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ABSTRACT 

Eimeria species are important coccidian parasites worldwide causing significant economic losses 

from clinical and subclinical coccidiosis in poultry. Vaccines for its control in Nigeria are 

imported without consideration of the local species often resulting in vaccine failure. This study 

determined the prevalence of and characterised the Eimeria species present in Oyo and Ogun 

States towards an effective control and prevention of coccidiosis. 

A semi-structured questionnaire was administered randomly to 166 poultry farmers (82, Oyo; 84, 

Ogun) based on the registered members of the Poultry Association of Nigeria, to obtain data on 

experience of coccidiosis and the prophylactic measures adopted. Poultry flocks were grouped 

into six epizootiological categories comprising: vaccinated and medicated 1-8 week-old (1, 2), 

vaccinated and medicated 9-18 week-old (3, 4) and above 19 week-old caged and deep-litter (5, 

6). Pooled faecal samples were collected from 9, 9, 9, 20, 54, and 19 chicken flocks in Oyo and 

9, 16, 18, 27, 39, and 12 in Ogun belonging to categories 1 to 6 respectively. Oocysts were 

isolated by modified flotation method, sporulated in 2.5% potassium dichromate and quantified 

by the McMaster method. Eimeria species were identified by morphometry, infection prevalence 

and relative abundance was determined. Eimeria DNA was extracted, amplified and quantified 

using Real-Time Quantitative Polymerase Chain Reaction (RTQPCR). Data were subjected to 

descriptive statistics, Chi-square, Student’s t and Kappa tests. Significance was set at p<0.05. 

Most of the respondents, 77 in Oyo; 69 in Ogun had experienced coccidiosis outbreaks, of which 

74.2% and 71.6% were in below-8-week chicks. In Oyo and Ogun, 67.7% and 73.3% adopted 

vaccination; 32.3% and 26.7% adopted chemoprophylaxis while 37.1% and 21.9% reported 

outbreaks despite preventive measures. Oocyst burden was 49,494 and 2,830 oocysts-per-gram 
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of faeces for cages and 71,585 and 8,255 for deep-litter in Oyo and Ogun respectively. Overall 

prevalence in Oyo was 65.0% (100.0%, 100.0%, 100.0%, 75.0%, 40.7% and 73.7%) and in 

Ogun, 61.2% (100.0%, 75.0%, 83.3%, 33.3%, 51.3% and 75.0%) in categories 1-6 respectively. 

Prevalence of 93.7% in chicks (100.0% in Oyo; 85.7% in Ogun) was significantly higher than 

the 55.7% (54.3% in Oyo; 56.9% in Ogun) for above 18 week-old. It was also significantly 

higher on deep-litter (73.7%, Oyo; 75.0%, Ogun) than in cages (40.7%, Oyo; 51.3%, Ogun). 

Species prevalences were; E. acervulina (100.0%, 83.3%), E. maxima (16.7%, 16.7%), E. 

necatrix (50.0%, 50%), E. tenella (66.7%, 66.7%) and E. mitis (50.0%, 66.7%) in Oyo and Ogun 

respectively. Relative abundance from morphometry were; Brunetti-Maxima (3.0%, 4.3%), 

Necatrix-Tenella-Praecox (45.0%, 23.6%) and Acervulina-Mitis (52.0%, 72.1%); from 

molecular characterization were; E. acervulina (48.0%, 20.0%), E. maxima (0.2%, 0.3%), E. 

necatrix (5.4%, 22.7%), E. tenella (20.2%, 13.5%) and E. mitis (25.5%, 43.5%) in Oyo and 

Ogun respectively. Comparison of RTQPCR results with tentative morphometric identification 

showed complete agreement in 77.8% (28 of 36) samples. 

Morphometry remains acceptable for routine tentative diagnosis; however, molecular 

characterisation is more precise for Eimeria species identification. The most prevalent species: E. 

acervulina, E. maxima, E. necatrix, E.tenella and E. mitis are therefore recommended for 

inclusion in coccidiosis vaccines. 

Key words: Coccidiosis, Oocyst morphometry, Molecular characterisation. 

Word Count: 498. 
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CHAPTER ONE 

 GENERAL INTRODUCTION 

1.1 Background Information 

Nigeria is the largest livestock producer in West Africa sub-region and third largest 

producer in the sub-Sahara Africa following Ethiopia and Sudan. Compared with countries 

like Italy, Spain and Germany, the livestock population of Nigeria is about 58%, 56% and 

14% higher suggesting that Nigeria has more livestock potentials than even some well-

known livestock producers of the world. However, the livestock population is managed by 

small holders and a considerable proportion is managed on free range traditional system 

(Lamorde, 1998). 

The livestock sector is vital to the socio-economic development of Nigeria. It contributes 

about 9 - 10% of the agricultural Gross Domestic Product (GDP). Poultry production is an 

important component of the Nigerian Livestock subsector, providing employment, income, 

animal protein for the urban and rural dwellers as well as manure for crops (Eduvie, 2002). 

Nigeria‟s chicken population is about 150.682 million of which 25% are commercially 

farmed, 15% semi-commercially, and 60% in backyards (UNDP, 2006).  

 

The poultry sub-sector is the most commercialised of all of Nigeria‟s agricultural sub-sector 

and represents an important source of high quality animal protein, providing about 36.5% of 

the total protein intake of Nigerians. It is one of the highest investments in agriculture with 

net worth of N250 billion. Poultry production in Nigeria can be classified into extensive and 

intensive systems based on scale, stock and the extensive production system presently 

accounts for about 85% (Avian Influenza final report, 2007).  
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 In Nigeria, the population growth rate and demand for food is over 3% while growth rate in 

food production is between 1.0 and 1.5% leaving a shortfall of 1.5 and 2% in annual food 

supply. Plant sources contribute about 75% while livestock accounts for the remaining 25% 

of the food supply shortfall. This is mainly due to improper development of the livestock 

industry (Lamorde, 1998). 

Majority (65%) of the commercial poultry flock in Nigeria are located in South western 

region with Ibadan being the main entry point of exotic chicken and the location of major 

poultry breeders and retailers throughout the country and beyond (Owoade et al., 2004). 

Poultry diseases remain one of the major threats to boosting poultry production in Nigeria. 

Parasitic diseases are of particular importance because of their high incidence in poultry 

occasioned by the tropical environmental conditions under which the farmers operate 

(Seifert, 2006). Coccidiosis is a disease common in intensively managed farms especially 

where management or hygiene standards are compromised (Adene and Oluleye, 2004). A 

damp litter that has high moisture content and warmth of between 25 and 30
o
C favours 

oocyst sporulation (David 2000). Birds of any age are susceptible to coccidiosis but most 

birds get infected in the few weeks of life (Chookyinox et al., 2009). 

 

 A coccidiosis free environment is not likely achieved and chicks that become infected may 

develop acquired immunity or succumb to disease if the balance is in favour of the parasite 

(Chookyinox et al., 2009). Epizootiological studies have established the economic 

importance of coccidiosis as a major parasitic disease of poultry in Nigeria (Majaro, 1980, 

1983, 2001). The importance of coccidiosis is based on the economic implications of its 

outbreak in poultry farms (Majaro, 1980; Barksh, 1989). Although coccidiosis is 

controllable under most circumstances, the cost of control makes the disease one of the most 
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expensive parasitic diseases encountered in poultry industry (Majaro, 1980, 1981). Adene 

and Oluleye in 2004 reported a prevalence of 12% for coccidiosis in chicken Nigeria. Etuk 

et al., 2004 reported in Akwa Ibom state, South Eastern Nigeria a coccidiosis overall 

prevalence of 12.7% in the rainy season. The report also included a prevalence of 26.69% 

among birds managed on deep litter; 18.75% in 1-5 week-old birds and 22.29% in layers. In 

Zaria, Nothern Nigeria, studies indicated that Eimeria tenella and E. necatrix are the most 

pathogenic Eimeria species causing bloody caecal and intestinal coccidiosis respectively 

(Bishu, 1982). Coccidial infections may be classified in one of three ways (Williams, 

1999a): (1) as clinical coccidiosis, characterized by mortality, morbidity, diarrhoea or 

bloody faeces, as well as by adverse effects on economic performance; (2) as subclinical 

coccidiosis, not immediately obvious, but causing reductions in weight gain and feed 

conversion efficiency of the host, without frank signs of disease; or (3) as coccidiasis 

(Levine, 1961), a mild infection causing no adverse effects on the host. 

 

Coccidiosis is a disease caused by infection with one or more of the many species of 

coccidia which is a subdivision of the phylum Protozoa, intracellular protozoal parasites of 

the sub-phylum Apicomplexa and the genus Eimeria. The genus Eimeria contains the 

species of major economic importance in domestic birds, such as chickens, ducks, geese, 

guinea fowl, peafowl, pheasants, pigeons and turkeys. While coccidiosis occurs in 

practically all kinds of birds, the parasites are host-specific and species occur in a single or 

in a limited group of related hosts. Avian hosts are known to harbour more than one specie 

of coccidia. Species of Eimeria that cause coccidiosis in chickens include Eimeria 

acervulina, E. brunetti, E. hagani, E. maxima, E. mitis, E. mivati, E. necatrix, E. praecox 

and E. tenella. Among domesticated birds, chickens are the most susceptible to significant 

economic losses from coccidiosis, although losses can also occur within turkeys, geese, 
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ducks, and guinea fowl. Coccidiosis has also produced serious losses in pheasants and quail 

raised in captivity. The effects of a coccidiosis infection can take the highly visible form of 

devastating flock mortality, but another undesirable effect is morbidity and/or weight loss 

which results from infection. 

 

1.2 Life Cycle of Eimeria Parasite 

During the life cycle, the Eimeria parasite passes through a number of stages. The life cycle 

begins when the chicken ingests the infectious stage, known as the sporulated oocyst, during 

ground feeding. The wall of the sporulated oocyst is ruptured by a combination of 

mechanical grinding action and chemical action in the gizzard and intestinal tract, resulting 

in the release of four sporocysts. The sporocysts pass into the duodenum where they are 

exposed to bile and digestive enzymes resulting in the release of two sporozoites per 

sporocyst. 

The sporozoites are mobile and search for suitable host epithelium cells in order to penetrate 

and reproduce in them. Following infection of an epithelium cell, the parasite enters the 

schizont phase of its life cycle, producing from 8 to 16 to more than 200 merozoites per 

schizont. Once released from the schizont, the merozoites are free to infect further 

epithelium cells. After two to five of these asexual reproduction cycles, the intracellular 

merozoites grow into sexual forms known as the female or macrogametocyte and the male 

or microgametocyte. Following fertilisation of the macrogametocyte by the microgametes 

released from the microgametocyte, a zygote is formed which creates a cyst wall about 

itself. The newly formed oocyst is passed out of the infected chicken with the fecal 

droppings. With the correct environmental conditions of temperature and humidity and 

sufficient oxygen in the air, the oocyst will sporulate into the infectious stage, ready to 
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infect a new host and thereby spreading the disease. Thus, no intermediate host is required 

for transfer of the parasite from bird to bird. 

 1.3 Effects of Eimeria Parasite Multiplication in the Chicken 

Eimeria parasite multiply in the intestine and causes tissue damage lowered feed intake, 

poor absorption of nutrients from the feed, dehydration and blood loss (Seifert, 2006).  The 

result of the Eimeria parasite infecting the digestive tract of a chicken may be a reduction in 

weight gain, increased feed conversion, cessation of egg production and, in some cases, 

death. The increase in intensive production of poultry has been accompanied by severe 

losses due to this parasite; indeed, coccidiosis has become an economically important 

parasitic disease. In the past, several methods have been used in attempts to control 

coccidiosis. Prior to the advent of chemotherapeutic agents, improved sanitation using 

disinfectants, together with the mechanical removal of litter, was the main method 

employed; sufficient oocysts, however, usually remained to transmit the disease. The 

introduction of coccidiostatic agents in the feed or drinking water, in addition to good 

management, resulted in some success at disease control. Such agents have been found to 

suffer from a drop in effectiveness over the years, due partly to the development of drug 

resistant strains of coccidia. Furthermore, several chemotherapeutic agents have been found 

to leave residues in the meat, making it unsuitable for consumption.  

 

There are nine species of Eimeria said to infect the chicken host, seven of which are well-

known and have been studied thoroughly, namely: Eimeria acervulina, Eimeria brunetti, 

Eimeria maxima, Eimeria mitis, Eimeria necatrix, Eimeria praecox and Eimeria 

tenella.These species are universally accepted and there are no doubts about their validity. 

However, there are two species that are also described in the literature but their existence is  
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Figure 1.1  Life Cycle of Eimeria species of Chicken 
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questioned by many researchers (Shirley et al., 1983; McDonald and Ballingall, 1983), 

namely: Eimeria mivati and Eimeria hagani. These two species are also overlooked in 

papers which deal with species discrimination techniques (Fernandez et al., 2003; Morgan et 

al., 2009; Vrba et al., 2010). 

E. mivati was first described by Edgar and Seibold (1964) as a pathogenic coccidium having 

oocyst morphology similar to E. mitis. The controversy surrounding the status of Eimeria 

mivati has recently been resolved when it was discovered to be a variant of Eimeria mitis 

(Vrba et al., 2011). Despite the advances in poultry husbandry, nutrition and chemotherapy 

that have made clinical outbreaks of coccidiosis rather infrequent, subclinical coccidiosis 

continues to be one of the poultry industry‟s most common and expensive diseases 

worldwide (McDougald, 2003). The broiler industry in particular relies on continuous in-

feed prophylaxis with application of anticoccidial drugs. As a result of the increasing 

concern about drug resistance and drug residues, the EU Commission proposed a phasing 

out for use of anticoccidials by 31 December 2012 (EU Commission, 2003).  

The application of specific diagnostics, as well as study of the epizootiology of the 

infections, is important for carrying out rational and effective control measures 

(McDougald, 2003). Species differentiation within the coccidia has traditionally been based 

on comparing several parasite characteristics and host responses (Long et al., 1976; Long 

and Reid, 1982). This diagnostic procedure is not only expensive and time-consuming, but 

can also be unreliable since the different species have overlapping properties and substantial 

intra-species variation (Joyner & Long, 1974; Pelle´rdy, 1974; Long & Joyner, 1984; Thebo 

et al., 1998). Knowledge of Eimeria species at the genomic level is continuously emerging, 

and objective molecular methods for Eimeria species differentiation have been developed 

(Stucki et al., 1993; Tsuji et al., 1997; Schnitzler et al., 1998, 1999; Gasser et al., 2001, 
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2005; Su et al., 2003; Lien et al., 2007; Haug et al.2007). The practical implementation of 

these techniques in routine diagnostics and epizootiology of chicken coccidiosis have so far 

been limited (Lew et al., 2003; Gasser et al., 2005; Blake et al., 2006; Morris et al., 2007). 

Substantial work on coccidiosis based on experimental infections and drug and vaccine 

trials has been presented over many years. However, reports on infection prevalence, oocyst 

abundance and frequencies of the different Eimeria species in commercial poultry flocks are 

few. Often, the reports are not comparable due to the differences in management and 

production systems, sample materials, sampling periods, sampling methods and prophylactic 

measures applied. 

 More knowledge of the aetiology and population dynamics of mixed coccidial infections in 

commercial poultry is needed in view of the recent upsurge in the usage of coccidiosis 

vaccines for prophylactic purposes. Identification of Eimeria has traditionally relied on 

oocyst morphology, host range and life-cycle attributes. However, it is increasingly 

recognized that Eimeria species can vary in size and shape across their host range, an 

attribute known as „polymorphism‟ that presents a unique challenge for identification. 

Advances in molecular tools hold promise for characterising Eimeria that may otherwise be 

misclassified based on morphology. 

  The previous predominantly used anticoccidial method of coccidiosis control in poultry 

was often effective irrespective of the Eimeria species present because of its broad 

mechanism of action but the precise identity of Eimeria present in poultry farms in Ogun 

and Oyo states is critical for a successful adoption of coccidiosis vaccine prophylaxis due to 

lack of cross immunity among the different species. 

The present study involves Morphometric and Molecular identification of Eimeria species 

of commercial chickens in Oyo and Ogun States as well as the determination of the 

Prevalence, Relative abundance and Infection levels of coccidial infections. 
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 1.4 Research Questions 

(1) What are the factors associated with good knowledge of coccidiosis and the adoption 

of coccidiosis vaccines? 

(2) What is the identity of Eimeria species in commercial chicken flocks in Oyo and 

Ogun states? 

(3) What is the prevalence and relative abundance of Eimeria species in Oyo and Ogun 

states? 

(4) What is the level of agreement between morphometric and molecular methods of 

Eimeria species identification? 

 

1.5 General Objective 

The overall objective of the study is to determine the prevalence of Eimeria species 

using morphometric and molecular methods in Oyo and Ogun states of Nigeria. 

1.5.1 Specific Objectives 

(a) To collect data from Chicken farmers in Oyo and Ogun states via 

questionnaire on the factors associated with a good knowledge of coccidiosis 

as well as the factors associated with their adoption of coccidiosis vaccines 

prophylaxis  

(b) To identify and quantify Eimeria species of commercial chickens in Oyo and 

Ogun states using morphometric method. 

(c) To determine the prevalence, oocyst burden and relative abundance of 

Eimeria infection of chickens in Oyo and Ogun States. 
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(d) To determine and compare the prevalence of coccidial infection in caged 

chickens with those kept on deep litter.  

(e) To use Real-time quantitative PCR to characterise and determine the relative 

abundance of Eimeria species in Oyo and Ogun states  

(f) To determine the level of agreement between morphometric and molecular 

method by comparing their sensitivity and specificity (Haug et al., 2008). 

1.6 Justification 

Coccidiosis still remains an enzootic disease of major economic importance to the poultry 

industry in Nigeria and worldwide. More research is needed to elucidate the various factors 

and events that have contributed to the sustenance of the disease in the commercial chicken 

population in Ogun and Oyo states 

Hitherto, identification of the Eimeria species present in Nigeria has been done mostly by 

the traditional morphometric methods which may not be very precise whereas vaccine 

prophylaxis requires precise identification of local Eimeria species. There is therefore the 

need to identify Eimeria species with greater precision in view of the increasing adoption of 

vaccine prophylaxis in Nigeria and this can be accomplished by the application of molecular 

methods of identification. 

 

1.7 Study Hypotheses 

(a) H1:  There is no significant difference in the prevalence of coccidial infection 

in Oyo and Ogun States.  

(b) H2: There is no significant difference in the prevalence of coccidial infection 

in young birds (below 8weeks) and older birds (above 18 weeks).  
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(c) H3: The Eimeria species causing coccidial infections in Oyo and Ogun States 

are the same.  

(d) H4: There is no significant difference between the prevalence of coccidial 

infection on deep litter and cage system.  

(e) H5: There is a low level of agreement between molecular and morphometric 

methods of Eimeria species identification.  

1.8 Description of Study Area 

1.8.1 Oyo State 

Oyo State is located South-Western Nigeria at coordinates 8
0 

00
 „
00

0
 N and 4

0
00

‟
00 

E. Its capital is Ibadan. It is bounded in the south by Ogun State and in the north by 

Kwara State, in the west by Ogun state and partly by the Republic of Benin while in 

the east it is bounded by Osun State. Oyo State has an equitorial climate with dry 

and wet seasons and relatively high humidity of between 71 and 88%. The dry 

season lasts from November to March while the wet season starts from April and 

ends in October. Average daily temperature ranges between 25
0
C (77.0 

0
F) and 35 

0
C (95.0 

0
F) almost throughout the year. (http://en.wikipedia.org/wiki/Oyo_State). 

1.8.2 Ogun State 

Ogun state is located at coordinates 7
0 

00‟00 N and 3.35‟ 00” E. It is a State in the 

South Western part of Nigeria. It borders Lagos State to the south, Oyo and Osun 

States to the North, Ondo State to the east and Republic of Benin to the west. The 

climate of Ogun State follows a tropical pattern with the raining season starting 

about March and ending by November, followed by dry season. The mean annual 

rainfall varies from 128cm in the southern parts of the state to 105cm in the northern 
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areas. The average monthly temperature ranges from 23
0
C in July to 32

0
C in 

February and a relatively high humidity of between 80 to 90%. 

http://logbaby.com/encyclopedia/ogun-state-nigeria-overview-history-and-summary-

information_35.html#.U0JXGSaPK1s. 
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Figure 1.2 Map of Nigeria showing Oyo and Ogun States.  

Source: http://en.wikipedia.org/wiki/Ogun_State and http://en.wikipedia.org/wiki/Oyo_State 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Occurrence and Classification of Coccidial Infections 

As the world‟s poultry production continues to grow, so do concerns about the control of 

coccidial infections which remain one of the most commonly reported diseases of chickens 

(Biggs, 1982; Xie et al., 2001). Coccidial infection of chickens is an intestinal disease 

caused by parasitic protozoa of the genus Eimeria (Apicomplexa). It occurs worldwide and 

flocks free from coccidia are extremely rare. Coccidial infections may be classified in one of 

three ways (Williams, 1999a) 

(1) As clinical coccidiosis, characterized by mortality, morbidity, diarrhoea or bloody 

faeces, as well as by adverse effects on economic performance. 

(2) As subclinical coccidiosis, not immediately obvious, but causing reductions in weight 

gain and feed conversion efficiency of the host, without frank signs of disease. 

(3) As coccidiasis, a mild infection causing no adverse effects on the host (Levine, 1961).  

2.2 Eimeria Species of Poultry 

There are nine species of Eimeria said to infect the chicken host, seven of which are well-

known and have been studied thoroughly, namely: Eimeria acervulina, Eimeria brunetti, 

Eimeria maxima, Eimeria mitis, Eimeria necatrix, Eimeria praecox and Eimeria tenella. 

These species are universally accepted and there are no doubts about their validity. 

However, there are two species that are also described in literature but their existence is 

questioned by many researchers (Shirley et al., 1983; McDonald and Ballingall, 1983), 

namely: Eimeria mivati and Eimeria hagani. These two species are also overlooked in 

papers which deal with species discrimination techniques (Fernandez et al., 2003; Morgan et 
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al., 2009; Vrba et al., 2010). E. mivati was first described by Edgar and Seibold (1964) as a 

pathogenic coccidium having oocyst morphology similar to E. mitis. The controversy 

surrounding the status of Eimeria mivati has recently been laid to rest when it was reported 

to be a variant of Eimeria mitis (Vrba et al., 2011). The authenticity of E. hagani is still 

uncertain. Chickens of all ages and breeds are susceptible to coccidiosis. But it is largely a 

disease of young birds because immunity quickly develops after exposure and gives 

protection against later outbreaks.  

It usually affects chicks below 10 weeks of age with maximum incidence in 3-6 week-old 

chicks. It is rarely seen in birds less than 3 weeks of age unless they are brooded on 

contaminated litter but both intestinal and caecal coccidiosis in a flock of 5-day old broiler 

breeder has been reported in a farm in Zaria (Musa et al., 2010). Oocysts are not infective 

until they sporulate under optimum condition of warmth (21-32°C) with adequate moisture 

and oxygen, and this requires 1 to 2 days, which they gets on the ground, soil or litter.  

Sporulated oocysts may survive for long periods, depending on the environmental factors 

and are protected by the thick oocyst wall, and are therefore, able to survive for months or 

even years. Due to the short prepatent period and high biotic potential, the number of 

oocysts in the litter rises rapidly on arrival of susceptible new flock of birds (Dhama et al., 

2012). Coccidia are almost invariably present in poultry rearing operation but clinical 

disease occurs only after ingestion of relatively large numbers of sporulated oocysts by 

susceptible birds. Both clinically infected and recovered birds shed oocysts in their 

droppings, which contaminate feed, water, litter and soil. Threat of coccidiosis is greater in 

cooler wet weather (rainy and winter seasons) and is lesser during hot dry weather (dry 

season and summer). 
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The disease is transmitted through horizontal course. Transmission of oocysts takes place by 

shoes, feed, trucks, crates, pets, rodents, and moving equipments. Consumption of as few as 

10,000 sporulated oocysts will produce coccidiosis. Birds pick up the infection through 

ingestion of oocyst contaminated feeds and drinking water. Oocysts remain viable in litter 

for many months but high temperature above 56°C and desiccation can kill them (Dhama et 

al., 2012). 

Upon infection, sporozoites invade the cells of intestinal (or caecal) surface epithelium and 

development of some species occurs here (E. brunetti and E. praecox). Other species 

develop in the epithelium of the crypts (E. acervulina, E. maxima, E. necatrix, E. tenella). 

Eimeria primarily infect the intestine of the susceptible host and cause damage, resulting in 

dehydration, blood loss and increased susceptibility to other infectious agents (Dhama et al., 

2012). Microscopic examinations of lesion scrapings will show numerous gametocytes and 

oocysts. Diarrhoea, severe weight loss, poor feed conversion and loss of skin pigmentation 

are the common signs. During severe infection of E. maxima, numerous petechiae appear on 

the serosal surface of the intestine and the walls get thicken; ballooning of the intestine may 

occur. 

The disease appears in two forms; caecal and intestinal. Caecal form is generally observed 

in young chicks whereas adult birds usually suffer from intestinal form of coccidiosis. 

Clinical signs in young chicks include depression and droopiness, anorexia, huddling 

together, having ruffled feathers, watery diarrhoea and by the fourth day blood begins to 

appear in the droppings. The greatest amount of blood appears by day five or six and by the 

eighth or ninth day the bird is either dead or on the way to recovery. Severe haemorrhagic 

diarrhoea may produce anemia. Comb and wattles become pale. Mortality is highest 

between the fourth and sixth days (Dhama et al., 2012). Birds that recover may develop a 



 

 19 
 

chronic illness as a result of a persistent caecal core.  The core usually detaches itself by 

eight to ten days and is shed in the droppings. Clinical signs in adult birds include gradual 

loss of appetite, ruffled feathers, progressive emaciation and disinclination to move, combs 

become pale. Chocolate colored droppings are characteristic.  E. praecox has been reported 

to reduce the clinical effects of E. maxima infection when chickens were infected at the 

same time with both species (Jenkins et al., 2008). It was observed that when there is co-

infection of chickens with two Eimeria species that infect similar regions of the gut, one 

species non-pathogenic (E. praecox) and the other species pathogenic (E. maxima), elicits 

non-specific immunity against both E. praecox and E. maxima, thereby reducing clinical 

signs of coccidiosis. 

2.3 Effects of Management on the Occurrence and Dynamics of Coccidial 

Infections 

The widespread occurrence of coccidial infections in chickens even under modern 

conditions of production reflects both the adaptability of the parasite and the way birds are 

raised. Large numbers of day-old, fully susceptible chicks are placed together on litter in 

poultry growing houses. The flock grow-out time may be a brief, five to nine weeks for 

broiler or meat-type birds, which make up a majority of the world poultry population, or 

much longer periods for other types of chickens such as replacement layers and breeers. 

Regardless of the ultimate goal, the risk of coccidiosis is indeed great to the young bird 

under these conditions. Once a house becomes contaminated, it is virtually impossible to 

totally decontaminate the environment (Reid, 1989). 

Studies with broiler birds have shown that exposure to sporulated oocysts usually begins 

shortly after chicks are placed on the litter (Long and Rowell 1975; Long, Tompkins, and 

Millard 1975; Long and Millard 1978; Braunius 1984). Litter oocyst counts are generally 
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low during the first two to three weeks, increase rapidly to a peak between four and six 

weeks, and decrease to low levels again by seven to eight weeks. Lapses in the anticoccidial 

drug program as a consequence of restricted feeding, skip-a-day feeding, or a withdrawal 

period extending beyond seven days increase the risk of coccidiosis outbreaks.The 

occurrence of other diseases and post-vaccination stress can have a significant adverse 

impact on feed consumption and the overall efficacy of an anticoccidial program.  

2.3.1 Effects of Chick Behaviour on the Occurrence and Dynamics of Coccidial 

Infections 

Chick behaviour may influence both vaccine uptake and spreading of oocysts in the litter. 

Tolman (1964, 1965) reported that the presence of companions in a new environment 

increases feeding activity by chicks up to 4 days old. This clearly would have a beneficial 

effect on uniformity of vaccine uptake when day-old chicks are vaccinated by feed spray in 

a broiler house. The subsequent distribution of vaccinal oocysts in the litter after initial 

vaccine uptake is influenced by chick density and movements within the broiler house. 

2.3.2 Effects of Host Environment on the Occurrence and Dynamics of Coccidial 

Infections 

The pioneering studies of Johnson and Tyzzer in the 1920s laid the groundwork for the 

understanding of coccidiosis and the important management and environmental factors that 

affect the incidence and epizootiology of this disease (Chapman, 2003). Of the many 

improvements in husbandry and housing that have occurred over the years, one of the most 

significant may have been the introduction of nipple type drinking systems. These systems 

have the potential to reduce litter wetness that is known to be a major factor in the 

occurrence of clinical coccidiosis. An example of the effect of management upon the 

effectiveness of coccidiosis control programs was given by Williams; higher parasite 
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numbers were produced by vaccinated birds where “clean-out” between flocks was 

demonstrably inadequate (Chapman et al., 2002). 

2.4 Pathogenicity of Different Eimeria Species of Chickens 

Eimeria tenella infections are found only in the cecae and can be recognized by 

accumulation of blood in the cecae and by bloody droppings. Caecal cores, which are 

accumulations of clotted blood, tissue debris, and oocysts, may be found in birds surviving 

the acute stage. Eimeria necatrix produces major lesions in the anterior and middle portions 

of the small intestine. Small white spots, usually intermingled with rounded, bright or dull 

red spots of various sizes, can be seen on the serosal surface. In severe cases, the intestinal 

wall is thickened, and the infected area dilated to about twice the normal diameter (Dhama 

et al., 2012).  

Eimeria acervulina has a great reproductive potential and is regarded as pathogenic because 

it produces a marked depression in gain of body weight, higher feed conversion. Infection is 

characterized by numerous, whitish, transverse patches in the upper half of the small 

intestine and may not be easily distinguished on gross examination. Eimeria brunetti occurs 

in the lower small intestine, rectum, ceca, and cloaca. In moderate infections, the mucosa is 

pale and disrupted but lacking in discrete foci, and may be thickened. In severe infections, 

extensive coagulative necrosis and sloughing of the mucosa occurs throughout most of the 

small intestine. Eimeria maxima develops in the small intestine, where it causes dilatation 

and thickening of the wall; petechial hemorrhage; a reddish, orange, or pink viscous mucous 

exudate and fluid. The oocysts and gametocytes (particularly microgametocytes), which are 

present in the lesions, are distinctly large (Dhama, 2012).  

Eimeria mitis is recognized as pathogenic in the lower small intestine. Formerly, it was 

confused with E. mivati, but there is now doubt as to validity of the latter species name. 
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Lesions resemble moderate infections of E. brunetti but can be distinguished by finding 

small, round oocysts in the lower small intestine. Eimeria praecox is parasitic in the upper 

half of the intestine and may decrease rate of growth but is of less economic importance 

than the other species. Eimeria hagani is of dubious status but is thought to develop in the 

anterior part of the small intestine (Dhama et al., 2012). 

