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Abstract The present study was conducted to evaluate the
adverse effects of an interaction between low levels of dietary
aflatoxins (AF) and Eimeria tenella infection on broiler
chicks. A set of 1-day-old chicks were raised for 35 days in
the following groups: a control group, a group fed AF, a
group fed AF and inoculated with E. tenella (AF+E.ten), and
a group inoculated with E. tenella alone. AF in the
contaminated diet were given at 200 ppb starting from the
seventh day after hatching while E. tenella was inoculated at
a dose of 5×104 sporulated oocysts per chick at the 14th day
after hatching. Worsened performance traits and high
mortality were all observed in the treated birds, particularly
the AF+E.ten group. Lesion scores and oocyst outputs were
not different within groups. Chickens fed with AF had
significantly increased serum ALT and ALP activities as well
as decreased albumin content. They also showed hepato-
megaly, hepatocytic vacuolation and necrosis, an atrophied
bursa of Fabricius, and a thymus with tissue depletion. E.
tenella-infected broilers displayed a significant reduction in

packed cell volume, hemoglobin content and lymphocyte
percentage, and showed hemorrhagic typhlitis. The deficits
in hepatic function and hematologic parameters as well as
the gross pathological, and histopathological changes, were
more common and more severe in the group that was
exposed to both aflatoxicosis and coccidiosis than in the
groups exposed to either treatment alone. Thus, the
combination of aflatoxicosis and E. tenella infection may
influence the course of coccidial infection due to additive
effects.
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Introduction

Aflatoxins (AF) are extremely toxic metabolites produced
in grains contaminated by the fungi Aspergillus flavus and
Aspergillus parasiticus. Among all mycotoxins, AF have
generated the greatest public health concern because of the
effects that AF-contaminated feeds may have on the growth
and health of poultry, and also their possible transmission to
humans via meat and egg contamination. Aflatoxicosis is one
of the most serious diseases of poultry because of the
widespread occurrence of AF in several food grains. AF is
particularly present in corn, which comprises between 50%
and 60% of most poultry diets (Miazzo et al. 2000). At low
levels of feed contamination with AF (<500 ppb), exposed
chickens show anorexia, decreased growth rate, poor food
utilization, decreased weight gain, decreased egg production,
increased susceptibility to environmental and microbial
stressors, and increased mortality (Oğuz and Kurtoglu
2000). It is generally accepted that the toxic effects of AF
are mainly localized in the liver and are characterized by
hepatobiliary damage and increased hepatic enzyme activity
(Ortatatli et al. 2005). Moreover, aflatoxicosis is character-
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ized by decreased serum concentrations of total protein,
albumin, and total cholesterol (Oğuz et al. 2000); however,
the descriptions of the clinical, biochemical, and pathological
findings vary considerably because secondary disease arises
spontaneously with AF-induced hepatopathy in chickens
(Bakshi et al. 2000). In fact, aflatoxicosis decreases
resistance to common infectious diseases including coccid-
iosis because of impairment of humoral and cellular immune
responses (Bakshi et al. 2000; Saif 2003).

Coccidiosis is an enteric parasitic disease caused by
multiple protozoan parasite species of the genus Eimeria
and is one of the most common and expensive diseases in
the poultry industry (Shirley et al. 2007). It has a major
economic impact on both growers and the poultry industry
worldwide (Pinard-van der Laan et al. 2009). It is respon-
sible for 6–10% of all broiler chicken mortalities and causes
annual global economic losses due to impaired feed
conversion, depressed growth, downgrading at processing,
and mortality (Tipu et al. 2002) as well as the cost of
medication. Eimeria tenella (E. tenella) is one of the most
pathogenic Eimeria organisms that parasitizes growing
chickens and causes considerable financial loss to the poultry
industry (Williams et al. 1999). In Egypt, the most common
Eimeria spp. is E. tenella, which has an infection rate of 20–
100% and a mortality rate of 20–60% with concomitant
severe reductions in weight gain and feed efficiency (Abd
El-Hamid 2007). At present, the literature on aggravation of
cecal coccidiosis in broiler chickens fed an AF-contaminated
diet is scarce. Consequently, the present study was designed
to clarify the complicated clinicopathological findings that
result from interactions between low-level dietary AF and E.
tenella infection in broiler chickens.

Material and methods

Parasite samples

Field isolates of E. tenella were obtained from a broiler farm
with an outbreak of bloody diarrhea with high mortality and
were used for the experimental infections. Cultures were
identified, purified, and propagated according to Davies et al.
(1963). The appropriate infective dose for experimental
infection was previously determined to be 5×104 sporulated
oocysts per chick (Abuakkada and Ellakany 2008).

