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Abstract
The objective of this research was to evaluate the control of coccidiosis in the litter of commercial poultry housing 
in the Western region of Paraná, Brazil, which adopts sanitary management to control Salmonellosis. Three 
litter treatments were selected, proposed by an integrating company in the region: fermentation associated 
with liming (FL); liming (L) and fermentation (F). Stool samples were collected from 18 poultry housing, in a 
completely randomized experimental design, testing different collection areas in the sheds, from the 5th day of 
the birds’ housing, repeated weekly until the 40th day, during five successive flocks. The incidence of coccidiosis 
was determined by oocysts count in feces (OoPG), testing the interactions between treatment, age of birds and 
the number of flocks housed. Samples were selected to identify, through the Multiplex PCR, species of the genus 
Eimeria. circulating in the shed. The results showed that in litter where fermentation was adopted, the efficiency 
to control the sporulation of Eimeria spp. was significantly (p <0.05) higher than in the other treatments. The 
use of the Multiplex PCR technique requires improvements in the preparation of samples for the extraction of 
genetic material.

Keywords: Eimeria spp., oocysts, sanity, fermentation, liming, Multiplex PCR.

Resumo
O objetivo deste trabalho foi avaliar a eficiência dos manejos sanitários aplicados à cama de aviários comerciais 
para o controle da salmonelose nas criações de frango de corte, na região Oeste do Paraná, e verificar seu efeito 
no controle da coccidiose. Foram selecionados três tratamentos de cama: a fermentação associada à calagem 
(FL); calagem (L) e fermentação (F). As amostras de fezes foram coletadas de 18 aviários, com um delineamento 
experimental inteiramente casualizado, testando-se diferentes áreas de coleta. As coletas foram realizadas a partir 
do 5° dia do alojamento e se repetiram semanalmente até o 40° dia, durante cinco lotes sucessivos. A incidência 
da parasitose foi determinada pela contagem de oocistos por grama de fezes (OoPG), testando as interações entre 
tratamento, idade das aves e número de lotes alojados. Amostras de fezes foram selecionadas para identificar os 
oocistos esperulados das espécies do gênero Eimeria circulantes no galpão, por meio do Multiplex PCR. Observou-
se que a fermentação foi significativamente (p<0,05) mais eficiente, comparando-se o mesmo lote ao longo de 
todos os observados. A utilização da técnica de PCR Multiplex, precisa ser padronizada para amostras de campo.

Palavras-chave: Eimeria spp., oocistos, sanidade, fermentação, calagem, Multiplex PCR.
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Introduction
Poultry is a commercial activity with major importance in the global economy, where Brazil is one of the bigger 

providers. In 2019 exported 4.214 thousands of tons in chicken and processed (Santos et al., 2019). Poultry breeding 
occurs in houses with greater density during the whole productive cycle, which may induce the appearance of 
infectious and parasitic diseases (Peek & Landman, 2011), such as coccidiosis. Enteric disease caused by intracellular 
protozoan parasite of the genus Eimeria, Infraphylum Apicomplexa (Ruggiero et al., 2015), includes seven species: 
Eimeria acervulina, Eimeria brunetti, Eimeria tenella, Eimeria maxima, Eimeria mitis, Eimeria necatrix and Eimeria praecox. 
(Urquhart et al., 1998; Kawazoe, 2009). The oocysts are eliminated with feces and may infect other animals by 
ingesting sporulated oocysts.

The clinical manifestation of the disease represents less than 5% of the cases, with clinical signs such as: 
diarrhea, bloody excreta, apathy, oligodipsia and inappetence, while subclinical infections comprise 20% of the 
cases, being the biggest responsible for losses in productivity (Zhang et al., 2013). It is a disease that causes great 
financial impact on the activity (Gazoni et al., 2020), the replication of the protozoan in the enterocytes causes 
lesions, which predisposes to the occurrence of bacterial enteritis such as Salmonella typhimurium, Campylobacter 
and Clostridium perfringens (MacDonald et al., 2019; Rimet et al., 2019; Adhikari et al., 2020).

