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ARTICLE INFO ABSTRACT

Keywords: Avian influenza (AI) poses a significant threat to animal and human health, as well as to the poultry industry,
Animal husbandry with demonstrably pandemic potential. Intensive farming has been associated with conditions that may facilitate
Biosecurity

the emergence and spread of Al viruses with pandemic potential. To assess the risk and protective factors
associated with Al infections in poultry within intensive production systems, a systematic literature review was
conducted. Databases including Embase, PubMed/Medline, the Health Management Information Consortium,
and Global Health were searched for publications from 2003 to 2023, with additional grey literature included. A
total of 127 full-text studies were reviewed by two independent researchers, resulting in 27 studies being
included. Quality appraisal of the included studies was performed using the Critical Appraisal Skills Programme
and the Joanna Briggs Institute checklists, leading to the exclusion of four studies due to low quality. Ultimately,
23 studies were included in the final analysis. Study characteristics, as well as risk and protective factors were
extracted, with most factors being related to the introduction of Al into commercial poultry farms. Biosecurity
measures emerged as the most significant protective factor against Al. Environmental factors and the production
system adopted also influenced a farm’s risk of Al infections. Given AI's detrimental effect on ecosystems,
economies, international trade, and both human and animal health, enhancing husbandry and biosecurity
practices on commercial poultry farms is crucial to safeguard animal welfare, promote sustainable poultry
production, and manage the risk of emerging pandemic Al strains.

Influenza in birds
Protective factors
Risk factors

Systematic review

1. Introduction

Avian Influenza (Al) is primarily a disease affecting bird populations,
but certain Al viruses (AIV) demonstrably carry pandemic potential and
are considered a threat to human health (Yamaji et al., 2020; Sutton,
2018; Kong et al., 2015; Peiris et al., 2007; Liu, 2006). AIV can have
detrimental health and economic effects, particularly in regions reliant
on animal husbandry (Hill et al., 2015; Basuno et al., 2010). Settings
where people come into close contact with animals, such as live animal
trade and commercial farming, are at high risk for zoonotic outbreaks
(Sulaiman et al., 2021; Capua and Marangon, 2006).

Wild birds (Global Consortium for HS5N8 and Related Influenza

* Corresponding author.

Viruses, 2016), scavenging poultry (Badruzzaman et al., 2022), back-
yard flocks (Kwon et al., 2019), and non-avian species, such as swine,
mink, domestic cats and dogs, and occasionally equids (De Vries and De
Haan, 2023; Occhibove et al., 2024; Van Leeuw et al., 2025; Van Reeth
et al., 2017) are reservoirs for low pathogenic Al (LPAI) strains. Some
studies suggest that less industrialized or backyard poultry systems can
be more vulnerable to AI due to lower biosecurity and greater exposure
to wild birds (Biswas et al., 2009; Gilbert et al., 2006). However, certain
husbandry practices in commercial poultry farming, such as number of
birds and flocks per cycle and movement of farm workers, as well as the
large number and density of poultry kept (Willyard, 2019; Smith and
Dunipace, 2011; Gilchrist et al., 2006), can create conditions that
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facilitate AIV reassortment. This may contribute to the emergence of
highly pathogenic avian influenza (HPAI) strains, some of which are of
human pandemic potential (Shi et al., 2017; Wu et al., 2015; Gambotto
et al.,, 2008). That said, reassortments of AIVs have also frequently
occurred in wild birds, which serve as highly permissive hosts for viral
genetic exchange, and also in mammals such as pigs and other wild or
domesticated mammals, facilitating the emergence of novel strains and
host range expansion (Peacock et al., 2024; Ganti et al., 2021). Workers
on commercial poultry farms have a higher risk of contracting AI than
the general population (Li et al., 2016; Qi et al., 2014; Wang et al.,
2014a,2014b), and Al is considered an occupational hazard (Fournié
et al., 2017; MacMahon et al., 2008). Recently, a human case was re-
ported in a poultry farm worker in the UK, while between May 2024 and
March 7, 2025, US health authorities reported 12 cases of AIV infection
in humans (European Food Safety Authority, 2025; Pan-American
Health Organization, 2025). Furthermore, the first human death from
H5N1 was confirmed in the US on January 6, 2025 (Centers for Disease
Control and Prevention, 2025).

