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Introduction
Coccidiosis is one of the most common and important diseases of the poultry industry, 

which is caused by the protozoan of the Eimeria genus and occurs mostly in the form of 
enteritis [1-3]. Coccidia are a broad group of single-celled parasitic organisms in the Protozoa 
suborder and the Epicomplexa order. As a group, the Eimeria genus mainly has a specific host, 
which means that each Eimeria species involves a specific host or a group of hosts that are 
closely related to each other [1]). A severe infection caused by coccidia that causes clinical 
manifestations of the disease is called coccidiosis, and a brief infection that does not lead to 
inconsiderable clinical effects is called coccidiosis [4]. So far, out of 9 known Eimeria species in 
chickens, only 7 species have been diagnosed as pathogenic [5]. Among the reported species, 
Eimeria bronti, Eimeria nectrix, Eimeria tenella have high pathogenicity and contagiousness 
along with blood lesions, and Eimeria maxima and Eimeria acerulina species have moderate 
pathogenicity and usually cause subclinical coccidiosis in meat herds [6,7]. The identification 
and confirmation of two other species that have been repeatedly mentioned in the literature 
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Abstract
Introduction: Coccidiosis is one of the most common and important diseases of the poultry industry, 
which is caused by Eimeria protozoa and mostly occurs in the form of enteritis. Today, due to the excessive 
use of coccidiostat drugs, Eimeria species have developed drug resistance to these drugs, and this has 
economic consequences. 

Methods: In the present study, litter samples were collected from broiler farms with a history of coccidiosis 
in Mazandaran province. Eimeria oocysts from infected samples were cultured and propagated in a 2.5% 
potassium dichromate solution in a humid incubator at 27 °C, and the sporulated oocysts were counted 
and washed for propagation in broiler chickens. Then, 60 broilers of Ross breed were divided into 3 
groups. (Maduramycin group, positive control group, negative control group) From the beginning of the 
study, maduramycin drug was added to the diet of the maduramycin group for 30 days. On the fourteenth 
day, 200,000 mixed oocysts of Eimeria species were given orally to each bird. Daily litter samples were 
collected from the 5th day to the 14th day after infection, and the OPG of the litter of each group was 
determined using the McMaster method. In addition, chickens of each group were weighed daily until the 
end of the study. 

Discussion and conclusion: Based on the results of this study, the presence of drug resistance of Eimeria 
species to maduramycin in the broiler farms of Mazandaran province is confirmed and reported (because 
there was a significant difference between the OPG of the maduramycin group and the positive control 
group (P<0.05).) It is necessary for the health authorities of the country’s poultry industry to look for a 
solution to solve this health problem so that more economic damage is not caused to the industry and the 
country’s economy.

Keywords: Coccidiosis; OPG; Drug resistance; Maduramycin; Mazandaran; Salinomycin

http://dx.doi.org/10.31031/APDV.2023.09.000716
https://crimsonpublishers.com/apdv/


919

Appro Poult Dairy & Vet Sci    Copyright © Arash Ramezanpour

APDV.000716. 9(4).2023

(Imria Hagani and Miwati) are under investigation [8]. Most of the 
age of fighting with Imeria with casualties is from 3 to 18 weeks 
old [9].

Inside the body of each host, there may be several species of 
Eimeria with different pathogenic powers, while they are completely 
specific to that host. Infection with Eimeria species is everywhere 
and it is said that the only limitation in their distribution is the 
limitation in the distribution of their host [10-20]. Of course, the 
disease occurs mostly in conditions of high density of birds in 
the litter system, which is suitable for the growth of pathogenic 
parasites. Therefore, coccidiosis is important in dense broiler 
breeding centers [6]. In addition to causing the disease, subclinical 
contamination has weakened the food conversion ratio, and since 
70% of the cost of broiler breeding is related to providing feed, the 
economic effects of coccidiosis will be very significant. For example, 
the total economic loss caused by poultry coccidiosis in England in 
1995 was estimated at 38.5 million pounds [21]. For this reason, a 
lot of research has been done to prevent and treat this form of the 
disease, and the most important success in this field is the discovery 
of coccidiostat drugs, especially ionophore compounds [10]. The 
continuous administration of coccidiostats in the diet has reduced 
or stopped the clinical form of the disease. In the long term, due 
to the non-specific effect of these drugs on Eimeria acerulina and 
Maxima species, the ground has been prepared to accelerate the 
development of drug resistance in these species compared to other 
species. This led to the emergence of subclinical coccidiosis at the 
level of broiler chicken farms [11].