2.5 Control of Eimeria Infections 

There are basically two means of prevention of coccidiosis; chemoprophylaxis and vaccine 

prophylaxis (vaccination). Prophylactic medication with anticoccidial drugs is relied upon 

extensively in broiler chickens, but the emergence of strains individually resistant to many 

of the drugs poses a continuing problem. Consequently, the poultry industry has become 

dependent upon strategies that make use of combinations of different anticoccidial drugs in 

order to overcome, or limit, infections with drug-resistant parasites. Breeding flocks can be 

given anticoccidial drugs only during the early rearing period and not when they are in lay, 

in order to avoid the accumulation of drug residues in their eggs. Consequently, rearing 

these birds poses special problems since one objective of the early rearing phase is to 

establish an effective balance between coccidial infection and immunity. 

2.5.1 Anticoccidials in Feed Additives  

The effective use of anticoccidial feed additives has played a major role in the growth of the 

poultry industry and has allowed the increased availability of high quality, affordable 

poultry products to the consumer. These anticoccidial can be classified as:  

(a) Chemicals which has specific modes of action against parasite metabolism, such as 

amprolium, clopidol decoquinate, halofuginone.  
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(b) Polyether ionophore such as monensin, lasalocid, salinomycin, narasin, and 

maduramycin) which act through general mechanisms of altering ion transport and 

disrupting osmotoic balance. Chapman (1994, 1998) and Ruff and Danforth (1996) reported 

that some degree of resistance to all anticoccidial drugs, including ionophores, has 

developed. Williams (1998a) reported that to minimize the effects of resistance, poultry 

producers rotate the use of various anticoccidial with successive flocks, combine chemical 

and ionophore treatments, or employ shuttle programs during a flock growth. Application of 

these treatment programs depend on seasonal conditions and prevalence of various species 

of coccidia. In recent years, pharmaceutical companies have not brought new anticoccidial 

to market. However two potential drug targets, enzymes of the sporozoite mannitol cycle 

(Allocco et al., 1999; Schmatz, 1997) and trophozoite host one deacetylase, have been 

identified (Schmatz, 1997).  

2.5.2  Anticoccidial Vaccines 

In the early 1980s, it was generally believed that it is impossible to immunize chickens 

against coccidiosis with dead antigen (Rose, 1982). Subsequently, contrary evidence began 

to emerge  stimulating great hopes for the discovery of a recombinant vaccine Murray et al., 

1986; Crane et al., 1991; Karkhanis et al., 1991; Wallach et al., 1992). The early hopes were 

not quickly realized, and it eventually became clear that the development of anticoccidial 

vaccines was likely to be achieved soonest by using live oocysts. 

Several brands of live, multivalent anticoccidial vaccines have been registered in various 

countries for use in chickens or turkeys. All of them include more than one product for 

different classes of bird or types of husbandry. There has been development of new specific 

products and a steady stream of adaptations of the methods for administration of the older 

vaccines (Shirley & Long, 1990; Bedrn´õ k et al., 1995; Chapman, 2000a; Vermeulen et al., 
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2001). The extreme complexities of the immune system of the chicken are still far from 

completely understood and the search for specific protective antigens is still ongoing. The 

development of new live vaccines and improvements in their effectiveness has been made 

possible by simple practical measures. Since live coccidia may be relied upon to stimulate 

the whole natural gamut of immunological reactions in a chicken, it has been possible to 

achieve rapid improvements in vaccine efficacy by concentrating on epizootiology and 

vaccine administration, rather than on fundamental immunology (Parry et al., 1989, 1992; 

Shirley, 1989; Williams, 1996, 1998a, 1999b). This approach has been particularly 

successful for the development of vaccines specifically for broilers.  

2.5.2.1 Embryo-Adapted Vaccinal Parasites 

Following the discovery of Long (1965) that E. tenella is able to complete its life cycle in 

the chorio-allantoic membrane of a chicken embryo; it was shown that repeated passaging 

of parasites through embryos was possible (Long, 1971). After 42 embryo passages of E. 

tenella the oocyst yield increased dramatically, yet pathogenicity to embryos and chickens 

was considerably reduced, although this attenuation was lost after two passages through 

chickens (Long, 1972). Attenuation was shown to be due to a loss of the ability to produce 

the characteristically large second generation schizonts, both in embryos and chickens 

(Long, 1973). These schizonts developed normally after the reversal of attenuation 

following two passages through chickens (Long, 1973). However, after 62 embryo passages 

of the adapted line, the attenuation was not reversible after nine passages through chickens 

(Long, 1974). On the other hand, Bedrn´õ k et al. (1986) failed to achieve attenuation of an 

E. tenella line, even after 117 embryo passages. 

 The stability of an embryo-adapted line should be carefully examined before its use in an 

attenuated vaccine. In practice, it is difficult to obtain embryo-adapted parasites with a 
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satisfactory combination of immunogenicity and attenuation of virulence (Shirley & Long, 

1990). Moreover, the major limitation of embryo-adaptation as a means of producing 

potential vaccinal parasites has been the total lack of success in obtaining complete 

development of E. acervulina, E. maxima and E. praecox in the embryonic chorio-allantoic 

membrane (Shirley and Long, 1990).  Nevertheless, an embryo-adapted line of E. tenella, 

derived after more than 100 passages, is included with precocious lines of E. acervulina, E. 

brunetti and E. maxima in the Livacox® vaccines  

2.5.2.2  Precocious Vaccinal Parasites  

The most widely used method of attenuation is selection for precocity of parasites in 

chickens. It is based on the seminal work of Jeffers (1974, 1975). The essential 

characteristics of attenuated parasites of the precocious type are a reduced prepatent time; a 

reduced reproductive potential resulting in attenuation of virulence; retention of 

immunogenicity; and genetically controlled stability of traits. They behave differently from 

non-attenuated vaccines.  

Precocious lines of all Eimeria species of the fowl have been produced, viz., E. acervulina 

(McDonald et al., 1982; McDonald and Ballingall, 1983a; Long and Johnson, 1988; Onaga 

et al., 1992a; Stewart and Jorgensen, 1997; Jorgensen and Anderson, 2001; Kawazoe and 

Manarini, 2001); E. brunetti (Johnson and Long, 1985; J.K. Johnson et al., 1986a; Shirley et 

al., 1986); E. maxima (Cheng and Edgar, 1979; McDonald et al., 1986a; Kucera and 

Bedrn´õ k, 1987; Long and Johnson, 1988; Shirley and Bellatti, 1988; Shirley, 1989; Onaga 

et al., 1992a; Traore et al., 1994; Jorgensen and Anderson, 2001); E. mitis (McDonald and 

Ballingall, 1983b; McDonald and Shirley, 1984; McDonald et al., 1985; Long and Johnson, 

1988); E. necatrix (Shirley and Bellatti, 1984; Long and Johnson, 1988; Onaga et al., 

1992b; Jorgensen and Anderson, 2001); E. praecox (Shirley et al., 1984; Long and Johnson, 
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1988); E. tenella (Jeffers, 1974, 1975; Cheng and Edgar, 1979; Johnson et al., 1979; 

Bedrn´õ k et al., 1986; McDonald et al., 1986b; Kawaguchi et al., 1988; Long & Johnson, 

1988; Onaga et al., 1992b; Shimura and Isobe, 1994; Weng et al., 1994; Jorgensen and 

Anderson, 2001). 

Although the characteristics of precocious lines tend to be rather more predictable than 

embryo adapted lines, they do not always provide a satisfactory combination of 

immunogenicity and attenuation of virulence. For instance, the virulence of the precocious 

line of E. tenella selected by Bedrn´õ k et al. (1986) was not significantly different from its 

parent strain. Furthermore, a precocious line of E. maxima selected by Kucera and Bedrn´õ 

k (1987), although reduced in pathogenicity compared with its parent strain, failed to 

provide a satisfactory degree of protective immunity against a heavy challenge.  

2.6 Development of Vaccines for the Control of Coccidiosis 

2.6.1 Live Non-Attenuated Vaccines 

Observations of Eimeria infections and subsequent immunity in several early studies 

indicated that the development of an anticoccidial vaccine was feasible (Tyzzer E., 1929, 

Johnson W. 1932, Tyzzer 1932). It has been established that any infection with Eimeria 

causes a strong, species-specific protective immunity that has also been found to be strain 

specific, at least with regard E. maxima (Fitzcoy 1992, Martin et al., 1997); therefore, any 

vaccine administered should include the common pathogenic species and strains that affect 

poultry. Immunity to Eimeria is stimulated by the initial developing parasite stages, 

particularly the schizonts, and subsequently boosted and maintained by multiple re-

exposures to oocysts in the litter. Thus, the recycling of infection following administration 

of live oocysts is critical for the development of protective immunity (Chapman and Cherry 

1997). 
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The first commercial anticoccidial vaccine, CocciVac (Alabama, USA), was introduced to 

the United States market in 1952 and was a live vaccine comprising several wild-type 

strains of E. tenella oocysts. Criticism of the early vaccine was based on the observation that 

inclusion of only one species of Eimeria would not protect flocks from other species 

(Hinshaw W., 1952). Therefore, the vaccine went through a number of reformulations over 

the past 61 years and variants of the original product Coccivac-B, Coccivac-D and Immucox 

(Ontario, Canada) are still in use today and are registered in over 40 countries. However, the 

use of live non-attenuated vaccines is limited somewhat by the pathogenicity of the parasites 

used. Thus, until the late 1990s, vaccination with live vaccines was accompanied by 

chemotherapy to control pathology often induced by the live parasites (Martins et al., 1997), 

though this is usually not required today as a result of improved means of administration of 

oocysts (Danforth et al., 1998, 1997, Williams R. B., 2002). Hence, although virulent strains 

are still widely used, especially in North America, attenuated strains are now, arguably, the 

preferred products. 

2.6.2 Live Attenuated Vaccines 

The effectiveness of attenuated vaccines relies on administration of low doses of oocysts 

that are re-cycled through the litter, with protective immunity induced after 2 to 3 

consecutive infections (Joyner and Norton 1973, Long et al., 1986). Re-cycling of oocysts 

with an attenuated vaccine in use results in a lower risk of disease occurring as there is a 

reduction in proliferation of the parasites and less damage to the intestinal lining after 

passage through the gut. 

Early attempts to attenuate Eimeria parasites included heat treatment (Jakiencz & Schofield 

1934) and X-irradiation (Albanese and Simetana, 1937), both of which were unsuccessful. 

The first successful attempt to develop attenuated parasites of Eimeria began, when Long, 
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1974 showed that E. tenella was able to complete its life cycle in the chorio- allantoic 

membrane of the chicken embryo, and that serial passage in eggs resulted in significant 

attenuation of the parasite (Long P. L,. 1974). The loss of pathogenicity of the parasites was 

attributed to a reduction in the size and invasiveness of the second generation schizonts 

(Long P. L., 1974). Based on this, an embryo-adapted line of E. tenella, derived after more 

than 100 passages, is included in the commercially available Livacox (Jilove near Prague, 

Czech Republic) vaccine along with precocious lines of E. acervulina, E. necatrix and E. 

maxima (Shirley M. W., 1980, Williams R. B, 2002). Although embryo-adapted, attenuated 

lines of E. necatrix have been described (Kogut et al, 1983, Shirley M.W., 1980), there has 

been a failure to produce the equivalent in E. acervulina, E. maxima and E. praecox (Shirley 

and Bedrnik 1997). This is thought to be mainly because of the failure of the sporozoites to 

develop in the embryo, or oocysts produced not sporulating properly (Shirley et al., 1981). 

Therefore, a different means of attenuation was required for vaccine development. Today, 

the second of the two commonly used methods of attenuation of Eimeria species for 

inclusion in vaccination formulations, precociousness, is the most widely used method. 

Precociousness is a selectable trait of the parasite and refers to a population of parasites that 

complete their lifecycle from sporozoite to oocyst up to 30 h faster than parasites from the 

same parent strain (Shirley and Bedrnik, 1997). The selection of such parasites was first 

described by Jeffers (Jeffers T. K., 1975) who showed that serial passage of oocysts through 

a chicken and collection at earlier and earlier time points post-challenge resulted in parasites 

of attenuated virulence. Importantly, infection of chickens with these parasites induced a 

high level of immunity against a challenge with the parent line (Johnson et al., 1979). 

Whilst initial attempts to derive further protective lines of precocious parasites failed 

(Johnson et al., 1979, Chang and Edgar 1979), precocious lines were eventually described 

for all seven species of Eimeria (Williams R. B. 2002). 
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Characteristically, precocious parasites of Eimeria have a marked reduction in oocyst 

reproduction and pathogenicity, and yet are still highly immunogenic. Studies also 

demonstrated the genetic stability of precocious lines, where precociousness was retained 

through serial passage without selection for early maturation of oocysts (McDonald and 

Shirley, 2009); thus, lines do not revert back to virulence. With this inherent improvement 

in safety, and parasites being more predictable and reliable than embryo-adapted lines, 

precocious lines of Eimeria became the basis of the development of the first attenuated 

anticoccidial vaccine, Paracox (Intervet/ Schering Plough Animal Health, Milton Keynes, 

UK). Paracox was launched in 1989, to protect laying and breeding hens and it contained 

precocious lines of all seven species of Eimeria, including two lines of E. maxima due to 

antigenic variation seen in this species (Williams R.B. 1994, Shirley M.W. 1989, Shirley 

and Millard 1986). As its introduction, several other formulations and attenuated vaccines 

have become commercially available for use in different poultry flocks. Generally, E. 

maxima, E. tenella and E. acervulina are the only species included in vaccines for broiler 

birds as younger flocks rarely encounter the pathogenic species E. brunetti or E. necatrix 

(Williams R.B. 1998, Chapman H. 2000).  

In 2003, Eimeriavax® was the first live coccidiosis vaccine registered for use in Australian 

poultry. It is comprised of drug-sensitive, precocious lines of E. acervulina, E. maxima, E. 

tenella and E. necatrix, each isolated from backyard flocks of Australian chickens 

(Jorgensen et al 2006a, Jorgensen et al 2006b). Field trials showed that the vaccine could 

protect broiler breeders, broilers, free-range and barn flocks of egg laying hens by eye-drop 

or coarse aerosol application (Richard & Woods, 2001). Efforts continue to be directed 

towards the derivation of further vaccines based on precociousness and the reliance on these 

types of vaccines will most probably increase in years to come (McDonald and Shirley, 

2009). 
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2.6.3 Subunit Vaccine Development 

An anticoccidial vaccine composed of protective antigens, either native or recombinant, has 

been pursued as an alternative to live vaccines and the problems and costs associated with 

them. The identification of protective antigens is vital in the development of any future 

vaccine and many of the Eimeria antigens investigated thus far are primarily associated with 

asexual stages of the parasite such as sporozoites and merozoites. In particular, proteins 

associated with invasion and the apical complex, characteristic of this phylum of parasites 

have been investigated as potential subunit vaccine components. These include antigens 

associated with micronemes (Tomley et al., 1996, Tomley et al., 1991), rhoptries (Tomley 

F. M. 1994) and refractile bodies (Vermeulen et al., 1993). 

Ultimately, these studies have revealed that use of these asexual stage antigens to immunise 

chickens only provide a moderate and, often, inconsistent protection against challenge with 

Eimeria infections (Jenkins M.C., 2001, Vermeulen A. N., 1998). Studies have shown that 

there is distinct antigenic variability between the endogenous developmental stages of the 

parasite and that antigenic modification during successive asexual generations may aid the 

parasite in evading immune responses (Tomley F.M., 1994, McDonald et al., 1988). The 

various antigens and strategies used in attempts to develop subunit vaccines against the 

asexual stages of Eimeria have been reviewed thoroughly in recent years (McDonald and 

Shirley, 2009; Vermeulen 1998, Jenkins M. C., 1998, Shirley et al., 2007, Shirley 2005) but 

the results have not been remarkable. 

2.6.4 A Novel Sexual Stage Subunit Vaccine 

The subunit vaccine, CoxAbic, is comprised of affinity purified gametocyte antigens 

(APGA) from E. maxima in proprietary oil in water adjuvant. The vaccine is cost effective 
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on a commercial scale through a novel strategy of maternal immunization, where 

vaccination of laying hens can lead to protection of broiler offspring. 

More specifically, injection of gametocyte antigens into the breast muscle of breeder hens 

stimulates the production of large amounts of specific IgG (also referred to as IgY) maternal 

antibodies that are transferred to their offspring, via the egg yolk, to provide protective 

immunity (Smith et al., 1994, Wallach et al., 1992, Wallach et al., 1995). Immunisation 

occurs prior to hatching, thus eliminating stress imposed by vaccination of the hatchlings, 

which are protected against coccidiosis from day 1 of age. The vaccine functions as a 

transmission blocker by inhibiting development of macrogametes into oocysts, thereby 

reducing levels of oocysts shed in the litter. Thus, broiler chicks, once exposed to the 

parasite in the field, are able to develop active immunity against reinfection without 

suffering the economically damaging effects of the disease. 

2.7  Vaccination Methods 

2.7.1 Vaccination through Drinking Water and Feed 

The first formulations of live vaccines were either administered in the drinking water or feed 

to chicks of about one week old. Immucox® originally required two administrations (Lee, 

1987, 1989). A major advance has been the development of various administration methods 

for the vaccination of chicks with a single dose at day-old. This is particularly important in 

initiating immunity as early as possible in broilers. Such early vaccination was once thought 

to be impracticable, since some evidence suggested that very young chicks were generally 

more resistant to coccidial infection than older ones (Krassner, 1963; Doran and Farr, 1965; 

Rose, 1967; Long and Millard, 1979a), possibly because the excystation of oocysts was 

inefficient in one-day or two-days-old chicks. Furthermore, the immune system of such 
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chicks was believed to be so immature that coccidia are not as well able to evoke a strong 

immunity as when the host is approaching one week of age (Rose, 1987). 

Previous work had shown that, in fact, chicks infected at day-old are perfectly capable of 

mounting an effective immune response (e.g., Stuart et al., 1963; Edgar, 1964) and the 

principle is now well established (e.g., Sanda, 1977; McDonald and Ballingall, 1983a; Long 

et al., 1986; Lillehoj, 1988; Bafundo, 1989; Bafundo and Jeffers, 1990; Nakai et al.,  1992; 

Stiff and Bafundo, 1993; Watkins et al., 1995; Chapman and Cherry, 1997a, 1997b; 

Danforth  et al., 1997b; Martin et al., 1997). It is now known that even late embryos have a 

functional immune system (Ruff et al., 1988; Fredericksen et al., 1989; Doelling et al., 

2001). It has been shown that theproduction by hatchling chicks of pancreatic enzymes 

(which include trypsin, the key enzyme foroocyst excystation) are triggered by feed intake 

(Sklan, 2001). The sooner chicks are given access to feed after vaccination the better should 

be their uptake of vaccine.  

2.7.2 Intra-Occular Method 

Intra-ocular vaccine administration involves spraying vaccine into an eye of a chicken. The 

oocysts pass down the nasolachrymal duct to reach the intestine via the buccal cavity 

(Cherry, T. E and Chapman H.D in Chapman et al., 2002). This method, carried out in 

newly hatched chicks in the hatchery can achieve very uniform dosage (Chapman and 

Cherry, 1997a, 1997b). However, for logistical reasons, it has fallen out of use in the USA, 

although it is still recommended for Livacox® in broilers. The Biojector II®, with an 

Immunizer® attachment (Schering-Plough Animal Health, USA) is suitable for intra-ocular 

administration of live vaccines in hatcheries (Chapman and Cherry, 1997a). In the USA, this 

used to be done simultaneously with Marek‟s disease vaccination by injection into the neck 

of a chick, using the combined apparatus. 
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2.7.3 Hatchery Spray Administration 

This method involves the spraying of the vaccine mixed with colourants over trays of chicks 

in the hatchery. Chicks probably ingest the oocysts partly by the direct oral and ocular 

routes but mainly by self-preening and pecking drops of diluted vaccine off their neighbours 

(Bafundo and Jeffers, 1990). This method is used for Coccivac®, Nobilis® COX ATM, 

Paracox®-5 and Viracox®, (Cherry T.E. and Chapman H.D. in Chapman et al., 2002). 

Hatchery spraying presumably has an incidental benefit in providing a first source of water, 

which might help to delay dehydration of chicks during their transport to the farm. Such is 

the apparent improvement in the uniformity of vaccination with Coccivac®-B, that it has 

been considered possible to discontinue the previous requirement for routine therapy with 

amprolium, because post-vaccinal reactions have been considerably reduced (Newman, 

1999). 

2.7.4 Edible Gel Administration 

An edible gel can be placed in the chick trays at the hatchery or on feed trays in the poultry 

house immediately after placement. Immucox® is applied in this way by incorporation in a 

bright green gel (Danforth, 1998; Chapman, 2000a). Like the hatchery spray method, the gel 

presumably provides an early water source for chicks during transport to the farm or 

immediately on arrival. Danforth (1998) compared four methods of vaccinating day-old 

chicks with Immucox® in battery trials; they were crop gavage, gel delivery, spray cabinet 

and slurry delivery. All methods of immunization resulted in a significant protective 

immune response to challenge with a homologous infection, but it was concluded that the 

gel delivery system was the most effective of those tested. Chapman and Cherry (1997b), 

however, found that the intra-ocular route of vaccination gave a better vaccine uptake than 

the edible gel method in their studies. 
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2.7.5 Spray-on-Feed Administration 

 Another method of administration for day-olds is that of spraying vaccine on the first feed 

that the chicks receive after placement. This has been used for the Coccivac®, Paracox® 

and Viracox® vaccines. These vaccines contain live oocysts in aqueous suspensions and so 

the manufacturers‟ instructions with regard to timing of spraying onto feed should be 

followed precisely to prevent oocysts death from desiccation. 

2.7.6 Intra-Yolk Sac Administration 

This method delivers live vaccine by intra-yolk sac injection of hatchling chicks (Dibner et 

al., 1999). The vaccine may comprise oocysts of any species, which must first be fractured 

to release a proportion of the contained sporocysts. These injected sporocysts then escape 

via the yolk sac stalk into the intestine where the contained sporozoites are released. The 

advantages claimed for this vaccination method are uniformity of dosing and a low shedding 

rate of oocysts that reduces the risk of coccidiosis outbreaks due to litter contamination 

(Dibner et al., 1999); presumably the use of non-attenuated parasites was envisaged. The 

low shedding rate of oocysts following vaccination might be partly attributed to the fact that 

only about half of the vaccinal oocysts were broken to release sporocysts. However, a lower 

oocyst production of a non-attenuated vaccine could be achieved by simply giving chicks an 

appropriately low oral dose by any other efficient administration method.  Watkins et al., 

(1995) had previously found that oocysts were produced by chicks 7 days after hatching, 

following the in ovo injection of oocysts or sporocysts into the yolk sac of 17-days-old 

embryos. This method of Dibner et al. (1999) produces early oocyst shedding that seeds the 

litter to initiate recycling infections, rather than immunizes chicks directly.  
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2.7.7 In-Ovo Administration 

In ovo vaccination against coccidiosis is perhaps the ideal route of administration for 

broilers. It would deliver a precise vaccinal dose per chick, and achieve the earliest possible 

onset of immunity. Long (1965) demonstrated that sporozoites of E. tenella would complete 

their life cycle in the chorio-allantoic membrane after injection into the allantoic cavity of a 

10-days-old developing chick embryo. However, intact oocysts do not establish infections 

by this route (Long, 1966; Shibalova, 1970). Furthermore, Doran (1973) concluded that the 

apparent success of Long (1966) in establishing an infection with sporocysts of E. tenella 

was actually due to contamination of the inoculum with free sporozoites. 

Since the original work of Long (1965) with E. tenella sporozoites, it has been shown that 

not all of the seven species of Eimeria that parasitize the chicken are capable of establishing 

infections in the chorio-allantoic membrane. Among the Eimerian species that can develop 

in that tissue, infections are established only by sporozoites (Doran, 1973). E. acervulina, E. 

maxima and E. praecox have consistently been found not to be able to complete their life 

cycles in the chorio-allantoic membrane (Doran, 1973). E. acervulina and E. maxima are, 

however, two of the commonest species to be found in commercial chickens (Williams et 

al., 1996), and must be included in any vaccine for broilers.  

2.8 Vaccination Equipment for Broilers 

Various kinds of equipment are used for the administration of live anticoccidial vaccines as 

oocysts. For the drinking water route, either the standard equipment in the house, or a 

temporary adaptation, may be used, particularly for pipeline systems. For other routes, 

specific types of machine have been developed. All of them may be used for attenuated or 

non-attenuated vaccines. 
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 2.8.1 Bell-Type Drinkers  

Early trials in broilers showed that vaccination via the drinking water using bell-type 

drinkers was effective (Govoni et al., 1987; Williams, 1994). This is a technique that has 

long been in use for broiler breeders. Anticoccidial vaccines administered in open water 

containers such as bell-type drinkers or troughs have a thickening agent in the formulation 

to keep the oocysts in suspension, because the average depth of immersion of a chick‟s beak 

when drinking is 1 cm (Ross and Hurnick, 1983). 

2.8.2 Pipeline Nipple Drinkers  

Pipeline nipple drinkers have been used in several different ways. Vaccine may be 

administered directly into the drip trays that are fixed under each nipple of some types of 

pipeline system (Williams et al., 1999). Alternatively, the vaccine may be delivered from a 

temporary reservoir into the pipeline itself, using a gravity fed delivery system (Williams 

and Gobbi, 2002). A more sophisticated method is to set up a reservoir with a pump and link 

up the pipelines in a house to establish a temporary circulating system, thus keeping the 

diluted vaccine in motion around a long pipeline circuit (Williams et al., 2001). An 

ultrasensitive oocyst counting technique has been designed to monitor vaccine delivery in 

pipeline and other water delivery systems (Williams et al., 2001). 

2.8.3 Hand-Held Sprays 

Hand-held sprays may be of the “gardener‟s spray” type with a small integral reservoir or a 

“back-pack” type canister with a capacity of up to 10 litres. These are suitable for spraying 

diluted vaccine on small quantities of feed in plastic trays or very large quantities spread on 

the floor of a broiler house, respectively. Care should be taken if feed is spread underneath 

gas-heated canopy brooders, lest the vaccine is desiccated before chicks can ingest it. Hand-
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held sprays may also be used for directly spraying chicks in their trays before they are 

turned out onto the litter in a poultry house. The Spraycox ® Junior (Schering-Plough 

Animal Health, USA), designed primarily for spraying chicks in the on a small scale, may 

also be used for this purpose if a compressed air supply is available on the farm. 

2.8.4  Egg Injection Machine 

The Inovoject® (Embrex, Inc.) was originally developed as a result of the finding that in 

ovo administration of Marek‟s disease virus gives protective immunity against the disease 

(Sharma & Burmester, 1982). For coccidiosis, it was originally used to deliver an 

experimental recombinant antigen into the air-sac of an egg (Fredericksen et al., 1989). This 

machine has also been used more recently to deliver oocysts into the amniotic cavity of 

embryos (Poston et al., 2001). The oocysts are ingested by the developing embryo (Weber 

et al., 2001), and the coccidial progeny are shed by the hatchling chick. Dibner et al., 

(1999), developed a device that delivers oocysts by injection into the yolk sac of hatchling 

chicks. 

2.9  The Basis of Anticoccidial Vaccine Efficacy 

The efficacy of a vaccine is considerably influenced by the efficiency of the method of 

administration (Cherry T.E. and Chapman H.D. in Chapman et al., 2002). The principle of 

anticoccidial vaccine efficacy consists of several factors. 

2.9.1  Species Necessary in Coccidiosis Vaccine 

Immunity to avian coccidia is strongly species specific when induced by parasites 

developing in the gut (Rose, 1973, 1978), so that all the species that chickens of any 

particular class should be included in any vaccine intended for them. Potentially, all seven 

of the ubiquitous chicken species of Eimeria should be considered (Shirley and Millard, 
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1986; Shirley, 1988a; Williams, 1998a), but fewer species are necessary for a broiler 

vaccine, because younger birds rarely encounter the extremely pathogenic species E. 

brunetti and E. necatrix (Williams, 1998a; Williams et al., 1996; Chapman, 2000a).  E. 

acervulina, E. maxima and E. tenella are included in all commercially available broiler 

vaccines. 

Some other species, such as E. mitis and E. praecox that have been erroneously considered 

to be virtually innocuous have been under-estimated in their commercial importance 

(Bafundo and Donovan, 1988; Shirley, 1988a; Williams, 1998a). E. mitis is commonly 

world-wide (Chapman, 1982; McDougald et al., 1987; Kucera, 1991; Shirley et al., 1995; 

Williams et al., 1996; Jorgensen et al., 1997; McDougald et al., 1997; Thebo et al., 1998) 

and is rather poorly immunogenic (Shirley, 1988b). These factors, with its significant 

pathogenicity (Joyner,1958; Shirley et al., 1983; Bafundo and Donovan, 1988; Watkins et 

al., 1990; Fitz-Coy and Edgar,1992; Jorgensen et al., 1997; Williams, 1997a, 1998a), which 

in fact approaches that of E.acervulina (Shirley et al., 1983; McDonald et al., 1985; 

Bafundo & Donovan, 1988; Jorgensen et al., 1997; Williams, 1997a, 1998a), makes its 

inclusion in a broiler vaccine essential. E. praecox, however, although potentially 

pathogenic (Long, 1968a; Gore and Long, 1982; Williams, 1997a, 1998a), is rather less 

fecund (Williams, 2001) but more immunogenic than E. mitis (Shirley, 1988b), so it is not 

usually included in broiler vaccines. The results of some limited trials by Bedrn´õ k (1989) 

rather surprisingly indicated that E. maxima, E. mitis and E. praecox are not particularly 

pathogenic. 

There is a risk that when a live vaccine is used, any Eimeria species resident in a poultry 

house but not present in the vaccine may be able to cause disease in certain circumstances. 

Hence, Danforth (H.D. Danforth in Chapman et al., 2002) has suggested that the incidence 
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of so-called “lesser species” may increase as a result of immunological selection. However, 

Bedrn´õ k et al. (1993) found that during the use over several years of 2 million doses of 

vaccines containing only two or three species, those absent from the vaccine did not 

overwhelm the vaccinal species in the field environment. This was presumably because the 

Eimeria species in a vaccine do not eradicate the same species in the field, but instead seed 

the environment with vaccinal parasites, which inter-breed with the respective species in the 

resident populations.  

 2.9.2 Immunogenic Variations in Strains of Eimeria Species 

Variation in immunogenicity and pathogenicity of strains of Eimeria species should be 

clearly distinguished, since there is no consistent relationship between them (e.g., Joyner, 

1969; Joyner and Norton, 1969; Karim et al., 1991; Fitz-Coy, 1992; Martin et al., 1997). 

Whilst the pathogenicities of various strains may be demonstrably different when compared 

under the same conditions (Shumard and Callender, 1970), the pathogenicity of any one 

strain may be considerably influenced by changes in exogenous factors, such as the strain of 

chicken (e.g., Patterson et al., 1961; Long, 1968b; Bumstead and Millard, 1992) and the diet 

of the host (e.g., Sharma et al., 1973; Williams, 1992b). Immunogenicity, however, seems 

generally to be a less markedly variable characteristic of strains, but E. maxima is rather the 

exception to this rule (Schnitzler and Shirley, 1999). Various workers have come to 

different conclusions concerning the importance of antigenic variation. 

