
A systematic review on the role of biosecurity to prevent or control
colibacillosis in broiler production
G. Tilli ,*,1 R. Vougat Ngom,y,z,1 H. Cardoso de Carvalho Ferreira ,x I. Apostolakos ,#

S. Paudel ,||,{ and A. Piccirillo *,2

*Department of Comparative Biomedicine and Food Science, University of Padua, Legnaro, Italy; yDepartment of
Animal Production, School of Veterinary Medicine and Sciences, University of Ngaound�er�e, Ngaound�er�e, Cameroon;

zVeterinary Public Health Institute, Vetsuisse Faculty, University of Bern, Bern, Switzerland; xFlanders Research
Institute for Agriculture, Fisheries and Food, Merelbeke, Belgium; #Dairy Research Institute, Hellenic Agricultural
Organization “DIMITRA”, Ioannina, Greece; ||Clinic for Poultry and Fish Medicine, Department for Farm Animals
and Veterinary, Public Health, University of Veterinary Medicine Vienna, Vienna, Austria; and {Department of

Infectious Diseases and Public Health, Jockey Club College of Veterinary, Medicine and Life Sciences, City
University of Hong Kong, Kowloon, Hong Kong
ABSTRACT This systematic review aimed at investi-
gating the role that biosecurity can have in preventing
or controlling colibacillosis in broiler production. Pri-
mary studies with natural or experimental exposure to
avian pathogenic Escherichia coli, evaluating any biose-
curity measure to prevent or control colibacillosis in
broiler chickens with at least one of the following out-
comes: feed conversion ratio (FCR), condemnations at
slaughter, and mortality due to colibacillosis, were
included. A systematic search was carried out in 4 data-
bases according to the Cochrane handbook and reported
following the PRISMA 2020 directions. Studies
(n = 3,886) were screened in a 2-phase process and data
matching the inclusion criteria were extracted. Risk of
bias assessment was performed. Four studies reporting
biosecurity measures to prevent or control colibacillosis
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in broiler production were included. In all studies, only
disinfection during either the pre-hatching period
(n = 3) or the post-hatching period (n = 1) was evalu-
ated as biosecurity measure in broiler production, as
well as its effect on FCR (n = 2) and mortality (n = 4)
due to colibacillosis. No studies with effects on condem-
nations at slaughter were found. Due to the heterogene-
ity of studies in regard to interventions and outcomes,
meta-analysis was not carried out. The limited findings
of this systematic review do not provide a comprehensive
evidence to statistically evaluate the efficacy of biosecur-
ity to prevent or control colibacillosis in broiler produc-
tion. The scarcity of evidence found suggests that
further and deeper investigations on the topic are
needed, considering the variety of interventions related
to biosecurity.
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INTRODUCTION

Colibacillosis in poultry production refers to a set of
infections/diseases caused by virulent strains of Escheri-
chia coli, namely avian pathogenic Escherichia coli
(APEC) (Guabiraba, Schouler, 2015; Kathayat et al.,
2021). Contrary to the commensal E. coli, APEC can
act as a primary or secondary pathogen, affecting the
host mainly when the immune system is compromised
(Nolan et al., 2020). Colibacillosis can manifest as either
a localized or a systemic infection, resulting in various
diseases that can affect all poultry species (Kathayat et
al., 2021). APEC infections can lead to severe clinical
manifestations including colisepticemia, airsacculitis,
cellulitis, omphalitis, peritonitis and salpingitis repre-
senting a common issue in worldwide poultry production
(Newman et al., 2021).
Infection of poultry with APEC can occur at different

stages of the production chain (i.e., hatcheries, trans-
port, rearing cycle) (Poulsen et al., 2017), with meat-
production chickens being more susceptible during the
rearing phase compared to other poultry species (Land-
man and Van Eck, 2015), and with a high prevalence of
APEC-related infections in the meat-producing industry
(Apostolakos et al., 2021). Thus, economic losses due to
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APEC infections in the poultry industry are estimated
in millions of dollars worldwide (Guabiraba and Schou-
ler, 2015; Ozaki et al., 2017; Mehat et al., 2021). Specifi-
cally, Landman and van Eck (2015) estimated the
economic impact of peritonitis syndrome due to APEC
to be 3.3 million euros in the Dutch poultry meat-pro-
ducing sector, mainly related to mortality (culling of
dead birds) and antibiotic costs.

To date, several strategies have been developed to
prevent or control colibacillosis. They include the use of
antibiotics, vaccination, management practices, biose-
curity measures, nutritional modulations and nutraceut-
icals, as well as probiotics, bacteriophages, and other
alternatives against APEC infections (i.e., innate
immune stimulants, APEC virulence and growth inhibi-
tors, antimicrobial peptides) (Helmy et al., 2018;
Nguyen et al., 2021; Sarfraz et al., 2022; Paudel et al.,
2024). Prevention strategies should avoid an increased
prophylactic use of antibiotics (Eijck and De Wilt,
2009), as this can lead to the development of antimicro-
bial resistance. On the other hand, biosecurity is a key
prevention strategy to reduce the incidence of disease.
Therefore, implementation of biosecurity should be
encouraged as preventive measure to protect the flock
against the introduction and spread of pathogens
(WOAH, 2022).

