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Abstract: Coccidiosis is caused by the intracellular protozoan parasite Eimeria and is a major 

worldwide problem in the poultry industry today. The current strategies to control the disease still 

rely heavily on anticoccidial drugs and on the use of shuttle programs to periodically introduce 

attenuated live parasites onto poultry farms. Recently, because of the improved performance of 

broiler chickens, farmers are able to raise chickens for market within a period of only 5–6 weeks. 

This short growth period enables the development of strategies for coccidiosis control either 

by ensuring an even exposure of chickens to parasites in the litter, inducing immunity against 

reinfection, or by keeping parasite numbers below a threshold level wherein only subclinical 

infections will occur. Therefore, the development and use of new diagnostic tools to precisely 

identify the Eimeria species and strain and to measure the number of oocysts in the feces and litter 

can be very helpful in predicting exposure and designing strategies for the control of coccidiosis 

in the field. The purpose of this study was to describe recently developed methods of diagnosis 

in terms of their sensitivity and usefulness, describe ways in which litter oocyst numbers can be 

quantitated, and start to develop an analytical tool that can be used for designing strategies for the 

control of coccidiosis. A multiplex polymerase chain reaction–based assay has been developed 

that enables the identification of all seven Eimeria species in a single reaction tube. Previous 

reports have shown it is possible to detect one oocyst using a polymerase chain reaction–based 

assay; however, other reports have found that under both laboratory and field conditions the 

minimal level of sensitivity is only 20 oocysts. In addition, the present authors’ studies have 

found that when using spiked mixed samples, the level of detection of a contaminating Eimeria 

species is only 5%. Therefore, it is imperative that a new method be developed with a tenfold 

higher level of sensitivity for field-testing. Once this test is developed and validated, it can be 

used to monitor the litter and assess the parameters (climate, hygiene, breed of chicken, etc) 

that govern coccidial outbreaks on farms.

Keywords: Eimeria, multiplex PCR, sequence-characterized amplified regions (SCARs), 

chronic enteritis, poultry management

Introduction
Coccidiosis is a major health problem in the poultry industry worldwide. This 

devastating disease causes several billion dollars of loss per annum through the 

clinical and subclinical effects of the disease.1 Coccidiosis is caused by the intracellular 

protozoan parasite Eimeria, which undergoes its life cycle in the intestinal mucosa 

of the infected bird. Seven Eimeria species (Eimeria maxima, Eimeria tenella, 

Eimeria acervulina, Eimeria necatrix, Eimeria brunetti, Eimeria mitis, and Eimeria 

praecox) infect chickens, leading to poor feed conversion ratios (FCRs), a loss of body 

weight, and increased mortality. Prophylactic anticoccidial drugs are used all over 
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the world to control the disease; however, the development 

of drug resistance has made it very difficult to control 

coccidiosis.2–8

Eimeria parasites have a short homoxenous life cycle 

(4–6 days), alternating between asexual replication and sexual 

reproduction ultimately producing a transmissible form of 

the parasite, the environmentally durable oocyst, which is 

subsequently excreted in the feces.9 Under warm and humid 

environmental conditions, the excreted oocysts undergo 

meiosis (ie, sporulation) and become highly infectious. The 

seven species of Eimeria can be distinguished from one another 

based on the size and shape of their excreted oocysts, as well 

as by the location and type of intestinal lesions that are induced 

by an infection. For example, E. tenella produces a relatively 

small oocyst (19 × 23 microns in size) and causes bloody 

lesions that localize to the cecum. In contrast, E. maxima 

oocysts are oval in shape, much larger (20 ×  30  microns 

in size), and localize to the mid-small intestine around the 

diverticulum, causing dilation and thickening of the wall and 

producing a cheesy type of lesion.

Coccidiosis is a self-limiting disease, with chickens 

recovering from an infection within a few weeks.10 However, 

in commercial poultry houses under cramped and stressful 

conditions, the highly resilient oocysts build up in the feces 

to very large numbers (100–300,000 oocysts per gram 

of litter).11,12 Young broiler (meat-producing) chickens are not 

homogeneously exposed to the parasite for the first 1–2 weeks 

of growth, and as a result many of them are highly susceptible 

to infection at 3–5 weeks of age when there is a large number 

of oocysts in the litter. This results in severe clinical disease 

and sometimes even fatal consequences.

