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ABSTRACT Gastrointestinal helminth parasites are a
concern for the poultry industry worldwide as they can
affect the health, welfare, and production performance. A
systematic review of the prevalence over time in different
countries may improve our understanding of gastroin-
testinal helminthiasis in chickens and subsequently lead
to improved poultry health. The aim of this systematic
review and meta-analysis was to provide an overview of
the published information regarding the epidemiology
and the diagnostic approaches of chicken helminth infec-
tion. Six databases were searched for studies, and a total
of 2,985 articles published between 1942 and 2019 were
identified and subsequently screened for eligibility using
title or abstract and full text assessment, resulting in 191
publications to be used in the study. Postmortem di-
agnostics (73.8%) and the flotation technique (28.8%)
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were commonly used to detect helminth infections with a
pooled prevalence of 79.4% ranging from 4 to 100%. More
than 30 helminth species in chicken populations were
identified including Ascaridia galli (35.9%), Heterakis
gallinarum (28.5%), Capillaria spp. (5.90%), and Raillie-
tina spp. (19.0%) being the most prevalent. The reported
prevalence of helminth infection decreased over time in
developing countries while it increased in the developed
world. Chicken kept in backyard and free-range systems
had a markedly higher pooled prevalence of helminth
infection (82.6 and 84.8%, respectively) than those housed
in cage production systems (63.6%). This may indicate
the need for more rigorous control and prevention mea-
sures in free-range and backyard production systems us-
ing regular deworming coupled with access to early and
accurate diagnosis allowing for early intervention.
Key words: cestode, chicken, ep
idemiology, nematode, parasite
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INTRODUCTION

The increasing demand for poultry products for hu-
man consumption has resulted in substantial growth of
extensively and intensively housed poultry over the
last few decades (Permin and Hansen, 1998; Ola-
Fadunsin et al., 2019). As a result, poultry production
is making a significant and increasing contribution to
the national economy of most countries (Dube et al.,
2010; Adang et al., 2014; Ferdushy et al., 2016). Howev-
er, the production performance of poultry can be signif-
icantly reduced because of various intestinal helminth
parasites (Permin et al., 1997; Ruff, 1999; Ogbaje
et al., 2012; Adang et al., 2014; Bachaya et al., 2015;
Van et al., 2019).

Gastrointestinal helminthiasis is caused by round-
worms (nematodes), tapeworms (cestodes), and flukes
(trematodes) (Ruff, 1999; Macklin, 2013; Ola-Fadunsin
et al., 2019). With respect to the health impact of the
infection, the abundance of pathogenic species, and the
economic importance, nematodes are the most impor-
tant intestinal worms in the poultry industry (Ruff,
1999; Macklin, 2013; Bachaya et al., 2015;
Ola-Fadunsin et al., 2019). Impacts associated with
nematode infections include reduced health, welfare,
and production performance due to reduced feed conver-
sion ratio, reduced growth rates or weight loss, reduced
egg production and egg quality, intestinal damage, and
in severe cases, death (Ramadan and Znada, 1991; Das
et al., 2010, 2012; Dube et al., 2010; Sreedevi et al.,
2016; Rufai and Jato, 2017). Nematode infections can
have direct adverse effects on the host, inducing the
breakdown of the gastrointestinal barrier, but indirect
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damage can also occur via increased susceptibility to sec-
ondary infectious diseases (Dahl et al., 2002; Eigaard
et al., 2006; Permin et al., 2006; Dube et al., 2010;
Sharma et al., 2019) and reduced host immune response
(Nnadi and George, 2010; Hørning et al., 2003; Pleidrup
et al., 2014; Dalgaarda et al., 2015).