Since the introduction of E. colimay occur at different
steps of the production chain, there are several critical
points in which biosecurity measures may have a rele-
vant prevention role for colibacillosis onset in the flock.
Specifically, the most critical ones are: the correct man-
agement of the broiler breeder flocks to avoid vertical
transmission (Giovanardi et al., 2005), the correct prac-
tices in the hatcheries as they may represent a source of
APEC (Ozaki et al., 2017; Zhao et al., 2018), as well as
the typology (i.e., nest eggs vs. floor eggs) of eggs used
for hatching. Ahamed et al. (2019) and Christensen et
al. (2021) showed that nest eggs are associated with a
lower E. coli colonization of chicks and have a positive
effect on hatchability rate in the hatcher when compared
to floor eggs. A proper attention on biosecurity measures
should be also paid during the rearing cycle to avoid hor-
izontal transmission. For example, potential E. coli
transmission routes like insects (Schiavone et al., 2020;
Tamburro et al., 2022) or rodents (Himsworth et al.,
2016) should be considered.

The available literature depicts an empirical-based
common understanding of the importance of biosecurity
measures in colibacillosis control in poultry production
(Lutful Kabir, 2010; Christensen et al., 2021). However,
to the best of the authors’ knowledge there is no evi-
dence on the efficacy of biosecurity implementation in
the prevention or control of poultry colibacillosis. There-
fore, the link between biosecurity and colibacillosis still
needs to be fully elucidated, especially considering the
worldwide concern for this disease in poultry produc-
tion.

The aim of this study was, therefore, to provide scien-
tific evidence on the efficacy of biosecurity in broilers at
risk of colibacillosis through a systematic review process
performed within the COST Action CA18217 - Euro-
pean Network for Optimization of Veterinary Antimi-
crobial Treatment (ENOVAT). Specifically, the
objective of this systematic review was to address the
following research question: “In broilers at risk of coliba-
cillosis, does biosecurity versus no biosecurity result in
higher feed conversion ratio (FCR)/fewer condemna-
tions at slaughter/lower mortality?”.
MATERIALS AND METHODS

This systematic review was performed as described in
the Cochrane handbook for systematic reviews of inter-
ventions method (Higgins et al., 2022), and reported
according to the Preferred Reporting Items for System-
atic reviews and Meta-Analyses (PRISMA) 2020 state-
ment (Page et al., 2021).
Protocol and Registration

An a priori protocol was developed, stored at Padua
Research Archive institutional repository (available at:
https://www.research.unipd.it/handle/11577/3439978)
and then registered in the Systematic Reviews for Ani-
mals and Food (SYREAF) website (available at:
https://syreaf.org/protocols/).
Eligibility Criteria

Primary research studies eligible for inclusion were
screened according to the following PICO: studies con-
ducted in broiler chickens (Population) evaluating a bio-
security measure (Intervention) compared to lower
levels or absence of biosecurity measures (Comparator)
to prevent or control colibacillosis. The included studies
measured and reported the results of at least one of the
following outcomes: feed conversion ratio (FCR), con-
demnations at slaughter, and mortality due to colibacil-
losis (Outcome). The choice of the PICO and the
definition of the search strings were based on a priori
expert consultation. In addition, only randomized con-
trol trials with natural or experimental exposure to
APEC, published in English and/or Spanish were eligi-
ble for inclusion. Limitations on the publication date or
geographical location of the studies were not applied.
Information Sources

Bibliographic databases that provided a high level of
article recall across biomedical articles were used
(Bramer et al., 2017). Specifically, the searched data-
bases were: CAB Abstracts (in Ovid) and Agricola (in
ProQuest) accessed via the University of Bern (Switzer-
land); MEDLINE (in PubMed) and Web of Sciences
(WOS) accessed via the University of Padova (Italy).
Within WOS, Web of science core collection database
was used, except for Social Sciences Citation Index
(SSCI), Arts & Humanities Citation Index (AHCI),
Conference Proceedings Citation Index-Social Science &
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Humanities (CPCI-SSH), Book Citation Index - Sci-
ence (BKCI-S) and Book Citation Index - Social Scien-
ces & Humanities (BKCI-SSH) as their research focus
was not within the scope of this review. In addition to
these databases, reference lists of the included studies
(after full text screening) and review papers were
screened. Google Scholar was used for backward search
starting from the included papers.
Search Strategy

The search strategy involved a multi-stranded
approach that uses a series of searches, with different
combinations of concepts to gather all possibilities and
therefore achieve high sensitivity (Higgins et al., 2022).
The search string formatting was modified as needed to
reflect differences in database interfaces for each of the
selected ones. Search strategy included the following
concept related to the PICO: [Broilers] AND [Biosecur-
ity] AND [Colibacillosis]. Table 1 shows the adopted
search strategy for WOS database, those adopted for
the remaining databases are provided as Supplementary
Table 1 and 2 for MEDLINE, 3 for Agricola and 4 for
CAB Abstracts.

Searches were conducted twice applying the same
search strategy: the original search was conducted in
November 2021 (papers published to that date), fol-
lowed by a second search conducted in April 2023 (stud-
ies published from November 2021 to that date). The
search was conducted twice as an attempt to retrieve
potential new records published in the new timeframe.
For both searches, information sources were the same.
Selection Process

Search results were uploaded in Zotero software (ver-
sion 6.0.26), while duplicates and retracted citations were
removed. After this, citations were uploaded in Rayyan
software (https://www.rayyan.ai/) for the two-step
screening. The whole screening process (both title and
abstract, and full text) was carried out by 2 independent
Table 1. Full search string used to retrieve studies examining the effic
production as applied in Web of Science (via Web of Science).