Most human HPALI infections are a result of contact with poultry
(European Centre for Disease Prevention and Control, 2023) or
contaminated environments, such as surfaces, soil, bird feces, and
feathers (Miskiewicz et al., 2018). However, there have been sporadic
human-to-human and human-to-animal transmission incidents (Shi
et al., 2020; Sjurseth et al., 2017). Currently, the most predominant
HPAI subtype in human infections is H5N1, which according to the
World Health Organization (WHO) has a human mortality rate of around
50 %. Symptoms in humans include fever, cough and dyspnea, which
gradually worsen, and deaths have been linked to organ failure (Rajabali
et al., 2015; Chen et al., 2014; Hien, 2012). Al is considered a threat to
public health because certain forms may cause severe illness in humans
(Yang et al., 2013; Zhang et al., 2010) and outbreaks have spread more
extensively in terms of geographical distribution and host range (Eisfeld
et al., 2024; Kniss et al., 2023; Wille and Barr, 2022; Kaplan and Webby,
2013). As there are more places where Al circulates, as showcased by
recent epidemics in intensive production systems in Europe, North
America (US, Canada) and Asia (South Korea, Taiwan, Japan, India),
there is more opportunity globally for the emergence of AIV with
pandemic potential (Dupas et al., 2025; European Food Safety Author-
ity, 2025; Department for Environment, Food & Rural Affairs, 2024;
Centers for Disease Control and Prevention, 2022; World Health Orga-
nization, 2022). The escalating risk of Al has shifted the focus from
prevention alone to advocating for a fundamental redesign of the food
system (Wegner et al., 2022). Therefore, improving understanding of
risk factors for avian influenza on commercial poultry farms, which are
recognized as environments where novel strains may reassort and
spread, potentially increasing human exposure, is essential for effective
prevention and control.

Various factors affect commercial farms’ risk for AI outbreaks.
Research showed that flocks living under intensive farming conditions
were at a high risk for emergence of and infection with reassorted Al
strains, emphasising the need for biosecurity and surveillance measures
(Melidou et al., 2024; Chang, 2016). Adequate biosecurity measures and
educating poultry farm workers about their role in Al prevention have
been successful in preventing outbreaks (Bos et al., 2010; Gray and
Kayali, 2009; MacMahon et al., 2008). Prioritizing poultry farm workers
in Al vaccination programs offers a demonstrated benefit in mitigating
the risk of Al outbreaks by reducing the potential for viral reassortment
and transmission between humans and poultry (Artois et al., 2018; Gray
and Baker, 2007). That said, measuring the level of implementation of
biosecurity and surveillance measures is not straightforward and diffi-
cult to do accurately, thus the quality of evidence available in literature
needs to be carefully assessed.

The aim of this systematic review was to identify the key risk and
protective factors for Al within commercial indoor poultry farms.
Obtaining a thorough understanding of the associated factors may
support policy-makers decide what changes should be made to protect
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public health, particularly as certain AIV have become endemic in some
regions and cases have risen globally.

2. Materials & methods

The review was conducted according to PRISMA (Preferred Report-
ing Items for Systematics Reviews and Meta-Analyses) guidelines and
was registered in the PROSPERO database on January 15, 2024
(CRD42024463281).

2.1. Eligibility criteria

Inclusion and exclusion criteria (Table 1) were developed using the
PECO search framework (Morgan et al., 2018) (Appendix A). Analytic
observational studies, clinical trials and quasi-experimental field trials
were eligible for inclusion.

2.2. Search strategy

The Embase, PubMed/Medline, Health Management Information
Consortium and Global Health databases were searched for medical
subjects, and Scopus was searched to include a multidisciplinary
perspective. As Al is recognized as an occupational risk, the Interna-
tional Labour Organization website was searched, along with the web-
sites of the World Organisation for Animal Health (WOAH) and the
WHO for grey literature (Adam-Poupart et al., 2021). A systematic
literature search was conducted separately on each database between
the 20th and 27th July 2023, and to ensure comprehensive coverage of
the available evidence, an additional manual search was performed in
March 2025. MeSH terms were used to guarantee that no results would
be lost due to different spelling or use of terms, as well as to ensure that
the search strategy produced all suitable results. The comprehensive
search strategy is presented in Appendix B.

