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Abstract

A systematic review and network meta-analysis (NMA) were conducted to address the ques-
tion, ‘What is the efficacy of litter management strategies to reduce morbidity, mortality, con-
demnation at slaughter, or total antibiotic use in broilers?’ Eligible studies were clinical trials
published in English evaluating the efficacy of litter management in broilers on morbidity,
condemnations at slaughter, mortality, or total antibiotic use. Multiple databases and two con-
ference proceedings were searched for relevant literature. After relevance screening and data
extraction, there were 50 trials evaluating litter type, 22 trials evaluating litter additives, 10
trials comparing fresh to re-used litter, and six trials evaluating floor type. NMAs were con-
ducted for mortality (61 trials) and for the presence or absence of footpad lesions (15 trials).
There were no differences in mortality among the litter types, floor types, or additives. For
footpad lesions, peat moss appeared beneficial compared to straw, based on a small number
of comparisons. In a pairwise meta-analysis, there was no association between fresh versus
used litter on the risk of mortality, although there was considerable heterogeneity among stud-
ies (I2 = 66%). There was poor reporting of key design features in many studies, and analyses
rarely accounted for non-independence of observations within flocks.

Introduction

Rationale

Litter management strategies serve a vital role in the poultry industry, with the potential to
impact bird health, welfare, and productivity (Dunlop et al., 2016). ‘Litter’ refers to the com-
bination of bedding material and fecal matter that typically covers the floor of commercial
broiler operations (Shepherd et al., 2017). Two key functions of litter in the context of disease
control are to absorb moisture from bird excrement, and to minimize exposure of birds to
manure to prevent infections that may result in the need to use antibiotics (Shepherd and
Fairchild, 2010; Kaukonen et al., 2016). Poor litter management can result in the spread
and persistence of diseases of major economic importance within and across flocks, such as
coccidiosis, necrotic enteritis, and colibacillosis (Yegani and Korver, 2008). Reduced flock
health due to wet litter (above 25–35% moisture) may result in decreased weight gain and
lower feed conversion efficiency (de Jong et al., 2014) and, in worst cases, increased mortality
due to compromised respiratory or systemic health.

Prophylactic or metaphylactic antimicrobials may be used alongside litter management
strategies to improve flock health by reducing the rates of infectious diseases (Chen and
Jiang, 2014). However, it is imperative that antimicrobial use in human healthcare and in ani-
mal agriculture be limited to judicious use to reduce the potential for the development of anti-
microbial resistance. In an effort to slow the development of antimicrobial resistance, the
World Health Organization (WHO) recommends prudent use of antimicrobials in food-
producing animals and in human medicine (WHO, 2015). Improved litter management is
one strategy that could reduce the need for antimicrobials to control infectious diseases in
the poultry industry. Understanding how litter management impacts morbidity, mortality,
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and antibiotic use in broiler chicken production will help produ-
cers to make informed management decisions that could reduce
the need for antibiotics, while also maximizing the health, welfare,
and productivity of the animals.

Systematic reviews provide a transparent and replicable method
for identifying and summarizing research evidence from multiple
studies (European Safe Food Authority, 2010; Higgins and Green,
2011; O’Connor and Sargeant, 2014; Sargeant and O’Connor,
2014). When results are available from multiple studies that com-
pare interventions against the same outcome, those results may
be combined statistically in a pairwise meta-analysis (Higgins
and Green, 2011; O’Connor et al., 2014). A pairwise meta-analysis
compares the relative efficacy of two interventions, such as two
types of treatments or a treatment and a control (Higgins and
Green, 2011). Although meta-analysis is useful for synthesizing
pairwise comparisons, decision-making may be better informed
by an evaluation of the comparative (relative) efficacy of all of
the available treatment or intervention options. Network
meta-analysis (NMA), an extension of pairwise meta-analysis, pro-
vides such a method for evaluating the comparative efficacy of mul-
tiple treatment options (Salanti, 2012). In addition, NMA uses
information from all comparisons within an intervention network
to produce indirect estimates of the relationships between interven-
tions, thus increasing the amount of information available for effi-
cacy evaluations. This analysis approach can also provide estimates
of relative efficacy between interventions in cases where no direct
comparisons between those interventions have been published.
For instance, suppose that there are studies in the literature com-
paring the efficacy of wood shavings for litter to newspaper and
comparing shavings to peat moss. Even if there are no studies dir-
ectly comparing newspaper and peat moss, this relationship can be
inferred indirectly based on the available information on the com-
parisons between shavings and newspaper, and shavings and peat
moss, given certain assumptions (White et al., 2012). Thus, even
in the absence of a complete set of direct comparisons between
interventions in the literature, NMA can be a valuable tool to
inform management decisions.

Objectives

We used a systematic review and NMA to address the review
question: ‘What is the efficacy of litter management strategies in
reducing morbidity, mortality, condemnation at slaughter, or
total antibiotic use in broiler chickens?’. While performance mea-
sures, including feed conversion and flock uniformity, also are of
key importance to growers and veterinarians, we focused our out-
comes on those related to disease and therefore of direct relevance
to antibiotic stewardship.

Methods

Protocol and registration

A protocol was prepared a priori and was reported in accordance
with PRISMA-P guidelines (Moher et al., 2015). The protocol was
published to the University of Guelph’s institutional repository
(https://atrium.lib.uoguelph.ca/xmlui/handle/10214/10046) and
also is available through the Systematic Reviews for Animals
and Food (SYREAF) website (http://www.syreaf.org/contact/).
This review was reported using the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses extension for NMA
(PRISMA-NMA) guidelines (Hutton et al., 2015).

Eligibility criteria

Primary research studies, both published and non-published (grey
literature), available in English were eligible. In addition, eligible
studies must have included the following elements based on the
PICOS components:

Population (P): Broiler chickens in commercial or research flocks;
Intervention (I): Litter management strategies (as defined by the

authors);
Comparator (C): Alternate litter management strategy, or a no

intervention control;
Outcomes (O): Clinical morbidity (as defined by the authors),

condemnations at slaughter, mortality, total antibiotic use;
Study design (S): Controlled trials with natural disease exposure

and analytical observational studies.

