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Influence of Covering Reused Broiler Litter with Plastic
Canvas on Litter Characteristics and Bacteriology

and the Subsequent Inmunity and Microbiology of
Broilers

ABSTRACT

In broiler production, the litter is reused for consecutives flocks, and
it is treated during down time between flocks to reduce its microbial
load. Although covering the litter with a plastic canvas is a common litter
treatment in the field, there is little scientific information available on its
efficacy. The aim of this study was to evaluate the effects of covering
broiler litter with a plastic canvas for eight days on litter microbiological,
physical, and chemical parameters, and on the intestinal microbiota
and immunity of broilers. In the first trial, reused litter from a previous
flock was distributed into three treatments, with six replicates each: L1
(negative control, litter free from Salmonella Enteritidis (SE) and Eimeria
maxima (EM) and not covered), L2 (positive control, litter with SE and
EM, and not covered), and L3 (litter with SE and EM, and covered
with plastic canvas for eight days). Litter total bacteria, Enterobacteria,
Lactobacillus, SE, and EM counts, and litter pH, temperature, moisture,
and ammonia emission were determined on days 1 and 8. In the
second trial, broilers were housed on those litters according to the
treatments described above, and their intestinal microbiota, gut CD4+
and CD8+ lymphocytes and macrophages, and liver and intestinal pro-
inflammatory interleukin (IFN-y, IL-1p e IL-18) levels were evaluated on
days 14 and 28. A significant reduction of litter bacterial populations
was observed in the litter covered with plastic canvas. A significantly
higher mRNA IFN-y gene expression (12.5-fold) was observed in the
jejunum and liver of broilers reared on the litter with Enterobacteria
counts. No EM reduction was observed in the covered litter. Covering
reused broiler litter with plastic canvas reduces initial litter bacterial load
as a result of the interaction between physical and chemical parameters.

INTRODUCTION

Litter is a mixture of excreta, litter substrate (e.g., wood shavings, rice
hulls, peanut shells), as well as soil, feathers, and other components.
It is used to cover broiler house floors to absorb excreta and provide a
comfortable surface for the birds (Kelley et al., 1996).

Broiler litter from the first flock is typically reused for several
consecutive flocks (up to 14 times) (Roll et al., 2011) for economic
reasons, and also to reduce the organic load of broiler production.
However, to allow its reutilization, litter needs to be treated during the
downtime between flocks to reduce its microbial load (Thaxton et al.,
2003).

Lee et al. (2011) observed that the exposure of broiler chickens to
reused litter increased the intestinal intraepithelial lymphocyte and
splenic lymphocyte subpopulations. Shanmugasundaram et al. (2012)
showed that litter reutilization affected both cell-mediated immune
response and cytokine production in broilers, reporting that broilers
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reared on reused litter expressed more IL-1 and IL-4
cytokines, whereas those reared on new litter expressed
more IL-10 cytokine.

The main methods of litter treatment are
composting (Macklin et al., 2006) and incorporation
of quicklime (Pra et al., 2009), aluminum sulfate (Line,
2002), or sodium bisulfate (Williams et al., 2012). An
alternative method is to wet the litter and cover it
with a plastic canvas for a short period of time (seven
days). This method is described by Muniz et al. (2014),
who observed a significant reduction in Sa/monella
spp. counts in the treated reused litter. However, the
authors did not evaluate other bacteria or physical and
chemical litter parameters.

Further knowledge on the method of treating used
broiler litter with a plastic canvas is needed. The aim
of this study was to evaluate the influence of covering
used poultry litter with a plastic canvas on broiler body
weight, bacterial colonization and intestinal leukocyte
recruitment, host gene transcription of inflammatory
and immune response genes in the intestine and liver
of broilers, as well as on litter microbiological and
physicochemical characteristics.

MATERIALS AND METHODS

The study was conducted at the Center for the Study
of Immune Responses of Poultry (CERIA-LABMOR),
of the Department of Agricultural Sciences, Federal
University of Parana, during the month of June 2013,
when average temperature was 14.8°C.

