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Abstract

Hemograms and acute-phase proteins in adult male New Zealand White rabbits that had been experimentally 
infected orally with sporulated oocysts of Eimeria stiedai were evaluated over a 28-day period. Fifty animals were 
used, divided into two groups: group A infected with 1 × 104 sporulated oocysts of E. stiedai and group B inoculated 
with distilled water. On the seventh day after infection, the infected animals presented anemia and leukocytosis with 
neutrophilia and monocytosis. Protein fractionation by means of electrophoresis identified 19 acute-phase proteins 
with molecular weights ranging from 24 to 238 kD. Ceruloplasmin, transferrin and haptoglobin showed high levels 
on the seventh day after infection, with gradual increases in their concentrations until the end of the experimental 
period. Thus, from the data of the present study, E. stiedai is considered to be a pyogenic etiological agent for which the 
infection level can be monitored through the leukocyte count and serum concentrations of ceruloplasmin, transferrin 
and haptoglobin, and these can be recommended as complementary tests.
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Resumo

O hemograma e proteínas de fase aguda foram avaliados durante 28 dias em coelhos adultos, machos, raça branco 
Nova Zelândia, infectados experimentalmente, via oral, com oocistos esporulados de Eimeria stiedai. Foram usados 
50 animais distribuídos em dois grupos: grupo A infectado com 1 × 104 oocistos esporulados de E. stiedai e grupo B 
inoculado com água destilada. No 7º dia após a infecção (dpi), os animais infectados tiveram anemia, leucocitose com 
neutrofilia e monocitose. O método de fracionamento de proteínas por eletroforese identificou 19 proteínas de fase 
aguda com pesos moleculares que variaram entre 24 e 238 kD. A ceruloplasmina, transferrina e haptoglobina tiveram 
níveis elevados no 7° dpi com aumento progressivo de suas concentrações até o término do período experimental. 
Desta forma, considerando-se os dados encontrados no presente estudo, E. stiedai é considerado um agente etiológico 
piogênico que pode ter sua infecção monitorada por determinação do leucograma e das concentrações séricas de 
ceruloplasmina, transferrina e haptoglobina, podendo ser estes recomendados como exames complementares.
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Introduction

Hepatic coccidiosis is a disease caused by the protozoan 
Eimeria stiedai, and it is considered to be the most important 
disease faced by rabbit breeders, because of its high morbidity 
and mortality (GIORGI, 1968; CARDOSO; GUIMARÃES JR., 
1993). Young rabbits are more susceptible to infection. The clinical 
condition generally observed is characterized by anorexia and 
diminished live and carcass weights, caused mainly by decreased 
food intake over the first four weeks. The condition may progress 
to death, which is attributed to the hepatic lesions that are also 
associated with the infection (GOMEZ-BAUTISTA et al., 
1986). In the study conducted by Freitas et al. (2009), infection 
due to E. stiedai caused ascites, hepatomegaly associated with 
congestion and fibrosis, thickening of the bladder wall and 
retention of bile.

Consequent to injury, trauma or tissue infection, hosts 
develop a complex series of reactions that have the purpose of 
inhibiting continuation of the tissue damage through isolating 
and destroying the etiological agent and activating the repair 
process needed for functional activity to return to normal 
conditions (BAUMANN; GAULDIE, 1994). Over this period, 
a broad spectrum of mediators is released by tissue macrophages 
and blood monocytes. Among these, cytokines, and particularly 
tumor necrosis factor (TNF) and interleukins IL-1 and IL-6, 
are the main mediators for synthesis of acute-phase serum 
proteins (GRUYS et al., 1994; SINGH; PACHAURI, 2002; 
BILATE, 2007).

These proteins can be classified as positive, represented by 
ceruloplasmin, fibrinogen, C-reactive protein, antitrypsin and 
haptoglobin, and as negative, such as pre-albumin, albumin and 
transferrin (KANEKO et al., 2008). The functions of positive 
acute-phase proteins remain somewhat unclear, although some 
functions have been attributed to them, such as opsonization 
and capture of microorganisms and their products, activation 
of the complement system, neutralization of enzymes, binding 
to hemoglobin and free radicals and modulation of the immune 
response (GRUYS et al., 2005). 