Information sources

The electronic databases searched were AGRICOLA (via
ProQuest, 1970 to search date), CAB Abstracts and Global
Health (via the University of Guelph CAB interface, 1900 to
search date), MEDLINE (via PubMed; 1946 to search date),
Conference Proceedings Citation Index – Science (via Web of
Science, 1990 to search date), and Science Citation Index (via
Web of Science, 1900 to search date). No restrictions were imple-
mented in the search strategy related to publication date, language
of publication, or study type. In addition, a single reviewer hand-
searched all available table of contents of the Western Poultry
Disease Conference and Poultry Science Association conference
proceedings from 1980 to 2018.

Search

The search strategy initially was developed for the Science Citation
Index (Web of Science) and comprised search terms related to three
concepts: broilers, litter management, and disease prevention. A list
of relevant search terms was compiled for each concept within the
search strategy; search terms within each concept were linked
using the Boolean operator ‘OR’, and the concepts were linked
using the Boolean operator ‘AND’. The full search strategy as
applied in the Science Citation Index website is provided in
Table 1. Database searches were conducted through the University
of Guelph library on 18 June 2018. Search results were uploaded
to EndNoteX7 (Clarivate Analytics, Philadelphia, PA, USA) and
duplicate records were identified and removed. Records were then
uploaded to DistillerSR (Evidence Partners Inc., Ottawa, ON,
USA) and again de-duplicated. DistillerSR was used for eligibility
screening, data extraction, and risk of bias assessment.

Study selection

Titles and abstracts were screened for eligibility. Reviewers were
trained on a pre-test of the first 250 citations to ensure the clarity
of understanding and consistency of application of the screening
questions. Thereafter, two reviewers independently evaluated each
citation, using the following questions to assess eligibility:

(1) Is this a primary study that evaluated litter management to
reduce clinical morbidity, condemnations at slaughter, mor-
tality, or antibiotic use in broilers?
Yes, No, Unclear
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(2) Is there a concurrent comparison group? (i.e. controlled trial
with natural or deliberate disease exposure or analytical
observational study)?
Yes, No, Unclear

(3) Is the full text available in English?
Yes, No, Unclear

Citations were excluded if both reviewers responded ‘no’ to any of
the questions; agreement was at the include or exclude decision
level. Disagreements were resolved by consensus. Two independ-
ent reviewers conducted the full-text eligibility screening of
remaining studies, using the first 10 citations as a pre-test. The
full-text screening stage included the initial three questions with
only yes or no (exclude) options, and additionally:

(4) Is the full text available with >500 words?
Yes, No

(5) What best describes the intervention?
Feed/nutritional associations with litter quality
Direct litter management (litter or flooring type, litter depth,

use of fresh versus re-used litter) (NB: the inclusion of this
question to broadly categorize the interventions represents
a protocol deviation, which was included due to the volume
of literature identified after title and abstract screening).

(6) Are at least one of the following outcomes described: morbid-
ity, condemnations at slaughter, mortality, or antibiotic use?

Yes, No
(7) Eligible study design: what is the study design?

Analytical observational study,
Controlled trial with natural disease exposure,
Controlled trial with deliberate disease induction

Agreement for the full-text eligibility screening was at the ques-
tion level, with conflicts resolved by consensus or by mediation
by JMS or CBW if an agreement could not be reached.

Studies were included in the meta-analysis if sufficient data
were reported to enable the calculation of the log odds ratio

(OR) and the standard error of the log OR, based on the extrac-
tion of the prioritized metrics. Additional criteria for inclusion in
the meta-analysis are described in the statistical analysis section.

Data collection process

There were a few protocol deviations at the data collection stage.
First, as only three observational studies were identified, and con-
trolled trials are considered a higher level of evidence, data were
only collected from controlled trials with natural disease exposure.
Second, due to the volume of literature and heterogeneity between
the intervention types, we extracted data only from studies evalu-
ating litter management (litter or floor type, litter depth, or used
versus fresh litter). Studies which evaluated the indirect effects of
feed or nutrition on litter quality were excluded at full-text screen-
ing as ‘not the intervention of interest’.

Data from citations that were eligible following full-text screen-
ing were independently extracted by two reviewers using a stan-
dardized form, which was piloted on the first five articles by all
reviewers. Discrepancies in data extraction were resolved by con-
sensus, or by mediation by JMS and CBW if an agreement could
not be reached.

Data items

Study characteristics
Study-level data that were extracted from each eligible trial
included study design, publication year, country, month(s) and
year(s) during which data were collected, whether the trial was
conducted in a research or commercial flock, strain and sex of
birds, number of flocks or farms enrolled, inclusion and exclusion
criteria at the flock-level, and rearing conditions (e.g. conven-
tional, organic, antibiotic-free).

Interventions and comparators
Details on the interventions, including a description of the inter-
vention, number of birds/rooms/flocks enrolled, age when

Table 1. Full electronic search strategy used to identify studies of litter management strategies to prevent morbidity and mortality in broilers in Science Citation
Index (Web of Science) conducted on 18 June 2018

#1 TS = (Chicken* OR Poultry* OR flock* OR gallus* OR broiler*) 193,862 4

#2 TS = ((cake AND litter) OR (caking AND litter) OR (de-caking AND litter) OR (litter AND (sand OR ‘sunflower husks’ OR ‘rick husks’ OR shavings
OR straw OR sawdust OR paper OR ‘orange peel’)) OR ‘litter reuse’ OR ‘reused litter’ OR ‘wet litter’ OR ‘litter management’ OR ‘fresh litter’ OR
‘reused-litter’ OR ‘litter condition’ OR ‘recycled litter’ OR ‘litter treatment’ OR ‘litter condition’ OR ‘litter quality’ OR ‘bedding’ OR ‘litter moisture’
OR ‘litter deterioration’ OR ‘litter type’ OR ‘litter quantity’ OR ‘litter friability’ OR ‘litter drying’ OR ‘litter flowability’ OR ‘litter moisture’ OR ‘litter
score’ OR ‘litter amendment’)