TS = (“chicken*” OR “poultry*” OR “flock*” OR “gallus” OR “broiler*”) AND
TS = (“Biosecurity” OR “Clean*” OR “Disinfect*” OR “Disinfest*” OR “Pest ” O
OR “Vermin*” OR “Rodent*” OR “Fomites ” OR “Sanit*” OR “Hygien*” OR “A
OR “Downtime” OR “Turnaround” OR “Biological break” OR “Filter zone ” O
entry system” OR “Footdips” OR “Visitor*” OR “Thinning” OR “Depopulation

TS = (“colibacillosis” OR “colisepticaemia” OR “peritonitis” OR “coli” OR “Esch
“coliform” OR “colisepticemia” OR “coligranuloma” OR “Hjarre’s” OR “air sac
“cellulitis” OR “osteomyelitis”OR “brittle bone disease” OR “salpingitis”OR “s
“omphalitis” OR “enteritis” OR “hemorrhagic septicemia” OR “chronic respira
OR “swollen head syndrome” OR “venereal colibacillosis” OR “coliform cellulit
sac infection” OR “APEC” OR “pathogenic E. coli” OR “primary infection” OR
infection” OR “multifactorial” OR “multicausal”)

#1 AND #2 AND #3

Search strategies adopted for the remaining databases are provided as SM 1
original search: November 1st 2021; date of the additional search: April 13th 20
reviewers. Citations were excluded if both reviewers
responded “NO” to any of the screening questions. When
consensus between the two reviewers was not reached, a
third reviewer was asked to solve the conflict.
The first step consisted of title and abstract screening.

At the beginning, the concordance among all the 3
reviewers was evaluated by screening 100 randomly
selected studies. This calibration exercise enabled dis-
cussion and solved disagreements before carrying out
the full selection process (Sanguinetti et al., 2021). At
this stage, eligibility of studies was assessed with the fol-
lowing questions:

1. Is the study primary research assessing the use of bio-
security measure(s) to prevent or control colibacillo-
sis in broiler production chain? Yes [Pass], No
[Exclude], Unclear [Pass]

2. Does the study include an eligible comparator via a
controlled trial, disease challenge study or observa-
tional study? Yes [Pass], No [Exclude], Unclear [Pass]

Studies that met these inclusion criteria passed to the
second step which consisted of full text screening. As in
the previous step, the calibration exercise was carried
out on 25 randomly selected papers. Eligibility of studies
was assessed with the following questions:

1. Is a full text of more than 500 words available? Yes
[Pass], No [Exclude]

2. Is a full text available in English or Spanish? Yes
[Pass], No [Exclude]

3. Is the Population of the study broilers? Yes [Pass], No
[Exclude], Unclear [Exclude]

4. Is the Intervention of the study the use of biosecurity
measure(s) to prevent or control colibacillosis in
broilers? Yes [Pass], No [Exclude], Unclear [Exclude]

5. Is at least one of mortality, FCR, or condemnations
due to colibacillosis the Outcome(s) described? Yes
[Pass], No [Exclude]

6. Is the study design a controlled trial with natural or
experimental disease exposure? Yes [Pass], No
[Exclude]
acy of biosecurity to prevent or control colibacillosis in broiler

Search 1 - November 1st 2021 Search 2 - April 13th 2023

195,332 16,927
R “Insect*”
ll in-all out”

R “Danish
”) AND

949,452 101,694

erichia” OR
disease” OR
ynovitis”OR
tory disease”
is” OR “yolk
“secondary

650,634 49,789

1,264 299

and 2 for MEDLINE, 3 for Agricola and 4 for CAB Abstracts. Dates of the
23.

https://www.rayyan.ai/
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Data Collection Process

A Microsoft Excel standardized spreadsheet was used
for data extraction. This datasheet was created by one
of the authors and validated by all the others. Two inde-
pendent reviewers performed the data extraction from
the included studies. Since few studies were included, no
calibration exercise was performed. After data collection
from all the papers that met the full text screening crite-
ria, the 2 reviewers validated the extracted data. Valida-
tion occurred through discussion among the authors.
Data Items

Study Characteristics. Data extracted included gen-
eral information on the study and information on the
population and the intervention, specifically: year and
country (where the trial was conducted); duration of the
study (days); and study design (cross sectional or longi-
tudinal study). Data related to the population included:
production stage (hatchery, farm, not defined); popula-
tion (eggs, chicks); age of the population (days) when
intervention was applied; flock typology (commercial or
experimental flocks); birds’ size, origin, breed, and sex;
production type (conventional, organic, antibiotic-free);
birds’ production stage/age when outcome(s) were mea-
sured (day, d). Since hatching eggs were considered as
population in the present study, additional data on fer-
tile eggs (number) and hatched chicks (number) were
extracted.

Intervention Details. Data extracted concerning the
intervention included: information on E. coli exposure
(day of infection, d), any treatment received before
infection (day, d and method of application), duration
of infection (days), description of the biosecurity mea-
sure(s) and the comparator, application of the biosecur-
ity measure(s) and the comparator (method and
duration of exposure, in hours), production stage/age of
birds when the biosecurity measure(s) and the compara-
tor were applied (day, d). Other extracted information
can be found in Supplementary Table 5.
Outcomes

The outcomes’ data extracted from the eligible studies
included: FCR, condemnations at slaughter, and mortal-
ity due to colibacillosis. For all these outcomes, data on
the number of events (for mortality and condemnations
at slaughter), the percentage quantity (for FCR), the
production stage/age of birds (days) when the outcome
(s) were measured and the duration (start and end,
days) of the measured outcome were extracted.
Effect Measures