2.3. Study selection

All identified references were uploaded onto Covidence (Veritas
Health Innovation, 2024), where duplicates were automatically
removed. The titles and abstracts of publications were screened by one
reviewer (E.G.) based on the inclusion and exclusion criteria. Full-text
screening for inclusion into the study according to the eligibility
criteria was performed independently by two reviewers (W.K., E.G.) for
studies deemed suitable at the title/abstract level or when the abstract
was not informative enough to decide. There was 85 % agreement be-
tween the two reviewers. Any conflicts were resolved by consensus and
if agreement could not be reached, a third reviewer (L.K.) made the final
decision. Reasons for exclusion were recorded (including duplicates).

2.4. Data extraction

A standardised Excel template was used to collect information on
study design characteristics and methodology along with baseline
characteristics and key outcomes of interest regarding risk and protec-
tive factors for Al The data extraction was undertaken by one reviewer
(E.G.) and checked by a second reviewer (W.K).

2.5. Quality assessment

To enhance the relevance and reliability of the review, the included
studies were assessed for quality and bias. Firstly, the Critical Appraisal
Skills Programme (CASP) checklist (Critical Appraisal Skills Programme,
2024), recommended by Cochrane, was used to assess the quality of the
case-control studies and to allow prioritization of studies of higher
quality during evidence synthesis. Secondly, the Joanna Briggs Institute
(JBI) checklist (Joanna Briggs Institute, 2020) was used for
cross-sectional studies. Each included study was scored based on these
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Table 1
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Inclusion and exclusion criteria used for the selection of studies in the systematic review.

Inclusion Criteria
English language

Commercial indoor farms where poultry is raised for meat / products / re-sell
Reported risk factors for Al within commercial indoor poultry farms

Reported protective factors against Al within commercial indoor poultry farms
Reported odds ratios for each risk / protective factor

Farms with chickens, ducks, quails, turkeys, geese, pheasants, doves, ostriches
Studies where the outcome is Al infection

e Grey literature reports and publications by non-industry organizations
Exclusion Criteria

Backyard / household flocks.

Wild / migratory birds

Studies about live markets, zoos, game birds, cockfighting
Studies about non-avian species
Studies about other diseases

Publication between 2003 (major outbreak among poultry farm workers in the Netherlands [Koopmans et al., 2004]) and February 2025
AI (LPAI and HPAI strains, as they can both cause severe illness in humans and birds)

Phylogenetic analyses, studies about serological evidence, seroprevalence studies, reviews, opinions, experimental studies (in vitro infections), economic studies, genome
characterization, molecular epidemiology, genome sequencing, mathematic modelling

Free-ranging / outdoor farms (unless they are compared to commercial farms and / or it is possible to differentiate the study’s results about intensive and free-ranging farms)

Al avian influenza; HPAI, highly pathogenic avian influenza; LPAI, low pathogenic avian influenza

checklists and a threshold of 9/11 for the CASP checklist and 6/8 for the
JBI checklist was set. If a study scored less than the threshold, it was
excluded to ensure the inclusion of studies of high quality.

2.6. Data synthesis and analysis

Regarding evidence synthesis, since a variety of study types were
included and the results were heterogenous and not readily comparable,
a meta-analysis was not deemed appropriate (McKenzie and Brennan,
2019; Imrey, 2020). Extracted data were grouped and presented in
separate tables and sections based on whether the risk/protective factor
mentioned referred to the introduction or the spread of Al For the
measures and factors that applied to both, a separate paragraph and
table were compiled. The risk factors in each table were sorted by odds
ratio (OR), starting with OR higher than 1 and ending with OR lower

16,120
records identified

through database
searching

7,416 records after
duplicates removed

7,416 records screened

A

127 full-text
records assessed for

eligibility

Eligibility

§ |

23 records included in
systematic review

than 1.
3. Results

The database search identified a total of 16,120 records, of which
8704 duplicates were removed using Covidence Software. The study
selection process, along with the rationale for inclusion and exclusion, is
detailed in the PRISMA flow diagram (Fig. 1).

After applying the inclusion and exclusion criteria, a total of 27
studies were initially retained. However, four studies were subsequently
excluded from the analysis due to low scores on the JBI and CASP
checklists, leaving 23 studies for final inclusion. Of these, 20 were case-
control studies and three were cross-sectional. All the studies conducted
research on the premises of commercial poultry farms between 2003 and
2022, with study locations spanning Asia (n = 12), Africa (n = 5), North

* 8,704 duplicates removed

* 7,289 records excluded

4 records excluded due to
¥ low quality based on
JBI/CASP checklist

104 full-text records excluded with reasons:
- 41 irrelevant study design
= 24 irrelevant outcomes
= 11irrelevant patient population
= 10irrelevant setting

= S notinduding
= 4no full text available
~ 4 no risk factors

= 1lirrelevant years of data collection

Fig. 1. PRISMA flow diagram depicting the process and rationale of study selection for this review.
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America (n = 3), and Europe (n = 3). Fifteen studies reported data on
farms affected by HPAI, while seven focused on LPAI, and one study
included data on farms affected by both Al forms. Study characteristics
are detailed in Table 2.

