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INTRODUCTION 

The poultry industry is the backbone of the livestock economy in India. 

Millions of people depend on the poultry sector for income and employment 

(Jadhav and Nikam 2014). As compared to other diseases in poultry, coccidiosis 

has been reported as a major threat to poultry farming (Lawal et al., 2016). 

Coccidiosis in poultry is an enteric and intracellular parasitic disease 

caused by different species of a protozoan parasite of the genus Eimeria (Phylum: 

Apicomplexa, Class: Sporozoea, Subclass: Coccidia, Order: Eucoccidia, Family: 

Eimeriidae). Coccidiosis is the most common and most important disease in the 

economic aspect of poultry worldwide (Shirley et al., 2005). It is one of the major 

diseases of poultry that play a static role in the growth of the poultry industry and 

broiler industry globally. It causes an economic loss of more than 3 billion US 

dollars (Dalloul and Lillehoj, 2006). In India, it has been estimated that the 

commercial broiler industry was a major sufferer of coccidiosis, where nearly 

95.61 percent of the total economic loss occurred due to the disease (Bera et 

al., 2010). 

Infection due to Eimeria species is influenced by poor housing and bad 

management system of poultry and affects chickens of all ages. Due to an 

underdeveloped immune system, the infection begins at a younger age (Musa et 

al., 2010) and is responsible for severe infection in the intestinal epithelium of 

poultry. Eimeria species are very host-specific. The eight species responsible for 

coccidiosis in chickens are E. acervulina, E. brunetti, E. hagani, E. maxima, E. 

mitis, E. necatrix, E .praecox, and E. tenella. Among these, E. acervulina, E. 

brunetti, E. maxima, E. necatrix, and E. tenella are highly pathogenic, which 

cause great economic loss to the poultry industry worldwide (Kawahara, et 

al., 2008). Differentiating between different Eimeria species is quite challenging 

due to similar clinical findings and developmental characteristics, (Long and 

Joyner 1984).   
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 Primarily identification of Eimeria species, carried out in the laboratory, 

has been conducted traditionally based on morphologic and pathologic aspects, 

like characteristics of oocyst, variations in the prepatent period, sporulation time, 

clinical signs, and intestinal lesions, and histopathologic characteristics (Joyner 

and Long 1974). Coccidiosis is host specific; it develops and multiplies 

intracellularly in the gut. The transmission of parasites in broilers is by the faeco- 

oral route via the ingestion of sporulated oocysts of Eimeria spp. (Dalloul et 

al., 2005). Various factors affect the infectivity of sporulated oocysts, which 

includes the number of oocysts present in the litter material, chick density, 

susceptibility of birds, and immunogenicity (Chapman et al., 2002).   

Ingestion of sporulated oocysts via feed or water intake is responsible for 

the occurrence of infection. After the excystation of sporulated oocyst in the gut, 

infective form sporozoites are released. These sporozoites invade the epithelial 

linings of the intestine and cause intense tissue damage, which is responsible for 

causing secondary bacterial infections (Daszak, 1999). The clinical form of 

coccidiosis is characterized by loss of appetite, pale combs and wattles, ruffled 

feathers, blood-tinged feces, diarrhea, dehydration, and death, (Fanatico, 2006). 

For the application of effective control strategies, the identification of 

Eimeria species is essential. The species involved in infection is often determined 

using the site of infection by observing gross lesions and using the intestinal 

lesion scoring technique (Conway and McKenzie, 2007). 

For morphometric identification, Eimeria species were categorized 

according to the size of oocysts into three groups: small oocysts, <18.8μm 

tentatively E. acervulina and E. mitis, medium-sized oocysts 18.9μm to 23.8μm 

tentatively E. necatrix, E. tenella, and E. praecox, large oocysts, >23.9μm, 

tentatively E. maxima and E. brunetti (Haug, et al., 2008). By simply using oocyst 

morphology, we cannot precisely distinguish the different species of Eimeria, as 

morphological features are similar for nearly all Eimeria spp. They have an 

ellipsoidal, ovoid, or circular shape and have thick cell walls, (Clark and Blake 

2012). Mixed infections due to Eimeria species are pretty tricky for the precise 

discrimination of species using morphological methods. Alternatives for species-
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specific diagnosis are required to inform routine animal husbandry, veterinary 

intervention, and epidemiological investigation, (Kumar et al., 2014). Newly 

developed molecular techniques have allowed accurate diagnosis 

of Eimeria species, investigation of the genetic variability of these pathogens, and 

also helps in the molecular characteristics associated with phenotypical 

characteristics that may constitute the use of molecular markers (Schnitzler et 

al., 1998; Costa et al., 2001).  

The accurate diagnosis of coccidiosis in poultry is primary for its effective 

control, and it is vital for the investigation of a disease outbreak of coccidiosis and 

for ensuring the effectiveness of the application of a live vaccine (Morris and 

Gasser, 2006). Traditional methods are not sufficiently reliable to allow a species-

specific diagnosis of coccidiosis. Limitations of the traditional methods have been 

overcome by the development of various biochemical and molecular methods. 

Detection and diagnosis of Eimeria species infections are mostly made 

through microscopic examination of the faecal sample and molecular and 

serological techniques. Faecal sample examination based on the presence of 

oocyst is the most straight forward and accessible diagnostic test for most 

veterinarians, but it is unreliable for differentiation between species. Molecular 

methods like PCR gives species level identification, which is further essential for 

developing vaccines.  

Along with these techniques, we should remember that the early diagnosis 

of coccidiosis is still possible with the lesion-scoring technique. For an accurate 

diagnosis, proper selection of birds, standard necropsy procedure, and exact 

identification of lesions are essential. Control of coccidiosis is a major issue due 

to increasing resistance to synthetic anticoccidials. Alternative to this, we can use 

plant bioactive compounds that could be used as potent anticoccidial agents. 

Nowadays, due to increasing resistance to anticoccidial drugs and their residual 

effects, consumers request poultry products free from drug residues (Harper and 

Makatouni 2002). Using natural products or plant bioactive molecules as an 

alternative to these anticoccidials may be the best solution to this demand. As 

essential oils have antimicrobial activity, they can be used as anticoccidials. The 
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effectiveness of essential oils of thyme, clove, or tea tree oil at low concentrations 

could have significant benefits when used to treat coccidiosis along with good 

palatability, cost-effectiveness, and less toxic and residual effects (Remmal et 

al., 2011). 

The main objective of this work is to find out species of Eimeria present in 

the Nagpur region by morphometry and conventional PCR method and to check 

the anticoccidial effect of essential oil of Thymol on a coccidiosis-challenged 

group of broilers. The focus of this work is to enhance the study of the 

epidemiology of coccidial infections in commercial broiler flocks by studying the 

distribution of coccidial infections, prevalence, and the types of different 

Eimeria species commonly present in the Nagpur region. 

OBJECTIVES: 

1. Morphological identification of different Eimeria species in broilers 

droppings. 

2. Molecular identification and characterization of different Eimeria 

species in broilers droppings. 

3. To study the efficacy of essential oil of Thymol as anticoccidial agent 

in broilers. 
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REVIEW OF LITERATURE 

2.1 History of Coccidiosis:  

Coccidiosis is a disease caused by protozoan parasites of the 

genus Eimeria which belongs to the phylum Apicomplexa. Coccidian parasites 

infect vertebrates with a very wide host range and they are obligate intracellular 

parasites present in the intestinal tract of the vertebrate hosts and are very host 

specific. The population density of animals or birds is a predisposing factor for 

the manifestation of clinical Coccidiosis (Barta, et al., 2001). 

The Eimeria species have a complex life cycle and all stages affect the 

intestinal tract of different species of birds (Peek and Landman2011). Sufficient 

Infection by Eimeria oocysts to produce clinical manifestations is termed clinical 

coccidiosis where as a mild infection that does not show clinical signs are known 

as coccidiasis (Conway and Mckenzie 2007). However, this terminology has been 

revised by WAAVP and it has been turned to coccidiosis even if a mild infection 

is detected. It is one of the major diseases of poultry that play a static role in the 

growth of the poultry industry and broiler industry globally. It causes economic 

loss of more than 3 billion US dollars (Dalloul and Lillehoj 2006). In India, it has 

been estimated that the commercial broiler industry was a major sufferer of 

coccidiosis, where nearly 95.61 percent of the total economic loss occurred due to 

the disease (Bera et al., 2010). 

Coccidiosis is the economically most important disease of broilers. 

Naturally, mixed infection of different Eimeria species is commonly observed in 

birds (Kumar et al., 2015). In domestic birds or broilers out of seven 

recognized Eimeria species E. maxima, E. necatrix, E. brunetti, and E. tenella, 

show very high and severe pathogenicity, E. acervulina and E. mitis show 

moderate to less pathogenicity, whereas E. praecox shows very less 

pathogenicity(Thebo et al.,1998). 

 Different species of Eimeria are confined to a specific location within the 

intestinal tract among the particular definitive host (Barta et al., 1998). 
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Eimeria infection in birds is responsible for severe intestinal damage in 

the host which affects feed intake and increased mortality (Cha et al., 2014). As 

the parasite invades and multiplies in the cells of intestinal mucosa it damages the 

tissue which results in decreased feed intake and weight gain, increased feed 

conversion ratio, inflammation and necrosis of mucosal linings, malabsorption, 

diarrhoea followed by death (Dalloul and Lillehoj 2005; Williams 2002).  

Each species of Eimeria causes a different form of disease like coccidiasis 

(mild form), subclinical coccidiosis, and clinical coccidiosis or frank disease 

(Williams, 2005). The negative effects of coccidiosis are also observed as birds 

become susceptible to necrotic enteritis due to secondary bacterial infection 

by Clostridium spp., (Persia et al., 2006). 

2.2 Life cycle: 

Transmission of intestinal coccidiosis is via the faeco-oral route. Coccidia 

follow an apicomplexan life cycle including both asexual and sexual phases of 

reproduction. There are four sporocysts present in each sporulated oocyst 

of Eimeria and each sporocyst contains two sporozoites which act as an infective 

agent within the intestine. The sporulated oocyst is an infective stage and can 

remain viable in the environment for months to years, under favorable conditions 

until its transmission (Barta et al., 2001).  

After ingestion of sporulated oocyst infection occurs. In the digestive tract 

of the chicken, sporozoites are released by mechanical action and chemical factors 

mainly trypsin, CO2, and bile (Conway and Mckenzie, 2007; Jones et al., 1996); 

Allen and Fetterer, 2002). Within the host cell sporozoites penetrated and they 

transformed into trophozoites which undergo the asexual phase of reproduction in 

which nuclear division and cytoplasmic differentiation occur and merozoites 

(first-generation schizonts) are released in the gut wall, the process is known as 

schizogony or merogony. The released merozoites again penetrate new host cells 

and undergo second schizogony and release second-generation schizonts, (Allen 

and Fetterer, 2002; Innes and Vermeulen, 2006). There are 3-4 cycles of asexual 

reproduction within enteric cells occurs (McDonald and Shirley 2009).  
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The maturation of these merozoites occurs and gametes i.e. macrogametes 

& microgametes are formed. The gamets participate in the sexual phase of the life 

cycle and oocysts are produced. These oocysts are shaded into the feces (Long 

and Hotron-smith 1968). These released oocysts sporulate and become infective 

in the presence of moisture, oxygen, and warmth (Norton and Chard 1983). The 

total life cycle is of 4-5 days with slight species variation (Brown et al., 2002).   

2.3 Host specificity: 

In poultry, most coccidias are classified within the genus Eimeria, which 

is known for its high host specificity. Eimeria species are known to exhibit a 

marked degree of host specificity which infects single species of host or a specific 

genus of a host (Becker, 1948; Long and Millard, 1979; Vbra and Pakandal, 

2015). 

Eimeria species which infect a wide range of host genera are very rare, 

(Vbra and Pakandal 2015). For example, species that infect the chicken are not 

infective to turkeys and vice versa. Several experiments were conducted to test for 

the cross-infectivity of Eimeria species in both these hosts. 

Tyzzer (1929b), was unable to infect chickens with E. meleagridis from 

turkeys and turkeys with E. acervulina from chickens. Patterson (1933), failed to 

infect turkeys with E. tenella from chickens. Several unsuccessful attempts have 

been made to infect chickens, pheasants, guinea fowls, and Japanese quail with E. 

adenoeides of turkeys (Moore and Brown 1951). 

2.4 Pathology and gross lesions: 

For the development of the pathological condition, second-generation 

schizonts play a significant role. Host and species variation, nutritional status, 

associated diseases, and Eimeria species influence the pathological occurrence of 

coccidiosis (Nour 2020). As coccidiosis is a gut-associated disease and damage to 

the gut wall allows the development of secondary infections (Shirley and Harvey 

2000).  
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Yellowish-colored diarrhoea is the most commonly observed symptom 

initially. With an increase in infection, the disease progresses and leads to blood 

loss in droppings due to intestinal hemorrhages, feces that are red or chocolaty in 

color, rapid loss in body weight, and increased thirst. The clinical manifestation of 

the disease starts when second-generation schizonts start to replicate rapidly 

(Soulsby, 1982). 

On necropsy examination, the damaged intestinal wall shows thickening 

which resembles sausage (Nour, 2020). Lesion scoring technique with numerical 

ranks ranging from 0 to +4, has been commonly used to compare the gross lesions 

in coccidiosis-affected birds, it gives different grades of pathogenicity to the 

lesions. Species responsible for pathogenicity may be identified by positive 

scoring of the affected part of the intestine (Johnson and Reid, 1970).  

Caecal lesions are mostly developed by E. tenella but certain strains also 

responsible for rectal coccidiosis, along with pinpoint hemorrhages and 

ballooning is also observed.  E. mivati or E. acervulina are responsible for lesions 

in duodenal part of intestine. Mid-intestinal lesions are mostly associated with E. 

necatrix.  E. maxima can induce lesions in any part of the small intestine. In the 

rectum or lower intestine E. brunetti is commonly found (Johnson and Reid, 

1970; Conway and Mckenzie, 2007; Kant et al., 2013). The lesion score and 

weight gain are related and this relationship is depending on the responsible 

species of Eimeria. This lesion score provides the severity of infection 

(Conway et al., 1990).  