17,674

#3 TS = ((litter OR bedding) AND (enzyme OR ‘NSP-degrading’ OR xylanase OR ‘phytatedegrading’ OR phytase OR ‘electrolyte balance’ OR
‘dietary Ca’ OR ‘dietary Na’ OR ‘dietary P’ OR ‘dietary K’ or ‘dietary potassium’ OR ‘dietary phosphorus’ OR ‘dietary calcium’ OR ‘dietary sodium’
OR ‘water quality’ OR ‘hard water’ OR betaine OR trimethyl OR chloride OR sulphate OR sulfate OR ‘sodium bisulfate’ OR acidification OR
‘aluminum sulfate’ OR clay OR diatomaceous earth OR ‘heat drying’ OR ‘ferric sulphate’ OR ‘ferric sulfate’ OR KLASP OR ‘poultry guard’ OR ‘all
clear’ OR peat OR windrowing))

23,455

#4 TS = (morbidity OR mortality OR antibiotic OR antimicrobial OR dysbacterosis OR dermatitis OR ‘foot-burn’ OR pododermatitis OR FPD OR
‘paw score’ OR ‘paw quality’ OR ‘gait score’ OR ‘foot pad’ OR ‘hock burn’ OR ‘breast blister’ OR coccidiosis OR Eimeria OR clostridium OR coli OR
Escherichia OR coliform OR colisepticaemia OR colibaccillosis OR coligranuloma OR Hjarre’s OR ‘air sac disease’ OR cellulitis OR peritonitis OR
salphingitis OR osteomyelitis OR peritonitis OR salpingitis OR synovitis OR panopthalmitis OR omphalitis OR enteritis OR bronchitis OR ‘bursal
disease’ OR proventriculitis OR runting OR stunting OR ‘hemorrhagic septicemia’ OR ‘respiratory disease’ OR ‘swollen head syndrome’ OR
coliform OR osteomyelitis)

2,020,977

#2 OR #3 38,793

#1 AND (#2 OR #3) 2642

#1 AND (#2 OR #3) AND #4 664

Animal Health Research Reviews 249

https://doi.org/10.1017/S1466252319000227 Published online by Cambridge University Press

https://doi.org/10.1017/S1466252319000227


intervention was initiated, duration of intervention, and concur-
rent therapy were recorded. Losses to follow-up for each interven-
tion group were captured when reported in the trial.

Outcomes and results
Data were extracted for clinical morbidity (as defined by the study
authors), condemnations at slaughter, mortality, and total anti-
biotic use. It was anticipated a priori that there would be variation
in the method of presentation of results, and that some trials
would present the results in multiple ways. Therefore, the type
of results to be extracted was prioritized such that only one set
of results for each outcome were extracted per trial. The first pri-
ority for the extraction of results was an adjusted summary effect
(adjusted OR or risk ratio (RR)). Adjustment referred to covari-
ates or adjustment for non-independence in grouped housing.
Variables included in the adjustment, and the corresponding pre-
cision estimates were recorded. If an adjusted measure was not
reported, unadjusted summary effect size (second priority) or
raw data (third priority) were recorded, with applicable variance
components. Data presented without variance measures, and for
which a measure of variance could not be calculated, were not
extracted. If eligible outcomes were measured at multiple time
points, data from the final time point were extracted.

Geometry of the network

We used a visual approach to qualitatively evaluate the geometry
of the network, to determine if some pairwise comparisons were
more common than others and to determine whether the network
appeared to have a star or web-like structure. We also evaluated
whether there were intervention comparisons that were not linked
to the network (i.e. did not have an intervention in common with
one or more other published trials).

Risk of bias in individual studies

The Cochrane risk-of-bias tool for randomized trials (RoB 2.0,
2016 version) was used to assess bias at the outcome level for
all outcomes and all trials included in the NMA (Higgins et al.,
2016). This tool provides a framework for assessing the likelihood
that bias could be introduced in each of the five domains. The
domains of bias are: bias arising from the randomization process,
bias due to deviation from intended interventions, bias due to
missing outcome data, bias in measurement of the outcome,
and bias in the selection of the reported result. Signaling questions
are a component of the RoB 2.0 tool that is used to elicit informa-
tion on the use of trial features that are relevant to the potential
for bias in a trial. Signaling questions were modified for use in
poultry trials. A question in the bias due to randomization
domain in the Cochrane tool pertains to the method for generat-
ing the random allocation sequence. We modified this question to
include a response category for studies where the authors reported
that allocation to intervention groups was ‘random’, but did not
provide details on the actual method for generating the random
sequence. The RoB 2.0 domain bias related to deviations from
the intended intervention has a question on whether the partici-
pants were aware of their treatment assignments; this always was
answered as ‘no’, in that the ‘participants’ in these trials were
broiler chickens. Another question in this domain asks whether
study personnel were blinded, and for the purposes of this review,
this question was clarified to refer to blinding of the animal
caregivers.

The overall risk of bias within each domain was calculated based
on the algorithms suggested by Higgins et al. (2016), with one
exception. For bias due to the randomization process, we excluded
a consideration of allocation concealment because all animals
within a flock would be expected to be included in the type of
trial involved in this review. Furthermore, it is unlikely that a pro-
ducer or investigator would have any treatment preference for a
given flock, as the differential economic value of a flock would
not be known at the time of allocation. This approach has been
used in a previous evaluation of livestock trials (Moura et al., 2019).

Summary measures

The baseline risk used to convert the ORs to the RR was obtained
by using the distribution of the placebo group and a Bayesian
approach method of estimation. For the model related to footpad
lesions, posterior mean and standard deviation of the baseline risk
mean were −0.3759 and 3.1808. The posterior mean and standard
deviation of the baseline risk standard deviation were 2.9462 and
0.7094. For the model related to mortality, posterior mean and
standard deviation of the baseline risk mean were −3.4327
and 0.8097. The posterior mean and standard deviation of the base-
line risk standard deviation were 0.788 and 0.0911. When studies
had zero cells for some data points, the ORs could not be calcu-
lated; thus, the trial results could not be included in the analyses.

Planned method of statistical analysis

After completing data extraction, a treatment map of all reported
interventions was compiled for litter type, flooring type, and litter
additives (Table 2). Litter types and flooring types that were simi-
lar were collapsed into the same intervention for the analyses. For
the analyses of litter and flooring type, different depths or new
versus used litter for the same litter type were collapsed into
the same intervention category.