During data extraction, both mortality and condem-
nations at slaughter were recorded as number of mortal-
ity/condemnation events among the population
considered in the trial. The effect measure used for FCR
in data extraction was the mean difference as reported
in the original papers.
Risk of Bias Assessment

Risk of bias was assessed only for controlled trials by
using the Cochrane risk-of-bias tool for randomized tri-
als (RoB 2.0) (Higgins et al., 2022) (Supplementary
Tables 6−9). The following domains of bias were
assessed: bias arising from the randomization process,
bias due to deviations from the intended interventions,
bias due to missing outcome data, bias in the measure-
ment of the outcome and bias in selection of the reported
result.
Synthesis Methods

Included studies were narratively summarized after
extraction and tabulation.
RESULTS

Study Selection

Out of the 3,886 records identified after the databases
search, 2,237 were removed as duplicates and 2,308 were
screened for eligibility (Figure 1). During the title and
abstract screening, 2,234 records were excluded as not
complying with the inclusion criteria (96.8%), while 74
records passed to the full text screening phase. Ulti-
mately, only 4 studies were included as fitting the inclu-
sion criteria (Oosterik et al., 2015; Gholami-Ahangaran
et al., 2016; Li et al., 2018; Graham et al., 2021).
After the full-text screening, a considerable number of

papers were found to pertain to slaughterhouse practices
and food products. Therefore, the authors decided to
not consider this level of the production chain, and all
the studies performed in the slaughterhouse or consider-
ing the food products/carcasses were excluded. Studies
found to deal with egg incubators, hatcheries, or eggs
were instead included. This distinction was made since
the target of the study was to find evidence on the role
of biosecurity measures to prevent or control colibacillo-
sis during the rearing cycle. Three additional studies
appeared to meet the inclusion criteria but eventually
were excluded as not clearly (Toghyani et al., 2020)
and/or solely referring to APEC infection, i.e. mix cul-
ture of Staphylococcus aureus and E. coli (Mowry et al.,
1980) or multiple pathogens including E. coli, S. aureus,
S. chromogenes, Enterococcus faecalis, Aspergillus
fumigatus (Selby et al., 2023).
Study Characteristics

Of the studies included, 3 were randomized controlled
trials (RCTs) in which animals were challenged with E.
coli (Oosterik et al., 2015; Li et al., 2018; Graham et al.,
2021), and one was a RCT with natural disease exposure
(Gholami-Ahangaran et al., 2016).



Figure 1. Flow diagram according to PRISMA guidelines showing the selection process for the systematic review on biosecurity to prevent or
control colibacillosis in broiler production. 1Refers to the number of papers obtained with the additional search run in April 2023.
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The characteristics of eligible trials are shown in
Table 2. All the studies were performed after 2010 and
were carried out in Canada (Li et al., 2018), USA (Gra-
ham et al., 2021), Belgium (Oosterik et al., 2015), and
Iran (Gholami-Ahangaran et al., 2016) in both commer-
cial (Oosterik et al., 2015) and experimental flocks (Li et
al., 2018; Graham et al., 2021). One study focused on
chicks only (Oosterik et al., 2015) while the other 3
(Gholami-Ahangaran et al., 2016, Li et al., 2018, Gra-
ham et al., 2021) focused on eggs (hatching period) and,
subsequently, on hatched chicks. Mortality (either
embryo or chick) and FCR were the 2 outcomes studied
in the selected trials. No information on condemnations
at the slaughterhouse was found.

All the studies dealt with the same intervention mea-
sure, namely disinfection. Since disinfection was assessed
either during the incubation/hatching period or directly
on the chicks, the original population (broiler) was
divided into 2 subgroups consisting of the intervention
made in the pre-hatching period (n = 3) or the interven-
tion made in the post-hatching period (n = 1). For the
group that received intervention in the pre-hatching
period, outcomes were measured in the pre-hatching and
in the post-hatching period. Information regarding the
intervention during the pre-hatching and the post-
hatching period is reported in Table 3.
Concerning the pre-hatching period, the intervention

consisted in the exposition of the eggs to different disin-
fection protocols either after experimental exposure to
E. coli (Li et al., 2018; Graham et al., 2021) by using
nalidixic acid (NA)-resistant E.coli and wild-type E.
coli, respectively, or assuming a natural exposure to E.
coli (Gholami-Ahangaran et al., 2016). The disinfection
method was through a spraying system (Gholami-Ahan-
garan et al., 2016) or by fumigation of the eggs either in
the egg incubator (Li et al., 2018) or in the hatcher
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6 TILLI ET AL.
(Graham et al., 2021). The intervention was applied
between the laying and the beginning of the incubation
(Gholami-Ahangaran et al., 2016; Li et al., 2018) or
between the end of the incubation and the beginning of
the hatching phase (Graham et al., 2021).
Concerning the post-hatching period, the intervention

dealt with the exposition of chicks to different disinfec-
tion protocols (at d 32−33) after experimental exposure
to the virulent strain CH2 (at d 31−32) in both cases via
nebulization directly on chicks (Oosterik et al., 2015).
The biosecurity measure was the use of disinfectants
effective against viruses, bacteria and fungi (Virkon S
and Quaternary ammonium) and yeasts (H2O2), with
antimicrobial characteristics (Formaldehyde) or natural
bacteriolytic enzyme (LP). In general, the application
method included spraying (Gholami-Ahangaran et al.,
2016), fumigation (Li et al., 2018; Graham et al., 2021)
and nebulization (Oosterik et al., 2015). The duration of
the disinfectants’ application varied from 10 (Li et al.,
2018) to 60 minutes (Oosterik et al., 2015). Comparisons
in 3 studies were performed with groups receiving dis-
tilled water (Oosterik et al., 2015; Gholami-Ahangaran
et al., 2016; Li et al., 2018). In the remaining study, no
intervention was carried out, that is, no fogging of the
hatcher (Graham et al., 2021).
Risk of Bias and Additional Analysis

