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Abstract 
 

Background: In this study, the presence of resistance to diclazuril, amprolium+ethopabate and 
salinomycin, representing some of the commonest anticoccidials in Iran’s poultry industry, against 
three mixed Eimeria field isolates were investigated.  
Methods: Three Eimeria field isolates, collected from typical broiler farms in Iran, were propagated 
once, inoculated to 480 broilers, comprising 30 chicks in each treatment. The non-medicated or 
medicated diets containing one of the above mentioned anticoccidials were provided ad-lib. Drug ef-
ficacy was determined using the Global index (GI), Anticoccidial Sensitivity Test (AST) and Opti-
mum Anticoccidial Activity (OAA).  
Results: None of the field isolates were fully sensitive to the selected anticoccidials. All isolates 
showed reduced sensitivity/partial resistance to salinomycin. Resistance to amprolium+ethopabate 
was evident and partial to complete resistance was recorded for diclazuril.  
Conclusion: Limited efficacy of the selected anticoccidials is obvious. Considering the cost of conti-
nuous use of anticoccidials in the field, altering the prevention strategy and rotation of the anticocci-
dials with better efficacy, would prevent further economic losses induced by coccidiosis. 
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Introduction 
 

mongst various parasitic infections, 
coccidiosis caused by obligate intracel-
lular protozoan parasite of the genus 

Eimeria, is a major parasitic disease within the 
intensively reared poultry industry. Eimeria spp. 
are highly host-specific, with six species having 
economic impact on chicken (1). Coccidiosis is 
considered as one of the most significant diseas-
es of poultry and costs the world’s commercial 
chicken producers at least 1.5 billion US$ every 
year (2). The disease has caused great economic 
losses in the poultry industry of Iran like the 
other parts of the world (3). In broilers, 
coccidiosis control is not limited to the preven-
tion of clinical disease and mortality, since mild 
and subclinical infections are also important as 
even minor intestinal lesions can interfere with 
growth and feed efficiency and therefore profit-
ability. In addition to management measure-
ments (litter condition, flock density); the dis-
ease has largely been controlled by directly add-
ing anticoccidial drugs to the feed (4).  
Following the introduction of most anticoc-
cidial agents, drug resistant strains have been 
isolated from the field (2). The public concern 
of chemical residues in meat and pollution of 
the environment has led to stricter regulations 
against the use of coccidiostats in food in Eu-
rope (5-7); besides the increasing development 
of drug-resistant coccidian species has stimu-
lated searches for alternative control methods 
such as applying a live vaccine early in life or 
development of new drugs (8).  
The intensive use of anticoccidial drugs has 
led to the development of resistance (9). Dif-
ferent indices using different variables and 
interpretation of recorded variables to evaluate 
anticoccidial efficacy against Eimeria species 
were defined by scientists.  
This study has been conducted to investigate 
the probability of resistance to some of the 
most commonly used anticoccidials in three 
Eimeria field isolates in Iran and to evaluate 
three usual anticoccidial efficacy indices used 
in the literature for measuring resistance.  
 

Materials and Methods 
 

Sample collection and Parasitology 
Sample collection, parasite propagation and 
oocyst detection was performed from March 
to September 2010, similar to those previously 
described (10-12). Samples 1 and 2 were iso-
lated from litters of two commercial broiler 
houses from two separate villages located in 
Mazandaran Province, north of Iran and sam-
ple 3 was isolated from broiler intestines origi-
nated from Hamadan Province, west of Iran.  
 

Animals 
Four hundred and eighty male one-day-old 
Ross broiler chicks were randomly assigned to 
16 dietary treatments containing 30 chicks, 
each comprised of three replicates of 10 and 
kept in battery cages under coccidia-free con-
dition. The dietary treatments are summarized 
in Table 1. The chickens were fed a diet based 
on corn and soybean meal, which has been 
formulated to meet or exceed all required nu-
trients for the birds (13), and food and water 
were provided ad-libitum throughout the exper-
imental period. No vaccine was used during 
the test period. On the beginning of the ex-
periment (day 0=14th day of age), the birds 
were leg tagged so that individual data can be 
recorded. 
 