Today, due to the economic losses caused by the spread of 
subclinical coccidiosis in broiler flocks, detailed studies have been 
done on the pathogenicity of different species. [12], these studies 
include rapid diagnosis methods [11,12], disease epidemiology 
[13-15], the possibility of drug resistance in these species [13,16], 
treatment and prevention of subclinical coccidiosis. In this regard, 
the aim of this study is to investigate the drug resistance of common 
drugs to Eimeria species isolated in farm conditions from broiler 
chicken flocks in Mazandaran province, so as to be an alarm and 
a warning for the consequences and damages of coccidiosis drug 
resistance.

Discuss
Drug resistance

Today, coccidiosis is known as an important and common 
disease that can cause a lot of economic losses in the poultry 
breeding system. Clinical coccidiosis increases the feed conversion 
ratio from 4 to 10%, and since 70% of the cost of broiler breeding 
is related to feed supply, the economic effects of coccidiosis will 
be very significant. For example, the total economic loss caused 
by poultry coccidiosis in England in 1995 was estimated at 38.5 
million pounds [1]. Economically, this disease involves huge losses, 
which is unique in its kind, because in the world, this disease causes 
about 60 to 120 million dollars in financial damage, which is a good 
indication of the depth of the disaster. In addition to these expenses, 
which are spent annually in the world to purchase medicine, 
treatment or prevention of coccidiosis, it is an amazing figure of 150 

million dollars [20]. In this sense, disease control and prevention 
are one of the necessary and key measures to increase productivity 
in poultry farming [4,17]. Until now, many efforts have been made 
by researchers in the direction of knowledge and epidemiology 
of the disease, improvement of management methods, discovery 
and production of useful coccidiostats and research to prepare a 
suitable vaccine [12,18].

Administration of coccidiostat in the diet of broilers during the 
growth period is still used as the most practical way to control and 
prevent coccidiosis. Although this form of prevention has caused 
a significant reduction of clinical coccidiosis in the herd compared 
to a few decades ago, the continuous use of drugs has accelerated 
the development of drug resistance, which has many economic 
consequences.) [18]. Regarding the resistance of coccidiostat drugs 
in the world, I would like to draw your attention to some of these 
reports:

There are reports of resistance to amperoleum and amperoleum 
etopabate. Amprolium with the brand names of Amperol and 
Amprolium etopabat with the brand names of Amprolium Plus 
and Amprole-i are available in the market. The use of amprolium 
in low doses inhibits the absorption of thiamine in coccidia 
[21]. Amprolium is primarily effective in the stage of asexual 
reproduction of the parasite and also on the primary and secondary 
stages of schizonts [22].

The general and relative resistance against Amprolium has 
been reported in Imeria isolates collected from poultry farms 
[19,23,24]. In different studies conducted on field isolates of Eimeria 
acerulina, they had low sensitivity to Amprolium. The percentage of 
sporulation of oocysts obtained from treated birds (birds that took 
medicine) was comparable to the percentage of oocysts obtained 
from untreated birds (birds that did not receive medicine) [25]. The 
studies conducted in the laboratory showed that the development 
of drug resistance against Amprolium even during the continuous 
use of its low doses in broiler chickens takes place very slowly and 
relatively [26,27].

In 1975, McLaughlin et al. [28], using 4 anti-coccidiosis 
drugs consecutively in broilers, succeeded in producing a strain 
of Eimeria tenella resistant to a dose of 125ppm of amprolium, 
and this state was created after 10 times of alternating use of the 
drug. Also, similar results were reported by Tamas et al. [29]. In a 
study conducted by Jeffers [30] and other researchers in 1974, it 
was found that isolates of Eimeria acerulina and Tenella that were 
isolated from the field showed resistance to the combination of 
125ppm amprolium and 4ppm etopabat [30].