All interventions related to litter type, flooring type, or litter
additives contributed to the NMA. However, due to a large num-
ber of interventions and low amount of replication, NMA results
are shown for single litter types and for additives that were eval-
uated in more than one study for mortality and the presence or
absence of footpad lesions (the most commonly reported morbid-
ity outcome).

The methodological approach for conducting NMA has been
described in detail elsewhere (Dias et al., 2011; O’Connor et al.,
2013). As the outcomes were binary, results presented as raw
data or ORs were converted to the log OR. If the authors reported
an RR, this was converted into a log OR using the reported risk of
disease in the placebo group. If the authors reported the probabil-
ity of an outcome in each intervention group based on a statistical
model, that probability was converted back to logs OR, using a
process described elsewhere (Hu et al., 2019).

Selection of prior distributions for Bayesian analysis
The choice of prior probability distributions was based on an
approach reported previously (Dias et al., 2011). Accordingly,
we assessed both σ∼U (0.2) and σ∼U (0.5). The results sug-
gested that σ∼U (0.5) was preferred, and so we retained this
prior in the model.

Implementation and output
All posterior samples were generated using Markov Chain Monte
Carlo (MCMC) simulation, which was implemented using Just
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Another Gibbs Sampler (JAGS) software (Plummer, 2015). All
statistical analyses were performed using R software (version
3.5.2) (R Core, 2015). The model was fitted using JAGS; JAGS
was called from R via the rjags package (version 4-8)
(Plummer, 2015). Three chains were simulated in the analysis,
and the convergence was assessed using Gelman–Rubin

diagnostics. We discarded 5000 ‘burn-in’ model iterations and
based all inferences on a further 10,000 model iterations. The
model output included all possible pairwise comparisons using
log ORs (for inconsistency assessment), RRs (for comparative
efficacy reporting), and the treatment failure rankings (for com-
parative efficacy reporting).

Table 2. Treatment map of litter type, floor type, and litter additive interventions for a systematic review and network meta-analysis of litter management strategies
to prevent morbidity and mortality in broilers

Intervention category Description Code used in analyses

Litter type

Paper Paper, newspaper, pelleted paper PAPER

Grass Grass, Bermuda grass, switchgrass, Napier grass GRASS

Leaves Chopped palm leaves, leaves, refused tea leaves LEAF

Straw Wheat straw, wheat stocks, chopped straw, un-chopped straw, paddy
straw, rice straw, soybean straw, rapeseed straw, corn stock straw

STR

Shavings Wood shavings, pine shavings, sawdust, pine bark, wood shavings
and sawdust combined

SHAV

Husks Rice husk, rice hull, paddy husk, groundnut hulls, sunflower hulls,
coconut hulls, rice bran

HUSK

Peat moss PEAT

Sand SAND

Corn cobs COB

Kenaf core KENAF

Sugarcane CANE

Coir dust COIR

Chopped maize CORN

Silage maize SIL

Gypsom GYPS

Combinations Combinations of 2 or more litter types SH_HU, HU_PA, ST_SH, SH_LE, SH_SA, SH_GY,
ST_HU_SH, ST_SA, CA_SH, CA_HU, SH_GR, KE_SH,
SH_PA

Unknown Litter type not reported NR

Flooring type

Metal mesh Wire mesh, steel mesh FL_A

Plastic Plastic mesh, perforated plastic FL_B

Styrofoam Perforated Styrofoam FL_C

Wood Perforated wood FL_D

Dowelling Padded, rigid, or rotating FL_E, FL_F, FL_G

Other (single study) Solid wood, concrete, dirt, wood shavings and plastic, slatted floors FL_H, NO_BED, FL_J, FL_K, FL_L

Litter additive

Acrochips AGRO

Aluminum ALUM

SoftAcid SA

Acidified clay AC

Sodium bisulfate SB

Micropan MP

Other (single study) Aluminum plus CaCO2, Cellulose, Canola oil, Litteraid, TEZ, volcanic
rock, copper sulfate, potassium, zolite, Litterguard

AL_CA, CELL, OIL, LA, TEZ, CSULF, K, ZO, LG
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Assessment of model fit
The fit of the model was assessed based on the log OR, by exam-
ining the residual deviance between the predicted values from the
NMA model and the observed value for each study (Dias et al.,
2010).

Assessment of inconsistency
NMA relies on an assumption of consistency between direct and
indirect intervention effects, apart from the usual variation that
stems from a random-effects meta-analysis model (White et al.,
2012). For example, if one trial compares the direct effect of a
treatment A with the effect of treatment B, and another study
compares the efficacy of treatments B and C, then the effect of
A relative to B and B relative to C can be used to infer the (indir-
ect) effect of A relative to C. The assessment of inconsistency
compares whether the direct effects and the indirect effects give
a similar result. We used the back-calculation method to assess
the consistency assumption in our NMA (Dias et al., 2010). We
compared the estimates from the direct and indirect models
and considered the standard deviation of each estimate, rather
than relying on the P-values.

Risk of bias across studies (across the network)

A modification of the Grading of Recommendation Assessment,
Development and Evaluation (GRADE) approach for NMA was
used to describe the quality of the network (Salanti et al., 2014;
Papakonstantinou et al., 2018). The GRADE framework provides
a method of evaluating the quality or certainty of evidence and
the strength of the recommendations derived from that evidence.
The GRADE for NMA was conducted using the Confidence in
Network Meta-Analysis (CINeMA) online software program
(http://cinema.ispm.ch). This platform uses a frequentist approach
to calculating intervention effects, which is based on the meta-for
package in R (Viechtbauer, 2010). Thus, the contribution matrix
of direct and indirect evidence produced for the risk of bias in
CINeMA is based on a frequentist analytical approach. The
GRADE approach in CINeMA evaluates the evidence network
for the following domains: within-study bias, across-studies
bias, indirectness, imprecision, heterogeneity, and incoherence.
These domains were modified for this review by reporting the
contribution of studies based on the reporting of randomization
and the reporting of blinding of outcome assessors, rather than
the domains of within-study bias and indirectness. The rationale
was that randomization and blinding would have more variability
among studies in this review compared to the overall risk of bias,
and would therefore be more informative. In a GRADE assess-
ment for NMA, indirectness refers to the differences between
the populations, interventions, and outcomes in the included
studies and the populations, interventions, and outcomes that
were the target of the NMA (Salanti et al., 2014). We assumed
that the trials included in this review would have minimal indir-
ectness because we restricted the review to relevant populations.
To characterize randomization as reported in each of the included
studies, we sorted each trial included in the NMA into one of
three categories as follows: (1) the authors reported random allo-
cation to intervention groups and provided information on the
method used to generate the random sequence, (2) the authors
reported random allocation to intervention groups without pro-
viding information on how the sequence was generated, or (3)
the allocation method was not random or no information on
the method of allocation was provided. For blinding, we

categorized the trials based on the following: (1) that outcome
assessors were blinded, or (2) that outcome assessors were not
blinded or no information on blinding was provided. The risk
of bias instrument that was used for this review also included a
question on whether animal caregivers were aware of the interven-
tion allocation (i.e. were not blinded). However, with litter man-
agement, it would be difficult to blind caregivers to the
intervention. Thus, we did not include blinding of caregivers as
a component of this assessment of blinding.