A prevalence rate of as high as 100% has been reported
in chickens housed in backyard (Rabbi et al., 2006) and
free-range systems (Sherwin et al., 2013). The prevalence
of helminth infections can be influenced by many factors
such as the climatic conditions and agro-ecological
zones, the accumulation of infective stages of larvae or
eggs in the environment, the presence of intermediate
hosts, and the individual susceptibility of the final host
(Magwisha et al., 2002). Temperature and humidity
can be considered as determinants for the occurrence
and the level of helminth infection by influencing trans-
mission through survival in the environment and devel-
opmental success of the infective stage (Permin et al.,
1997; Magwisha et al., 2002; Dube et al., 2010;
Naphade and Chaudhari, 2013; Ola-Fadunsin et al.,
2019). Most poultry nematodes have a direct lifecycle,
and the fecal-oral route is the main route of infection
contributing to the higher susceptibility of poultry in
free-range and floor poultry production systems due to
being in close contact to their excreta and soil (Permin
et al., 1999; Jansson et al., 2010; Kaufmann et al.,
2011b; Wongrak et al., 2014, 2015). As such, the ongoing
global growth in poultry production coupled with the
trend to move from caged to more extensive housing con-
ditions (free-range, barn) will favor the parasite infec-
tion. Therefore, the objective of this review was to
provide compiled information on the epidemiology of
chicken helminthiasis, the change in housing systems
over time, and the diagnostic methods used to obtain in-
formation on prevalence.
MATERIALS AND METHODS

Data Collection Strategy

A preliminary search of key databases (PubMed,
Embase, ProQuest, Web of Science, Google Scholar, and
Scopus) was conducted to ensure the availability of suffi-
cient and relevant published articles, to validate the ratio-
nality for this review objectives, and to identify and refine
key search terms. Based on these findings, the following
combination of terms was used to search in the PubMed,
Embase, ProQuest,Web of Science, and Scopus databases
for the main study: (Prevalen* OR Epidemiolog* OR
Magnitude OR Occurrence) AND (Helminth* OR
GastrointestinalWorm*ORGastrointestinal Nematode*
ORCestode*) AND (Poultry OR Chicken* ORDomestic
fowl OR Hen*) by using title or abstract and years from
1942 to 2019 in the search engines. When searching the
database of Google scholar “advanced search”, the
following search for any of the following words or phrases
being present anywhere in the articles was conducted:
prevalence helminth chicken; epidemiology helminth
poultry; prevalence gastrointestinal nematodes or
cestodes; occurrence intestinal helminth hens or domestic
fowl; and at least one of the following words anywhere in
the article or in the title of an article: prevalence helminth
nematode cestodes chicken.All searchedarticles fromeach
database were imported into Endnote X9 (Clarivate Ana-
lytics, Philadelphia, PA, USA) to identify and delete
duplicate articles.
Article Selection

Eligibility criteria were then applied to screen articles.
These criteria were selected in line with the guidelines by
the Preferred Reporting Items for Systematic Reviews
and Meta-analyses (PRISMA) statement (Moher
et al., 2009). The following inclusion criteria were
applied: 1) providing prevalence data on helminths in
avian species, 2) only relating to chicken or domestic
fowl populations, 3) English language only, 4) published
studies and original articles, and 5) reports on natural
(not experimental) infection. Exclusion criteria were 1)
unrelated articles; 2) repeated publications using the
same data; 3) unpublished articles, proceeding papers,
conference, books, case reports, review articles, system-
atic reviews, and articles without full text available;
and 4) experimental infection.
Data Extraction

Data were extracted manually and entered into a
Microsoft Excel sheet (2016, Microsoft Corporation,
Redmond, WA, USA). The extracted information
included study details (such as authors, years, study re-
gions, breed or strain, age, sex, production system, study
design, sampling type, and sample size), diagnostic
method, and helminth species and prevalence.
Quality Assessment

Quality assessment was carried out by 2 independent
appraisers based on the Joanna Briggs Institute critical
appraisal tool for systematic reviews (Munn et al.,
2015) using 9 selection criteria and 4 rating variables
(“yes”, “no”, “unclear”, and “not applicable”) for each
criteria. Calculating the overall score was conducted
by adding the values for all 9 selection criteria where
“yes” was valued as one while “no”, “unclear”, and “not
applicable” were valued as zero. The published articles
were then categorized as poor, fair, and good studies us-
ing the same approach described by Tawfik et al. (2019)
where a score mark was given for each article grouped as
1 to 3, 4 to 6, and 7 to 9 representing poor, fair, and good
quality research, respectively.
Data Synthesis