All the included studies were assessed for bias only for
the mortality outcome. Oosterik et al. (2015) presented
a very high risk of bias, since there were no measure-
ments of the pre-hatching mortality (or embryo mortal-
ity). For all the other 3 studies (Gholami-Ahangaran et
al., 2016; Li et al., 2018; Graham et al., 2021), the risk of
bias assessment presented some concerns regarding the
quality of the evidence. FCR was not assessed as out-
come for the risk of bias since it was not measured con-
sistently in most papers. Similarly, condemnations at
slaughter were not assessed for bias, since it was not
reported as an outcome in any of the included studies.
Results of Individual Studies

All the studies reported to have either FCR or mortal-
ity as outcome. Despite the intervention having been
made before hatching in the pre-hatching subgroup,
Gholami-Ahangaran et al. (2016), Li et al. (2018), and
Graham et al. (2021) assessed the outcomes only in the
post-hatching period. Information regarding the out-
comes in the pre-hatching period and the post-hatching
period are reported in Tables 4 and 5, respectively.
Concerning the pre-hatching period (Table 4),

embryo mortality was the only outcome retrievable
(Gholami-Ahangaran et al., 2016; Li et al., 2018; Gra-
ham et al., 2021). In detail, the embryo mortality was
recorded during the whole incubation period (from
freshly laid eggs to hatching), accounting for 22 d (Gho-
lami-Ahangaran et al., 2016) or 23.3 d (Li et al., 2018).
Embryo mortality was calculated upon the number of



Table 3. Summary of the infection and intervention data concerning the pre- and post-hatching period retrieved from the eligible studies after the screening phase.

References
Population
(subset) Infection with E. coli (day)

Treatment applied
before infection with

E. coli Biosecurity measure

Method of
biosecurity measure

application

Duration of exposure
to the biosecurity
measure (minutes)

Age of eggs when
intervention was applied

(days)

Oosterik et al.,
2015

Post-hatching d31 and d32 with a virulent
APEC strain CH2 (10 ml
of 1010 colony forming
units/ml (cfu/ml)) with a
compressor and nebulizer

Oral vaccination
against Newcastle
disease at d28

Exposition of chicks to
10 ml of 1% H2O2

Nebulization 60 d32-d33

Exposition of chicks to
10 ml of 2% H2O2

Gholami-Ahan-
garan et al.,
2016

Pre-hatching No artificial contamination
of eggs

ND Exposition of eggs to Vir-
kon S 1/100 dilution

1500 ppm sprayed on
each egg. After
spraying, fertile
eggs remained in
room temperature
for drying

ND 0, (disinfected in the
breeder farm, 2 h after
laying)

Exposition of eggs to Vir-
kon S 1/200 dilution

Exposition of eggs to
formaldehyde

Disinfected in incu-
bator (under com-
mercial conditions)

Graham et al.,
2021

Pre-hatching Infected at d19 of incuba-
tion with isolate I1 (recov-
ered postmortem from
diseased chicks). In ovo
administration of either
1.00 £ 102 confirmed cfu/
200 uL/embryo (Experi-
ment 2) or 1.12 £ 102 con-
firmed cfu/200uL/embryo
(Experiment 3)

ND Exposition of eggs to
formaldehyde

Fumigation of the
hatch cabinet via a
drip application of
6mL of formalin
every 3 h after

Every 3 h for ND
time, after transfer
from the incubator
to the hatching
cabinet until 12 h
before hatch pull

Not clear, (fumigation
started after the transfer
from the incubator to the
hatching cabinet)

Li et al., 2018 Pre-hatching Infected at d3. post laying .
Submerged in a BPW
containing 5.7 £ 106 cfu /
mL NA-resistant E. coli

Storage of eggs (after
collection on field)
at 15°C and 75%
relative humidity
for two days prior
to incubation

Exposition of eggs to 1.5%
lysozyme product (Inova-
pure) (LP)

Fumigated to gener-
ate an aerosol (7 to
10 microns) with
ultrasonic technol-
ogy. Order of sani-
tizer application
randomized

10 Three (after collection of
eggs on field, storage and
before the beginning of
incubation)

Exposition of eggs to 3.0%
lysozyme product (Inova-
pure) (LP)

Exposition of eggs to
0.125% quaternary
ammonium (QA)

Except for the study of Graham et al. (2021), where no treatment was applied in the negative control group, the remaining studies used distilled water as a comparator. The duration of the infection was 60 and 1
minute in the studies of Oosterik et al. (2015) and Li et al. (2018), respectively. This information was not provided in any of the other included studies. Oosterik et al. (2015) used APEC CH2 during the experi-
ments, while the serotypes used in the remaining studies were not reported.

Abbreviations: ND, not defined
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Table 4. Summary of the outcome data concerning the pre-hatching period retrieved from the eligible studies after the screening phase.