The process required to assess across-studies bias in an NMA
is not well developed. Additionally, no pairwise comparisons in
this review included more than 10 trials, which is the number typ-
ically believed to be necessary for an accurate across-studies bias
assessment (Sterne et al., 2000). Thus, we did not access across-
studies bias.

The assessment of imprecision in GRADE indicates whether
the boundaries of the confidence intervals for the intervention
effect fall within or between estimates that would be consistent
with a clinically appreciable benefit or harm, or whether the inter-
vention effects are clinically ambiguous (i.e. the confidence inter-
vals span values representing both benefits and harms, or benefit
or harm and a null value). We used an OR of 0.8 to represent a
clinically meaningful difference. Thus, an appreciable benefit
would correspond to an OR of <0.8 and appreciable harm
would correspond to an OR of >1.25. ORs of 0.8 and 1.25 also
were used in the assessment of heterogeneity because, for risk
of bias assessment in an NMA, the major impact of heterogeneity
is whether it will affect decision making. We did not present the
results of the incoherence analysis from CINeMA, which mea-
sures the consistency of the network, because we presented the
consistency analysis results based on the Bayesian analysis
described previously in the methods section, rather than the fre-
quentist method used by CINeMA.

Additional analyses

A pairwise meta-analysis was conducted to compare the effect of
fresh litter and re-used litter on broiler mortality. The pair-wise
meta-analysis was conducted in R. 3.5.2 (R Foundation for
Statistical Computing, Vienna, Austria) using RStudio version
1.1.463 (RStudio Inc., Boston, MA, USA) with the ‘meta’ package
(Schwarzer, 2019). The meta-analysis used a random-effects
approach, and inverse variance was used for weighting.
Heterogeneity between studies was assessed using the I2 statistic
(Higgins and Green, 2011; Schwarzer, 2019).

Results

Study selection

The flow of studies through the review process is shown in Fig. 1.
Of the 1582 unique references identified in the search, 343 were
assessed for eligibility at the full-text screening. Following the full-
text screening, 126 eligible trials were identified in 103 publica-
tions, of which 97 trials in 76 publications had extractable data
for one or more relevant outcomes; thus 97 trials were ultimately
included in the review.

Study characteristics

The study characteristics, category of intervention, and outcome
types are presented in Supplementary Table S1. Citation details
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for the studies described in this table are included as a
Supplementary reference file. There were 17 countries represented
at the trial level, although the country where the trial was con-
ducted was not reported for 60 of the 97 trials. Of the trials
where the country was reported, the most common country was
the USA (n = 13 trials) followed by Brazil, Serbia, and Romania
(n = 3 trials each). The studies were conducted in university or
research flocks in 40 trials, in commercial flocks in 19 trials,

and the setting was not reported for 38 trials. The month and
year of during which the trial was conducted were not reported
for the majority of the trials (n = 86/97). The number of farms
included in each trial ranged from 1 to 4, with 85 trials conducted
on a single farm. In terms of the interventions investigated in each
trial, there were 50 trials that evaluated the type of litter, 22 trials
that evaluated litter additives, 11 trials that evaluated litter depth,
10 trials that compared fresh to re-used litter (three of which also

Fig. 1. Flow diagram of included studies for litter management strategies in broiler chickens.
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evaluated litter type or litter depth), six trials that evaluated floor-
ing type, and one trial that evaluated windrowing (i.e. a form of
partial composting in which litter is stacked, causing the internal
temperature of the stacks to rise and thus destroy harmful
pathogens).

Mortality was measured as an outcome in 82 trials
(Supplementary Table S1). One or more morbidity outcomes
were measured in 54 trials. Morbidity outcomes that were mea-
sured on a continuous scale included footpad lesion scores (n =
16 trials), breast lesion scores (n = 7), hock lesion scores (n = 5),
gait scores (n = 2), leg lesion scores (n = 1); morbidity lesions
measured dichotomously (i.e. presence/absence) included footpad
lesions (n = 23 trials), breast blisters (n = 17), bruises (n = 3), leg
lesions (n = 2), hock burn (n = 2), scabs (n = 1), and abnormal
gaits (n = 1). Condemnations at slaughter were measured in two
trials, and there were no trials evaluating total antibiotic use.

Results of individual studies included in the network

Due to a large number of trials and outcomes, the NMAs focused
on interventions related to litter type, flooring type, or additives
for the two outcomes for which there were the most data: mortal-
ity and a morbidity outcome, the presence or absence of footpad
lesions. Not all of the trials that measured a given outcome were
included in the NMA, because some intervention arms were col-
lapsed into a single category which meant the trial was no longer
comparative, and because some trials had zero cells which pre-
cluded the calculation of an OR. Of the 82 trials in which mortal-
ity was an outcome, 14 trials did not examine litter type, flooring
type, or additives as an intervention (Supplementary Table S1),
and four trials from three publications had zero cells for all inter-
vention comparisons (Akpobome and Fanguy, 1992; Hafeez et al.,
2009; Avdalovic et al., 2017). Additionally, the intervention arms
were collapsed into the same intervention based on the treatment
map for three of the trials (Do et al., 2005; Abreu et al., 2011;
Mendes et al., 2011). Thus, there were 61 trials included in the
NMA for mortality as an outcome. None of the included trials
included adjustment for flock (barn) effects.