2.5 Diagnosis: 

In poultry, correct diagnosis of highly economic diseases like coccidiosis 

is important. Traditionally coccidiosis is diagnosed on basis of history, clinical 

signs, and symptoms, by examining droppings or litter material and by observing 

the gross intestinal lesions (Singla and Gupta 2013). These traditional methods are 

highly time-consuming and skilful person is required for accurate diagnosis (Long 

& Joyner 1984; Carvalho et al., 2011; Shirley et al., 2005).  
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Diagnosis of coccidiosis can be made on detection of oocysts in feces, by 

examining gross as well as microscopic lesions and by molecular methods. 

Identification of strain and species of Eimeria is an important tool for 

management, control, and epidemiologic studies of coccidiosis (Woods et 

al., 2000). Biotechnological advancements like molecular methods of species 

detection are useful in the diagnosis and control of coccidiosis (Morris and 

Gasser, 2006). 

2.6 Prevalence of Coccidiosis in India and abroad: 

For the diagnosis of this disease, accurate identification of Eimeria spp. is 

important as it also helps in the management of subclinical infection, application 

of effective control strategies, and improves biological and epidemiological study 

(Lee et al., 2010; Sun et al., 2009). An incidence of coccidiosis in poultry in 

India, as well as foreign countries, has been widely reported. 

Total of 16 poultry farms were screened by Pant et al. (2018), and out of 

them 9 suffered from different Eimeria species infection with an overall 

prevalence of 56.25%. Among these 9 farms, 6(60%) were broiler farms and 3 

(50%) were layer flocks. The maximum prevalence of coccidiosis was recorded 

within the duration of Aug-Sep (50%) which is followed by June-July (33.3%) 

and Dec-Jan (16.6%) in the case of broilers, while for layers there was the equal 

prevalence of (33.3%) during June-July, Aug-Sep, and Oct-Nov.  

From June 2006 to May 2008, Nikam et al. (2012) examined a total of 

2524 samples, 734 of which were positive for coccidial infection, with a 

prevalence of about (29.08%).  

An overall prevalence of 39.58% was recorded by microscopic 

examination of 720 faecal samples collected from poultry farms of Jammu by, 

Sharma et al. (2013), and five Eimeria species were identified viz., E. tenella, E. 

necatrix, E. maxima, E. acervulina and  E. mitis. They observed that E. 

tenella was the predominant species in both organized and unorganized farms.  



10 
 

Studies on the prevalence of gastrointestinal parasites in chickens reared 

under backyard and intensive systems were carried out by Kumar et al. (2015) in 

Uttar Pradesh and Uttarakhand. They screened a total of 58 poultry farms and 

81.03 % were positive for Eimeria spp.  

From February 2010 to January 2011, Kala et al. (2013) conducted a 

survey on 556 poultry birds at Central Poultry Breeding Farm, Patna, and in local 

poultry farms of Patna, on group broilers and layers. They observed incidence of 

coccidiosis in the study area was found to be 16.54%, based on the number of 

birds examined and it was higher in broilers (21.38%) as compared to layers 

(11.27%), in young (22.81%) than in adult (9.3%), and in the rainy season 

(32.14%).  

Rao et al. (2012) carried out a study to check the prevalence 

of Eimeria infection in various agro climatic zones of southern India. They 

collected 21 samples from broiler farms and found that 13 (61.9%) and of a total 

of 12 samples from layer farms, 6(50%) samples were positive for single or mixed 

infection of Eimeria spp. Based on their study they recorded an overall prevalence 

of 57.57% of coccidiosis, in both broiler and layer farms. 

From June 2013 – January 2014, a total of 704 faecal samples from 

Gangapur and 699 samples from the Vaijapur region of Aurangabad, Maharashtra 

were examined for coccidial infections by Jadhav and Nikam (2014), out of which 

254(36.07%) samples from Gangapur region and 251(35.90%) samples from 

Vaijapur region were positive respectively. A comparative study shows minor 

differences in prevalence. 

The prevalence rate of coccidiosis in the broiler Chicken Farms in 

Western Iran recorded by, Gharekhani et al, (2014) was 31.8%.                           

The highest rate of E. acervulina (75.7%) was followed by E. tenalla (54.3%), E. 

necatrix (28.6%), and E. maxima (20%).  
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Karaer et al. (2012) collected faecal samples from 1,108 broiler houses in 

six regions. After microscopic studies using the modified McMaster method they 

concluded that the presence of Eimeria spp. oocysts in fecal samples were about 

12% of all broiler farms in Turkey. The age of the chickens varied from 1 to 50 

days. Oocysts were found in 602 (54.3%) of these broiler houses. 

In Western Ethiopia, Oljira et al. (2012) conducted a study to determine 

the prevalence of poultry coccidiosis and to relate it with different risk factors in 

and around Ambo town, western Ethiopia from October 2010 to April 2011. 

Flotation for qualitative and McMaster counting techniques for quantitative 

studies was used. Out of the total 384 chickens examined, 79 (20.57%) were 

positive for coccidian parasites.  

A survey for the prevalence of coccidiosis and identification of species 

found in Vom, Plateau state, Nigeria, was conducted by Muazu et al. (2008). Out 

of 300 samples from nine different poultry farms investigated from April to June. 

They observed the prevalence of coccidial infection among adults (36.7%) was 

lesser than the younger birds (52.9%). The species of Eimeria identified by them 

were E. tenella, E. maxima, E. necatrix, and E. acervulina. 

In Northern Jordan, Mohammad et al. (2002) examined 200 broiler farms 

and observed the overall prevalence of coccidiosis was 78%. They found that E. 

tenella was the most prevalent species (50%) of the farms had all six chicks 

infected and many of the farms and birds had shown multiple and mixed 

infections. 

Iqbal and Begum (2018) conducted a study to assess the prevalence of 

coccidiosis in broilers by randomly screening a total of 1000 farms in Bangladesh 

from July 2007 to June 2008. In their study, the general prevalence of coccidiosis 

in broilers was found 36%. They recorded the highest prevalence of coccidiosis in 

the age group of 15-21 days old (52%) followed by the age group 8-14 days 

(30%) and in the age group 0-7 day’s prevalence was (2%). 
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In Sweden, Lunden et al. (2000) collected litter material and droppings of 

layers from 57 flocks on 26 farms. Coccidiosis was diagnosed in 11 flocks 

(19·3%) from 9 (31%) of the farms. According to his study, outbreaks occurred 

when the birds were 19 to 32 weeks old. E. maxima were identified in 6 and E. 

tenella in 3 of the outbreaks. 

In five different cities in the Mazandaran province, of North Iran, 

Shirzad et al. (2011) conducted a study on 120 broiler farms. He randomly 

selected five chicks (3–8 weeks of age) on each farm, post-mortem, and 

parasitological examinations were performed and five Eimeria spp. were 

recognized i.e. Eimeria tenella, Eimeria maxima, Eimeria acervulina, Eimeria 

brunetti, and Eimeria necatrix. He concluded that the prevalence rate of 

subclinical coccidiosis among them is 75% (90 farms out of 120). E. 

acervulina was the most prevalent species (65.5%) followed by E. 

maxima (17.7%), E. tenella (15.5%), E. brunetti (10%), and E. necatrix (5.5%). 

In Japan, during the year 2017-2018, Matsubayashi et al. (2020) based on 

oocyst morphology and PCR analyses carried out the prevalence of Eimeria spp. 

on breeding farms in Japan. They collected a total of 143 samples from 37 

breeding farms in 21 prefectures in Japan. Based on their study they found 

oocysts of seven species at 34 of 37 breeding farms by PCR and identified the 

prevalence of E. brunetti at 51.5% of farms. The differences in the identification 

of Eimeria spp. between the morphology and PCR assay methods of oocysts were 

pronounced for E. maxima and E. necatrix. They confirmed that molecular tools 

were more suitable for accurately estimating the prevalence of Eimeria spp., and 

their findings suggested that E. brunetti could be widespread in Japan. 

Prakashbhau et al. (2017) collected 107- fecal samples from northern 

India and 133 fecal samples from southern India. With help of oocyst morphology 

and genus-specific PCR-based analysis, they confirmed that 79.4% (85/107) 

farms from northern and 76% (101/133) from southern India were found to be 

positive for any Eimeria spp... In north India, all Eimeria species were detected, 

while only E. praecox was undetected in south India. The most common species 

were E. tenella followed by E. mitis, in both regions. Eimeria acervulina and E. 
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necatrix were also common. For all species, the occurrence was lower in the south 

than the north, and co-infection with more than one species was more common in 

northern India. 

2.7 Morphometric identification of different Eimeria oocysts: 

The different characteristics of Eimeria oocysts are important for the 

differentiation of species. Traditionally Eimeria spp. identified by their 

morphological structure, host range, shape & size (Hill et al., 2012) but manual 

methods of identification are time-consuming and quite difficult (Adams et 

al., 2022). 

According to Levine (1982), there are specific differences between the 

oocysts of a particular genus of coccidia. Within a single genus, the special and 

main characters of Eimeria oocysts may be used to differentiate the species. In the 

case of the fowl, there is considerable overlapping of dimensions. The shape of 

the oocyst tends to be constant throughout the range of dimensions while the 

shape index (length/breadth) is quoted as a further specific character (Long and 

Joyner 1984). 

Average of measurements of at least 100 sporulated oocysts including 

length & width of oocyst length & width of sporocyst, length: width ratios of 

oocyst and sporocyst are best for morphometric identification (Duszynski et al., 

1997).  

Noting characteristic features like the smoothness of the outer wall, 

number of layers, presence of conical projections, and approximate thickness are 

important to differentiate the Eimeria spp. (McAllister and Upton, 1989). 

The presence of micropyle, its location, width & depth are unique to 

characterize genus & species (Parker and Duszynski, 1986). As studied by Becker 

(1959), oocysts were ellipsoid to broadly ovoid, colourless, and had a micropyle 

with a smooth exterior. The oocyst wall may consist of three layers, the outer 

layer i.e. exo, middle, and inner one is the endomembrane. 
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For different Eimeria spp. average oocyst size is E. tenella (22x19), E. 

necatrix (20.4x17.2), E. maxima (30.5x20.7), E. acervulina (18.3x14.6), E. 

mitis (16.2x16), E. praecox (21.3x17.1), E. brunetti (24.6x18.8), E. 

hagani (18.1x16.5), E. mivati (15.6x13.4), (Edger and Seibold, 1964). 

Amer et al., (2010) measured dimensions (length/width) and 

recorded oocyst shape index & the values were, E. tenella (1.14), E. 

acervulina (1.27,1.25), E. necatrix (1.20,1.19,1.22), E. praecox (1.23). 

According to Tyzzer (1929a), the shape & size of oocysts were, E. 

acervulina (19.5x14.3) with a shape index of 1.25, E. maxima (31x23), E. 

mitis (17x15) with an average shape index 1.1. 

2.8 Molecular identification of different Eimeria oocysts: 

The molecular method uses PCR assay by amplifying specific genes in the 

DNA sequences of the Eimeria parasite. In recent years, polymerase chain 

reaction (PCR) has been developed to provide accurate and rapid identification of 

the known Eimeria species of chickens. 

By using, the internal transcribed spacer 1 (ITS-1)-based nested PCR, 

Bhaskaran et al., (2010) studied, intestinal samples of chicks from commercial 

poultry farms, in India, which are suspected of having Eimeria infections. They 

also sequenced the PCR-amplified ITS-1 regions from these samples. Out of 26 

field samples analyzed, 19 showed the presence of multiple infections of Eimeria 

spp. They recorded the highest incidence of Eimeria tenella (80%) followed 

by Eimeria mitis (53%), Eimeria acervulina (42%), Eimeria brunetti, and Eimeria 

maxima (23%). In the samples analyzed, the incidence of Eimeria necatrix was 

found to be the lowest (15%) while none of the samples analyzed showed the 

presence of ITS-1 sequence from Eimeria praecox. 

A total of 75 poultry farms were screened in three north Indian states viz. 

Uttar Pradesh, Uttarakhand and Haryana by Kumar et al., (2015). On microscopic 

examination of the fecal sample, they revealed that 61 (81.3%) were positive 

for Eimeria spp. of faecal samples. ITS-1-based nested PCR confirmed the 
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prevalence of E. acervulina (79.2%), E. brunetti (12.5%), E. maxima (64.6%), E. 

mitis (89.6%), E. necatrix(64.6%), E. praecox (60.4%) and E. tenella (97.9%) in 

all screened farms. Mixed infection was found in the majority of farms. They 

observed the presence of all seven species of Eimeria in three farms only. The 

highest incidence of E. tenella (97.9%) was found while E. brunetti was detected 

in only 12.5% of farms. 

Tissue samples from different parts of the intestine were collected from 

chickens showing signs and symptoms of coccidiosis & used for DNA extraction 

by Aarthi et al., (2010) in Tamilnadu, India. They amplified the internal 

transcribed spacer (ITS) region of the Eimeria genome with genus-specific 

primers and speciation in a nested polymerase chain reaction (PCR) with species-

specific primers. Out of 43 tissue samples examined, they recorded that 25 were 

positive in ITS PCR and all seven species were identified with a variable 

prevalence of each species. 

In Romania Gyorke et al., (2013) examined prevalence by using the PCR 

method and they found infection of Eimeria spp. in 21 (91%) out of 23 flocks, 

and in 11 (92%) out of 12 farms. They identified and confirmed four species 

of Eimeria i.e. E. acervulina, E. tenella, E. maxima, and E. praecox. After overall 

studies, they concluded that the most prevalent species was E. acervulina (21/23; 

91%), followed by E. tenella (14/23; 61%). Infection with only E. acervulina was 

detected in six (26%) positive flocks which originated from large farms.  

Luu et al., (2013) collected faecal samples from 767 chickens selected 

randomly in May or October 2011. In addition, 110 chickens were sampled in 

both May and October. Out of 767 faecal samples tested Eimeria oocysts were 

detected microscopically in 427 (56%, 95% confidence interval (95% CI) 52-

59%). In a subset of samples further analyzed, seven species of Eimeria were 

detected by real-time PCR with the prevalence of some species varying by region. 

