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ABSTRACT

This study was conducted to assess the pattern of changes and the relative value of acute phase proteins
(APP) including haptoglobin (Hp), serum amyloid A (SAA), ceruloplasmin and fibrinogen in Iranian indigenous
cattle infected with Theileria annulata. The diseased group comprised 24 Iranian indigenous dairy cattle, 2-
3 years old, naturally infected with Theileria annulata. The infected animals were divided into 4 subgroups
with different parasitemia rates (<1% and 1-3%). As a control group, 10 uninfected cattle were also sampled.
Blood samples were collected and all measurements were made using validated methods. There were significant
differences in red blood cells (RBCs), packed cell volume (PCV), hemoglobin (Hb) and concentrations of Hp,
SAA, ceruloplasmin and fibrinogen between healthy cattle and those infected with T. annulata with different
parasitemia rates (P<0.05). As the parasitemia rate increased in infected cattle, a significant decrease was
observed in RBCs, PCV and Hb. In contrast, with the increase in the parasitemia rate, a significant increase in
Hp, SAA, ceruloplasmin and fibrinogen was evident. The optimal cut-off point was set by the receiver operating
characteristics (ROC) method to >5.68 pug/mL for SAA, >0.09 g/L for Hp, >0.049 g/L for ceruloplasmin
and >1.90 g/L for fibrinogen, with corresponding 71.50% sensitivity and 100% specificity for SAA, 83.30%
sensitivity and 70% specificity for Hp, 50% sensitivity and 90% specificity for ceruloplasmin and 71.30%
sensitivity and 80% specificity for fibrinogen. In conclusion, measuring SAA with the highest sensitivity,
specificity and AUC compared to other APPs, can be a suitable indicator of inflammatory reactions in indigenous
cattle infected with Theileria annulata.
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Introduction

Tick-borne diseases are the most prevalent and numerous and exert their greatest
impact in the tropical and subtropical regions (BRAM, 1983; MINJAUW and McLEOD, 2003).
Theileriosis is one of the most important of these diseases. Tropical theileriosis is one of
the most prevalent and economically important fatal diseases of cattle in Iran (HASHEMI-
FESHARKI, 1988). It is a progressive lymphoproliferative disease of cattle caused by the
protozoan parasite, Theileria annulata (OMER et al., 2003a and 2003b; TAYLOR et al., 1992).
The parasite acts as a serious constraint to cattle production in endemic areas, causing
lethal infections in exotic cattle and considerable mortality in indigenous and crossbred
stock (FORSYTH et al., 1997).

The acute phase response is a non-specific reaction by an individual to different types
of tissue damage (GRUYS et al., 1994). The acute phase proteins (APPs) are a group of
blood proteins that change in concentration in animals subjected to external or internal
challenges such as infection, inflammation, surgical trauma or stress. The APPs consist of
negative and positive proteins that show a decrease and an increase in levels, respectively,
in response to challenge (ECKERSALL, 2004, MURATA et al., 2004; GRUYS et al., 2005).
The wide nature of acute phase protein response can be seen as a disadvantage in that the
APP assay is not specific for one disease, but it is combined with other long-established
diagnostic tests in the clinicians repertoire (ECKERSALL, 2004). On the other hand, it is
suggested that various infections and inflammatory processes may be associated with
different APP pattern details, which may lead to APP parameters being used for diagnostic
purposes (GRUYS et al., 2005). GLASS et al. (2003) reported that T. annulata causes severe
pathology in susceptible cattle by inducing high levels of pro-inflammatory cytokines.
In another study, GLASS et al. (2005) reported that Bos taurus and Bos indicus (Sahiwal)
calves respond differently to infection with T. annulata and produce markedly different
levels of APPs. GLASS and JENSEN (2007) reported that Bos indicus, Sahiwal, which
originates in a T. annulata endemic area, is more resistant to the parasite. One feature of
the disease is the production of APPs, indicating that the parasite induces high systemic
levels of pro-inflammatory cytokines. In theileriosis, leukocyte composition is not a
suitable indicator of inflammatory progress since variations in leukocytes in different
stages of the disease range between normal numbers of leukocyte to leukocytosis or
leukopenia. Acute phase proteins (APP) have been identified as the biomarkers of choice
for diagnostic and prognostic purposes in veterinary medicine, therefore evaluation of
these proteins is considered to be a more helpful indicator of inflammatory progress.