Live, attenuated vaccines containing a mixture of 

precocious strains of Eimeria oocysts have been developed 

over the past several years, with their main commercial use 

in the vaccination of breeding flocks.1,13–15 The high cost of 

these vaccines means their use in the treatment of broiler 

chickens is very expensive. To help reduce the cost of live 

vaccines, shuttle programs have been developed for broiler 

chickens in which live vaccines are rotated with coccidiostats 

(anticoccidial drugs). The shuttle programs have been 

designed in order to gain both biological and chemical 

control over the parasite, and to seed the litter with drug-

sensitive parasites, thereby lowering the selective pressure 

on these drugs.16,17 In order to use such a control strategy, it 

has become very important to have tools for determining the 

identity and purity of vaccine strains of Eimeria, as well as 

for monitoring the presence, strain type, number of oocysts, 

and drug sensitivity of parasites in the litter.

In addition to live vaccines, subunit and recombinant 

vaccines are also being used or developed in laboratories 

around the world.11,18–21 The research and development of 

these vaccines also relies on an accurate and sensitive way of 

determining the identity and purity of Eimeria strains used. 

For basic research, the incursion of contaminating Eimeria 

parasites in presumably purified strains can lead to invalid 

interpretation of data. As a result, it is crucial that very 

sensitive and valid tests be used for assessing strain purity, 

both in the field and in the laboratory.

Traditional diagnostic methods for the surveillance and 

control of the disease have been based on parasite size and 

morphology, site of infection, lesions of characteristic gross 

appearance, and pathogenicity.22 However, in practice these 

approaches can be unreliable, especially when multiple 

species infect chickens, as the parameters mentioned overlap 

among most Eimeria species. Hence, new biochemical 

and molecular tools have been developed over the past 

2 decades for the identification of Eimeria species and 

strains, development of precocious strains used as attenuated 

vaccines, and for use in the detection of small numbers of 

Eimeria parasites.

In this brief review, the authors will describe the methods 

of diagnosis that have been recently developed in terms of 

their sensitivity and usefulness, describe ways in which litter 

oocyst numbers can be quantitated, and start to develop an 

analytical tool that can be used for designing strategies for 

the control of coccidiosis, taking into account a variety of 

parameters and factors.

Methods for the diagnosis of Eimeria 
oocysts in fecal and litter samples
Over the past 2 decades, methods used to monitor and diagnose 

coccidiosis outbreaks have evolved from simple but labor-

intensive approaches. These methods include microscopic 

examination of the oocysts excreted with the feces by salt 

flotation, microscopic observation of Eimeria parasites 

found in intestinal scrapings from infected chickens,22–24 and, 

more recently, state-of-the-art, high-throughput analysis of 

parasite DNA based on genetic differences between Eimeria 

parasites.25–27 The ultimate goal of these approaches is to be 

able to assess which Eimeria species and strain is involved 

both qualitatively and quantitatively in causing infections 

in the field.

Ellis and Bumstead,28 Shirley,29 and Chapman30 were the 

first to exploit the genetic variation within and among Eimeria 

species infecting domestic poultry. These pioneering studies 

focused on isoenzyme analysis of molecular polymorphisms 
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by utilizing multilocus enzyme electrophoresis (MEE), 

Southern blot analysis, and chromosome karyotyping. The 

MEE method is based on separation of isoenzymes by size 

and charge; therefore, the MEE method allows identification 

and discrimination between Eimeria species because each 

species exhibits a unique electrophoretic banding profile.30 

Although these approaches work and have been applied by 

many laboratories around the world,31–34 they have proven 

to be inefficient – these approaches are costly and labori-

ous, require a large number of parasites, and fail to identify 

Eimeria species because of an overlap in the banding pattern, 

particularly in the case of a low level of enzyme polymor-

phism.35,36 Therefore, the MEE method cannot be used to 

analyze a multispecies Eimeria infection.37

In addition to the electrophoretic methods described, 

polymerase chain reaction (PCR) technology has been 

developed and applied for the identification and classification 

of Eimeria species infecting poultry. The main advantage of 

the PCR assay over the traditional biochemical and molecular 

approaches is the ability to selectively amplify and analyze 

minute amounts of parasite material. However, it is important 

to note that only a small proportion of the extracted DNA is 

subjected to the PCR reaction, and it is therefore of paramount 

importance that the reaction conditions are optimized in order 

to detect a small number of gene copies in a given sample. 