Questionnaires were administered on farms with laboratory-
confirmed infection in 16 studies (#ID
3,4,6,7,8,9,11,12,13,14,15,16,17,19,21,22).  Multivariable logistic
regression was used in 14 of these studies, while binomial logistic
regression was conducted in the remaining two. Site visits were con-
ducted in seven studies (#ID 1,2,5,10,18,20,23). Additionally, nine
studies employed polymerase chain reaction (PCR) (#ID
2,6,7,8,9,12,14,17,21) to confirm infection and three studies used
enzyme-linked immunosorbent assay (ELISA) (#ID 5,11,20) to estimate
seroprevalence.

3.1. Quality appraisal of included studies

The case-control and cross-sectional studies had a median score of 10
out of 11 and 7 out of 8 on the CASP and JBI checklists, respectively. The
four studies that were excluded due to a low score did not account for
bias and / or confounding factors. The results of the quality appraisal are
included in Appendix C.

3.2. Studies investigating only factors associated with the introduction of
Al

Finding a dead crow at or near the poultry farm was associated with
the highest OR for the introduction of AI (OR 47.4; 95 % CI 4.7-480.3)
(Biswas et al., 2011), followed by the farm being located close to other
farms (OR 46.1; 95 % CI 5.96-357.55) (Wells et al., 2017), the farm

Table 2
Summary of the main characteristics of studies included in the review.
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being in a control zone (OR 32.0; 95 % CI not reported) (Garber et al.,
2016), sharing of farm equipment (OR 29.4; 95% CI 4.2-207.5)
(Nishiguchi et al., 2007), and rendering trucks being near the premises
(OR 22.3; 95 % CI not reported) (Garber et al., 2016).

Conversely, factors associated with a protective effect against the
introduction of AI into commercial poultry farms included visitors
changing clothes when exiting or entering the farm (OR 0.08; 95 % CI
not reported) (Garber et al., 2016), high worker biosecurity (OR 0.07;
95 % CI 0.01-0.96) (Wells et al., 2017), presence of a disinfection booth
(OR 0.002; 95 % CI 0.000-0.025) (Yoo et al., 2021), and specific vehi-
cles being designated for sending eggs to a vendor or market (OR 0.14;
95 % CI 0.02-0.88) (Biswas et al., 2009). In Wells et al., a cumulative
score for worker biosecurity was created by summing the number of
worker biosecurity protocols that were “always” or “nearly always” used
by farm workers, which included requirement of showering before
entering barn, assignment of different personnel to different barns, use
of dry footbaths, use of disposable coveralls, requiring a change of
clothes upon barn entry, requiring a change of shoes or shoe covers upon
barn entry, and requiring footwear to be scrubbed with a bucket and
brush (Wells et al., 2017).

Bouwstra et al. reported their findings in the form of relative risk
(RR), with the production system being either meat-duck or duck-
breeder yielding the highest RRs (39.5 [95 % CI 22.6-69.1] and 25.5
[95 % CI 14.2-45.9], respectively), while the production types layer-
breeder, broiler, and broiler-breeder displayed a protective effect (RR
0.5 [95 % CI 0.3-0.8], 0.2 [95 % CI 0.1-0.8], and 0.4 [95 % CI 0.2-0.8],
respectively) (Table 3).

# Author, Year Study type Location Species

Al strain
[pathogenicity]

Farm type / production system

1 Ahmad etal. (2022)  Case-control South Korea

/ Ostriches

Chickens / Ducks / Quails / Geese

Breeder / Broiler / Layer H5N8/H5N6 [HPAI]

2 Artois et al. (2018) Case-control Egypt Chickens / Ducks Breeder / Broiler / Layer / Meat (duck) H5N1 [HPAI]

3 Biswas et al. (2009)  Case-control Bangladesh Chickens Breeder / Broiler / Layer H5N1 [HPAI]

4 Biswas et al. (2011) Case-control Bangladesh Chickens Breeder / Broiler / Layer H5N1 [HPAI]

5 Bouwstra et al. Case-control Netherlands ~ Ducks / Turkeys / Chickens Breeder / Broiler / Layer / Layer-breeder / Meat NR [LPAI]
(2017) (duck) / Meat (turkey)