Purification and standardization of inocu-
lum doses for experimental infection 
Based on observations during propagation and 
isolate composition, the proper doses for chal-
lenge were estimated, so that maximum lesions 
but minimal mortality is caused (12) (Table 1). 
According to shape index, the different species of 
Eimeria present in the three inoculums were as 
follow: isolate 1) 12% E. acervulina, 16%  E. runetti, 

44% E. maxima, 12% E. mitis, 12% E. tenella, 4% E. 
necatrix; isolate 2) 24% E.  acervulina, 6% E. brunetti, 
34% E. maxima, 16% E. mitis, 18%, E. tenella, 2%, 
E.necatrix and isolate 3) 40% E. acervulina, 15% E. 
brunetti, 25% E. maxima, 8%, E. mitis, 6%,E. tenella, and 
6% E.necatrix. 

A 
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Table 1: Anticoccidials and infective dose inoculated to each of the treatment groups 
 

Treatment Isolate* Inoculated infective dose Anticoccidials 

1 1 300000  oocyst/bird Salinomycin @ 500 ppm 

2 2 300000  oocyst/bird Salinomycin @ 500 ppm 

3 3 250000 oocyst/bird Salinomycin @ 500 ppm 

4 1 300000  oocyst/bird Amprolium+Ethopabate @ 500 ppm 

5 2 300000  oocyst/bird Amprolium+Ethopabate @ 500 ppm 

6 3 250000 oocyst/bird Amprolium+Ethopabate @ 500 ppm 

7 1 300000  oocyst/bird Diclazuril @ 200 ppm 

8 2 300000  oocyst/bird Diclazuril @ 200 ppm 

9 3 250000 oocyst/bird Diclazuril @ 200 ppm 

10 1 300000  oocyst/bird Non-medicated 

11 2 300000  oocyst/bird Non-medicated 

12 3 250000 oocyst/bird Non-medicated 

13 Non-Infected - Non-medicated 

14 Non-Infected - Salinomycin 

15 Non-Infected - Amprolium+Ethopabate 

16 Non-Infected - Diclazuril 

 
Challenge study 
Kimiamycin® 12 (salinomycin 12%, SAL) 
(500 ppm) (Kimiafaam Group, Iran), Ethoam-
prox® (amprolium 20%+ethopabate 6.1%, 
AMP) (500 ppm) (JamedatAfagh Pharmaceuti-
cal Company, Iran) and Clinacox® (diclazuril 
l0.5%, DIC) (200 ppm) (Kimiafaam Group, 
Iran) were included in the feed at 12 days of 
age (48 h before inoculation of the infective 
dose) and continued up to 7 days post-
inoculation. The infectious dose was given 
orally on 14th day of age. All birds were 
weighed individually on the day of infection 
and on 21st day of age (7 days post inocula-
tion). Data regarding weight gain (WG), feed 
intake (FI), lesion score (LS), oocysts index 
(OI) and mortality were recorded. Feed con-
version ratio (FCR) was calculated (11, 12, 14).  

 
Evaluation of resistance 
For each isolate, the observations were com-
bined and three different indices were calcu-
lated to evaluate the anticoccidial efficacy as 
follows: 
 
Global index 
The formula, first developed by Stephan et al. 
(1997), includeing weight gain, the feed con-
version for the treatment group and the nega-
tive control (NNC), oocyst index and the le-
sion score for the treatment group and the 
infected/non-medicated control (INC) (2 & 
15). An oocyst index of 0 to 5 was determined 
by examination of scrapings from each four 
segment of intestine for birds sacrificed for 
lesion score at 7th day post- inoculation (12 & 
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14). The GI for each dietary treatment was 
calculated as percentage of the GI for the neg-
ative control group according to the following 
5 categories: 
≥90% GINNC: Very good efficacy  
80-89% GINNC: Good efficacy  
70-79% GINNC: Limited efficacy  
50-69% GINNC: Partially resistant   
<50% GINNC: Resistant  
 
Optimum Anticoccidial Activity (OAA) 
In this index, a growth and survival ratio 
(GSR) is used to calculate the percentage of 
Optimum Anticoccidial Activity for each 
treatment as follows:  
Resistant if ≤50%, partially resistant if 51%-
74% and sensitive if ≥75% (16). 
 
Anticoccidial Sensitivity Test (AST) 
The anticoccidial sensitivity test is calculated 
based on the reduction of mean lesion score 
of the treatment group compared with the in-
fected non-medicated group (INC). A reduc-
tion of 0 to 30%, 31-49% and at least 50% 
indicates resistance, reduced sensitivity/partial 
resistance and full sensitivity, respectively (17). 
 