 Joyner, (1969), found that two pathogenically similar strains of E. acervulina were 

immunogenically different. Birds solidly immune to one strain supported a degree of 

infection with the other, as indicated by oocyst production. Jeffers (1978) and Karim and 

Trees (1989) obtained similar results with E. acervulina, but also measured the weight gains 

of birds, which were not obviously correlated with their oocyst production. Similar studies 
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of E. tenella, however, revealed no detectable immunogenic differences (Joyner and Norton, 

1969; Jeffers, 1978). There were no obvious differences between the pathogenicities and the 

immunogenicities of two strains of E. mitis, judged by weight gains and FCRs of 

homologously and heterologously challenged birds (Fitz-Coy and Edgar, 1989). Long and 

Millard (1979b), though, demonstrated immunogenic variation in E. maxima, using oocyst 

production and lesion severity as criteria, as did McDonald et al. (1986a), using oocyst 

production only. Jeffers (1978), working with field strains of E. maxima and E. acervulina, 

concluded that the magnitude of the antigenic differences found was probably too small to 

be an important consideration in the efficacy of vaccines. 

Jeffers‟s (1978) conclusion is supported by the fact that there is only a poor correlation 

between various parasitological criteria and growth performance of birds (Williams and 

Catchpole, 2000), and mild to moderate lesions may be observed, with no associated 

deleterious effect on growth, in healthy vaccinated birds (Williams, 1997b; Williams and 

Andrews, 2001). In the frequent cases where immunogenic variation is reflected only by 

differences in oocyst production in cross-protection tests, there would probably be little risk 

of clinical disease arising in the field. This is because the “trickle infection effect” (Joyner 

and Norton, 1973, 1976) of recycling infections is likely to stimulate a greater degree of 

immunity than the usual short term laboratory methods of immunising birds. This 

hypothesis is supported by the results of Karim et al. (1991), who compared British and 

Bangledeshi strains of E. tenella, which were pathogenically similar but immunologically 

different. However, when solid immunity judged by oocyst production was induced by 

trickle infections, birds were protected against disease after heterologous challenge. 

Shirley and Hoyle (1981) found that populations of E. maxima recovered from a farm 

during eight months gave almost complete cross-protection, suggesting that antigenic drift 
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occurs slowly if at all, despite the marked immunogenic variation shown by this species 

(Rose, 1982). 

Danforth (1998; H.D. Danforth in Chapman et al., 2002) reported that vaccine efficacy may 

be compromised by the more dramatic differences in immunogenicity that sometimes exist 

between strains of E. maxima from widely separated geographical locations (Fitz-Coy, 

1992; Martin et al., 1997).  

In practice, commercial birds are exposed to trickle infections with vaccinal lines that 

stimulate at least partial protective immunity to field strains, which simultaneously produce 

their own immune effects while inter-breeding with the vaccinal parasites. 

It is therefore difficult to agree with the view expressed by Lee (1993) concerning how a 

field strain might not be controlled by a vaccine unless the reason for vaccine failure was 

that such large numbers of the resident strain oocysts remained from the previous flock that 

the vaccinal line was overcome before it could induce protective immunity, as once 

observed by Williams (R.B. Williams in Chapman et al., 2002). 

To achieve clinical protection by Immucox® vaccine against variant strains of E. maxima, 

refractory strains have been included in different reformulations (Lee, 1993; Danforth et al., 

1997a). The commercial Paracox® vaccines contain two lines of E. maxima (Shirley, 1989; 

Williams, 1992a), as does Nobilis® COX ATM (Schetters et al., 1999), in order to control 

any possibly troublesome geographical variants. 

In a series of field trials of an attenuated vaccine in the UK, some oocysts not attributable to 

administration of the vaccine were recovered from poultry house litter (Shirley and Long, 

1990). It was concluded that the most likely explanation for the presence of wild-type 

parasites in vaccinated birds is that there is antigenic diversity between them and vaccinal 
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lines of the same species. Individual antigenic differences can generally be characterised as 

genetic traits of the Mendelian type (Jeffers, 1978). Since the vaccinal lines can interbreed 

with wild-types of the same species of Eimeria, it seems likely that extremes of phenotypic 

expression of immunogenicity in a mixed vaccinal and wild-type population of any species 

would eventually be reduced if a vaccine were used repeatedly on a farm, because of the 

production of recombinant populations of each species present. The aggregate characters of 

each population would, of course, depend on the relative dominance or recessiveness of the 

relevant genes. Very little research has been done on this topic, and it is to be hoped that 

PCR methods will soon be developed to analyse vaccinal and wild type strains in field 

populations of coccidia. 

2.10 Development of Immunity 

Following vaccination, immunity is stimulated initially by the developing parasitic stages of 

the vaccinal lines, and is subsequently boosted and maintained by multiple re-infections 

initiated by oocysts in the litter, originating from the vaccine and from adventitious 

infections by local wild-type strains. This recycling of infection is crucial to the 

development of fully protective immunity, since it has been shown that vaccinated birds 

reared in cages remain susceptible to challenge, whilst birds reared on the floor become 

immune (Chapman and Cherry, 1997a, 1997b). Furthermore, multiple mild re-infections are 

markedly more effective in stimulating protective immune responses than are single heavy 

infections (Joyner and Norton, 1973, 1976). 

However, studies carried out in isolation from extraneous coccidia (Williams and Catchpole, 

2000) have shown that a live vaccine did not necessarily require the presence of wild strains 

to boost its effect in birds on litter. Recycling of vaccinal infection was sufficient to induce 

protective immunity, even against a heterologous strain of E. maxima. The same work also 
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demonstrated that there was no interference between Eimeria species that might have 

compromised the simultaneous, independent development of immunity to all of them in the 

fowl, confirming the findings of Williams (1995a). The continuous low-level recycling of 

infections that occurs in clinically immune chickens, by maintaining a viable coccidial 

population in the local environment, prevents the complete eradication of parasites that 

would otherwise occur due to the lethal effects of the litter on oocysts (Williams, 1995b). It 

is frequently stated that stress (which may comprise a multitude of poorly understood 

factors) increases the susceptibility of chickens to coccidiosis, or alternatively may cause 

immunosuppression. 

 Although immunological responses are often depressed by stressors, there are 

circumstances wherein stress seems to enhance resistance to specific diseases (Siegel, 

1995). For instance, Gross (1985) concluded that when chickens find them- selves in 

stressful increased population densities, the resultant increase in blood corticosterone levels 

stimulates higher primary cellular resistance and higher cell-mediated immunity 

sensitization to coccidiosis. Thus the chicken increases resources devoted to coccidiosis 

resistance as they are needed. Further pertinent work with Leghorn chickens showed that 

birds vaccinated with E. tenella were best able to resist lesion formation after homologous 

challenge when stress in the form of social disruption had been applied on the fourth day 

after vaccination (Pierson et al., 1997). 

2.10.1 Early Immunity for Broilers 

The short life of broilers, currently often 40 to 45 days but sometimes as brief as 32 days or 

as long as 65 days depending on market preferences, makes early vaccination essential, in 

order to achieve clinical protection as soon as possible in the birds‟ lives. For vaccines used 

mostly for breeders and layer replacements, very early protection is not so important, as 
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these birds are reared to sexual maturity and beyond. The route of administration for the 

older vaccines was, therefore, usually via the drinking water at about one week of age and, 

in the case of non-attenuated vaccines, problems sometimes arose because birds were not 

equally exposed to infection, some remaining susceptible and others developing clinical 

coccidiosis (Shirley, 1988a; Ruff, 1991; Newman, 1999). The manufacturers of Coccivac® 

used to recommend a 2-day treatment with amprolium 10 days after vaccination to suppress 

any post-vaccinal reaction (Chapman and Cherry, 1997a; Chapman, 1999a, 2000a). The 

introduction of a hatchery-spray administration method using a Spraycox® machine has 

allegedly improved uniformity of vaccine application (Newman, 1999), making it possible 

to omit post vaccinal drug treatment (Mathis, 1999a, 1999b). 

Much work has now been done to adapt vaccines to the needs of the broiler farmer by 

facilitating earlier and more uniform dosing. Although, in the case of the non-attenuated 

vaccine Coccivac-B® administered by hatchery spray, there is a transitory slowing of 

growth in young broilers (Mathis, 1999a; Newman, 1999), this is followed by a 

compensatory weight gain that reverses any performance losses by 35 to 42 days of age 

(Mathis, 1999a, 1999b; Mathis and Lang, 2001a, 2001b). However, the attenuated vaccine 

Paracox® administered in the drinking water does not produce any growth check in broilers 

(Williams and Gobbi, 2002). Furthermore, the precocious lines in the Paracox® and 

Livacox® vaccines speed up the onset and development of immunity. 

2.11 The Fate of Vaccinal Oocysts 

The infectivity and fecundity of oocysts are crucial to the efficacy of a live anticoccidial 

vaccine, since it is the oocyst stage of Eimeria that, following excystation, initiates the 

vaccinal infection, hence stimulating immunity, and during subsequent recycling of 
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infections, maintains it. The kinetics is fundamentally different in attenuated and non-

attenuated vaccines because of their different life cycles. 

2.11.1 The Fate of Vaccinal Oocysts Immediately after Ingestion of Vaccine 

The results of a study of the fate of ingested oocysts during the prepatent period of infection 

(Williams, 1995c) have allayed concerns about the effects of the possible failure of a large 

proportion of oocysts to excyst in very young chicks (Doran & Farr, 1965 Rose, 1967). 

When one million sporulated E. tenella oocysts were administered to 2-days-old chicks, 

only 1.5% of them were recovered from faeces during 2 to 26 hours after infection. The 

range of recovery rates was 1.5 to 8.6% in chicks of 2 to 28 days of age, the recovery being 

2.5% from the oldest birds. Since only intact oocysts and no free sporocysts were observed 

in the faeces, it is reasonable to conclude that between 91.4% and 98.5% of the sporulated 

oocysts excysted successfully, releasing their sporozoites potentially to invade epithelial 

cells of the caeca. 

Similarly, Shiotani et al. (1992) were able to recover about 1.3% of a dose of 500,000 

sporulated E. tenella or E. maxima oocysts from the faeces of 4-week-old chickens within 

24 hours of inoculation. During the same period, a few sporozoites and sporocysts of E. 

tenella were also found in the faeces, comprising, with the oocysts recovered, a total of 

17.8% of the original inoculum (measured in terms of sporozoites). Some sporocysts were 

found with the oocysts of E. maxima, together totalling only 2.8% of the inoculum 

recovered from the faeces. Thus, the proportions of inocula that probably established 

infections were 82.2% for E. tenella and 97.2% for E. maxima. The findings of Shiotani et 

al. (1992) are therefore in general agreement with those of Williams (1995c), despite the 

wide range of bird ages (2 days to 4 weeks) in these studies. Lotze and Leek (1969) 

provided further evidence for the excretion of viable parasites between 1 and 5 hours after 
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inoculation of 5 to 8-week-old birds, although the study was not quantitative. Goodrich 

(1944) examined 1 to 3 hours after infection, the gut contents of 4 to 17 days-old chicks, and 

discovered entire sporulated oocysts and free sporozoites as far down as the colon in one 

bird. The observations of Levine (1942) indicated that the faeces of an inoculated chicken 

may contain coccidia that can infect another chicken, but whether they were sporulated 

oocysts, sporocysts or sporozoites is not known. Since sporulated E. tenella oocysts 

administered to pheasants, which are innately resistant to this parasite, are still infective to 

chickens after being recovered undamaged from the pheasants‟ faeces (Williams, 1978), it is 

probable that vaccinal oocysts that by chance do not excyst during a first passage through a 

chicken also remain infective. Hence, any vaccinal oocysts failing to infect chickens 

immediately after vaccination will be passed out onto the litter and become available again 

to infect birds after only a few hours, certainly within one day. The same thing would 

probably occur to sporulated oocysts produced by coccidial life cycles completed later in the 

birds‟ life. Similarly to sporulated oocysts, viable sporocysts and sporozoites expelled in the 

faeces of one chicken would probably be able to establish infections if immediately ingested 

by another. 

2.11.2 The Fate of Vaccinal Oocysts after Completion of the First Life Cycle 

Results obtained by Williams (1995c) indicated that about 15–20% of viable unsporulated 

oocysts might pass undamaged through the intestine of a bird and subsequently be able to 

sporulate and become infective. Such a phenomenon helps to achieve a uniform vaccinal 

infection in the early stages of the development of protective immunity and assists recycling 

both of vaccinal and wild-type infections. Anything that accelerates these processes is of 

great value in rearing short-lived broilers. 
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The asynchrony of infections caused by the failure of a few sporulated oocysts to excyst, 

and the ingestion of some unsporulated oocysts that are again excreted to sporulate later, 

begins to develop immediately after vaccination. It involves both vaccinal and wild-type 

parasites, and establishes so-called trickle infections that have been shown to be extremely 

efficacious in stimulating protective immunity (Joyner and Norton, 1973, 1976). 

2.11.3 Optimum Conditions for Oocysts Sporulation 

It is well known that oocysts require oxygen, moisture and warmth to sporulate and thus 

become infective after excretion in the faeces of the host (Kheysin, 1972). With regard to 

oxygen requirement, Horton-Smith and Long, (1954), mentioned the possibly improved 

facilitation of oocyst sporulation resulting from litter disturbance. Williams et al,. (2000) 

studied flocks of broiler breeders reared at densities of 8 or 22 chicks per m2. The litter of 

the low density flock was turned daily by hand, but the litter of the high density flock was 

left untouched. Despite this, the high density flock still produced far more oocysts per 

gramme of litter than the other, so the effect of manual litter disturbance in the low density 

flock was not sufficient to outweigh the effect of a higher chick density.  

It is frequently stated that sporulation is directly correlated with the moisture content of 

litter. Thus, it has sometimes been recommended that, when using vaccines in dry 

conditions, litter should be watered to stimulate sporulation (e.g., Christensen, 1999). 

However, as Chapman (2000a) pointed out, this practice may cause clinical coccidiosis or 

other health problems. On the other hand, it should also be remembered that if chicks are 

brooded under gas-heated canopies, some excreted oocysts might be killed by desiccation 

due to excessively high temperatures. 



 

 48 
 

In a laboratory experiment (Williams, 1995b), E. acervulina oocysts achieved about 60% 

sporulation within one day and 100% sporulation within 3 days in litter with moisture 

content of about 31.0%. 

2.12 Patterns of Oocyst Accumulation in the Litter 

2.12.1 Accumulation of Oocysts in Vaccinated and Drug-Treated Chickens 

The results of many floor pen and field trials have established a fairly predictable pattern of 

oocyst accumulation in the litter after vaccination of chicks with attenuated parasites. 

Hence, in broiler, broiler breeder and layer replacement birds, following vaccination with 

Paracox® via the drinking water at about one week of age (Williams, 1998a; Williams et 

al., 1999), low numbers of attenuated vaccinal oocysts may be observed multiplying up with 

a small peak of production at 2–4 weeks, during which time protective immunity is 

developed as the infections recycle. At between 4 and 7 weeks, a slightly higher peak may 

occur, representing a challenge from the local virulent coccidial population, which while 

recycling further boosts the protective immunity built up between 1 and 4 weeks. Finally, 

after about 7 or 8 weeks, oocyst production is usually considerably reduced by flock 

immunity, and eventually, virtually no oocysts are detectable in the litter, although small 

numbers no doubt remain. Many of these are killed by adverse conditions in the litter 

(Williams, 1995b) and most of the remainder is removed when the litter is cleared from the 

house. 

In comparism, flocks with an anticoccidial agent in their diet tend to produce a single major 

peak of oocysts between 4 and 8 weeks usually (but not always) higher than either of the 

two smaller peaks seen in vaccinated flocks (Williams, 1998a; Williams et al., 1999). The 

height of this peak, and whether or not it is associated with clinical coccidiosis, depends on 

the species of coccidia present and their degrees of sensitivity to the drug in use. In un-



 

 49 
 

medicated, unvaccinated flocks a similar single peak occurs about 9 days earlier than in 

medicated unvaccinated flocks (Williams et al., 1996). This latter pattern is apparently 

similar to that reported after vaccination with a non-attenuated vaccine (Huchzermeyer, 

1976). 

A study carried out in floor pens isolated from extraneous coccidial infection established 

that the first peak in the litter oocyst counts after vaccination with Paracox® comprises the 

progeny of vaccinal oocysts (Williams, 1994). The second peak, by inference, results mainly 

from a wild-type challenge, which is rapidly brought under control by the birds‟ immune 

responses (Williams et al., 1999). This peak coincides temporally with the late single peak 

normally seen in birds reared with anticoccidial drugs in their feed (Long and Rowell, 1975; 

Long et al., 1975; Shirley, 1988b; Shirley et al., 1995; Williams et al., 1996, 1999). 

2.12.2 Differences in Oocysts Accumulation in Coccidiosis Vaccines 

Studies involving vaccination of day-old broiler chicks with Paracox®-5 sprayed on the 

feed revealed a litter oocyst pattern different from that seen after vaccination with Paracox® 

via drinking water at one week of age (R.B. Williams in Chapman et al., 2002). In the field, 

where local wild-type parasites are present, the pattern for Paracox®-5 vaccinated chicks 

showed the onset of vaccinal oocyst production at about 7 days, rising to a peak at 28 days 

and then falling. The medicated controls showed a later initiated but faster rise, finally 

peaking higher than the vaccinated birds at 28 days, and also finishing higher. The shortened 

prepatent period of the precocious vaccinal coccidia and the vaccination of day-old chicks 

are clearly of benefit in the early initiation of immunity in short-lived broilers. Although 

vaccination at day-old produces vaccinal oocysts one week earlier than vaccination at 7 days 

old, the first wild type oocysts still do not start to appear until birds are about 14 days old. 
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The gradual post-vaccinal oocyst accumulation in day-old vaccinated chicks, with no 

obvious early peak, may result partly from their poorer capability than week-old vaccinated 

birds to produce oocysts (Krassner, 1963; Doran and Farr, 1965; Rose, 1967). 

2.12.3 Competition between Vaccinal and Wild-Type Coccidia 

Competition between the development of vaccinal and wild-type parasites is an important 

factor. The magnitude of wild-type populations might be expected to be correlated with the 

use of new litter, as with most European broilers, or re-used litter, as in the USA and Latin 

America. Built up litter are rarely used in Nigeria. However, when sentinel birds were used 

to monitor the potential coccidial challenge in commercial broiler houses, they revealed no 

consistent difference between oocyst concentrations in new and re-used litter, and no 

correlation between the numbers of oocysts in the litter and severity of infections in the 

sentinel birds (Long and Johnson, 1981). This may reflect the relative insensitivity of the 

oocyst counting technique or the fact that oocyst counts do not indicate parasite viability 

(Long and Johnson, 1981). The latter possibility is in accord with the results of Williams 

(1995b), who found that many oocysts left in litter die if not ingested by chickens. 

Nevertheless, when houses are cleaned out between crops, the speed and magnitude of 

accumulation of oocysts in new litter is influenced considerably by the degree of 

contamination with oocysts from the previous flock, as demonstrated by the consequences 

of failure to clean out commercial broiler houses adequately (R.B. Williams in Chapman et 

al., 2002). It seems that even if the vaccinal parasites are precocious, excessive numbers of 

wild-type oocysts remaining after an inadequate clean-out may be capable of causing 

disease before birds can acquire fully protective immunity but this is a rare occurrence. 

Perhaps oocysts washed out of litter can survive the period between occupancies of a house 

by chickens if they end up in cracks in wood or concrete where the microclimate facilitates 
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their survival. If large numbers of residual wild-type oocysts remaining after clean-out are 

known to be a persistent problem on a farm, special measures may be required before 

introducing an anticoccidial vaccine. The turn-around time between flocks must allow 

efficient physical cleaning, and the use of an oocysticide that generates ammonia may be 

worthwhile (Sainsbury, 1988).  

2.12.4 Significance of Coccidial Lesions in Vaccinated Chickens 

Whilst coccidial lesions resulting from a primary virulent infection in susceptible chickens 

may signal severe disease, lesions in immune birds are often of little consequence. Mild 

lesions, scored 1 or 2 on the scale of Johnson and Reid (1970), are sometimes seen in 

chickens vaccinated with Paracox ® under commercial conditions when the flock is 

showing no signs of ill health. 

Until quite recently, it was not known whether such lesions seen in Paracox®-vaccinated 

chickens (e.g., Bushell et al., 1990; Bushell, 1992) were due to a wild-type challenge or to 

the vaccine per se. However, a floor pen trial carried out in broilers isolated from extraneous 

coccidial infections (Williams, 1994) showed that mild lesions occurred between 26 and 40 

days after vaccination with Paracox® in 4% of the 150 chickens sampled during that period. 

Furthermore, a few blood-tinged droppings were also seen, but no adverse effects onthe 

health and performance of the birds were demonstrated. 

Williams and Andrews, 2001 showed that when a group of healthy broilers, isolated from 

extraneous coccidial infections, was monitored daily, Paracox® vaccine-induced lesions 

occurred randomly from 5 days to at least 23 days after vaccination; 24% of the 87 chickens 

sampled during 29 days had lesions, mostly (19 out of 21) scored 1 or 2 according to 

Johnson & Reid (1970). These results are at variance with the view of Chapman (2000a) 

that attenuated vaccines should not give rise to lesions. However, it was clear from smooth 
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growth curve of the sampled birds (Williams and Andrews, 2001) that such lesions had no 

deleterious effect. It has been shown that lesions may occur in fully protected Paracox® 

vaccinated birds in response to a subsequent virulent coccidial challenge without any 

associated adverse effects on performance (Williams, 1997b). 

Broadly similar observations have been made in the case of non-attenuated vaccines. For 

instance, Newman, (1999) has published data pertaining to Coccivac®-B that suggest 

coccidial lesions may appear in up to 35% of chicks between 14 and 28 days after 

vaccination by hatchery spray, but it is not stated whether the lesions result from vaccinal or 

wild infections. Furthermore, Schetters et al., (1999) and Vermeulen et al., (2000b) have 

observed the occurrence of mild transient coccidial lesions in chicks up to 21 days after 

vaccination with Nobilis® COX ATM. When vaccinated birds were challenged with 

heterologous parasites, mild lesions occurred, although the birds remained healthy and were 

protected against clinical coccidiosis (Schetters et al., 1999). 

It was observed by Williams and Andrews (2001) that normal-looking coccidial lesions in 

healthy, vaccinated chicks frequently had very few or no endogenous parasites associated 

with them. This suggests that, unlike in fully susceptible birds in which lesions normally 

signal disease, lesions in immune birds indicate a successful repulsion of a parasite 

challenge by the host. This is in accord with the observation of Jeffers and Long (1985) that 

the presence of lesions per se may not indicate failure of an attempt at immunization. 

2.12.5 Restoration of the Drug Sensitivity of Eimeria species 

Jeffers, (1976a), suggested that the introduction of massive numbers of drug sensitive, 

attenuated coccidia onto farms where drug resistant strains dominate would be a useful 

adjunct to planned immunization. Ball, (1966), had already demonstrated that when a small 

number of drug-resistant oocysts were included in a larger inoculum of sensitive E. tenella 
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oocysts, the resistant individual apparently diminished in numbers during passages through 

unmedicated chicks. Long et al., (1985), later suggested that in a population of 

approximately equal numbers of drug sensitive and drug resistant E. tenella, the sensitive 

organisms dominate in the absence of medication. 

It has been reported that if the non-attenuated vaccine Coccivac®-B is used on broiler farms 

where drug resistance has been a problem, sensitivity of the local coccidial population may 

be substantially restored after vaccination of between one and five flocks (Chapman, 1994, 

1996a).  The drug sensitive parasites in the vaccine may replace the resistant parasites in the 

farm population (Chapman, 2000a). Based upon this work, rotation programmes of vaccines 

and drugs have been reported by Chapman (2000a, 2000b) and Chapman H.D. in Chapman 

et al., (2002). 

Although the attenuated parasites in Paracox® vaccine are precocious, and therefore have 

greatly reduced reproductive potentials (Williams, 1992a), it has been reported to ameliorate 

the drug resistance of wild-type coccidial populations after the field use of this vaccine 

(Vertommen, 1996). This effect has also been demonstrated during field use of the 

attenuated vaccine Livacox® (Oliveira, 2001). Following broiler trials on built-up litter in 

Brazil, it was concluded that the accumulation of vaccinal oocysts in the litter gave rise to 

improved results after at least two consecutive Anticoccidial vaccines for broilers flocks of 

birds had been vaccinated. However, when birds were placed on new litter, the best results 

were achieved earlier (Oliveira, 2001). Ern´õ k & Bedrn´õ k (2001) recommended the 

rotation of anticoccidial vaccines and drugs every three crops, based on work with 

Livacox® vaccine in the Czech Republic. Rather than simply replace resident populations of 

coccidia, it seems more likely that vaccinal parasites would interbreed with them. It would 

surely be impossible to maintain separate strains of a species in a field population when 
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oocysts of different genetic constitutions randomly initiate sexual life cycles in the same 

bird, with the inevitable interchange of genetically stable traits. 

Williams (1992a, 1998a, 1999b) suggested that not only might drug-sensitive vaccines 

ameliorate drug resistance, but if they comprised attenuated precocious lines they might also 

reduce the virulence of the field population. This seems feasible because, just as drug 

resistance is genetically controlled (Shirley and Jeffers, 1990) and is persistent for long 

periods (Williams, 1969; Chapman, 1986), the traits of precocious lines are also genetically 

stable (McDonald et al., 1986a; Shirley, 1988a) and demonstrably recombine with those of 

drug resistance (Jeffers, 1976b; Sutton et al., 1986; Shimura and Isobe, 1994; Shirley and 

Harvey, 1996). 

Shimura and Isobe (1994) showed that the attenuation of a precocious line and the drug 

resistance of a field strain of E. tenella were expressed in a recombinant line after 

interbreeding. Moreover, they also demonstrated that although the recombinant line still 

expressed sulphonamide-resistance, this would not adversely affect the performance of 

sulphonamide-treated chickens, because the recombinant parasites were innocuous. 

Richards and Woods (2001) have used PCR techniques to show the concomitant cycling of 

vaccinal and wild-type parasites in vaccinated chickens, but they did not state whether 

genetic recombinations were also recognized. 

2.12.6 Concomitant Use of Anticoccidial Drugs and Vaccines 

Despite the introduction of Coccivac® in 1952, the majority of coccidiosis control 

programmes were still based upon anticoccidial drugs incorporated in the feed (Reid, 1960). 

However, during the early use of Coccivac ®, it was discovered that the vaccine could 

immunize chickens while they were being given various drugs prophylactically in their feed 
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(Edgar, 1958a, 1958b; Stuart et al., 1963). During the early 1960s, Coccivac® was marketed 

with the drug Trithiadol® as a planned immunization programme. 

Delayed treatment has been reported to enhance the development of immunity by Eimeria 

species in the presence of anticoccidial drugs. Seeger (1947) and Dickinson et al. (1959) 

recommended the use of a sulphonamide in the feed, initiated 24–48 hours after coccidial 

infection, whilst Grumbles et al. (1948) delayed the introduction of treatment for two weeks. 

Eventually, the older drugs with rather low potency and a cidal mode of action were 

superseded by extremely potent ones such as clopidol and decoquinate, with quite different 

biochemical modes of action and anticoccidial effects (Wang, 1975, 1976; Fry and 

Williams, 1984; Williams, 1997c). There was then no possibility of Coccivac® being used 

along-side prophylactic drugs in broilers, because the coccidia in it were initially highly 

sensitive to those potent new drugs and did not allow birds to develop immunity (Brewer 

and Reid, 1967; Raines, 1968). 

Several types of potent drugs launched during the 1960s tended to develop drug resistance 

fairly quickly (Ryley, 1980; McDougald, 1982; Williams, 1998b, 1998c), and by the early 

1970s had themselves become superseded by the first ionophorous drugs (McDougald, 

1993). Hence, oocyst accumulation in commercial poultry-house litter once more began to 

rise to the levels encountered in the presence of the older drugs. 

The basis of efficacy of the ionophores was thus realised to be similar in practice to 

concomitant vaccination and chemotherapy demonstrated in the early days of Coccivac® 

use (Edgar, 1958a, 1958b, 1964; Stuart et al., 1963). The capability of coccidia to multiply 

in the presence of anticoccidial drugs may be explained in one of three ways. First, some 

prophylactic drugs have inherently poor efficacy even when the parasites have not been 

previously exposed to them. Thus, they may not be able to suppress totally the completion 
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of coccidial life cycles and ultimate oocyst production, despite being protective against 

clinical disease. Second, the multiplication of the coccidia may have resulted from acquired 

drug resistance. Third, coccidia may develop during intermittent medication, when the 

relative timing of exposure of the host to drug-sensitive parasites and ingestion of drug 

allows the coccidia to avoid the drug‟s effect. 

It has long been known that interrupted or delayed treatment with sulphonamides of birds 

suffering acute coccidiosis will provide therapeutic protection whilst allowing immunity to 

develop in the survivors (Davies and Kendall, 1954; Davies, 1958; White and Williams, 

1983; Haberkorn, 1986; C.A. Johnson et al., 1986; Mundt and Haberkorn, 1989; Duan and 

Liu, 1994).  This kind of strategy depends upon the chosen drug having activity against 

intracellular parasites. However, it is known that ionophores are active against the coccidial 

stages that are found in the gut lumen, i.e., sporozoites (Itagaki et al., 1974; Smith and 

Strout, 1979) and merozoites (Long and Jeffers, 1982), but probably not against intracellular 

parasites (Chapman, 1993). Therefore, if chicks are inoculated with coccidia a few hours 

before an ionophore is administered, the sporozoites are able to penetrate intestinal cells 

rapidly enough (Doran, 1966) to avoid the action of the drug. This phenomenon has been 

used to advantage by Bafundo (1989) and Bafundo and Jeffers (1988, 1990) to immunize 

chicks in the presence of an ionophore. Similarly, Edgar and Fitz-Coy (1985) successfully 

immunised broilers with CocciVac-D during in-feed medication with monensin commenced 

11 days after vaccination. Such relative timing is not critical, of course, if parasites are 

ionophore resistant, in which case such coccidia may be used to immunize ionophore 

medicated birds (Danforth, 1998). 

 Ionophore resistant vaccine is used to immunize broilers whilst simultaneously allowing the 

use of an ionophore in the feed to control necrotic enteritis (Schetters et al., 1999; 
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Vermeulen et al., 2000a, 2000b). Such a vaccine would be expected to produce an effect 

similar in principle to the traditional prophylactic use of ionophores in broilers. 

2.13   Anticoccidial Vaccines of Chickens and Clostridial Diseases 

The relationship between clostridial diseases and coccidiosis is poorly understood but it is 

known that usage of antibiotic growth promoters (AGPs), which include ionophorous 

anticoccidial drugs, offer some control of Clostridium infections. The use of an anticoccidial 

vaccine often precludes the administration of anticoccidial drugs in broiler feed and some 

believe that using an anticoccidial vaccine would increase the risk of necrotic enteritis (NE) 

in broilers. Others believe that anticoccidial vaccination may predispose birds to NE.  

According to K¨ohler (2000), clostridial diseases encountered in broiler chickens include 

NE, ulcerative enteritis, necrotic dermatitis and botulism; and to these may be added 

necrotic hepatitis and cholangiohepatitis. NE is caused by toxin produced by Clostridium 

perfringens type A (K¨ohler, 2000) and is a serious problem in broilers world-wide (Van der 

Sluis, 2000). The major source of infection has been stated to be C. perfringens spores in 

poultry feed (K¨ohler, 2000), although Shane et al. (1984) obtained results suggesting that 

vertical relationships between NE, chicken diets, coccidiosis and anticoccidial vaccines have 

been discussed by Williams (1999b), who concluded that no clear understanding was yet 

attainable. Williams (1999b) and Kaldhusdal (2000) both recommended further work on 

dietary ingredients to help elucidate the epizootiology and control of NE. 