Production of aflatoxin

AF were produced by growing standard aflatoxigenic
strains on sterile polished rice by the method modified by
West et al. (1973). Briefly, the rice was cleaned, washed,
and autoclaved at 121°C for 15 min, dispensed into 500-ml
Erlenmeyer flasks, and moistened with distilled water

(10 ml/flask). Each flask was injected with 10 ml of a fresh
saline spore suspension of Aspergillus flavus containing 108

spores per milliliter and then sealed with a tight cotton cork.
The flasks were incubated for 2 days at 18°C, then for
another 5 days at 26°C. The flasks were shaken vigorously
everyday to prevent clumping of the rice, to ensure a
homogenous toxin distribution, and to prevent fungal
overgrowth. Finally, the flasks were sterilized by autoclaving
to kill the fungus and its spores, and the toxins were restored.
The rice was dried and ground into powder in an electric
blender. No other mycotoxins were produced in this solid
substrate fermentation process. The rice powder was incor-
porated into the diet of broiler chickens to provide a final
concentration of 200 ppb total aflatoxins (AF) (Sakhare et al.
2007). AF were detected quantitatively in rations by using
affinity column chromatography (Aflatest 10, Naremco,
Springfield, IL, USA) and fluorometry (Sequcia Tuner Model
450 with a 360 nm excitation filter and a 450 nm emission
filter) according to the method of Nabney and Nesbitt (1965).

Experimental animals

A total of 180 1-day-old Hubbard broiler chicks were reared
for 5 weeks on a wire floor with electric starter batteries
where feed and water were supplied without restriction. They
were fed a commercial broiler homemade starter feed that
was free from anticoccidial drugs. All animals received
humane care in compliance with the animal care guidelines
of the National Institutes of Health, and the local ethics
committee approved the experimental design.

Experimental design

On the seventh day after hatching, all chicks were weighed
and randomly allocated into one of four main groups (45
chicks each) with each group including three replicates (15
chicks each). The chicks were ranked by restricted
randomization procedures that approximately equalized
the initial body weights among the different groups. Group
I (control group) received the control ration but no AF and
served as a control. Group II (AF group) received the AF-
containing basal diet. Group III (AF+E.ten group) received
the AF-containing diet and was infected with sporulated
oocysts of E. tenella. Group IV (E. tenella group) received
the control basal diet with no AF but was infected with E.
tenella. Before infection, fecal samples from all chicks were
examined microscopically to verify that they were free from
E. tenella infection.

All birds were individually weighed weekly starting
from the seventh day after hatching until the end of the
experiment. The AF-containing ration (200 ppb) was
administered to chicks in groups II and III starting from
the seventh day after hatching until the end of the
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experiment. On the 14th day after hatching, E. tenella-
infected chicks (groups III and IV) were directly inoculated
in the crop with 5×104 sporulated oocysts per chick using
an insulin syringe. Performance traits, including body
weight, body weight gain, and feed conversion ratio
(FCR) as well as mortality, oocyst count, lesion scoring,
hematological and biochemical parameters, and patholog-
ical examinations were evaluated.

Measurements and evaluation parameters

Oocyst count and lesion scores

Oocyst count per gram of fecal material (OPG) was
evaluated from the seventh to the 14th day post-infection
(PI). Five samples from each replicate were collected daily
and OPGs were counted using the McMaster counting
technique (Long et al. 1976). Seven days PI, the lesion
scores of E. tenella were evaluated according to the method
of Johnson and Reid (1970), in which three chicks from
each replicate were sacrificed by slaughtering, and cecal
lesions (Fig. 1) were scored as follows:

Score 1 Few scattered petechiae on the cecal wall
Score 2 Noticeable blood in the cecal contents with

thickened cecal wall
Score 3 Blood or cecal cores and severely thickened

cecal wall
Score 4 Severely distended cecal wall with bloody

cores or the bird is dead

Hematological and biochemical parameters

On the seventh day PI, blood samples were collected during
slaughtering from all groups using disposable tuberculin
syringes. Package cell volume (PCV, hematocrit) content
(Jain 1993) and hemoglobin content (Hb grams per deciliter)

(Drabkin 1948) were measured. The differential leukocytic
counts were determined by counting encountered elements
on blood smears under the microscope according to Hawk
(1965). Blood samples were also collected without anti-
coagulants for serum separation for the evaluation of liver
function. The activities of serum alanine aminotransferase
(ALT) and alkaline phosphatase (ALP) were estimated per
the method of Kind and King (1954) using commercially
available kits supplied by bioMérieux (France). Serum
albumin content was determined spectrophotometrically per
the method of Varley et al. (1980).

