc (version 15) software. The 
Kolmogorov-Smirnov tests were used for 
verifying that the variables had a normal 
distribution. The means of more than two 
variables were analyzed using a one-way 
ANOVA test with LSD post-hoc analysis, and 
Student’s t-tests were used for comparing two 
means, or Mann-Whitney U-tests in the case of 
non-normal distributions. Pearson’s 
correlation coefficients were used to analyze 
the relationship between the different 
variables. Significance level was set at P< 0.05. 
The sensitivity and specificity of each 
parameter was evaluated using ROC (Receiver 
Operating Characteristic) curves. 
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Results 
 
In evaluated sheep, 191 (47.75%) and 209 
(52.25%) were females and males, and 98 
(24.5%) respectively 302 (75.5%) were adults 
and youngs. Two hundred ninety-four 
(73.5%) and 106 (26.5%) sheep were 
considered healthy and infected with 
parasites, respectively (table 1). The 
prevalence of parasitic lesions was attributed 
to Echinococcus granulosus or hydatid cysts 
(17.5%), Cysticercus tenuicollis (3.75%), 
Cysticercus ovis (0.75%), Sarcocystis sp 
(0.75%), Dicrocoelium dendriticum (0.25%), 
or some combination of these species (3.5%). 
Ninety-two (87.00%) and 14 (13.00%) 
infected sheep had one parasitic lesion or two 
or more parasitic lesions respectively. Hydatid 
cysts occurred frequently in the lungs 
(22.64%) and liver (11.32%), but co-infection 
of the liver and lungs was common (32.7%) 
(table 2). 
 
A summary of all blood parameters is given in 
table 3. Hp, SAA, AGP and GLB were 
significantly increased (P≤0.001) due to 
parasitic infection, whereas the concentration 
of TAC was decreased in infected sheep 
significantly (P≤0.001). ALB level decreased 
significantly in infected adult female and 
infected young male sheep (P≤0.001), 
whereas ALB level did not change significantly 
in infected young female sheep. TP level was 
significantly higher in infected adult female 
(P≤0.001) and infected young female sheep 

(P≤0.03). TP level did not change significantly 
in infected young male compared to healthy 
sheep. Significantly increased MDA level was 
seen in infected adult female (P≤0.001) (table 
3). More significant change was observed in 
TP in sheep with hydatid cysts than sheep 
with Cysticerus tenuicolllis (P≤0.001) vs 
(P≤0.05). MDA was significantly increased in 
infected sheep with hydatid cysts (P≤0.001). 
But in sheep with Cysticercus tenuicollis cysts 
it was not significantly different from healthy 
ones (table 4). 
 
Analysis of the Receiver Operating 
Characteristic (ROC) curve showed that the 
Area Under the Curve (AUC) obtained from Hp 
and SAA for differentiating infected sheep 
(61.54%) from healthy (38.46%) (n=169) was 
1.000 (table 5). Indeed, AUC obtained from Hp 
and SAA for differentiating young-male 
infected (50.00%) from healthy male 
(50.00%) sheep (n=46), young-female 
infected (46.15%) from healthy female 
(53.85%) sheep (n=46), and adult-female 
infected (71.13%) from healthy (28.87%) 
sheep (n=97) was 1.000. This level of AUC 
suggests greater accuracy in diagnostic ability 
of Hp and SAA levels for identifying internal 
parasitic infections. Hp, SAA, AGP, TAC and 
GLB have good accuracy for differentiating 
hydatid cysts (55.48%) from healthy 
(44.52%) sheep (n=146) and cysticercus 
(22.62%) from healthy (77.38%) sheep 
(n=84) (table 6 and table 7). 
 