Depending on the animal species, acute-phase proteins may 
be considered to be more faithful indicators of the systemic 
response to inflammatory and infectious processes than other 
variables such as fever, increased erythrocyte sedimentation rate 
and presence of leukocytosis in association with neutrophilia 
(JAIN, 1989; FELDMAN, et al., 2000). In clinical practice, 
methods for detecting acute-phase proteins have assisted in 
diagnosing inflammatory processes (PATELLI et al., 2008). Some 
comparative studies have indicated that these proteins are more 
sensitive for detecting inflammation, in relation to hematological 
analyses (HORADAGODA et al., 1999). However, hemograms 
have notable importance for diagnosing and controlling the 
evolution of infectious and chronic diseases and may also enable 
analysis on the quantitative and morphological variations of 
blood series.

The present study had the aim of evaluating the hematological 
profile and acute-phase protein concentrations in rabbits that 
were infected experimentally with sporulated oocysts of E. stiedai.

Material and Methods

This study was developed in the Department of Veterinary 
Pathology, School of Agrarian and Veterinary Sciences (FCAV), 
São Paulo State University (UNESP), Jaboticabal campus, State of 
São Paulo. To obtain the oocysts, two adult male New Zealand White 
rabbits that had been subjected to immunosuppression through 
administration of dexamethasone (0.5 mg.kg–1, intramuscularly) 
were used. 

After immunosuppression had been achieved, the animals 
were infected orally with 1 × 105 sporulated oocysts of Eimeria 
stiedai. On the 12th day after inoculation with the oocysts, the 
animals were sacrificed. Following this, by means of gallbladder 
puncture, the oocysts needed for carrying out the experiment were 
obtained. These were subjected to sporulation in 2.5% potassium 
dichromate at room temperature for 48 hours. 

The experiment was conducted using 50 male New Zealand 
White rabbits of between 40 and 50 days of age and similar weights. 
The animals were grouped randomly into two groups (A – Infected; 
and B – Control), which were each composed of 25 rabbits that 
were kept in separate locations but under the same management 
conditions. The feeding and drinking troughs used contained 
balanced animal feed and clean water without anticoccidian 
agents, respectively. The feeding and drinking troughs were 
washed with neutral detergent and flame-treated every 24 hours 
in order to avoid the risk of reinfection. For the inoculation, all 
the animals in the experiment were physically restrained and 
inoculated orogastrically with the aid of a probe. The animals in 
group A were inoculated with 1.0 mL of physiological solution 
containing 1 × 104 sporulated oocysts of E. stiedai, while group 
B was inoculated only with 1.0 mL of physiological solution.

Blood samples were collected on the day of inoculation 
and on the 7th, 14th, 21st and 28th days afterwards, by means of 
cardiac puncture using needles of size 25 × 8 and sterile syringes 
of capacity 10 mL. These samples were then divided: 2 mL was 
placed in a test tube containing ethylenediaminetetraacetic acid 
(sodium EDTA) in order to produce a hemogram; and 8 mL was 
placed in a test tube without anticoagulant in order to obtain 
serum after centrifugation. The material was sent to the Research 
Laboratory of the Department of Veterinary Surgery and Clinical 
Practice, FCAV/UNESP, in Jaboticabal, SP, for hematological and 
biochemical tests to be performed.