The present study was conducted to assess the pattern of changes and the relative
value of APP, including Hp, SAA, ceruloplasmin and fibrinogen and to find a possible
relationship between parasitemia rates and APP changes in indigenous cattle infected
with Theileria annulata.
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Materials and methods

This study was carried out in the south west region of Iran (Fars province) where
theileriosis due to T. annulata is prevalent. Blood samples were collected from 24
indigenous dairy cattle, 2-3 years old, which were naturally infected with Theileria
annulata. Ten healthy indigenous cattle were selected as the control group. The theileria
infected group was divided into 2 subgroups according to their parasitemia rates (<1%
and 1-3%). Theileria infection was diagnosed based on hematological, biochemical and
microbiological tests, clinical signs and epidemiological evidences. Other causes of
anemia were excluded using above-mentioned tests. Infected animals had not been treated
for disease prior to sampling and were sampled only once in the course of their disease.

Blood samples were taken from jugular vein into vacutainers containing EDTA for
measuring hematological parameters and without EDTA for biochemical analysis. The
sera were separated by centrifugation at 750g for 15 min and stored at -20 °C until used.
Hematological parameters including RBC count, WBC differential count, PCV value,
hemoglobin concentration, MCV, MCH and MCHC were measured by routine procedures
(JAIN 1986). Thin blood smears were prepared, fixed with absolute methanol (5min),
stained with 10% Giemsa solution (30 min) and examined under oil immersion lens
(x1000) to observe intraerythrocytic forms of Theileria annulata. After examining more
than 50 microscopic fields of blood films at a magnification of x1000, the parasitemia
rate was quantified and expressed as the percentage of infected erythrocytes. Haptoglobin
(Hp) was measured using a solid phase ELISA (Tridelta Development Plc, Co. Wicklow,
Ireland) and SAA by a solid phase sandwich ELISA (Tridelta Development Plc, Co.
Wicklow, Ireland). The analytical sensitivities of these tests in serum have been determined
as 0.3 pg/mL for SAA and 0.0156 mg/mL for Hp by the manufacturer. Ceruloplasmin
was measured using the SUNDERMAN and NOMOTO (1970) method and fibrinogen by
precipitation-refractory method as described by THRALL (2004).

The Student’s t-test was used for comparison of factors between the 2 groups (control
and diseased cases). Analysis of variance (ANOVA) and Tukey tests were used for
comparison of factors in all subgroups with different parasitemia rates, and Pearson’s
correlation coefficient was used for the relationship between the parameters at different
parasitemia rates. Selection of cut-off points for Hp, SAA, ceruloplasmin and fibrinogen
was undertaken using the receiver operating characteristic curve (ROC) analysis. ROC
analysis plots a curve of sensitivity versus specificity for all possible threshold values of
the parameter to be evaluated. The area under the curve (AUC) indicates the diagnostic
accuracy of the examined parameter (GARDNER and GREINER, 2006). Likelihood ratios
(LR) for Hp, SAA, ceruloplasmin and fibrinogen were also estimated. LR provides an
indication of how the post-test probability changes as a function of magnitude of the test
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results (GARDNER and GREINER, 2006). For a better evaluation of the diagnostic value
of study parameters, ROC analysis was performed twice, including and excluding the
control group. All values were expressed as mean and standard error (SE), and P<0.05
was considered as statistically significant.

Results

The mean + SEM of hematological parameters and APPs concentrations in indigenous
healthy cattle and those infected with Theileria annulata with different parasitemia rates
are presented in Table 1.

There were significant differences in RBC, PCV, Hb and concentrations of Hp, SAA,
ceruloplasmin and fibrinogen between healthy cattle and those infected with T. annulata
with different parasitemia rates (P<0.05). As the parasitemia rate increased in indigenous
infected cattle, a significant decrease was observed in white blood cells (WBCs) (r =
-0.345, P<0.01), percentages of lymphocytes (r = -0.424, P<0.01), RBCs (r = -0.426,
P<0.01), PCV (r = -0.893, P<0.01) and Hb (r = -0.788, P<0.01). In contrast, with the
increase in parasitemia rates, a significant increase in neutrophils (r=0.307, P<0.01), Hp
(r = 0.779, P<0.01), SAA (r = 0.730, P<0.01), ceruloplasmin (r = 0.772, P<0.01) and
fibrinogen (r = 0.691, P<0.01) was evident. No significant increase in the percentage of
monocyte was observed as the parasitemia rates increased.

The cut-off point, sensitivity, specificity, positive and negative likelihood ratio
and area under the ROC curve (AUC) are shown in Table 2. The optimal cut-off point
was set by the ROC method to>5.68 ug/mL for SAA,>0.09 g/L for Hp,>0.049 g/L for
ceruloplasmin and>1.90 g/L for fibrinogen with corresponding 71.50% sensitivity and
100% specificity for SAA, 83.30% sensitivity and 70% specificity for Hp, 50% sensitivity
and 90% specificity for ceruloplasmin and 71.30% sensitivity and 80% specificity for
fibrinogen. The sensitivity, specificity and the area under the ROC curve (AUC) of SAA
were more than that of Hp, ceruloplasmin and fibrinogen (Table 2).