 
 

Table 1. Distribution of healthy and infected sheep based on sex and age (Total=400) 
 

N (prevalence) Healthy 
Infected 

Hydatid cysts Cysticercus tenuicollis Others 

Young 
Male 185(46.25) 12(3) 9(2.25) 3(0.75) 

Female 81(20.25) 5(1.25) 2(0.5) 5(1.25) 

Adult 
Male - - - - 

Female 28(7) 53(13.25) 4(1) 13(3.25) 
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Table 2. Different lesions in evaluated sheep based on organ (Total=400) 
 

Prevalence 
(%) 

 

Proportional 
Morbidity rate 

(%) 
Number Organ (s) Lesions 

8.5 32.07 34 Liver & Lung Hydatid cysts 

6 22.64 24 Lung 

3 11.32 12 Liver 

2.25 8.49 9 Liver Cysticercus tenuicollis 

0.75 2.83 3 Liver & Omentum 

0.75 2.83 3 Omentum 

0.75 2.83 3 Heart Cysticercus Ovis 

0.75 2.83 3 Diaphragm Sarcocystis sp. 

0.75 2.83 3 Diaphragm & liver and lung Sarcocystis sp. + Hydatid cysts 

0.5 1.88 2 Diaphragm & Liver Sarcocystis sp. + Hydatid cysts 

0.5 1.88 2 Diaphragm & Lung Sarcocystis sp. + Hydatid cysts 

0.5 1.88 2 Liver & Liver Cysticercus tenuicollis + Hydatid cysts 

0.25 0.94 1 Esophagus & Liver Cysticercus ovis+ Hydatid cysts 

0.25 0.94 1 Omentum& Liver Cysticercus tenuicollis+ Hydatid cysts 

0.25 0.94 1 Heart & liver - lung Cysticercus ovis- + Hydatid cysts 

0.25 0.94 1 Liver & Lung Liver fluke (Fasciola hepatica)+ Hydatid cysts 

0.25 0.94 1 Liver & Lung Lancet Liver Fluke+ Hydatid cysts 
(Dicrocoelium dendriticum) 

0.25 0.9434 1 Liver Lancet Liver Fluke 
(Dicrocoelium dendriticum) 

26.5 100.00 106 Total 

 
Table 3. Comparison of evaluated parameters in sheep based on age and sex (n=169) 

 

Group Hp SAA AGP ALB TP GLB MDA TAC cTnI 

Unit ng/ml μg/ml pg/ml g/dl g/dl g/dl mmol/l mmol/l ng/ml 

A
d

u
lt

 F
e

m
a

le
 (

n
) 

In
fe

ct
e

d
 (

7
0

) 

0.75+0.07 21.54+0.86 1.64+0.27 2.83+0.28 7.38+0.55 4.54+0.62 5.36+0.40 1.22+0.12 0.35+0.02 

H
e

a
lt

h
y

 
(2

8
) 

0.07+0.01 4.56+0.13 1.27+0.29 3.15+0.25 6.73+0.54 3.58+0.60 4.94+0.40 1.37+0.12 0.35+0.02 

P value ≤0.001 ≤0.001 ≤0.001 ≤0.001 ≤0.001 ≤0.001 ≤0.001 ≤0.001 NS 

Y
o

u
n

g
 M

a
le

 (
n

) 

In
fe

ct
e

d
 

(2
2

) 

0.73+0.07 21.57+0.69 1.70+0.28 2.67+0.25 7.24+0.58 4.57+0.62 5.10+0.47 1.22+0.11 0.35+0.02 

H
e

a
lt

h
y

 
(2

3
) 

0.07+0.01 4.62+0.15 1.16+0.28 3.07+0.26 6.94+0.53 3.87+0.63 5.01+0.44 1.42+0.13 0.35+0.02 

P value ≤0.001 ≤0.001 ≤0.001 ≤0.001 NS ≤0.001 NS ≤0.001 NS 

Hp: Haptoglobin; SAA: Serum amyloid-A; AGP: Alpha-1-acid glycoprotein; ALB: Albumin; TP: Total protein; GLB: Globulin; 
MDA: Malondialdehyde; TAC: Total antioxidant capacity; cTnI: Troponin 
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Table 3 (continuation) 
 

Group Hp SAA AGP ALB TP GLB MDA TAC cTnI 

Unit ng/ml μg/ml pg/ml g/dl g/dl g/dl mmol/l mmol/l ng/ml 

Y
o

u
n

g
 F

e
m

a
le

 (
n

) 