Of the 23 trials that measured footpad lesions as a binary out-
come, one trial had all zero cells (i.e. no birds had footpad lesions)
(Sahoo et al., 2017) and all birds were positive for the outcome in
another trial (Vargas-Galicia et al., 2017); relative effect sizes
could not be calculated in either case. There were five trials
from four publications in which the intervention arms collapsed
into the same intervention based on our treatment map (Petek
et al., 2010; Gholap et al., 2012; Avdalovic et al., 2017;
Shepherd et al., 2017). One trial had no intervention arms that
also were reported in any other trial (i.e. the intervention arms
in this trial did not link to the network) (Çavuşoğlu et al.,
2018), and therefore this trial could not be included in the com-
parative analysis. Thus, there were 15 trials from 12 publications
included in the NMA for the presence or absence of footpad
lesions. None of the trials included an adjustment for flock
(barn) effects.

Risk of bias within studies by outcome

A summary of the individual study-level risk of bias for the 61
trials contributing to the mortality outcome NMA is shown in
Supplementary Fig. S1. All studies included in that NMA were
rated at a high risk of bias due to the method of allocating
birds to different intervention or control groups: either the studies

did not report the method used to generate the random sequence
or the studies did not describe the method of allocation; and the
studies also did not report whether there were any baseline imbal-
ances. For three of the risk of bias domains, all of the trials were
rated as ‘some concerns’ about the potential for bias, because in
all cases, there was insufficient information reported in the studies
to adequately assess the domains. First, none of the trials reported
the blinding of outcome assessors, nor did any of the studies pro-
vide the additional information needed to assess whether there
was the potential for differential management between groups.
Further, none of the studies described whether any differences
in management were balanced between intervention groups,
which is related to the domain of bias due to deviations from
intended intervention. Second, insufficient information was
reported in each study to evaluate the potential for bias due to
missing outcome data. Third, the risk of bias due to selected out-
come reporting could not be assessed based on the available infor-
mation, because assessing this domain requires a priori trial
protocols to be available, and these are rare in the animal health
literature. Another risk of bias domain, which concerns bias due
to the outcome measurement process, was considered to be low in
all trials in this NMA because mortality is objectively measured.

The results of the risk of bias assessment for the studies
included in the NMA for the presence or absence of footpad
lesions were similar to the results for the NMA with mortality
as an outcome. All except one of the trials included in the
NMA were judged to be at a high risk of bias due to the method
of intervention allocation, and there were some concerns about
the potential for bias due to deviations from intended interven-
tions, missing outcome data, and the selection of the reported
result. Unlike the mortality outcome NMA, all studies were
rated as a high risk of bias under the domain related to the meas-
urement of the outcome, as morbidity outcomes are more sub-
jectively measured than mortality outcomes and outcome
assessors were not blinded to the different intervention groups
in any study.

Results of the network meta-analyses: mortality

Geometry of the network
There were 61 trials involving 129 comparisons that reported a
mortality outcome and contributed to the NMA (Fig. 1). The
geometry of the network is shown in Fig. 2, with the labels for
the interventions defined in Table 2. There appeared to be two
distinct clusters in the network: one primarily involving litter
types that was centered around wood shavings as the type of litter,
and the other primarily involving litter additives that was centered
around aluminum as an additive. There was one comparison of
two flooring types that was not connected to the network, mean-
ing that there was no intervention arm in common with other
published studies. The network for all intervention arms for
which there were mortality outcomes with non-zero cells is
shown in Fig. 3, with the number of comparisons for each inter-
vention shown in parentheses beside the intervention node.
Shavings and husks were the most common intervention arms,
with 45 and 19 comparison arms, respectively.

Results of individual studies and synthesis of results
Although the NMA was informed by data from all intervention
arms related to litter type, flooring type, or litter additives for
which mortality was measured as an outcome, relative results
for litter management options are presented only for single litter
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types or additives with multiple comparisons (aluminum and
sodium bisulfate) due to the large number of possible compari-
sons. Comparative results are therefore presented for 15 litter
types and two additives in the following ways: Fig. 4 illustrates
the relative ranking of the litter management strategies for pre-
venting mortality, with the 95% credibility intervals; the RRs for
all pairwise comparisons are available in Supplementary
Table S2; and the mean rankings are available in Supplementary
Table S3.

Based on the wide and overlapping credibility intervals on the
relative rankings, there were essentially no differences in mortality
risks among the litter management options. Additionally, the
imprecision of estimation (indicated by wide credible intervals)
for the relative risks means there is insufficient information to
determine if there are differences in mortality risks across litter
management interventions. These results are consistent with the
distribution of the probability of failure (mortality) for each litter
management option (see Supplementary Fig. 2).

Exploration of inconsistency
The measures of consistency between the direct and indirect com-
parisons of interventions with mortality as an outcome are pre-
sented in Supplementary Table S4. There was no evidence of
inconsistency between the direct and indirect estimates because
the credible intervals for all comparisons included the null
value. However, as a result of the small number of studies contrib-
uting to each estimate, the confidence intervals were wide and the
estimates were therefore imprecise.

Results of the network meta-analyses: presence or absence of
footpad lesions

Geometry of the network
There were 15 trials with 30 comparisons that reported the pres-
ence or absence of footpad lesions as an outcome and contributed
to the NMA (Fig. 1). The network for morbidity due to footpad
lesions is shown in Fig. 5, with the number of comparisons for

Fig. 2. Geometry of the network of interventions related to litter type, flooring type, or litter additive and their effect on mortality in broiler chickens. Each circle
represents an intervention, with a line between two interventions meaning that there was one more comparison between the interventions in the included litera-
ture. The key for the intervention acronyms is in Table 2.
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Fig. 3. The network of intervention arms used in a network meta-analysis of the efficacy of litter management strategies to prevent mortality in broiler chickens.
The size of the circle provides an indication of the relative number of intervention arms, the width of the lines provides a relative indication of the number of direct
comparisons between interventions that were reported in the literature, and the number of arms for each intervention is shown in parentheses beside the inter-
vention node. The key for the intervention acronyms is in Table 2.