Nevertheless, initial PCR efforts were focused on finding 

variations in genome sequences or organization. Blake et al38 

and Shirley and Harvey39 were some of the first to use random 

primers in an amplified fragment length polymorphism 

technique to produce restriction fragments from genomic 

DNA (gDNA) and construct genetic lineage maps of Eimeria 

species. This high-stringency fingerprinting technique is 

useful because it does not require previous knowledge of 

the genome sequence; however, it cannot be used to detect 

mixed-species infections, because of an overlap between the 

species-specific bands on electrophoretic gels.

Targeted PCR on individual species
PCR assays using defined sets of oligonucleotide primers 

targeting the two internal transcribed spacer (ITS) regions 

located between the nuclear ribosomal RNA (rRNA) genes 

have been developed. For example, a PCR test combined with 

a paper chromatography hybridization assay for Eimeria has 

been developed using species-specific primers for the first 

ITS sequences located between the 18S and 5.8S rRNA genes. 

This test was found to be highly sensitive and could be used 

to differentiate between the seven species of Eimeria.40–42 

However, the method required a different primer pair for each 

species, resulting in seven separate PCR reactions to test a 

given sample, and was therefore deemed labor-intensive and 

time-consuming. Additionally, because this approach gave 

limited information about strain variation, further work was 

carried out to develop a test based on the use of the second 

ITS region.25,27,43–45 Universal probes for family (Eimeriidae) 

and genus (Eimeria) 28S rRNA (at the 3′ end) and 5.8S rRNA 

(at the 5′ end) sequences respectively flanking the second ITS 

region enabled identification of and discrimination between 

all seven species. It also made it possible to detect variation 

within a single Eimeria species.44,45 Therefore, in addition 

to abolishing the need for isotopes, electrophoretic gels, 

and monospecific reference controls, the major advantage 

of this novel test was the ability to detect all seven Eimeria 

species and their genetic variants in a single PCR reaction. 

These universal primers were validated in testing two Eimeria 

species concurrently as well as field samples, and it was 

concluded by the authors that these tests are accurate, less 

laborious than previous tests, and cheap enough to be used 

for testing field samples in routine diagnostic laboratories. 

Although these approaches have been used as surveillance 

and monitoring tools because they provide valuable insights 

into proportions of circulating Eimeria species on broiler 

farms,43 they give limited information about the number of 

circulating oocysts at any one time.

Multiplex PCR
A few research groups have found that by using single short 

random primers to amplify polymorphic DNA (ie, random 

amplification of polymorphic DNA) they were able to identify 

and discriminate between Eimeria species.33,46,47 Like the 

amplified fragment length polymorphism approach, this 

type of polymerase chain reaction (random amplification of 

polymorphic DNA) is simple, requires no previous knowledge 

about the target genome sequence, and can be used to amplify 

minute amounts of the target template. However, because 

of the use of low stringency conditions (ie, low annealing 

temperature), this assay suffers from low reproducibility and 

specificity and cannot be used for mixed-species identification. 

To circumvent this problem, Fernandez and colleagues35 have 

purified and cloned species-specific bands excised from the 

electrophoretic gels in order to characterize their sequences. 

Novel primers flanking the sequence-characterized amplified 

regions (SCARs) have been proven to be species-specific and 

extremely sensitive (ie, detection threshold, 1–5 pg of target 

DNA) for the easy detection and differentiation between 

Eimeria species based on their specific migration patterns. 

While this assay does not provide information on genetic 
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variation (which would require sequence analysis), it has 

been of practical use in quantification and the simultaneous 

detection and discrimination of the seven species of Eimeria 

using a single reaction tube.35

Optimization of the SCAR-based 
multiplex PCR assay
The present authors have employed the SCAR-based 