Traditional AGPs such as virginiamycin, zinc bacitracin, avoparcin, avilamycin, etc. 

apparently may give some help in controlling clostridial diseases (Elwinger et al., 1998).  

It has been reported that necrotic enteritis can still occur in commercial birds even when 

drug shuttles including an ionophore are used (Williams et al., 1999; Ern´õ k and Bedrn´õ k, 
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2001). Williams et al., (1999) found that, in large-scale commercial broiler trials in the UK, 

NE occurred in two out of nine trials in flocks medicated with either salinomycin or 

monensin in addition to the AGP virginiamycin; possibly drug resistant strains of C. 

perfringens were implicated. The precise nature of the possible association between coccidia 

and NE is uncertain (Williams, 1999b). It is not yet known whether coccidial infection per 

se or only severe clinical coccidiosis can damage the intestine sufficiently to allow the 

establishment of a clostridial infection capable of causing NE. If the latter is true, an 

attenuated anticoccidial vaccine or a mild non-attenuated coccidial infection causing 

minimal intestinal damage would not initiate NE. Indeed, this might suggest that an 

anticoccidial vaccine, far from causing NE, may actually protect chickens against it by 

preventing predisposing clinical coccidiosis.  

Various cereals included in poultry diets are known to have different effects on the 

susceptibility of birds to diseases. For instance, wheat based diets exacerbate both NE 

(Branton et al., 1987; Riddell and Kong, 1992) and coccidiosis (Williams, 1992b) when 

compared with maize based diets. Interestingly, in the commercial trials reported by 

Williams et al. (1999), birds fed a wheat-based diet plus whole wheat grains suffered 

outbreaks of coccidiosis and NE, despite the inclusion of an ionophore and virginiamycin in 

the feed. Conversely, during large scale broiler trials with Paracox® vaccine in Italy, when 

the cereal base of the diets was maize and all feeds contained the AGP avilamycin, no NE or 

coccidiosis was observed in vaccinated or anticoccidial drug-treated birds (Williams and 

Gobbi, 2002). 

2.14 Probiotic 

Probiotic are live microorganisms that, when administered through the digestive route, are 

favorable to the host's health (Guillot, 1998). The microorganisms used in animal feed are 
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mainly bacterial strains of Gram-positive bacteria belonging to the types Lactobacillus, 

Enterococcus, Pediococcus and Bacillus. Some other probiotics are microscopic fungi such 

as strains of yeasts belonging to the Saccharomyces cerevisiae species (Guillot, 1998, 

Thomke and Elwinger, 1998). 

2.15 Cytokines  

Cytokines are major modulators of immune responses to infection, and therefore they 

represent natural sources of immunostimulation that could be used as adjuvants in vaccines. 

IFN-γ has received the most attention as a possible adjuvant for an anticoccidial vaccine. 

Chicken IFN-γ has been cloned (Digby M.R. and Lowenthal J. W. 1995; Lowenthal et al., 

1995; Song et al 1997). Treatment with recombinant IFN-γ alone has been shown to 

moderate reductions in weight gain (Lillehoj H.S. and Choi K.D. 1998; Lowenthal et al., 

1999) during E. acervulina and E. tenella infections and to moderate oocyst output (Lillehoj 

H.S. and Choi K.D. 1998; Lowenthal et al., 1999) during E. acervulina infection. One 

problem with the in vivo use of cytokines is their rapid degradation and clearance 

(Lowenthal et al.,). Administering them in DNA form or in a viral or bacterial vector could 

overcome this problem and provide a more practical method for treating large flocks.  

 2.16 Natural Products Feed Additives 

Many different types of substances have been investigated in the search for alternative 

controls of coccidiosis. A herbal mixture of Vernonia amygdalina and Azadirachta indica 

has been reported to be effective in reducing the faecal oocyst shed by 4 week old broilers 

that were naturally infected (Oyagbemi T.O. and Adejinmi J.O. 2012). Peptidyl membrane-

interactive molecules are known to have antibacterial activities. Three of seven tested 

produced ultrastructural damage to sporozoite pellicles after a 5 to 10 minutes exposure to 5 

μM concentrations in vitro. Oral doses (10, 50, or 75 μM) of two of them, which were 
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methylated to prevent proteolysis, reduced lesion scores from challenge infections with E. 

acervulina, E. tenella, and E. maxima, suggesting that they have potential for coccidiosis 

control. Artemisinin is a Chinese herb isolated from Artemisia annua; it is a naturally 

occurring endoperoxide with antimalarial properties. It has been found effective in reducing 

oocyst output from both E. acervulina and E. tenella infections when fed at levels of 8.5 and 

17 ppm in starter diets. The mode of action is also thought to involve oxidative stress. 

2.17 Comparism between Prophylaxis and Treatment of Avian Eimeria Infection 

Acute infection of coccidia is generally treated with anticoccidials, but the economic losses 

are mainly because of subacute infection. Prophylactic use is preferred because most of the 

damage occurs before signs become apparent, and delayed treatment may not benefit the 

entire flock. Only a few of the prophylactic drugs are also effective therapeutically. Usually, 

coccidiosis is controlled by prophylactic in-feed medication of an anticoccidial drug on 

continuous basis in broilers and up to 16 to 18 weeks in layers. Water medication is 

generally preferred over feed medication for treatment. Antibiotics and increased levels of 

vitamins A and K are sometimes used in the ration to improve rate of recovery and prevent 

secondary infections. 

2.18 Drug Resistance to Anticoccidials 

 Continuous use of anticoccidial drugs may result in selection for and survival of drug-

resistant strains of coccidia. Drug resistance is a genetic phenomenon, and once established 

in a line of coccidian, remains for many years. To overcome this problem, shuttle 

programme and frequent rotation of drugs may be practised. This is because the new drug 

will be effective against the build up of coccidia that had reduced sensitivity against the 

previous product that had been used for a long time. The development of resistance to 

ionophores has been very slow and an explanation for this is the fact that they allow for 
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some leakage of sensitive oocysts. This leads to a less stringent resistance selection than 

with chemicals. The mode of action of the different ionophores is similar: they facilitate 

cation transport across the parasitic cell membrane. This causes ionic gradient and content 

modifications (Gumila et al., 1996) with parasite cell death as a final consequence. The 

ability for acquiring resistance to one drug by the use of another drug, the so-called cross 

resistance (Chapman, 2007) is an ongoing area of debate among coccidiologists. Cross 

resistance is said to be less obvious between products of different classes, for instance 

between maduramicin and monovalent ionophores. 

2.19  Drug Sensitivity Testing 

Anticoccidial sensitivity testing (AST) is a well-known technique to try to assess resistance 

of a certain coccidial isolate to different anticoccidial drugs (McDougald, 1987; Chapman, 

1998; Naciri et al., 2003; Peek and Landman, 2003). Although a valid method for a certain 

isolate, this technique is not routinely used. The main reasons are the long duration and very 

high cost associated with the complicated, in vivo character of the test. The short period of 

testing without allowing the initially naive birds to recover from an artificially high infective 

dose makes interpretation of the results not easy. 

2.20  Diagnosis of Coccidial Infection 

2.20.1  Morphometric Methods 

This is a very innovative technique of computational approach to parasite diagnosis (Gruber 

et al., 2007). Images from sporulated oocysts from confirmed species were assessed on 

different features: curvature characterisation, size and symmetry and internal structure 

characterisation. Users can upload their digital images from unidentified oocysts and have 
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the program identify the species concerned. This is very accessible and the low cost is a 

major advantage. 

2.20.2 Oocyst Faecal Count 

Oocyst counting and morphometric identification by McMaster chamber under microscope 

fitted with graticule eye piece is one of the traditional age long parasitological methods of 

diagnosis. It is labour intensive, costly and can take several days. The oocyst per gram 

(OPG) of faeces derived from the McMaster count has a poor relation with the impact of the 

parasite on the performance of a flock (Haug et al., 2008, Degussen et al., 2007, William et 

al., 1996). Identification of different species based on morphology of oocysts is very 

challenging, lacks precision and requires expertise. 

2.20.3 Lesion Scoring 

 Lesion scoring is an interpretation based on macroscopic visible lesions caused by Eimeria, 

usually following a scoring system from zero to four (Johnson and Reid, 1970). The 

individual scores for all the species are usually compiled for a certain number of birds per 

flock resulting in a Total Mean Lesion Score (TMLS). The method is extremely labor 

intensive, sometimes subjective and only reliable when performed by skilled people. The 

correlation between lesion scores and performance is believed to be stronger than with OPG 

but still there is a difficult appreciation of the level of lesions towards impact on 

performance, especially at subclinical levels. A limitation is for instance the fact that E. 

mitis, although quite pathogenic, does not cause typical lesions and is mostly disregarded 

when using this method. Although lesion scoring remains the most frequently applied 

diagnostic method today it might not detect all the economically important coccidiosis 

infections if used alone (Idris et al., 1997)   .  
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Source: Poultry coccidiosis: Diagnostic and testing procedures. 3
rd.

edition. Conway D.P and 

McKenzie M. E (2007) 

Figure 2.1 Morphometric characteristics of some Eimeria oocysts and macroscopic 

features of area of intestine parasitised.  
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Source: Poultry coccidiosis: Diagnostic and testing procedures 3
rd

 edition, Conway D.P and 

McKenzie M. E (2007) 

Figure 2.2 Morphometric characteristics of some Eimeria oocysts and macroscopic 

features of area of intestine parasitised. 
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2.20.4  Molecular Methods  

2.20.4.1 Polymerase Chain Reaction (PCR)  

Central to the PCR-based identification of Eimeria species is the choice of the appropriate 

DNA target region (genetic marker or locus). For specific identification, the target DNA 

should differ enough in sequence to allow the differentiation of species, but display no or 

minor variation within a species. By contrast, for the purpose of identifying „„strains‟‟ or 

population variants, a considerable degree of variation in the sequence should exist within a 

species. Various target regions, including nuclear ribosomal DNA (rDNA), mitochondrial 

DNA (mtDNA) and repetitive DNA elements, have been employed to achieve the 

identification of parasites to species or strains (Anderson et al., 1998; Gasser, 1999; Blouin, 

2002; Gasser et al., 2002, 2004b; Hu et al., 2004). Studies have consistently shown that the 

first internal transcribed spacer (ITS-1) and second (ITS-2) internal transcribed spacer of 

nuclear ribosomal DNA yield reliable genetic markers for the identification of Eimeria 

species. 

2.20.4.2 Real-time Quantitative Polymerase Chain Reaction Technique 

This technique was developed in the early 1990s (Higuchi et al., 1992) and allows the 

amplification in the PCR to be monitored in real time. Real-time PCR systems detect the 

amplification using fluorescent chemistries. The main advantages of Real-time PCR over 

conventional PCR are; 

(a)  It does not require post amplification processing.  

(b)  It can be employed for quantitation over a wide range. 
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(c) It can be used to differentiate amplicons of varying sequence(s) by melting curve 

analysis. 

The principle of the original method was to incorporate a specific, intercalating dye (such as 

ethidium bromide) into the PCR to measure the change in fluorescence after each cycle 

using a digital camera and a fluorometer coupled to the reaction tube (Higuchi et al., 1993). 

The technique has been modified to include other dyes, such as SYBR Green I (Becker et 

al., 1996), into the reaction and analysis using a capillary thermal cycler/fluorometer, which 

eliminates the need for electrophoresis of amplicons and enables relative or absolute 

quantitation by allowing the identification of the cycle (Ct) at which the amplification 

commences. The more sensitive and reproducible method of realtime QPCR measures the 

fluorescence at each cycle as the amplification progresses. This allows quantification  of  the  

template  to  be  based on the fluorescent signal during the exponential phase of  

amplification,  before  limiting reagents, accumulation of  inhibitors, or  inactivation of  the 

polymerase  have started  to  have an effect on the efficiency of amplification. The first 

cycle at which the instrument can distinguish the amplification generated fluorescence as 

being above the ambient background signal is called the“Ct” or threshold cycle. This Ct 

value can be directly correlated to the starting target concentration for the sample. The 

greater the amount of initial DNA template in the sample, the earlier the Ct value for that 

sample DNA standards (of a defined concentration) and test samples are subjected to 

cycling at the same time and their Ct values established and compared. A standard curve can 

be constructed from the data, and the relative amounts of template in test samples are 

calculated in relation to the standard curve. 
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2.20.4.3 Miscellaneous Molecular and Biochemical Methods 

There are other biochemical and molecular methods of Eimeria species identification. These 

include Multilocus and Isoenzyme electrophoresis, Electrophoretic protein characterisation, 

Southern blot analysis, Pulsed-field gel electrophoresis and several RNA and DNA 

analyses. Although these techniques are a major addition for scientific research none has 

been adapted for practical application and still have to be regarded as experimental. The 

main application of these techniques for field diagnosticians today is the possibility of 

defining presence of species currently disregarded such as E. praecox and E. mitis (Morris 

and Gasser, 2006). 

2.20.4.4 Loop-Mediated Isothermal Amplification (LAMP) Assays  

Loop-mediated isothermal amplification (LAMP) is a relatively simple technique which 

facilitates rapid DNA amplification with a high level of sensitivity (He et al., 2009). 

Importantly, LAMP utilises the enzyme Bst DNA polymerase, which is active under 

isothermal conditions at a relatively high temperature and supports cost effective, rapid, 

target-specific amplification (Wastling et al., 2010). LAMP is based upon an autocycling 

strand-displacement reaction using a set of four oligonucleotides which recognise six DNA 

sequences within the target genomic region and form a loop-structured amplicon. Additional 

loop primers may be added to improve amplification (Nagamine et al., 2002). The 

efficiency and high yield of a LAMP reaction supports the use of intercalating dyes such as 

SYBR Green or hydroxynaphthol blue, enabling identification of a positive reaction with 

the naked eye (Goto et al., 2009). 
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2.21  Immune Response to Coccidial Infection 

The life cycle of Eimeria parasites is complex and comprised of intracellular, extracellular, 

asexual, and sexual stages. The host immune responses are also quite diverse and complex. 

After invasion of the host intestine, Eimeria elicit both nonspecific and specific immune 

responses which involve many facets of cellular and humoral immunity (Lillehoj, 1991; 

Lillehoj 1998; Lillehoj and Lillehoj, 2000; Dalloul and Lillehoj, 2005) 

 2.21.1  Non Specific Factors 

These include physical barriers, phagocytes, leukocytes, chemokines and complement 

components. Antigen-specific immunity is mediated by antibodies, lymphocytes, and 

cytokines. 

Due to the specific invasion and intracellular development of coccidia in the intestine, the 

gut-associated lymphoid tissue (GALT) plays an important role in the development of 

immunity. The GALT serve three main functions in host defense against enteric pathogens: 

processing and presentation of antigens, production of intestinal antibodies, and activation 

of cell-mediated immunity (CMI). In the naïve host, coccidia activate local dendritic cells 

and macrophages eliciting various chemokines and cytokines (Lillehoj, 1998). In immune 

hosts, parasites enter the gut early after infection, but are prevented from further 

development, indicating that acquired immunity to coccidiosis may involve mechanisms 

that inhibit the natural progression of parasite development (Rose et al., 1984; Trout and 

Lillehoj, 1996; Lillehoj and Choi, 1998; Yun et al., 2000a). 

2.21.2  Antibody Responses 

 Following coccidiosis, both circulating and secretory antibodies specific for coccidian 

parasites are detected in serum, bile and intestine (Lillehoj and Ruff, 1987; Lillehoj, 1988; 

Yun et al., 2000c). However, antibody titers in serum and intestine do not correlate with the 
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level of protection after oral infection with coccidia (Dalloul et al., 20003; Lillehoj and 

Ruff, 1987)  

2.21.3  Cell Mediated Immunity 

 The evidence that the removal of the bursa by chemical or hormonal means (Rose and 

Long, 1970; Lillehoj, 1987) did not interfere with the development of protective immunity 

against Eimeria indicated the importance of cell-mediated immunity in coccidiosis. The role 

of T cells in the protection against coccidiosis has also been studied in immunosuppressed 

chickens using T cell-specific drugs that selectively abrogate or severely impair T cell 

function. The impairement has negative effect on the host protective immunity against 

coccidiosis (Trout and Lillehoj, 1996).  Direct evidence for the presence of Eimeria-specific 

T cells was demonstrated by an in vitro antigen-driven lymphoproliferation assay (Rose and 

Hesketh, 1984; Lillehoj, 1986; Vervelde et al., 1996).  

2.21.4  Natural Killer Cells  

The role of Natural Killer-cells in parasitic diseases has been well documented (Lillehoj et 

al., 2004). The NK cell activity was higher in the jejunum and ileum than in the duodenum 

and cecum. Following infection with Eimeria parasites, the NK cell activities of both 

splenic and intestinal IEL decreased to a subnormal level during the early phase of infection 

(Lillehoj, 1989). NK cell activity returned to normal or slightly higher than normal levels 

about one week after the primary inoculation. 
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CHAPTER THREE 

 

SURVEY OF FARMERS’ KNOWLEDGE OF EIMERIA INFECTIONS OF 

COMMERCIAL CHICKENS AND THEIR ADOPTION OF VACCINE 

PROPHYLACTIC MEASURES IN CHICKEN FARMS IN OYO AND OGUN 

STATES 

3.1 Introduction 

 

The poultry industry in Nigeria has recorded considerable expansion in recent times (FAO, 

2000). Poultry diseases remain one of the major threats to boosting poultry production in 

Nigeria (Halle et al 1998, Laseinde, 2002). Parasitic diseases are of particular importance 

because of their high incidence in poultry occasioned by the tropical environmental 

conditions under which the farmers operate (Seifert, 1996). Epizootiological studies have 

established the importance of coccidial infection as a major parasitic disease in Nigeria 

based on the economic implications of its outbreak in poultry farms (Majaro, 1980); Barksh, 

1989. 

 Although coccidiosis is controllable under most circumstances, the cost of control makes 

the disease one of the most expensive parasitic diseases encountered in the poultry industry 

(Majaro, 1980, 1981). Advances in poultry husbandry, nutrition and chemotherapy have 

made clinical outbreaks of coccidiosis rather infrequent but subclinical coccidiosis continues 

to be one of the poultry industry‟s most common and expensive diseases worldwide 

(McDougald, 2003). The broiler industry in particular relies on continuous in-feed 

prophylaxis with application of anticoccidial drugs.  

There is currently, a growing global concern about the twin issues of drug resistance and 

drug residues so much so that the EU has proposed a phasing out of drug use in coccidiosis 
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prevention by 31
st
 December 2012 (EU Commission 2003). With the increasing interest in 

poultry production evidenced by the proliferation of poultry farms, it is pertinent to 

continually evaluate the prevalence and management issues associated with coccidiosis in 

commercial chicken farms.  

3.2 Objectives 

1. To collect data from Chicken farmers in Oyo and Ogun states via questionnaire on 

the factors associated with good knowledge of coccidiosis and their adoption of 

coccidiosis vaccines prophylactic method. 

3.3 Justification 

Coccidiosis still remains an enzootic disease of major economic importance to the poultry 

industry in Nigeria and worldwide. More research is needed to elucidate the various factors 

and events that have contributed to the sustenance of the disease in the poultry population in 

Oyo and Ogun States 

3.4 Materials and Methods 

3.4.1 Sampling Procedure 

One hundred and sixty six poultry farmers were selected through random sampling of 

poultry farms in Oyo and Ogun States. Eighty two and eighty four farmers were sampled in 

Oyo and Ogun States respectively based on the list of poultry farmers registered with 

Poultry Association of Nigeria in the respective States. Willingness to participate in the 

survey and condition of confidentiality were among the criteria for the selection. The 

respondents included farm owners, farm managers and technical staff (including Veterinary 

doctors, animal scientists and farm supervisors). 
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3.4.2 Questionnaire Interview 

The study was conducted using semi structured questionnaire (Appendix 1). The 

questionnaire was subjected to a validation test before data collection commenced. The 

questionnaire has both closed and open-ended questions. The questionnaire was designed to 

collect data in respect of the Poultry Owners‟ personal information, farm management 

experience and practice as well as knowledge of coccidiosis in commercial chickens. In the 

first section, the data collected were related to Age, Educational status, Religion and Marital 

status of the respondents. 

The second section comprises of data in respect of the age of the farm, poultry breeds kept, 

different ages of flocks, poultry population, housing, feed, water and litter management as 

well as bio-security. The third and final section was to assess the awareness levels and 

knowledge of the farmers in respect of coccidial infections and the prophylactic methods 

adopted against coccidiosis. 

3.4.3 Data Analysis 

The data were entered into Microsoft Excel Program and analysed using Epi-Info version 

3.3. Chi-square and Student T test were used to determine the level of significance of the 

result obtained. Determination of a significant difference was set at P < 0.05. 

3.5 Results  

3.5.1 Result of Poultry Farmers’ Characteristics 

The detailed result of data obtained on poultry farmers‟ characteristics is shown in table 3.1. 

Out of the 166 poultry farmers interviewed, 92 (56.4%) were 50 years and below while74 

(45.6%) were above 50 years. The majority of the poultry farmers 140 (84.4%) had tertiary 

education while 26 (15.6%) have only secondary education. A total of 114 (68.7%) of the 
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respondents were Christians, 49 representing 29.5% were Muslims while only 3 

representing 1.8% are Traditionalists. The table further shows that 155 (93.4%) of the 

respondents were married, 10, representing 6% are still single while only one is widowed.  

3.5.2 General Data about the Respondents’ Farms 

Details of the data obtained in respect of the respondent farms are shown in detail in table 

3.2. From the questionnaire survey, 70.5% of the poultry farms were over 5 years old, 

28.9% were between one and 5 years old while a mere 0.6% was less than a year old. The 

majority of the respondent farmers (81.3%) reared only layer chickens; 1.8%, broiler 

chickens, 5.4%, breeders while 11.5% reared two or more breeds of chicken. Majority of the 

respondent farmers (66.3%) have chickens aged above 18 weeks on their farms. Only 2.4% 

and 4.8% of the farms have only birds aged 0 to 8 weeks and 9 to 18 weeks respectively. 

About 26.5% of the farmers kept chickens of multiple ages on their farms, 

About 50.6% of the poultry population was based on farms with flock size of between 1000 

and 5000 birds while 9% has a chicken population of between 50,001 and 330,000. Almost 

all the respondent farmers (99.4%) used conventional open sided housing system.  

The study also showed that 44% of the poultry farmers reared their flock strictly on deep 

litter, 31.9% used cages exclusively while 24.1% used both systems. 

The study further revealed that 53% got their feed supply from external sources while 47% 

produced their feed themselves. About 59% of the farmers used manual watering system, 

36.2% used automatic watering system while 4.8% used both. Water spill occurs regularly 

on 70.5% of the farms while 92.8% of the respondents reacted to accidental water spills by 

packing out the wet litter immediately and replacing it with dry ones. About 61.4% of the 

respondents often have caked litters on their farm especially around the drinking areas while 
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54.2% of the respondent farmers turn around their litter monthly. Finally only 73% of the 

farms have foot dip at the entrance of their pens. 

3.5.3 Respondents’ Awareness and Knowledge of Coccidiosis 

Details of the data obtained in respect of the Respondents‟awareness and knowledge of 

coccidiosis is shown in table 3.3 below. A total of 159 (95.9%) respondents have the 

awareness and the knowledge of coccidiosis. A majority, 136 (82%) got the information 

either from Veterinary doctors, Veterinary clinic or from School. Majority of the 

respondents 146 (88%) confirmed that an outbreak of coccidiosis had occurred on their 

farms before, 121 (72.9%) of which was before the birds were 8 weeks old. Concerning the 

season of the year when the outbreak occurred, 61 (36.7%) was during the rainy season, 8 

(4.8%) during the dry season and 82 (49.4%) of the outbreak occurred irrespective of 

season. 

To about 75.9% of the respondents, coccidiosis is still a disease of economic importance but 

only a paltry 15.1% had a good knowledge of the disease while the rest 84.9% have only a 

fair knowledge, often regarding bloody faecal dropping as the only sign of coccidiosis. 

About 30.1% of the respondents had suffered coccidiosis outbreak despite preventive 

measures. 
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Table 3.1   Distribution of Personal Characteristics of Respondents (n = 166) 

Variable Operationalisation Frequency Percentage 

Age Below 10 years 

10-30 years 

31-50 years 

Above 50 years 

0 

18 

74 

74 

0 

10.8 

44.6 

44.6 

Educational 

Attainment 

Primary Education 

Secondary Education 

Tertiary Education 

Others 

0 

26 

140 

0 

0 

15.6 

84.4 

0 

Religion Christians 

Muslims 

Traditionalists 

Others 

114 

49 

3 

0 

68.7 

29.5 

1.8 

0 

Marital Status Single 

Married 

Widowed 

Divorced 

10 

155 

1 

0 

6 

93.4 

0.6 

0 

Source: Field Survey 2010-2011 
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Table 3.2 General Data of the Respondents’ Farms 

Variables Operationalisation Frequency Percentage 

Age of Farms Less than 1 year 

1-5 years 

Above 5 years 

1 

48 

117 

0.6 

28.9 

70.5 

Type of chickens on farms Broilers 

Layers 

Breeders 

2 or more breeds 

3 

135 

9 

19 

1.8 

81.3 

5.4 

11.5 

Age range on Farms 0-8 weeks 

9-18 weeks 

19 weeks & above 

Multiple ages 

4 

8 

110 

44 

2.4 

4.8 

66.3 

26.5 

Poultry population 200 – 999 

1000 – 5000 

5001 – 10000 

10001 – 50000 

50001 – 330000 

10 

84 

34 

23 

15 

6 

50.6 

20.5 

13.9 

9 

Type of Rearing Pens Open Sided 

Controlled Environment 

165 

1 

99.4 

0.6 

Rearing Method Deep Litter 

Cage system 

Both Deep litter and Cages 

73 

53 

40 

44 

31.9 

24.1 

Method of Livestock feed for the birds Produced on the farm 

From external sources 

78 

88 

47 

53 

Watering system  Manual system 

Automatic system 

Both systems 

98 

60 

8 

59 

36.2 

4.8 

Water spill in the pens Occurs very often 

Occurs rarely 

117 

49 

70.5 

29.5 

How do you handle accidental water spills on the litter? Allow to dry 

Park out wet litter and replace with 

dry ones 

Mix the wet litter with other 

surrounding litter. 

Not deep litter system  

4 

154 

 

3 

 

5 

2.4 

92.8 

 

1.8 

 

3 

Do you normally have caked litter? Yes. 

No. 

Not deep litter system. 

102 

61 

3 

61.4 

36.8 

1.8 

How often do you replace your litter? Monthly 

Quarterly 

Yearly 

Not deep litter system 

90 

35 

5 

36 

54.2 

21.1 

3 

21.7 

Disinfectant Foot dip at the entrance of pens Present 

Absent 

121 

45 

73 

27 
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Table 3.3  Distribution of Respondents on Awareness and Knowledge of 

Coccidiosis 

 

Awareness of Coccidiosis. 

 

Yes 

NUMBER 

159 

PERCENTAGE 

95.9 

No 7 4.1 

Source of awareness. Radio/TV 9 5.4 

Vet/School/Vet Clinic 136 82 

Fellow farmers 9 5.4 

Personal experience 4 2.4 

No information at all 8 4.8 

Previous occurrence on farm. Yes 146 88 

No 20 12 

Age of flock when Coccidiosis occurred. Below 8 weeks 121 72.9 

Above 8 weeks 25 15 

No Outbreak 20 12.1 

 Season of the year when coccidiosis 

occurred. 

Dry Season 8  4.8 

Rainy season 61  36.7 

Anytime 82  49.4 

   

Don’t know 15  9 

Is Coccidiosis of economic significance? Yes 126 75.9 

No 37 22.3 

Don’t know 3 1.8 

Knowledge of Clinical signs of coccidiosis Good 25 15.1 

Fair 141 84.9 

Coccidiosis outbreak despite prevention Yes 50 30.1 

No 116 69.9 
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3.5.4 Adoption of Preventive Measures and Post Adoption Experience 

The details of data collected in respect of the preventive measures used and the post 

adoption experience is as shown in table 3.4 below.  

For the prophylactic measures against coccidiosis, 30.1%, 54.8% and 15.1% of the 

respondents use coccidiostat in feed or water, Coccidiosis vaccine and alternation between 

the two methods respectively. About 25.3% of the respondents made the choice themselves 

while only 15.7% were influenced by fellow farmers‟ testimony. It is however interesting to 

note that the choice of about 59% of the respondents was influenced by their External 

consultants. 

 Concerning the duration of usage of the adopted prophylactic methods; 50.6% said it has 

been used for over 5 years while majority (91.6%) affirmed that the chosen method has been 

very effective. Surprisingly, about 29.5% of the respondents still suffered outbreaks of 

coccidiosis despite preventive measure. Majority, (88%) of the respondents appeared quite 

pleased with their adopted preventive measures and 72.3% did a cost-effectiveness analysis 

of the prophylactic method chosen.  
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Table 3.4  Adoption of Preventive Measures and Post Adoption Experience 

Variable Operationalisation Frequency Percentage 

What preventive measures 

are you using against 

coccidiosis 

Coccidiostat in feed or 

water 

Coccidiosis Vaccine 

Alternation between both 

50 

91 

25 

30.1 

54.8 

15.1 

Who chose the method 

adopted? 

Self or farm staff 

External Consultant 

Fellow farmers’ testimony 

42 

98 

26 

25.3 

59 

15.7 

Length of usage of adopted 

method. 

Below 2 years 

Between 2-5 years 

Above 5 years 

25 

57 

84 

15.1 

34.3 

50.6 

Effectiveness of adopted 

method. 

Very effective 

Barely effective 

152 

14 

91.6 

8.4 

Any outbreak in spite of 

preventive measures? 

Yes 

No 

49 

117 

29.5 

70.5 

Contemplation of  change of 

preventive method? 

Yes 

No 

20 

146 

12 

88 

Was the cost-effectiveness of 

the preventive method 

evaluated? 

Yes 

No 

120 

46 

72.3 

27.7 
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Table 3.5 Factors Associated with Good Knowledge of Coccidiosis 

 

Variables Good Knowledge 

n (%) 

Fair Knowledge 

n (%) 

Odd ratio 95% CI P value 

Age 

-Young Adults(<50yrs) 

-Old Adults (>50yrs) 

 

15 (61) 

9 (39) 

 

78 (55) 

64 (45) 

 

1.3 

 

 

0.5-3.6 

 

0.81 

Education 

-Pry & Secondary 

-Tertiary 

 

3 (11) 

22 (89) 

 

23 (16) 

118 (84) 

 

0.64 

 

0.1-3 

 

0.44 

Religion 

-Christians 

- Muslims 

 

18 (72) 

7  (28) 

 

 

96 (68) 

45 (32) 

 

 

 

 

1.2 

 

0.4-3.7 

 

0.95 

Age of farms 

< 5years 

>5years 

 

8  (33) 

16 (67) 

 

 

41  (29) 

101 (71) 

 

1.2 

 

0.4-3.6 

 

0.92 

Rearing Method 

-Deep Litter/Cage 

-Deep Litter & Cage 

 

14 (56) 

11 (44) 

 

113 (80) 

28   (20) 

 

0.3 

 

0.1-0.9 

 

 

0.03
a 

Source of information 

-From Vet Clinic/Vets 

-Other Sources 

 

7 (28) 

13 (72) 

 

87 (62) 

54 (38) 

 

0.2 

 

0.08-0.7 

 

0.02
b 

Outbreak after 

preventive measures. 