Total erythrocyte and leukocyte counts were performed 
using an automated cell counter (CC-Celm®, Barueri, SP); 
hemoglobin concentrations were determined by means of the 
cyanmethemoglobin method, using a commercial kit (Labtest® 
Diagnóstica, Belo Horizonte, MG); and readings were made in a 
spectrophotometer (LabQuest® Diagnóstica, Belo Horizonte, MG). 
Hematocrit was determined by means of the microhematocrit 
technique, with centrifugation in capillary tubes at 12,000 rpm 
for five minutes. The mean corpuscular volume and the mean 
corpuscular hemoglobin concentration were calculated as described 
by Wintrobe (1932). Differential leukocyte counts were performed 
on blood smears stained with Rosenfeld solution. One hundred cells 
were counted under the microscope and the results were given as 
absolute values and subsequently transformed into relative values. 
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The serum total protein concentration was determined by 
means of the Biureto method, using a commercial kit (Labtest® 
Diagnóstica, Belo Horizonte, MG). To fractionate the proteins, 
electrophoresis on polyacrylamide gel containing sodium dodecyl 
sulfate (SDS-PAGE) was used in accordance with the technique 
described by Laemmli (1970). After fractionation, the gel was 
stained in Coomassie blue solution for 10 minutes and was 
then placed in a 7% acetic acid solution to remove the excess 
staining material, until the protein fractions could be seen clearly. 
The concentrations of these proteins were determined using a 
computerized densitometer (Shimadzu CS 9301, Tokyo, Japan). 
Marker solutions (Sigma, Saint Louis, USA) with molecular weights 
of 36,000, 45,000, 66,000, 97,400, 116,000 and 205,000 daltons 
(D) were used as the reference, along with purified haptoglobin 
and alpha-1-antitrypsin proteins. The data obtained were evaluated 
using Wilcoxon’s test with a 5% significance level. This study was 
conducted in accordance with the resolutions of the Ethics, Bioethics 
and Animal Wellbeing Committee (CEBEA) of FCAV/UNESP. 

Results and Discussion

Table 1 shows that on the seventh day after infection, the infected 
animals presented mild anemia due to decreased hematocrit and 
hemoglobin concentration. There was leukocytosis because of the 
presence of neutrophilia and also slight monocytosis on the 28th day 
after infection. The lymphocyte, eosinophil and basophil counts 
remained unchanged throughout the period of the experiment. 
In the study developed by Çam et al. (2008), lymphopenia was 

observed on the 24th day after infection and leukocytosis on the 
16th and 24th days because of increased presence of neutrophils. 
Their study also found reduced hematocrit, hemoglobin and mean 
corpuscular volume levels on the 24th day after infection, thereby 
characterizing normochromic microcytic anemia.

The protein fractionation method using electrophoresis made it 
possible to identify 19 acute-phase proteins with molecular weights 
ranging from 24 to 238 kD. Of these, nine were identified by 
name, as follows: antitrypsin, ceruloplasmin, alpha-1-glycoprotein 
acid, haptoglobin, transferrin, albumin, IgA, light-chain IgG and 
heavy-chain IgG. Most of the acute-phase proteins presented 
oscillations during the period of the experiment, but ceruloplasmin, 
transferrin and haptoglobin presented high levels on the seventh 
day after infection with progressive increases in their concentrations 
thereafter. The proteins with molecular weights of 24, 115 and 
175 kD, and the proteins IgA, heavy-chain IgG and albumin did 
not present significant changes (Table 2).

With regard to acute-phase proteins, it is important to recognize 
that they become elevated in animals with different diseases. They 
are nonspecific for diagnosing the causes of diseases and therefore 
are not used as primary diagnostic tools (CERÓN, et al., 2005). 
However, they have high sensitivity for determining the presence 
of inflammation or subclinical infection. From a practical point 
of view, it is more convenient and more reliable to determine the 
serum concentrations of acute-phase proteins than to determine 
the concentrations of factors and cytokines such as TNF, IL-1 and 
IL-6 that are responsible for increased levels of acute-phase proteins. 
These factors and cytokines present short half-lives and have to be 

Table 1. Blood component concentrations in control rabbits (Oryctolagus cuniculus) and rabbits experimentally infected with 1 × 104 sporu-
lated oocysts of Eimeria stiedai.