The production systems of domestic chicken were cat-
egorised as village or backyard, free-range or organic,
deep litter or barn, and enriched cage or conventional
cage production systems. Village or backyard chickens
were defined as any domestic chicken kept extensively
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in the village as rural or scavenging in a backyard or
traditional production system being allowed to roam
freely at least during daylight hours. Free-range was
considered to be a commercial husbandry farming sys-
tem where chicken had access to a range area. Deep litter
and barn production system studies included chicken
reared on the ground with indoor housing, whereas
caged housing referred to chicken confined in single
cage or group cages raised off the ground. The sample
size varied significantly across studies and was mainly
based on individual birds. Postmortem examination
was defined as an inspection and dissection of the
95%CI ðback transformationÞ5 exp½logitðPÞ6 1:96! SE logitðPÞ�
11 exp½logitðPÞ 6 1:96! SE logitðPÞ�
intestine of dead chickens to determine the presence of
parasite worms and magnitude of infection. Excreta ex-
amination was defined as a microscopic examination of
the presence of parasite eggs in the excreta of chickens.
The reported individual or flock prevalence of helminth
infection was categorized as low (,11%), moderate
(12–30%), high (31–75%), or very high (76–100%).
The median prevalence and interquartile range of hel-
minth prevalence were calculated for each category of
continents, production systems, and helminth species.
Statistical Analysis

All statistical meta-analyses were performed using Rev-
Man Review manager 5.4 (Cochran collaborations, 2020)
while regression analyses were performed using JMP14
(SAS Institute Inc., Cary, NC, USA). Owing to the antic-
ipated heterogeneity of the prevalence studies, random-
effect meta-analysis was performed based on inverse vari-
ance model using the effect size of the total sample size,
number of positive samples, and standard error. Pooled
estimatedprevalence presentedat 95%confidence interval
(Der Simonian and Laird, 1986; Field, 2001). The preva-
lence data (proportions) were transformed into logits
(log odds) and analyzed using logistic regression as
described previously (Sutton et al., 1999; Bland and
Altman, 2000; Sanchez et al., 2007; Barendregt et al.,
2013). In brief, prevalence proportion odds ratio (POR)
5 (P) / (1 – P). Hence, logit (P) or log (POR) 5 1n (P/
(1 – P)), where P is the proportion of prevalence value.
Standard error (SE) of the log odds ratio (logits) was
calculated as the square root of variance (Var) log odds ra-
tio: SE (ln (POR)5 (Var (1n (POR))) 1/2. Var(ln(POR)
was computed as /the sum of reciprocal of the number of
positive cases (N1 event) and negative cases (N- event)
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where P is proportion of prevalence value and N is total
number of cases (sample size). The 95%CI of logit propor-
tion was defined as logit (P) 6 1.96 ! SE of logit (P).
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(lower, upper limit). The transformed results of the
prevalence estimate for the meta-analysis were
back-transformed to obtain informative pooled
prevalence and confidence intervals by using the following
inverse logits formula as described in the study by Roalfe
et al. (2008). Logit�1ðPÞ5 expðPÞ

11 expðPÞ
Heterogeneity between studies was tested by the Tau-
squared, I-squared, Cochran’s Q test, or Chi-squared
(P. 0.05) tests. The values of 25, 50, and 75% for I2 sta-
tistics testing the degree of heterogeneity was considered
as low, moderate, and high, respectively (Higgins and
Thompson, 2002). Subgroup meta-analysis was per-
formed to identify potential heterogeneity of prevalence
estimates across study continents, years, and production
systems and chicken types. Linear trends of helminth
prevalence over time were investigated using linear
regression analysis. A P value, 0.05 was considered sta-
tistically significant for all analyses.
RESULTS