In 1973, Jeffers & Chali [31] showed that resistance to clopidol 
in two laboratory strains of Eimeria acerulina led to increased 
sensitivity to 4-hydroxyquinoline drugs. In an epidemiology study 
conducted by Jeffers, the occurrence of resistance to decoquinates 
in Eimeria acervolina in a herd that was using clopidol was reported 
as 53% [32].

In a study in North India by Anish Yadav and Gupta about the 
drug resistance of Eimeria tenella species isolated from the field 
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with two of the common anticoccidiosis drugs Maduramycin and 
Salinomycin. In this study, 140 Ross breed chickens were examined 
in 10 groups, and for each bird, 105 oocysts isolated from the field 
were used to cause experimental infection, and finally resistance to 
the desired drugs was measured using the Global Index. They did 
not observe any drug resistance [33].

Now it can be concluded that the increase of information 
in the field of coccidiosis, risk factors, common treatments and 
effectiveness of drugs can play an important role in preventing 
drug resistance and subsequently reducing macroeconomic losses. 
For the first step, one should obtain detailed information about 
common treatments and their effectiveness in order to recognize 
inappropriate cases of using these drugs; Because as it was said, 
improper use of coccidiostats is the most important cause of 
resistance to these drugs [34].

To control and prevent this disease, the best thing to do is to 
disinfect the poultry house using methods such as flame throwing 
and using ammonia and lime releasing substances, and to clean 
the place from contamination, the second thing is to control the 
humidity of the bed between 20 and 30%. Adjusting the food 
ration and adding preventive drugs with appropriate doses in 
food mixers and using drugs with a known expiration date and 
without pharmaceutical adulteration are also taking into account 
that in the fourth and fifth weeks of breeding, the contamination 
of oocysts in the bed is high. At this time, adding coccidiocid drugs 
with a therapeutic dose is very appropriate [4,17]. In the case of 
coccidiostatic drugs that we use throughout the breeding period, 
prevention and control strategies should be used.

Materials and Work Methods
By referring to 10 different pharmacies in Mazandaran province 

from March 25, 2020, to April 20, 2021, and by completing the 

questionnaire and obtaining information from them, we identified 
the common drugs in this province and used the same drugs to 
measure resistance. According to the field research of poultry 
farms and also the experts of Mazandaran Province Veterinary 
Department, common coccidiostat drugs in the north of the country 
are Salinomycin, Maduramycin and Diclazuril respectively.

By referring to the broiler flocks and obtaining information 
about the history of the disease and the use of anti-coccidiosis 
drugs, he collected some of the substrate and after mixing, poured 
9grams of it into the sample container and added 126ml of water 
to it. and remained in the laboratory for one night. The next day, 
we shake the glass containing the substrate and pass it through a 
strainer and centrifuge 15ml of the strained solution at a speed of 
1500rpm for 5 minutes.

Then empty the supernatant and mix the resulting sediment 
in 15ml of saturated salt and centrifuge again, then remove some 
of the supernatant with the help of a Pasteur pipette and fill the 
chambers under the McMaster slide. Then the floating oocysts of 
each house are counted, and the average obtained is multiplied 
by 100, and thus the number of oocysts per gram of substrate is 
determined [1,3].

Oocysts were isolated from infected chicken farms and cultured 
in 2% potassium dichromate solution, and after washing and 
purification, they were fed to two-week-old chickens, and stool 
samples were taken daily for two weeks after that. This allows 
us to have young oocysts and increase the number of oocysts for 
drug evaluation. Then the stool samples of these chickens were 
taken, washed and cultured with a centrifuge, and the oocysts 
after sporulation were kept in the refrigerator and in potassium 
dichromate solution until the time of drug evaluation [35]. 
According to Table 1, five groups of chickens were selected.

Table 1: Study grouping.