Yes 

No 

 

 

12 (50) 

12 (50) 

 

 

37  (26) 

105 (74) 

 

 

2.9 

 

 

1-8 

 

 

0.07 

 

a,b – p values with superscripts have statistical significant difference. 
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3.5.5 Factors Associated with Good Knowledge of Coccidiosis 

The detailed data obtained in respect of the factors associated with good knowledge of 

coccidiosis is as shown in table 3.5. 

Out of the several factors considered in respect of their association with having a good 

knowledge of coccidiosis, only two were highly significant (P <0.05). The first one was that 

farmers that have both deep litter and cage system on their farms have significant higher 

knowledge of coccidiosis than those that are exclusively using one of the systems. The 

second one was that the farmers who got their information from the Veterinary doctors and 

Veterinary clinics have significantly higher knowledge of coccidiosis than those getting 

theirs from other sources.  

3.5.6 Factors Associated with Adoption of Coccidiosis Vaccine Prophylaxis by 

Farmers 

The details of the data obtained in respect of factors associated with the adoption of 

Coccidiosis vaccine propylaxis by farmers is as shown in table 3.6 below. 

Several factors were considered for their association with the adoption of coccidiosis 

vaccine prophylaxis but only two were significant. Those farmers that took decision on the 

coccidiosis preventive method by consulting external consultants have a significantly higher 

adoption rate of coccidiosis vaccine than others. Interestingly, respondents that are Muslims 

have a significantly higher probability of adopting coccidiosis vaccine prophylaxis than 

chemoprophylaxis. This may be due to the fact that most muslim farmers in a particular area 

may be attending the same Jumat worship center on Fridays and such coming together 

regularly could afford them the opportunity to compare notes and share experiences. 
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Table 3.6 Factors Associated with the Adoption of Coccidiosis Vaccination  

Variables Coccidiosis 

Vaccine 

No Coccidiosis 

Vaccine 

Odd Ratio 95% Confidence 

Limit  

P Value 

Age 

< 50 yrs 

> 50 yrs 

 

63 (54) 

53 (46) 

 

30 (60) 

20 (40) 

 

0.8 

 

0.4-1.8 

 

0.73 

Educational 

Level 

Pry & Sec 

Tertiary 

 

 

22 (19) 

94 (81) 

 

 

4   (8) 

46 (92) 

 

 

0.3 

 

 

0.1-0.9 

 

 

0.2 

Religion 

Christains 

Muslims 

 

72 (62) 

44 (38) 

 

42 (84) 

8   (16) 

 

0.3 

 

0.1-0.9 

 

0.03
a 

Rearing 

Method 

Deep litter 

Cages 

 

 

49 (54) 

42 (46) 

 

 

24 (69) 

11 (31) 

 

 

0.5 

 

 

0.2-1.3 

 

 

0.26 

Prevention 

method 

Coccidiostat 

Vaccines 

 

 

111 (97) 

4      (3) 

 

 

48 (95) 

3    (5) 

 

 

1 

 

 

0.2-9.8 

 

 

0.48 

Who 

influenced 

choice? 

External  

Fellow 

farmers 

 

 

80 (64) 

35 (36) 

 

 

18 (35) 

33 (65) 

 

 

4.2 

 

 

1.8-9.5 

 

 

0.0008
b 

Cost 

Effectiveness 

Yes  

No 

 

90 (78) 

26 (22) 

 

30 (60) 

20 (40) 

 

2.4 

 

1-5.4 

 

0.066 

 

a,b –p values with superscripts have statistical significant difference. 
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3.6 Discussion 

The preponderance of the below 50 years respondents (55.7%) may be indicative of the 

relationship between physical agility of youth and the physical demands of poultry farming 

operations. This observation corroborates the earlier result of Oladoja and Olusanya (2007), 

where 73.9% of poultry farmer respondents were within the age range of 31-50 years. 

Similarly, Adeyemi et al., (2002) reported the age range of 24 to 62 years for most poultry 

farmers. The high numbers of poultry farmers with tertiary education (84.4%) probably 

reflects the technical nature of poultry farming and its need for high academic standard. This 

result is at variance with that of Oladoja et al., (2007) who reported 1.14% without formal 

education, 50% with secondary education and 20.68% with tertiary education. A farmer 

with tertiary education is more likely to keep abreast of innovations and new preventive 

methods against certain infectious diseases like Coccidiosis and be willing to adopt it.  

Majority of the poultry farmers (68.9%) are Christians. This corroborates the result of 

Oladoja et al., (2007) who reported 67% Christians. Religion plays an important socio-

cultural role in one‟s way of life, relationship and occupation. It is unclear really why there 

was such a wide disparity between the practitioners of the two religion involved in poultry 

farming as poultry is devoid of the religious prejudices that occur in piggery. 

It is not surprising that an overwhelming majority (93.5%) of the respondents were married. 

This is because poultry farming is dominated by middle aged people and majority of this 

age range are expected to be married. Marriage confers responsibility on individuals for 

their households. This observation corroborates the works of Oladoja et al., (2007) who 

reported 87.5% married respondents. Similarly, Oladoja (2000) affirmed the preponderance 

of married persons in the poultry business. Marital status may play a role in the management 

of coccidiosis especially in small poultry farms where the workers may not be effective 
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except closely supervised. It therefore means that if one of the spouse mangaing the chicken 

farm is not available, the other spouse could fill the void and thereby maintain some form of 

stability in management. 

 Only 0.8% of the poultry farms were started in the past one year while 70.5% were over 5 

years old. It might be an indication that fewer people are presently going into poultry 

farming than in the past 5 years. This might be because a lot of young people now prefer 

„Okada‟ riding and recharge card sales which bring in quicker returns with relatively less 

stress and starting capital. This is a danger signal to the authourities and they must strive to 

reverse this ugly trend to avert an acute shortage of poultry products in the very near future. 

This trend is also affecting the availability of young people for employment in the 

physically demanding poultry business sector and this might create managemental 

inadequacies on farms, culminating in the outbreaks of avian coccidiosis.   

The rearing method adopted showed a preponderance of deep litter system. This is not 

unexpected since the capital requirements for a deep litter management system is far lower 

than that of cage system. However, farmers must note that coccidiosis is more prevalent 

under the deep litter management system and so, those using this method must take 

adequate proactive prophylactic measures against coccidiosis; such as vaccination, 

medicating coccidiostats in feed or water, avoiding spillage of water on the litter, prompt 

removal of caked litter among others to prevent devastating coccidiosis outbreaks. This is of 

particular importance to the conventional breeder farmers who have to use the deep litter 

system because of the need for mating within the flock. It is of note that some breeder farms 

have started using the cage system by adopting the artificial insemination method (Personal 

observation). 
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About 47% of the respondent farmers produced their feed while about 53% depended on 

external supplies. For those farms that adopted chemoprophylaxis of continual in-feed 

coccidiostatic medication, it is imperative that they produce their own feed so as to ensure 

thorough mixing of the coccidiostat in the feed. Similarly, those on vaccine prophylaxis 

should either produce their own feed independently or have a strict control on the supply 

source so that there will be no trace of coccidiostat in the feed resulting from residual 

carriage from some previous feed made for customers using feed grade coccidiostats. 

About 59% of the respondents use manual drinkers while the rest either use automatic 

drinkers (Nipple or bell drinkers) or a combination of the two. Manual drinkers are disposed 

to frequent water spillage on the litter and this can cause dampness that could create a 

condusive environment for the proliferation of coccidian oocyst which may increase the risk 

of outbreak of coccidiosis. Over 70% of the respondents confirmed having regular water 

spills on the litter. The use of nipple drinkers may on the contrary cause excessive dryness 

in the litter which may make the darkling beetle, Alphitobius diaperinus to attack the birds 

in their search for water (Goodwin et al., 1996). Unfortunately, this beetle has been 

confirmed to transmit various disease agents including Eimeria species (Goodwin et al., 

1996).  

Good litter management is a critical factor in the control of coccidiosis outbreak. It is 

therefore important that conditions that encourage the sporulation of oocysts such as caked 

litter and litter dampness occasioned by water spillage and infrequent turning of litter should 

be avoided. Preventive measures against coccidiosis work best in conjunction with good 

hygienic measures; however, only 73% of the respondents actually had a foot dip with 

disinfectants at the entrance of their poultry pens. Majority of those that did not have foot 

dips were small and medium class poultry farms. Efforts should therefore be concentrated 
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by livestock extension officers on this class of poultry farmers to enhance their bio-security 

consciousness. 

In this study, most of the farmers (95.9%) were aware of a disease called coccidiosis. This 

confirms the cosmopolitan and ubiquitous distribution of the Eimeria species and the 

enzootic presence in most poultry farms in the 2 states under study. The most important 

source of information for the farmers was through the Veterinary doctors, Veterinary clinic 

and Veterinary colleges and institutions. About 82% of the respondents got information on 

coccidiosis through these sources as against 5.4%, 5.4% and 2.4% that got it via Radio/TV, 

fellow farmers, and from outbreaks on their farms respectively. This is critical information 

for Veterinary extension workers and policy makers while planning for a high diffusion rate 

of new information, method and or control measures to the farmers. About 88% of the 

respondent farmers have suffered coccidiosis outbreak on their farms in the past. It may 

therefore means that outbreak of coccidiosis is currently been under-reported in the past. 

About 73.0% confirmed that the outbreak occurred in young flocks of below 8 weeks while 

only 15% suffered it after 8 week. This is a confirmation of the result of the experimental 

part of this study which confirmed that the prevalence of coccidial infections in birds 

between 1 and 8 weeks is significantly higher than in those above 19 weeks. 

The survey showed a higher prevalence of coccidial infection during the rainy season than 

the dry season. This corroborates Shirley et al., (1992) who reported the effect of the 

environment (Temperature and moisture) on the course and severity of coccidial infections. 

There is no doubt that Coccidosis is a disease of economic importance but 22.3% said it was 

of no economic significance. It was apparent that those who have suffered an outbreak 

before can confirm the economic importance of the disease but majority of those yet to 

suffer outbreak could not confirm it. It is hoped that they will not learn the economic 

importance of coccidiosis from a devastating outbreak on their farms.  
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Only 15.1% of the respondents had a good knowledge of the clinical signs of coccidiosis, 

majority of the respondent (84.9%) recognize only bloody faecal dropping as sign of 

coccidiosis. Since there are several other clinical signs excluding bloody faeces, especially 

in subclinical cases, this disease could therefore be so easily wrongly diagnosed especially 

when Veterinarians are not involved.  

The fact that 70% of the respondents have chosen Coccidiosis vaccine as a preventive 

method either wholly or in rotation with chemoprophylaxis is an interesting shift from the 

previous predominant usage of in-feed coccidiostatic drugs as a preventive method. The 

gradual development of resistance to nearly all the anticoccidials drugs in use and the non-

development of any new anticoccidial since 1990 made the shift to vaccination more 

commendable. Coccidiosis vaccine usage has been confirmed to restore sensitivity to 

hitherto resistant species (Derek, D., 2005). Majority of the farmers confirmed that their 

choice of preventive methods was influenced by their Veterinary consultants. This is 

another testimony of the role of Veterinarian and other professionals in the dissemination of 

technical information to poultry farmers. 

More than half of the farmer respondents had been using their adopted preventive method 

(either vaccine propylaxis or chemopropylaxis) for over 5 years and an overwhelming 

majority (91.6%) confirmed they have been very effective while only 8.4% were not quite 

satisfied. It was disheartening however that about (30.0%) still had outbreaks despite 

preventive measures. Before querying the efficacy of the chosen method, it must be borne in 

mind that poor hygiene, improper litter management and suboptimal vaccination against 

some important immunosuppressive diseases of poultry such as infectious bursal disease 

could compromise preventive measures against coccidiosis. About 12% of the respondents 

are contemplating changing the preventive measures they are currently using; it will be 
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important for them to consult veterinary experts who could help them choose a more 

efficient and cost effective coccidiosis preventive method.  
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CHAPTER FOUR 

MORPHOMETRIC IDENTIFICATION OF EIMERIA SPECIES OF 

COMMERCIAL CHICKENS AND DETERMINATION OF PREVALENCE OF 

COCCIDIAL INFECTION IN OYO AND OGUN STATES 

4.1 Introduction 

Coccidiosis of chickens is an intestinal disease caused by parasitic protozoa of the genus 

Eimeria (Apicomplexa). The global cost of coccidiosis to the poultry industry is estimated at 

more than US$2.4 billion per annum (Shirley et al., 2005). Transmission is via the ingestion 

of infective oocysts that have sporulated over several days following their excretion in the 

faeces. The disease is extremely contagious and infective oocysts in the environment are 

resistant to most disinfectants making its eradication difficult (Williams et al., 1997). 

Traditionally, seven species of Eimeria have been recognized, based on parasite 

morphology, pre-patent period, site of infection and pathogenicity (Callow et al., 1984, 

Jorgensen et al., 1997) although new taxonomic units have been characterized recently 

(Cantacessi et al., 2008). In addition to the use of preventive chemotherapy and vaccination 

(Shirley et al., 2007), the specific diagnosis of infection has a key role in the prevention, 

surveillance and control of coccidiosis (Morris et al., 2006). Traditionally, diagnosis has 

been achieved by detecting and enumerating Eimeria oocysts excreted in the faeces from 

infected chickens, measuring oocysts dimensions and shape, assessing the site and extent of 

pathological lesions caused by Eimeria in the intestines of chickens at necropsy, comparing 

pre-patent periods, minimum sporulation time and the extent of cross-protection (Eckert et 

al., 1995). These approaches are cumbersome, time-consuming, and can be unreliable 

particularly when multiple species of Eimeria simultaneously infect chickens because of the 

overlapping size ranges of oocysts, pre-patent periods and minimum sporulation times 
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among some Eimeria species, as well as sites of infection within the intestine (Long et al., 

1984). Although this traditional method represents the gold standard, molecular tools are 

increasingly being developed and relied upon for the species level identification of Eimeria 

species. The infective form of Eimeria is the highly resistant oocyst, which is shed in the 

faeces of infected animals. The oocyst is excreted from the host as an undifferentiated stage, 

and in order to become infective it must sporulate. During sporulation four sporocysts, each 

containing two sporozoites, are formed within the oocyst. Sporulation of the oocyst depends 

mainly on three basic factors; temperature, humidity, and access to oxygen (Kheysin, 1972). 

Under ideal conditions, sporulation occurs in 24 to 48 hours for most poultry Eimeria 

species (Edgar, 1955). The degree and rate of sporulation of excreted oocysts are important 

factors affecting the infection pressure in a flock of birds, thus influencing the epizootiology 

of the infections. It is generally believed that moist litter will favor the development of 

coccidiosis, because of the higher sporulation ability thus induced (Card and Nesheim, 

1972; Matter and Oester, 1989). 

4.2 Objectives 

(a) To quantify and identify Eimeria species of commercial chickens in Oyo and Ogun 

states using morphometric method. 

(b) To determine the prevalence, relative abundance (spectrum of Eimeria species) and 

infection levels (oocyst burden) of Eimeria species in Oyo and Ogun states. 

(c) To determine and compare the prevalence of Eimeria species in caged and deep litter 

chickens. 

(d) To determine and compare the prevalence of Eimeria species in chicks (below 8 

weeks) and older chickens (above 19 weeks) 
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4.3 Material and Methods 

4.3.1  Epizootiological Categories. 

The following epizootiological categories were taken into consideration during samples 

collection.  

1A  Chicks 1 to 8 week-old on vaccine prophylaxis 

1B  Chicks 1 to 8 week-old on chemoprophylaxis.   

2A  Chickens 9 to 18 week-old on vaccine prophylaxis.  

2B  Chickens 9 to 18 week-old on chemoprophylaxis. 

3A  Chickens aged above 19 weeks in cage system. 

3B  Chickens aged above 19 weeks on deep litter system. 

4.3.2 Sample Size and Sampling Method  

Although the calculation of the sample size required for the study at the reported prevalence 

of 12% reported by Adene and Oluyemi 2004 was 160, two hundred and forty one pooled 

faecal samples of different epizootiological categories were actually collected from a total of 

130 poultry farms in Oyo and Ogun states. One hundred and twenty pooled samples (9, 9, 9, 

20, 54 and 19) belonging to epizootiological categories 1A to 3B respectively) were 

collected from 63 farms in Oyo state while 121 pooled samples (9, 16, 18, 27, 39 and 12) 

from categories 1A to 3B respectively) were collected from 67 poultry farms in Ogun state. 

One hundred grams (100 g) of fresh faeces was collected from 6 evenly distributed areas in 

the selected house on each poultry farm and packed in a nylon container and labeled. This 

was done in all the pens belonging to each of the epizootiological category on each poultry 

farm. Samples from each pen were homogenized together and 100 g representative sample 
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taken. The 100 g representative samples taken from different poultry pens of each category 

were pooled and similarly homogenized. It was from this that the representative 100 g 

pooled sample was taken for each of the categories. This final sample was well labeled and 

put in a plastic container inside a cool box packed with ice packs and taken to the laboratory 

for further processing (Haug et al., 2008; Carvalho et al., 2010) 

 

4.4 Laboratory Methods 

4.4.1 Enumeration of Eimeria Oocysts 

The 100 g pooled faecal sample from each of the epizootiological categories was added 100 

ml of distilled water and homogenised by the use of a mixer for 5 minutes. The 

homogenized suspension was passed through a sieve (50 microns) and nylon tissue. It was 

allowed to stand overnight to sediment. The supernatant was decanted and the sediment 

mixed together. From the sediment was taken 10 ml and put in a centrifuge tube and 

centrifuged at 4000 x g for 10 minutes. The supernatant was decanted and the sediment re-

suspended in saturated sucrose solution (containing 685 g sucrose per liter of solution). It 

was then centrifuged at 1500 x g for 30 minutes. The supernatant which will contain the 

oocysts if present was collected by the use of a syringe without a needle piece. The collected 

supernatant was subsequently diluted up to 5 times with diluted water and vortexed, after 

which it was centrifuged at 4000 x g for 10 minutes. The supernatant was decanted and the 

Eimeria oocysts present was in the sediment (Shirley, 1995). Oocysts were kept in 2.5% 

Potassium dichromate for preservation (Carvalho et al., 2010). The McMaster chamber 

method was used for the oocyst enumeration according to Long et al., (1976). 
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4.4.2 Sporulation of Eimeria Oocysts 

The oocyst suspension in a solution of 2.5% potassium dichromate was poured into petri 

dishes and kept at room temperature for 5 days for sporulation. Sporulation took place in the 

presence of oxyen at room temperature. 

4.4.3 Eimeria Oocysts Burden 

McMaster method described by Hodgson, 1970 and Long et al., 1976 was used. One ml of 

the oocyst sample was taken into a graduated beaker and 9 ml of saturated salt solution 

(containing 36 g of NaCl in 100 mL of distilled water) added to make a dilution factor of 

1:10. One ml of the diluted sample was then pipetted and filled into the 2 chambers of the 

McMaster slide. All oocysts under the six grids in each of the two chambers were counted 

and the mean sum recorded. The number of oocysts recorded for each positive sample was 

used to calculate the oocysts per gram of faeces. The oocyst per gram of faeces was done 

using the formular below: 

P x K x D  

P = The mean of the number of oocyst counted in the 2 chambers of the McMaster slide. 

K = It is a constant and for this method it is 6.66 

D = It is the dilution factor and varies depending on the rate of dilution. It is actually 100 but 

may increase to 1000 if the sample is further diluted due to a higher concentration of 

oocysts.  

Using this formular, if the 2 chambers of the MacMaster slide as 3 and 5 oocysts 

respectively, then the oocyst per gram of faeces will be: 

(3+5)/2 x 6.66 x 100 = 2664. 
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The least possible oocyst per gram of faeces using this method is 334 and this can only 

occur if one oocyst is seen in a chamber and nothing is seen in the second chamber. In this 

case the mean oocyst count would be ½. 

4.4.4 Identification of Eimeria Species 

The oocysts enumerated above (both sporulated and unsporulated) were identified 

morphologically by randomly measuring the dimension of 50 oocysts using calibrated 

ocular micrometer at 400x magnification according to Long and Reid, (1982); Norton & 

Joyner (1981) and Edgar and Siebold, (1964). They were categorized in accordance with 

Anita Haug et al., (2008) into three groups: Acervulina-Mitis (AM) group (small oocysts, 

<18.8µm; tentatively Eimeria acervulina and/or Eimeria mitis); Necatrix, Tenella & 

Praecox (NTP) group (medium-sized oocysts, 18.9 µm to 23.8 µm; tentatively Eimeria 

necatrix, Eimeria tenella and/or Eimeria praecox) or a Brunetti-Maxima (BM) group (large 

ovoid oocysts, >23.9µm; tentatively Eimeria brunetti and/or Eimeria maxima).  

4.5 Result 

4.5.1    Eimeria Oocyst Burden for Oyo State.  

The oocyst per gram of faeces (OPG) for 1 to 8 week-old birds in Oyo State that used 

vaccine prophylaxis (OY 1A) was between 668 and 58363 with a mean of 9894.22. The 

value for 1 to 8 week-old birds in Oyo state that used chemoprophylaxis (OY 1B) was 

between 2668 and 8671 with a mean of 3409.33. The oocyst count per gram of faeces for 9 

to 18 week-old chickens that used vaccine prophylaxis (OY 2A) was between 2001 and 

26680 with a mean of 8307.11. The oocyst count per gram of faeces for chickens that were 

aged between 9 and 18 weeks in Oyo State that used chemoprophylaxis (OY 2B) has a value 

of between 5670 and 2174420 with a mean of 219843. The oocyst count per gram of faeces 
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of chickens aged above 19 weeks in Oyo State that were in cages (OY 3A) was between 334 

and 1247290 with a mean of 49494. The oocyst count for chickens in Oyo state aged above 

19 weeks that were on deep litter (OY 3B) was between 334 and 690862 with a mean of 

160575.6.  

4.5.2 Eimeria Oocyst Burden for Ogun State 

The oocyst per gram of faeces (OPG) count in Ogun State for chicks aged between 1 and 8 

weeks that used vaccine prophylaxis (OG 1A) was between 334 and 141404 with a mean of 

19306.22. The count for chicks aged between 1 to 8 weeks that used chemoprophylaxis (OG 

1B) was between 1001 and 2668 with a mean of 1167.5. A count of between 334 and 

1257300 with a mean of 82690.63 was obtained for birds aged between 9 and 18 weeks that 

used vaccine prophylaxis (OG 2A) while birds aged between 9 and 18 weeks on 

chemoprophylaxis (OG 2B) has a count of between 668 and 2668 with a mean of 432.48. 

Birds aged above 19 weeks in Ogun State kept in cages (OG 3A) has a count of between 

334 and 54694 with a mean of 2830.74 while those of the same age that are kept on deep 

litter (OG 3B) has a count of between 334 and 60033 with a mean of 8254.83. 

4.5.3  Eimeria Infection Levels for Oyo and Ogun States 

Eimeria infection level (mean opg) for chickens kept on deep litter was 75185 and 8255 for 

Oyo and Ogun State respectively. The infection level for birds of the same age kept in cages 

was 49494 and 2830 for Oyo and Ogun State respectively. The coccidial infection level for 

birds on deep litter was higher than for those kept in cages for the two States. The coccidial 

infection level for Oyo State samples was generally higher than those of Ogun State with 

mean oocyst per gram (OPG) value of 60106 and 4107 for Oyo and Ogun State respectively 

(appendix iv). When subjected to student T test (Appendix v), the differences in the 

coccidial infection levels among the various groups of birds were not statistically 
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significant. The difference in the oocyst per gram of faeces from chickens on vaccine 

prophylaxis and chemoprophylaxis was statistically significant (P < 0.001) both in Oyo and 

Ogun States (Appendix Xviii). 

4.5.4  Prevalence of Coccidial Infection 

4.5.4.1  Prevalence of Coccidial Infection for Oyo and Ogun States 

Out of a total of 120 pooled faecal samples screened in Oyo State, 78 (65.0%) were positive 

for Eimeria oocysts. Out of 121 pooled samples screened in Ogun State, 74 (61.2%) were 

positive for coccidial infection. The prevalence of coccidial infection for birds aged between 

1 and 8 weeks on vaccine prophylaxis was 9 (100%) for Oyo and Ogun State respectively. 

For birds aged between 1 and 8 weeks on chemoprophylaxis the prevalence was 9 (100%) 

and 12 (75%) for Oyo and Ogun State respectively. The prevalence rate for birds between 9 

and 18 weeks on vaccine prophylaxis was 9 (100%) and 15 (83.3%) for Oyo and Ogun state 

respectively. The prevalence for 9 to 18 weeks old birds on chemoprophylaxis was 15 

(75%) and 9 (33.3%) for Oyo and Ogun State respectively.  The prevalence for birds above 

19 weeks that were in cages was 22 (40.7%) and 20 (51.3%) for Oyo and Ogun State 

respectively. The prevalence for birds above 19 weeks old on deep litter was 14 (73.7%) and 

9 (75%) for Oyo and Ogun State respectively. When subjected to statistical analysis, there 

was neither significant difference between the overall prevalence of coccidial infections in 

Oyo and Ogun States nor between those protected by vaccination and those on 

anticoccidials. The prevalence of coccidial infection in chicks between 1 to 8 weeks was 

significantly higher than that of cickenss above 19 weeks. The prevalence in birds kept on 

deep litter is significantly higher than those in cages. 
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1A = 1-8 weeks chicks on vaccine prophylaxis; 1B = 1-8 weeks chicks on 

chemoprophylaxis. 2A = 9-18 week chickens on vaccine prophylaxis; 2B = 9-18 weeks 

chickens on chemoprophylaxis; 3A = Above 19 weeks chickens in cages; 3B = Above 19 

weeks chickens on deep litter 

 Fig. 4.1: The Log of the Mean OPG in Oyo and Ogun States 
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Figure 4.2 Comparism of Oocysts Burden in Cage and Deep Litter System in Oyo 

  and Ogun States 
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Table: 4.1.   Statistical analysis of OPG values for Oyo and Ogun states 

  

   OYO STATE    OGUN STATE 

Epizootiological 

Categories 

Mean 

(OPG) 

Standard 

deviation 

Standard 

Error of 

Mean 

Mean 

(OPG) 

Standard 

deviation 

Standard 

Error of 

Mean 

1A 9894.2 17502.21 14.70 19306.22 43330.5 23.13 

1B 3409.33 2918.97 6.00 1167.5 957.86 1.93 

2A 8307.11 9952.57 11.08 82690.63 281287.1 29.46 

2B 219843 538374.3 36.69 432.48 785.15 1.04 

3A 49494 235865.2 8.99 2830.74 8864.15 2.41 

3B 160575.6 412680 22.57 8254.83 17612.09 11.06 

 

1A = 1-8 weeks chicks on vaccine prophylaxis; 1B = 1-8 weeks chicks on 

chemoprophylaxis. 2A = 9-18 week chickens on vaccine prophylaxis; 2B = 9-18 weeks 

chickens on chemoprophylaxis; 3A = Above 19 weeks chickens in cages; 3B = Above 19 

weeks chickens on deep litter 
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Table 4.2 Prevalence of Coccidial Infection for Oyo and Ogun States 

 

EPIZOOTIOLOGICAL CATEGORIES OYO STATE 

n (%) 

OGUN STATE 

n (%) 

1-8 weeks old birds on vaccine prophylaxis 9 (100) 9 (100) 

1-8 weeks old birds on chemoprophylaxis 9 (100) 12 (75) 

9-18 weeks old birds on vaccine prophylaxis 9 (100) 15 (83.3) 

9-18 weeks old birds on chemoprophylaxis 15 (75) 9  (33.3) 

Above 19 weeks birds kept in cages 22 (40.7) 20 (51.3) 

Above 19 weeks birds kept on deep litter 14 (73.7) 9 (75) 

Overall for the state 

 

78 (65.0) 74 (61.2) 
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Table 4.3 Statistical Analysis of Coccidial Infection Prevalence in Oyo and Ogun 

States  

 

Key: Figure > 1.6 is significant for Z test; figure < 1.6 are insignificant. 

 

 

 

 

 

 

 

Prevalences for 

comparison 

Actual values   Z values Interpretation 

Prevalence in Oyo State 

versus Ogun State 

78/120 ; 74/121 0.47  Not significant 

Prevalence in 8 weeks 

and below versus 19 

weeks and above  

39/43; 65/124 2.88 Significant 

Prevalence in deep 

litter versus cages 

23/31; 42/93 2.477 Significant 



 

 102 
 

 

 

 

 

1A = 1-8 weeks chicks on vaccine prophylaxis; 1B = 1-8 weeks chicks on 

chemoprophylaxis. 2A = 9-18 week chickens on vaccine prophylaxis; 2B = 9-18 weeks 

chickens on chemoprophylaxis; 3A = Above 19 week chickens in cages; 3B = Above 19 

weeks chickens on deep litter. Overall = Prevalence for the state 

Figure 4.3 Prevalence of Eimeria Infection for Oyo and Ogun States 
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4.5.5 Relative Abundance of Eimeria Species in Oyo and Ogun States 

 The relative abundance of Eimeria oocysts in Oyo State is 3%, 52% and 45% for BM group 

(E. brunetti and E. maxima), AM group (E. acervulina and E. mitis) and NTP group (E. 

necatrix, E. tenella and E. praecox) respectively while Ogun State has 4.3%, 72.1% and 

23.6% for BM, AM and NTP groups respectively. The relative abundance among the 

various epizootiological categories are as follows: In Chickens aged between 1 and 8 weeks 

in Oyo State on vaccine prophylaxis, Eimeria species abundance was 2.6%, 45.7% and 

51.7% for BM, AM and NTP groups respectively while for Ogun State it was 21.1%, 40.8% 

and 38.1% for BM, AM and NTP groups respectively. In Chickens aged between 1 and 8 

weeks in Oyo State on chemoprophylaxis, the relative Eimeria species abundance was 0%, 

29.4% and 70.6% for BM, AM and NTP groups respectively. The same category of 

Chickens in Ogun State has an Eimeria species abundance of 35.7%, 0% and 64.3% for 

BM, AM and NTP groups respectively. 

 In Chickens aged between 9 and 18 weeks in Oyo State on vaccine prophylaxis, relative 

Eimeria species abundance was 5.3%, 62.5% and 32.2% for BM, AM and NTP group 

respectively. The same category of Chickens in Ogun State has a relative abundance of 2%, 

79.6% and 18.4% for BM, AM and NTP group respectively. In Chickens of same age but on 

chemoprophylaxis in Oyo State, the relative Eimeria species abundance was 0%, 52.8% and 

47.2% for BM, AM and NTP group respectively. This group of Chickens in Ogun State has 

an Eimeria species relative abundance of 0%, 50% and 50% for BM, AM and NTP group 

respectively.  