In
fe

ct
e

d
 (

1
2

) 

0.76+0.07 21.60+0.71 1.50+0.20 2.90+0.25 7.35+0.55 4.44+0.59 5.27+0.37 1.17+0.15 0.34+0.02 

H
e

a
lt

h
y

 (
1

4
) 

0.08+0.01 4.57+0.16 1.15+0.17 3.04+0.32 6.90+0.46 3.86+0.42 5.05+0.43 1.40+0.15 0.34+0.01 

P value ≤0.001 ≤0.001 ≤0.001 NS 0.03 0.007 NS ≤0.001 NS 

Hp: Haptoglobin; SAA: Serum amyloid-A; AGP: Alpha-1-acid glycoprotein; ALB: Albumin; TP: Total protein; GLB: Globulin; 
MDA: Malondialdehyde; TAC: Total antioxidant capacity; cTnI: Troponin 
 

Table 4. Comparison of evaluated parameters in sheep infected with Cysticercus tenuicollis cysts, hydatid cysts and healthy 
 

Variable Hp SAA AGP ALB TP GLB MDA TAC cTnI 

Unit ng/ml μg/ml pg/ml g/dl g/dl g/dl mmol/l mmol/l ng/ml 

G
ro

u
p

 (
n

) 

Hydatid 
cysts (70) 

0.76+ 
0.008** 

21.50+ 
0.1** 

1.65+ 
0.03** 

2.84+ 
0.03** 

7.39+ 
0.07** 

4.55+ 
0.07** 

5.28+ 
0.04** 

1.20+ 
0.01** 

0.35+ 
.003 

Cysticercus 
tenuicollis 
cysts (15) 

0.72+ 
0.02** 

21.65+ 
0.19** 

1.67+ 
0.08** 

2.67+ 
0.07** 

7.21+ 
0.13* 

4.53+ 
0.15** 

5.05+ 
0.10 

1.26+ 
0.04** 

0.35+ 
.008 

Healthy (65) 
0.077+ 
0.001 

4.58+ 
0.01 

1.20+ 
0.03 

3.10+ 
0.03 

6.84+ 
0.06 

3.74+ 
0.07 

4.99+ 
0.05 

1.40+ 
0.01 

0.35+ 
.002 

*Values differ with healthy group in each column (P ≤ 0.05). 
**Values differ with healthy group in each column (P≤ 0.001). 
 

Table 5. Sensitivities and specificities values of parameters used as indicators for differentiating  
between infected sheep with internal parasites (61.54%) and healthy (38.46%) (n=169) 

 

Parameter AUC 
Cut-off 
point 

Sensitivity Specificity P value 

Hp 1.000 >0.1 100.00 100.00 <0.0001 
SAA 1.000 >4.89 100.00 100.00 <0.0001 
AGP 0.863 >1.34 86.54 70.77 <0.0001 
ALB 0.763 ≤3.23 97.12 40.00 <0.0001 
TP 0.733 >7.52 41.35 93.85 <0.0001 
GLB 0.813 >4.2 70.19 78.46 <0.0001 
MDA 0.685 >5.3 53.85 76.92 <0.0001 
TAC 0.829 ≤1.34 80.77 67.69 <0.0001 
cTnI 0.509 ≤0.31 10.58 100.00 0.832 

AUC: Area under the curve; Hp: Haptoglobin; SAA: Serum amyloid-A; AGP: Alpha -1- acid glycoprotein; ALB: Albumin;  
TP: Total protein; GLB: Globulin; MDA: Malondialdehyde; TAC: Total antioxidant capacity; cTnI: Troponin 
 

Table 6. Sensitivities and specificities values of parameters used as indicators for differentiating between 
hydatid cysts infected sheep (55.48%) from healthy (44.52%) (n=146). 