multiplex PCR assay to analyze E. maxima and E. tenella 

laboratory strains that have been maintained by continuous 

passage through 4-week-old Australorp chickens in the 

authors’ laboratory. In addition to traditional approaches (ie, 

oocyst size, morphology, site of infection, and pathology), 

the two species were routinely identified as E. maxima and 

E. tenella by using the multiplex assay containing primer 

pairs specific for the two Eimeria species. Occasionally, 

microscopic examination of oocysts purified from the feces 

of birds infected with E. maxima showed the presence of 

autofluorescing, smaller contaminating oocysts, presumably 

E. tenella in our E. maxima oocyst stock (see Figure  1A 

and B). In order to confirm the presence of these two species 

in the authors’ purified E. maxima lab strain, multiplex PCR 

using all seven primer pairs was performed according to 

methods described previously.35 Briefly, freshly shed oocysts 

were washed,48 cracked open by sonication, and gDNA 

purified and eluted using a PureLink Genomic DNA Mini Kit 

(Invitrogen, Carlsbad, CA, USA). Both gDNA from positive 

control samples of E. maxima, E. tenella, and E. acervulina 

and gDNA from freshly harvested oocysts were then PCR 

amplified at an annealing temperature of 65°C. The identity 

of amplicons was analyzed by agarose gel electrophoresis 

(Figure 2). Under these thermocycling conditions, a single 

272 base pair (bp) band was detected for E. maxima and a 

single band migrating at 539 bp for E. tenella (Figure 2A). 

These results indicate that the strains were pure, conflicting 

with the microscopy results, which showed the presence of 

small contaminating oocysts in the authors’ freshly harvested 

E. maxima stock.

These findings prompted the authors to test different 

parameters (magnesium chloride concentration, enzyme 

concentration, temperature, etc) in order to increase the level 

of sensitivity of the assay, with special emphasis on annealing 

temperature, to try to amplify DNA fragments that may be 

present in trace amounts. Under these optimized conditions 

in which the annealing temperature was lowered to 58°C, 

electrophoresis of the gDNA amplified from E. maxima 

samples revealed two bands, a 272 bp band for E. maxima and 

a 539 bp band for E. tenella, showing the presence of E. tenella 

in the authors’ E. maxima stock as expected (Figure 2B). 

Surprisingly, in addition to the two bands seen in E. maxima 

oocysts, two bands migrating at 539 bp and a 200 bp band 

were seen in the authors’ E. tenella gDNA (Figure 2C). This 

200 bp amplicon is the band size expected for E. necatrix 

gDNA. Therefore, an additional experiment was performed 

in which the primers for E. necatrix were removed from the 

multiplex assay and where the authors found that the 200 bp 

amplicon disappeared, showing that this band was indeed 

E. necatrix (not shown). These results demonstrate the 

importance of optimizing the PCR conditions in order to be 

able to detect low levels of contaminating parasites.

The sensitivity of the multiplex PCR assay was then tested 

in two ways. In the first experiment, E. maxima and E. tenella 

oocyst stocks were titrated using a twofold dilution, and the 

samples were used to isolate and purify the gDNA. When 

individual and multiplex PCR reactions were performed, 

the minimum detectable oocyst number was found to be 

Figure 1 Oocysts purified from the feces collected from birds infected with Eimeria maxima: (A) transmission detection and (B) blue autofluorescence (scale bar = 20 µm).
Notes: The presence of small (,20 µm in diameter, arrows) oocysts in the feces. Images acquired using a Nikon scanning laser microscope (A1; Nikon Corporation, 
Tokyo, Japan).
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10–20 for both E. maxima and E. tenella (not shown). In the 

second test, the ability of the multiplex PCR to detect small 

amounts of contaminating Eimeria species, gDNA from 

E. maxima were spiked with E. tenella at final concentrations 

of 1%, 5%, and 10%. The electrophoresis results using 

E. acervulina, E. tenella, and E. maxima gDNA as control 

samples showed that the authors were only able to detect the 

E. tenella band in the 10% and 5% spiked oocyst suspensions 

(Figure 3), showing that the detection threshold for E. tenella 

in the authors’ laboratory is 5%.

Use of the PCR-based assays  
in the field
In a recent publication using the SCAR-based PCR approach 

to individually test for the presence of Eimeria oocysts on 

farms in Brazil, it was found that the level of sensitivity of 

this test was similar to that found by the present authors, with 

a minimum detection level of 20 oocysts using single primer 

sets to test fecal samples.49 Surprisingly, if all seven primer 

sets were used in the multiplex PCR assay, these research-

ers were unable to detect any fecal oocysts excreted by 3- to 

6-week-old chickens. This result indicated that the multiplex 

assay is not sensitive enough to be used for field samples.