Descriptive Outcome of Systematic Studies

Description of the Data set From a total of 2985 pub-
lished studies identified in the 6 search databases and the
reference list of eligible studies, 191 published articles
were retained after the screening process (Figure 1).
Applying the Joanna Briggs Institute critical appraisal
checklist, 30 of the 191 articles were deemed to be poor
while the remaining 107 and 54 articles were classified as
fair and good quality, respectively.
Data Investigation A total of 191 studies published be-
tween 1942 and 2019 were selected for systematic review.
The 191 included studies were conducted in 50 different
countries, and approximately 66307 samples with the
mean 6 SD sample size of 347.2 6 474.9 were analyzed.
The current review showed that the number of published
studies has increased over time and varied across regions
and production systems. Number of studies per conti-
nent, year, study design, diagnostic methods, and pro-
duction systems are shown in Figure 2. Most studies
(178; 93.2%) were conducted during the last 2 decades,
whereas the smallest number of studies were conducted
before 2000. More than 86% of studies were conducted
from developing countries of which 39 of 191 (20%) and
23 of 191 (12%) studies were conducted in Nigeria and
India, respectively. The details of the individual coun-
tries’ prevalence study distribution are shown in



Figure 1. Adapted PRISMA article selection process. The figure provides details of the selection of publications used for the systematic review and
the meta-analysis.
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Figure 3. Diagnosis was based on postmortem exami-
nation in 141 studies (73.8%), whereas 55 (28.8%) used
the egg flotation techniques (simple flotation, McMaster;
or FLOTAC). The vast majority of studies were con-
ducted on backyard or village chicken production
systems followed by barn or deep litter, cage, and
free-range or organic production systems, respectively
(Figure 2). Furthermore, most studies were conducted
on indigenous chicken breeds while a smaller number of
studies were conducted on commercial layer and broiler
chicken strains (Figure 2). In addition, 45 and 31 studies
were conducted on female and male chickens, respec-
tively, while the remaining studies did not specify.
Overall, the reported helminth prevalence varied from 4
to100%.
Figure 2. Distribution of the 191 research articles by year, region, stu
Prevalence Report by Helminth Species More than
30 different helminth parasite species were identified in
total, of which Ascaridia galli (n 5 164), Heterakis gal-
linarum (n 5 161), Capillaria spp. (n 5 88), Raillietina
tetragona (n 5 83), Raillietina echinobothrida
(n 5 79), and Raillietina cesticillus (n 5 70) were the
most studied parasite species, respectively. In general,
nematodes were the most studied helminth parasite
(90%), followed by cestodes (66%) and trematodes
(10%; Figure 4). The reported prevalence of helminth
species varied among species and ranged from 30 to
100% (Figures 5A and 5B).
Spacio-temporal Distribution of Helminth Preva-
lence and its Trend Over Time The overall helminth
prevalence reported across regions ranged between 4
dy design, diagnostic methods, production system, and chicken type.

mailto:Image of Figure 2|eps


Figure 3. Individual countries where the prevalence studies were conducted.
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and 100%. The details of reported helminth prevalence
by regions are shown in Figure 6. Most studies that re-
ported high prevalence range (31–100%) were conducted
in Africa (n 5 83), Asia (n 5 59), Europe (n 5 16), and
North America (n 5 4). Among 191 studies, 14 studies
reported a prevalence of 100% including Africa (11),
Asia (2), and Europe (1). The prevalence range in Africa,
Asia, and Europe was 11.9 to 100%, 4 to 100%, and 10.5
to 100%, respectively. Regression analysis indicated a
decreasing trend in reported helminth prevalence in
Africa and Asia, whereas an increase helminth preva-
lence in Europe and North America has been seen
recently (Figure 7). However, the relatively low R2 value
reflects considerable variation of the reported
prevalence.
Figure 4. Distribution of number of published studi
Reported Prevalence by Production System
Description of production systems and chicken type
across regions and the prevalence range are presentenced
in Table 1. A total of 186 studies provided information
about their production system. Most studies that were
conducted in backyard or village chickens were from
Africa and Asia, whereas all free-range or organic sys-
tems were conducted in Europe. The prevalence was
expressed in terms of range, mean 6 SD, and quartile
range. The prevalence range across production system
was 0 to 100%.Most studies (80%) reported a prevalence
of 31 to 100%, of which 46.6% of studies reported a
prevalence of 76 to 100%, and 66.6% of studies were
conducted on backyard production with average preva-
lence of 73.6%. The 14 studies that reported a 100%
es by nematodes, cestodes, and trematodes species.