References Group ID (number of eggs)
Fertile eggs
(number)

Hatched chicks
(number) Biosecurity measure

Period when outcome
(mortality) was recorded

(days)

Mortality events
due to E. coli
(percentage)

Gholami-Ahan-
garan et al.,
2016

Group 1 30 15 Exposition of eggs to Virkon S 1/100
dilution

From start laying to hatch-
ing day (22)

2 (13.33)

Group 2 30 23 Exposition of eggs to Virkon S 1/200
dilution

1 (4.35)

Group 3 30 25 Exposition of eggs to formaldehyde gas 0 (0.00)
Negative Control 30 27 Exposition of eggs to distilled water 3 (11.11)

Li et al., 2018 Group 1 (640 male and 640 female with 4
replicates)

311 289 Exposition of eggs to 1.5% lysozyme prod-
uct (Inovapure) (LP)

Incubation period (23.3) 21 (6.69)

Group 2 (640 male and 640 female with 4
replicates)

309 277 Exposition of eggs to 3.0% lysozyme prod-
uct (Inovapure) (LP)

32 (10.33)

Group 3 (640 male and 640 female with 4
replicates)

314 282 Exposition of eggs to 0.125% quaternary
ammonium (QA)

32 (10.28)

Negative Control (640 male and 640
female with 4 replicates)

313 281 Exposition of eggs to distilled water 32 (10.26)

Graham et al.,
2021

Group 1 (210 eggs) − Experiment 2 ND Not impacted Exposition to I1 strain (contact) Incubation period Hatchability not
impacted (0)

Group 2 (210 eggs) − Experiment 2 Exposition to I1 strain (seeder)
Group 3 (210 eggs) − Experiment 2 Exposition to I1 strain + formaldehyde

(contact)
Group 4 (210 eggs) − Experiment 2 Exposition to I1 strain + formaldehyde

(seeder)
Negative control − Experiment 2 ND
Group 5 (210 eggs) − Experiment 3 Exposition to I1 strain (contact)
Group 6 (210 eggs) − Experiment 3 Exposition to I1 strain (seeder)
Group 7 (210 eggs) − Experiment 3 Exposition to I1 strain + formaldehyde

(contact)
Group 8 (210 eggs) − Experiment 3 Exposition to I1 strain + formaldehyde

(seeder)
Negative control − Experiment 3 ND

Only mortality is reported as outcome referring to this subpopulation. Data on FCR and condemnations to the slaughterhouse were not applicable.
Mortality observation period (start day-end day) was as follows: from d 0 of laying to d 22 of hatching (Gholami-Ahangaran et al., 2016), from the start of incubation to d 24.3 of hatching (Li et al., 2018), and

from the starting of incubation to hatching day (Graham et al., 2021).
Abbreviation: ND, not defined
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Table 5. Summary of the outcome data concerning the post-hatching period retrieved from the eligible studies after the screening phase. Mortality and FCR are reported as outcomes refer-
ring to this subpopulation.

References Group ID (number of animals/eggs) Biosecurity measure

Period when outcomes
(mortality and FCR)

were recorded
Mortality or number of

dead (percentage) FCR (feed/gain)

Oosterik et al., 2015 Group 1 (5 chicks) Exposition of chicks to 10 mL of 1% H2O2 From 1 to 7-8 d 0 NA
Group 2 (5 chicks) Exposition of chicks to 10 mL of 2% H2O2 0
Negative control (5 chicks) Exposition of chicks to distilled water 0

Gholami-Ahangaran et
al., 2016

Group 1 (30 eggs with 3 replicates-15 chicks
hatched)

Exposition of eggs to Virkon S 1/100 dilution Hatching day until 7 d
post hatching

1 (6.67) 0.81

Group 2 (30 eggs with 3 replicates-23 chicks
hatched)

Exposition of eggs to Virkon S 1/200 dilution 1 (4.35) 0.80

Group 3 (30 eggs with 3 replicates-25 chicks
hatched)

Exposition of eggs to formaldehyde gas 1 (4) 0.82

Negative Control (30 eggs with 3 replicates-27
chicks hatched)

Exposition of eggs to distilled water 13 (48.15) 0.81

Li et al., 2018 Group 1 (640 male and 640 female with 4 repli-
cates)

Exposition of eggs to 1.5% lysozyme product
(Inovapure) (LP)

From d 1 to 33 d 3 (2.2) 1.43

Group 2 (640 male and 640 female with 4 repli-
cates)

Exposition of eggs to 3.0% lysozyme product
(Inovapure) (LP)

3 (2.2) 1.43

Group 3 (640 male and 640 female with 4 repli-
cates)

Exposition of eggs to 0.125% quaternary ammo-
nium (QA)

4 (2.5) 1.40

Negative Control (640 male and 640 female with
4 replicates)

Exposition of eggs to distilled water 5 (3.1) 1.42

Graham et al., 2021 Group 1 (210 eggs) − Experiment 2 Exposition to I1 strain (contact) From day of hatch to 7 d Not impacted NA
Group 2 (210 eggs) − Experiment 2 Exposition to I1 strain (seeder) Not impacted NA
Group 3 (210 eggs) − Experiment 2 Exposition to I1 strain + formaldehyde (contact) Not impacted NA
Group 4 (210 eggs) − Experiment 2 Exposition to I1 strain + formaldehyde (seeder) Not impacted NA
Negative control − Experiment 2 ND Not impacted NA
Group 5 (210 eggs) − Experiment 3 Exposition to I1 strain (contact) Not impacted NA
Group 6 (210 eggs) − Experiment 3 Exposition to I1 strain (seeder) Not impacted NA
Group 7 (210 eggs) − Experiment 3 Exposition to I1 strain + formaldehyde (contact) Not impacted NA
Group 8 (210 eggs) − Experiment 3 Exposition to I1 strain + formaldehyde (seeder) Not impacted NA
Negative control − Experiment 3 ND Not impacted NA

Abbreviations: ND, not defined; NA, not applicable.
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10 TILLI ET AL.
hatched chicks in both studies. Formaldehyde disinfec-
tion by spraying (Gholami-Ahangaran et al., 2016) and
disinfection with 1.5% lysozyme product (LP) by fumi-
gation (Li et al., 2018) obtained the lowest embryo mor-
tality among the tested protocols, while according to
Graham et al. (2021), the hatchability was not impacted
as result of the challenge.