Histopathological examination

From chicks examined for lesion scores, cecal parts as
well as specimens from liver, bursa, and thymus were
collected. The specimens were rapidly fixed in 10%
neutrally buffered formalin for at least 24 h. The fixed
specimens were processed through the conventional
paraffin embedding technique. From the prepared paraffin
blocks, 4-μm thick sections were obtained and stained
with Hematoxylin and Eosin (H & E).

Statistical analysis

Results were statistically analyzed by one-way analysis of
variance followed by Duncan’s multiple range test (SAS
2001). Data are presented as means±the standard error. The
minimum level of significance was set at p<0.05.

Results

Oocyst count

Table 1 shows that the broiler chickens from the group fed
with AF and inoculated with E. tenella (AF+E.ten) had a

Fig. 1 Photograph of ceca from
broiler chickens inoculated with
E. tenella (5×104 sporulated
oocyst/chick) (groups III and
IV). Gross cecal lesions can be
seen. a Score 2: noticeable
blood in the cecal contents with
thickened cecal wall; b Score 3:
blood or cecal cores and
severely thickened cecal wall;
c Score 4: severely distended
cecal wall with bloody cores
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significantly higher number of oocysts (p<0.05) at the
seventh, 11th, and 14th days PI when compared to birds
from the E. tenella group; however, the total oocyst values
were similar in all E. tenella-inoculated birds. Non-infected
animals had negative oocyst counts.

Mortality rates, performance traits, and lesion scores

The data in Table 2 show that the highest mortality rate
occurred in chickens from the AF+E.ten group (20.0%),
followed by those infected with E. tenella alone (13.3%)
and then the AF-treated chickens (10.0%). There was a
significant (p<0.05) reduction in the final body weight in
all groups when compared to controls, with the greatest
decrease in the AF+E.ten group (1,133.75 g), followed by
the AF group (1,172.22 g), and then the E.ten group
(1,354.29 g). Moreover, the FCR at the end of the
experimental period was generally worse in the AF-treated
and E. tenella-infected groups. Unexpectedly, the values of
cecal lesion scores at 7 days PI of chickens infected with E.
tenella did not differ significantly (p<0.05), even with the
addition of AF.

Hematological and serum biochemical profiles

Results of hematological and serum biochemical profiles
at 7 days PI of the control and investigational broiler
chickens infected with E. tenella are given in Table 3.
Significant reductions (p<0.05) in PCV%, Hb content and
lymphocyte percentage were observed in E. tenella-
infected broiler chickens (groups III and IV) compared
to the AF-treated and control specimens. Monocyte,
basophil, and eosinophil values were comparable in all
groups while heterophils percentage significantly (p<
0.05) increased in E. tenella-infected and/or alflatoxin-
treated groups. Administration of AF significantly en-
hanced (p<0.05) serum ALT and ALP enzyme activities
and lowered serum albumin content when compared to the
control group. Control animals had values within normal
limits.

Pathological findings

Gross pathology

Broiler chickens fed AF-contaminated rations (groups II
and III) each had an enlarged and yellow–colored liver,
along with an atrophied bursa of Fabricius and thymus.
Conversely, chickens inoculated with E. tenella (groups III
and IV) had ceca that were enlarged and thickened with
hemorrhagic contents, as well as congested and hemor-
rhagic mucosa (Fig. 1). No gross pathological changes were
observed in the control animals.T
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Histopathology

Liver The livers of the control group exhibited normal
hepatic architecture of intact portal areas and normal
hepatocytes with rounded vesicular nuclei (Fig. 2). The
livers of the AF+E.ten group showed severe diffuse
hepatocytic vacuolation (Fig. 3) and the presence of
multifocal areas of coagulative necrosis represented by
pyknotic and karyorrhectic hepatocytes (Fig. 4). These
findings were less severe in the AF group.

Cecum Severe cecal lesions were observed in E. tenella-
inoculated broiler chickens (groups III and IV) without
dissimilarity in between. These lesions showed severe
mucosal and submucosal congestion, edema and hemor-
rhage, as well as numerous heterophils. Additionally, the
mucosal epithelium showed severe diffuse degeneration,
necrosis, and desquamation as well as the presence of
numerous intracellular developmental schizonts (oval struc-
tures containing basophilic banana-shaped merozoites)
(Figs. 5, 6). Ceca from the AF group showed degenerative
and necrotic changes as well as desquamation of the mucosal
epithelium.