mailto:Image of Figure 3|tif


Figure 5. (A) Prevalence distribution by nematodes and (B) cestodes parasites. The box plots include the minimum and maximum prevalence,
median prevalence (Q2), lower quartile (Q1), upper quartile (Q3), and outliers (indicated by dots).
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prevalence were conducted in backyard or village
chickens (n 5 13) and the free range or organic (n 5 1)
production system. Furthermore, 35 and 28 studies were
conducted on layer and broiler chickens with a preva-
lence range of 4 to 100% and 0 to 99%, respectively
(Table 1). Only 76 studies revealed the sex of their study
population: 45 studies were conducted on female
chickens while 31 studies were conducted on male
chickens. The helminth prevalence for males ranged
from 11 to 92% with a median of 53%, whereas the
prevalence of female birds had a wider range (11–100%)
and higher median (68%).
Meta-analysis Results of Published Studies

A total of 176 studies were included for meta-analyses,
with 15 studies excluded because of unsuitable data set
for logit transformation. The result of meta-analysis is
Figure 6. Descriptive presentationof the reportedhelminthprevalence
by region. Different colored symbols represent reported prevalence value
for each prevalence study and show the pattern of prevalence
distribution across each region. The dot or solid lines indicate the
Mean6 SD.
summarized in Table 2. The overall pooled helminth
prevalence estimate was 79.4%, and heterogeneity be-
tween studies was significantly high (P , 0.00001).
Therefore, sub-groupmeta-analysis was conducted using
continents, years, production systems, and chicken type.
Heterogeneity between subgroup studies ranged from 84
to 97%.
DISCUSSION

This review provides evidence on the prevalence of
helminth parasites in chickens stratified by region, pro-
duction type, helminth species, and diagnostic methods
using 191 published studies across the globe from 1942
to 2019. The number of publications on chicken hel-
minth infections increasedmarkedly in the last 2 decades.
Most of the studies were conducted in Africa (n 5 92)
and Asia (n 5 72), followed by Europe (n 5 21). The
pooled prevalence of helminth infection was 79.4%,
ranging across studies from 4 to 100%. The prevalence
in Africa and Asia was decreasing significantly overtime,
while the prevalence in Europe and North America was
increasing trend. The vast majority of the studies
(73.8%) used postmortem examination to detect pres-
ence of worms, whereas a considerable number of studies
were based on egg flotation techniques. A. galli and H.
gallinarum were the most commonly reported helminth
parasites followed by Capillaria and Raillietina spp.
The number of publications on helminth prevalence

increased over time. The number of publications on hel-
minth prevalence increased exponentially in the last 2 de-
cades indicating that 1) attention has been given to
chicken health by researchers, stakeholders, producers,
governmental, and non-governmental institutions at
regional, national, and global levels; and 2) scientific ev-
idence and awareness about the impact of helminth
infection on chicken profitability and productivity is
more frequently communicated. One possible reason



Figure 7. Helminth prevalence reported by year across regions. Each symbol represents one research study. The trend lines were created based on
the individual reported values (dots).

PREVALENCE OF HELMINTH INFECTION IN CHICKENS 7
might be that chicken health receives more attention
because of the increased demand and volume of produc-
tion as well as a relative shift in egg production towards
free-range in some regions. In addition, the economic
impact of helminths on chicken production might have
gained larger awareness, and welfare concerns result in
higher demands on chicken health. Consequently, veter-
inary interest has expanded which not only might have
supported diagnostic procedures but also initiate
research interest on chicken health.
Most prevalence studies were conducted in Africa

(n 5 92), followed by Asia (n 5 72), and Europe
(n 5 21). One reason for the high interest on helminths
in Africa and Asia may be the fact that approximately
80% of meat and eggs produced in these continents are
from backyard chickens and small-scale production sys-
tem (Pym et al., 2006; Dube et al., 2010) where not only
the uncontrolled exposure to the soil but also the warm
and partially humid tropical climate provide ideal condi-
tions for the presence of insect vectors and the helminths
to develop. In contrast, Europe and North America
housed their chicken traditionally in barns or cages
with only recent shifts to free-range, also reflected in
the recent increased number of publications in these
countries.
Overall pooled prevalence of helminth infection in