Statistical analysis 
All data were subjected to ANOVA and two 
way t-test to see whether the differences 
among groups are significant (SPSS 15.0 for 
Windows, SPSS, Chicago, IL). Tukey’s mul-
tiple range tests was used to test the signific-
ance of different treatments at P≤0.05. 
 

Results 
 
Sensitivity to anticoccidials 
The results of the battery cage trial are sum-
marized in Table 2. In all treatments, WG of 
the treatment groups were significantly differ-
ent with NNC (P≤0.05) and the highest WG 
was recorded for the NNC group. In sali-
nomycin medicated groups, weight gain, FCR 

and LS were better than that of INC groups 
(P≤0.05). However, OI of infected-medicated 
birds challenged to isolates 1, 2 and 3 did not 
show significant difference with related INC 
groups. Amprolium+ethopabate could not 
improve WG and FCR of birds inoculated by 
isolates 1 and 2, comparing with the related 
INC group (P≤0.05), however the mentioned 
parameters and OI of birds challenged by iso-
late 3, LS of birds inoculated by isolate 1 and 
LS and OI of birds infected by isolate 2 were 
different from their corresponding INC group 
(P≤0.05). Considering the birds medicated 
with diclazuril, WG, FCR and LS of birds in-
oculated by isolate 3 showed significant differ-
ences with the analogous INC group (P≤0.05). 
No difference was observed for OI of birds 
inoculated by either of the isolates with their 
related INC groups (P≤0.05). Diclazuril could 
not increase the WG of birds challenged by 
isolates 1 and 2 in comparison with their relat-
ed INC groups (P≤0.05). 
 
GI 
Limited efficacy of salinomycin and partial 
resistance to amprolium+ethopabate and 
diclazuril were recorded for isolate 1 based on 
GI. For isolate 2 limited efficacy of salinomy-
cin, resistance to amprolium+ethopabate and 
partial resistance to diclazuril were proved. 
Isolate 3 was partially resistant to salinomycin 
and diclazuril and resistant to ampro-
lium+ethopabate. Isolate 1 was partially resis-
tant to amprolium+ethopabate whereas iso-
lates 2 and 3 were categorized resistant. Partial 
resistance was recorded for all of the isolates 
to diclazuril (Table 2). 
 
OAA 
According to this index, the three isolates 
were partially resistant to salinomycin and re-
sistant to amprolium+ethopabate. Isolates 1 
and 2 were resistant and isolate 3 was partially 
resistant to diclazuril (Table 2).  
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Table 2: Evaluation of developing resistance in three chicken Eimeria field isolates in coccidian-infected broil-
er chicks 

 