Referring to the post-hatching period (Table 5), chick
mortality was recorded in all the studies, while FCR was
recorded only in 2 studies (Gholami-Ahangaran et al.,
2016; Li et al., 2018). Specifically, the observation period
for all the outcomes was until d 7 to 8 d post-hatch
(Gholami-Ahangaran et al., 2016; Li et al., 2018;
Graham et al., 2021) or until the end of the rearing cycle
(Oosterik et al., 2015) accounting for 7 to 8 d and 33 d,
respectively. In the observation period, chick mortality
was neither impacted according to Graham et al. (2021)
nor observed according to Oosterik et al. (2015), but it
was higher in the control group than the treated groups
in Gholami-Ahangaran et al. (2016) and Li et al. (2018).
In the observation period, FCR was slightly higher in
the formaldehyde treated group (Gholami-Ahangaran
et al., 2016) and in the 2 lysozyme product (LP) groups
(Li et al., 2018) than in the other tested groups.
Results of the Synthesis

The aim of this systematic review was to conduct a
quantitative synthesis of results via a (network) meta-
analysis. The synthesis approach proposed in the pro-
tocol was not conducted because of the few eligible tri-
als and the scarcity of data available to address the
research question. Additionally, a meta-analysis and
sensibility analysis were not performed. However, trial
results are presented in Tables 2 to 5. No summary
measure was calculated and heterogeneity was not for-
mally assessed.
Reporting Biases

All the studies were assessed for biases concerning
only mortality as outcome. All the studies were judged
to have some bias concerns for multiple domains (i.e.,
bias arising from the randomization process, bias due to
deviations from the intended interventions, bias in the
measurement of the outcome and bias in selection of the
reported result) in a way that substantially lowered the
confidence of results. Gholami-Ahangaran et al. (2016),
Li et al. (2018), and Graham et al. (2021) reported to
have a low risk concerning bias due to missing outcome
data, while Oosterik et al. (2015) was judged to be at
high risk due to missing outcome as there was no pre-
hatching phase. Additionally, lack of details concerning
the relationship between the exposure to the pathogen
and the application of the intervention was found in all
the studies. Results of the risk of bias assesment are pre-
sented as Supplementary Material 6-9.
Certainty of Evidence

No assessment of certainty was performed due to the
limited number of papers included.
DISCUSSION

Biosecurity measures to prevent infectious diseases
are crucial for controlling animal health, antimicrobial
use, and public health issues in livestock production,
including poultry (Hulme, 2021; Mallioris et al., 2023).
Despite its importance, the role of biosecurity in coliba-
cillosis prevention or control has never been thoroughly
investigated even considering the high impact of the dis-
ease on the poultry industry. Thus, the purpose of this
systematic review was to investigate the role that biose-
curity measures may have in preventing or controlling
colibacillosis in broiler production. The findings included
only 4 studies that matched the criteria set in the origi-
nal protocol (Oosterik et al., 2015; Gholami-Ahangaran
et al., 2016; Li et al., 2018; Graham et al., 2021).
The term “biosecurity” used in the search served as an

umbrella term, encompassing all measures related to
preventing the entry and spread of pathogens to and
within the farm (WOAH, 2022). Consequently, all the
measures referred to the aforementioned practices
should be considered, ranging from the entry of visitors,
vehicles, and animals in the farm, location of the farm
(external biosecurity) to cleaning and disinfection proce-
dures, measures between different farm compartments
and eggs management (internal biosecurity) (Gelaude et
al., 2014; Van Limbergen et al., 2018; Delpont et al.,
2021). Given the diversity and the large number of prac-
tices related to biosecurity and the difficulty, in some
cases, to distinguish between biosecurity and manage-
ment interventions, an overlap between the two topics
were to be expected (Kumar and Bhattacharya, 2019).
For this systematic review, a panel of poultry experts
from the poultry colibacillosis drafting group of ENO-
VAT was consulted to provide their opinion on the char-
acteristics of the PICO elements and the search string.
The feedback received was subsequently discussed
among the authors, who collectively decided on the final
search string. Thus, the search terms related to [Biose-
curity] were validated after expert consultation, to
define which practices were specifically related to it. As
a consequence, the adopted list of keywords related to
biosecurity aimed at being as comprehensive as possible,
allowing us to capture the complexity and broadness of
the topic in the reviewed studies.
Despite the heterogeneity of terms related to biosecur-