chicken was 79.4%, ranging across studies from 4 to
100%. Reasons for this variation might be the large vari-
ety of production systems, management procedures
investigated, the broad range of the agro-ecological
zones being investigated, climatic or environmental con-
ditions, seasonal dynamics, the number and availability
of intermediate hosts involved, the diagnostic and sam-
pling methods used, and various host factors including
susceptibility to genetic resistance of the host. While ev-
idence is provided that a high prevalence (.76%) of hel-
minths can be obtained in every continent, most of the
high prevalence studies were conducted in Africa
(n 5 83) with the overall pooled prevalence of 81.6%.
The possible reasons for these may be associated with
a relatively high proportion of studies being conducted
in backyard production systems (Abebe et al., 1997;
Nnadi and George, 2010; Abdullah and Mohammed,
2013). In addition to this, the tropical climatic condition
is suitable or favorable for the propagation and develop-
ment of the infective stage of helminth infection (Abebe
et al., 1997; Slimane, 2016). Adequate moisture and tem-
perature of the environment in the tropics are indeed the
most determinant factors for the development of the
infective stage of helminth parasite and that may influ-
ence the epidemiology of parasite infection (Wuthijaree
et al., 2019). Although a high pooled helminth preva-
lence was reported in developing countries associated
with the backyard production system and environ-
mental factors, the prevalence was decreasing overtime
in these countries most likely due to increasing access
to anthelmintic treatment over the last few decades.
However, the current review showed that a high



Table 1. Description of production systems, chicken types, diagnostic methods, number of studies across continents and their corre-
sponding helminth prevalence rates.

Study characteristics

Number of studies Sample size Prevalence distribution

Africa Asia Europe
North

America Mean 6 SD Range
Prevalence
range (%) Mean 6 SD

Quartile
(1st, 2nd, 3rd)

Production
system

Backyard 71 47 4 0 268 6 368.8 75-3,773 4.39-100 73.6 6 24.0 58.7, 81.5, 92.5
Free range 0 0 14 0 447 6 295.8 60-907 24.0 -100 78.4 6 20.8 58.3, 81.5, 99.2
Deep litter 19 9 5 2 457 6 802.5 45-3,100 1.0 -98.9 43.4 6 25.9 25.4, 36.6, 58.7

Cage 5 7 3 0 401 6 976.9 58-500 0 -80.0 20.8 6 25.9 3.0, 11.0, 31.7
Chicken type Broiler 11 9 5 3 509 6 832.1 90-3,542 0 -98.9 39.1 6 32.7 12.1, 33.2, 63.5

Layer 11 9 15 0 347 6 375.7 65-1,996 4.0 -100 54.5 6 30.5 26.5, 57.7, 75.4
Indigenous
chicken

70 43 1 0 228 6 186.2 75-889 4.39-100 72.7 6 24.8 58.3, 81.0, 92.2

Diagnostic
method

Postmortem
examination

69 56 14 2 294 6 347.1 55-3,100 4.0 -100 70.6 6 26.3 52.4, 75.6, 92.5

Simple flotation
technique

20 8 1 1 424 6 625.8 50-3,773 7.43-100 56.2 6 24.7 40.3, 58.3, 76.7

McMaster
technique

6 7 6 1 515 6 527.2 70-1,996 7.8 -99.2 56.5 6 26.2 38.3, 56, 72.3
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prevalence (78.9%) was also reported across European
countries with increasing prevalence overtime. This is
likely linked with the re-emerging of helminth infection
due to shifting production systems into a free-range
and organic production system (Jansson et al., 2010;
Thapa et al., 2015). Moreover, anthelmintic application
has been prohibited in the organic production systems in
Europe, further promoting helminths as a re-emerging
disease (Kaufmann et al., 2011a, 2011b; Wongrak
et al., 2015).

Most studies were conducted on backyard, and free-
range systems reported a relatively high prevalence
rate. This is reflected in the fact that 14 backyard and
free-range studies reported a 100% prevalence. These
findings agreed with the report of Permin and Hansen
(1998) and Nnadi and Georg (2010). Moreover, the over-
all pooled prevalence in backyard and free-range produc-
tion systems was 82.6 and 84.8%, respectively. These
Table 2. Subgroup meta-analysis for pooled prevalence of helminth in
production systems, and chicken type.