Table 2. ROC analysis of Hp, SAA, ceruloplasmin and fibrinogen in indigenous cattle naturally
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infected by Theileria annulata (n = 24)

Cut-off- | Sensitivity | Specificity
Parameter point (%) (%) AUC LR+ LR- P value
H
P >0.09 83.30 70.00 0.796 2.78 0.24 0.0001
(€49)
SAA

>5.68 71.50 100.00 0.822 0.37 0.0001
(ng/mL)
Ceruloplasmin

>0.049 50.00 90.00 0.570 5.00 0.56 0.49
(g'h)
Fibrinogen
(@) >1.90 71.30 80.00 0.780 4.17 0.21 0.0001
g

+ LR= Positive likelihood ratio; -LR = Negative likelihood ratio

Discussion

In the present study, the numbers of RBC, PCV and Hb in Iranian indigenous cattle
with theileriosis were significantly lower in comparison with healthy ones (P<0.05). Also,
as the severity of parasitemia progressed, a significant decrease in RBC, PCV and Hb was
observed (P<0.05). Therefore, the severity of the anemia increased as the parasitemia
progressed. These findings were similar to those of DHAR and GAUTAM (1979), SHARMA
(1979), MEHTA et al. (1988), RAYULA and HAFEEZ (1995), SANDHU et al. (1998) and SINGH
et al. (2001). The decline in RBC, PCV and Hb may be attributed to the destruction of
erythrocytes by macrophages in the lymph nodes, spleen and other organs of the monocyte-
macrophage system (SINGH et al., 2001). SANDHU et al. (1998) evaluated hematological
and biochemical factors in experimental Theileria annulata infection in crossbred calves.
They reported a significant progressive decrease in Hb concentration, PCV and RBC,
whereas the total leukocyte count showed initial non-significant leukocytosis followed by
significant leukopenia. DHAR and GAUTAM (1979), SHARMA (1979), MEHTA et al. (1988)
and RAYULA and HAFEEZ (1995) reported a progressive decrease in Hb, PCV and RBC
in acute Theileria annulata infection. A progressive decrease in the Hb and PCV, along
with a marked reticulocytosis was also reported by SINGH et al. (2001). No significant
difference was observed in MCV and MCHC between infected and healthy indigenous
cattle that indicated normocytic-normochromic anemia in infected cattle. STOCKHAM
et al. (2000) reported macrocytic-normochromic anemia in cattle infected with Theileria
buffeli.

Inflammation or tissue injury causes the release of pro-inflammatory cytokines such
as interleukin (IL)-1, IL-6 and tumor necrosis factor (TNFa), which alters the blood
concentration of a variety of proteins that are produced primarily in the liver. Overall
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increases in these proteins are recognized by finding elevations in the a-and/or B-regions
by serum protein electrophoresis. The concentration of these proteins is generally low
to non-detectable in healthy animals, and elevations are used to diagnose and monitor
inflammatory diseases. The specific type of APPs and the time course for alterations
in these proteins varies between different species on the basis of the initiating disorder
or underlying inflammatory process (FELDMAN et al., 2000). Hemorrhage, lymphocyte
infiltration and necrosis in abomasum, liver, kidney, intestine, lung and bone marrow
indicates a wide spread inflammatory reaction in bovine theilerisosis. These lesions induce
cytokines such as IL-1, 11-6 and TNFo under the effect of which, APPs are synthesized in
the liver (JUBB et al., 1991; RADOSTITS et al., 2007).