Experimental group AWG (g) FCR (g/g) 
Lesion 
score 

Oocyst 
index 

%GINNC %OAA 
AST 

Ea Em Emi Et 

Isolate 1 Salinomycin 307.4b 1.7c 0.7b 1.3 LE PR S PR S S 

 
Amprolium+etho-

pabate 
252.7c 2.01a 

0.9b 

1.5 PR R PR S R S 

 Diclazuril 254.5c 1.9b 0.9b 1.6 PR R PR PR S S 

 INC 237.1c 2.03a 1.9a 1.4       

 NNC 348.5a 1.6c - -       

 S.E.M. 12.0 0.04 0.14 0.14       

Isolate2 Salinomycin 284.9b 1.77bc 0.8b 1.0ab LE PR R R R S 

 
Amprolium+etho-

pabate 
213.7c 2.1a 

0.9b 

1.6a R R R R PR S 

 Diclazuril 224.3c 1.9ab 1.0b 1.1ab PR R R R R S 

 INC 205.6c 2.03a 1.5a 0.8b       

 NNC 348.5a 1.65c - -       

 S.E.M. 14.9 0.04 0.09 0.13       

Isolate 3 Salinomycin 249.6b 1.74c 
1.5bc 

1.5ab PR PR R PR 
P
R 

PR 

 
Amprolium+etho-

pabate 
196.9c 2.1b 

2.1ab 

1.2b R R R PR R R 

 Diclazuril 258.1b 1.7c 1.2c 1.9ab PR PR R PR R S 

 INC 145.3d 2.75a 2.3a 
2.6a       

 NNC 348.5a 1.65c - -       

 S.E.M. 18.6 0.12 0.17 0.23       

a-c Means sharing the same superscripts within each section do not differ  (P≤0.05). AWG: Average weight gain: FCR: Feed conversion    
ratio; INC: Infected Non-medicated Control group; NNC: Non- Infected Non- medicated Control group; %GINNC=%WGNNC-[(FM-
FNNC)×10]-(OIM-OIINC)-[(LSM-LSINC)×2)]-(%mortality/2) where GI is Global Index, WG is weight gain, F is FCR, OI is oocyst index, LS is 
lesion score, M is medicated group; %OAA=[average GSR of medicated group-average GSR of INC]/average GSR of NNC-average GSR 
of INC]×100 where OAA is Optimum Anticoccidial Activity, GSR is Growth and Survival Ratio calculated as the cage weight at trial termi-
nation + the weight of any dead bird/the cage weight when infected; AST= 100%-(mean lesion score of medicated group-mean lesion score 
of INC×100%) wher AST is Anticoccidial Sensitivity Test;  Ea: Eimeria acervulina; Em: E. maxima; Emi: E. mitis; Et: E. tenella; LE: Limited 
Efficacy; PR: Partially Resistant; RS: Reduced Sensitivity; R: Resistant; S: Sensitive; 
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AST 
As is shown by AST, in isolate 1 and 2, cecum 
dwelling species were obviously sensitive to 
the anticoccidial drugs and for species inhabit-
ing upper, middle and lower intestines reduced 
sensitivity to complete resistance could be es-
timated. For isolate 3, resistance was more 
frequent and only E. tenella was sensitive for 
diclazuril (Table 2). 
 

Discussion 
 

The intensive use of anticoccidial drugs has 
led to the development of resistance which 
can be detected by means of different indices 
and criteria (18). In this study, resistance to 
some of the most commonly used anticocci-
dials against three Eimeria field isolates in Iran 
were investigated and three usual anticoccidial 
efficacy indices introduced in the literature 
(GI, OAA and AST) were used and compared.  
The biopathologic characteristics of selected 
isolates including the species present in each 
isolate and other characteristics of the three 
field samples were previously described (12). 
Based on the results of this study, the reduc-
tion of WG, alteration of FI and subsequent 
alteration of FCR, in comparison to negative 
control, highlights the economic importance 
of the disease. Results of the sensitivity tests 
indicated that none of the field isolates was 
fully sensitive to the selected anticoccidials. All 
isolates showed reduced sensitivity/partial re-
sistance to salinomycin. Resistance to ampro-
lium+ethopabate was evident and partial to 
complete resistance was recorded for diclazuril.  
To evaluate the degree of efficacy of anticoc-
cidial compounds, a single parameter like le-
sion score (17, 19, 20), oocysts production (4, 
21), or a combination of parameters including 
weight gain and oocysts production (22, 23), 
feed intake, feed conversion and lesion scores 
(24), mortality, weight gain, lesion and fecal 
scores (18, 25) are being used. Some indices 
are also introduced based on some of the 
above-mentioned parameters (15, 16, 26, 27-
29). Bird performance, particularly weight gain 
is widely used for assessing anticoccidial effi-

ciency. However, it has to be considered that 
ionophores have a growth promoting effect 
per se. There is some debate on the variables 
such as lesion score and oocyst count (18, 30). 
Oocyst production is under influence of sev-
eral factors such as reproduction potential of 
the various species, crowding, host defense 
and nutrition, competition with other species 
(31). Besides, different studies have proven 
that oocysts production does not necessarily 
correlate with weight gain, lesion score and 
even mortality (3, 15). Lesion score, as one of 
the commonest methods in assessing the con-
dition of the intestine in coccidial infection, 
has deficiencies in evaluating anticoccidial ef-
ficacy due to its subjective nature, dependence 
on individual performing, lack of linear corre-
lation with number of inoculated oocysts and 
weight gain (15, 18, 32).  
As stated in the result section, assessment of 
drug efficacy based on different single param-
eters may lead to variable results. However 
based on the obtained results, both the GI 
and OAA give similar results and the dissi-
milarity is due to the narrower classification of 
the GI. Although the Global Index includes 
several parameters with coefficients corre-
sponding to their profitability; weight gain as 
the most economically important parameter, 
with the largest weighting, feed conversion, 
oocyst excretion, intestinal lesion and  per-
centage of mortality but considering the ease 
of weighting the birds in comparison to labor 
consuming task of recording lesion score and 
oocysts index, and because weight is the main 
factor profitability in production industry, it 
can be advised to use OAA as a valuable index 
in evaluating resistance till a more accurate 
method for resistance detection, such as mole-
cular based methods would be developed.  
 