Lymphoid organs Bursal follicles exhibited necrotic
changes in the AF-treated groups (group II and III), with
higher severity in cases of E. tenella infection. There was
severe diffuse lymphocytic cell necrosis and depletion that
gave the bursal follicle a moth-eaten appearance (Fig. 7).
Some bursal follicles showed large cystic structures
devoid of lymphocytes and containing faint eosinophilic
necrotic debris (Fig. 8). Thymic follicles of AF-treated
groups (group II and III) showed apoptotic changes with a
resulting “starry-sky” appearance with higher severity in
cases of E. tenella infection (Fig. 9) along with inter-
follicular congestion.

Discussion

The profitability of poultry production can be greatly
affected by feed contamination with AF and its subsequent
detrimental effects on animal performance. In the course of
aflatoxicosis in broiler chickens experimentally inoculated
with E. tenella, there was a complicated clinical picture of
cecal coccidiosis involving impairment of animal perfor-
mance traits in addition to hematological, biochemical,
parasitological, and histopathological alterations. In chick-
ens, AF in the diet can act as a stress factor to increase the
susceptibility to, or severity of, cecal coccidiosis (Saif
2003). Increased susceptibility of AF-exposed chickens to
infectious diseases indicates an impaired immune response
and a breakdown of vaccinal immunity (Bakshi et al. 2000).

The present study shows that the dietary AF not only
increases the mortality rates of E. tenella infection in broiler
chickens but also causes a significant depression in average
body weight and a worsened FCR as also observed by
Allameh et al. (2005). The decreased growth and worsened
FCR may be due to anorexia, listlessness, and the toxic
effects of AF on protein synthesis and lipogenesis (Oğuz
and Kurtoglu 2000). AF can also affect the balance between
orexigenic and anorexigenic circuits, which normally
regulate the homeostatic loop of body weight regulation,
but cause cachexia when they malfunction (Rastogi et al.
2001). The mortality changes observed in this study were
due to AF-induced decreases in tissue integrity and
increased susceptibility to hemorrhage in multiple tissues
(Dalvi 1986). AF also interferes with normal blood clotting
in chickens, specifically via extrinsic and common clotting
pathways (Dalvi 1986). This is in addition to the additive
effect of E. tenella infection, which causes death primarily
due to hemorrhage.

Our oocyst count and lesion score data were surprising,
as there were no significant differences between E. tenella-

Table 2 Effects of dietary AF (200 ppb) and E. tenella infection on mortality, body weight, body weight gain, feed conversion ratio, and cecal
lesion scoring in broiler chickens

Group Mortalitya (%) Performance traits Lesion
scoringb

Initial body
weight (g)

Final body
weighta (g)

Body weight
gaina (g)

Feed conversion
ratioa

I (Control) 0 123.2±16.03a 1447.3±32.22a 1324.0±31.26a 1.70±0.12c 0

II (AF) 10.0 122.8±11.00a 1172.2±21.24c 1050.4±20.22c 2.02±0.17b 0

III (AF+E.ten) 20.0 121.8±11.12a 1133.8±56.19c 1010.9±55.43c 2.42±0.20a 3.33±0.33a

IV (E.ten) 13.3 124.0±13.89a 1354.3±43.61b 1230.3±42.75b 1.97±0.15b 3.00±0.58a

Mean values in the same column that have different letters are significantly different from each other (p<0.05). The data are expressed as mean ±
SEM
aAt the end of the experimental period
b 7 days PI
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infected chickens (groups III and IV) even upon exposure
to AF. These results clearly indicate that low levels of AF
(200 ppb) do not interfere with the developmental stages of
E. tenella in broiler chickens. This is different from the
effects observed at high levels of AF (1–5 ppm), which
cause increased oocyst production and reproductive poten-
tial during chicken coccidiosis (Toulah 2007; Shareef
2010). It is also evident from the examined parasitic
parameters that lesion scores reflect the oocyst counts
(Toulah 2007; Shareef 2010).

The significant reduction in PCV% and Hb content in E.
tenella-infected broiler chickens (groups III and IV) were
likely derived from E. tenella rather than low levels of AF,
which alone did not induce such changes. It was previously
reported that broiler chickens exposed to high levels of AF
suffered from anemia and malnutrition (Mani et al. 1993).
Anemia is a consistent finding with coccidiosis that arises
from blood loss, but not from dietary aflatoxicosis, at the
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Fig. 2 Photomicrograph of a liver from broiler chickens of the control
group. Normal hepatic architecture can be seen (H & E, bar=50 μm)