The production of broilers is currently carried out in sheds with a controlled environment and shavings are the 
most used bedding in commercial poultry in the Western region of Paraná, Brazil, due to their great availability 
and low cost. The litters are used for up to six consecutive flocks, varying according to the protocol adopted by the 
industry, for this, sanitary measures are adopted during the sanitary cleaning between flocks, with the objective of 
reducing the contamination of the environment for broiler birds. The most widely used methods among companies 
are fermentation and liming, with the possibility of combining both.

The objective of this study was to determine whether the combination of litter management adopted with the 
aim of controlling Salmonella is efficient for the control of coccidiosis, in addition to standardizing a protocol for 
the recovery, extraction and purification of Eimeria from stool samples, collected in litter.

Material and Methods
This work was carried out in accordance with the Ethical Principles of Animal Experimentation, adopted by the 

National Council for Animal Experimentation Control (CONCEA) and was approved by the Ethics Committee on the 
Use of Animals in the Palotina Sector, under protocol n° 38/2019.

Fresh stool samples were collected directly from the litter of commercial poultry housing in the Western region of 
Paraná, Brazil. The experimental design was completely randomized (DIC) with three treatments and six replications, 
corresponding to the poultry housing. The interaction between OoPG with treatment, age, collection points in the 
poultry housing and the number of production cycles was analyzed, in addition to all interactions involving the 
different treatments and the used cycles. A total of 1,606 samples was collected at different points distributed 
along the shed, divided into 3 regions: next to the evaporative plates (P1), in the middle of the shed (P2) and close 
to the exhaust fans (P3). In each region (P) feces were collected several times, totaling a pool of approximately 200g 
of fresh feces. As collections started from the 5th day of life, repeating weekly until the 40th day of bird lives. The 
treatments were: (FL) fermentation treatment associated with liming; (L) liming; and (F) fermentation, which were 
necessary in the interval between flocks, after the removal of the birds for slaughter. The fermentation process 
was executed between flocks, during 15 days, where the litter was kept covered with canvas during 12 days, and 
scattered after this time. The liming process made by adding 800g/m2 of calcium oxide (CaO) to the litter mixed 
three times a day for 10 days. All the animals were treated with an association of nicarbazin and narasin (100ppm) 
beginning by 1st to 28th day of life, followed by salinomicin from 29th to 38th day in 66ppm thru ration.

The oocysts were identified by Gordon & Whitlock (1939) modified technique (OoPG), observing the morphological 
structures in McMaster slide by optical microscopy. During this process different species were observed and 
visual identification is not the most reliable option to determinate witch are those, there are small morphological 
differences between the oocyst that cannot be stated visually; therefore use of PCR is much more reliable technique 
in order to determine the present species.

The parameter adopted to judge the interaction between the variables analyzed was the count of oocysts per 
gram of feces, using the modified Gordon technique. Samples with OoPG equal to or greater than 5.0 x 103 were 
selected to identify the species of the genus Eimeria circulating through the Multiplex PCR. Oocyst recovery was 
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Data were weekly measured, resulting in six collections per flock. The OoPG counting was used as a parameter 
to determine the number of oocysts of the genus Eimeria shedding by the chicks. Initially, in this experiment, there 
was a low amount of oocysts shedding by birds at the 5th day of life (13-2,118 oocysts). Between the 5th and 22th days, 
they were stabilized (81-1,824 oocysts). From those days on, there was an increase of OoPG within 24‑32th days 
(3,833-13,216 oocysts) identified as the peak for Eimeria, followed by a decrease, the average numbers per period 
are described in Table 2 and represented in (Figure 1).