Conclusion 
 

There were variations between various isolates 
in response to a similar anticoccidial drug but 
the best overall control was achieved by 
salinomycin followed by diclazuril and ampro-
lium+ethopabate. There was no complete sen-
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sitivity detected for any of mixed species, alt-
hough sensitive species could be classified ac-
cording to the obtained results by AST index. 
From the obtained results, limited efficacy of 
the selected anticoccidials is obvious. Consid-
ering the cost of continuous use of anti-
coccidials in the field and noting that clinical 
or subclinical coccidiosis may develop in spite 
of adding anticoccidials to the feed, altering 
the prevention strategy and rotation of the 
anticoccidials with better efficacy, would pre-
vent further economic losses induced by 
coccidiosis.  From the literature and based on 
the present study, use of an index is preferred 
to a single parameter and because of unde-
manding task of measuring group weight in 
OAA, this index can be proposed as the single 
means for evaluating drug resistance so that 
researches based on a common method, can 
be compared with each other. 
 

Acknowledgement 
 
The authors would like to thank the faculty of 
Veterinary Medicine, University of Tehran for 
funding the project number 7506009/6/8 and 
Engineering Research Institute for supporting 
the research. The authors declare that there is 
no conflict of interests. 
 

References 

 
1. Allen PC, Fetterer RH. Recent advances in bi-

ology and immunobiology of Eimeria species 
and in diagnosis and control of infection with 
these coccidian parasites of poultry. Clin 
Microbiol Rev. 2002; 15(1): 58-65.  

2. Yadav A, Gupta SK. Study of resistance 
against some ionophores in Eimeria tenella field 
isolates. Vet Parasitol. 2001; 102: 69-75.  

3. Pirali-kheirabadi Kh, Zamani-Moghadam A, 
Abdi F, Bahonar AR. The effect of admin-
istration of anti-coccidial drugs on oocysts 
shedding and performance in experimental 
coccidiosis in broiler chicken. Int J Vet Res. 
2008; 2: 67-73. 

4. Guo FC, Suo X, Zhang GZ, Shen JZ. Effi-
cacy of decoquinate against drug sensitive la-
boratory strains of Eimeria tenella and field iso-

lates of Eiemria spp. in broiler chickens in Chi-
na. Vet Parasitol. 2007; 147: 239-245. 

5. De Pablos LM, dos Sontos MF, Montero E, 
Garcia-Garnados A, Parr A, Osuna A. 
Anticoccidial activity of maslinic acid against 
infection with Eimeria tenella in chickens. 
Parasitol. Res. 2010; 107: 601-604. 

6. Yim D, Kang SS, Kim DW, Kim SH, Lillehoj 
HS, Min W. Protective effects of Aloe vera-
based diets in Eimeria maxima-infected broiler 
chickens. Exp Parasitol. 2010; doi: 10, 
1016/j.exppara,2010,080010.  

7. Barriga OO. A review on vaccination against 
protozoa and arthropoda of veterinary impor-
tance. Vet Parasitol. 1994; 55: 29-55. 

8. Peek HW. Resistance to anticoccidial drugs: al-
ternative strategies to control coccidiosis in 
broilers. Dissertation: Utrecht University; 
2010. 

9. Chapman HD. Biochemical, genetic and ap-
plied aspects of drug resistance in Eimeria para-
sites of the fowl. Avian Pathol 1997; 26: 221. 

10. Holdsworth PA, Conway DP, McKenzie ME, 
Dayton AD, Chapman HD, Mathis GF, Skin-
ner JT, Mundt HC, Williams RB. World asso-
ciation for advancement of veterinary parasi-
tology (WAAVP) guidelines for evaluating the 
efficacy of anticoccidial drugs in chickens and 
turkeys. Vet Parasitol. 2004; 121: 189-212. 

11. Conway DP, McKenzie ME. Poultry coccidi-
osis diagnosis and testing procedures. 3rd ed. 
Iowa: Blackwell Publishing; 2007. 

12. Arabkhazaeli F, Nabian S, Modirsaneii M, 
Mansoori B, Rahbari S. Biopathologic charac-
terization of three mixed poultry Eimeria spp. 
isolates. Iranian J Parasitol. 2011; 6 (4): 23-32. 

13. Board on Agriculture. Nutrient Requirements of 
Poultry. Ninth Revised ed. Washington DC: 
National Academy Press; 1994. 