Fig. 4. Forest plot for ranking of intervention arms for litter management options evaluating mortality as an outcome for litter management in broiler chickens.
Mean rank and 95% credibility intervals are shown.
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each intervention shown in parentheses beside the intervention
node. The key for the acronyms is in Table 2. Similar to the net-
work for mortality, wood shavings were the most commonly
reported intervention, with many of the studies linking to this
intervention arm. This suggests a non-random pattern of inter-
vention comparisons in the literature, which is a researcher pref-
erence for including wood shavings as a comparator.

Results of individual studies and synthesis of results
Although the NMA was informed by data from all intervention
arms related to litter type, flooring type, or litter additives with
foot pad lesions measured as a binary outcome, relative results
for litter management options are presented only for single bed-
ding types or additives with multiple comparisons (sodium bisul-
fate) for consistency with the mortality analysis. As a result,
comparative results are presented for seven litter types and one
additive.

Figure 6 illustrates the relative ranking of each litter manage-
ment option for preventing footpad lesions, along with the 95%
credibility intervals. RRs for the pairwise comparisons of the litter
management options are available in Supplementary Table S5; the
mean rankings are available in Supplementary Table S6. Peat
moss had the highest estimated rank; however, this should be
interpreted with caution because this was based on a single

comparison. Because of the generally small number of compari-
sons for any given intervention, the credibility intervals on the
rank estimates were wide and overlapping. Thus, there is no com-
pelling evidence that any litter type is superior to the others.
These results are consistent with the distribution of the probabil-
ity of failure (presence of a footpad lesion) for each litter manage-
ment option (see Supplementary Fig. 3).

Exploration of inconsistency
The consistency measurements between the direct and indirect
comparisons for footpad lesions as a binary outcome are pre-
sented in Supplementary Table S7. There were a few compari-
sons where there was evidence of inconsistency between the
direct and indirect estimates for several comparisons (n = 3/
30), because the credible intervals did not include the null
value. However, the comparison of the direct and indirect esti-
mates for the remainder of the intervention comparisons indi-
cated consistent results.

Risk of bias across studies

The results of the assessments of risk of bias across studies
included in either the NMA for mortality or the NMA for the
presence or absence of footpad lesions are shown in

Fig. 5. The network of intervention arms used in a network meta-analysis of the efficacy of litter management strategies to prevent footpad lesions (measured as a
dichotomy) in broiler chickens. The size of the circle provides an indication of the relative number of intervention arms, the width of the lines provides a relative
indication of the number of direct comparisons between interventions that were reported in the literature, and the number of arms for each intervention is shown
in parentheses beside the intervention node. The key for the intervention acronyms is in Table 2.
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Supplementary Tables S8 and S9, respectively. For each outcome,
there were a considerable number of comparisons in which there
were major concerns about the potential for bias under the
domain of imprecision, reflecting the large confidence intervals
resulting from the small number of trials contributing to each
comparison. There were few concerns about bias due to hetero-
geneity; this result was expected based on the wide confidence
intervals on the RRs, again due to the small number of studies
contributing to any given comparison.

The contribution of studies to the RR based on the approach to
randomization for each comparison between the litter manage-
ment options was calculated, and the results are shown in
Supplementary Figs. S4 and S5 for mortality and footpad lesions,
respectively. For both mortality and presence or absence of foot-
pad lesions as outcomes, a visual inspection of the resulting fig-
ures illustrates that a substantive component of the evidence for
many intervention comparisons had a high (red) or unclear (yel-
low) risk of bias due to the randomization process.

The contribution of studies to the RR for each comparison
based on blinding is not shown for either outcome; there were
some concerns about the possible presence of bias in all compar-
isons, as blinding of outcome assessors was not reported in any of
the trials.

Additional analyses: pairwise meta-analysis

The results of the pairwise meta-analysis comparing mortality
risk for broilers raised on fresh litter versus used litter are
shown in Fig. 7. The meta-analysis included 12 comparisons
from seven trials (Aggarwal et al., 1978; Jones and Hagler, 1982;
Malone et al., 1990; Malone and Gedamu, 1995; Balogun et al.,
1999; Vieira and Moran, 1999; Nunes et al., 2012; Xu et al.,
2015; Shepherd et al., 2017; Garcés-Gudiño et al., 2018). The ana-
lysis indicated no association between fresh versus used litter on
the risk of mortality (OR = 1.00, 95% CI = 0.84, 1.20), although
there was considerable heterogeneity present (I2 = 66%). There
was no compelling evidence of small study effects based on a vis-
ual assessment of the funnel plot (Fig. 8).

Discussion

Summary of evidence

A considerable body of work addressed the topic of litter manage-
ment to reduce morbidity and mortality in broiler chickens. The
NMAs conducted in the present study did not indicate differences
in mortality risks or footpad lesions for poultry exposed to differ-
ent litter types, flooring types, or litter additives type. In addition,
the pairwise meta-analysis did not find differences in mortality
risk between poultry housed on fresh versus used litter.
However, these results should be interpreted cautiously because
of the small number of trials investigating each of the specific
interventions, with the exception of the shavings and husks as
the type of litter. It is important that trials be replicated in
order to ensure that the results of investigations into the effects
of interventions on given outcomes are consistent and accurate.
Replication is an essential need for any research synthesis, be it
expert opinion, narrative review, or meta-analysis. The advantage
of a quantitative approach, such as meta-analysis or NMA, is that
results can provide a visual representation, such as that in the fig-
ure of the ranking plots, of the uncertainty in a body of work that
is not communicated if the same body of evidence is summarized
either by expert opinion or narrative review.

Limitations of the body of research

In the NMA, similar interventions were combined to create inter-
vention categories; for instance, the intervention category ‘paper’
litter included different densities of paper, recycled versus new
paper, as well as chips, particles, and pellets (data not shown).
The decision to combine similar interventions was because
these variations in factors such as paper depth were not consid-
ered to represent truly different interventions, and because there
would have been little or no replication of interventions without
some combination into categories. However, combining similar
but non-identical interventions does introduce heterogeneity
into the definition of the intervention, and therefore potentially
into the results of the NMA. For both the mortality outcome

Fig. 6. Forest plot for ranking of intervention arms for litter management options evaluating the presence or absence of footpad lesions as an outcome for litter
management in broiler chickens. Mean rank and 95% credibility intervals are shown.
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and the footpad outcome, there also was an intervention compari-
son that did not link into the network, meaning that these inter-
ventions were not common to any of the other intervention arms
reported in the included trials. Researchers conducting future
trials, and organizations funding research, could refer to the
geometry and relative size of nodes in the networks developed
in the present analysis to ensure that at least one of the interven-
tions included in future trials are represented in the existing net-
work. Additionally, researchers and research funders can use the
information from the networks to target comparisons in future
trials to address current gaps; this maximizes research efficiency
by ensuring that future trials on litter management will build
on the overall body of literature on this topic.