Groups How to Take Medicine Number of Days of Treatment

Salinomycin % 12 500 grams per ton From 1 day old

Madura Mycin 1% 500 grams per ton From 1 day old

Diclazuril % 0.5 200 gram per ton----- From 1 day old

infected and untreated (positive control) -----

Non-infected and untreated (negative control) -----

Then, the oocysts that were sampled from breeding farms and 
the processes of separation, purification and cultivation in 2% 
potassium dichromate solution were performed on them, were 
examined for sporulation. When the sporulation was confirmed by 
observing the sporocysts inside the oocyst under the microscope, 
it was again prepared to be fed to chickens by centrifugation 
twice and through washing and purification steps. Then, 200,000 
sporulated Eimeria (equivalent to half a milliliter of the purified 
solution) of the propagated species were fed to the groups from the 
second week of breeding on June 27, 2016, by dropper [36,37].

In the treatment groups, despite the prescription of drugs, if 
Eimeria is observed, resistant species will be identified based on 

morphological characteristics (measurement of the length and 
width of the oocysts under the microscope). Then, using Spss 
software version 24, each drug group with positive and negative 
control group was statistically analyzed with independent t-test (in 
OPG of groups) and analysis of variance (in weighting).

Result
OPG results of the groups of all 5 groups during sampling days 

are shown in Table 2. There was no significant difference in the 
average number of oocysts counted in the different treated groups 
compared to the positive and negative control groups during the 
different days of the t-test (P<0.05).
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Table 2: OPG results of groups.

Day

OPG value

Group 1 
(salinomycin)

Group 2 
(Maduramycin) Group 3 (Diclazuril)

Group 4 Group 5

(Positive control) (Negative control)

Second 0 0 0 0 0

Fourth 000/250 000/25 000/240 000/360 0

the sixth 000/300 000/60 000/250 000/380 0

Eighth 000/370 000/140 000/280 000/400 0

Tenth 000/320 000/200 000/330 000/410 0

Twelfth 000/180 000/240 000/350 000/430 0

Fourteenth 000/160 000/270 000/380 000/430 0

After creating experimental pollution and simultaneously with 
sampling, weighing was done, the results of which are shown in 
Table 3. Changes in weight loss in treatment groups and positive 
and negative control groups were compared. In this study, statistical 
analysis with one-way analysis of variance method did not show 

any significant difference in the weight of the treatment groups and 
the positive control group (P>0.05). While the weight loss changes 
in the treatment groups with the negative control group were 
highly significant (P<0.001), this amount of weight loss can cause 
high economic damage in a broiler poultry farm.

Table 3: Average weight in each group.

Day
Average Weight in Each Group (Grams)

1 (salinomycin) 2 (Maduramycin) 3 (Diclazuril) 4 (positive control) 5 (negative.control)

Second 518 (819/17±504) 516 (769/51±516) 517 (572/53±517) 510 (092/19±510) (088/48±520) 521

Sixth 820 (821/34±520) 805 (166/33±805) 807 (144/33±807) 800 (405/35±800) 886 (719/48±886)

Tenth 1120 (977/32±1120) 1112 (537/30±1112) 1113 (471/30±1113) 1056 (405/51±1056) 1221 (157/27±1221)

Fourteenth 1134 (980/36±1134) 1116 (977/32±1120) 1100 (940/28±1100) 1080 (735/34±1080) 1250 (735/34±1250)

Conclusion
Administering coccidiostat in the diet of broilers during the 

growth period is still used as the most practical way to control and 
prevent this disease. Although this form of prevention has caused a 
significant reduction of coccidiosis in the herd compared to a few 
decades ago, the continuous use of the drug has accelerated the 
phenomenon of drug resistance and drug residue in chicken meat, 
both of which cause concerns.

In this study, the presence of drug resistance in Eimeria species 
against some common coccidiostat drugs used in the diet of broiler 
chickens in Mazandaran province was studied. For this purpose, 
sampling and field research were carried out from broiler farms 
in Mazandaran province, and OPG measurements of litter, carcass 
waste and weighing were used to determine resistance, and finally, 
resistant species were also identified.