performed from 5g of sample diluted in 60 mL of NaCl solution (d = 1.18g / cm3). Samples were clarified according 
to Tang et al. (2018) and extraction with phenol-chloroform, according to Sambrook et al. (1989). The selected 
primers and the Multiplex PCR protocol followed as described by Carvalho et al. (2011). For amplification, 2 mixes 
were adopted with the specific primers for the prevalent Eimeria species, being: mix 1 (E. acervulina, E. brunetti, 
E. mitis and E. maxima) and, mix 2 (E. tenella, E. necatrix and E praecox). For amplification, reactions were conducted 
in a total volume of 25 µL with 17.5 µL Green Master Mix® (Promega), 0.5 µL of each primer (50 pmol/µL), 1 µL of 
the sample and the rest with DNase-free water. For positive control, a commercial vaccine Biococcivet R® (Biovet) 
containing seven species of Eimeriaas followed: E. acervulina, E. brunetti, E. tenella, E. maxima, E. mitis, E. necatrix and 
E. praecox was used, while the negative control was consisted with water. Electrophoresis was carried out on 2.5% 
agarose gel, in 90mA for one hour and stained in ethidium bromide (EtBr) solution for 15 minutes.

The statistical analyses were performed in the Statistical Analysis System (SAS), version 9.0 (SAS Institute, 2002). 
The distribution of OoPG data was analyzed by the Shapiro-Wilk test (PROC UNIVARIATE), which indicated that the 
data was not adjusted to a normal distribution. Thus, the OoPG data were subjected to logarithmic transformation 
[log10(x + 1)] and then analysed in a mixed model with repeated measures in time (PROC MIXED). The effects of 
litter treatment, flock, age and sampling point, and the interactions litter treatment × age, litter treatment × flock, 
flock × age, litter treatment × sampling point, and litter treatment × flock × age were the fixed effects; and aviary 
nested within farmer and litter treatment was the random effect in the model. The most appropriate covariance 
structure for the variable analyzed was defined according to the corrected Akaike (AICc) and Bayesian (BICc) 
information criteria. The means were compared by Tukey test (LSMEANS statement). The significance level of 0.05 
was adopted in all analyses performed. Towards an appropriate interpretation, the results were presented as 
mean and standard error of the non-transformed OoPG data.

Results
A total of 1,606 fecal samples were collected during five consecutive flocks, within the three points of collection, 

from 18 poultry housing in 330 days. All the effects and interactions were significant, in exception of collection 
points, such as represented in Table 1.

Table 1. Fixed effects and their interactions on the OoPG of feces samples collected from broilers housed in commercial aviaries 
in the Western region of Paraná, Brazil.

Effects P-value

Litter treatment 0.0006

Flock <0.0001

Sampling point 0.0897

Age <0.0001

Litter treatment × Age <0.0001

Litter treatment × Flock <0.0001

Flock × Age <0.0001

Litter treatment × Sampling point 0.5143

Litter treatment × Flock × Age <0.0001
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Collection points were visually different between the areas although they were considered with tendency to 
significance to elimination of OoPG values (p=0,0897), but it was not a major point of influence in Eimeria oocysts 
distribution in the housing.

Considering the interactions between treatments and flock, was be observed reduction of OoPG over time 
(Figure 2) where FL had the most significant OoPG during the whole period, the OOPG rise in the second flock 

Table 2. Average OoPG value in feces samples collected at each broilers age in commercial aviaries where different sanitary 
treatments were applied to the litter.

TreatmentI
Age (days)

5-8 12-15 17-22 24-29 32-38 39-45

FL 13Ad 1408Ac 1801Ab 13216Aa 8613Aa 8690Aa

Liming 2118Ab 316Ab 1824Ab 7256ABa 5936Aba 9971Aa

Fermentation 254Ac 81Ac 1269Ac 3833Bb 4812Bb 9801Aa

IFL: fermentation + liming. Uppercase letters compare treatments within each age, and lowercase letters compare ages within each treatment 
by Tukey test (p≤0.05).

Figure 1. Dynamics of Eimeria spp. oocysts excretion in broilers housed on litter subjected to different sanitary treatments in 
commercial aviaries in the Western region of Paraná, Brazil.