The Chickens aged above 19 weeks in cages in Oyo State has a relative Eimeria species 

abundance was 5.2%, 57.6 and 37.2% for BM, AM and NTP group respectively. Similar 

Chickens in Ogun State have an Eimeria species relative abundance of 6.3%, 62.8% and 

30.9% for BM, AM and NTP group respectively. In Chickens above 19 weeks in Oyo State 

kept on deep litter, the relative Eimeria species abundance was 5.7%, 45.9% and 48.4% for 

BM, AM and NTP group respectively. Similar birds in Ogun State have a relative Eimeria 

species abundance of 9.4%, 30.9% and 63.7% for BM, AM and NTP group respectively. 
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BM= E. brunetti and E. maxima; AM= E. acervulina and E. mitis; NTP= E. necatrix, E. tenella and E. 

praecox 

Figure 4.4 Relative Abundance of Eimeria Species in Chickens 1-8 Week-old on 

Vaccine Prophylaxis in Oyo State 
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BM= E. brunetti and E. maxima; AM= E. acervulina and E. mitis; NTP= E. necatrix, E. tenella and E. 

praecox 

Figure 4.5 Relative Abundance of Eimeria Species in Chickens 1-8 Week-old on 

Chemo Prophylaxis in Oyo State 
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BM= E. brunetti and E. maxima; AM= E. acervulina and E. mitis; NTP= E. necatrix, E. tenella and E. 

praecox 

Figure 4.6 Relative Abundance of Eimeria Species in 9-18 Week-old Chickens on  

  Vaccine Prophylaxis in Oyo State. 
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BM= E. brunetti and E. maxima; AM= E. acervulina and E. mitis; NTP= E. necatrix, E. E.tenella and E. 

praecox 

Figure 4.7 Relative Abundance of Eimeria Species in 9-18 Week-old Chickens on  

  Chemo Prophylaxis in Oyo State 
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BM= E. brunetti and E. maxima; AM= E. acervulina and E. mitis; NTP= E. necatrix, E. tenella and E. 

praecox 

Figure 4.8 Relative Abundance of Eimeria Species in Chickens aged above 19 

Weeks in Cages in Oyo State. 
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BM= E. brunetti and E. maxima; AM= E. acervulina and E. mitis; NTP= E. necatrix, E. tenella and E. 

praecox 

Figure 4.9 Relative Abundance of Eimeria Species in Chickens aged above 19 

Weeks on Deep Litter in Oyo State. 
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Table 4.4 Relative Abundance of Eimeria Species in the Six Epizootiological 

Categories of Oyo State 

 OPG BM 

n (%) 

AM 

n (%) 

NTP 

n (%) 

OY 1A 90049 2336 (2.6) 41180 (45.7) 46533 (51.7) 

OY 1B 11339 0 3335 (29.4) 8004 (70.6) 

OY 2A 37352 2001 (5.3) 23342 (62.5) 12009 (32.2) 

OY 2B 2186426 0 1153989 (52.8) 1032437 (47.2) 

OY 3A 1336342 69018 (5.2) 769702 (57.6) 497622 (37.2) 

OY 3B 1427186 81123 (5.7) 655226 (45.9) 690837 (48.4) 

Cummulative 5088694 154478 2646724 2287442 

Relative Abundance 3% 52% 45% 

BM= E. brunetti and E. maxima; AM= E. acervulina and E. mitis; NTP= E. necatrix, E. tenella and E. 

praecox 
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BM= E. brunetti and E. maxima; AM= E. acervulina and E. mitis; NTP= E. necatrix, E. tenella and E. 

praecox 

Figure 4.10 Relative Abundance of Eimeria Species in 1-8 Week-old Chickens on  

  Vaccine Prophylaxis in Ogun State 
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BM= E. brunetti and E. maxima; AM= E. acervulina and E. mitis; NTP= E. necatrix, E. tenella and E. 

praecox 

Figure 4.11. Relative Abundance of Eimeria Species in 1-8 Week-old Chickens on  

  Chemoprophylaxis in Ogun State 
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BM= E. brunetti and E. maxima; AM= E. acervulina and E. mitis; NTP= E. necatrix, E. tenella and E. 

praecox 

Figure 4.12. Relative Abundance of Eimeria Species in 9-18 Week-old Chickens on  

  Vaccine Prophylaxis in Ogun State. 
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BM= E. brunetti and E. maxima; AM= E. acervulina and E. mitis; NTP= E. necatrix, E. tenella and E. 

praecox 

Figure 4.13 Relative Abundance of Eimeria Species in 9-18 Week-old Chickens on  

  Chemo Prophylaxis in Ogun State. 
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BM= E. brunetti and E. maxima; AM= E. acervulina and E. mitis; NTP= E. necatrix, E. tenella and E. 

praecox 

Figure 4.14 Relative Abundance of Eimeria Species in Chickens above 19 Weeks in 

Cages in Ogun State 
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BM= E. brunetti and E. maxima; AM= E. acervulina and E. mitis; NTP= E. necatrix, E. tenella and E. 

praecox 

Figure 4.15 Relative Abundance of Eimeria Species in Chickens above 19 Weeks on 

Deep Litter in Ogun State 
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Table 4.5 Relative Abundance of Eimeria Species in Ogun State 

BM = E. brunetti and E. maxima; AM = E. acervulina and E. mitis; NTP = E. necatrix, E. tenella and E. 

praecox 

 

 

 

 

 

 

 

EPIZOOTIOLOGICAL 

CATEGORIES 

OPG BM 

N (%) 

AM 

N (%) 

NTP 

N (%) 

OG 1A 154745 32612 (21.1) 63159 (40.8) 58974(38.1) 

OG 1B 4670 1668 (35.7) 0 3002(64.3) 

OG 2A 1383024 28096 (2) 1100316 (79.6)  254612(18.4) 

OG 2B 11676 0 5838 (50) 5838 (50) 

OG 3A 105730 6677 (6.3) 66365 (62.8) 32688(30.9) 

OG 3B 99058 5337 (9.4) 30593 (30.9) 63128(63.7) 

Cummulative 1747895 74390 1260767 412738 

Relative Abundance 4.3% 72.1% 23.6% 
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BM = E. brunetti and E. maxima, AM = E. acervulina and E. mitis, NTP = E. necatrix, E. tenella and E. 

praecox.  

Figure 4.16 Relative Abundance of Eimeria Species in Ogun and Oyo States 
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Figure 4.17 Unsporulated Oocyst of E. necatrix, E. tenella and E. praecox (NTP) 

Group x400 
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Fig. 4.18 Sporulated Oocysts of the E. necatrix, E. tenella and E. praecox (NTP) 

Group x400 
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Unsporulated oocyst   Sporulated oocyst 

 

Fig 4.19 Sporulated and Unsporulated Oocysts of E. maxima and E. 

brunetti (BM) Group x400 
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Unsporulated oocyst     Sporulated oocyst 

 

Fig 4.20 Sporulated and Unsporulated Oocysts of E. acervulina and E. mitis (AM) 

Group x400 
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4.6 Statistical Analysis and Hypotheses Testing 

Statistical analysis of the overall prevalence of coccidial infection in Oyo and Ogun State as 

well as those of young birds (8 weeks and below) and older ones (Above 18 weeks) were 

obtained by Z test for two different proportions. There was no significant difference 

(p>0.05) in the prevalence of coccidial infections between Oyo and Ogun State. 

The overall prevalence of coccidial infections in birds eight weeks and below in the two 

states (90.7%) is significantly higher (p<0.05) than older birds of 19 weeks and above 

(52.4%).  

The prevalence of coccidial infection in birds above 19 weeks kept on deep litter (74.2%) is 

significantly higher than the same age group kept in cages (45.2%).  

Therefore the null hypothesis (H1) which states that there is no significant difference 

between the prevalence of coccidial infection in Oyo and Ogun States is accepted. 

However, the null hypothesis (H2) which states that there is no significant difference 

between the prevalence rate of coccidial infection in young birds (below 8 weeks) and older 

birds (above 18 weeks) is hereby rejected. 

The null hypothesis (H4) which states that there is no significant difference between the 

prevalence of coccidial infection under cage and deep litter management system is hereby 

rejected. 
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4.7 Discussions 

Understanding the occurrence and distribution of various Eimeria species in poultry farms is 

of tremendous epizootiological importance for effective control strategy including the 

development of coccidiosis vaccine. The result showed an overall prevalence of 65.0% and 

61.2% for Oyo and Ogun State respectively. This prevalence is higher than that of Adene 

and Oluleye, 2004 and Etuk et al., 2004 who reported a prevalence of 12% and 12.7% for 

Nigeria and Akwa Ibom State respectively. This may be due to differences in the type of 

samples collected. While the two studies used either faecal or intestinal scraping of 

individual chickens, the present study used pooled faecal samples of several chickens. Etuk 

et al., also reported a prevalence of 26.69% among birds managed on deep litter; 18.75% in 

1 to 5 week-old birds and 22.29% in layers in South Eastern Nigeria. It was also higher than 

that of Muazu et al., (2008) who reported 52.9% and 36.6% for young and adult chicks 

respectively in Plateau State but similar to the findings of Sun et al., (2008) who reported a 

prevalence of 65.8% and 62.03% for Shandong and Anhui province of China respectively. 

The prevalence for the different epizootiological categories varied widely and this is to be 

expected because of the peculiar differences in the mechanism of action of the prophylactic 

methods adopted and the apparent differences in the ages of the flocks. The 100% 

prevalence obtained for epizootiological categories OY 1A and OG 1A is not unexpected 

because coccidiosis vaccines was used for prophylaxis and this will invariably result in 

proliferation of the vaccinal oocyst in addition to some field oocyst that were not 

incorporated in the vaccine. The above explanation is also applicable to the prevalence of 

100% and 83.3% got for OY 2A and OG 2A respectively due to the fact that coccidiosis 

vaccine was similarly used. 
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On the contrary, the prevalence of 100%, 100%, and 75% for OG 1B, OY 1B and OY 2B 

respectively were higher than expected when compared to the 33.3% obtained in OG 2B 

considering the fact that feed grade anti-coccidials were used as a method of control. The 

high prevalence of coccidial infection obtained in this study is in agreement with reports 

from Ethiopia (Ashenefi et al., 2004); from Jordan (Al Natour et al., 2002); from France 

(Williams et al., 1996) and from Argentina (Mc Dougald et al., 1997) suggesting that 

coccidial infections are widespread in most countries. The high prevalence of the infection 

under study may either be an indication of widespread proliferation of coccidian oocysts in 

the farm environment or the inadequacy of the cleaning and disinfection procedures on the 

farms.  From the questionnaire analysis, it was noted that some farms controlled coccidiosis 

by routine medication as opposed to continuous in-feed coccidiostatic medication. Some of 

the faecal samples might have been taken during the period preceding the routine treatment. 

For those on continual in feed coccidiostatic medication, it has been shown that some 

ionophores like Coban and Avatec allow leakages of oocysts so that the birds can build up 

immunity. 

It is also worthy of note that the fact that the anticoccidial medication is in the feed does not 

mean that the birds are getting it. Apart from inappropriate dosing and ineffective mixing, 

other situations such as empty feed pans, hot weather and concurrent disease problems that 

may prevent birds from feeding on medicated feed does not necessarily stop them from 

picking the litter and ingesting coccidian oocysts. Development of resistance to the 

anticoccidials being used may also be responsible for the high prevalence. Al Natour et al., 

(2002), observed a prevalence of 78% in Jordan while Anita et al., (2012) also recorded a 

prevalence of 75% for birds of similar age on anticoccidial preventive medication. 

The prevalence of 40.7% and 51.3% in OY 3A and OG 3A (Birds above 19 weeks in cages 

in Oyo and Ogun states) respectively corroborates Soulsby, (1973) who reported that 
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immunity to coccidiosis increases with the age of the birds. This result is comparable to that 

of Bachaya H.A et al., (2012) in Pakistan who observed a prevalence of 60.16% and 37% 

for young and old layers respectively. The prevalence of 73.5% and 75% obtained for OY 

3B and OG 3B (Birds above 19 weeks on deep litter in Oyo and Ogun States) is in 

agreement with the result of Etuk et al., (2004) who recorded the highest prevalence of 

coccidiosis among birds raised on deep litter system. This might be due to the fact that birds 

on deep litter system by virtue of their direct access to the litter are at a higher risk of 

coccidial infection than their counterparts in the cages. The infection level in the 2 States 

was high as indicated by the number of oocyst per gram of faeces. No clinical signs of 

coccidiosis were seen in the flocks during sample collection. Such high OPG in farms that 

control coccidiosis by chemoprophylaxis may be an indication of failure of control measures 

adopted. This confirms the assertion of Maarten Degussen et al., (2007) that OPG counts in 

faeces or litter has a poor relationship with the impact of the parasite on the performance of 

a flock. This observation corroborates the result of William et al., (1996) in France and 

Anita Haug et al., (2008) in Norway who both recorded millions of oocyst per gram of 

faeces in broilers without clinical coccidiosis. It is a fact of parasitology that only a 

sporulated oocyst is infective, so the percentage of the oocysts that are sporulated may be a 

critical factor as well as its accessibility to the birds. 

The identification of Eimeria species based on traditional morphometric method has been 

the routine standard especially in Africa where the molecular diagnostic method is yet to be 

fully embraced. The result showed a preponderance of the small sized oocysts belonging to 

the Acervulina-Mitis group comprising of E. acervulina and E. mitis. It is closely followed 

by the medium oocysts belonging to the Necatrix-Tenella-Praecox group made up of E. 

necatrix, E. tenella and E. praecox. The big oocysts comprising the Brunetti-Maxima group 

made up of E. brunetti and E. maxima constituted less than 5% of the oocyst population. 
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This result is in agreement with that of Anita Haug et al., (2008) who reported a 

predominance of the small oocyst AM groups in the coccidial infections of large broilers in 

Norway. Majaro, (1984) reported that oocyst sizes and shapes vary as the duration and the 

severity of infection increases. This assertion therefore put to question the reliability of 

identification based purely on microscopic morphometric methods. This diagnostic 

procedure is not only expensive and time-consuming, but also unreliable since the different 

species have overlapping properties and the intra-species variation is substantial (Joyner & 

Long, 1974; Pelle´rdy, 1974; Long & Joyner, 1984; Thebo et al., 1998).   
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CHAPTER FIVE 

MOLECULAR CHARACTERISATION OF EIMERIA SPECIES OF 

COMMERCIAL CHICKENS AND DETERMINATION OF RELATIVE 

ABUNDANCE 

5.1 Introduction 

Traditionally, seven Eimeria species are recognized to infect the chicken, exhibiting variable 

levels of pathogenicity. Species can be distinguished by oocyst morphology, pre-patent 

period, site of infection or minimum sporulation time, but all of these methods are labour 

intensive, time consuming and can be very difficult and unreliable with a mixed sample. 

Accurate determination of which species of Eimeria are present in poultry faeces or litter is 

difficult, because the size and morphology of most Eimeria species oocysts are nearly 

identical. 

Although, pioneering work using conventional Polymerase Chain Reaction (PCR) with 

nucleotide sequence-derived markers has greatly improved specific diagnosis, it lacks the 

ability to quantify the number of Eimeria oocysts present in samples. Classical non-

quantitative PCR methods for molecular diagnosis of the seven Eimeria species that infect 

chickens have been developed using targets including internal transcribed spacer or ITS-1 

sequences (Schnitzler et al., 1999; Haug et al., 2007) or sequence characterized amplified 

regions – SCARs (Fernandez et al., 2003a). Diagnosis can be complicated in chickens with 

mixed-species infections and polymorphism within the target region can affect sensitivity 

(Morgan et al., 2009). Quantitative PCR is capable of identifying, differentiating among and 

quantifying the Eimeria species present in chickens even with mixed-species infections. It is 

more sensitive than conventional PCR because while Real-Time PCR can detect as little as 

two fold amplification, Agarose gel resolution required about 10 folds (Morgan et al., 

2009). 
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Quantitative PCR provides a powerful tool for epizootiological investigations and has 

several applications, including investigations into coccidiosis outbreaks (causative species 

and disease thresholds), assessment of disease risk, the monitoring of the effectiveness of 

vaccination programmes and minimization of vaccine costs through the use of targeted 

treatment regimens. 

There are four previously published real time quantitative PCR (qPCR) markers developed 

for Eimeria that infect the chicken which are based on either of the following assays.  

(a) The one utilizing Sequenced Characterized Amplifying Regions (SCAR) targets which 

have been confirmed to be non-polymorphic (Blake et al., 2008). 

(b)  The one using the ribosomal ITS-2 DNA sequence as the target (Morgan et al., 2009). 

(c) The one using the SCAR target in supplementation with a gene specific assay targeting 

the ribosomal 5S repeat (Vladimir Vrba et al. 2010).  

 The ITS regions are present in multiple copies per genome and many share the same 

sequence, there is some degree of variability both within a genome as well as between 

strains and species (Cantacessi et al., 2008). Although there is the advantage of higher 

sensitivity when using a multi-copy ITS targets, the Sequence Characterized Amplified 

Region  (SCAR) which is a non-polymorphic single-copy target is better suited for specific 

detection and precise quantification of multiple species in a mixture (Valdimir Vrba et al 

2010). All seven qPCR markers used in this study (courtesy of Vladimir Vrba of Biopharm 

Research Institute of Biopharmacy and veterinary drugs) was sequenced from multiple 

strains and confirmed to be non-polymorphic and identical to the original SCAR sequence. 

Sequences conserved within each species were chosen with the aim of developing genuinely 

universal markers, providing global coverage. An exact match for the primers and 

TaqMan® probe during PCR cycling enables precise relative quantification of multiple 

species in a mixture regardless of the strains present. All markers utilized in these qPCR 
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assays are according to Biopharm institute, absolutely species-specific and support 

reproducible quantification across a wide linear range, unaffected by the presence of non-

target species or other contaminating DNA. The sensitivity of these assays indicated that 

DNA equivalent to a single sporulated oocyst can be consistently detected. (Vladimir Vrba 

et al., 2010). The ability to prepare and isolate pure DNA from a variety of sources is an 

important step in many molecular biology protocols. For successful identification, it is 

necessary to have an efficient procedure for DNA extraction from oocysts. Protocols from 

commercial extraction kits are commonly used to break the rigid oocyst wall (Fernandez et 

al., 2003b; Meireles et al., 2004; Haug et al., 2007). 

5.2 Objectives 

(a) To extract the genomic DNA from Eimeria oocysts isolated in study two above. 

(b) To run a Real-time qPCR analysis of the DNA isolated. 

(c) To characterize the Eimeria species from the qPCR plots obtained and determine the 

relative presence (abundance) of the species. 

(d) To compare morphometric and molecular identification of Eimeria species and 

determine their level of agreement.  

5.3 Material and Methods 

The samples of the oocysts isolated in the morphometric section in chapter four were pooled 

together on the basis of their epizootiological categories, making a total of 12 samples in all, 

six for each state.  Genomic DNA was extracted from these 12 samples and subjected to real 

time quantitative PCR analysis.  
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5.3.1 Extraction of DNA from Eimeria Oocysts 

One µl of the pooled oocyst sample for each of the epizootiological categories was washed 

with an equal volume of Phosphate Buffer Saline (PBS) in a 2 ml Eppendorf tubes three 

times by centrifuging at 13,000 g for 1 minute in order to remove the potassium dichromate 

used in preserving the oocysts. 

The resulting pellet was re-suspended in 100 µl of PBS. It was transferred into a screw cap 

tube with 0.5µg of glass bead added and vortexed for 3 minutes to break the resilient oocyst 

walls in order to extract the DNA from the sporozoites. A drop of the sample was examined 

under the microscope to confirm disruption of the oocyst wall under x40 objective. After 

confirmation of the disruption of the oocyst wall, 200µl of ATL from Qiagen DNeasy blood 

and tissue kit was added and vortexed briefly. After this, 20µl proteinase K was added to the 

mixture and vortexed. It was incubated at 56
0
C for 30 minutes to enable efficient tissue 

lysis. 

 The lysate was put in a new tube and 200µl of AL buffer was added and vortexed. Also, 

200µl of ethanol was added to the sample and vortexed. The resulting suspension was 

transferred into a DNeasy column and centrifuged at 13,000 g for 1 minute. The flow-

through was discarded and the spin column put inside a new 2ml collection tube. It was then 

washed with 500µl AW1 and spinned at 13,000 g for 1 minute. The flow-through was 

similarly discarded and the spin column put inside another new 2 ml collection tube. This 

was also washed with 500µl AW2 and spinned at 13000 g for 3 minutes to dry the DNeasy 

membrane of residual ethanol so as not to interfere with subsequent reactions. 

It was then eluted with 100µl AE buffer into clean 2 ml micro centrifuge tubes and 

centrifuged for 1 minute at 8000 g. The flow-through contained the genomic DNA samples 

of the oocysts and stored in a refrigerator for preservation.   



 

 132 
 

 

 

 

 

 

Figure 5.1   Sporulated Eimeria Oocyst disrupted and Sporocyst released after  

        Vortexing  
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5.3.2 Quantitative Real Time Polymerase Chain Reaction Technique 

The DNA sample was removed from the fridge and 1µl was taken by pipette into a well in 

the 96 plate qPCR plate in triplicates. 1 mL of the positive and negative controls was put in 

the 11
th 

and 12
th

 column respectively. The following were measured, vortexed and mixed 

together in a 2ml qPCR tube (A): 500µl master mix containing 150mM Tris-Hcl, 40mM 

(NH4)2 SO4, 0.02% Tween 20, 5mM MgCl2, 400µM d ATP, 400µM d CTP, 400µM d GTP, 

400µM d TTP and 50µ/mL Taq DNA polymerase; 297µl qPCR water and 3µl ROX dye. It 

was briefly vortexed after mixing. Into another 2ml qPCR tube (B) was measured the 

following after being vortexed initially: 10µl of Primer, 5µl of the probe and 175µl of qPCR 

water. It was vortexed again after the additions. Subsequently 8µL from the mixture in A 

and 1µL of B was added to all the rows and columns of the qPCR plate. 

The qPCR plate was covered with the optical cover provided and pressed down without 

allowing finger print impression marks on it. The plate was centrifuged briefly for a few 

seconds to allow a proper settlement of the constituents in the wells of the qPCR plates. The 

thermo-cycler was already put on to warm it up to the required temperature of 95 
0 

C. The 

qPCR plate was put inside the thermo-cycler. The thermal cycling program used was initial 

denaturation at 95 
0 

C for 1 minute followed by 40 cycles of denaturation at 95 
0
C for 15 

seconds and combined annealing and extension at 60
0
 C for 30 seconds. 

Fluorescence data were collected at the end of each cycle. Each sample was run in triplicate. 

The result was then analysed on the computer after the end of the cycling period. The 

quantitative real-time PCR reactions were performed in a Stratagene Mx3005P® real-time 

qPCR cycler. Both positive and negative template controls were included. The resulting data 

were processed using Mx ProTM software (Stratagene, USA). Threshold cycles (Ct) were 

calculated from baseline-corrected normalized fluorescence (dRn) data.  
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5.3.3 Determination of Relative Abundance of Eimeria Species 

Relative abundance refers to the percentage contribution of each of the Eimeria species to 

the sample under study in which coccidial infection has been confirmed. These data are 

automatically generated by the computer software during the qPCR process.  

 

5.3.4 Comparism of Morphometric and Molecular Methods of Eimeria Species 

 Identification 

The result of Eimeria species identification carried out by morphometric method was 

compared with the one carried out by molecular method to determine their level of 

agreement between the two. Agreement is defined when an Eimeria specie is identified by 

molecular method and at least one oocyst of the corresponding oocyst length category was 

also detected by morphometry and vice versa. 
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Table 5.1 Primer and Probe Sequences 

 

 

 

Courtesy of Vladmir Vrba, Damer P Blake and Martin Poplstein of BIOPHARM, Research 

Institute of Biopharmacy and Veterinary Drugs, a.s., Pohori-Chotoun, Jilove u Prahy 25449, 

Czech Republic. 
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5.4 Result 

5.4.1 Result of Quantitative PCR Analysis for Ogun State 

The result of the qPCR analysis of the six samples of epizootiological categories OG 1A (1 

to 8 weeks birds on vaccine prophylaxis), OG 1B (1 to 8 weeks birds on chemoprophylaxis), 

OG 2A (9 to 18 weeks birds on vaccine prophylaxis), OG 2B (9 to 18 weeks birds on 

chemoprophylaxis), OG 3A (Birds aged above 19 weeks in cages) and OG 3B (Birds aged 

above 19 weeks in cages) from Ogun State is shown in the qPCR plots of figures 5.1 to 5.6. 

It confirmed the presence of five Eimeria species. They are Eimeria acervulina, Eimeria 

maxima, Eimeria necatrix, Eimeria tenella and Eimeria mitis. 

Each of the six epizootiological categories has two or more Eimeria species present. OG 1A 

has the presence of E. acervulina, E. necatrix and E. mitis while OG 1B has E. acervulina, E 

.tenella and E. mitis. OG 2A has E. acervulina, E. tenella, E. maxima, E. necatrix and E. 

mitis while E. tenella and E. mitis was found in OG 2B. OG 3A has E. acervulina and E. 

necatrix while OG 3B has E. acervulina and E. necatrix. E. acervulina, E. maxima, E. 

necatrix, E. tenella and E. mitis was present in 83.3%, 16.7%, 50%, 66.7%, and 66.7% of 

the coccidial infection in the epizootiological groups respectively.  Eimeria brunetti and E. 

praecox was not detected in any of the six groups. All the 5 species was present in those 

birds that were vaccinated with coccidiosis vaccine whereas E. maxima were not found in 

the group that received chemoprophylaxis. 
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Figure 5.2 Result of Quantitative PCR Analysis for Ogun State 
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Ash colour = E. tenella; Blue = E. acervulina; Light green = E. mitis; Deep green = E. 

necatrix; Magenta = E. maxima 

Figure 5.3 RTQPCR Plots for 1 to 8 Week-old Chickens on Vaccine Prophylaxis in 

  Ogun State (OG 1A) 
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Ash colour = E. tenella; Blue = E. acervulina; Light green = E. mitis;  

Figure 5.4 RTQPCR Plots for 1 to 8 Weeek-old Chickens in Ogun State on  

  Chemoprophylaxis (OG 1B) 
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 Ash colour = E. tenella; Blue = E. acervulina; Light green = E. mitis; Magenta = E. maxima 

Figure 5.5: RTQPCR Plots for 9 to 18 Week-old Chickens in Ogun State on  

  Vaccine Prophylaxis (OG 2A) 
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 Ash colour = E. tenella; Light green = E. mitis;   

Fig. 5.6:  RTQPCR Plots for Chickens 9 to 18 Week-old in Ogun State on  

     Chemoprophylaxis (OG 2B) 
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Blue = E. acervulina; Deep green = E. necatrix 

Figure 5.7:  RTQPCR plots for Chickens Aged above 19 Weeks in Cages in Ogun  

  State (OG 3A) 
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Blue = E. acervulina; Deep green = E. necatrix 

Figure 5.8:  RTQPCR Plots for Chickens above 19 Weeks on Deep Litter in  

  Ogun State (OG 3B) 
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5.4.2 Result of RTQPCR Plot for Oyo State 

The result of the RTQPCR analysis of the samples of the six epizootiological categories in 

Oyo State namely OY 1A (Birds 1 to 8 weeks old in Oyo State on vaccine prophylaxis), OY 

1B (Birds 1 to 8 weeks old in Oyo State on chemoprophylaxis), OY 2A (Birds 9 to 18 

weeks old in Oyo State on Vaccine prophylaxis), OY 2B (Birds 9 to 18 weeks old in Oyo 

State on chemoprophylaxis), OG 3A (Birds above 19 weeks old in Oyo State in cages) and 

OG 3B (Birds above 19 weeks in Oyo State on deep litter) are shown in the RTQPCR plots 

in figures  It confirmed the presence of 5 Eimeria species namely E. acervulina, E. maxima, 

E. necatrix, E. tenella and E. mitis. OY 1A has E. acervulina, E. tenella and E. mitis while 

OY 1B has E. acervulina, and E. tenella. OY 2A has E. acervulina, E. maxima, E. necatrix, 

E. tenella and E. mitis while OG 2B has E. acervulina, E.necatrix and E mitis. OY 3A has 

E. acervulina and E. necatrix while OY 3B has E.acervulina and E.tenella. The result 

further showed that E. acervulina, E. maxima, E. necatrix, E. tenella and E .mitis was 

present in 100%, 16.7%, 50%, 66.7% and 50% of the coccidial infections respectively. E. 

praecox and E. brunetti was not detected. All the 5 species was present in those birds that 

were vaccinated with coccidiosis vaccine whereas E.  maxima was not found in the group 

that received chemoprophylaxis. 
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Figure 5.9 Result of RTQPCR Analysis for Samples in Oyo State 
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Ash colour = E. tenella; Blue = E. acervulina; Light green = E. mitis;   

Figure 5.10 RTQPCR Plots for 1 to 8 Week-old Chickens in Oyo State on Vaccine  

  Prophylaxis (OY 1A) 
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Ash colour = E. tenella; Blue = E. acervulina; Light green = E. mitis 

Figure 5.11 RTQPCR Plots for 1 to 8 Week-old Chickens in Oyo State on   

  Chemoprophylaxis (OY 1B) 

 

 

 

  

 



 

 148 
 

 

Ash colour = E. tenella; Blue = E. acervulina; Light green = E. mitis; Deep green = E. 

necatrix; Magenta = E. maxima 

Figure 5.12 RTQPCR Plots for 9 to 18 Week-old Chickens in Oyo State on Vaccine 

  Prophylaxis (OY 2A) 
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Blue = E. acervulina; Light green = E. mitis; Deep green = E. necatrix 

Figure 5.13 RTQPCR Plots for 9 to 18 Week-old Chickens in Oyo State on   

  Chemoprophylaxis (OY 2B) 
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Blue = E. acervulina; Deep green = E. necatrix 

Figure 5.14 RTQPCR plots for above 19 week-old Chickens in Oyo State in Cages 

(OY 3A) 
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Ash colour = E. tenella; Blue = E. acervulina; 

Figure 5.15 RTQPCR Plots for Chickens aged above 19 Weeks in Oyo State on Deep 

  Litter (OY 3B) 
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Table 5.2 RTQPCR Analysis for Samples from Ogun and Oyo States 

 

EC E. acervulina E. maxima E. necatrix E. tenella E. brunetti E. mitis E. praecox 

OG 1A + nd + + nd + nd 

OG 1B + nd nd + nd + nd 

OG 2A + + nd + nd + nd 

OG 2B nd nd nd + nd + nd 

OG 3A + nd + nd nd nd nd 

OG 3B + nd + nd nd nd nd 

OY 1A + nd nd + nd + nd 

OY 1B + nd nd + nd nd nd 

OY 2A + + + + nd + nd 

OY 2B + nd + nd nd + nd 

OY 3A + nd + nd nd nd nd 

OY 3B + nd nd + nd nd nd 

EC = Epizootiological category; Nd = Not detected; + = detected 
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Table 5.3 Relative Abundance of Eimeria Species for Ogun and Oyo States 

 

EC E. acervulina E. maxima E.  necatrix E. tenella E. brunetti E. mitis E. praecox 

OG 

1A 

25.7% 0 4.4% 62.8% 0 7.1% 0 

OG 

1B 

3.8% 0 0 8.9% 0 87.3% 0 

OG 

2A 

22.4% 1.8% 0 4.9% 0 70.9 0 

OG 

2B 

0 0 0 4.4% 0 95.6% 0 

OG 

3A 

13.8% 0 86.2 0 0 0 0 

OG 

3B 

54.5% 0 45.5 0 0 0 0 

OY 

1A 

20.8% 0 0 20.9% 0 58.3% 0 

OY 

1B 

48.2% 0 0 51.8% 0 0 0 

OY 

2A 

37.8% 1.1% 7.1% 3.1% 0 50.9% 0 

OY 

2B 

49.3% 0 6.5% 0 0 44.2% 0 

OY 

3A 

81.4% 0 18.6% 0 0 0 0 

OY 

3B 

54.8% 0 0 45.2% 0 0 0  
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5.4.3 Relative Abundance of Eimeria Species in Ogun State 

Chickens aged between 1 to 8 weeks on vaccine prophylaxis were infected by four Eimeria 

species namely; Eimeria acervulina, Eimeria necatrix, Eimeria tenella and Eimeria mitis 

with a relative abundance of 25.7%, 4.4%, 62.8% and 7.1% respectively. Chickens aged 

between 1 and 8 weeks on chemoprophylaxis were infected by 3 species namely; Eimeria 

acervulina, Eimeria tenella and Eimeria mitis with a relative abundance of 3.8%, 8.9% and 

87.3% respectively. Chickens aged between 9 and 18 weeks on vaccine prophylaxis were 

infected by four Eimeria species namely; Eimeria acervulina, Eimeria maxima, Eimeria 

tenella and Eimeria mitis with a relative abundance of 22.4%, 1.8%, 4.9% and 70.9% 

respectively. 