Phase 1

Litter preparation: Litter (wood shavings used
for a single flock) from a previous study was used.
The study aimed at assessing the impact both of
Salmonella Enteritidis (SE) and Eimeria maxima
oocysts (EM) on broiler chickens. The protocol of this
previous study was TmL of SE inoculated on day 7 by
gavage at concentration of 10> CFU/mL. The SE strain
was obtained from the stock of the Laboratory of
Microbiology and Avian Pathology of UFPR. Eimeria
challenge amounted to 20,000 oocysts/bird on days 1
and 20; the protozoa were donated by Elanco. Those
broilers (10 birds per treatment) were reared up to 42
days, ensuring litter contamination.

One day before the beginning of the present
experiment, 5L of water were added to the entire litter
of the previous flock (84,000 cm?) in order to maintain
30%moisture (Lavergne et al., 2006).

A randomized experimental design including three
treatments with six replicates each, was applied.
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Treatments consisted of: L1 (negative control: litter
free from SE and EM, not covered); L2 (positive control:
litter contaminated with SE and EM, not covered); L3
(litter contaminated with SE and EM, and covered with
a 150um-thick black plastic canvas for eight days).

The six replicates for each treatment were placed
on concrete floor blocks (70-cm long, 40-cm wide
and 30-cm high each) in two separate rooms per
treatment. In order to maintain the separation
between the replicates, the plastic canvas was carefully
stuck between the litter and the blocks. At the time of
sample collection, the canvas was gently removed and
immediately placed back.

Litter microbiology: On days 1 and 8 of the
trial, 100 g of litter per replicate per treatment were
collected. Total bacterial (TB), Lactobacillus (LAC),
Enterobacteria (EN) and SE (6 samples per treatment in
total) counts were determined. TB, EN and SE counts
were performed according to the official method of
the Brazilian Ministry of Agriculture (Brasil, 2003), and
LAC counts were determined according to Souza et al.
(2007).

Oocysts of EM were counted on days 1 and 8 in10
g the litter per replicate per treatment. Samples were
diluted in 50 mL distilled water, and filtered through
a 70 mesh/cm? sieve. A drop of the filtered solution
(50 pL) was suspended in a Neubauer chamber, and
oocysts were counted (Fagonde & Pedroso, 2009).

Litter physical and chemical parameters:
Litter temperature was measured daily using a digital
thermometer INCOTERM® (Porto Alegre, Brazil) The
metal probe was inserted in the center of the litter at
a depth of 15 cm. Litter moisture, pH, and ammonia
emission were measured on days 1, 3, 5 and 8 of
the experiment. The methodology of Benabdeljelil &
Ayachi (1996) was adopted to measure the pH, using
a digital pH meter model 330i/SET, WTW (Weilheim,
Germany). Litter moisture was determined according
to Carvalho et al. (2011), and ammonia emission
according to Hernandes & Cazetta (2001).

Phase 2
In-vivo trial

The experiment was approved by the Ethics
Committee for Animal Experimentation of the
Agricultural Sciences Department, Federal University
of Parana, under protocol number 041/2013.

The six replicates from each treatment applied in
phase 1 were mixed and homogenized, resulting in
three litter groups, which were left to rest for two days
before broilers were housed.
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Animals: Sixty one-day-old male Cobb®broilers
were obtained from a commercial hatchery. Birds
were weighed and uniformly distributed according to
average body weight into the treatments described
in the phase 1. During the 28 days of experiment,
birds were provided with adequate environmental
temperature for this rearing phase, and received water
and feed ad libitum.