Figure 2. Dynamics of Eimeria spp. oocysts excretion in broiler flocks housed on litter subjected to different sanitary treatments 
in commercial aviaries in the Western region of Paraná, Brazil.
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The average Eimeria oocysts production related to treatments interacting with flocks and age groups are 
represented (FL, L and F) in Table 4 where FL had the major number of oocysts per gram of feces, mostly considering 
the peak between the 24th – 29th days, then numbers reduced. L and F proved to be more efficient, with lower peak 
and reduced OoPG during all the flocks studied, specially F (Figure 3a, 3b and 3c).

was assigned to climate condition such as: colder temperature, reduced air exchange and bed moisture increase 
(Table 3). The minimum OoPG result corresponds to the 4th flock (<3x103 oocysts) almost by the end of bed usage, 
which happened during summer with higher temperatures and reduced moisture.

Table 3. Average OoPG value in feces samples collected in each flock housed in commercial aviaries where different sanitary 
treatments were applied to the litter.

TreatmentI
Flock (n)

1 2 3 4 5

FL 7913Ab 9486Aa 7142Ab 2203Ac 1374Bc

Liming 4307Ab 8019Aa 6208Ab 1538Ad 2777Ac

Fermentation 4760Ab 5628Aa 4464Ab 604Bd 1254Bc

IFL: fermentation + liming. Uppercase letters compare treatments within each flock, and lowercase letters compare flocks within each treatment 
by Tukey test (p≤0.05).

Table 4. Interaction between age and flock on the average OoPG value in feces samples collected within each sanitary treatment 
applied to the litter in commercial aviaries.

Treatments Flock
Age (days)

5-8 12-15 17-22 24-29 32-38 39-45

Fermentation + 
Liming

1 0Ab 0Bb 539Bb 28556Aa 13661Aa 4722Aa

2 33Ac 4644Ab 4144Ab 26383Aa 14383Aa 7328Aa

3 0Ab 2011Aa 1750ABa 10683Aba 10394ABa 18011Aa

4 28Ac 356ABbc 439Bbc 194Bbc 4367BCab 7833Aa

5 6Ab 28Bb 2133ABa 261Bab 261Cab 5556Aa

Liming 1 0Bb 44Ab 772Bb 8733Aba 8050Aa 8244Aba

2 10356Aab 861Ab 6572Aab 13261Aa 12906Aab 4161Bab

3 28Bc 50Ac 544Bc 8278ABb 2450Aba 25900Aa

4 83Bb 328Ab 311Bb 4706Ba 1072Bab 2728Ba

5 122Bb 294Ab 922Bab 1300Bab 5200ABa 8822ABa

Fermentation 1 0Ab 0Ab 0Bb 14194Aa 4233Aa 10133Aa

2 78Ab 111Ab 6033Aa 4217Aa 12472Aa 10856Aa

3 1139Abc 261Abc 128Bc 283Bbc 3289Ab 21683Aa

4 39Aa 6Aa 61Ba 11Ba 328Ba 3178Ba

5 17Ab 28Ab 122Bb 461Bab 3739Aa 3156Ba

Uppercase letters compare flocks within each age, and lowercase letters compare age within each flock for each sanitary treatment by Tukey 
test (p≤0.05).

Primarily it was executed an DNA extraction from vaccine as described by Tang et al. (2018) with amplifications 
of six species of the genus Eimeria present in the vaccine (Line 4 - E. acervulina - 811 bp; Line 5 - E. brunetti - 626 bp; 
Line 6 - E. tenella - 539 bp; Line 7 - E. mitis - 460 bp; Line 8 - E. praecox - 354 bp; Line 9 - E. maxima - 272 bp), except 
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E. necatrix, absent in Mix 2 (line 2) and in individual reaction (line 10) (Figure 4). The next step was to perform an 
DNA extraction from field samples, however the first attempt was unsuccessful, so it became necessary to do an 
adaptation in the extraction process.