14. Daugschies A, Gässlein U, Rommel M. Com-
parative efficacy of anticoccidials under the 
conditions of commercial broiler production 
and in battery trials. Vet Parasitol. 1998; 76: 
163-171. 

15. Stephan B, Rommel M, Daugschies A, Haber-
korn A. Studies of resistance to anticoccidials 
in Eimeria field isolates and pure Eimeria 
strains. Vet Parasitol. 1997; 69: 19-29. 

16. Rathinam T, Chapman HD. Sensitivity of iso-
lates of Eimeria from turkey flocks to the 
anticoccidial drugs amprolium, clopidol, 



Arabkhazaeli et al.: Evaluating the Resistance of Eimeria Spp. Field … 

 

Available at: http://ijpa.tums.ac.ir                                                                                               241 

diclazuril, and monensin. Avian Dis. 2009; 
53(3): 405-8. 

17. Peek HW, Landman JM. Resistancce to 
anticoccidial drugs of Dutch avian Eimeria spp. 
field isolates originating from 1996, 1999 and 
2001. Avian Pathol. 2003; 32(4): 391-401. 

18. Chapman HD. Evaluation of the efficacy of 
anticoccidial drugs against Eimeria species in 
the fowl. Int J Parasitol. 1998; 28: 1141-1144. 

19. McDougald LR, Da Silva JM, Solis J, Braga M. 
A survey of sensitivity to anticoccidial drugs in 
60 isolates of coccidia from broiler chickens in 
Brazil and Argentina. Avian Dis. 1986; 31 (2): 
287-292. 

20. Zhu G, Mcdougald L. Characterization in vi-
tro and in vivo of resistance to ionophores in a 
strain of Eimeria tenella. J  Parasitol. 1992; 78 
(6): 1067-1073. 

21. Oikawa H, Kawaguchi H. Survey on drug re-
sistance of chicken cocccidia collected from 
Japanese broiler farms in 1973. Jpn J Vet Sci. 
1975; 37: 357-362. 

22. Chapman HD. The sensitivity of field isolates 
of Eimeria acervulina type to monensin. Vet 
Parasitol. 1982; 9: 179-183.  

23. Chapman HD. Field isolates of Eimeria resis-
tant to arprinocid. Vet Parasitol. 1983; 12: 45-
50. 

24. Peeters JE, Derijcke J, Verlinden M, Wyffels 
R. Sensitivity of avian Eimeria spp. to seven 
chemical and five ionophore anticoccidials in 
five Belgian integrated broiler operations. Avi-
an Dis. 1994; 38: 483-493. 

25. Laczay P, Voros G, Semjen G. Comparative 
studies on the efficacy of sulphachlorpyrazine 
and toltrazuril for the treatment of ceacal 
coccidiosis in chickens. Int J Parasitol. 1995; 
25(6): 753-756. 

26. Chapman HD. Sensitivity of field isolates of 
Eimeria tenella to anticoccidial drugs in the 
chicken. Res Vet Sci. 1989 47: 125-128. 

27. Ramadan A, Abo El-Sooud K, El-Nahy MM.  
Anticoccidial efficacy of toltrazuril and 
halofuginone against Eimeria tenella infection in 
broiler chickens in Egypt. Res Vet Sci.1997; 
62: 175-178.  

28. Li GQ, Kanu S, Xiang FY, Xiao SM, Zhang 
L, Chen HW, Ye HJ. Isolation and selection 
of ionophore-tolerant Eimeria precocious lines: 
E.tenella, E.maxima, and E.acervulina. Vet Parasi-
tol. 2004; 119: 261-276. 

29. Abbas RZ, Iqbal Z, Sindhu ZD, Khan MN, 
Arshad M. Identification of cross and multiple 
resistances in Eimeria tenella field isolates to 
commonly used anticoccidials in Pakistan. J 
Appl Poult Res. 2008; 17: 361-368. 

30. Conway DP, Dayton AD, McKenzie ME. 
Comparative testing of anticoccidials in broiler 
chickens: The role of coccidial lesion scores. 
Poult Sci. 1999; 78: 529-535. 

31. Fayer R. Epidemiology of protozoan infec-
tions: Coccidia. Vet Parasitol. 1980; 6: 75-103. 

32. Conway DP, McKenzie ME, Dayton AD. Re-
lationship of coccidial lesions scores and 
weight gain in infections of Eimeria acervulina, E. 
maxima and E. tenella in broilers. Avian Pathol. 
1990; 19: 489-496. 

 
 
 