Chickens aged between 9 and 18 weeks on chemoprophylaxis were infected by two Eimeria 

species namely; Eimeria tenella and Eimeria mitis with a relative abundance of 4.4% and 

95.6% respectively. Chickens aged above 19 weeks and kept in cages were infected by two 

Eimeria species namely; Eimeria acervulina and Eimeria necatrix with a relative abundance 

of 13.8% and 86.2% respectively. Chickens aged above 19 weeks but kept on deep litter 

were infected by two Eimeria species namely; Eimeria acervulina and Eimeria necatrix 

with a relative abundance of 54.5% and 45.5% respectively. 
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E.ac = Eimeria acervulina; E. max = Eimeria maxima; E.nec. = Eimeria necatrix;  

E.ten = Eimeria tenella; E. bru = Eimeria brunette; E.mit = Eimeria mitis; E.pra = Eimeria praecox 

 

Figure 5.16 Relative Abundance of Eimeria Species in 1 to 8 Week-old Chickens in 

  Ogun  State on Vaccine Prophylaxis (OG 1A) 
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Figure 5.17 Relative Abundance of Eimeria Species in 1 to 8 Week-old Chickens in 

  Ogun State on Chemoprophylaxis 
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Figure 5.18 Relative Abundance of Eimeria Species in 9-18 Week-old Chickens in 

Ogun on Vaccine Prophylaxis 
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Figure 5.19 Relative Abundance of Eimeria Species 9-18 Week-old Chickens in Ogun 

  on Chemo Prophylaxis 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 159 
 

 
 
 
 
 
 
 

 
 

Figure 5.20 Relative Abundance of Eimeria Species in Chickens above 19 Weeks in 

   Ogun State in Cages 
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Figure 5.21 Relative Abundance of Eimeria Species in Chickens aged above 19 

Weeks in Ogun State on Deep Litter  
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5.4.4 Relative Abundance of Eimeria Species in Oyo State 

Birds aged between 1 to 8 weeks on vaccine prophylaxis were infected by three Eimeria 

species namely; Eimeria acervulina, Eimeria tenella and Eimeria mitis with a relative 

abundance of 20.8%, 4.4%, 20.9% and 58.3% respectively. Birds aged between 1 and 8 

weeks on chemoprophylaxis were infected by two species namely; Eimeria acervulina and 

Eimeria tenella with a relative presence of 48.2% and 51.8% respectively. Birds aged 

between 9 and 18 weeks on vaccine prophylaxis were infected by five Eimeria species 

namely; Eimeria acervulina, Eimeria maxima, Eimeria necatrix, and Eimeria mitis with a 

relative abundance of 37.8%, 1.1%, 7.1%, 3.1% and 50.9% respectively. Birds aged 

between 9 and 18 weeks on chemoprophylaxis were infected by three Eimeria species 

namely; Eimeria acrevulina, Eimeria necatrix and Eimeria mitis with a relative abundance 

of 49.3%, 6.5% and 44.2% respectively. Birds aged above 19 weeks and kept in cages were 

infected by two Eimeria species namely; Eimeria acervulina and Eimeria necatrix with a 

relative abundance of 81.4% and 18.6% respectively. Birds aged above 19 weeks but kept 

on deep litter were infected by two Eimeria species namely; Eimeria acervulina and 

Eimeria tenella with a relative abundance of 54.8% and 45.2% respectively. 

 

 

 

 

 

 
 
 
 
 
 



 

 162 
 

 
 
 
 
 

 
 
 

Figure 5.22 Relative Abundance of Eimeria Species 1-8 Week-old Chickens in Oyo 

   State on Vaccine Prophylaxis 
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Figure 5.23 Relative Abundance of Eimeria Species in 1 to 8 Week-old Chickens in 

   Oyo State on Chemoprophylaxis 
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Figure 5.24 Relative Abundance of Eimeria Species in 9 to18 Week-old Chickens in 

   Oyo State on Vaccine Prophylaxis 
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Figure 5.25 Relative Abundance of Eimeria Species in 9 to 18 Week-old Chickens in 

Oyo State on Chemoprophylaxis  
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Figure 5.26 Relative Abundance of Eimeria Species in Chickens above 19 Weeks in 

Oyo State in Cages 
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Figure 5.27 Relative Abundance of Eimeria Species in Chickens above 19 Weeks in 

Oyo State on Deep Litter 
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Figure 5.28 Relative Abundance of Eimeria Species in Ogun State 
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Figure 5.29 Relative Abundance of Eimeria Species in Oyo State 
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Figure 5.30 Comparism of Eimeria Species detected in Oyo and Ogun States 
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5.4.5 Comparism between Morphometric and Molecular Methods 

Comparison of QPCR results with the tentative identification based on oocyst length 

measurements (i.e. belonging to category AM, NTP or BM) using Kappa test showed 

complete agreement in 77.8% (28 of 36) studied. The detailed result of the analysis is as 

shown in table 5.4. 

5.5 Hypotheses Testing 

The result of the RTQPCR plots showed that 5 species of Eimeria species were detected in 

all the pooled samples from Oyo State. They are Eimeria acervulina, Eimeria maxima, 

Eimeria necatrix, Eimeria tenella and Eimeria mitis. These five Eimeria species were also 

the ones detected in Ogun State. There is therefore no difference in the Eimeria species 

causing coccidial infection in Oyo and Ogun States. 

Therefore the null hypothesis (H3) which states that the Eimeria species involved in 

coccidial infection in Oyo and Ogun States are the same is not rejected. 

Statistical analysis gave a 77.8% agreement between morphometric and molecular method 

of Eimeria species identification. Therefore, the null hypothesis (H5) which states that there 

is a low level of agreement between molecular and morphometric method of Eimeria 

species identification is rejected. Statistical analysis also showed that there was a  

significant difference (P < 0.001) between the mean OPG for chickens on vaccine and 

chemo prophylactic groups (Appendix xviii) 
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Table 5.4 Statistical Analysis of the Level of Agreement between Morphometric 

and Molecular Methods 

Epizootiological categories Complete Agreement  Disparity 

OY 1A 2 1 

OY 1B 3 0 

OY 2A 3 0 

OY 2B 3 0 

OY 3A 2 1 

OY 3B 2 1 

OG 1A 2 1 

OG 1B 1 2 

OG 2A 3 0 

OG 2B 3 0 

OG 3A 2 1 

OG 3B 2 1 

Cummulative 28 (77.8%) 8 (22.2%) 

Key: OY = Oyo state; OG = Ogun state; 1A = 1 to 8 weeks old birds on vaccine 

prophylaxis; 1B = 1 to 8 weeks old birds on chemoprophylaxis; 2A = 9 to 19 weeks old 

birds on vaccine prophylaxis; 2B = 9 to 18 weeks old birds on chemoprophylaxis; 3A = 

Above 19 weeks old birds in cages; 3B = Above 19 weeks old birds on deep litter. 
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5.6 Discussion 

Precise identification and genetic characterisation of different species of Eimeria are central 

to prevention, surveillance, and control of coccidial infection. The development of 

molecular tools has allowed not only the diagnosis but also the study on genetic variability 

of pathogens based on small quantities of oocysts through molecular markers (Schnitzler et 

al., 1998; Costa et al., 2001). The result of the quantitative polymerase chain reaction 

analysis showed the presence of Eimeria acervulina, E. maxima, E. necatrix, E. tenella and 

E. mitis. This result agreed with those of Ramzi et al., (2000), Ahmed et al (2003), El 

Behairy, (2005), Hamdinejat et al., (2010), and Ahmed et al., (2012) who also reported the 

same five species without E. praecox and E. brunetti. The result of this study is however at 

variance with that of Carvalho et al., 2010, Sun et al., (2008) and Al-Natour et al., (2001) 

who all reported the presence of the seven Eimeria species. Although Schwarz et al., (1998) 

reported six Eimeria species but E. brunetti and E.praecox were present.The non-detection 

of E. brunetti and E. praecox in this study contradicted the assertion of Majaro 1980, 

1981and 1983 that the species of Eimeria causing coccidial infection in Nigeria were E. 

tenella, E. necatrix, E. brunetti and E. acervulina. However, the unreliability of 

morphological diagnosis of Eimeria species used in that study could be responsible for this 

discrepancy.  

The detection of Eimeria mitis in 58.3% of the sample by RTQPCR is of immense 

epizootiological importance because apart from being the first time the presence will be 

definitively confirmed in Nigeria, it is not presently included in the different types of 

coccidiosis vaccine presently being marketed in Nigeria. In view of the lack of cross 

immunity among the various Eimeria species, the non inclusion of E. mitis may result in 
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possible vaccine failure.  The Latin name, “mitis,” means mild, because investigators of this 

pathogen have always considered it to be of minor significance in poultry. Although it is 

known to parasitise the lower part of the small intestine, no gross lesion has been ascribed to 

it, but it causes marked depression of weight gain in infected chicken (Shirley M.W., 2003). 

Experimental studies carried out at Veterinary Laboratories Agency in Weybridge (UK) 

showed that at equal infective doses, their strains of E. mitis were more pathogenic than 

those of E. acervulina.   

The proliferation of E. mitis in those birds that received vaccine prophylaxis is possibly due 

to the presence of wild field species since it was not included in the vaccine formulation 

administered. However for those on chemoprophylaxis the widespread presence of E. mitis 

is of great concern as it might signify the emergence of resistance strains of the specie to 

frequently used anticoccidials. This is more so when the relative abundance of the specie in 

some of the epizootiological categories that received chemoprophylaxis (OG 2B, OG 1B 

and OY 3B) was as high as 95.6%, 87.3%, and 44.2% respectively. E .mitis was thought to 

be of low pathogenicity, but studies have shown that it impacts negatively on the growth and 

overall health of chickens (Gore and Long, 1982; Fitz-Coy and Edgar, 1992; Williams, 

1998). In addition, some studies indicated that E. mitis was more pathogenic when it occurs 

concomitantly with E. acervulina (Gobbi et al. 2006) as recorded in this study. The negative 

effect of E .mitis on production (especially broiler production) may therefore be more than 

previously imagined. 

Immunity to coccidiosis is known to increase with age but the 75% detection of E. necatrix 

in birds above 19 weeks as against 25% detection in younger birds recorded in this study  

raises fundamental epizootiological questions more so when the younger birds were those 

that received vaccines containing E. necatrix and is therefore likely to be of vaccinal origin. 

However, E. necatrix is known to be a poor oocyst producer, it may take a longer time for 
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an infective dose to be established in a susceptible flock.  This finding corroborates the 

observation of Shirley M. W., (2003) who reported low detection of E. necatrix in 

commercial broiler farms. This might be responsible for its exclusion from coccidiosis 

vaccine meant for use in commercial broilers while being included in those for breeders. 

Shirley, (2003) further reported that whereas E. mitis is found commonly in both broiler and 

egg laying flocks, E. brunetti and E. necatrix tend to be found predominantly in egg laying 

flock. 

Presence of low level of E. necatrix in poultry facilities may be beneficial because Majaro 

(1984) observed that chickens given small doses of E. necatrix oocyst had better weight 

gain than the unexposed groups. This stimulated growth was thought to be due to the fact 

that mild infection stimulates the functional activity of the intestinal crypts where digestive 

juices and enzyme occur which probably improved the appetite of the infected chickens. 

The stimulated growth may be due to improved efficiency of digestive processes rather than 

improvement in the appetite of the chickens. The preponderance of E. acervulina in this 

study (prevalence of 100% for Oyo and 83.3% for Ogun) is not unexpected considering its 

high fecundity in oocyst production in a condusive environment. This result confirms the 

findings of Mc Dougald et al., (1997), Razmi et al., (2000) and Haug et al., (2008) which 

showed E. acervulina as the most prevalent Eimeria species in their respective studies. E. 

tenella was the second most prevalent in this study as shown by a prevalence of 66.7% each 

for Ogun and Oyo state respectively. E. tenella is also a prolific oocyst producer. This 

observation corroborates the report of Al Natour et al., (2001), Hamedinejat et al., (2010) 

and Bachaya et al., (2012) in which E. tenella was widely distributed. This result is however 

at variance with that of Ahmed et al., (2012) in which E. necatrix with a prevalence of 

58.27% was the most preponderant.    
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While E. acervulina is moderately pathogenic, E. tenella, and E. necatrix are the most 

pathogenic (Nowan et al., 2005) of the five Eimeria species identified. The presence of E. 

tenella, and E. necatrix, especially in those flocks on chemoprophylaxis is of great 

epizootiological importance not only because of the widespread damage caused while 

developing in the depth of the mucosa which causes high mortality as well severe weight 

loss but because of the possible development of multi-drug resistance strains. The low 

prevalence of E. maxima recorded in this study (16.7% each in Oyo and Ogun State 

respectively) coupled with the non-detection in flocks on chemoprophylaxis may be 

indicative of the absence of multi drug resistance strains culminating in the high sensitivity 

of this specie to commonly used anticoccidials. It might also indicate that the environmental 

factors in the study area do not favour the proliferation of this specie. 
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CHAPTER SIX 

CONCLUSION AND RECOMMENDATIONS 

6.1  Conclusion 

The finding in this study has provided current information on the prevalence of coccidial 

infection in Oyo and Ogun States. It also provided information about the Eimeria 

species and their relative abundance in the 2 states using both the traditional 

morphometric and the more recent molecular techniques. This study also provided 

information on the effect of age, prophylactic and management practices on the 

incidence and prevalence of coccidial infections. 

Data obtained indicated a higher incidence of coccidial infection in chicks below 8 

weeks and in birds kept on deep litter. This may be due to the low level of immunity of 

young chicks to coccidial infection and the increased proximity between sporulated 

oocysts and birds raised on deep litter system. The reported outbreak of Coccidiosis in 

30% of the flock in spite of prophylactic measures indicates the need to review and 

improve current measures to enhance efficacy and engender protection from infection. 

The usage of molecular method to characterise the Eimeria species enumerated revealed 

the presence of Eimeria acervulina, E. maxima, E, necatrix, E. tenella and E. mitis in 

both States. This is one of the few reports of the usage of molecular method to 

characterise Eimeria species in Nigeria. This method has a greater precision over the 

traditional morphometric method of identification hitherto in use because the latter 
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method adopt the measurement of oocyst sizes as part of the identification criteria 

whereas oocyst sizes has been shown to overlap among different species. 

The five identified Eimeria species should be incorporated into a coccidiosis vaccine 

meant for use in the area especially for Layers and Breeder birds while Eimeria necatrix 

which is a poor oocyst producer and for which the possibility of sporulated oocysts 

accumulating enough to cause an infection in birds below 8 weeks could be lefi out of 

the formulation for commercial broilers in order to minimise cost. The positive 

characterization of Eimeria mitis is of epizootiological significance not only because it is 

the first time its presence will be unequivocally confirmed in Nigeria but because all 

coccidiosis presently being marketed in Nigeria do not contain this specie. The 

implication of that is obvious since there is no cross immunity among different Eimeria 

species. Although E. mitis is of moderate pathogenicity, it has been shown to cause poor 

weight gain in commercial broilers. Although E. brunetti and E. praecox were not 

positively characterised in this study, it does not mean that they are not present in other 

parts of the country. 

In Nigeria presently, only live vaccines such as Livacox® and Immucox® are currently 

included in the program for coccidiosis control in the poultry industry. There remains a 

heavy reliance on anticoccidial chemotherapeutics, predominantly ionophore drugs. 

With increasing drug resistance and the negativity associated with drug residues in 

poultry meat and eggs, the dependency on chemotherapeutics will inevitably be altered 

in the near future and, thus, the prospect of vaccines becoming the future of coccidiosis 

control is likely 

6.2 Contributions to Knowledge 
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(a) The molecular characterisation of five Eimeria species; E. acervulina, E. maxima, E. 

necatrix, E. tenella and E. mitis done in this study is a major contribution to 

knowledge on the prevention and control of coccidiosis because of the increasing 

adoption of vaccine prophylaxis by poultry farms in Nigeria and especially in the 

study area. In Vaccine prophylaxis unlike in chemoprophylaxis, each of the 

pathogenic local Eimeria species must be included in the vaccine formulation to 

ensure maximum protection and efficacy due to the absence of cross immunity 

among different species.  

(b) The study reported a prevalence of coccidial infections of 65% and 61.2% for Oyo 

and Ogun States respectively and this provides vital current key information in 

respect of the epizootiology of Eimeria infections in the areas studied.   

(c) The classification of sample collected into 6 epizootiological categories is novel and 

allowed for a more critical analysis of the empirical data collected. It is expected to 

be adopted in future epizootiological studies not only in coccidiosis research but in 

order areas where age, management and prophylactic measures may exert significant 

effect on the results obtained. 

(d) The determination of the relative abundance of the different Eimeria species in this 

study can be used as a tool to determine the efficiency of any anticoccidial strategy 

on any farm in Nigeria. 

(e) The molecular characterisation of Eimeria mitis in this study is perhaps the first 

confirmation of its presence in the study area. 

6.3 Recommendations 
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The five of Eimeria species identified in this study; Eimeria acervulina, E. maxima, E. 

necatrix, E. tenella, and E. mitis should be included in any future coccidiosis vaccine for use 

in the study area to enhance vaccine efficacy and optimal protection. 

The traditional morphometric methods could still continue to be used for routine tentative 

diagnosis of coccidiosis but Real-Time Quantitative PCR method with its higher precision 

should be used for definitive identification of Eimeria species especially for the purpose of 

incorporation into a coccidiosis vaccine formulation. 

The Federal Government of Nigeria through the Federal Department of Livestock should 

provide resources for the carrying out of a nationwide molecular epizootiological survey to 

identify the Eimeria species in other parts of the country. This will provide a holistic picture 

of the circulating Eimeria species in Nigeria. 

The classification of samples obtained for this study into different epizootiological 

categories which is novel is recommended for future epizootiological studies in which 

factors like age, management and prophylactic measures adopted can have a decisive effect 

on the obtained result.  

In consideration of the statistically significant superior knowledge of coccidiosis by farmers 

that consulted Veterinary doctors, Veterinarians should be fully involved in the formulation 

and dissemination of technical information for the prevention and control of coccidiosis and 

coccidial infections in Nigeria. 
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APPENDICES 

Appendix 1: QUESTIONNAIRE ON PREVALENCE OF COCCIDIOSIS IN OYO 

AND OGUN STATES 

UNIVERSITY OF IBADAN DEPARTMENT OF VETERINARY PUBLIC HEALTH 

AND PREVENTIVE MEDICINE 

Dear Respondents, 

This questionnaire survey is an academic exercise on the prevalence of Coccidiosis of 

poultry in Oyo and Ogun states. All information supplied will be treated with utmost 

confidentially and used for research only. 

Thank you for your time and cooperation. 

Dr. S. O. Adeyemi 

(A) POULTRY OWNERS’ BACKGROUND INFORMATION 

1. Age: 10-30 yrs ( ) 31-50 yrs ( ) 51 yrs and above ( ) 

2. Educational level: Primary ( ) Secondary ( ) Tertiary ( ) 

3. Religious affiliation: Christianity ( ) Islam ( ) Traditional ( ) 

4. Marital status: Single ( ) Married ( ) Widowed ( ) Divorced ( ) 

 

(B) GENERAL FARM AND MANAGEMENT INFORMATION 

1 Farm‟s name __________________________________________________ 

2 Farm‟s location ________________________________________________ 

3 How old is the farm? (a) Less than 1 year (b) 1-5 years (c) Above 5 years 

4 What type of breed do you keep? (a) Broiler (b) Layers (c) Breeders  
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5 What is/are the age(s) of your birds? Tick as many as applicable (a) 0-8wk (b) 9-18 

wks (c) 19 wks and above  

6 Number of poultry pens at this location.___________________________________ 

7. What is the poultry population per pen (use attached paper if necessary) 

8. What type of rearing pens do you have? (a) Open sided (b) Controlled environment  

9.  What type of rearing style do you practice? (a) Deep Litter. (b) Cage system. (c) 

both. 

10. If answer to 8 is both, specify which applies to each breed. ------------------------------- 

11 How is your feed produced? (a) On the farm. (b) By local suppliers.. 

12. What watering system do you have? (a) Manual (b) Automatic   

13. Do you normally have spilled water on the litter? (a) Yes (b) No  

14. If you have a deep liter system when water accidentally spill on the litter, what do 

you do? 

(a) Allow the litter to dry on its own 

(b) Pack out the wet litter and replace with dry ones 

(c) Mix the wet litter with other spots that are dry 

(d) Others, specify. ____________________________________________________ 

15. Do you notice caked litter? (a)Yes (b) No  

16. How often do you replace your house liter? (a) Monthly (b) Every 3 months (c) 

Yearly (d)  Others, specify _______________________________________________ 

17. Do you have foot dip with disinfectants at the entrance to poultry pens? (a) Yes (b) 

No.  

SPECIFIC INFORMATION ON COCCIDIOSIS 

1. Have you heard of a disease called Coccidiosis?  (a)Yes (b) No. 
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2. If yes, what was your source of information? (a) radio/tv/public communication 

(b) vet/ vet clinic (c) school (d) friend (e) others, specify _______________  

3. Has it occurred on your farm before? Yes or No.  

4. If yes, at what age do your chicks often have coccidiosis? (a) Below 8 weeks (b) 

Above 8 weeks. 

5. What season of the year do you normally have coccidiosis on your farm? (a) Dry 

season (b) Rainy season (c) Any time. 

6. From your experience, is the disease of serious economic importance? (a) Yes 

(b) No.  

7. What signs will you see to suspect an imminent outbreak of coccidiosis.?  (a) 

Bloody dropping (b) Ruffled feathers (c) Dropping wings (d) In appetence and 

dosing  

8.   Which method of Coccidiosis prevention do you use? (a) Coccidiostat in feed or 

water (b) Coccidiosis vaccines (c) An alternation between a & b.  

9. Who influenced the choice in 8 above? (a)Yours or that of internal staff (b) 

External Consultant (c) Fellow farmer‟s testimony.  

10. How long have you been using the chosen method above? (a) Below 2 years (b) 

Between 2-5 years (c) Over 5 years.                   

11. How effective has the method been? (a) Very effective (b) Barely effective (c) 

Ineffective  

12. Has there been any history of outbreak despite preventive measures? (a)Yes (b) 

No.  

13. Have you ever changed the method or even contemplate changing it? (a)Yes (b) 

No. 

14. If yes, why? ____________________________________________________ 
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15. Was there an evaluation of the cost effectiveness of the chosen method? (a) Yes 

(b) No.  

16. In your opinion, do you think Coccidiosis is still of economic significance in the 

Nigerian poultry industry? (a)Yes (b) No.  
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Appendix 2: Eimeria Oocyst Burden for Oyo State. 

SERIAL NO NAME OF FARM EPIZOOTIOLOGICAL CATEGORIES OOCYST PER GRAM OF FAECES 

(OPG) 

1 OBASANJO 1 OY 1A 668 

2 OBASANJO 2 OY 1A 1336 

3 TERUDEE 1 OY 1A 6670 

4 TERUDEE 2 OY 1A 10337 

5 BAMFORT OY 1A 1001 

6 AJANLA 1 OY 1A 1001 

7 AJANLA 2 OY 1A 1001 

8 FIMHAB 1 OY 1A 58363 

9 FIMHAB 2 OY 1A 8671 

10 ZARTECH 1 OY 1B 8671 

11 ZARTECH 2 OY 1B 2668 

12 ZARTECH 3 OY 1B 1001 

13 OBASANJO 1 OY 1B 2668 

14 OBASANJO 2 OY 1B 668 

15 AVIAN 1 OY 1B 8671 

16 AVIAN 2 OY 1B 2668 

17 KARMADEX 1 OY 1B 2668 

18 KARMADEX 2 OY 1B 1001 

19 SURULERE 1 OY 2A 26680 

20 SURULERE 2 OY 2A 26680 

21 FALANA 1 OY 2A 2001 
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22 FALANA 2 OY 2A 2001 

23 AJANLA 1 OY 2A 1668 

24 AJANLA 2 OY 2A 2001 

25 AJANLA 3 OY 2A 5062 

26 BELAPOP OY 2A 2001 

27 AJANLA 4 OY 2A 6670 

28 SOKS 1 OY 2B 6336 

29 SOKS 2 OY 2B 5670 

30 G TADEK 1 OY 2B 0 

31 G. TADEK 2 OY 2B 0 

32 G. TADEK 3 OY 2B 0 

33 OLULANA 1 OY 2B 5670 

34 OLULANA 2 OY 2B 6336 

35 FALANA 1 OY 2B 2174420 

36 FALANA 2 OY 2B 1247290 

37 NIYI 1 OY 2B 677956 

38 NIYI 2 OY 2B 30349 

39 OYEWONUOLA 1 OY 2B 60033 

40 OYEWONUOLA 2 OY 2B 108386 

41 AGTHAM 1 OY 2B 60033 

42 AGTHAM 2 OY 2B 7004 

43 GTHAM 1 OY 2B 5003 

44 GTHAM 2 OY 2B 1710 

45 KARMADEX 1 OY 2B 0 
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46 KARMADEX 2 OY 2B 0 

47 KARMADEX 3 OY 2B 668 

48 GREEN FIELD  OY 3A 668 

49 GREEN FIELD OY 3A 1001 

50 BTA 1 OY 3A 334 

51 SUSSEX 1 OY 3A 0 

52 SUSSEX 2 OY 3A 0 

53 BTA 2 OY 3A 0 

54 PETER 1 OY 3A 60033 

55 PETER 2 OY 3A 60033 

56 GOD‟S MERCY 1 OY 3A 0 

57 GOD‟S MERCY 2 OY 3A 668 

58 SIAD 1 OY 3A 1247290 

59 SIAD 2 OY 3A 1254288 

60 DOMINIC 1 OY 3A 0 

61 DOMINIC 2 OY 3A 334 

62 OYEWONUOLA 1 OY3A 668 

63 OYEWONUOLA 2 OY 3A 2668 

64 OSINALD 1 OY 3A 0 

65 OSINALD 2 OY 3A 0 

66 OSINALD 3 OY 3A 0 

67 OLUWOLE 1 OY 3A 0 

68 OLUWOLE 2 OY 3A 0 

69 F&B 1 OY 3A 0 
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70 F&B 2 OY 3A 0 

71 OLANIPEKUN 1 OY 3A 0 

72 OLANIPEKUN 2 OY 3A 0 

73 WURAOLA 1 OY 3A 0 

74 WURAOLA 2 OY 3A 0 

75 HENRY T 1 OY 3A 7004 

76 HENRY T 2 OY 3A 0 

77 FALANA 1 OY 3A 2335 

78 FALANA 2 OY 3A 6336 

79 DOROLA 1 OY 3A 5670 

80 DOROLA 2 OY 3A 1001 

81 ABOF 1 OY 3A 2668 

82 ABOF 2 OY 3A 6336 

83 ADEWOYE 1 OY 3A 0 

84 ADEWOYE 2 OY 3A 0 

85 VIC THOMAS 1 OY 3A 0 

86 VIC THOMAS 2 OY 3A 0 

87 ALAYANDE 1 OY 3A 2335 

88 ALAYANDE 2 OY 3A 2668 

89 AGTHAM 1 OY 3A 0 

90 AGTHAM 2  OY 3A 0 

91 BAMFORT 1 OY 3A 0 

92 BAMFORT 2 OY 3A 0 

93 GTHAM 1 OY 3A 0 
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94 GTHAM 2 OY 3A 0 

95 SAVENGER 1 OY 3A 7337 

96 SAVENGER 2 OY 3A 1001 

97 AFUN 1 OY 3A 0 

98 AFUN 2 OY 3A 0 

99 REHOBOTH 1 OY 3A 0 

100 REHOBOTH 2 OY 3A 0 

101 SUSSEX 2 OY 3A 0 

102 TERUDEE 1 OY 3B 1336 

103 TERUDEE 2 OY 3B 4669 

104 AJILA OY 3B 0 

105 NIYI OY 3B 5003 

106 G.TADEK OY 3B 2668 

107 ADEDEJI OY 3B 2668 

108 OPE OLUWA OY 3B 677956 

109 LAWAL OY 3B 690862 

110 AJAO OY 3B 30349 

111 GREEN FIELD OY 3B 0 

112 FABJET OY 3B 4669 

113 OLADEWA OY 3B 668 

114 YINKA OY 3B 0 

115 KARMADEX OY 3B 0 

116 AJANLA 1 OY 3B 1334 

117 AJANLA 2 OY 3B 2668 
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118 AJANLA 3 OY 3B 1334 

119 AVIAN 1 OY 3B 1334 

120 AVIAN 2 OY 3B 1001 

 

OY 1A = 1-8 Week-old Chickens on Vaccine prophylaxis 

 OY 1B = 1-8 Week-old Chickens on Chemoprophylaxis 

 OY 2A = 9-18 Week-old Chickens on Vaccine Prophylaxis 

 OY 2B = 9-18 Week-old Chickens on Chemoprophylaxis 

 OY 3A = Chickens aged 19 Weeks and above in cages 

 OY 3B = Chickens aged above 19 Weeks on Deep Litter. 
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Appendix 3: Eimeria Oocyst Burden for Ogun State  