Figure 3. Dynamics of Eimeria spp. oocysts excretion at each age and flock on litter treated by fermentation + liming (FL), liming 
(L) or fermentation (F) in commercial aviaries in the Western region of Paraná, Brazil.
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Discussion
All the effects and interactions where significant, except the interaction between litter treatment x collection 

points, such as represented in Table 1.
The shedding of oocysts is directly dependent on the activity of the protozoan, which begins at the end of the 

pre-patent period, as was also evidenced by Zulpo et al. (2007) when analyzing artificially infected birds. The use 
of OoPG as a method of evaluating treatment efficiency, based on the reproductive behavior of different Eimeria, 
demonstrated to be directly proportional to the viability of the pathogens (Chasser et al., 2020). Lillehoj & Ruff 
(1987) showed the importance of the dose of oocyst infection to cause harm in birds, and the reproductive capacity 
and the elimination of oocysts was linked to the treatments evaluated. Initially, in this experiment, there was a 

It was chosen to recover oocysts from samples using the principle of flotation in saturated salt solution as 
described by Willis (1921) (Figure 5), followed by an extraction according to the protocol already used with the 
vaccine. It was identified amplification in line 6 for E. praecox (354 bp) in Mix 2.

Figure 4. Standardization of the Multiplex PCR test to detect Eimeria spp. made with vaccine. Electrophoresis in an 2.5% agarose 
reaction in a 25 µL reaction, with 0.5 µL of each primer, 1 µL of sample and alteration of the combined primers. Line 1 - Mix 1 
(E. acervulina - 811 bp, E. brunetti - 626 bp, E. mitis - 460 bp and E. maxima - 272 bp); Line 2 - Mix 2 (E. tenella - 539 bp, E. praecox 
- 354 bp); Line 3 - Molecular weight marker; Line 4 - E. acervulina - 811 bp; Line 5 - E. brunetti - 626 bp; Line 6 - E. tenella - 539 bp; 
Line 7 - E. mitis - 460 bp; Line 8 - E. praecox - 354 bp; Line 9 - E. maxima - 272 bp; Line 10 – E. necatrix – 200bp. 

Figure 5. PCR reaction for the modified purification process of collected samples. Electrophoresis in an 2.5% agarose reaction in 
a 25 µL reaction, with 0.5 µL of each primer, 1 µL of sample and alteration of the primer configuration. Line 1 - precipitate from 
field sample for mix 1; Line 2 - C + Multiplex 1 (E. acervulina - 811 bp, E. brunetti - 626 bp, E. mitis - 460 bp and E. maxima - 272 bp); 
Line 3 - Positive control for Mix 1; Line 4 - field sample supernatant for Mix 1; Line 5 - Molecular weight marker; Line 6 - precipitate 
from field sample for Mix 2; Line 7 - Positive control for Mix 2 (E. tenella - 539 bp, E. praecox - 354 bp); Line 8 - Negative control 
for Mix 2; Line 9 - field sample supernatant for Mix 2; Line 10 to 13 - field samples processed according to Pereira et al. (2008).
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low amount of oocysts eliminated by birds at the 5th day of life, emphasizing the importance of the environment 
in the birds primary infection. Then, there was a drop in OoPG values, and a second peak was expressed between 
24th and 38th days, due to reinfection, followed by stabilization in the three treatments, showing the efficiency in 
reducing the reduction of oocysts, with low difference (p <0.0001), in relation to the age of the birds (Figure 1). This 
peak was also observed by Chapman et al. (2016) in a study carried out with poultry, in which the peak was found 
between the 20th and 33th days. After the 30th day, there was a reduction and stabilization of OoPG levels between 
8 x 103 and 1 x 104 oocysts/g. In litter treatments where liming (L) and fermentation (F) were used, there were no 
peaks as evident as the treatment where the association of liming and fermentation (FL) was adopted, which can 
be related to lower oocyst intake viable that did not develop sufficiently to achieve sporulation and consequently 
had less significant peaks. Wallach (2010) evidenced that between the 5th and 20th life of the birds, there is a period 
of coccidium peaking, moment of reinfection where sporulated oocysts from first shedding, present in the litter 
was ingested by birds a second time, and this second peak may vary in its intensity according to the species of of 
the genus Eimeria and quantity of sporulated oocysts ingested, identified in the present study, by the progressive 
increase in OoPG. Williams (2001) infected artificially individuals of Gallus gallus and demonstrated peak periods 
that varied between 5 and 17 days, depending on the amount of oocysts administered. According to Fayer (1980), 
it is important to recognize the diapause phases that can interact in natural coccidial infections. The fermentation 
process promotes the heating of the litter and can reach a temperature between 50 - 70 ° C, being the main tool 
in the control of pathogens (CLSA, 1995). The results demonstrate that the fermentation (F) obtained the best 
results, in relation to the number of oocysts shedding (3,833 OoPG) when evaluating the period between 24° and 
29 ° days, when compared to the treatments of the association of liming with fermentation (FL) and liming (L), with 
13,216 and 7,256 OoPG respectively. For Eimeria, high temperatures, reduced oxygen saturation and a drop in 
humidity below 25% are harmful to the protozoan to sporulated. Liming (L) showed a result close to fermentation 
(F) between the 24th and 29th days (7256 and 3833, respectively). The association of treatments (FL), on the other 
hand, showed a worse result with an increase in the values ​​for counting oocysts (13,216 OoPG) (Table 2).