Sample collection for microbiology, histopa-
thology, immunohistochemistry and quantitative
PCR (gPCR): For the quantitative analysis of TB, LAC,
EN and presence of SE at 14 and 28 days of age, five
chickens per treatment were sacrificed and necropsied
for the collection of cecal content. Microbiological
analyses were performed using the same methods
described for phase 1. Jejunum and cecum samples
of five birds per treatment were collected, and fixed
in 10% buffered formalin for histology. Fragments of
those same segments were embedded in Tissue-Tek®
gel for CD8+ and CD4+ lymphocyte and macrophage
counts. For gene expression analyses, samples of
scrapings of the mucosa of the jejunum and a liver
fragment were collected, placed in plastic tubes
containing 1 mL of RNA storage solution RNAlater®
(Thermo Fisher Scientific Inc., Waltham, USA) and
refrigerated until processing. Gene expression of the
cytokines interferon gamma (IFN-y), interleukin 1 beta
(IL-1B) and interleukin 18 (IL 18) were determined.

Processing and reading material for histopa-
thology and immunohistochemistry: Samples of
the jejunum and the cecum were processed routinely
for histology and stained with Alcian blue according to
Smirnov et al. (2004) for goblet cell counting. Twenty
fields per treatment were scanned under a light
microscope at 40x magnification.
For the analysis of CD4+ and CD8+
lymphocytes and macrophages by
immunohistochemistry, samples were
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RNA extraction: RNA was extracted using TRIzol®
reagent, following the manufacturer’s protocol (Invit-
rogen®). The extracted RNA was quantified by spectro-
photometry at 260 nm using the spectrophotometer
(NanoDrop® 2000). In order to evaluate the integrity
of the extracted RNA, all samples were run by elec-
trophoresis in agarose gel1%, stained with ethidium
bromide solution at 1% and visualized under UV light
transilluminator.

c¢cDNA synthesis: Samples were treated with
DNase | (Ambion®), following the manufacturer’s
recommendations. The kit High Capacity cDNA
Reverse Transcription (Invitrogen®) was used for the
synthesis of cDNA, according to the manufacturer’s
recommendations.

Real-time qPCR: The kit SYBR Green PCR Master
Mix (Applied Biosystems®) was used according to the
protocol: 2.5 pL of Sybr, 0.5 pL of Milli-Q water, 1.0 pL
of primer mix, and 1.0 pL of sample, summing up 5.0
uL of reaction volume in each well. Gene expression
levels were analyzed in a Step One Plus thermocycler
(Applied Biosystems®) following the protocol: 95°C for
15 minutes, 40 cycles of 15s to 95°C, 30s to 58°C,
and 30s to 72°C.The results of real-time PCR were
analyzed according to Schmittgen & Livak (2008) using
the comparative method 244,

Statistical analysis: Data were analyzed using the
statistical program Statistix 9°. Normality of the data
was assessed using the Shapiro-Wilk normality test.
Parametric data were submitted to analysis of variance
(ANOVA) followed by Tukey's test, while nonparametric
data were submitted to Kruskal-Wallis test. The
presence of SE was analyzed by the chi-square test. In
statistical tests, a significant level of 5% was used.

Table 1 - Primer sequences, housekeeping genes (B-actin, UB and
GAPDH). Genes assessed (IFN-y, IL-1B, IL-18). Primer direction: Forward
(F) and Reverse (R)

processed according to Muniz et al.,

Direction Sequence 5'- 3’

Reference

(2013) and 20 fields were scanned ;idm .
per experimental group, using a light R
microscope at 100x magnification UB F
(Olympus BX41 Olympus USA). R
Primers for qPCR: The sequences  CGAPPH F

of primers for the genes cytokines ey F:
IFN-y, IL-1B, IL-18, and the three B
reference genes [B-actin, glyceralde- IL-1B F
hyde 3-phosphate dehydrogenase R
(GAPDH) and ubiquitin (UB) were IL-18 F
R

presented in Table 1.