Logit transformed Logit back trans

Study characteristics
Pooled

proportion (%) 95% CI
Pooled

prevalence (%)

Year
,1995-1999 2.22 1.44-3.43 90.2 2
2000-2004 1.63 1.14-2.34 83.6 2
2005-2009 1.66 1.28-2.15 84.0 2
2010-2014 1.39 1.22-1.59 80.1 2
2015-1019 1.15 1.04-1.27 76.0 2

Continent
Africa 1.49 1.33-1.66 81.6 2
Australasia 1.23 1.10-1.38 77.4 2
Europe 1.28 1.02-1.61 78.9 2
North America 1.55 0.89-2.71 82.5 2

Production system
Backyard 1.56 1.41-1.72 82.6 2
Free range 1.72 1.36-2.17 84.8 2
Deep litter 0.91 0.8-1.02 71.3 3
Cage 0.56 0.38-0.83 63.6 4

Chicken type
Layer 1.04 0.87-1.24 73.9 3
Broiler 0.77 0.66-0.9 68.4 3
Indigenous 1.55 1.4-1.71 82.5 2
Overall effect estimates 1.35 1.26-1.46 79.4 2

Abbreviation: DF, degree of freedom.
results are not surprising, and the most likely explana-
tion would be due to scavenging activities and roaming
habit of free-range and backyard chicken where the
direct contact with excreta and soil and the noncommer-
cial approach of owners would most likely include poor
management including a lack of anthelminthic drug
application (Abdelqader et al., 2008; Abdullah and
Mohammed, 2013). Furthermore, the free-range and
backyard scavenging production system can play an
important role in shedding helminth infections by
contaminating the environment with parasite eggs and
larvae (Mwale and Masika, 2011; Wamboi et al.,
2020). In contrast, birds housed in caged systems off
the ground are largely separated from their excreta, dis-
rupting the direct life cycle of the parasite which is re-
flected in the significantly lower average prevalence
than backyard and free range (Permin and Hansen,
1998; Permin et al., 1999). However, some caged flocks
fection and test of heterogeneity across study period, continents,

formed Tests of heterogeneity

95% CI Cochran’s (Q)/(chi2) test I-squared (I2) DF P value

7.9-100 358.1 97% 11 ,0.00001
5.7-99.9 34.9 80% 7 ,0.0001
7.0-99.8 243.1 91% 22 ,0.00001
6.9-98.9 475.7 89% 50 ,0.00001
9.1-97.4 1,059 92% 80 ,0.00001

4.7-99.1 926.9 91% 82 ,0.00001
8.4-98.1 921.3 92% 68 ,0.00001
9.9-99.1 235.9 92% 19 ,0.00001
1.7-99.9 33.0 91% 3 ,0.00001

3.1-99.3 1,059 90% 107 ,0.00001
2.6-99.8 76.9 84% 12 ,0.00001
4.1-94.8 287.3 88% 34 ,0.00001
2.9-91.7 62.4 84% 10 ,0.00001

3.9-96.9 413.9 92% 32 ,0.00001
5.5-93.3 186.6 89% 21 ,0.00001
3.2-99.3 864.6 88% 102 ,0.00001
4.6-98.5 2,258.2 92% 175 ,0.00001
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still experienced a prevalence of up to 80%, which is
somewhat surprising, and the authors suggested poor
sanitation including cross-contamination of feed with
excreta and heavy accumulation of excreta and dust
that may have facilitated the fast development and
propagation of embryonated eggs and possibly insect
vectors (Ponnudurai and Chellappa, 2001). Another
possible reason may be that the breeder pullets have
been reared on the floor and therefore became infected
in the rearing facility before being caged. In addition,
caged birds are more commonly laying hens, and the
longer life span of these hens (usually at least 70–
80 wk, sometimes multiple laying cycles) allows for a
greater manifestation of helminth infection than broiler
production where the life span may be as short as
32 days (McDougald, 2020).
Detection of the presence of helminth parasite in