There was a significant difference in Hp, SAA, ceruloplasmin and fibrinogen between
healthy and diseased Iranian indigenous cattle (P<0.05). As parasitemia progressed, a
significant elevation in Hp, SAA, ceruloplasmin and fibrinogen was evident. In comparison
to SAA, ceruloplasmin and fibrinogen had lower sensitivity and specificity in cattle
infected with Theileria annulata. Ceruloplasmin concentrations increase in some, but
not all, spontaneous inflammatory diseases. Ceruloplasmin transports copper and plays
a role in iron metabolism. Although less commonly measured than Hp, ceruloplasmin
has been identified as an acute phase protein in many species (FELDMAN et al., 2000).
Fibrinogen levels increase with a variety of spontaneous inflammatory conditions in
many species. It is commonly measured as part of a routine complete blood count in cows
because it may be a better indicator of inflammation in some situations than alterations
in leukocyte counts (FELDMAN et al., 2000; LATIMER et al., 2003). The sensitivity and
specificity of SAA were more than Hp, ceruloplasmin and fibrinogen for inflammatory
reactions of indigenous cattle infected with Theileria annulata. APPs increase when
a disease developed and decrease in recovery stage. SAA with the highest sensitivity
and specificity in comparison with other APPs is a more suitable diagnostic indicator of
inflammatory process in bovine theileriosis. GLASS et al. (2003) reported that Theileria
annulata causes severe pathology in susceptible cattle by inducing high levels of pro-
inflammatory cytokines. Following experimental infection, SAA appeared first, followed
by arise in o acid glycoprotein in all cattle, whereas Hp, which is a major APP in cattle,
only appeared in some of the animals and generally at a low level. SAA, Hp and o acid
glycoprotein only elevated around or after the appearance of schizonts and after the first
rise in temperature. Increased o, -acid glycoprotein levels coincided with the appearance
of piroplasms. The production of SAA and o, acid glycoprotein correlated strongly with
each other, and also with some clinical features of disease severity, including the time
of fever, development of leukopenia, parasitemia rate and mortality. GLASS et al. (2005)
reported that Bos taurus and Bos indicus (Sahiwal) calves respond differently to infection
with T. annulata and produce markedly different levels of APPs. Following experimental
infection with T. annulata sporozoites, a group of Sahiwal calves all survived without
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treatment, with significantly lower maximum temperatures and a lower parasitemia rate
than a group of Holstein calves, which all showed severe clinical manifestation. Although
the Sahiwals were as anemic as the Holsteins, other pathologic lesions, including
lymphadenopathy and the level of APPs, o, acid glycoprotein and Hp, were significantly
lower in the Sahiwals. Additionally, the Sahiwals had significantly lower resting levels of
a., acid glycoprotein than the Holsteins.

In conclusion, measuring SAA with the highest sensitivity, specificity and AUC
compared to the other APPs, can be a suitable indicator of inflammatory reactions in
indigenous cattle infected with Theileria annulata.
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SAZETAK

Istrazivanje je provedeno s potrebom da se utvrdi dinamika promjena i relativne vrijednosti proteina akutne
faze, ukljucujuéi haptoglobin (Hp), serumski amiloid A, ceruloplazmin i fibrinogen, u iranskoga domacega
goveda invadiranoga prazivotinjom Theileria annulata. Skupina pokusnih Zivotinja sadrzavala je ukupno 24
iranska domaca mlije¢na goveda u dobi od dvije do tri godine invadirana prazivotinjom Theileria annulata.
Invadirane Zivotinje bile su podijeljene u Cetiri podskupine s obzirom na razliCite razine parazitemije (<1%
i 1-3%). U kontrolnoj skupini bilo je 10 neinvadiranih Zivotinja. Izvadena krv bila je pretrazena validiranim
metodama. Ustanovljene su znacajne razlike u broju eritrocita, ukupnoga stani¢noga volumena, hemoglobina te
koncentraciji haptoglobina, serumskog amiloida A, ceruloplazmina i fibrinogena izmedu zdravih goveda i onih
invadiranih s razli¢itim razinama parazitemije (P<0,05). Ja¢anjem parazitemije u goveda dokazan je i znacajan
pad broja eritrocita, vrijednosti hematokrita i hemoglobina. Suprotno, jacanjem parazitemije zabiljezen je
znacajan porast koncentracije haptoglobina, serumskog amiloida A, ceruloplazmina i fibrinogena. Optimalna
grani¢na vrijednost izmedu pozitivnih i negativnih vrijednosti bila je odredena pomocu krivulje ROC (engl.
receiver operating characteristics) te je iznosila >5,68 pg/mL za serumski amiloid A, >0,09 za haptoglobin,
>0,049 g/L za ceruloplazmin i >1,90 g/L za fibrinogen. Za serumski je amiloid osjetljivost iznosila 71,50% dok
je specifi¢nost bila 100%. Osjetljivost je za haptoglobin iznosila 83,30% dok je specificnost iznosila 70%. Za
ceruloplazmin je osjetljivost iznosila 50%, a specificnost 90%. Za fibrinogen je osjetljivost iznosila 71,30%
dok je specifi¢nost iznosila 80%. Zaklju¢no se moze re¢i da mjerenje vrijednosti serumskoga amiloida A moze
biti prikladan pokazatelj upale uzrokovane prazivotinjom Theileria annulata jer se u odnosu na ostale proteine
akutne faze odlikuje najviSom razinom osjetljivosti, specificnosti i AUC.

Kljuéne rije¢i: haptoglobin, serumski amiloid A, ceruloplazmin, fibrinogen, iransko domace govedo,

Theileria annulata

214 Vet. arhiv 80 (2), 205-214, 2010