The first drug group studied was salinomycin. This drug is 
available in the market under the brand names of Biocox, Coxystat, 
Sacox, Salgin and Salusin. For the first time, salinomycin was 
isolated from Streptomyces albus in soil samples collected in Japan 
[38,39]. This compound is a polyether carboxylic acid antibiotic 
that selectively plays a role in the transfer of monovalent alkaline 
cations such as Cs+, K+, Na+ and Rb+ [40,41]. The studies conducted 
on Eimeria acerulina, Maxima and Tenella indicate that salinomycin 
has a lethal effect against sporozoites, schizonts and the final stages 
of their schizogony [42,43].

Comparison and statistical analysis of OPG counting results in 
the salinomycin treatment group with the positive control group 
indicated the occurrence of resistance phenomenon in common 
Eimeria against this drug [44].

In 1998, in a comparative study between different coccidiostat 
drugs, Daugshis et al. [43] in Hanover, Germany showed the 
efficacy of salinomycin to control coccidiosis. In this study, the drug 
salinomycin had the best effect among other drugs, and all Eimeria 
species were sensitive to it, and no resistance was developed, which 
was suggested to be the reason for the use of coccidiostat drugs in a 
schedule and change in each period [45].

In another study, Chapman [44] in 1986 in America showed 
that Eimeria tenlai species isolated from meat farms have absolute 
resistance to the drug salinomycin and other drugs he studied, and 
the reason for this was the lack of use of anti-coccidiosis vaccine 
and new coccidiostat drugs [46,47]. By comparing these studies 
with the present study, it can be seen that the indiscriminate and 
unplanned use of salinomycin due to its lower price than other 
drugs are one of the important factors in the development of drug 
resistance to salinomycin in this province.

The second studied group was Maduramycin. This drug is 
available in the market under the brand name Seagro. Maduramycin 
is a monoglycoside polyether ionophore drug. Maduramycin with 
doses of 5 to 7ppm was more effective than narasin and monensin 
in reducing injuries and casualties and maintaining performance in 
birds infected by Eimeria strains that were resistant to ionophores 



922

Appro Poult Dairy & Vet Sci       Copyright © Arash Ramezanpour

APDV.000716. 9(4).2023

and had almost the same effect as salinomycin. In the studies 
conducted on the effect of the drug, it was determined that in order 
to achieve the best results against Eimeria tenella, this drug must 
be present in the diet at the beginning of contamination or conflict 
[48].

In the study of Anish Yadav in 2001 in India, the drug resistance 
of Eimeria species against the drug maduramycin was also 
conducted and no drug resistance was observed, and the reason for 
this was the appropriate and planned use of this drug in the Indian 
poultry industry [49].

Peek & Landman [46] also conducted studies on the resistance 
of salinomycin, maduramycin, diclazuril, narasin, lazalucid, 
nicarbazine, monensin and clopidol drugs in Germany in 1996, 
1999 and 2001 and discussed the different pattern of resistance 
during 1996, 1999 and 2001. So that in 1996, sensitivity was seen 
only in the drugs Narasin, Nicarbazine and Maduramycin, and the 
rest of the drugs showed relative to absolute resistance. In 1999, all 
drugs showed resistance, and in 2001, only clopidol was sensitive 
and the others were resistant. These researchers attributed the 
reason for the difference in the resistance of these drugs during 
these years to the use or non-use of these drugs in certain periods 
when the price of these drugs fluctuated in the market [49]. Again, 
by comparing these studies with the present study, the first thing 
that came to mind is the excessive consumption of maduramycin in 
Mazandaran province, followed by the development of resistance, 
which can be a warning for the poultry industry of the province and 
the country. This drug is also used together with salinomycin due 
to its more reasonable price and availability in different periods of 
broiler breeding.