 



16 
 

The identification by morphometry and Polymerase chain reaction (PCR) 

of various Eimeria species were compared by Haug et al., (2008). The samples 

were collected from feces and litter. After comparison between PCR results with 

the tentative identification based on morphometry showed complete agreement 

only in 49% (30 of 61) of the flocks. 

To detect, identify and differentiate various pathogenic species 

of Eimeria in poultry, Schnitzler et al. (1998) described a polymerase chain 

reaction (PCR)-based assay. Sequencing the internal transcribed spacer 1 (ITS1) 

regions of ribosomal DNA (rDNA) from Eimeria acervulina, E. brunetti, E. 

necatrix, and E. tenella was performed and regions of unique sequences were 

identified. 

A PCR -based study was done for the detection of Eimeria acervulina by 

Molloy et al. (1998). Primers were designed to amplify a fragment of the 

EASZ240/160 sporozoites antigen gene. The PCR assay detected a minimum of 

10 E. acervulina oocysts in a mixed population containing a total of 106 oocysts 

and from their studies they concluded that traditional methods for diagnosis of 

coccidial infections do not reliably differentiate between species. When there is a 

mixed infection, only the major species present in the sample are likely to be 

identified. The PCR assay detects E. acervulina oocysts present as 0.001% of the 

total population.   

Seventeen fecal samples were collected by Jordan et al. (2018) from 6 

broiler farms and two pluck shops, showing clinical signs of coccidiosis in 

Trinidad. His study by using qPCR revealed the presence of five Eimeria species 

(E. acervulina, E. maxima, E. mitis, E. necatrix, and E. tenella).On all broiler 

farms, mixed infections were detected and DNA of two highly 

pathogenic Eimeria species (E. tenella and E. necatrix) was detected in feces 

collected from clinically ill birds, sampled from the two pluck shops. 
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Carvalho et al. (2011) identified the seven species of the genus Eimeria in 

all broiler farms in the micro-region of Feira de Santana with help of the PCR 

technique. Eimeria brunetti with less frequency (16.7%) was recorded by him. 

While all farms (100%) were positive for both Eimeria maxima and Eimeria 

praecox.  

Chere et al. (2022) collected and examined fresh faecal samples from 50 

small and large-scale farms in different regions of Ethiopia. He used a PCR-based 

assay for the differentiation of Eimeria oocysts. The extracted DNA templates & 

genus-specific primers were used for amplification of ITS-1 region from 

7 Eimeria spp. of chicken and he recorded that all 7 species were present in both 

large and small-scale farms. He also revealed that mixed infections of Eimeria 

spp. per sample was common in most farms. 

A total of 318 faecal samples from 137 broiler farms were examined by 

Geng et al. (2021) in Henan and Hubei parts of China. They used an internal 

transcribed spacer 1 (ITS1) sequence of ribosomal DNA to identify the species 

of Eimeria. Based on PCR results, they concluded that the positivity rate 

of Eimeria was 97.17% (309/318), and the most common species found 

are Eimeriamitis (66.67%), E. tenella (46.86%), and E. necatrix (41.51%). 

2.8 Chemoprophylaxis: 

The drugs which are used for the prevention and control of coccidiosis are 

known as anticoccidials. Coccidiocidal drugs destroy the Eimeria spp. while 

coccidiostatic drugs prevent the replication and growth of Eimeria spp. Preventive 

medication is always effective in the control of coccidiosis. In structured 

programs, these anticoccidials are very useful to obtain maximum production 

(Kant et al., 2013).  

Anticoccidials via feed also act as feed additives and have a great role in 

the poultry industry. It is easy and economically effective in commercial farms 

(Chapman 1997). They are categorized as polyether ionophoric compounds i.e. 

monensin, narasin, salinomycin, maduramycin, semduramycin, lasalocid, and 
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chemical or synthetic compounds i.e. sulphonamides, amprolium, diclazuril, 

nicarbazine, halofuginone, clopidol, dicoquinate, robenidine (Chapman, 1999; 

Allen and Fetterer, 2002).  

Most of the agents exert their anticoccidial effect by acting on the 

schizonts or sometimes gamonts. Anticoccidial drugs are commonly used to 

control coccidiosis in poultry which led to the development of drug resistance. 

Resistance has been developed to all of the compounds that have been introduced 

and if chemotherapy is to remain the main method of control. When chemicals 

have been used extensively for the control of any disease drug resistance occurs 

and this is true in the case of coccidiosis (Chapman, 1997).  

In recent years, due to the continuous development of drug resistance 

against anticoccidials concern is increased regarding the control of coccidiosis 

and alternative programs should be introduced without any effect on production 

(Giannenas et al., 2003). Due to common use, the cell membrane permeability of 

Eimeria oocysts has been altered and resistance against principally used different 

anticoccidials like monensin, narasin, sulphonamides, amprolium, etc. has been 

developed (Abbas et al., 2011). 

Stephen et al. (1997), recorded multiple resistances by Eimeria isolates 

against monensin, nicarbazine, salinomycin, and maduramycin and also cross-

resistance against monensin, maduramycin, and salinomycin. Partial resistance to 

salinomycin by Eimeria tenella was observed by Abbas et al., (2008a) in 

Pakistan, similar findings were also noted by Yadav and Gupta, (2001) in North 

India.  

Kawazoe and Fabio (1994) also recorded the resistance against diclazuril 

by isolates of Eimeria acervulina & Eimeria maxima in brazil. After the in-vivo 

& in-vitro studies, McManus et al. (1968) observed the resistance against 

quinolones by Eimeria tenella, Eimeria brunetti, Eimeria maxima, and Eimeria 

acervulina. Increased resistance against monensin to field isolates of coccidia was 

observed by Ruff et al. (1985). 
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Due to increasing resistance to existing anticoccidials, several natural 

products and plant derivatives can be used to control coccidiosis in poultry (Allen 

and Fetterer, 2002; Abbas et al., 2011). To overcome the resistance against 

chemical and synthetic agents, the use of plant extracts like essential oils is the 

best alternative to control coccidiosis (Chapman, 1997). Plant derivatives and 

essential oils can be used as alternatives to antiparasitic drugs (Anthony et 

al., 2005). Natural substances can be used to destroy Eimeria oocysts (Quiroz and 

Gonzalez, 2015). 

2.9 To study the efficacy of the essential oil of Thymol as an anticoccidial 

agent in broilers: 

Control of coccidiosis is achieved by good management, vaccines, using 

natural feed additives, and anticoccidial drugs. Prevention of disease by using 

essential oils instead of chemical or synthetic agents is called aromatherapy, 

which is closely related to phytotherapy. It includes the use of distilled plant 

volatiles. Essential oils differ in chemical composition from other herbal products 

as the distillation process only recovers lighter phytomolecules, (Peek and 

Landman, 2011). 

Essential oils supplementation shows a precise reduction  

in Eimeria oocyst excretion and positive effects on intestinal lesion scores in 

chicks (Zhai et al., 2018).  Rosmarinus officinalis & Thymus vulgaricus are rich in 

phytochemicals like thymol, and carvacrol and they can be used to prevent & treat 

coccidiosis in birds (Lahlou et al., 2021). Significant anticoccidial effects have 

been exerted by, thyme and their phenols, such as thymol and carvacrol (Ibrir et 

al., 2001).          

Remmal et al. (2011) conducted an in vitro study to check the ability of 

essential oils to destroy Eimeria oocysts. They used microscopic counting of 

oocysts and 273 nm absorbing material release. The study was carried out on ten 

different essential oils in a liquid medium and they recorded that Artemisia, tea 

tree, thyme, and clove EOs were the most effective. The treatment 
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of Eimeria oocyst with these EOs leads to their lysis. After approximately three 

hours of contact, these results were obtained.  

To check in vitro anticoccidial effects of eight different essential oils, 

Remmal et al. (2013) experimented with oocysticidal activity in a liquid medium. 

After the screening of the eight EO components, it was observed that the number 

of oocysts decreases after the treatment at a concentration ranging between 0.3 

and 20 mg/ml. They recorded that the most effective components are carvacrol 

followed by carvone, isopulegol, thymol, and eugenol at a concentration of less 

than 2 mg /ml. 

 A study was carried out by Giannenas et al. (2003) to check the effect of 

dietary supplementation of oregano essential oil on the performance of 120 

broilers challenged with Eimeria tenella at 14 days of age. After 42 days of study, 

he observed the survival rate, lesion score, and OPG count and recorded that 

oregano essential oil exerted an anticoccidial effect against E. tenella, which was, 

slightly lower than that of lasalocid. 

A trial was conducted by Rondon et al. (2006) to evaluate the effect of 

two specific EOs in broilers challenged with Eimeria infection. They carried out 

this trial in both vaccinated and unvaccinated groups of broilers. A powder form 

of the EO blend was added at 100 ppm to the basal diet. The main compounds of 

the EO blend are Thymol, Eugenol, Curcumin, & Piperin. After a comparison of 

results, they concluded that EO blends show effectivity against mixed infection 

of Eimeria and it could be used as an alternative to ionophores in case of drug 

resistance.    

Asli and Rashti (2015) experimented to check the effects of oregano 

essential oil on coccidiosis prevention along with growth performance in mildly 

challenged broilers. They fed oregano essential oil at the rate of 300 ppm & 500 

ppm in feed. On the 22nd day, birds were challenged with the LIVACOX-T 

vaccine. After slaughtering birds' OPG count, intestinal lesion scores were 

recorded, and based on their recordings concluded that oregano oil 
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supplementation at the dose of 500 ppm in the diet has a beneficial effect on the 

prevention of coccidiosis.  

A study was carried out by Tsinas et al. (2011) to examine the efficacy of 

oregano essential oil at the rate of 300-600mg/kg supplementation in diet on the 

performance of coccidiosis-challenged broiler chickens at 14 days of age. The 

results were compared with the control group treated with salinomycin 

@60mg/kg. The results indicated that oregano essential oil supplementation in 

diet exerted an anticoccidial effect. 

 Scheurer et al. (2013) carried out a study on 1080 broiler chicks to 

examine anticoccidial effects of 3 phytochemicals viz. Oregano@2 kg/t, 

combination of saponin, curcuma & inulin @1kg/t, Quilaja @1kg/t. Chicks were 

challenged with E. acervulina, E. maxima & E. tenella on the 15th day via feed & 

results were compared with Narasin @0.7kg/t. After recording the results they 

concluded that none of the products was effective at using dosage. 

The in-vitro activity of thymol, carvacrol, and saponins as anticoccidials 

was checked in vitro model of coccidiosis by Felici et al. (2020). Sporozoites 

of Eimeria spp. were collected from field samples and used for 2 different 

invasion assays on Madin-Darby Bovine Kidney cells (MDBK). They challenged 

cells with 5 x 104 sporozoites and treated them with saponin (10 ppm), thymol, 

and carvacrol (7 ppm each). A combination of thymol, carvacrol, and saponin was 

also used for some groups at two different groups. After recording overall 

observations, the study concluded that invasion of Eimeria sporozoites in MDBK 

cells is inhibited in presence of thymol, carvacrol, and saponins, which indicated 

the anticoccidial effect of these compounds. 

Bozkurt et al. (2016) checked the effect of oregano essential oil as 

anticoccidial in comparison with Monensin sodium, in feed supplements. All the 

birds were challenged with Eimeria spp. at the 12th day of age. After the 42nd 

day, the observations were recorded & they concluded that oregano essential oil 

supported the intestinal absorptive capacity of birds. They also observed that 

oregano showed slight activity against the reproductive potential of Eimeria. 
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The efficacy of essential oil of thymol& eucalyptus on pigeon coccidiosis 

was investigated by Arafa et al. (2020). They conducted both in-vivo & in-vitro 

studies. After 72hrs incubation in the in-vitro trial, they observed that thymol at 

concentrations ≥1.25 % caused significant changes in sporulated and unsporulated 

oocysts. Eucalyptus showed activity at both 5 and 10 % concentrations only on 

unsporulated oocysts. Birds were orally infected by 25 x 103 sporulated oocysts 

of Eimeria labbeana during in-vivo trials & treated with Thymol @40mg/kg 

BWT via feed for 15 days. He observed that thymol minimized the adverse effect 

of coccidiosis with less severity of clinical signs, less OPG count, and improved 

body weight as compared to untreated infected birds. After all findings, it was 

concluded that thymol can be used to control pigeon coccidiosis as an alternative 

natural compound. 

To evaluate the anticoccidial effect of herbal extract blend through feed 

containing garlic (Allium sativum), sage (Salvia officinalis), echinacea (Echinacea 

purpurea), thyme (Thymus vulgaris), and oregano (Origanum vulgare) extracts in 

broilers challenged with 170.000 sporulated oocysts of Eimeria acervulina, E. 

tenella, E. maxima, and E. necatrix at 12 days of age, Włosek and Swiatkiewicz 

(2012) experimented. Diet supplemented with 1gm/kg of herbal extract with equal 

contribution of each product. After recording the OPG count, lesion scoring, and 

other observations on the 42nd day they finally concluded that herbal extract was 

not significant at the given dose against coccidiosis. 

Alp et al. (2012) studied 1200 broiler birds to evaluate the growth 

performance & anticoccidial effects of dietary oregano essential oil. The 

experiment was conducted in three groups with 5 replicates each. For treatment 

group's diet was supplemented with dietary oregano essential oil at a dose of 

300mg/kg of feed. OPG was conducted after every 10 days. Results were 

recorded on the 42nd day which indicated that dietary oregano essential oil 

effectively lowered OPG count & also improved growth performance. 

As per study and observations on coccidiosis-challenged broilers treated 

with essential oils of eucalyptus peppermint via drinking water at 0.69 ml/Kg 
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body weight, Barbour et al. (2015) concluded that both essential oil helps to 

control coccidiosis with reduced OPG count and intestinal lesion scores. 
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MATERIALS AND METHODS 

During the study period, faecal samples were collected in a plastic 

container from broiler farms in and around the Nagpur region and brought to the 

laboratory. Samples were processed by sedimentation technique, and the last drop 

of sediment was checked under the low power of a compound microscope (10x) 

for the presence of Eimeria oocysts. Sediments from positive samples were 

sporulated by using 2.5% potassium dichromate.  