CACAGATCATGTTTGAGACCTT
CATCACAATACCAGTGGTACG

(Boever et al., 2008)

GGGATGCAGATCTTCGTGAAA (Fan etal., 2012)
CTTGCCAGCAAAGATCAACCTT

GGTGGTGCTAAGCGTGTTAT (Hong et al., 2006)
ACCTCTGTCATCTCTCCACA
GTGAAGAAGGTGAAAGATATCATGGA  (Kaiser et al., 2000)
GCTTTGCGCTGGATTCTCA

GCTCTACATGTCGTGTGTGATGAG (Eldaghayes et al., 2006)
TGTCGATGTCCCGCATGA

AGGTGAAATCTGGCAGTGGAAT (Eldaghayes et al., 2006)
ACCTGGACGCTGAATGCAA
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RESULTS
Phase 1

Litter microbiology: The counts of TB, LAC and
EN in the litters are show in Table 2. In L3, there was a
significant reduction in TB counts between days 1 and
8. L3 presented higher EN counts compared with L2
and L1 both on days 1 and 8. This was unexpected and
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we do not have a plausible for this result. However,
EN counts in L3 decreased over time (from days 1 to
8). No LAC was detected on day 1Tin any dilutions
(10* and 10°) in none of the treatments, only on day
8,at dilutions of 10° and 10* However, LAC counts
were not significantly different among treatments. No
differences in EM oocyst counts were detected among
treatments or experimental days (data not shown).

Table 2 - Mean and standard error of total bacteria, Enterobacteriaceae and Lactobacillus spp. counts in the litter on days
1 and 8, according to treatment (results expressed as log10 CFU/mL).

Bacteria Day (n) L1 L2 L3

Total bacteria 1 6 8.12 £ 0.67 8.83 £0.23 8.98 + 0.34°
8 6 8.64 +0.14 8.16 + 0.67 8.34 + 0.85°

Enterobacteriaceae 1 6 1.28 £ 0.42¢8 1.64 + 0.528 4.66 + 0.42%
8 6 0.65 £ 0.358 1.51 +£0.538 347 £ 0.72%

Lactobacillus 1 6 0.00 + 0.00 0.00 + 0.00 0.00 + 0.00
8 6 1.71 £ 0.57 1.49 + 0.56 1.34 £ 0.49

aDifferent lowercase letters in the same column and different uppercase letters * ®Letters in the same row indicate significant difference by the Kruskal-Wallis test at p<0.05.

The presence of the SE over time was reduced only
in L3 (Table 3).

Table 3 - Presence of Salmonella Enteritidis in the litter on
days 1 and 8, according to treatment. Results before and
after treatment (results expressed as percentage of a total
of 6 samples).

Day 1 Day 8
L1 0/6 0% 0/6 0%
L2 2/6 33% 2/6 33%
L3 2/6 33%"* 1/6 16%°

AEDifferent letters in the same row indicate significant difference by the Chi-square
test at p<0.05.

Physical and chemical parameters: Average
maximum litter temperature in L3 was measured on day
3(30.8°C) and then gradually decreased to 22.97°C on
day 8. The temperatures recorded in L1 and L2 showed
the same trend, with a slight increase on the first
days (maximum temperatures of 19.70 and 22.26°C,
respectively, on day 3) and gradually decreased till day
8 (to 17.18 and 19.34°C, respectively) (Figure 1A).
Average pH value determined in L3 replicates was 8.98
at day 1 and 9.29 at day 8. For L1 and L2, average
pH values of 8.81 and 8.94 were recorded on day 1,
and 9.15 and 9.20 at day 8, respectively (Figure 1B).
Average litter moisture of L3 replicates was stable until
day 5, and then gradually increased from 37 to 40%
on day 8. Conversely, average litter moisture of L1 and
L2 replicates gradually decreased from 35% on day 1
to 27% on day 8 (Figure 1C). Average ammonia level
of L3 replicates increased from 47 ppm/75 g of litter on
day 1to 114 ppm/75 g of litter on day 8.The average
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ammonia concentration ofL1replicates increased from
39 ppm/75 g of litter on day 1 to 89 ppm/75 g of litter
on day 8, where as L2 presented 40 ppm ammonia/75
g of litter on day 1 and 91 ppm ammonia/75 g of
litter on day 8 (Figure 1D). All these physicochemical

parameters were significantly different among
treatments on day 8 (p<0.05).
Phase 2

Microbiology: No significant difference in TB and
EN colony-forming units (CFUs) was detected among
treatments either on day14 or day 18. The presence
of LAC (at10° and 104 dilutions) in L3 broilers was not
detected on days 14 and 28 of the live assay. No LAC
colonies or SE presence were detected in the cecal
content of birds of any of the three treatments on day
28 (Table 4).