The third group studied was diclazuril, which is available in the 
market under the brand name Clinacox. The studies conducted by 
Moss et al. (1988, 1989) and Verhein et al. showed that diclazuril has 
a lethal effect on both sexual and asexual stages of Eimeria tenella, 
large schizonts of Eimeria nectrix and acerulina, gametocytes of 
Eimeria bronti and zygotes of Eimeria maxima [22]. Diclazuril’s 
effects against Eimeria acerulina, Maxima, Nekatrix, Mitis, Bronti 
and Tenella remain for several days after stopping the drug, and 
this effect is unique among all anticoccidiosis drugs and polyether 
ionophores [50]. In the present study, the drug resistance of Eimeria 
species against diclazuril has been established in absolute form.

In a 1994 study in Brazil, Cavazo and Di Fabio showed that 
fields that had previously used diclazuril as a coccidiostat were now 
resistant to this drug and that fields that had not used this drug 
until now were sensitive to this drug [51]. The research method 
of these researchers is completely similar to our study, and they 
reached this conclusion from OPG, necropsy waste and weighing.

In the study of Arab Khazaeli et al. in 2013, the presence of 
resistance of three Eimeria species isolated from the field against 
the drugs diclazuril, salinomycin and amprolium etopabat, 
representing the most common anti-coccidiosis drugs in Iran’s 
poultry industry, was investigated. In this study, sampling was done 
from the farms of Mazandaran and Hamedan, and after purifying 
and obtaining the oocysts, the resistance to these drugs was 

investigated experimentally by placing 480 chickens in 13 groups. 
Then, about 250,000 to 300,000 oocysts per bird were used to cause 
experimental infection, and then the resistance of the desired drugs 
was measured using Global Index, Anticoccidial Sesivity Test and 
Optimum Anticoccidial Activity. In this study, none of the species 
was completely sensitive to the selected anti-coccidiosis drug and 
all species showed a decrease in sensitivity or relative resistance 
to salinomycin. Also, there was obvious resistance to amprolium 
etopabat and relative to absolute resistance to diclazuril [40].

This study and the present study were both conducted in Iran 
and in different farms and with different methods and reached 
similar results that can confirm the face of drug resistance in Iran. 
The results of both studies as well as other studies stated about 
diclazuril drug indicate excessive and unplanned use of these drugs 
[52].

Regarding the weighting results of the groups, it can be seen that 
at the end of the period, the positive control group (infectious and 
untreated) weighs 170grams less than the negative control group 
(non-infectious). Also, salinomycin, maduramycin and diclazuril 
groups weighed 116, 134 and 150grams less than the negative 
control group, respectively. The results indicate that the presence of 
drug resistance, like the treatment group, can be effective in weight 
loss. In this study, no significant difference was observed in the 
weight of treatment groups and positive control groups (P>0.05). 
While the weight loss changes in the treatment groups with the 
negative control group were highly significant (P<0.001), this 
amount of weight loss can cause high economic damage in a large-
scale broiler chicken farm. For example, let’s assume what kind of 
economic damage it can cause in a 50,000-broiler chicken farm in a 
full breeding period.

The results obtained in this study may not fully show the drug 
resistance of Eimeria species against coccidiostat drugs used in 
broiler farms in the province. But it seems that the occurrence of 
drug resistance of Eimeria species in the absolute level compared 
to commonly used drugs is a serious warning that it is necessary 
for the health authorities of the country’s poultry industry to look 
for a solution to solve this health problem so as not to cause more 
economic damage to the industry and the country’s economy. 
Among the ways that can be considered by veterinarians in the 
poultry sector, we can mention the discussion of replacing new 
drugs and also the possibility of coccidiosis vaccination in broilers. 
Also, the veterinary organization of the country should take into 
account the monitoring and control activities on the production, 
import and export of drugs in order to reduce the possibility of any 
drug fraud.

Suggestions

A.	 According to the results obtained in this study, it is 
recommended to carry out similar studies at the level of broiler 
chicken breeding flocks in other regions of Iran in order to 
better determine the importance of subclinical coccidiosis and 
the drug resistance of coccidiosis.

B.	 It is suggested to carry out detailed studies in order to 
accurately determine the resistant species with molecular 
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methods, and it is recommended to prepare and identify drugs 
sensitive to these resistant species.
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