ity that could have potentially led to different studies,
only RCTs investigating exclusively the role of disinfec-
tion either in the pre-hatching or in the post-hatching
phase for colibacillosis prevention or control, were
retrieved (Table 2). Disinfection in the pre-hatching
period is a fundamental practice to prevent bacterial
outbreaks in the hatchery (Motola et al., 2023), but it is
only one out of the several biosecurity measures that can
be implemented.
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Regarding the findings obtained in this systematic
review, Gholami-Ahangaran et al. (2016) compared the
use of disinfection with formaldehyde with other two
alternative protocols, resulting in better outcomes in
terms of mortality (both embryos and chicks) but in
slightly worst effect on FCR (Tables 4 and 5). Similarly,
Graham et al. (2021) reported no impact on hatchability
and mortality after fumigation of the hatching room
(Table 4 and 5). This finding is in line with available lit-
erature (Motola et al., 2023). Among the used disinfec-
tants and disinfection techniques, fumigation with
formaldehyde is the gold standard in the hatchery envi-
ronment. However, it can result in toxic residues and
compromise the hatchability and the chicks growth per-
formance (Oliveira et al., 2020); hence it represents a
high risk for chick quality and personnel’s health
(Çad{rc{, 2009; Duong et al., 2011). Recent studies
assessed different alternatives, both natural (e.g., use of
probiotics, eucalyptus extract, essential oils) (Graham
et al., 2018; Motola et al., 2020; Toghyiani et al., 2020)
and chemical (e.g., hydrogen peroxide, peracetic acid,
low energy electron beam) (Motola et al., 2020; Pees et
al., 2022), depicting a general interest in finding alterna-
tive disinfection protocols for hatching eggs and suggest-
ing awareness and/or commercial interest on alternative
solutions.

Among the included papers, Li et al. (2018) tested dif-
ferent disinfection protocols with different disinfectants,
namely lysozyme product (LP) at different concentra-
tions and quaternary ammonium (QA) (Table 3). This
intervention resulted in better effect on mortality due to
colibacillosis by fumigating the eggs in the pre-hatching
phase with 1.5% LP and better results in FCR by fumi-
gating the eggs in the pre-hatching phase with 0.125%
QA (Table 4 and 5).

Another possible reason explaining the low number of
papers included could be related to the typology of stud-
ies, that is, only RCTs eligible to assess the role of biose-
curity to prevent or control colibacillosis. All the
included studies compared the effects on a randomly
allocated population of different disinfection protocols.
RCTs with specific use of disinfectants are linked to pro-
cedural biosecurity (e.g., disinfection protocols) and are
easier to test than trials linked to structural biosecurity
(e.g., the role of having vs. not having the farm fencing,
for example), which may need a different study design
to be investigated. Hence, addressing experimental
design challenges concerning relevant structural biose-
curity measures can be complex due to various factors
(e.g., APEC serotype, animal breed), which could poten-
tially influence the final results. Similar challenges have
been documented in other reviews (Paudel et al., 2024).
However, the risk of bias assessment judged all the afore-
mentioned studies as presenting some concerns related
to the randomization process, suggesting potential chal-
lenges encountered in the RCT design for the evidence-
based veterinary medicine (Vandeweerd et al. 2012).

The results of the included studies in this systematic
review were difficult to compare due to the heterogeneity
of information described (i.e., different protocols,
disinfectants, biosecurity measures, outcomes, popula-
tion subsets). For example, contrary to the other
included studies, Oosterik et al. (2015) assessed the use
of disinfectants directly on chicks (post-hatching popu-
lation) to lower APEC pathogenicity (so potentially to
control colibacillosis), highlighting that the use of H2O2
as disinfectant nebulized directly on chicks is not advis-
able since the susceptibility to APEC infection increases
rather than decreases.
According to the risk of bias assessment, trustworthi-

ness of the included studies is limited because they pre-
sented some concerns regarding multiple bias domains.
Specifically, Oosterik et al. (2015) was judged as carry-
ing high risk of bias related to missing outcome data.
However, the risk of bias tool used mostly assessed
parameters that are of interest in RCTs involving
human trials. Therefore, this assessment seems to be not
particularly informative in studies as those described in
this paper, highlighting the need for dedicated risk of
bias tools in veterinary medicine reviews.
In this review, the outcomes were selected according

to stakeholders’ consultation (similarly to the selection
of the keyword terms), and only mortality, FCR, and
condemnations at slaughter due to colibacillosis were
considered. However, during the screening process of the
eligible studies, other outcomes such as lesion scoring,
body weight gain, hatchability of eggs were repetitively
reported, with lesion scoring being the most frequent
one, as also reported in Oosterik et al. (2015). This may
be a suggestion for improving the search methodology in
the future since the aforementioned outcomes can be of
interest for stakeholders as well. The notable lack of
direct study evidence linking specific biosecurity practi-
ces to outcomes associated with APEC and infected
flock might be attributed to the challenges in designing
studies to assess biosecurity measures. Additionally, as
reported by Delpont et al. (2023), the absence of avail-
able data on biosecurity may have contributed to the
difficulties encountered in retrieving suitable studies for
this systematic review.
The scarcity of studies matching the selection criteria,

in addition to the broadness of the topic, highlights the
urgent need for further research. Specifically, studies
investigating the relationship between the implementa-
tion of biosecurity measures and the incidence of coliba-
cillosis would be highly valuable. Such studies are
necessary to accurately assess the impact of biosecurity
in preventing the disease.
CONCLUSIONS

This systematic review aimed at addressing the role of
biosecurity to prevent or control colibacillosis in the
broiler production chain by screening all available and
eligible studies and therefore contributing to the evi-
dence-based decision-making process when adopting
specific biosecurity measures. The scarcity of available
eligible studies, together with the broadness of the biose-
curity concept, reflected by the diversity of interventions
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applied, highlight the absence of supportive evidence for
the efficacy of biosecurity measures to prevent or control
colibacillosis in broilers. Therefore, additional research
addressing this gap is strongly needed.
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