There was also considerable variation in the outcomes that
were reported among trials, and in the ways in which the out-
comes were measured (for example, using continuous versus bin-
ary measures). When synthesizing research results, continuous
and binary outcomes cannot be combined, although it is possible
to create a binary outcome from data presented on a scale if the
value on the scale that corresponds to a zero score is identified.
Variation in the outcomes that are reported across trials also
reduces the power of evidence synthesis because different out-
comes (e.g. breast blisters and footpad lesions) cannot be mean-
ingfully combined in any research synthesis method. In the
human healthcare literature, there are ongoing initiatives seeking
to create core outcome sets for clinical trials that aim to address

Fig. 7. Pairwise meta-analysis of fresh versus used litter to prevent mortality in broiler chickens.

Fig. 8. Funnel plot for visual examination of small study effects from a pairwise meta-analysis of fresh versus used litter to prevent mortality in broiler chickens.
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the heterogeneity in the outcomes reported between trials; an
example is the COMET (Core Outcome Measures in
Effectiveness Trials) initiative (Williamson et al., 2017). As exam-
ples, Wuytack et al. (2018) and O’Donnell et al. (2019) provide
examples of recent protocols for developing core outcome sets.
Creation of a core outcome set requires the input of content
experts who conduct trials in the target area to determine
which outcomes are of critical importance. However, the estab-
lishment of core outcome sets does not restrict researchers from
reporting other outcomes in their trial reports; rather, the inten-
tion is to provide guidelines for a minimum set of outcomes to
be included in all trials. Including at least some common out-
comes in all trials can help to maximize the value, comparability,
and synthesis potential of trials addressing the same issue.
Creating core outcome sets for studies evaluating interventions
to improve health and thereby reduce antibiotic use in poultry
may be warranted.

None of the studies included in the NMAs incorporated
adjustments for non-independence of birds (i.e. clustering) within
flocks. All of the data from the included trials were presented as
raw numbers (i.e. number of birds with and without the outcome
of interest and a total number of birds with intervention group) or
as univariable measures of association, yet all of the birds were
housed in groups (i.e. flocks or barns). Therefore, the stated sam-
ple sizes in the included studies do not necessarily correspond to
the effective sample sizes included in the analyses. Statistical
methods to control for clustering are available in most statistical
packages. When appropriate control for clustering is not incorpo-
rated in an analysis, the resultant confidence intervals will be
inappropriately narrow (Schukken et al., 2003). The lack of con-
trol for clustering should be considered when interpreting the
results of this NMA, i.e. if clustering were controlled, the impre-
cision would be even greater.

In the literature identified for this review, there were issues
related to the quality of reporting in the trials, including the
reporting of study characteristics as well as key design features
related to the risk of bias domains. Concerns related to the quality
of reporting of trials in livestock populations have been identified
in studies designed to evaluate reporting practices (Wellman and
O’Connor, 2007; Burns and O’Connor, 2008; Sargeant et al.,
2009a, 2009b; Winder et al., 2019). To address concerns about
the quality of reporting, the REFLECT statement was developed
by an expert consensus process to provide guidelines for the
reporting of clinical trials in livestock populations (O’Connor
et al., 2010a). The RELFECT statement includes a 22-item check-
list describing which components of a trial should be reported, as
well as an explanation and elaboration document that provides
further explanation on the importance of each item (Sargeant
et al., 2010a). Examples of trials reporting each item in a compre-
hensive manner are also provided. The REFLECT statement
methods and elaboration documents were co-published in mul-
tiple journals (O’Connor et al., 2010a, 2010b, 2010c, 2010d,
2010e; Sargeant et al., 2010a, 2010b) and also are available online
(http://www.reflect-statement.org/; https://meridian.cvm.iastate.
edu/). Although not specific to poultry, the REFLECT statement
provides relevant reporting guidelines for any trials conducted
in animal populations housed in groups. Using the REFLECT
statement to guide the writing of trial reports will increase the
ability of the readers of these reports to assess the external validity
and the generalizability of the trial results to their population of
interest. Compliance with REFLECT guidelines will also help
the readers to evaluate the internal validity or potential for bias

in the trial. Ultimately, this will increase the utility of the research
being conducted on litter management options, as well as other
animal health research.

Limitations of the review

It is possible that not all relevant literature was captured by our
search, particularly given the vertical nature of the poultry indus-
try and the likelihood of internal research being conducted by
poultry companies that might not be made available in the public
realm. We also included only English-language articles, and the
exclusion of 12 non-English articles during the full-text screening
may have biased our results. Other relevant non-English-language
articles may have been missed by the search, which incorporated
only English search terms. We also collapsed intervention arms to
increase the power of the analysis, and this may have impacted the
results, if, for example, beneficial and harmful litter types were
collapsed into a common intervention arm. Nonetheless, this
approach was deemed necessary, as was little exact replication
of interventions among studies.

Conclusions

We reviewed the literature related to the impacts of litter manage-
ment options on poultry health; these management options
included litter type, flooring type, litter additives, litter depth,
and the use of fresh versus reused litter. Although there was a
large number of studies, there was considerable variation in the
specific interventions that were assessed, as well as in the out-
comes that were measured in different trials. NMAs of the
impacts of litter type, flooring type, or additives on mortality
and on the presence or absence of footpad lesions did not reveal
large differences in the outcomes among the interventions, and
the pairwise meta-analysis did not indicate significant differences
in mortality risks between poultry exposed to new and used litter.
These results were based on a small number of comparisons
among most interventions. In many cases, the trials identified
in this review did not report the study characteristics and of the
trial design features related to the potential for bias.
Well-reported trials using at least one intervention that has previ-
ously been reported in the literature, as well as reporting out-
comes that are common in the literature, would help to grow
the knowledge base on the potential impact of litter management
on bird health.
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