Using these sporulated oocysts group of broiler birds was challenged for 

Eimeria infection, and in-vivo anticoccidial activity of essential thymol oil was 

checked. Some of the sporulated oocysts were separated by flotation technique for 

morphometric observations. A polymerase chain reaction was performed to 

confirm Eimeria species, as PCR gives the most sensitive and accurate results.   

3.1 Materials  

3.1.1 The following chemicals, reagents, and equipment were used  

A. Laboratory chemicals and reagents  

All the laboratory chemicals and reagents were of pure-molecular grade 

from Sigma, Hi-Media, and other national and international firms during the study 

period. The reagents for the research work were prepared in distilled water using 

molecular-grade water. The chemicals and reagent includes-  

 Agarose (Invitrogen Bioservices India Pvt. Ltd Bangaluru) 

 DNA extraction kit for stool (HIMEDIA HiPurAR Blood Genomic DNA 

Miniprep Purification Kit)  

 DNA ladder (Promega)  

 Ethanol(Hi-Media Laboratories India Pvt. Ltd. Nashik)  

 Ethidium bromide (Sigma)  

 Master Mix (Go Taq Green MM Promega )  

 Oligonucleotide primers (Eurofins Genomics India Pvt., Ltd Bangaluru) 

 Sodium chloride 99% (KR chemicals, India) 
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 Potassium Dichromate ( Hi-Media Laboratories India Pvt. Ltd Nashik) 

B. Sterilization of Glassware 

The glassware (Borosil) was used and sterilized in a hot air oven to 

prevent contamination, as per the standard procedures.  

C. Sterilization of Plasticware 

Plastic ware used, including Eppendorf tubes, centrifuge tubes, 

microcentrifuge tubes, micro tips, and PCR tubes, were autoclaved to prevent 

contamination. For DNA isolation, collection tubes, Mini columns, Elution tubes, 

and DNA extraction kits were provided by QIAGEN (QIAamp Fast DNA Stool 

Mini Kit). 

D. Equipment  

In the present study, the commonly used equipments were – 

 Autoclave pressure steam sterilizer. 

 Compound light microscope (Lawrence and Mayo Pvt. Ltd Mumbai)  

 Cooling microcentrifuge (Remi C-24 Plus)  

 Electrophoresis unit (GENEI Pvt. Ltd Bangaluru)  

 Gel documentation system (Gel Pro analyzer, SYNGENE International 

Limited).  

 Water bath (Tempo Pvt. Ltd. Bombay volts) 

 Thermal cycler (Applied biosystem, Thermo Fisher Scientific India Pvt. 

Ltd Mumbai)  

 Spectrophotometer (Eppendorf)  

 Vortex shaker (Macro scientific work, Delhi) 

 Weighing balance (KERN, Germany)  

 Spinwin (Tarsons) 32  

 Deep Freezer (Qingdao Haier Biomedical)  

 Microwave oven (LG)  

 Sedimentation Flask (Borosil)  
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E. Materials/chemicals for field trial 

 The powdered form of Thymol 

 Maduramycin  

 Sample collection bottles (plastic) 

3.2 Methods:  

3.2.1 Collection of Litter/Faecal Samples 

Litter/faecal materials were collected from each poultry house at different 

spots following a roughly W-shaped path starting and finishing in the corners of 

one of the long sides of the house. Along this path, portions of the litter/faecal 

materials were manually collected, placed in sterile containers, and transported on 

an ice pack to the department of Veterinary Parasitology, NVC, Nagpur. 

3.2.2 Laboratory Processing of the Samples. 

In the laboratory, 200g of each sample was weighed, transferred into a 

plastic beaker, homogenized using a glass rod, and soaked in about 500 ml of 

distilled water overnight. The soaked samples were homogenized by thoroughly 

stirring using a glass rod and filtered through a metal sieve. The filtrate from each 

sample was allowed to sediment for about an hour on the laboratory bench, after 

which the supernatant fluid was discarded into a clean beaker. About 10 ml of the 

sediment was then transferred into a centrifuge tube and tested for the presence of 

Eimeria oocysts using the simple floatation technique described by Soulsby 

(1982). 

3.2.3 Separation of oocysts: 

Oocysts were separated from faecal material by flotation technique using 

saturated sodium chloride solution as described by Kumar et al. (2014) and Qi et 

al. (2020) with some modifications. Oocyst pellets were washed with tap water 6-

7 times by centrifugation to remove salt material. 
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3.2.4 Morphometric identification: 

Separated oocysts were observed under a microscope for further 

morphometric studies, including size, shape, measurements, etc., as per 

suggestions by Duszynski and Wilber (1997) and McAllister and Upton (1989).  

3.2.5 Molecular detection and species identification: 

Extraction of genomic DNA from separated oocysts: 

For genomic DNA isolation, oocysts were ruptured with the help of 3mm 

glass beads, as the process suggested by Cha et al. (2014) and Bawer et al. (2021), 

with certain modifications. Distilled water (0.25ml) was added to the washed 

oocyst pellet sample with an equal volume of glass beads in 2 ml Eppendorf 

tubes. After dilution with 0.25ml distilled water concentration of oocysts was 

checked under a microscope, and samples with more than 100 oocysts per 10μl 

were preferred for DNA extraction for better concentration of DNA. Eppendorf 

tubes, along with oocyst pellet, distilled water, and glass beads, were vortexed at 

high speed for 20-30 minutes, and ruptured oocysts were observed under a 

microscope for confirmation. Glass beads were separated, and ruptured oocysts 

were used for isolation of DNA. DNA was isolated by using QIAamp Fast DNA 

Stool Mini Kit.  

1) Procedure for DNA extraction: 

1. 0.25 g of feces or 0.5 g of the centrifuged sewage pellet into a bead-

beating tube was weighted. Samples were kept on ice until InhibitEX 

Buffer was added to reduce DNA degradation risk. 

2. InhibitEX (1 ml) Buffer was added to the tube containing the sample 

aliquot. 

3. Vortexed continuously until the sample is thoroughly homogenized 

4. Sample was treated in a Tissue Lyser at 30 Hz for 3 x 30 s, with cooling on 

ice between each treatment.  

5. Heated the sample at 95 ͦC for 7 min.  

6. Vortexed the sample for 15 seconds.  
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7. The sample was centrifuged at full speed for 1 min to pellet sample 

particles.  

8. Proteinase K (30 μl) pipetted into a new 1.5 ml microcentrifuge tube (not 

provided). 

9. Supernatant from step 7 was pipetted (400μl) into the 1.5 ml 

microcentrifuge tube containing proteinase K.  

10. Buffer AL (400μl) was added and vortexed for 15 seconds.  

11. Incubated at 70°C for 10 min. Centrifuged briefly to remove drops from 

the inside of the tube lid.  

12. Ethanol (96–100%) was added (400μl) to the lysate and mixed by 

vortexing. Centrifuged briefly to remove drops from the inside of the tube 

lid.  

13. Lysate from step 12 was carefully applied (600μl) to the QIAamp spin 

column. Closed the cap and centrifuged at full speed for 1 min, closed 

each spin column to avoid aerosol formation during centrifugation. If the 

lysate was not completely passed through the column after centrifugation, 

samples were centrifuged again until the QIAamp spin column was empty.  

14. Remaining lysate from step 12 to the spin column was applied, closed the 

cap, and centrifuged at full speed for 1 min. Placed the spin column was in 

a new 2 ml collection tube, and the tube containing the filtrate was 

discarded. Each spin column was closed in order to avoid aerosol 

formation during centrifugation; if the lysate had not completely passed 

through the column after centrifugation, centrifuged again until the 

QIAamp spin column was empty. •  

15. Carefully opened the QIAamp spin column, and 500 μl Buffer AW1 was 

added and centrifuged at full speed for 1 min. Placed the QIAamp spin 

column in a new 2 ml collection tube and discarded the collection tube 

containing the filtrate. 
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16. Carefully open the QIAamp spin column and add 500 μl Buffer AW2. 

Centrifuge at full speed for 3 min. Discard the collection tube containing 

the filtrate.  

17. Place the QIAamp spin column in a new 2 ml collection tube (not 

provided) and discard the old collection tube with the filtrate. Centrifuge at 

full speed for 3 min. This step helps to eliminate the chance of possible 

Buffer AW2 carryover.  

18. Transferred the QIAamp spin column into a new, labeled 1.5 ml low-DNA 

bind microcentrifuge tube and pippeted 100 μl or 50 μl Buffer ATE 

directly onto the QIAamp membrane. Incubated for 3 minutes at room 

temperature, then centrifuged at full speed for 1 min to elute DNA. 

Pippeted another 50 μl Buffer ATE directly onto the same QIAamp 

membrane. Incubated for 2 min at room temperature, then centrifuged at 

full speed for 1 min. To elute DNA. This step combines the DNA-

containing eluate from 2x50 μl Buffer ATE.  

19. QC the sample and isolated DNA amount has been quantified.  

20. The extracted DNA was stored at -20°C or -80°C until further use. 

ii. DNA amplification of Eimeria spp. by Polymerase Chain Reaction 

Genomic DNA extracted from Eimeria oocysts was amplified. Primers 

used to amplify the ITS-1 region of specific Eimeria spp. and universal genus-

specific DNA primers targeting COI genomic region are described in table 3.1. 

The universal primer used was designed by Schwarz et al. (2009), and the 

species-specific primers of Eimeria tenella, Eimeria necartix, Eimeria acervulina, 

and Eimeria brunetti were designed by Schitzler et al. (1998), Eimeria maxima by 

Lew et al., (2003), Eimeria praecox and Eimeria mitis by Schitzler et al.,(1999). 
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Table 3.1: List of primers used, their sequences, and amplicon size. 

Sr. 

no. 
Gene Species Primer seq (5’ to 3’) 

Amplicon 

size (bp) 

1 COI 

Universal 

primer for 

Eimeria spp. 

F- GTTTGGTTCAGGTGTTGGTTG 

R- ATCCAATAACCGCACCAAGAG 810 

2 ITS-1 
Eimeria 

tenella 

F- AATTTAGTCCATCGCAACCCT 

R- CGAGCGCTCTGCATACGACA 
278 

3 ITS-1 
Eimeria 

necatrix 

F- TACATCCCAATCTTTGAATCG 

R- GGCATACTAGCTTCGAGCAAC 
285 

4 ITS-1 
Eimeria 

acervulina 

F- GGCTTGGATGATGTTTGCTG 

R- CGAACGCAATAACACACGCT 
321 

5 ITS-1 
Eimeria 

maxima 

F- CWCACCACTCACAATGAGGCAC 

R- GTGAWTCGTTYGRRAGTTTGC 
145 

6 ITS-1 
Eimeria 

praecox 

F- CATCATCGGAATGGCTTTTTGA 

R- AATAAATAGCGCAAAATTAAGCA 
368 

7 ITS-1 Eimeria mitis 
F- TATTTCCTGTCGTCGTCTCGC 

R- GTATGCAAGAGAGAATCGGGA 
306 

8 ITS-1 
Eimeria 

brunetti 

F- GATCAGTTTGAGCAAACCTTCG 

R- TGGTCTTCCGTACGTCGGAT 
311 

Table 3.2: The cyclic conditions for a PCR reaction with Universal primer, 

Eimeria brunetti, and Eimeria tenella species-specific primers were  

as follows:  

Steps  Temperature and time No. of cycles 

Steps 1 - Initial  

denaturation 
94˚C for 5 min 1 

Step 2-  Denaturation 94˚C for 30 seconds 

30 Steps 3-  Annealing 55˚C for 30 seconds
 

Steps 4-  Extension 72˚C for 2 min 

Steps 5 - Final Extension 72˚C for 10 min 1 

 Hold 4˚C for ∞  
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Table 3.3: The cyclic conditions for a PCR reaction with Eimeria acervulina 

and Eimeria mitis species-specific primers were as follows  

Steps  Temperature and time No. of cycles 

Steps 1 - Initial  

denaturation 
 94˚C for 5 min 1 

Step 2-  Denaturation 94˚C for 30 seconds 

30 Steps 3-  Annealing 54˚C for 30 seconds
 

Steps 4-  Extension 72˚C for 2 min 

Steps 5 - Final Extension 72˚C for 10 min 1 

 Hold 4˚C for ∞  

Table 3.4: The cyclic conditions for a PCR reaction with Eimeria necatrix and 

Eimeria praecox species-specific primers were as follows  

Steps  Temperature and time No. of cycles 

Steps 1 - Initial  

denaturation 
 94˚C for 5 min 1 

Step 2-  Denaturation 94˚C for 30 seconds 

30 Steps 3-  Annealing 50˚C for 30 seconds
 

Steps 4-  Extension 72˚C for 2 min 

Steps 5 - Final Extension 72˚C for 10 min 1 

 Hold 4˚C for ∞  

Table 3.5: The cyclic conditions for a PCR reaction with Eimeria maxima 

species-specific primers were as follows:  

Steps  Temperature and time No. of cycles 

Steps 1 - Initial  

denaturation 
94˚C for 5 min 1 

Step 2-  Denaturation 94˚C for 30 seconds 

30 Steps 3-  Annealing 53˚C for 30 seconds
 

Steps 4-  Extension 72˚C for 2 min 

Steps 5 - Final Extension 72˚C for 10 min 1 

 Hold 4˚C for ∞  
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The PCR   reaction mixture was carried out in a final reaction volume of  

25µl containing 12.5µl Master mix, 1µl Forward and Reverse primers, 5µl DNA 

template, and 5.5µl Nuclease free water. At every PCR setup, a negative control 

was run along with the samples. 