chicken population was mostly carried out using either
postmortem examination of chicken’s gastrointestinal
tract or excretal examination. Vast majority of the
studies (73.8%) used postmortem examination, and
some egg floatation techniques (simple flotation,
McMaster technique, and FLOTAC) were used in
studies subject to this review to detect presence of
worms in chickens. Our systematic review indicated
that postmortem examination, known for its accurate
and reliable diagnostic approach for helminth species
identification, was a widely used diagnostic method
(Macklin, 2013) but may not be the most economically
viable method for routine diagnosis when sacrificing
birds only for this purpose. However, equipment such
as a microscope and glass slides are required to use
alternative, less invasive techniques such as the flota-
tion technique based on excreta egg count analysis
(Das et al., 2017). In addition, owing to the intermit-
tent egg shedding nature of the nematodes, it allows
only for reliable egg detection if samples were collected
over multiple days (Das et al., 2011, 2017). With the
McMaster techniques being known for its uncompli-
cated and cheap use, it was unsurprisingly the most
commonly used technique (12.6%), whereas the rela-
tively new FLOTAC method with improved sensitivity
and precision was only used once due probably to the
expense of equipment and time (Cringoli et al., 2010;
Das et al., 2020).
Nematodes were the most studied helminth parasite

(90%), followed by cestodes (66%) and trematodes
(10%). The most commonly reported and prevalent
nematodes species were A. galli (35.7%), H. gallinarum
(29.5%), and capillaria species (5.90%) with an overall
prevalence ranging from 0.30 to 100%. A. galli was the
most prevalent helminth in all production systems, and
coinfections with H. gallinarum were common, which is
not surprising given the fact that both parasites have
the same life cycle and require same environmental con-
ditions (Das et al., 2017). Cestodes were detected less
often, with the highest prevalence among cestodes spe-
cies being that of Raillietina species, including R. tetra-
gona (30.6%), R. echinobothrida (20.0%), and R.
cesticillius (13.0%), once again being highest in
backyard and free-range chicken most likely due to the
reasons discussed previously. In addition, cestodes
require an intermediate host such as houseflies or beetles
for their transmission, and their overall lower prevalence
may have been linked to less opportunities of transmis-
sion (Dube et al., 2010; AbdelAziz, 2016). Likewise,
trematodes require 2 to 4 intermediate hosts to complete
their life cycle, and the eggs hatch only in water (Permin
and Hansen, 1998; Abdelqader et al., 2008; Afolabi et al.,
2016; Mcdougald, 2020). As a result, basic biosecurity
that prevents chicken to access lake or water bodies
might have been sufficient to control the transmission
of these trematodes.

Heterogeneity test indicated that substantial hetero-
geneity was found between prevalence studies. Source
of heterogeneity between prevalence studies may arise
due to methodological and clinical variation which
contribute for the presence of statistical heterogeneity
(variation of effect size between studies) (Higgins and
Thompson, 2002). Barendregt et al. (2013) argued that
the main concern for meta-analysis is heterogeneity;
however, the aim of disease burden studies, such as prev-
alence study, is to obtain best prevalence estimate based
on the available data. Thus, a reported pooled preva-
lence estimate is considered to be valid as a measure of
helminth prevalence. The potential source of variation
between studies in the current meta-analysis may be
due to variation in study design, sampling methods, level
of exposure to parasite, physiological and genetic status
of animal, sample size, study location, environmental
condition, and diagnostic methods.
CONCLUSIONS

Helminths are globally common and highly prevalent
in chicken with significant variation across the regions
and production systems. The prevalence is decreasing
overtime in developing countries because of increasing
recognition and regular deworming over the last few de-
cades. However, a higher helminth infection prevalence
has been recently seen in certain regions where a contin-
uous shifting from cages toward the extensive systems
(free-range, organic, backyard) is happening. The rapid
growth of commercial free-range production has changed
the dynamic of helminth transmission; hence, epidemio-
logical evidences on the existence, spreading, and the un-
derlying factors are needed to understand transmission
models and institute control strategies. Therefore,
increased awareness among those producers combined
with access to accurate and early diagnosis would be
crucial for early intervention.
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