In most fecal samples taken from Brazilian farms using 

the single primer PCR test described, all seven species of 

Eimeria could be detected. However, in terms of pathology 

(based on lesion scoring) birds only showed signs of infec-

tion with four of the species: E. acervulina, E. tenella, 

E. maxima, and E. necatrix. Thus, in spite of the presence 

of oocysts of the other three species (E. brunetti, E. praecox, 
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and E. mitis), no apparent pathology was induced by those 

species.49 Therefore, the question that needs to be asked is, 

why are some species and strains of Eimeria so pathogenic 

while others are not, and can the existing or new diagnostic 

tools currently being developed be used to help predict the 

timing and nature of outbreaks on poultry farms in order to 

assist veterinarians in managing coccidiosis?

Improving the PCR assay
In order to achieve a higher level of sensitivity using PCR 

to be able to detect very small numbers of oocysts under 

field conditions, improvements need to be made to the way 

in which fecal samples are collected on farms, the way in 

which oocysts are purified out of feces, the way in which 

DNA is extracted from oocysts, and, finally, in the PCR 

method itself. Starting with sample collection, it would be 

best to put a group of 20–30 chickens into a cage and col-

lect fresh feces for a period of around 4–5 hours. The feces 

would then be processed by published methods using salt 

flotation,50 except the sample would be spiked with a known 

amount of a single pure Eimeria species to act as a carrier for 

processing a very small number of unknown oocysts. DNA 

would then be extracted and purified from both field samples 

as well as a control sample of DNA from the Eimeria species 

used to spike the sample. The PCR test would best be carried 

out using single or double primer pairs, and a nested PCR 

would be developed to maximize sensitivity. The intensity 

of the control spiked Eimeria band would then be used as 

an internal quality control sample for the assay. It is also 

noteworthy that only a small proportion of the DNA extracted 

from the oocysts is subjected to the PCR reaction. For small 

sample volumes containing minute amounts of gDNA or a 

low number of gene copies, this becomes a limiting factor. 

Therefore, scaling up the volume in a single reaction tube 

may help to ensure small amounts of DNA and gene cop-

ies are detectable by the PCR assay. Hopefully, using this 

suggested method, the level of sensitivity could reach one 

oocyst of a given Eimeria species per sample or ,1% of a 

mixed oocyst sample.

Coccidiosis in the field: what are  
the key factors that promote  
parasite transmission, virulence,  
and pathogenicity?
In order to employ the diagnostic tools described earlier to 

monitor the situation in the field, one first needs to understand 

what occurs when chickens are raised in very large numbers 

for commercial production and the effect of environmental 

conditions on parasite transmission and disease progression. 

To begin with, the normal picture one observes in the field is 

that during the first 2–3 weeks of chicken growth there are very 

low numbers of oocysts that cannot even be detected in litter 

samples by conventional means. Starting at 3–4 weeks of age 

there is a rapid build-up in numbers, peaking 1 week later and 

followed by a rapid decline in litter oocyst counts. This picture 

is seen whether the farm management system is based on the use 

of new or recycled litter.11,12 In addition, farmers will provide a 

3- to 4-week break period prior to bringing in the next flock of 

chickens. This allows the number of oocysts to reduce to very 

low numbers at the start of each grow-out period.

In terms of management practice, when chicks are first 

brought into a farm they are often kept in a limited area of the 

chicken house in order to maintain the high temperature needed 

at that early age. Once the chicks reach 1 week of age they are 

dispersed throughout the chicken house. Today, because of the 

improvements in chicken breeding and the nutrition provided 

by chicken feed, the FCRs have enabled farmers to complete 

a grow-out within 5–6 weeks. In Europe in particular, where a 

small chicken is very popular for consumers, chickens are often 

slaughtered at 5 weeks of age (Cornish hens). By that time 

the chicken will weigh over 2 kg, with a FCR often as low 

as 1.5–1.6. This is compared with the FCRs of 2 or greater 

that were the norm for 20 years prior to these improvements. 

Thus, the chicken farming of today is extremely efficient, and, 

in spite of the high cost of feed, these improvements have 

enabled farmers to enjoy better profitability.