Table 3.6: The PCR reaction was as follows 

Components Quantity(µl) 

Master mix 12.5 

Reverse primer 1 

Forward primer 1 

Nuclease free water 5.5 

DNA template 5 

Total 25 µl 

iii. Agarose gel electrophoresis: 

For the confirmation of the quality of DNA and PCR, amplified products 

were subjected to agarose gel electrophoresis submarine horizontal gel 

electrophoresis apparatus. 

iv. Preparation of agarose gel:  

Agarose powder 0.40 gm was added to 40 ml of 0.5X TAE (Tris-acetate 

EDTA) buffer to prepare 1% of agarose gel. This mixture was kept in a 

microwave oven till it became crystal clear, and ethidium bromide was added 4µl. 

v. Agarose gel casting: 

The agarose gel was poured into the casting tray with a comb fixed in it. 

The gel was kept at room temperature for at least 40-45 minutes. After the 

polymerization of the gel, the comb was carefully removed without disturbing the 

wells. The tray with the gel was transferred to an electrophoresis tank containing 

0.5XTAE buffer. A sufficient buffer was added to cover the gel to a depth of at 

least 1mm. 
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vi. PCR product loading:  

The PCR product of 7 µl was loaded in each of the wells along with the 

DNA ladder (100 bp) was loaded in the initial well. Nontemplate control using 

nuclease-free water was loaded in the last well. The samples were run at 90 volts 

for 45 min till the dye reached two-thirds of the gel. 

vii. Visualization of gel: 

The gel was observed under the UV transilluminator Gel Documentation 

System (Gel Pro analyzer, SYNGENE International Limited). 

viii. Purification of PCR products: 

The PCR products were purified using QIAqucik PCR Purification Kit 

(Germany) following the manufacturer's protocol. The stored PCR products were 

thawed and mixed at 25˚C, and 46 μl of binding buffer was added to 46 μl of the 

PCR product in the tube and mixed until the mixtures turned yellow. The 

solutions were then placed in QIAquick purification columns and centrifuged for 

1 minute until the flow through the column and the flow-through was discarded. 

To the QIAquick column, 750 μl of wash buffer was added, centrifuged for 1 

minute, and the flow-through was discarded. The empty QIAquick column was 

centrifuged again to remove residual wash buffer, then transferred to a clean 1.5 

ml microcentrifuge tube. To elute the DNA, 50 μl of elution buffer was added to 

the columns and centrifuged for 1 minute, the flow-through was discarded, and 

the eluted purified DNA was then stored at -20°C. 

ix. Sequencing of PCR product & analysis of Nucleotide sequence by Basic 

Local Alignment Search Tool (BLAST). 

Purified DNA products positive for Eimeria acervulina, Eimeria 

tenella, and Eimeria mitis, along with 10µl of each primer targeting the amplicon 

size 321 bp, 278 bp, and 306 bp, respectively, were sent to Eurofins Genomics 

India Pvt. Ltd. Bangalore, Karnataka, India for sequencing. Sequencing was 

carried out through a 3730XL DNA Analyzer and 96 capillaries from Life 
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technologies. Sequences were taken through Codon Code Aligner. The ab1 file of 

forward and reverse sequences were opened in Codon Code Aligner ends were 

clipped and assembled with processing, then trimmed all bases to the left and 

right, and discrepancies were auto-edited bases to match consensus and aligned 

using multiple alignment program ClustalW. MegaBLAST searches were done in 

GenBank to identify matches to the sample sequences. ITS-1 sequences from the 

GenBank with 98-100 percent or closest similarity to the sample sequence were 

considered. The sequences were submitted to the NCBI gene bank. 

x. Phylogenetic analysis: 

The sequences were analysed phylogenetically. The phylogenetic analysis 

was performed using the ITS1 region sequence of studied and reference isolates. 

The sequences were aligned using ClustalW in MEGA7, Kumar et al. (2016). The 

sequences were trimmed for unaligned ends, and a maximum likelihood 

phylogenetic tree was constructed in RAxML version-8 with 100 bootstraps, 

Stamatakis (2014). The tree was visualized and annotated in MEGA7. 

3.2.6   Anticoccidial effect of essential oil of Thymol 

A total of 90-day-old broiler chicks (VENCOBB430) were obtained from 

a commercial hatchery and were randomly divided into three groups consisting of 

30 birds each. Every group was further divided into two replicates of 15 birds 

each. They were then housed in floor pens (5 m
2
) equipped with litter material.  

Infection of coccidiosis was sprayed on the floor, and then litter material 

was bedded. The experiment was conducted in July and August. Diets were 

formulated as per standards excluding coccidiostat, antibiotics, and probiotics to 

check the effect of Thymol as anticoccidial. The negative control diet contained 

no coccidiostat or Thymol. In contrast, the other two diets were supplemented 

with the powdered form of either thymol essential oil at a level of 20gms/100kg or 

Maduramycin at the level of 50gms / 100kg feed.  

The commercial thymol oil was in powder form. The pre-starter, starter, 

and finisher diets were provided from 1 to 10 days, 11 to 22 days, and 23 to 42 
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days of age, respectively. Feed and water were provided at all times. The body 

weights of the birds were measured individually, and feed intake per pen was 

recorded weekly. Mortality was recorded as it occurred. Total feed consumption 

per bird was adjusted according to daily mortalities.  

Fresh droppings from each group were collected at an interval of 7 days 

till the end of the trial to carry out the OPG count. The OPG count was carried out 

by using McMasters chamber as per suggested by Hodgson (1970) with slight 

modifications. 

On the 28
th

 and   42
nd 

days, three birds from each group were sacrificed to 

check the intestinal lesions, and the severity of coccidial lesions was scored from 

0 to 4, as described by Johnson and Reid (1970). Tissue samples from the 

intestine showing gross lesions were collected for histopathology in 10% 

formalin. After fixation, these tissues were processed using xylene and alcohol 

followed by impregnation in paraffin wax as per routine method, and 5µ sections 

were cut and stained with H&E as per described by Luna(1968) for recording 

histopathologic observations under light microscopy. 
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RESULTS & DISCUSSION 

The present study was carried out at PRTC, Nagpur, and the Department 

of Veterinary Parasitology, NVC, Nagpur. Experimental infection was done in 

broilers reared at the PRTC, Nagpur. To know the species of coccidia infecting 

the broilers in and around Nagpur, 30 commercial broiler farms were screened 

during the study period. 

Droppings and litter material from these farms were collected and brought 

to the Department of Veterinary Parasitology laboratory. The samples were 

subjected to sedimentation, and oocysts were identified. The oocysts were 

separated as per the method given by Kumar et al. (2014) and Qi et al. (2020) and 

subjected to morphometry and molecular analysis. The results of the present study 

are summarized and discussed as given below: 

4.1 Prevalence of Coccidiosis: 

Out of 30 farms screened, 21 (70%) were found positive for coccidiosis 

infection, out of which 3(14.28%) were positive only for Eimeria tenella, 11 

(52.28%) showed mixed infection with Eimeria acervulina, Eimeria mitis, 

and Eimeria tenella and 7(33%) showed mixed infection with Eimeria 

acervulina & Eimeria mitis. A graphical presentation of prevalence is shown in 

(Fig. 4.1 & 4.2).  

The results are in agreement with Rao et al. (2012) that in cases of mixed 

infections most common species observed are Eimeria acervulina, Eimeria 

maxima, Eimeria mitis, and Eimeria tenella. Kalita et al. (2021) also recorded 

these four species as prevalent, but Eimeria acervulina & Eimeria tenella are 

commonly found in mixed infections. 

Overall prevalence recorded by Pant et al. (2018); Kumar et al. (2015); 

Rao et al.(2012); Oljira et al. (2012), Mohammad et al. (2002); Shirzad et al. 

(2011) is nearly similar to prevalence observed in this study. Nikam et al. (2012); 
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Sharma et al. (2013); Kala et al. (2013); Jadhav and Nikam (2014); Gharekhani et 

al. (2014) recorded lesser incidence of coccidiosis in their respective study areas.  

This variation in prevalence is might be due to different climatic 

conditions or the development of resistance, (Awais et al., 2012). Ambient 

temperature (25
0
C) and relative humidity greater than 60 % provide suitable 

environmental conditions for the sporulation of oocysts and favour coccidiosis 

(Anderson et al., 1976). The density of birds, type of litter material used, age, 

breed, season, management, and sanitation are responsible for the incidence of 

coccidiosis (Prakashbhau et al. 2017). The single or mixed infection of Eimeria 

tenella with other species is possible because of its predominant nature (Iqbal et 

al., 2017).    

4.2 Morphometric identification of Eimeria species: 

The micrometry was carried out by using Zeiss Axio Lab A1 trinocular 

microscope and Zeiss Zen 3.2 (Blue edition) software. 

Microscopic identification based on morphometric measurements and 

shape, as per Tyzzer (1929a), revealed the presence of Eimeria mitis (Plate 

4.1), Eimeria acervulina (Plate 4.2), and Eimeria tenella (Plate 4.3). The results of 

morphometry are summarized in table no. 4.1. 

Table 4.1:  Results of morphometry:  

Species 
Avg. dimensions (length x 

breadth) 

Avg. Shape index 

(length/breadth) 
Shape 

Eimeria acervulina 19.70µm x 16.10µm 1.22 Ovoid 

Eimeria tenella 22.92 µm x 19.78µm 1.15 Ovoid 

Eimeria mitis 19.19 µm x 18.38µm 1.04 Spherical 

In poultry, the overlapping of oocyst dimensions is commonly noticed. In 

chicken Eimeria species, there is the absence of a polar cap, indistinguishable 

micropyle, and oocyst wall structure (Joyner and Long, 1974). It is difficult to 

differentiate between Eimeria acervulina and Eimeria mitis, even though many 

characters have been developed to distinguish them (Long and Joyner, 1984).  



Plate 4.1:  Sporulated oocyst of Eimeria mitis (400x) , (Zoom image on right side) 

Plate 4.2:  Sporulated oocyst of Eimeria tenella (400x) (Zoom image on right side) 

Plate 4.3:  Sporulated oocyst of Eimeria acervulina (400x) (Zoom image on right side) 



       Fig: 4.1 Graph of  prevalance of coccidiosis 

 

       Fig: 4.2 Comparative species infection: 
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 The shape of Eimeria acervulina and Eimeria tenella is ovoid egg-shaped, 

and Eimeria mitis is spherical (Tyzzer 1929b). Findings in this study ultimately 

agreed with this, but the size and dimensions for Eimeria mitis and Eimeria 

tenella observed are slightly greater. The shape index observed nearly matches the 

shape index recorded by Amer et al., (2010) with a slight difference in the average 

dimensions of oocysts. Although Eimeria mitis is considered benign and does not 

kill the birds, it can cause economic losses commercially; hence its control is also 

important (Allen and Fetterer, 2002).  

Thebo et al. (1998) recorded the spherical shape of Eimeria mitis with 17 

µm average dimensions, while Nikam et al. (2012) recorded 14.8 µm x 15 µm, 

which are smaller than the observations recorded in the present study. Kucera 

(1990) categorized Eimeria acervulina and Eimeria mitis within the same group 

with 18µm average dimensions, which was nearly similar to this study. 

Morphometric dimensions of Eimeria acervulina and Eimeria tenella are 

moderately greater than recordings by Iqbal et al. (2017), but the shape index was 

similar.  

4.3 Molecular identification of Eimeria species: 

4.3.1 Identification of Eimeria spp. by using PCR and gel electrophoresis  

As the morphometric identification of species is less sensitive and requires 

expertise, the confirmatory species diagnosis of Eimeria, the most sensitive and 

effective technique PCR, was used. The separated oocysts were used for the 

isolation of DNA by using QIAamp Fast DNA Stool Mini Kit as per the 

manufacturer's instruction.  

The primers used for PCR amplification were designed by Schwarz et 

al. (2009), Schitzler et al. (1998), Lew et al. (2003), and Schitzler et al. (1999). 

Species-specific primers target the ITS-1 gene, and universal primers target the 

COI gene. 1% agarose gel was used to run the amplified PCR product. PCR 

amplification of the COI gene of universal primer showed a predominant band of 

Eimeria genus according to the marker size at 810bp, and amplification of ITS-1 
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region of genomic oocyst DNA by using species-specific primers confirmed the 

presence of three species i.e. Eimeria acervulina (321bp), Eimeria mitis (306bp) 

& Eimeria tenella (278bp) (Plate 4.6). 

The use of saturated salt in the flotation technique for separation of 

oocysts and glass beads for mechanical rupture of oocysts (Plate 4.5).Before 

isolation of DNA resulted in a very good concentration of DNA and increased 

PCR sensitivity, which entirely agrees with the methods suggested by Kumar et 

al. (2014) & Bawer et al. (2021). 

4.3.2 Sequence analysis: 

The purified PCR products were sequenced using commercially available 

services. The edited sequences were blasted in GenBank and identified by 

comparing them with the related sequences of the ITS 1 & COI gene. Sequences 

that showed the highest similarity were considered the closest matches to the 

sequences of this study and were downloaded from the database for phylogenetic 

analysis. 

The ITS 1 and COI gene sequences obtained in this study were aligned 

with the published sequence in the database and showed 99%-100% homology 

with reference sequences, except Eimeria mitis showed 94% homology. Table 4.2 

shows the sequences submitted to the NCBI database with GenBank accession 

numbers. 

 Alignment of query Eimeria tenella (Universal primer COI gene) and 

reference sequence from GenBank; the query fully aligned (100%) with the 

reference sequence of Eimeria tenella strain Ingten mitochondrion (Ref. Seq. ID 

KX094951.1) Shown in (Fig. 4.3).    

 

 

 



Plate 4.4: Unsporulated oocysts of Eimeria spp. (400x) 

Plate 4.5: Ruptured oocyst by using glass beads (400x) 



Plate 4.6: Sample agarose gel electrophoresis of PCR products 

Lane 1: 100 bp DNA ladder 

Lane 2: Positive control 

Lane 3: Eimeria genus confirmation with universal primer.   