CD4+ and CD8+ lymphocytes, macrophages,
and goblet cells: All cell counts evaluated both in the
jejunum and the cecum were significantly higher in L3
compared with L2 and L1 broilers. In addition, more
macrophages were observed in the jejunum of chicken
in L3 compared withL1 on day 28 (Table 5).

Cytokine mRNA quantification by real-time
PCR: The expression of mMRNA for the IFN-y gene was
significantly higher (12.5-fold) in the jejunum and liver
of L3 compared with L2 broilers. Higher expression of
IL-1B and IL-18 was detected in liver of L3 compared
with L2birds, both on days 14 and 28 (Table 6).

Broiler body weight: Broilers reared on thel1
litter presented higher average body weight compared
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Figure 1 — Physical and chemical parameters measured in the litter. ##Different letters indicate significant difference among treatments on day 8 by Tukey's test at p<0.05.

Table 4 — Mean and standard error of total bacteria, Enterobacteria, Lactobacillus in cecum of different treatments at 14
and 28 days of age of the chickens (Results expressed in Log10 de CFU/ml).

Age Bacteria (n) L1 L2 L3

14 days Enterobacteriaceae 10 7.73+£0.43 7.57 +£0.58 7.24 £0.42
Total bacteria 10 7.84 £0.42 8.00 £ 0.43 7.71 £0.57
Lactobacillus 10 1.92 + 1.00* 1.91 + 0.68* 0.00 + 0.008

28 days Enterobacteriaceae 10 8.72 + 0.09 9.06 + 0.17 8.72+£0.18
Total bacteria 10 9.10 £ 0.09 9.08 £0.11 9.03+£0.11
Lactobacillus 10 0.00 + 0.00 0.00 + 0.00 0.00 + 0.00

AEDifferent letters in the same row indicate significant difference by the Kruskal-Wallistest at p<0.05.

with L2 and L3 broilers at the end of the experiment
(L1 =1.842% 12 =1.7578, L3 =1.7538 g; p<0.05).

DISCUSSION

The microbiological analysis of the litters detected
an average total bacterial count of 8.5 log10 CFU/g
(108 CFU) on day 1, in agreement with the findings
of other authors (Terzich et al., 2000; Macklin et al.,
2005; Rothrock et al., 2008). The average EN count
was 2.4 log10 CFU/g of litter (10° CFU), as found in
other studies (Martin et al., 1998; Fries et al., 2005).A
significant decrease in the populations of TB, EN and
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SE was observed when the litter was covered with
the plastic canvas compared with those not covered.
This may be explained by interaction of physical and
chemical factors. In the present experiment, bacterial
litter counts were possibly reduced by the presence of
ammonia. Ammonia affects cellular metabolism, such
as glycolysis and the citric acid cycle, in addition, it
causes intracellular pH changes, which affect proton
gradients and inhibits endocytosis and exocytosis,
quickly causing cell death (Martinelle & Haggstrom,
1993; Schneider et al., 1996). The average of ammonia
level measured in L3 litter replicates was significantly
higher than that of the L1 and L2 litters, suggesting
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Table 5 — Mean counts of CD4 and CD8 lymphocytes, goblet cells, and macrophages in the jejunum and ceca of 14- and
28-d-old broilers, according to the different treatments (results in units).