Parameters Days after infection
0 7 14 21 28

Erythrocytes (× 106/mm–3) 
Control 4.86ns (4.83-5.02) 4.91ns (4.36-5.02) 5.00ns (4.48-5.08) 5.00a (6.64-8.28) 5.11ns (4.81-5.50)
Infected 4.84ns (4.60-5.02) 5.01ns (4.33-5.55) 5.39ns (4.50-5.59) 3.18b (1.80-4.48) 4.90ns (4.19-5.67)
Hemoglobin (mg.dL–1)
Control 11.72ns (10.70-12.70) 12.54a (11.7 -13.80) 12.02ns (10.90-12.70) 7.94b (5.00-11.80) 12.05ns (11.00-13.20)
Infected 12.12ns (10.70-12.70) 10.64b (9.20-12.00) 12.18ns (10.90-14.00) 12.44a (10.80-13.10) 11.38ns (10.20-14.00)
Hematocrit (%)
Control 39.00ns (38.00-41.00) 39.80a (38.00-43.00) 39.40ns (36.00-43.00) 38.80a (35.00-40.00) 38.50ns (36.00-42.00)
Infected 39.06ns (37.00-41.00) 35.00b (32.00-38.00) 38.80ns (35.00-44.00) 26.00b (15.00-39.00) 36.00ns (33.00-42.00)
Mean corpuscular
volume (f L)
Control 8.02ns (7.57-8.49) 8.14ª (7.73-8.68) 7.88ª (7.55-8.08) 7.77b (7.44-8.25) 7.54ª (7.44-7.64)
Infected 8.21ns (7.37-8.08) 7.03b (6.85-7.53) 7.24b (6.80-8.22) 8.22ª (7.73-8.85) 7.40b (6.42-8.59)
Leukocytes (/mm3)
Control 3.36ns (2.70-4.50) 3.86b (3.50-4.20) 4.52ns (3.40-6.20) 7.31ns (4.00-15.49) 5.05b (4.50-5.40)
Infected 3.90ns (3.40-4.20) 6.10a (4.00-9.20) 4.98ns (4.20-6.10) 4.98ns (3.90-6.50) 8.00a (5.70-10.80)
Neutrophils (/mm3)
Control 1.07ns (0.32-2.44) 0.92b (0.51-1.39) 1.04ns (0.60-1.22) 1.51b (0.79-2.93) 1.89b (1.04-4.10)
Infected 1.18ns (1.01-1.28) 2.15ª (1.20-3.37) 1.33ns (0.76-2.87) 3.77ª (2.02-10.53) 4.13ª (2.10-8.42)
Monocytes (/mm3)
Control 0.03ns (0.00-0.08) 0.02ns (0.00-0.18) 0.02ns (0.00-0.05) 0.05ns (0.00-0.10) 0.04b (0.00-0.05)
Infected 0.04ns (0.00-0.08) 0.07ns (0.00-0.07) 0.03ns (0.00-0.05) 0.03ns (0.00-0.07) 0.09ª (0.06-0.11)
ns: not significant according to Wilcoxon’s test at the probability level of 5%. Means followed by the same letter did not differ statistically.
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Table 2. Acute-phase protein levels (mg.dL–1) in control rabbits (Oryctolagus cuniculus) and rabbits experimentally infected with 1 × 104  sporulated 
oocysts of Eimeria stiedai.

Protein
(mg.dL–1)