Lane 4: Positive sample for Eimeria mitis  

Lane 5: Positive sample for Eimeria tenella 

Lane 6: Positive sample for Eimeria acervulina 

Lane 7: Sample for Eimeria praecox 

Lane 8: Sample for Eimeria necatrix  

Lane 9: Sample for Eimeria brunetti 

Lane 10: Sample for Eimeria maxima 

Lane 11: Negative control 



Query: Contig1 Query ID: lcl|Query_10713 Length: 728 

 

 

>Eimeria tenella strain Ingten mitochondrion, complete genome 

Sequence ID: KX094951.1 Length: 6213 

Range 1: 1640 to 2367 

 

Score:1345 bits(728), Expect:0.0,  

Identities:728/728(100%),  Gaps:0/728(0%), Strand: Plus/Plus 

 

Query  1     TAAGTACATCATTAATGTCATTATCTCCAACCTCAGTAGATTTAATTGTATTTGGTTTAG  60 

             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  1640  TAAGTACATCATTAATGTCATTATCTCCAACCTCAGTAGATTTAATTGTATTTGGTTTAG  1699 

 

Query  61    CTTTATCTGGTATTTCTAGCTTCTTATCATCTATTAATTTCTTAACTACAATTGCTGTAC  120 

             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  1700  CTTTATCTGGTATTTCTAGCTTCTTATCATCTATTAATTTCTTAACTACAATTGCTGTAC  1759 

 

Query  121   TAGGTGTTACTAATGGTTCAAAACCATGGTGTCTATTTACTTGGGCTATTGTATTCACAG  180 

             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  1760  TAGGTGTTACTAATGGTTCAAAACCATGGTGTCTATTTACTTGGGCTATTGTATTCACAG  1819 

 

Query  181   CTATTATGTTACTTGGAACACTTCCAATTCTTACAGGTGGATTATTAATGCTGGTACTAG  240 

             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  1820  CTATTATGTTACTTGGAACACTTCCAATTCTTACAGGTGGATTATTAATGCTGGTACTAG  1879 

 

Query  241   ACTTACATCTAAATACCCAATTCTACGATGCCGCTTTTAATGGTGATCCAGTATTATATC  300 

             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  1880  ACTTACATCTAAATACCCAATTCTACGATGCCGCTTTTAATGGTGATCCAGTATTATATC  1939 

 

Query  301   AACATCTATTCTGGTTCTTCGGACATCCAGAAGTATATATTATTATTTTACCTGCCTTTG  360 

             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  1940  AACATCTATTCTGGTTCTTCGGACATCCAGAAGTATATATTATTATTTTACCTGCCTTTG  1999 

 

Query  361   GTGTTGTTTCTCAAACATTATCTACTTCAGCAGGTAAATTAGTATTTGGAGGTCCTTCTA  420 

             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  2000  GTGTTGTTTCTCAAACATTATCTACTTCAGCAGGTAAATTAGTATTTGGAGGTCCTTCTA  2059 

 

Query  421   TGATCCTTGCTATGGGATGTATTACTGTACTAGGATCATTAGTATGGGCACATCATATGA  480 

             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  2060  TGATCCTTGCTATGGGATGTATTACTGTACTAGGATCATTAGTATGGGCACATCATATGA  2119 

 

Query  481   TGACAGTTGGTCTAGAAACAGATACTAGAGCATACTTCTCAGCTATTACCATGATGATTG  540 

             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  2120  TGACAGTTGGTCTAGAAACAGATACTAGAGCATACTTCTCAGCTATTACCATGATGATTG  2179 

 

Query  541   CAATTCCAACAGGTACCAAAATTTTTAACTGGTTAAGTACTTATATGGGAAATCCATTTA  600 

             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  2180  CAATTCCAACAGGTACCAAAATTTTTAACTGGTTAAGTACTTATATGGGAAATCCATTTA  2239 

 

Query  601   GTACAATATCACTAGATATTTGGTATGCTTTAAGCTTTATTTTCCTATTTACTCTAGGAG  660 

             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  2240  GTACAATATCACTAGATATTTGGTATGCTTTAAGCTTTATTTTCCTATTTACTCTAGGAG  2299 

 

Query  661   GTACCACTGGAGTAGTACTAGGCAATACTGCTTTAGATGTTGCTCTACATGATACATACT  720 

             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  2300  GTACCACTGGAGTAGTACTAGGCAATACTGCTTTAGATGTTGCTCTACATGATACATACT  2359 

 

Query  721   ATGTAATT  728 

             |||||||| 

Sbjct  2360  ATGTAATT  2367 

 

 

Fig. 4.3: GenBank blast search for Eimeria spp. (Universal primer COI gene) 

haplotype. Query represents haplotype while Sbjct represents Eimeria 

tenella. The query fully aligned (100%) with reference sequence 

(KX094951) 
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Table 4.2: Sequences submitted to NCBI database with GenBank Submission ID. 

Sr. 

no. 

Geographical 

origin 
Species 

Gene(COI/ITS-1) fragment 

size 
% identity Reference sequence Country GenBank Submission ID. 

1 Nagpur (MH) E. acervulina 321 99% AF446056.1 Australia SUB12864895 

2 Nagpur (MH) 
E. tenella 

(ITS-1) 
278 99% GQ153633.1 China SUB12865185 

3 Nagpur (MH) E. mitis 306 94% MT792379.1 
South 

Korea 
SUB12865308 

4 Nagpur (MH) 
E. tenella 

(COI) 
810 100% KX094951.1 Australia SUB12865254 
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Alignment of query Eimeria acervulina and reference sequence from 

GenBank; the query aligned 99% with one gap and single mismatch with the 

reference sequence of Eimeria acervulina isolate C internal transcribed spacer 1 

(Ref. Seq. ID AF446056.1) shown in (Fig. 4.4).  

Alignment of query Eimeria tenella (species-specific primer, ITS-1 gene) 

and reference sequence from GenBank; the query aligned 99% with one gap and 

one mismatch with the reference sequence of Eimeria tenella isolate ETSH4PF3-

17 18S ribosomal RNA gene, partial sequence; internal transcribed spacer 1, 

complete sequence; and 5.8S ribosomal RNA gene (Ref. Seq. ID GQ153633.1) 

shown in (Fig. 4.5).  

Alignment of query Eimeria mitis and reference sequence from GenBank; 

the query aligned 94% with eight gaps and few mismatches with the reference 

sequence of Eimeria mitis isolate 192-1 internal transcribed spacer one partial 

sequence (Ref. Seq. ID MT792379.1) shown in (Fig. 4.6). 

Isolates of Eimeria acervulina and Eimeria tenella exhibited 99% identity, 

while Eimeria mitis was 94% with the respective reference sequence. Similar 

findings were recorded by Lew et al. (2003) in Australian isolates 

of Eimeria species. 

Phylogenetic distance tree was constructed from highly similar reference 

sequences for each species presented in (Fig. 4.7, 4.8, 4.9, 4.10). 

PCR technique based on the amplification of ITS-1 region of genomic 

DNA can be efficiently used for Eimeria species detection, and in the upcoming 

era, it will help to develop new and definitive controlling strategies in coccidiosis 

(Schitzler et al., 1998). Detection by PCR is based on the amplification of the 

definite region of DNA with the help of specific oligonucleotide primers. 

However, it requires a high quantity of parasitic material for more effectiveness 

(Morris & Gasser, 2006). This method selectively amplifies the double-stranded 

genomic DNA (Siddiki et al., 2014).  

          



42 
 

4.4 Anticoccidial effects of essential oil of Thymol: 

Control of coccidiosis almost depends on sanitation, anticoccidials used in 

the feeds, dietary status, vaccination, and chemoprophylaxis. It has been 

investigated that natural feed supplements are helpful in strategies for coccidiosis 

control as resistance to already existing products is developed (Peek and 

Landman, 2003). Aromatherapy, i.e., the use of essential oils instead of 

chemotherapy, is closely related to phytotherapy & it includes the use of distilled 

plant volatiles. Essential oils differ in chemical composition from other herbal 

products as the distillation process only recovers lighter phytomolecules (Peek 

and Landman, 2011). Supplementation of essential oils like thyme and their 

phenols, such as Thymol and carvacrol, showed a precise reduction in Eimeria 

spp. Oocyst excretion and positive effects on intestinal lesion scores in chicks can 

be used to prevent & treat coccidiosis in birds (Zhai et al., 2018; Lahlou et 

al., 2021; Ibrir et al., 2001). 

The anticoccidial effect of Thymol has been evaluated by Rondonet al. 

(2006), Felici et al. (2020), and Włosek and Swiatkiewicz (2012) with some other 

essential oils or mixed with herbal extract; this indicated that the effect of Thymol 

on coccidiosis had been merely studied. Therefore the proposed study has been 

planned to evaluate the anticoccidial effect of Thymol in comparison to the most 

widely used ionophores anticoccidial (Maduramycin); the sporulated oocysts of 

coccidia were sprayed on the litter to study the effects of natural infection. 

The OPG count of experimentally infected birds was recorded weekly. 

Fresh droppings from each group were collected at an interval of 7 days till the 

end of the trial to count OPG. Droppings from each group were processed, and 

oocysts were counted 6 times by using McMasters chamber as suggested by 

(Hodgson, 1970) to record the average OPG value. Results were noted, and 

statistical analysis was performed with one-way ANOVA (table 4.3). After the 

42nd day, three birds from each group were sacrificed with intestinal lesion 

scoring as per guidelines of Johnson and Reid (1970), and the score was recorded 

and summarized in table 4.4:  



 

 

 

 

 

 

 

 

 

Query: 0123-082_007_PCR_A1_EAF_A02 Query ID: lcl|Query_24269 Length: 268 

>Eimeria acervulina isolate C internal transcribed spacer 1, complete 

sequence 

Sequence ID: AF446056.1 Length: 507 

Range 1: 167 to 427 

 

Score:470 bits(254), Expect:7e-128,  

Identities:259/261(99%),  Gaps:1/261(0%), Strand: Plus/Plus 

 

 

 

 

Query  9    ATTGAA-CTTATCATCTACCAATCTTTGAATCTGTTTTGTTTTCCCACCACGACGCATTT  67 

            |||||| ||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  167  ATTGAACCTTATCATCTACCAATCTTTGAATCTGTTTTGTTTTCCCACCACGACGCATTT  226 

 

Query  68   TTGTGAAGAAAAGAAGAGGAAAAAACCTGACTTTGCAAGCATCATTGCCACCTTTTGAAG  127 

            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  227  TTGTGAAGAAAAGAAGAGGAAAAAACCTGACTTTGCAAGCATCATTGCCACCTTTTGAAG  286 

 

Query  128  GGATGGGATGATGATGCATGCATGGGAgggggaggggcggcgcatgcaccgcttggggct  187 

            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  287  GGATGGGATGATGATGCATGCATGGGAGGGGGAGGGGCGGCGCATGCACCGCTTGGGGCT  346 

 

Query  188  ttttggggctttggggctgtggtggtggggctTGCATGCTACATGTGACCCTGGCACTGC  247 

            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  347  TTTTGGGGCTTTGGGGCTGTGGTGGTGGGGCTTGCATGCTACATGTGACCCTGGCACTGC  406 

 

Query  248  TGTCTATGATGAGCACCCATA  268 

            ||||||||||||||| ||||| 

Sbjct  407  TGTCTATGATGAGCATCCATA  427 

 

 

 

 

 

Fig. 4.4: GenBank blast search for Eimeria acervulina haplotype. Query 

represents haplotype while Sbjct represents Eimeria acervulina. The 

query aligned 99% with one gap and single mismatch (showed with 

arrows) with reference sequence (AF446056) 
 

 
 
 
 
 
 
 



 
 
 
 
 
 
 
Query: Contig1 Query ID: lcl|Query_35097 Length: 284 

 

 

>Eimeria tenella isolate ETSH4PF3-17 18S ribosomal RNA gene, partial 

sequence; internal transcribed spacer 1, complete sequence; and 5.8S 

ribosomal RNA gene, partial sequence 

Sequence ID: GQ153633.1 Length: 628 

Range 1: 166 to 444 

 

Score:510 bits(276), Expect:4e-140,  

Identities:279/280(99%),  Gaps:1/280(0%), Strand: Plus/Minus 

 

 

Query  3    CGAGCGCTCTGCATACGACACAGCCCCGTGCGCGTCTTCTCCTCTCATAATCCCCTCCAC  62 

            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  444  CGAGCGCTCTGCATACGACACAGCCCCGTGCGCGTCTTCTCCTCTCATAATCCCCTCCAC  385 

 

Query  63   GTACGTGCGCGATCGACGATCACGGGGCTGGCGCCGGCGCGCTGGGGCTGCCACCGACAG  122 

            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  384  GTACGTGCGCGATCGACGATCACGGGGCTGGCGCCGGCGCGCTGGGGCTGCCACCGACAG  325 

 

Query  123  GCCCCACGCGAGCCCGTGCATGCGCCACCAcccccccGATCGCCCACGTACATACTACTG  182 

            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  324  GCCCCACGCGAGCCCGTGCATGCGCCACCACCCCCCCGATCGCCCACGTACATACTACTG  265 

 

Query  183  CTATATATCCTTGCAGCAGCAAAAAATTCCATCCATTTTTAAAAAGTAGAAAAACCGTTG  242 

            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  264  CTATATATCCTTGCAGCAGCAAAAAATTCCATCCATTTTTAAAAAGTAGAAAAACCGTTG  205 

 

Query  243  CAGAGAAAAACAGATTCAAGGGTTGCGATGGGACTAAATT  282 

            ||||||||||||||||||||||||||||||| |||||||| 

Sbjct  204  CAGAGAAAAACAGATTCAAGGGTTGCGATGG-ACTAAATT  166 

 

 

 

Fig. 4.5: GenBank blast search for Eimeria tenella haplotype. Query represents 

haplotype while Sbjct represents Eimeria tenella. The query aligned 

99% with single gap (showed with arrow) with reference sequence 

(GQ153633) 
 

 

 

 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
Query: 0123-400_003_PCR_MT1_EMF_D06.ab1 Query ID: lcl|Query_24365 Length: 

277 

 

 

>Eimeria mitis isolate 192-1 internal transcribed spacer 1, partial 

sequence 

Sequence ID: MT792379.1 Length: 267 

Range 1: 4 to 264 

 