Fig. 3 Photomicrograph of a liver from broiler chickens fed an AF-
contaminated diet (200 ppb) and inoculated with E. tenella (5×104

sporulated oocyst/chick) (group III, AF+E.ten). Severe diffuse
hepatocytic vacuolation (arrows) can be seen (H & E, bar=50 μm)
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level currently studied. The lymphocyte counts were
significantly decreased in all treated groups in comparison
with the control group, indicating a depression of cell-
mediated immunity caused by both AF (Ghosh et al. 1991;
Bakshi et al. 2000) and E. tenella (Lillehoj and Trout 1993).
The heterophil percentages were increased in treated birds
since they are the initial responders to numerous pathogens
and irritants (Redmond et al. 2009) and to adapt stress
condition (Aengwanich 2007). Moreover, the increases in
ALT and ALP activities in AF-treated birds correspond well
with the subsequent detrimental changes in the hepatic tissues
and biliary system. Marked decreases in the levels of albumin
may indicate protein catabolism or decreased plasma amino
acid concentrations (Sakhare et al. 2007). Moreover, it might

be the consequence of blood loss in the intestine because of
hemorrhages caused by Eimeria infection.

One of the most important signs of AF toxicity in
broilers is the change in internal organs. The liver often
increases in size while the bursa of Fabricius and the
thymus decrease in size (Sur and Celik 2003; Saif 2003).
Ortatatli et al. (2005) found no macroscopic changes in
these target organs at 50–100 ppb of AF. This observation
suggests that macroscopic investigations of organs may be
a reliable parameter at more than 200 ppb of AF but should
not supersede a histopathological investigation. Moreover,
gross investigations in this study showed that both with and
without dietary AF, the changes in the appearance of E.
tenella-infected ceca clearly represented hemorrhagic

Fig. 5 Photomicrograph of a cecum from a broiler chicken fed an AF-
contaminated diet (200 ppb) and inoculated with E. tenella (5×104

sporulated oocyst/chick) (group III, AF+E.ten). Severe necrosis and
desquamation of the mucosal epithelium can be seen, with replace-
ment by schizonts (a) next to the submucosal hemorrhage (b) (H & E,
bar=100 μm)

Fig. 4 Photomicrograph of a liver from broiler chickens fed an AF-
contaminated diet (200 ppb) and inoculated with E. tenella (5×104

sporulated oocyst/chick) (group III, AF+E.ten). Focal areas of
coagulative necrosis represented by pyknotic and karyorrhectic
hepatocytes (arrow heads) can be seen (H & E, bar=50 μm)

Fig. 6 Photomicrograph of a cecum from a broiler chicken fed an AF-
contaminated diet (200 ppb) and inoculated with E. tenella (5×104

sporulated oocyst/chick) (group III, AF+E.ten). Numerous intracellu-
lar schizonts containing banana-shaped merozoites (arrows) can be
seen with severe submucosal hemorrhage and infiltration of numerous
heterophils (arrow heads) (H & E, bar=50 μm)

Fig. 7 Photomicrograph of a bursa of Fabricius from a broiler chicken
fed an AF-contaminated diet (200 ppb) and inoculated with E. tenella
(5×104 sporulated oocyst/chick) (group III, AF+E.ten). Severe diffuse
lymphocytic cell necrosis and depletion (arrow heads) can be seen (H
& E, bar=50 μm)
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typhlitis (Saif 2003). Hepatomegaly, fatty changes, hepato-
cytic vacuolation, and necrosis were all observed, similar to
the previous findings described for aflatoxicosis (Karaman
et al. 2005; Ortatatli et al. 2005). These findings were all
more pronounced in the AF+E.ten group. Such detrimental
changes could be ascribed either to a general inhibition of
lipid transport (Tung et al. 1972) or to interference with
lipogenesis (Donaldson et al. 1972) as a response to
aflatoxicosis. The hemorrhagic and degenerative changes
in the ceca of E. tenella-inoculated broiler chickens at
7 days PI are often a consequence of E. tenella
localization in this site. In this study, such changes were
consistent with those associated with infection induced by
Eimeria spp. (Stoev et al. 2002; Saif 2003; Zulpo et al.
2007). Moreover, the degenerative changes and decreased

lymphoid tissues in the bursa of Fabricius and the thymus
in the AF-treated groups (groups II and III) may be the
cause of the high severity of cases of E. tenella infection.
These changes are indicative of the immunosuppressive
consequences of AF administration and the consequent
sensitivity to various infections and parasitic diseases
(Stoev et al. 2002).

In conclusion, our results indicate that alterations in
performance traits and mortality rate, impairments of
hepatic function and hematological parameters, and gross
and histopathological changes were greater when broiler
chickens were exposed to dietary AF at 200 ppb and
concurrently infected with E. tenella. This synergy arises
because these effects are derived from both diseases.
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