The lower performance of the combined treatments (FL) in reducing oocysts in litter may be linked to an 
antagonistic effect among treatments (Figure 1). The individual treatments were efficient in controlling Salmonella 
and Clostridium by reducing humidity, changing pH and, considering that fermentation also occurs in temperature 
control. It is important to highlight that the fermentation process acidifies the pH of the litter, while liming alkalizes 
the pH and reduces the production of methane, consequently the bacterial activity (Kelleher et al., 2002; Silva et al., 
2007). The residual effect of the fermentative treatment can be affected by the addition of lime, the elevation of 
acidic pH to a pH between neutral and alkaline, which has no sanitizing action for the main groups of microorganisms 
that are pathogenic to birds.

Garcés-Gudiño et al. (2017) evaluated the microbiological composition in first, second and third use poultry litter 
and determined that the first use litter is the most contaminated, these authors highlighted the hypothesis that 
the contamination was diluted with organic matter. In this research, evaluating five successive uses, it was found 
that the count of oocysts had interaction with other factors, since even with a greater number of flock observed, 
there was a reduction of oocysts regardless of the treatment used, considering that in the fourth and in the fifth 
flock, the litter was composed almost entirely of organic matter.

In all treatments, interaction with the cycles was observed (p <0.0001), with the second cycle being the period 
with the highest OoPG value for the three treatments, with a peak for the treatment associated liming with 
fermentation. Among the evaluated treatments, fermentation (F) obtained the lowest average of oocysts eliminated 
in all evaluated production cycles as described in Table 3 (Figure 2).

It is important to highlight that the initial contamination of the poultry houses exists, as well as the progressive 
drop in the number of oocysts (Costa et al., 2000; Chapman et al., 2016). The first and second flocks showed a higher 
level of contamination by oocysts, which may be linked to residual contamination of the previous flock. It should 
be considered that the litter is placed over dirt in the aviary, which makes it difficult to control this type of surface, 
enabling the protozoan to be maintained in the environment oocysts of Eimeria, even in hygienic sheds and when 
changing litters. It was identified soon in first evaluations. Control difficulties were associated with contaminated 
fomites, equipment or clothing and with contaminated structures (Chapman et al., 2016; Garcés-Gudiño et al., 
2017). When performing OoPG analyzes, the first positive reading for Eimeria occurred in 17th day of the first flock in 
the three treatments. In the previous collections of the 5th and 12th days they were negative and in the subsequent 
flock there were positive results regardless of age, highlighting the difficulty in controlling the agent.
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The climatic factor was also important, in the first and second flock occurred during the autumn and winter period, 
where although the ambient temperature is not favorable to the sporulation of oocysts, the high animal density and 
heating system, raise the temperature of the warehouses, in addition to reduced use of forced ventilation, which 
leads to less air renewal and moisture removal. The hypothesis that the accumulation of organic matter causes 
the dilution of microorganisms is also raised (Carvalho et al., 2011; Chapman et al., 2016; Garcés-Gudiño et al., 
2017). However, none of the studies evaluated litter treatment methods. Birds evaluated in cages to determine the 
efficiency of coccidiosis control by coccidiostatic and coccidiocidal molecules report that the substrate increased 
its contamination until the fourth reuse (Costa et al., 2000).