SERIAL 

NUMBER 

NAME OF THE FARM EPIZOOTIOLOGICAL 

CATEGORY 

OOCYST PER GRAM OF FAECES 

1 AJIBOYE 1 OG 1A 334 

2 AJIBOYE 2 OG 1A 668 

3 F. A. 1 OG 1A 1001 

4 F.A 2 OG 1A 141404 

5 ANIMAL CARE 1 OG 1A 2668 

6 ANIMAL CARE 2 OG 1A 13,007 

7 ANIMAL CARE 3 OG 1A 2668 

8 ODUNSI OG 1A 6336 

9 EL-SHADAI OG 1A 5670 

10 ALE 1 OG 1B 1001 

11 ALE 2 OG 1B 1001 

12 TAIYE 1 OG 1B 2668 

13 TAIYE 2 OG 1B 2668 

14 TAIYE 3 OG 1B 1001 

15 OLUBAMISE 1 OG 1B 0 

16 OLUBAMISE 2 OG 1B 0 

17 EL-SHADAI 1 OG 1B 1001 

18 EL-SHADAI 2 OG 1B 1001 

19 SOPTIMAL 1 OG 1B 2668 

20 SOPTIMAL 2 OG 1B 1001 
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21 SOPTIMAL 3 OG IB 1001 

22 LIZPAD 1 OG 1B 0 

23 LIZPAD 2 OG 1B 0 

24 BAMISE 1 OG 1B 2668 

25 BAMISE 2 OG 1B 1001 

26 SOPTIMAL 1 OG 2A 334 

27 SOPTIMAL 2 OG 2A 5670 

28 SOPTIMAL 3 OG 2A 2668 

29 BOSS 1  OG 2A 1267300 

30 BOSS 2 OG 2A 108386 

31 F. A.  1 OG 2A 60033 

32 F A 2 OG 2A 108386 

33 GAFO 1 OG 2A 5003 

34 GAFO 2 OG 2A 0 

35 GAFO 3 OG 2A 0 

36 OWONOKO 1 OG 2A 2001 

37 OWONOKO 2 OG 2A 668 

37 OWONOKO 3 OG 2A 0 

38 ANIMAL CARE 1 OG 2A 0 

39 ANIMAL CARE 2 OG 2A 2668 

40 ANIMAL CARE 3 OG 2A 2001 

41 RABIU 1 OG 2A 2668 

42 RABIU 2 OG 2A 2668 

43 STELLAN OG 2A 668 
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44 ODUNSI 1 OG 2B 668 

45 ODUNSI 2 OG 2B 668 

46 TAIYE 1 OG 2B 0 

47 TAIYE 2 OG 2B 0 

48 AKIN SOTUBO 1 OG 2B 0 

49 AKIN SOTUBO 2 OG 2B 0 

50 AROWOLO 1 OG 2B 0 

51 AROWOLO 2 OG 2B 0 

52 AKIN 1 OG 2B 1001 

53 AKIN 2 OG 2B 334 

54 GOLDEN YOLK 1 OG 2B 0 

55 GOLDEN YOLK 2 OG 2B 0 

56 SASBROTH 1 OG 2B 2668 

57 SASBROTH 2 OG 2B 2001 

58 SEGUN 1 OG 2B 0 

59 SEGUN 2 OG 2B 0 

60 LAMINA 1 OG 2B 2668 

61 LAMINA 2 OG 2B 1001 

62 FEEDWELL 1 OG 2B 668 

63 FEEDWELL 2 OG 2B 0 

64 FOLAKEMI 1 OG 2B 0 

65 FOLAKEMI 2 OG 2B 0 

66 GORI OG 2B 0 

67  MURPHY OG 2B 0 
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68 SEBUM 1 OG 2B 0 

69 SEBUM 2 OG 2B 0 

70 MOLAYE OG 2B 0 

71 AROWOLO OG 3A 2668 

72 FOLAKEMI OG 3A 2001 

73 SASBROTH OG 3A 0 

74 SOPTIMAL OG 3A 11673 

75 GOLDEN YOLK OG 3A 1668 

76 AKIN OG 3A 1336 

77 SEGUN OG 3A 2335 

78 ALE OG 3A 0 

79 LAMINA OG 3A 0 

80 FEEDWELL OG 3A 4336 

81 GORI OG 3A 2001 

82 MURPHY OG 3A 0 

83 OLUBAMISE OG 3A 0 

84 KEN AYO 1 OG 3A 0 

85 OLUWASEUN OG 3A 0 

86 TAIYE OG 3A 334 

87 KEN AYO 2 OG 3A 0 

88 K. ABIOLA OG 3A 0 

89 OGUNMOLA OG 3A 334 

90 SEBUM 1 OG 3A 1670 

91 SEBUM 2 OG 3A 668 
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92 AKIN SOTUBO OG 3A 668 

93 LIZPAD 1 OG 3A 0 

94 LIZPAD 2 OG 3A 0 

95 MOLAYE OG 3A 12673 

96 GAFO OG 3A 0 

97 WHITE COAT OG 3A 0 

98 AJIBOYE OG 3A 334 

99 OWONOKO OG 3A 0 

100 OSTAN OG 3A 0 

101 F A OG 3A 54694 

102 RABIU OG 3A 2001 

103 STELLAN OG 3A 3335 

104 ANIMAL CARE OG 3A 0 

105 COMFORT OG 3A 0 

106 MIDE OG 3A 667 

107 OROPO OG 3A 0 

108 EAT HEALTHY OG 3A 0 

109 AYOADE 2 OG 3A 5003 

110 OLA QUADRI OG 3B 0 

111 FIKUN OG 3B 668 

112 AYOADE 1 OG 3B 668 

113 NON NOMECLATURE OG 3B 1001 

114 REAL OG 3B 1336 

115 KAY OG 3B 2001 
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116 OGIS OG 3B 2668 

117 OLUYEMI OG 3B 60033 

118 OROPO OG 3B 0 

119 GORIOLA OG 3B 334 

120 EAT HEALTHY OG 3B 0 

121 AYOADE 2 OG 3B 30349 

 

OG 1A = 1-8 Week-old Chickens on Vaccine Prophylaxis 

 OG 1B = 1-8 Week-old Chickens on Chemoprophylaxis 

 OG 2A = 9-18 Week-old Chickens on Vaccine Prophylaxis 

 OG 2B = 9-18 Week-old Chickens on Chemoprophylaxis 

 OG 3A = Chickens aged 19 Weeks and above in cages 

 OG 3B = Chickens aged above 19 Weeks on Deep Litter 
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Appendix 4: Calculation of Infection Levels for Oyo and Ogun State 

OY 3A OY 3B OG 3A OG 3B 

Mean OPG was 49494. 

Calculation= 

2672676/54 = 49494 

Mean OPG wa75185 

Calculation = 

1428519/19 =75185 

Mean OPG was 2830 

Calculation = 

110399/39= 2830 

Mean OPG was 8255 

Calculation =  

99058/12 = 8255 

Mean OPG for OY 3A and 3B was 56181. 

Calculation = 4101195/73 = 56181 

Mean OPG for OG 3A and 3B was 4107 

Calculation = 110399+99058/51= 4107. 
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Appendix 5: Statistical Analysis of Oocyst Burden for Oyo and Ogun States 

 

Results compared P value obtained from 

Student T test. 

Comment 

OG 3A and OG 3B 0.342 Not significant 

OG 3A and OY 3A 0.321 Not significant 

OY 3A and OY 3B 0.705 Not significant 

OY 3B and OG 3B 0.193 Not significant 

OY 3A and OG 3B 0.382 Not significant 

 

OG 3A = Birds above 19 weeks in cages in Ogun state; OG 3B = Birds above 19 weeks on deep litter in 

Ogun state; OY 3A = Birds above 19 weeks in cages in Oyo state; OY 3B = Birds above 19 weeks on 

deep litter in Oyo state 
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Appendix 6: Relative Abundance of Eimeria Species in 1-8 Week-old Chickens on  

  Vaccination in Oyo State. 

FARMS‟ NAME EPICAT OPG BM 

N (%) 

AM 

N (%) 

NTP 

N (%) 

OBASANJO 1  1A 668 668 (100) 0 0 

OBASANJO 2 1A 1336 334 (25) 0 1002 (75) 

TERUDEE 1 1A 6670 0 3001(45) 3669 (55) 

TERUDEE 2 1A 10337 0 165 (1.6) 10172 (98.4) 

BAMFORT 1A 1001 1001(100) 0 0 

AJANLA 1 1A 1001 333 (33.2) 334 (33.4) 334 (33.4) 

AJANLA 2 1A 1001 333 (33.2) 334 (33.4) 334 (33.4) 

FIMHAB 1 1A 58363 0 37509 (64.3) 20854 (35.7) 

FIMHAB 2 1A 8671 0 5575 (64.3) 3095 (35.7) 

Cumulative  90049 2336  41180  46533 

Relative Abundance  2.6% 45.7% 51.7% 

 

BM = E. brunetti and E. acervulina, AM = E. acervulina and E. mitis, NTP = E. necatrix, E. 

tenella and E. praecox.  

 

 

 



 

 258 
 

Appendix 7: Relative Abundance of Eimeria Species in 1-8 Week-Old 

Chickens on Chemoprophylaxis in Oyo State. 

FARMS’ NAME EPI. CAT. OPG BM N (%) AM N (%) NTP N (%) 

ZARTECH 1 1B 8671 0 2668 (30.8) 6003 (69.2) 

ZARTECH 2 1B 2668 0 667 (25) 2001 (75) 

ZARTECH 3 1B 1001 0 334(33) 667(67) 

OBASANJO 1 1B 2668 0 667(25) 2001(75) 

OBASANJO 2 1B 668 0 334 (50) 334 (50) 

AVIAN 1 1B 8671 0 5546(64) 3125(36) 

AVIAN 2 1B 2668 0 1334 (50) 1334 (50) 

KARMADEX1 1B 2668 0 667 (25) 2001 (75) 

KARMADEX 2 1B 1001 0 334(33) 667(67) 

Cummulative 30684 0 12551 18133 

Relative Abundance 100% 0 29.4% 70.6% 

 

 

BM = E. brunetti and E. maxima, AM = E. acervulina and E. mitis, NTP = E. necatrix, E 

.tenella and E. praecox.  
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Appendix 8: Relative Abundance of Eimeria Species in 9-18 Week-old 

Chickens on Vaccination in Oyo State. 

FARMS‟ NAME EPICAT. OPG BM N (%) AM N (%) NTP N (%) 

SURULERE 1 2A 26680 2001(7.5) 19338 (72.5) 5341(20) 

SURULERE 2 2A 26680 2001(7.5) 19338(72.5) 5341(20) 

FALANA 1 2A 2001 0 334(16.7) 1667 (83.3) 

FALANA 2 2A 2001 0 1001(50) 1000(50) 

AJANLA 1 2A 1668 0 1001(60) 667(40) 

AJANLA 2 2A 2001 0 1001(50) 1000(50) 

AJANLA 3 2A 5062 0 1001(15) 4061(85) 

AJANLA 4 2A 2001 0 1335 (66.7) 666 (33.35) 

BELAPOP 2A 6670 0 2335 (35) 4335 (35) 

Cummulative 74764 4002 46684 24078 

Relative Abundance 100% 5.4% 

 

62.4% 

 

32.2% 
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Appendix 9: Relative Abundance of Eimeria Species in 9-18 Week-old 

Chickens on Chemoprophylaxis in Oyo State 

FARMS’ NAME EPIZOOTIOLOGAL 

 CATEGORIES 

OPG BM 

N (%) 

AM 

N (%) 

NTP 

N (%) 

SOKS 1 2B 6336 0 665 (10.5) 5671(89.5) 

SOKS 2 2B 5670 0 998(17.6) 4672(82.4) 

G. TADEK 1 2B 0 0 0 0 

G.TADEK 2 2B 0 0 0 0 

G.TADEK 3 2B 0 0 0 0 

OLULANA 1 2B 5670 0 998 (17.6) 4672 (82.4) 

OLULANA 2 2B 6336 0 3168(50) 3168(50) 

FALANA 1 2B 2174420 0 1141571(52.5) 1032849(47.5) 

FALANA 2 2B 1247290 0 769536(61.7) 477754(38.3) 

NIYI 1 2B 677956 0 338978(50) 338978(50) 

NIYI 2 2B 30349 0 3035(10) 27314(90) 

OYEWONUOLA 1 2B 60033 0 18010(30) 42023(70) 

OYEWONUOLA 2 2B 108386 0 21677(20) 86709(80) 

AGTHAM 1 2B 60033 0 18010(30) 42023(70) 

AGTHAM 2 2B 7004 0 4230(60.4) 2774(39.6) 

GTHAM 1 2B 5003 0 0 5003(100) 
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GTHAM 2 2B 1710 0 334(19.5) 1376(80.5) 

KARMADEX 1 2B 0 0 0 0 

KARMADEX 2 2B 0 0 0 0 

KARMADEX 3 2B 668 0 334(50) 334(50) 

Cummulative 4396864 0 2321544  2075320 

Relative Abundance 100% 0 52.8% 47.2% 
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Appendix 9: Relative Abundance of Eimeria Species in Chickens aged above 19 

Weeks in Cages in Oyo State. 

FARMS’ NAME EPIZOOTIOLOGICAL 

CATEGORIES 

OPG BM (%) AM (%) NTP (%) 

GREEN FIELD OY 3A 668 0 334(50) 334(50) 

GREEN FIELD OY 3A 1001 334(33.3) 333(33.3) 334(33.3) 

BTA 1 OY 3A 334 0 0 334(100) 

SUSSEX 1 OY 3A 0 0 0 0 

SUSSEX 2 OY 3A 0 0 0 0 

BTA 2 OY 3A 0 0 0 0 

PETER 1 OY 3A 60033 0 9435(15.7) 50598(84.3) 

PETER 2 OY 3A 60033 6336(10.6) 26680(44.4) 27017(45) 

GOD’S MERCY 1 OY 3A 0 0 0 0 

GOD’S MERCY 2 OY 3A 668 0 334(50) 334(50) 

SIAD 1 OY 3A 1247290 67354(5.4%) 756942(60.7%) 422994(33.9%) 

SIAD 2 OY 3A 1254288 62391(5) 741067(59.1) 450830(35.9) 

DOMINIC 1 OY 3A 0 0 0 0 

DOMINIC 2 OY 3A 334 0 334(100) 0 

OYEWONUOLA 1 OY 3A 668 0 668(100%) 0 

OYEWONUOLA 2 OY 3A 2668 0 1001(37.5) 1667(62.5) 
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OSINALD 1 OY 3A 0 0 0 0 

OSINALD 2 OY 3A 0 0 0 0 

OLUWOLE 1 OY 3A 0 0 0 0 

OLUWOLE 2 OY 3A 0 0 0 0 

F&B 1  OY 3A 0 0 0 0 

F&B 2 OY 3A 0 0 0 0 

OLANIPEKUN 1 OY 3A 0 0 0 0 

OLANIPEKUN 2 OY 3A 0 0 0 0 

WURAOLA 1 OY 3A 0 0 0 0 

WURAOLA 2 OY 3A 0 0 0 0 

HENRY T 1 OY 3A              7004 329(4.7) 2003(28.6) 4672(66.7) 

HENRY T 2 OY 3A 0 0 0 0 

FALANA 1 OY 3A 2335 0 0 2335(100) 

FALANA 2 OY 3A 6336 0 0 6336(100) 

DOROLA 1 OY 3A 5670 0 0 5670(100) 

DOROLA 2 OY 3A 1001 0 0 1001(100) 

ABOF 1 OY 3A 2668 0 0 2668(100) 

ABOF 2 OY 3A 6336 0 0 6336(100) 

ADEWOYE 1 OY 3A 0 0 0 0 

ADEWOYE 2 OY 3A 0 0 0 0 
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VIC THOMAS 1 OY 3A 0 0 0 0 

VIC THOMAS 2 OY 3A 0 0 0 0 

ALAYANDE 1 OY 3A 2335 0 0 2335(100) 

ALAYANDE 2 OY 3A 2668 900(33.7) 0 1768(66.3) 

AGTHAM 1 OY 3A 0 0 0 0 

AGTHAM 2 OY 3A 0 0 0 0 

BAMFORT 1 OY 3A 0 0 0 0 

BAMFORT 2 OY 3A 0 0 0 0 

GTHAM 1 OY 3A 0 0 0 0 

GTHAM 2 OY 3A 0 0 0 0 

SAVENGER 1 OY 3A 7337 1335(18.2) 330(4.5) 5672(77.3) 

SAVENGER 2 OY 3A 1001 0 0 1001(100) 

AFUN 1 OY 3A 0 0 0 0 

AFUN 2 OY 3A 0 0 0 0 

REHOBOTH 1 OY 3A 0 0 0 0 

REHOBOTH 2 OY 3A 0 0 0 0 

Cummulative  2672676 138979 1539461 994236 

RelativeAbundance 100% 5.2% 57.6% 37.2% 
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Appendix 10: Relative Abundance of Eimeria Species in Chickens above 19 

Weeks on Deep-Litter in Oyo State. 

FARMS’ NAME EPI. CAT OPG BM (%) AM (%) NTP (%) 

TERUDEE 1 3B 1336 0 0 1336(100) 

TERUDEE 2 3B 4669 333(7.1) 1001(21.4) 3335(71.5) 

AJILA 3B 0 0 0 0 

NIYI 3B 5003 0 2326(46.5%) 2677(53.5%) 

G.TADEK 3B 2668 1000(37.5) 334(12.5) 1334(50) 

ADEDEJI 3B 2668 2001(75) 0 667(25) 

OPE OLUWA 3B 677956 33898(5) 404089(59.6) 239969(35.4) 

LAWAL 3B 690862 34543(5) 241802(35) 414517(60) 

AJAO 3B 30349 9014(29.7) 3005(9.9) 18330(60.4) 

GREEN FIELD 3B 0 0 0 0 

FABJET 3B 4669 0 1335(28.6) 3334(71.4) 

OLADEWA 3B 668 0 334(50) 334(50) 

YINKA 3B 0 0 0 0 

KARMADEX 3B 0 0 0 0 

AJANLA 2 3B 0 0 0 0 

AJANLA 1 3B 2668 0 334(12.5) 2334(87.5) 

AVIAN 1 3B 1334 0 333(25) 1001(75) 
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AVIAN 2 3B 1001 0 333(33.3) 668(66.7) 

AJANLA 3 3B 1334 333(25) 0 1001(75) 

Cummulative 1427185 81122 655226 690837 

Relative Abundance 100% 5.7% 45.9% 48.4% 
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Appendix 11: Relative Abundance of Eimeria Species in 1-8 Week-old Chickens 

on Vaccination in Ogun State 

FARMS’ NAME EPI. CAT OPG BM AM NTP 

AJIBOYE 1 1A 334 0 0 334(100) 

AJIBOYE 2 1A 668 334(50) 0 334(50) 

F.A 1 1A 141404 28281(20) 59491(42.1) 53632(37.9) 

F.A 2 1A 1001 0 0 1001(100) 

ANIMAL CARE 1 1A 13007 4331(33.3) 4063(31.2) 4613(35.5) 

ANIMAL CARE 2 1A 2668 1001(37.5) 1001(37.5) 666(25) 

ANIMAL CARE 3 1A 2668 668(25) 1001(37.5) 999(37.5) 

ODUNSI 1A 6336 1048(16.5) 2668(42.1) 2620(41.4) 

EL-SHADAI 1A 5670 1001(17.7) 2668(47) 2001(35.3) 

Cummulative  173756 36664 70892 66200 

Relative Abundance 100% 21.1% 40.8% 38.1% 
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Appendix 12: Relative Abundance of Eimeria Species in 1-8 Week-old Chickens 

on Chemoprophylaxis in Ogun State 

FARMS’ NAME EPI. CAT OPG BM (%) AM (%) NTP (%) 

ALE 1 1B 1001 668(66.7) 0 333(33.3) 

ALE 2 1B 1001 334(33.4) 0 667(66.6) 

TAIYE 1 1B 2668 1000(37.5) 0 1668(62.5) 

TAIYE 2 1B 2668 661(24.8) 0 2007(75.2) 

TAIYE 3 1B 1001 0 0 1001(100) 

OLUBAMISE 1 1B 0 0 0 0 

OLUBAMISE 2 1B 0 0 0 0 

EL-SHADAI 1 1B 1001 0 0 1001(100) 

EL SHADAI 2 1B 1001 0 0 1001(100) 

SOPTIMAL 1 1B 2668 1001(37.5) 0 1667(62.5) 

SOPTIMAL 2 1B 1001 668(66.7) 0 333(33.3) 

SOPTIMAL 3 1B 1001 668(66.7) 0 333(33.3) 

LIZPAD 1 1B 0 0 0 0 

LIZPAD 2 1B 0 0 0 0 

BAMISE 1 1B 2668 1001(37.5) 0 1667(62.5) 

BAMISE 2 1B 1001 668(66.7) 0 333(33.3) 

Cummulative 18680 6669 0 12011 

Relative Abundance 100% 35.7% 0 64.3% 
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Appendix 13: Relative Abundance of Eimeria Species in 9-18 Week-old 

Chickens on Vaccination in Ogun State 

FARMS’ NAME EPIZOOTIOLOGICAL 

 CATEGORY 

OPG BM (%) AM (%) NTP (%) 

SOPTIMAL 1 2A 334 334(100) 0 0 

SOPTIMAL 2 2A 5670 0 2268(40) 3402(60) 

SOPTIMAL 3 2A 2668 0 1001(37.5) 1667(62.5) 

BOSS 1 2A 1267300 0 1060380(83.7) 206920(16.3) 

BOSS 2 2A 108386 0 79648(73.5) 28738(26.5) 

F.A 1 2A 108386 27097(25) 37935(35) 43354(40) 

F.A 2 2A 60033 0 60033(100) 0 

GAFO 1 2A 5003 665(13.3) 0 4338(86.7) 

GAFO 2 2A 0 0 0 0 

GAFO 3 2A 0 0 0 0 

OWONOKO 1 2A 2001 0 2001(100) 0 

OWONOKO 2 2A 668 0 0 668(100) 

OWONOKO 3 2A 0 0 0 0 

ANIMAL CARE 1 2A 0 0 0 0 

ANIMAL CARE 2 2A 2668 1001(37.5) 1667(62.5) 0 

ANIMAL CARE 3 2A 2001 1001(50) 1000(50) 0 

RABIU 1 2A 2668 333(12.5) 2335(87.5) 0 

RABIU 2 2A 2668 991(37.1) 1677(62.9) 0 

STELLAN 2A 668 0 668(100) 0 
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Cummulative 1571122 31422 1250613 289087 

Relative Abundance 100% 2% 79.6% 18.4% 
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Appendix 14:  Relative Abundance of Eimeria species in 9-18 Weeks Chickens 

    on Chemoprophylaxis in Ogun State. 

FARMS’ NAME EPI. CAT OPG BM (%) AM (%) NTP (%) 

ODUNSI 1 OG 2B 668 0 334(50) 334(50) 

ODUNSI 2 OG 2B 668 0 668(100) 0 

TAIYE 1 OG 2B 0 0 0 0 

TAIYE 2 OG 2B 0 0 0 0 

AKIN SOTUBO 1 OG 2B 0 0 0 0 

AKIN SOTUBO 2 OG 2B 0 0 0 0 

AROWOLO 1 OG 2B 0 0 0 0 

AROWOLO 2 OG 2B 0 0 0 0 

AKIN 1 OG 2B 1001 0 334(33.4) 667(66.6) 

AKIN 2 OG 2B 334 0 334(100) 0 

GOLDEN YOLK 1 OG 2B 0 0 0 0 

GOLDEN YOLK 2 OG 2B 0 0 0 0 

SASBROTH 1 OG 2B 2668 0 1668(62.5) 1000(37.5) 

SASBROTH 2 OG 2B 2001 0 1001(50) 1000(50) 

SEGUN 1 OG 2B 0 0 0 0 

SEGUN 2 OG 2B 0 0 0 0 

LAMINA 1 OG 2B 2668 0 832(31.2) 1836(68.2) 
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LAMINA 2 OG 2B 1001 0 334(33.4) 667(66.6) 

FEEDWELL 1 OG 2B 668 0 334(50) 334(50) 

FEEDWELL 2 OG 2B 0 0 0 0 

FOLAKEMI 1 OG 2B 0 0 0 0 

FOLAKEMI 2 OG 2B  0 0 0 0 

GORI OG 2B 0 0 0 0 

MURPHY  OG 2B 0 0 0 0 

SEBUM 1 OG 2B 0 0 0 0 

SEBUM 2 OG 2B 0 0 0 0 

MOLAYE OG 2B 0 0 0 0 

Cummulative  11677 0 5839 5838 

Relative Abundance 100% 0 50% 50% 
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Appendix 15: Relative Abundance of Eimeria species in Chickens above 19 

weeks in Cages in Ogun State. 

FARMS’ NAME EPI CAT OPG BM (%) AM (%) NTP (%) 

AROWOLO OG 3A 2668 1000(37.5) 1000(37.5) 668(25) 

FOLAKEMI OG 3A 2001 1335(66.7) 0 666(33.3) 

SASBROTH OG 3A 0 0 0 0 

SOPTIMAL OG 3A 11673 2668(22.9) 4336(37.1) 4669(40) 

GOLDEN YOLK OG 3A 1668 334(20) 667(40) 667(40) 

AKIN OG 3A 1336 0 668(50) 668(50) 

SEGUN OG 3A 2335 0 334(14.3) 2001(85.7) 

ALE OG 3A 0 0 0 0 

LAMINA OG 3A 0 0 0 0 

FEEDWELL OG 3A 4336 672(15.5) 997(23) 2667(61.5) 

GORI OG 3A 2001 334(16.7) 1334(66.7) 333(16.6) 

MURPHY OG 3A 0 0 0 0 

OLUBAMISE OG 3A 0 0 0 0 

KEN AYO 1 OG 3A 0 0 0 0 

OLUWASEUN OG 3A 0 0 0 0 

TAIYE OG 3A 334 0 0 334(100) 

KEN AYO 2 OG 3A 0 0 0 0 

K. ABIOLA OG 3A 0 0 0 0 

OGUNMOLA OG 3A 334 0 0 334(100) 

SEBUM 1 OG 3A 1670 0 668(40) 1002(60) 
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SEBUM 2 OG 3A 668 334(50) 0 334(50) 

AKIN SOTUBO OG 3A 668 0 0 668(100) 

LIZPAD 1 OG 3A 0 0 0 0 

LIZPAD 2 OG 3A 0 0 0 0 

MOLAYE OG 3A 12673 0 1001(7.9) 11672(92.1) 

GAFO OG 3A 0 0 0 0 

WHITE COAT OG 3A 0 0 0 0 

AJIBOYE OG 3A 334 0 0 334(100) 

OWONOKO OG 3A 0 0 0 0 

OSTAN OG 3A 0 0 0 0 

F A OG 3A 54694 0 54694(100) 0 

RABIU OG 3A 2001 0 666(33.3) 1335(66.7) 

STELLAN OG 3A 3335 0 0 3335(100) 

ANIMAL CARE OG 3A 0 0 0 0 

COMFORT OG 3A 0 0 0 0 

MIDE OG 3A 667 0 0 667(100) 

OROPO OG 3A 0 0 0 0 

EAT HEALTHY OG 3A 0 0 0 0 

GORIOLA OG 3A 334 0 0 334(100) 

Cummulative  105730 6677 66365 32688 

Relative Abundance 100% 6.3% 62.8% 30.9% 
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Appendix 16: Relative Abundance of Eimeria species in Chickens Aged above 19  

   Weeks on Deep Litter in Ogun State 

FARMS’ NAME EPI CAT OPG BM (%) AM (%) NTP (%) 

OLA QUADRI OG 3B 0 0 0 0 

FIKUN OG 3B 668 0 334(50) 334(50) 

AYOADE OG 3B 668 668(100) 0 0 

NON 

NOMECLATURE 

OG 3B 1001 333(33.3) 334(33.3) 334(33.4) 

REAL OG 3B 1336 334(25) 0 1002(75) 

KAY OG 3B 2001 0 334(16.7) 1667(83.3) 

OGIS OG 3B 2668 1000(37.5) 334(12.5) 1334(50) 

OLUYEMI OG 3B 60033 3002(5) 15008(25) 42023(70) 

OROPO OG 3B 0 0 0 0 

GORIOLA OG 3B 334 0 0 334(100) 

EAT HEALTHY OG 3B 00 0 0 0 

AYOADE 2 OG 3B 30349 0 14249(47) 16100(53) 

Cummulative  99058 5337 30593 63128 

Relative abundance 100% 5.4% 30.9% 63.7% 

 

 

 



 

 276 
 

Appendix 17:  Comparism of Coccidial Oocyst Burden for Cage and Deep  

Litter System in Oyo and Ogun States 

 

Epizootiological Category Oyo state Ogun state 

Above 19 weeks old birds in cages 49494 2830  

Above 19 weeks old birds on deep litter 71585  8255  

3A = Birds above 19 weeks of age kept in cages; 3B = Birds above 19 weeks of age kept on deep litter; 

opg = Oocyst per gram of faeces. 
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Appendix 18: Statistical analysis of OPG for vaccinated and un-

vaccinated Chickens in Oyo and Ogun States. One-way 

analysis of variance (ANOVA) 

  P value P<0.0001    

  P value summary ***    

  Are means signif. different? (P < 0.05) Yes    

  Number of groups 8    

  F 13970000    

  R squared 1.000    

     

Bartlett's test for equal variances     

  Bartlett's statistic (corrected) 230.6    

  P value P<0.0001    

  P value summary ***    

  Do the variances differ signif. (P < 0.05) Yes    

     

ANOVA Table SS df MS  

  Treatment (between columns) 757200000000 7 108200000000  

  Residual (within columns) 844300 109 7746  

  Total 757200000000 116   

     

Tukey's Multiple Comparison Test Mean Diff. q P value 95% CI 

of diff 

  Oy 1A vs Oy1B 6485 221.1 P < 0.001 6356 to 6613 

  Oy 1A vs Oy2A 1587 54.10 P < 0.001 1459 to 1716 

  Oy 1A vs Oy2B -209900 8405 P < 0.001 -210100 to -209800 

  Oy 1A vs Og1A -9412 320.8 P < 0.001 -9540 to -9284 

  Oy 1A vs Og1B 8727 336.5 P < 0.001 8613 to 8840 
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  Oy 1A vs Og2A -72800 2865 P < 0.001 -72910 to -72690 

  Oy 1A vs Og2B 9462 395.0 P < 0.001 9357 to 9567 

  Oy1B vs Oy2A -4898 167.0 P < 0.001 -5026 to -4769 

  Oy1B vs Oy2B -216400 8665 P < 0.001 -216500 to -216300 

  Oy1B vs Og1A -15900 541.9 P < 0.001 -16030 to -15770 

  Oy1B vs Og1B 2242 86.46 P < 0.001 2128 to 2355 

  Oy1B vs Og2A -79280 3121 P < 0.001 -79390 to -79170 

  Oy1B vs Og2B 2977 124.3 P < 0.001 2872 to 3082 

  Oy2A vs Oy2B -211500 8469 P < 0.001 -211600 to -211400 

  Oy2A vs Og1A -11000 374.9 P < 0.001 -11130 to -10870 

  Oy2A vs Og1B 7140 275.3 P < 0.001 7026 to 7253 

  Oy2A vs Og2A -74380 2928 P < 0.001 -74490 to -74270 

  Oy2A vs Og2B 7875 328.8 P < 0.001 7770 to 7979 

  Oy2B vs Og1A 200500 8028 P < 0.001 200400 to 200600 

  Oy2B vs Og1B 218700 10480 P < 0.001 218600 to 218800 

  Oy2B vs Og2A 137200 6783 P < 0.001 137100 to 137200 

  Oy2B vs Og2B 219400 11950 P < 0.001 219300 to 219500 

  Og1A vs Og1B 18140 699.5 P < 0.001 18030 to 18250 

  Og1A vs Og2A -63380 2495 P < 0.001 -63500 to -63270 

  Og1A vs Og2B 18870 787.9 P < 0.001 18770 to 18980 

  Og1B vs Og2A -81520 3813 P < 0.001 -81620 to -81430 

  Og1B vs Og2B 735.0 37.44 P < 0.001 649.1 to 821.0 

  Og2A vs Og2B 82260 4344 P < 0.001 82180 to 82340 
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