Tissue/age Cells (n) L1 L2 L3
Jejunum/14 days CD4+ 10 15.0¢ 24.28 31.84
CD8+ 10 17.5¢ 20.8° 26.24
Gobletcells 20 12.68 12.38 16.4%
Macrophages 10 12.98 13.6° 17.0°
Jejunum/28 days CD4+ 10 11.0¢ 18.68 21.74
CD8+ 10 9.6 13.5° 19,77
Gobletcells 20 16.48 2497 25.6"
Macrophages 10 9.2¢ 13.48 17.44
Ceca/14 days CD4+ 10 6.1° 6.7° 10.84
CD8+ 10 6.48 6.6° 9.1~

Gobletcells 20 3.0 2.5 3.5
Macrophages 10 6.1¢ 7.98 10.6*
Ceca/28 days CD4+ 10 9.18 10.68 12.64
CD8+ 10 7.88 S) AL 11.84

Gobletcells 20 2.68 2.6° 3.94
Macrophages 10 8.7¢ 10.98 13.64

ABCDifferent letters in the same row indicate significant difference by the Kruskal-Wallis test at p<0.05.

Table 6 — Mean and standard error of mMRNA expression of cytokines in the liver and the jejunum of 14- and 28-d-old
broilers, normalized by the expression of ubiquitin gene. Results presented in number of times the gene was expressed

compared with the control group (L1).

Age Tissue IFN-y IL-1B IL-18
14 days Jejunuml2 4271 £ 1.520 2.455 + 0.765 3.666 + 1.264
JejunumL3 1.097 + 0.237 1.547 £ 0.324 1.108 £ 0.217
LiverL2 3.091 + 0.441 0.716 + 0.0728 0.703 +0.131®
LiverL3 2.646 + 0.756 12.212 £ 1.542* 7.909 + 1.3194
28 days JejunumL2 3.139 + 0.665° 2.304 + 0.440 2.474 £ 0.526
JejunumL3 12.545 + 1.865* 1.630 + 0.291 2.254 +0.313
LiverL2 5.956 + 0.709® 0.286 + 0.062° 0.191 + 0.098°
LiverL3 10.794 + 0.960* 9.643 + 0.792% 4.274 £ 0.1824

AEDifferent letters in the same row indicate significant difference by the Kruskal-Wallistest at p<0.05. Values lower than 1 indicate that gene expression was suppressed; the results

were obtained by the comparative method244¢7

that covering the litter with a plastic canvas inhibits
ammonia emission into the air. In this case, ammonia
is retained in the litter, and may reach toxic levels for
bacteria. Moreover, in the present study, the different
litter abiotic parameters, including pH, moisture and
temperature, were directly linked with the production
of ammonia. It was shown in others studies that
increases in the values of those parameters, individually
or combined, triggers the production of ammonia in
broiler litter (Weaver & Meijerhof, 1991; Derikx et al.,
1994; Nahm, 2003; Lovanh et al., 2007; Miles et al.,
2011).

Average EM counts were not different among
litter treatments, differently from the lethal effect
of ammonia on these oocysts found by Horton et
al. (1940), who observed 100% death Eimeria spp.
oocysts placed in 1% ammonia hydroxide solution for
24 hours. Those authors also observed that ammonia
gas had lethal effects on oocysts, as a concentration of
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25 mg/L killed 100% of the oocysts in 1 hour. Hamed
et al. (2013) observed the death of 99% of the of
Eimeriatenella oocysts placed in an 5% ammonium
hydroxide solution for 24 hours. These results indicate
that ammonia concentrations higher than those
obtained in the present study are required to reduce
oocyst counts. And possibly perhaps the conditions
created in the litter covered with the plastic canvas
for 8 days were not sufficient to kill Eimeria maxima,
suggesting further studies are needed to evaluate the
survival of oocysts using this method of litter treatment.
The number of oocysts recovered in the phase 1 was
low. In addition, during the necropsy of the birds in
phase 2, no macroscopic lesions caused by EM were
detected in the gut.