Score:396 bits(214), Expect:1e-105,  

Identities:252/269(94%),  Gaps:8/269(2%), Strand: Plus/Plus 

 

Query  3    ATTGGGCTGGCTTTCTGGAACCATTGTTATCCAATCTTTGAATCCATAGTTATTTCTCCA  62 

            ||| |||| || |||| ||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  4    ATT-GGCT-GC-TTCT-GAACCATTGTTATCCAATCTTTGAATCCATAGTTATTTCTCCA  59 

 

Query  63   CGACGTTATTTTTAAAAAGAAGGCTTTTTAAAGTTGTTTTGCCTGCATTTCAACTCGATT  122 

            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  60   CGACGTTATTTTTAAAAAGAAGGCTTTTTAAAGTTGTTTTGCCTGCATTTCAACTCGATT  119 

 

Query  123  TGCAGGTGTGTGGGATGAGTATGCTTGTTgggggggCGGTCTGTggggggggTTTCTTTG  182 

            ||||||||||||||||||||||||||||||||||| | ||| |||| ||||    ||||| 

Sbjct  120  TGCAGGTGTGTGGGATGAGTATGCTTGTTGGGGGGTCTGTCGGTGGTGGGG----CTTTG  175 

 

Query  183  GGGCTGCATGTGCATGCATGTATGTGGCTGCACCCCCAAGCTCTGCACACCATGGTGTGT  242 

            ||||||||||||||||| || ||||||||||| ||||||||||||||||||||||||||| 

Sbjct  176  GGGCTGCATGTGCATGCGTGCATGTGGCTGCAGCCCCAAGCTCTGCACACCATGGTGTGT  235 

 

Query  243  TATTACCGGCATCCCGATTCTCGCTTGCA  271 

            ||||||||| |||||||||||| |||||| 

Sbjct  236  TATTACCGGAATCCCGATTCTCTCTTGCA  264 

 

 

 

 

Fig. 4.6: GenBank blast search for Eimeria mitis haplotype. Query represents 

haplotype while Sbjct represents Eimeria mitis. The query aligned 94% 

with eight gaps and few mismatches (showed with arrow) with 

reference sequence (MT792379) 
 

 

 

 



 

 

 

Fig. 4.8: Phylogenetic distance tree of Eimeria acervulina 

 

 

 

 

 

 

 



 

 

 

Fig. 4.10: Phylogenetic distance tree of Eimeria mitis 

 

 

 



 

Fig. 4.7: Phylogenetic distance tree of Eimeria tenella (COI gene) 

 

 

 

 

 



 

 

 

 

 

Fig. 4.9: Phylogenetic distance tree of Eimeria tenella (ITS-1 gene) 
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Table 4.3: Results of OPG count:  

Groups Control (A) Maduramycin (B) Thymol (C) SEM P-value 

7
th

 day 0.00 0.00 0.00 0.00 Nil 

14
th

 day 166.67
a
 0.00

b
 116.67

a
 24.88 P<0.05 

21
st
 day 5650.00

a
 950.00

c
 2100.00

b
 506.11 P<0.001 

28
th

 day 45833.33
a
 0.00

 b
 50.00

 b
 5406.50 P<0.001 

35
th

 day 8283.33
 a
 0.00

 b
 16.67

 b
 951.40 P<0.001 

42
nd

 day 1300.00
 a
 0.00

 b
 0.00

 b
 160.88 P<0.001 

* Means bearing superscripts a, b, and c within rows differ significantly (p≤0.05). 

The results of the present experiment indicated that the weekly OPG count 

in treatment groups differed significantly (P≤0.05) 14th day onwards compared to 

the control. In the second week, the control and thymol groups recorded 

significantly (P≤0.05) higher OPG counts than maduramycin. In the third week, 

OPG was significantly higher (P≤0.001) in the control group, followed by group 

thymol than maduramycin. During the 4
th

, 5
th

 & 6
th

 weeks, significantly (P≤0.001) 

lower OPG equal to nil was observed in both treatment groups over the control 

group. In the last three weeks, OPG values in the thymol group were significantly 

lower than in the control, comparable to maduramycin. The trend of decreased 

OPG count of the thymol essential oil supplementation group was evident till last 

week as compared to the control group, and nearly equal values were observed as 

compared to maduramycin. These statistical findings agree with Asli and Rashti 

(2015); Bozkurtet al. (2016).  

Table 4.4: Results of lesion scoring: 

Polyether Ionophoric compound maduramycin showed the negligible 

presence of oocysts only on the 21st day of age, and during the entire period, it 

was null; these results completely agreed with Conway and Mckenzie (2007) that 

Group Duodenum Mid intestine Caecum Rectum Total 

Control (A) +2,+2,+2 +2,0,+1 +1,+1,+1 0,0,0, 12 

Maduramycin (B) +1,0,0 0,+1,0 0,0,0, 0,0,0 02 

Thymol (C) 0,+1,+1 +1,0,0 +1,0,0 0,0,0 04 
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maduramycin is highly effective against mixed infections of several Eimeria 

species. Its use in poultry as a coccidiostatic feed additive was authorized and 

approved in 1989 (Anadon and Martinez, 2014). Maduramycin is effective against 

mild or very severe coccidiosis as compared to other ionophores (McDougaldet 

al., 1987).  

In the control group without any treatment, the observed OPG count was 

very high till the 28th day of age, and there is a periodic increase in this count 

(Fig: 4.11). This analysis supports, Karaer et al. (2012) that age and infection rate 

are positively co-related. The significantly decreased OPG count in the last two 

weeks is somewhere related to the development of immunity by birds; similar 

results were noted by Chapman (1999), wherein he observed that oocyst 

production in the non-medicated control group was normal till the fourth week. 

However, significantly low OPG was observed in the last three weeks, which 

indicated immunity development. He also stated that the treatment of 

anticoccidials could not be withdrawn despite immunity, as it may decrease 

production. 

This may be because of the continuous exposure of birds to sporulated 

oocysts since the first day, which provides conditions required for immunity 

development (Joyner and Norton 1976; Stiff and Bafundo, 1993). Such protective 

immunity developed by birds is due to the ingestion of a low number of oocysts in 

the initial stage of life, and after two to three cycles of development of protective 

immunity leads to solid immunity (Tewari and Maharana 2011). The role of 

developed immunity or specific antibodies on parasitic development suggested 

that it may be a new method to control coccidiosis (Lillehoj and Lillehoj 2000).  

OPG count for Thymol (Table 4.3) showed a negligible rise up to the 21st 

day, followed by a gradual decrease, and in the last week, it was null similar to 

maduramycin. The lesion score for both medicated groups was also nearly similar 

(Fig: 4.12), which indicated that the essential oil of Thymol could be used as an 

alternative to existing anticoccidials. 

 



 
Fig: 4.11 Graph for OPG count 

 

 

 

 

 

 

 
Fig: 4.12 Comparative lesion scoring: 

0

5000

10000

15000

20000

25000

30000

35000

40000

45000

50000

7th day 14th day 21st day 28th day 35th day 42th day

Control

Maduramycin

Thymol

0

2

4

6

8

10

12

Total lesion
score

Control

Maduramycin

Thymol



45 
 

The results recorded in this study are in agreement with Alp et al. (2012); 

Bozkurt et al. (2016); Asli and Rashti (2015); Giannenas et al. (2003); Tsinas et 

al. (2011), who studied the effects of oregano extract and essential oil as 

anticoccidial. Tsinas et al. (2011) suggested that the actual mechanism of action 

and significance level of essential oils, when used alone, should be studied. The 

results are contrary to Włosek and Swiatkiewicz (2012); Scheurer et al. (2013) 

because they used a lesser dosage of the essential oil.  

The principal compounds present in oregano essential oil are Thymol, 

carvacrol, and traces of other monoterpenes (Teixeira et al., 2013). Oregano 

essential oil and its two major constituents i.e. thymol and carvacrol, impaired cell 

membranes in micro-organisms (Lambert et al., 2001). Similar results were 

observed by Rondon et al. (2006) against mixed infection of Eimeria, but they 

used EO blends of Thymol, Eugenol, Curcumin, and Piperin. 

Remmal et al. (2013) & Arafa et al. (2020) observed a deformed and 

ruptured oocyst wall in microscopic studies of oocysts in-vitro treated with 

Thymol and confirmed its oocysticidal action. On this basis, Arafa et al. (2020) 

also studied the in-vivo effect of Thymol on pigeon coccidiosis and recorded 

decreased oocyst count and suggested that the effect of Thymol on OPG count is 

because of monoterpenoid structure and its phenolic properties. The essential oils 

derived from aromatic plants have phenol as their main chemical compound, 

which exerts its effects on the host as well as coccidian cells (Tsinas et al., 2011). 

Naturally derived phenolic compounds are good antioxidants, have positive 

effects on immunity development, and also they are very good antimicrobials 

(Mahfuz et al., 2021).  

Lesion score for Thymol suggested that dietary use of Thymol helps to 

maintain intestinal morphology and supported the findings by Yang et al. (2018). 

Clinical coccidiosis is predisposing factor for necrotic enteritis, Williams (2005). 

The complications and enteric lesions due to Clostridium perfringes secondary to 

coccidiosis infection are found to be reduced when dietary essential oil blend, i.e., 

Thymol & carvacrol or Thymol, carvacrol & eugenol were used (Hashemipour et 

al., 2016; Mitsch et al., 2004). 
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Results of Histopathology:  

Tissue samples from the intestine showing gross lesions were collected for 

histopathology in 10% formalin. After fixation, these tissues were processed using 

xylene and alcohol followed by impregnation in paraffin wax as per routine 

method, and 5µ sections were cut and stained with H&E as per described by Luna 

(1968) for recording histopathologic observations under light microscopy.  

Duodenum 

Section of the duodenum from the control group (A) revealed severe 

disruption of villous epithelium, the presence of endogenous developmental stages 

of coccidian parasite in enterocytes of lamina propria, necrosis of crypts, and 

inflammatory cells in the submucosa (Plate 4.7). Lymphoid aggregates with 

shortening of villi and subserosal hemorrhages were also observed in a few 

sections in group A (Plate 4.8). Similar histopathological lesions were noted in 

groups B and C, but with less intensity when compared with the control group 

(Plate 4.9 and 4.10). 

Jejunum 

Section of jejunum from control group A revealed severe disruption of 

villous epithelium, the presence of numerous endogenous developmental stages of 

coccidian parasite in enterocytes of lamina propria, and inflammatory cells in the 

submucosa (Plate 4.11). Similar histopathological lesions were noted in groups B 

and C with less intensity when compared with control group A (Plate 4.12 and 

4.13).  

Ileum 

Section of ileum from control group A revealed disintegrated villi and the 

presence of numerous endogenous developmental stages of the coccidian parasite, 

i. e. oocysts and macrogametes in enterocytes of lamina propria (Plate 4.14). 

However, when compared with the control group, mild lesions were observed in 

groups B and C (Plate 4.15).  



Plate 4.7: Duodenum group A-Numerous endogenous stages of Eimeria in enterocytes of  

villi and cellular infiltration (arrow) H&E, 100x 

Plate 4.8: Duodenum group A-Lymphoid aggregates with shortening of villi and subserosal 

haemorrhages H&E, 100x 



Plate 4.9: Duodenum group B -Crypt necrosis and endogenous stages of Eimeria in enterocytes of 

villi  (arrow) H&E, 100x 

Plate 4.10 : Duodenum group C -Disintegrated villi with few endogenous stages of Eimeria in  

enterocytes, H&E, 100x 



Plate 4.11: Jejunum group A - Numerous endogenous stages of Eimeria in enterocytes   

H&E, 100x 

Plate 4.12: Jejunum group B - Few endogenous stages of Eimeria in enterocytes  H&E, 100x 



Plate 4.13: Jejunum group C - Few endogenous stages of Eimeria in enterocytes  H&E, 

100x 

Plate 4.14: Ileum group A -  Numerous oocysts having centrally located nucleus and thick  

wall  (arrow) H&E, 100x 



Plate 4.15: Ileum group C -  Few endogenous stages of Eimeria in enterocytes  H&E, 

100x 

Plate 4.16:  Caecum group A-Developmental stages of Eimeria spp. in mucosa with  

disintegrated villi and haemorrhages in the muscularies layer (arrow),  H&E,  

100x 
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 Caecum 

Section of the Caecum from control group A revealed disintegrated villi, 

hemorrhages in muscularity, and various developmental stages of Eimeria in the 

mucosal layer of the Caecum (Plate 4.16). Few developmental stages of Eimeria 

sp. in the mucosa and mild lesions were observed in groups B and C as compared 

to the control group (Plate 4.17 and 4.18). 

Eimeria infection results in morphologic changes in the intestinal mucosa 

that reduce the absorptive surface, but it can be reduced by using anticoccidials, 

Nabian et al., (2018). Above findings suggested that Thymol and maduramycin 

showed nearly similar effects on developmental stages of Eimeria and also 

decreased the severity of lesions as compared to the control group. Significant 

results were observed in Thymol treated group in all parts of the intestine. These 

results are in agreement with Rondon et al. (2006), Arafa et al. (2020), Asli and 

Rashti (2015), and Tsinas et al. (2011). Contrary to these, Scheurer et al. (2013) 

do not find any effectiveness of herbal blends because of low levels of dosage. 

In the present study, it was observed that maduramycin prevented the 

developmental stages of Eimeria and also decreased intestinal lesions. As 

compared to other ionophoric compounds, maduramycin effectively decreased 

intestinal lesions in coccidiosis (McDougald et al., 1987). But it is also considered 

a toxic polyether ionophoric compound, and it has adverse effects on intestinal 

morphology (Hassanpour et al., 2010). Depending on the severity of the illness, 

the use of chemical anticoccidials might be either beneficial or detrimental to 

intestinal morphology, (Nabian et al., 2018). Thymol exerts a protective effect on 

intestinal mucosa because of its role in cytokine production and anti-inflammatory 

activity (Ku and Lin 2013) and its destructive effect on developmental stages 

Eimeria (Remmal, et al., 2013). Dietary supplementation of thymol @60mg/ kg 

decreased the microscopic lesions and improved intestinal histomorphology 

(Du et al., 2016). Thyme essential oil strengthens intestinal health by altering the 

permeability and presence of phenolic compounds to prevent oxidative stress at 

the cellular level (Placha et al., 2014).   