Days after infection
0 7 14 21 28

238 
Control 0.010ns (0.006-0.012) 0.010a (0.007-0.012) 0.009ns (0.005-0.011) 0.007ns (0.005-0.011) 0.005ns (0.001-0.013)
Infected 0.008ns (0.006-0.010) 0.005b (0.003-0.006) 0.010ns (0.003-0.026) 0.007ns (0.004-0.009) 0.005ns (0.001-0.007)
206
Control 0.024ns (0.008-0.043) 0.025a (0.012-0.049) 0.014b (0.006-0.019) 0.021b (0.007-0.047) 0.015b (0.007-0.022)
Infected 0.025ns (0.012-0.033) 0.010b (0.005-0.012) 0.032a (0.011-0.053) 0.062a (0.033-0.085) 0.070a (0.027-0.113)
Ceruloplasmin
Control 0.019ns (0.015-0.027)  0.020b (0.012-0.038) 0.037b (0.019-0.085) 0.036b (0.019-0.065) 0.032b (0.016-0.053)
Infected 0.020ns (0.015-0.031)  0.036a (0.015-0.074)  0.054a (0.037-0.088)  0.079a (0.044-0.129) 0.126a 0.084-0.156)
101
Control 0.135ns (0.106-0.190) 0.131ns (0.080-0.231) 0.150a (0.107-0.206) 0.142a (0.110-0.165) 0.176a (0.120-0.217)
Infected 0.133ns (0.111-0.144) 0.124ns (0.093-0.163) 0.123b (0.099-0.148) 0.083b (0.056-0.106) 0.147b (0.099-0.216)
Transferrin
Control 0.233ns (0.181-0.267) 0.254b (0.213-0.291) 0.303b (0.231-0.395) 0.334b (0.243-0.491) 0.292b (0.227-0.410)
Infected 0.231ns (0.213-0.243) 0.358a (0.262-0.511) 0.426a (0.278-0.669) 0.463a (0.300-0.647) 0.857a (0.457-1.206)
Antitrypsin
Control 0.305ns (0.207-0.417) 0.379a (0.246-0.459) 0.311ns (0.270-0.368) 0.252b (0.182-0.331) 0.284b (0.226-0.357)
Infected 0.299ns (0.268-0.352) 0.294b (0.246-0.354) 0.331ns (0.247-0.405) 0.324a (0.274-0.382) 0.407a (0.295-0.496)
Alpha-1
glycoprotein acid
Control 0.020ns (0.013-0.027) 0.025ns (0.015-0.036) 0.023b (0.011-0.030) 0.023ns (0.016-0.038) 0.018b (0.014-0.026)
Infected 0.020ns (0.016-0.025) 0.034ns (0.021-0.048) 0.039a (0.022-0.059) 0.027ns (0.015-0.040) 0.060a (0.045-0.081) 
Haptoglobin
Control 0.066ns (0.046-0.089) 0.076b (0.039-0.151) 0.075b (0.034-0.127) 0.065b (0.038-0.098) 0.059b (0.041-0.085)
Infected 0.065ns (0.060-0.076) 0.096a (0.084-0.120) 0.099a (0.063-0.122) 0.082a (0.062-0.101) 0.120a (0.091-0.147)
32
Control 0.009ns (0.006-0.015) 0.007ns (0.005-0.011) 0.007b (0.005-0.009) 0.008ns (0.003-0.013) 0.006b (0.002-0.009)
Infected 0.008ns (0.005-0.011) 0.010ns (0.004-0.015) 0.020a (0.011-0.030) 0.012ns (0.008-0.014) 0.021a (0.016-0.027)
30
Control 0.007ns (0.005-0.009) 0.023ns (0.009-0.039) 0.014ns (0.007-0.026) 0.031a (0.020-0.044) 0.021ns (0.012-0.034)
Infected 0.007ns (0.005-0.009) 0.017ns (0.009-0.027) 0.016ns (0.006-0.022) 0.013b (0.003-0.019) 0.019ns (0.012-0.023)
27
Control 0.017ns (0.009-0.026) 0.038ns (0.016-0.062) 0.026b (0.013-0.038) 0.048a (0.020-0.063) 0.041ns (0.012-0.072)
Infected 0.022ns (0.013-0.033) 0.034ns (0.014-0.060) 0.054a (0.015-0.186) 0.027b (0.012-0.035) 0.046ns (0.020-0.097)
26
Control 0.030ns (0.014-0.044) 0.038b (0.029-0.051) 0.040b (0.018-0.059) 0.114ns (0.026-0.294) 0.057b (0.029-0.114)
Infected 0.032ns (0.018-0.041) 0.055a (0.006-0.083) 0.089a (0.060-0.117) 0.093ns (0.030-0.197) 0.318a (0.096-0.477)
Light-chain IgG
Control 0.213ns (0.157-0.284) 0.216a (0.201-0.232) 0.179a (0.107-0.228) 0.167a (0.138-0.218) 0.147a (0.103-0.236)
Infected 0.200ns (0.157-0.231) 0.110b (0.069-0.134) 0.098b (0.080-0.115) 0.063b (0.031-0.083) 0.109b (0.087-0.120)
24
Control 0.013ns (0.009-0.024) 0.009ns (0.008-0.010) 0.006ns (0.000-0.012) 0.009ns (0.000-0.016) 0.010b (0.005-0.015)
Infected 0.010ns (0.008-0.012) 0.007ns (0.005-0.008) 0.011ns (0.007-0.019) 0.012ns (0.005-0.024) 0.024a (0.009-0.059)
ns: not significant according to Wilcoxon’s test at the probability level of 5%. Means followed by the same letter did not differ statistically.

measured using more sophisticated methods (GRANINGER et al., 
1992; GIANAZZA et al., 2002).