 

Parameter AUC 
Cut-off 
point 

Sensitivity Specificity P value 

Hp 1.000 >0.1 100.00 100.00 <0.0001 
SAA 1.000 >4.89 100.00 100.00 <0.0001 
AGP 0.866 >1.34 87.65 70.77 <0.0001 
GLB 0.814 >3.97 79.01 69.23 <0.0001 
TAC 0.848 ≤1.34 83.95 67.69 <0.0001 

ROC: Receiver Operating Characteristic; AUC: Area under the curve; Hp: Haptoglobin; SAA: Serum amyloid-A;  
AGP: Alpha -1- acid glycoprotein; GLB: Globulin; TAC: Total antioxidant capacity. 
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Table 7. Sensitivities and specificities values of parameters used as indicators for differentiating between cysticercus 
infected sheep (22.62%) from healthy (77.38%) (n=84) 

 

Parameter AUC Cut-off point Sensitivity Specificity P value 

Hp 1.000 >0.1 100.00 100.00 <0.0001 
SAA 1.000 >4.89 100.00 100.00 <0.0001 
AGP 0.854 >1.38 78.95 75.38 <0.0001 
GLB 0.798 >3.91 84.21 63.08 <0.0001 
TAC 0.763 ≤1.18 47.37 96.92 <0.0001 

ROC: Receiver Operating Characteristic; AUC: Area under the curve; Hp: Haptoglobin; SAA: Serum amyloid-A;  
AGP: Alpha -1- acid glycoprotein; GLB: GlobulinTAC: Total antioxidant capacity 
 

 
Discussion 
 
The results show that more young male sheep 
are brought to the slaughterhouse of Torbat-e 
Heydariyeh than others (52.25%). This is 
reasonable as young male sheep meat is 
marketable in Iran. Oryan et al. (1994) in a 
study over a period of two years in Fars 
Province, found that 26.12% of 7992 
examined sheep were infected 
with Echinococcus granulosus. Livers and 
lungs of 3245 sheep slaughtered for meat 
purposes at different Shiraz slaughterhouses 
were examined for hydatidosis by Mehrabani 
et al. (1999). They found 2.09% of livers and 
2.68% of lungs of sheep were infected with 
Echinococcus granulosus. In a cross-sectional 
study in the northwest of Iran, Daryani et al. 
(2007) found that sheep are the most 
important intermediate hosts for Echinococcus 
granulosus. In a five year retrospective study 
in livestock slaughtered in abattoirs in 
Khuzestan Province (southwestern Iran) the 
most parasitic lesions in the condemned livers 
were attributed to Echinococcus 
granulosus, Fasciola hepatica, or Dicrocoelium 
dendriticum, or some combination of these 
species (Borji et al., 2012). In the present 
study, about two thirds of parasitic infections 
among all infected cases were hydatid cysts 
(66%). Presumably Echinococcus granulosus 
cause considerable economic loss in most 
areas of Iran. It appears that sheep have a 
more important role in the continuation of the 
Echinococcus granulosus life cycle. Therefore, 
efforts should be made to control the 
transmission of cysts from slaughter houses 
by the safe disposal of infected offal (Azami et 
al., 2013). The assays such as serological 
diagnosis that are used for finding the cases of 
hydatid disease are still imperfect in sheep 
(González-Sapienza et al., 2000). 