Plate 4.17: Caecum group B–Absence of developmental stages of Eimeria spp. in mucosa,  

H&E, 100x 

Plate 4.18: Caecum group C –Few developmental stages of Eimeria spp. in mucosa,  H&E, 

100x 
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SUMMARY AND CONCLUSION 

Coccidiosis in poultry is an enteric and intracellular parasitic disease 

caused by different species of Apicomplexan protozoan parasites of the 

genus Eimeria. Coccidiosis is the most common and most important disease in the 

economic aspect of poultry worldwide. The accurate diagnosis of coccidiosis in 

poultry is the primary need for its effective control, and it is important for the 

investigation of a disease outbreak of coccidiosis. Examination of the drooping 

sample for the presence of oocyst is the simplest and most accessible diagnostic 

test for most veterinarians, but it is unreliable for differentiation between species. 

Molecular methods like PCR gives species level identification, which is further 

important for the development of vaccines. 

In the present study, fecal samples from 30 broiler farms were collected in 

a plastic container in and around the Nagpur region and brought to the laboratory. 

Samples were processed by sedimentation technique, and the last drop of 

sediment was checked under low power of compound microscope (10X) for the 

presence of Eimeria oocysts. Sediments from positive samples were sporulated by 

using 2.5% potassium dichromate.  

By using these sporulated oocysts, a group of broiler birds was challenged 

for Eimeria infection, and in vivo anticoccidial activity of the essential oil of 

Thymol was checked. Some of the sporulated oocysts were separated by flotation 

technique for morphometric observations. A polymerase chain Reaction was 

performed for confirmation of Eimeria species, as PCR gives the most sensitive 

and accurate results.   

Out of 30 farms screened, 21 (70%) were found positive for coccidiosis 

infection, out of which 3 (14.28%) were positive only for Eimeria tenella, 11 

(52.28%) showed mixed infection with Eimeria acervulina, Eimeria 

mitis and Eimeria tenella and 7 (33%) showed mixed infection with Eimeria 

acervulina and Eimeria mitis. 
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Microscopic identification based on morphometry & molecular 

identification by using conventional PCR revealed the presence of only three 

species, i.e., Eimeria acervulina, Eimeria mitis, and Eimeria tenella, in the 

Nagpur region. 

  The anticoccidial effects of the powdered form of Thymol were studied 

and compared with ionophoric anticoccidial maduramycin. Birds were challenged 

on day one by spraying Eimeria oocysts on the floor. Diets were formulated as per 

standards excluding coccidiostat, antibiotics, and probiotics to check the effect of 

Thymol as anticoccidial. The negative control diet contained no coccidiostat or 

Thymol, whereas the other two diets were supplemented with the powdered form 

of either Thymol @ 20gms/100kg or a maduramycin @ 50gms / 100kg feed. 

Fresh droppings from each group were collected at an interval of 7 days till the 

end of the trial to carry out the OPG count. In the control group, without any 

treatment, the observed oocyst per gram (OPG) count was very high till the 28th 

day of age, and there is a periodic increase in this count. Polyether Ionophoric 

compound maduramycin showed the negligible presence of oocysts only on the 

21st day of age, and during the entire period, it was null. OPG count for Thymol 

showed a negligible rise up to the 21st day, followed by a gradual decrease, and in 

the last week, it was null similar to maduramycin. No significant difference was 

found between the activity of Thymol and maduramycin.  

CONCLUSION:  

Thirty broiler farms were screened for the presence of oocysts of Eimeria 

in and around Nagpur. By molecular technique (PCR), it has been observed that 

the three species of Eimeria, i.e., Eimeria acervulina, Eimeria mitis, and Eimeria 

tenella, are predominantly found in the Nagpur region.  

The experimental infection of coccidia and its treatment with the 

powdered form of Thymol showed anticoccidial activity at par with the polyether 

ionophoric anticoccidial maduramycin.  

Our experiment concludes that Thymol can be used as an anticoccidial in 

broiler feed as an alternative to the chemical anticoccidial. 
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APPENDIX 

Reagents for Polymerase Chain Reaction (PCR): 

 

1. Reagents for agarose gel electrophoresis: 

 

Tris base/Tris buffer 292 gm 

Glacial acetic acid 57.1 ml 

0.5 M EDTA (PH 8.0) 100 ml 

Distilled water Upto1000 ml 

 

For working solution, dilute 1:50 (1X TAE) for agarose gel electrophoresis: 

 

50XTAE buffer 20 ml 

Distilled water 980 ml 

Total Volume 1000 ml 

Store at room temperature 

 

2. Gel loading dye: 

 

Blue/Orange 6X loading dye 1µl 

100 bp DNA ladder 5µl 

Total volume 6µl 

Store at -20˚C 

 

3. Ethidium bromide solution (10mg/ml): 

 

Ethidium bromide 0.1 gm 

Distilled water 10ml 

Store at 4˚C 
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ABSTRACT 

            Coccidiosis in poultry is an enteric and intracellular parasitic disease 

caused by different species of protozoan parasites of the genus Eimeria. 

Coccidiosis is the most common and most important disease in the economic 

aspect of poultry worldwide. An incidence of coccidiosis in poultry in India, as 
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well as in foreign countries, has been widely reported. Detection and diagnosis 

of Eimeria species infections are mostly made through microscopic examination 

of the faecal sample and molecular and serological techniques. Faecal sample 

examination based on the presence of oocyst is the most straightforward and 

accessible diagnostic test for most veterinarians, but it is unreliable for 

differentiation between species.  

 

          The main goal of the current study was to identify the species of Eimeria 

that are present in the Nagpur region using morphometry and the conventional 

PCR method, as well as to examine the anticoccidial effects of Thymol essential 

oil on a group of broilers that were coccidiosis-challenged. Faecal samples from 

30 broiler farms in and around the Nagpur region were collected for the current 

investigation and transported to the laboratory in a plastic container.  

 

          Using sporulated oocysts, a group of broiler birds was challenged for 

Eimeria infection, and in-vivo anticoccidial activity of the essential oil of Thymol 

was checked. Some of the sporulated oocysts were separated by flotation 

technique for morphometric observations. For the most sensitive and precise 

results, a polymerase chain reaction (PCR) was used to validate the Eimeria 

species.  

 

          Out of 30 farms screened, 21 (70%) were found positive for coccidiosis 

infection, out of which 3 (14.28%) were positive only for Eimeria tenella, 11 

(52.28%) showed mixed infection with Eimeria acervulina, Eimeria 

mitis and Eimeria tenella and 7 (33%) showed mixed infection with Eimeria 

acervulina and Eimeria mitis. 

 

          Only three species of Eimeria, namely Eimeria acervulina, Eimeria mitis, 

and Eimeria tenella, were found in the Nagpur region after microscopic 

identification based on morphometry and molecular identification using 

conventional PCR. 
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         Compared to the ionophoric anticoccidial maduramycin, the anticoccidial 

effects of thymol powder were examined. When compared to the polyether 

ionophoric anticoccidial maduramycin, Thymol exhibited comparable 

anticoccidial action. According to the results of our investigation, Thymol can be 

replaced chemical anticoccidials in broiler feed. 
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आणण आण्वलक ऩद्धतीव्दाये ओऱख. 

    

फ. वलद्मार्थमाषच ेऩुणष नाॊल  : प्रणल प्रल्शादयाल देळभखु 

    

क. भागषदळषकाचे नाॊल ल ऩत्ता 

: डॉ. वुयेळ गुराफयाल जाधल 

वशामक प्राध्माऩक 

ऩळुलैदमकीम ऩयजीलीळास्त्र वलबाग,  

नागऩूय ऩळुलैदमकीम भशावलद्मारम,  
नागऩूय. 

    

ड. प्रदान कयवमात मेणायी ऩदली : स्नातकोत्तर ऩदवी (एम. व्ही. एससी.) 
    

इ. ऩदली प्रदान कयवमाच ेलऴष : २०२३ 
    

प भुख्म वलऴम : ऩळुलैद्मकीम ऩयजीलळास्त्र 
    

ग. प्रफॊधातीर एकूण ऩषृ्ट्ट : ४९ 
    

श. वायाॊळातीर एकूण ळब्द : २९० 
    

ई. वलद्मार्थमाषची वशी :  
    

ज. 
अगे्रवऴत कयणा-मा अधधका-माची 
वशी, नाॊल आणी ऩत्ता 

:  
 
 

वशमोगी अधधष्ट्ठाता 
नागऩूय ऩळूलैद्मकीम भशावलद्मारम 

नागऩूय 
 

 
वायाॊळ 

कोंफडमाॊभधीर यक्तीशगलण शा एक आॊतयीक आणण अॊतःकोशळकीम ऩयजीली योग 

आशे जो आमभेरयमा लॊळाच्मा प्रोटोझोआन ऩयजीलीॊच्मा वलवलध प्रजातीॊभुऱे शोतो- 
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कोक्वीडडओशवव शा जगबयातीर कुक्कुटऩारनातीर वलाषत वाभान्म आणण आधथषक 

फाफतीत वलाषत भशत्लाचा योग आशे- बायतातीर तवेच ऩयदेळात भाॊवरऩक्ष्माभधीर 

कोक्वीडडओशववचे प्रभाण भोठ्मा प्रभाणालय नोंदलल्मा गेरेआशे- आमभेरयमा प्रजातीॊच्मा 
वॊवगाषच े ननदान शे भुख्मतः भामक्रोस्त्कोऩच्मा वाशाय्माने वलष्ट्ठा नभुनातऩावणी तवेच 

आण्वलक आणण वेयोरॉण्जकर तॊराॊच्माद्लाये केरे जाते- उशवस्त्ट च्मा उऩण्स्त्थतीलय 
आधारयत वलष्ट्ठा नभुना तऩावणी शी फशुतेक ऩळुलैद्मकाॊवाठी वलाषत वोऩी ननदान 

चाचणी आशे- ऩयॊतु प्रजातीॊभधीर पयकावाठी ती ऩुणषऩणे वलश्लवनीम नाशी- 

वदयवॊळोधनाचे भुख्म उद्दिष्ट्ट शे भॉपोभेरी आणण ऩीवीआय ऩद्धतीचा लाऩय करून 

नागऩूय वलबागात आढऱणाऱ्मा आमभेरयमाच्मा वलवलध प्रजाती ओऱखणे तवेच 

कोक्वीडडओशवव प्रादबुाषवलत केरेल्मा भाॊवर ऩक्ष्माॊच्मा गटालय थामभॉरच्मा प्रबालाॊचे 
ननयीषण कयणे शे शोत-े वध्माच्मा तऩावणीवाठी नागऩूय आणण आजूफाजूच्मा 30 

ब्रॉमरय पाभषभधीर ऩक्ष्माॊच े वलष्ट्ठा नभुन ेगोऱा कयवमात आरे आणण प्राण्स्त्टकच्मा 
डफीभध्मे त ेप्रमोगळाऱेत ऩाठलवमात आरे- 

स्त्ऩोमुषरेटेड उशवस्त्ट लाऩरून ब्रॉमरय ऩक्ष्माॊच्मा गटारा आमभेरयमा वॊवगाषवाठी 
आव्शान द्ददरे गेरे आणण त्मालय औऴधी म्शणून थामभॉरचा प्रबाल  तऩाववमात आरा- 
काशी स्त्ऩोमुषरेटेड उशवस्त्ट भॉपोभेद्दरक ननयीषणावाठी फ्रोटेळन तॊराने लेगऱे केरे गेरे- 

अत्मॊत वॊलेदनळीर आणण अचकू ऩरयणाभाॊवाठी तवेच आमभेरयमा प्रजातीॊच ेप्रभाणीकयण 

कयवमावाठी ऩॉशरभयेझ चने रयअॅक्ळन ऩद्धतीचा लाऩय केरा गेरा- 

तऩावणी केरेल्मा 03 पाभषऩैकी 21 (70%)  कॉक्वीडडओशवव वॊवगाषवाठी 
ऩॉणझद्दटव्श आढऱून आरे  ,त्माऩैकी   3 (14.28%)  पाभषभध्मे केलऱ आमभेरयमा टेनेरा 
प्रजाती आढऱून आरी, 11 (52.28%) पाभषभध्मे आमभेरयमा एवयलुशरना ,आमभेरयमा 
भाइद्दटव आणण आमभेरयमा टेनेरा माॊचा शभश्र वॊवगष द्ददवून आरा आणण 7 (33%) 

पाभषभध्मे आमभेरयमा  एवयलुशरना आणण आमभेरयमा भाइद्दटवचा शभश्र वॊवगष द्ददवून 
आरा. 
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ऩीवीआयद्लाये आण्वलक ओऱख आणण भॉपोभेद्दरलय आधारयत वूक्ष्भ 

ओऱखीनॊतय आमभेरयमाच्मा केलऱ तीन प्रजाती प्राभुख्माने आमभेरयमा एवयव्शुशरना 
आमभेरयमा भाइद्दटव आणण आमभेरयमा टेनेरा नागऩूय वलबागात आढऱून आल्मा- 

मा आजायालयीर प्रचशरत औऴधी भदयुाभामशवन च्मा तुरनेत थामभॉर ऩालडयच े

कोक्वीडडमा वलयोधी प्रबाल तऩावरे गेरे- ऩॉरीथय आमनोपोरयक अॉटीकोक्वीडडमर 

भदयुाभामशवनवोफत तुरना कयता थामभॉरने तुरनात्भक अॉटीकोक्वीडडमर क्रक्रमा 
प्रदशळषत केरी-वदय अभ्मावाच्मा आणण वॊळोधनाच्मा ननकाराॊनुवाय थामभॉर ऩक्ष्माॊच्मा 
खाद्मातीर यावामननक अॉटीकोक्वीडडमर औऴधीॊवाठी एक उत्तभ ऩमाषम आशे- 

 