Coccidiosis is, of course, a major problem when farmers 

are pushing chickens to grow so rapidly. Therefore, it is crucial 

to understand the factors that govern parasite development, 

transmission, and pathogenicity. Transmission of Eimeria 

parasites is promoted by a variety of environmental factors 

including heat, humidity, drug resistance, chicken density, 

chicken breed, immune status, and litter control (ie, wetness). 

Under varying climatic conditions and management 

practices, the transmission of the Eimeria oocyst is strongly 

affected. For example, in humid climates where the litter is 

wet, oocysts tend to spread easily and build up rapidly in 

broiler chickens. Chicken density will also have an effect 

on the rate of transmission of the parasite, where broiler 

chickens are usually raised at a density of 12–14 per square 

meter. These parameters affect the way in which chickens 

become exposed to the parasite and determine whether 

or not the chickens are naturally exposed and vaccinated 

against reinfection, or whether the chickens are in a highly 

susceptible state while the oocyst numbers rise exponentially 

in the litter.
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One strategy for coccidiosis control is to ensure that the 

litter is seeded evenly during the early start of growth, giving 

rise to subclinical infections in all birds and therefore enabling 

the chicken’s natural immunity to develop. Another strategy 

is to ensure that there are very low numbers of oocysts for the 

first 3–4 weeks of growth, so that the numbers never reach 

a level that can cause disease up until the time the birds are 

slaughtered. With regard to the first strategy, it would be best 

to keep the chicks crowded together for as long as possible 

from day 1 to have a high bird density, somewhat moist 

conditions, and therefore good exposure to oocysts with 

subclinical infections. For the second strategy, it is best to 

spread the chickens out as much as possible, maintain dry litter, 

and therefore reduce oocyst transmission to a minimal level. 

Additionally, by employing a vaccine strategy that is aimed at 

reducing parasite transmission by providing maternal antibody 

against the sexual stages of development (CoxAbic®), it has 

been shown that chickens can be raised and achieve excellence 

performance in terms of mortality, weight gain, and FCR 

without the need for any in-feed anticoccidial drugs.11

The virulence and pathogenicity of Eimeria parasites 

also strongly affect the severity of a coccidiosis outbreak 

and the impact on chicken performance in the field. Parasite 

virulence is determined by the Eimeria species and strain 

type, the existence of genes that promote virulence (such as 

those that encode for toxins that can directly affect weight 

gain), and other physiological parameters.51 In addition, 

anticoccidial antibiotics can select for more virulent parasite 

strains that are drug resistant. In that regard, virulence genes 

need to be identified in parasite genomes that can be used as 

biomarkers to help predict pathogenicity of Eimeria strains 

and species.

The pathogenicity of Eimeria is determined both by 

the virulence of the parasite as well as the nature of the 

host-parasite relationship. In that regard, chicken breed, the 

immune status of the bird in terms of its susceptibility or 

resistance to infection, the presence of additional pathogens 

such as Clostridia perfringens (the causative agent of necrotic 

enteritis), the type of feed used, and so forth, all play a role 

in determining the outcome of an infection. For example, it 

has been observed that wheat-based feed is more likely to 

give rise to a problem with both coccidiosis and necrotic 

enteritis than corn-based feed.52 It has also been reported that 

some Eimeria species and strains such as E. praecox isolated 

in the field can induce pathology much greater than that 

seen using the corresponding laboratory species or strains.53 

Therefore, the approach in which attenuated oocysts present 

in a live vaccine are brought onto a farm to seed the litter and 

replace the much more virulent field strain is also an excellent 

biological strategy for coccidiosis control.

Analytical tool for designing 
drug-free control strategies 
for coccidiosis based on good 
management practices in the field
An analytical tool for designing coccidiosis control strate-

gies can be developed that would be based on the following 

parameters.

  1. � Chicken breed and genetic resistance to infection by 

Eimeria

  2. � Chicken density (number of chickens per square meter)

  3. � Temperature and humidity of the environment (average 

over the first 3–4 weeks of growth)

  4. � Litter wetness (percentage of water in litter samples)

  5. � Virulence gene mapping and genomics (future goal)

  6. � Anticoccidial vaccination programs including live 

vaccination of young chicks and maternal immunization 

of breeding flocks using CoxAbic

  7. � Other pathogens and diseases present on the farm as 

assessed by veterinarians and diagnostic laboratories

  8. � Coccidiostats, growth-promoting antibiotics, or other 

drugs against diseases such as necrotic enteritis

  9. � Feed composition (wheat versus corn, presence of feed 

toxins, etc) and nutritional control

10. � Number, species, and strain type of oocysts found in the 

litter at various time points.