It needs to be borne in mind that interpretation of the laboratory 
results also requires careful correlation with the animal’s clinical 
history and physical examination, given that inflammatory or 
infectious processes raise the baseline concentrations of certain 
biochemical indicators that are important for clinical assessments. 

From a biochemical point of view, the animals in the present 
experiment presented elevated concentrations of bilirubin, aspartate 
aminotransferase, alanine aminotransferase, alkaline phosphatase 
and gamma-glutamyl transferase (FREITAS et al., 2009). In the 
same study, these authors observed ascites, hepatomegaly associated 
with congestion and fibrosis, thickening of the bladder wall and 
bile retention. There was also hyperplasia and dilatation of the bile 
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ducts, with papilliferous intraluminal projections due to intense 
mitotic activity and considerable presence of parasitic structures. 
Furthermore, proliferation of connective tissue and mononuclear 
inflammatory cell infiltrate were also observed in the ducts, as 
well as hepatic congestion and moderate vacuolar degeneration 
of the hepatocytes. These lesions resulting from parasitism were 
certainly responsible for the elevations in acute-phase protein 
concentrations found in the present experiment.

Transferrin is considered to be a negative acute-phase protein, 
in that its levels tend to decrease under inflammatory conditions 
(SINGH; PACHAURI, 2002). However, in the present study, 
the transferrin concentrations remained high throughout the 
period of the experiment. This was similar to the results observed 
in goats that were infected experimentally with Trypanosoma 
evansi (PATELLI et al., 2008) and sheep infected with T. vivax 
(ALMEIDA, 2007). Transferrin is a beta globulin synthesized 
by hepatic cells, and its function is related to transportation of 
plasma iron, with antibacterial and antiviral activity, and its plasma 
concentration increases in cases of iron deficiency and during 
pregnancy (KANEKO et al., 2008). Interleukin-1 produced by 
macrophages stimulates the secretion of transferrin and haptoglobin 
by hepatocytes, with increased incorporation of iron inside the 
liver, thereby reducing the availability of iron (TIZARD, 2008). 
In addition, transferrin levels may increase in cases of liver disease 
and nephrotic syndrome and may decrease in cases of iron storage 
disease (ECKERSALL et al., 2008). Haptoglobin binds strongly 
with hemoglobin, with an anti-inflammatory capacity and the ability 
to bind to the integrins CD11b and CD18 (EL GHMATI et al., 
1996), which are the main membrane receptors present on the 
surface of leukocyte membranes (GRUYS et al., 2005)

Studies like the present one have made it possible to suggest 
what type of infection is occurring in the animal under evaluation, 
as shown by the observed changes to specific acute-phase proteins. 
Several such studies have now been conducted on dogs, and the 
proteins that become elevated in cases of babesiosis, leishmaniasis, 
parvovirus and infections due to Bordetella bronchiseptica, Ehrlichia 
canis and Escherichia coli have been ascertained. This makes it 
possible to start to treat the condition before clinical worsening 
occurs (CERÓN et al., 2005). Fagliari et al. (2003) also observed 
that two hours after calves had been infected with Mannheimia 
(Pasteurella) haemolytica, the levels of ceruloplasmin, alpha-1-
antitrypsin, haptoglobin and glycoprotein acid became elevated. 
This suggested that assays on these proteins could be used to detect 
preclinical disease. Acute-phase proteins have been evaluated in cattle 
with mastitis (ECKERSALL et al., 2001), cattle with theileriosis 
(GLASS et al., 2003) and horses with influenza (HULTÉN et al., 
1999). In this respect, studies conducted on human beings have 
reported increased levels of acute-phase proteins in patients with 
malaria (GRANINGER et al., 1992) and inflammatory and 
postoperative diseases (MURATSUBAKI et al., 2002), and have 
reported satisfactory use of electrophoresis for separation of protein 
M in patients with multiple myeloma (MIURA et al., 2000).

Conclusion

From the changes to hematological and biochemical parameters 
found in the present study, in rabbits experimentally challenged 

with E. stiedai, the latter is considered to be a pyogenic etiological 
agent for which the infection level can be monitored through 
the leukocyte count and serum concentrations of ceruloplasmin, 
transferrin and haptoglobin, and these can be recommended as 
complementary tests.
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