The behavior observed reiterates that the first infer fundamental role in the contamination of subsequent litters, 
mainly up to the third flock. The drop in the average OoPG values ​​with the progression of the use of the litter in 
subsequent flock could be associated with the treatments (p = 0.0006), observed mainly in the period between 
the 24th and the 38th days by the progressive drop in the OoPG, which corroborate with Lillehoj & Ruff (1987), and 
Chasser et al. (2020), the average oocyst elimination and analyses are described in Table 4. FL showed the natural 
behavior of the protozoan with a peak between 25th and 35th days, as expected (Figure 3a). For individualized 
treatments, the peaks of elimination of oocysts were much smaller, mainly observed in the first two flock evaluated 
(Figure 3b and 3c).

Poultry housing are built to enable birds to develop their maximum zootechnical capacity, under adequate 
environment, health and nutrition. The interaction between collection points and treatment were not significant in 
terms of oocyst count (p = 0.5143) (Table 2), although there was a visual difference between the points, where P1 
was cleaner with less dirt particles in the lines of feeders and drinkers, probably due to the particle dragging dust 
and feathers of the birds and also by the water deposit from the sprinklers, while points P2 and P3 accumulated 
a greater amount of organic matter and dust in the suspension lines of the structures, railings and walls inside 
the building.

Determine the Eimeria developing in poultry is essential to establish an adequate method of coccidiosis control. 
Moraes et al. (2015), stablished the prevalence of Eimeria in 250 properties in the State of Santa Catarina, in Southern 
Brazil, where E. maxima (63.7%), E. acervulina (63.3%) and E. tenella (54.6%) are the most prevalent. For this, the use 
of tools such as PCR Multiplex can become a great ally in the determination of species circulating, as it allows that 
in just one reaction identify more than one species reducing the cost and time. Oocyst recovery and clarification 
were performed according to Tang et al. (2018) and the phenol-chloroform extraction protocol as described in 
Sambrook et al. (1989). The amplification of the positive control with the combination of the primers, in 2 mixes, 
was effective as shown in Figure 4, with no amplification for E. necatrix, which may be due to incompatibility of the 
primer with the strain used in the vaccine, as observed by Lew et al. (2003).

There were difficulties in extracting genetic material from field samples, mainly due to the presence of a large 
amount of bacteria, microorganisms and non digested proteins in feces. Thus, in order to improve the quality of 
the samples, extractions were carried out with modification in the recovery of oocysts from samples to optimize 
the amount of DNA recovered. The PCR reaction obtained shows that in field samples recovered with the proposed 
protocol, a band compatible with E. praecox (line 6 - 354 bp) was formed (Figure 5).

Conclusion
Sanitary management of litter is essential factor in the control of coccidiosis throughout successive flocks 

and is subject to interaction between the host and Eimeria and other factors such as flock, age, treatment and 
their interactions. The use of only one treatment, especially fermentation, proved to be more efficient than the 
combination of treatments to control Eimeria in addition to simplifying handling and being low cost. Beside this 
result, Multiplex PCR as a species identification technique proved to be efficient as observed in vaccine extraction 
to obtain positive control. Fecal samples collected from the field require a new methodology for purification and 
recovery of oocysts in the search for promising results for future use in species identification.
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