Parameters 1, 2, 6, 8, and 9 are under the control of the 

farmer and veterinarian. Clearly, the use of chicken breeds 

that are naturally resistant to infection and pathogenicity by 

Eimeria parasites are advantageous. Chicken density can 

be regulated either to promote even seeding of the litter or 

to reduce exposure to the minimum. Vaccination programs 

can be designed so that in one grow-out, even seeding of the 

litter is aimed for through the use of live and/or transmission-

blocking vaccines. New vaccine strategies to prevent 

infection by C. perfringens are currently being worked on,54 

with the possibility of maternal immunization being used as 

a means of control for that disease as well.55,56

Feed composition can also promote better chicken 

performance by avoiding the use of diets that contain mostly 

wheat, which can exacerbate both coccidiosis and necrotic 

enteritis.47 In-feed coccidiostats may be used for the control of 

outbreaks; however, assuming the other parameters listed here are 

well controlled, these drugs would no longer be necessary, and 

should be used only in the event of a breakdown in control.
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Parameters 3, 4, and 7 are not under the control of the 

farmer or veterinarian. Under humid and hot environmental 

conditions where litter can be very wet, it would probably 

make the most sense to aim for an even seeding of the 

litter from an early age. In dry climates with good litter 

management the opposite would be true. 

Parameter 5 is a future goal in which gene mapping and 

genomic sequencing of Eimeria parasites can be employed 

to help predict the virulence of Eimeria species and strains 

appearing in the field. As the technical capability to rapidly 

sequence Eimeria genomes improves further, this goal may 

begin to be achieved within the next few years.

In terms of parameter 10, the new methods of parasite iden-

tification and quantification described here can be employed, 

such as the multiplex SCAR-based PCR. The goal would be 

to be able to identify all Eimeria species in the early growth 

period using a PCR-based detection method that is sensitive, 

quick, and cost-effective. In a situation in which the goal is a 

rapid and even spread of the parasite throughout the chicken 

house, then this method can be used to ensure that this has 

indeed occurred and that the numbers are within an accept-

able range. On the other hand, when the goal is maintaining 

low numbers of oocysts in the litter, the multiplex PCR can be 

employed to monitor the litter and decide whether or not coc-

cidiostats are even required in the feed. If the result is that the 

oocyst numbers are extremely low, it is likely that the farmer 

can raise the chickens without any anticoccidial medication.

By carrying out field studies over a long period of time, 

all of the parameters described here could then be monitored, 

quantitated, and used to develop a set of mathematical formulas 

to help predict outbreaks of coccidiosis. Such an analytical tool 

could then be used by veterinarians to set policies that would 

determine when chicken flocks need to be medicated, vaccinated 

with live or transmission-blocking vaccines, or left without any 

treatment. This would greatly benefit the chicken industry as 

well as reduce dependence on antimicrobial drugs.

Conclusion
Over the past decade new PCR-based methods have been 

developed for the detection and characterization of Eimeria 

species in fecal samples. Based on published results together 

with the authors’ own data, the level of sensitivity using a 

single or multiplex PCR assay is 20–50 oocysts per sample, 

which translates into around 5%–10% of oocysts in a mixed 

sample. This level of detection is good; however, in order 

to use this method for predicting outbreaks of coccidiosis 

under field conditions, a higher level of sensitivity is required 

in order to detect Eimeria species that may represent ,1% 

of the mixture or when there are only a few oocysts in a 

fecal sample. The authors have outlined in this review a 

method that could begin to reach such a level of sensitivity. 

Furthermore, once this method is established it can be used 

to help understand parasite transmission, spread, virulence, 

and pathogenicity in the field. This type of information 

can then be used by veterinarians to help make strategic 

decisions regarding the use of coccidiostats, the use of live 

vaccines, or simply allowing chickens to grow out without 

any anticoccidial treatments. It is hoped that this work will 

indeed help achieve this goal and that this method may be 

applied to improve health and management practices on farms 

to reduce dependence on antimicrobial drugs in the future.
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