Serodiagnostics do not provide a sufficiently 
specific and sensitive practical pre-mortem 
alternative (Craig et al., 2015). Attempts to 
determine which factors might change in 
infected sheep may help in utilizing these 
biomarkers as an important component of 
herd health and quality assurance schemes as 
well as at ante-mortem or post mortem 
inspection. The APPs in small ruminants are 
poorly described. The host’s body responds to 
inflammation by producing some APPs such as 
Hp, SAA and AGP by the liver (Eckersall and 
Bell, 2010; Gómez-Laguna et al., 2011). In the 
present study, APPs significantly increased in 
infected animals (P≤0.001). At the same time, 
the production of a number of other proteins 
named as negative APPs, were reduced. ALB 
level as main negative App decreased 
significantly in adult female and young male 
sheep infected with parasites (P≤0.001), 
whereas ALB level decreased numerically in 
infected young female sheep. The 
physiological role of hypoalbuminemia is 
generally to save amino acids for producing 
positive APPs (Abbas et al., 2012). These 
findings were confirmed by Ulutaş et al. 
(2007). They found elevated levels of Hp and 
SAA in a study on twelve goats with mixed 
helminth infections such as Fasciola spp. In a 
recent study by Sevimli et al. (2015), an 
increase in SAA was seen in the group of 
twenty-seven cattle with hydatid cysts (SAA 
level of 7.51 ± 0.41 μg/ml, V.S. 4.84 ± 0.51 
μg/ml in the infected and control group 
respectively). In the present study, GLBs were 
significantly increased due to parasitic 
infection (P≤0.001). Some GLBs are produced 
in the liver, while others are made by the 
immune system. The TP test measures the 
total amount of two classes of proteins, ALB 
and GLBs. In the present study, the TP level 
was significantly higher in infected adult 
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female (P≤0.001) and infected young female 
sheep (P≤0.03). TP level did not change 
significantly in infected young male compared 
to healthy sheep. Hence, the change in GLBs 
with a constant or increased amount of TP and 
decreased level of ALB is logical. In another 
study, GLBs were significantly higher in sheep 
infected with liver fluke Fasciola hepatica 
when compared with parasite-free sheep 
(Matanović et al., 2007). Hyperglobulinemia 
as a result of immune response and decreased 
albumin/globulin ratio are commonly found 
in small ruminants (Swarup et al., 1986). Hp 
binds free hemoglobin (Hb) released from 
erythrocytes in blood with high affinity and 
thereby inhibits its oxidative activity. Hp may 
increase in any inflammatory process. SAA 
have several roles, including the transport of 
cholesterol to the liver for secretion into the 
bile, the recruitment of immune cells to 
inflammatory sites, and the induction of 
enzymes that degrade extracellular matrix. 
AGP indicates disease before antibodies are 
created and before clinical symptoms are 
apparent. Any inflammation, infectious 
diseases, surgery, malignant tumors, 
autoimmune diseases, liver cirrhosis, and all 
types of stress in general elevate AGP level 
(Fournier et al., 2000). MDA is an indicator of 
lipid peroxidation and a biomarker for 
oxidative stress (Pérez-Rodríguez et al., 
2015). Significantly increased MDA level was 
seen in infected adult female sheep (P≤0.001). 
Probably, the longtime exposure to parasites 
may be a contributing factor for the 
production of reactive oxygen species that 
degrade polyunsaturated lipids and form 
MDA. The capacity of known and unknown 
antioxidants and their synergistic interaction 
is assessed by TAC (Serafini and Del Rio, 
2004). In the present study, the concentration 
of TAC was decreased in infected sheep 
significantly (P≤0.001). TAC considers the 
cumulative action of all the antioxidants 
present in plasma and body fluids. Most likely, 
the antioxidants were consumed during 
oxidative stress induced by parasites. 
Elevated levels of cTnI indicate cardiac muscle 
cell death as the enzyme is released into the 
blood upon injury to the heart (Adams et al., 
1993). In the study, the cTnI level was 
unchanged in the exposure to parasites. 
Several studies have shown an association 

between APPs levels and the severity of 
disease. The usability of Hp and SAA levels in 
blood serum and milk in the diagnostics of 
mastitis has been demonstrated in detecting 
acute, chronic, and subclinical states as well as 
in distinguishing between mild and moderate 
states (Jawor et al., 2008). It is concluded 
acute phase proteins may be useful for 
understanding the host-parasite relationship, 
since the plasma concentrations of Hp and 
SAA are important parameters that changed. 
However, it is important to note that APPs 
response is nonspecific and it develops after 
an injury, regardless of the pathogenic factor 
(Jawor et al., 2008). These parameters can be 
used as indicators for infection in sheep that 
are naturally infected by the mentioned 
parasites. More action is suggested to control 
the disease in Iran. To reach this goal, 
epidemiological studies along with searching 
new diagnostic methods is highly 
recommended as well as the treatment of 
stray dogs. 
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