The experiment carried out in phase 2 aimed at
assessing the effects of the microbial populations
remaining in the litter after the treatments applied
in phase 1 on the immune response, intestinal
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microbiota, and broiler body weight. It was observed
that the broilers housed on the contaminated litter
covered with the plastic canvas (L3) presented higher
number of immune cells in the intestinal mucosa
compared with L1 and L2, as well as higher levels of
pro-inflammatory cytokines in the liver relative to those
on L2, which was contaminated and not covered. This
may be explained by the fact that EN counts in L3 litter
were initially (d 1 of phase 1) higher in L2.Some genera
of the Enterobacteriaceae family, such as Proteus,
Pseudomonas, and Escherichia coli are related to the
ammonia production in broiler litter (Alexander et al.,
1968; Ivanoy, 2001) and may also become pathogenic
(Rocha et al., 2002; Cortes et al., 2004; Nasrin et al.,
2013). These EN present flagella made of flagellin,
which are proteins identified as pathogen-associated
molecular patterns (PAMPs), and recognized by
receptor Toll-like 5 (TLR5) (Hayashi et al., 2001; Yoon
etal., 2012). TLR5 are expressed on intestinal epithelial
cells and tissue macrophages, leading to the activation
and secretion of pro-inflammatory cytokines, such as
IL-1B(Haiko & Westerlund, 2013; Keestra et al., 2013).
The observed increase in IL-1B may have also been the
result of stimulation by the lipopolysaccharide (LPS)
present in those EN genera. Indeed, LPS recognized by
TLR4 (Madsen et al., 2014) increase cytokine expression
in both the liver and the intestine of chickens (Igbal et
al., 2005).

It has been shown that IL-18 is released by activated
macrophages and that it is a potent inducer of IFN-y
(Li et al., 2013) and CD4+ lymphocytes (Hung et al.,
2010). In the liver of L3 birds, a significant increase in
the expression of both IL-18 and IFN-ywas detected on
day 28. This emphasizes a potential link between these
two cytokines.

Although no direct relationship between IL-18
mMRNA expression in the liver and CD4 + lymphocyte
counts in the intestinal mucosa was observed, the
values of both parameters increased on days 14 and
28. Interestingly, both the increase of CD4+ and IFN-y
are related to intracellular pathogens (Guo et al.,
2013).

The broilers reared L1 litter presented higher body
weight than L2 and L3 broilers. The L1 litter was not
contaminated, which may have favored the better
performance of L1 broilers when compared of the
others treatments. On the other hand, the higher
moisture content of the L3 litter before birds were
housed L3 (40%) compared with L1 and L2 (27%) may
be responsible for the higher survival of EN populations
during the in-vivo assay in phase (Miles et al., 2011),
and therefore, to higher ammonia production,
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affecting broiler performance (Carlile, 1984; Beker et
al., 2004). In addition, lactobacilli were detected in the
cecal cecum of L1 birds, while they were absent inL3,
contributing for the higher body weight of L1 relative
to L3 birds. The beneficial effect of this bacterial genus
on the performance of broiler has been previously
documented (Huang et al., 2004; Salim et al., 2013).

Our study confirms the previously reported
relationship between the intestinal microbiota and the
host immune response (Honjo et al.,, 1993; Mwangi
et al., 2010). Additionally, the bacteria present in
the litter may influence the intestinal microbiota and
performance of broilers (Cressman et al., 2010; Wei et
al., 2013).

High Enterobacteria counts in the litter increase
the number of CD4+ and CD8+ lymphocytes and
macrophages in the gut, as well as the mRNA expression
of pro-inflammatory cytokines, such asIL-18, IL-18, and
IFN-y in the liver and intestine of broilers. For the sake
of clarity, it is perhaps worthwhile noting that these
immune responses are associated with significantly
reduced chicken growth and may be implicated in it.

Overall, our results show that the method of treating
broiler litter by covering it with a plastic canvas for
eight days allows reducing the initial bacterial load due
to the interaction of physical and chemical parameters,
and seems to be a promising treatment to be applied
for litter reutilization.

Further studies are recommended using longer
periods of coverage and litters infested with Eimeria
oocysts. Moreover, such method may be useful not
only for the control of microscopic pathogens, but
also of the darkling beetle (Alphitobius diaperinus),
which has shown resistance to the many commercial
chemicals. Finally, the authors recommend the use
for this method for the reutilization of litter on broiler
farms.
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