6 Chaudhry et al. Case-control Pakistan Chickens Broiler / Layer HON2 [LPAI]
(2015)

7 Fasina et al. (2010) Case-control Nigeria Chickens NR H5N1 [HPAI]

8 Garber et al. (2016)  Case-control USA Chickens Layer / Pullet H5N2 [HPAI]

9 Gompo et al. Case-control Nepal Chickens / Ducks Breeder / Broiler / Layer H9 [LPAI]
(2020)

10  Guinatetal. (2020)  Case-control France Ducks Breeder / Force feeding / Mixed / Rearing* H5N8 [HPAI]

11 Gupta et al. (2022) Cross- Bangladesh Chickens Broiler / Layer H5/H9 [HPAI/LPAI]

sectional
12 Kim et al. (2018) Case-control South Korea Ducks
13 Liuetal. (2015) Case-control China Chickens
14 McQuiston et al. Case-control USA Chickens / Turkeys
(2005)
15  Meétrasetal. (2012)  Case-control Nigeria Chickens / Turkeys
16  Nishiguchi et al. Case-control Japan Chickens
(2007)
17  Osmani et al. Case-control Bangladesh Chickens
(2013)
18  Thomas et al. Case-control Netherlands Chickens
(2005)
19  Thompson et al. Cross- South Africa  Ostriches
(2008) sectional
20  Tombari et al. Cross- Tunisia Chickens / Turkeys
(2013) sectional

21 Wells et al. (2017)

22 Woo and Park
(2008)

23 Yoo et al. (2021)

Case-control USA
Case-control South Korea

Turkeys
Chickens / Ducks
Chickens

Case-control South Korea

Broiler H5NS8 [HPAI]
Layer H5N1 [HPAI]
NR H7N2 [LPAI]

Broiler / Layer H5N1 [HPAI]

Layer H5N2 [LPAI]
Layer H5N1 [HPAI]
Layer / Meat H7N7 [HPAI]

NR H5 [HPAI]
Breeder / Broiler / Layer HON2 [LPAI]

Breeder / Meat
Broiler / Layer

H5N2 [HPAI]
HON2 [LPAI]

Layer H5N6 [HPAI]

*1-day old ducklings reared for around 3 weeks; Al, avian influenza; HPAI, highly pathogenic avian influenza; LPAI, low pathogenic avian influenza; NR, not reported
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Table 3
Overview of results summarizing risk or protective factors for the introduction of Al into commercial poultry farms. The risk factors have been ranked by highest OR.
Author, Year Country Sample size (farms, n) Sample size (n of birds per farm) Risk factor OR (95 % CI) P-value
Biswas et al. Bangladesh 60 520-9424 chickens Dead crow seen at or near farm 47.4 0.001
(2011) (4.7-480.3)
Wells et al. USA 63 Median size of case and control farms Close proximity to poultry farms 46.14 < 0.01
(2017) was 56,930 and 51,847 birds, (5.96-357.55)
respectively
Bouwstra Netherlands 295 NR Production type: meat-duck 39.5 < 0.00001
etal. (2017) (22.6-69.1)
*
Garber et al. USA 59 ~20,000-6000,000 chickens Farm is in an existing control zonet 32.0 (NR) 0.002
(2016)
Nishiguchi Japan 73 ~9000-500,000 chickens Sharing of farm equipment 29.4 < 0.05
et al. (2007) (4.2-207.5)
Bouwstra Netherlands 295 NR Production type: duck-breeder 25.5 < 0.00001
etal. (2017) (14.2-45.9)
*
Garber et al. USA 59 ~20,000-6000,000 chickens Rendering trucks near farm 22.3 (NR) < 0.001
(2016)
Biswas et al. Bangladesh 60 520-9424 chickens Exchanging egg trays with market 20.4 0.014
(2011) vendors (1.9-225.5)
Nishiguchi Japan 73 ~9000-500,000 chickens Distance to nearest case farm: 20.1 < 0.05
et al. (2007) 1000-1500 m (3.0-142.9)
Biswas et al. Bangladesh 60 520-9424 chickens Mortality seen in backyard chickens 19.4 0.002
(2011) reared nearby (2.8-131.9)
Garber et al. USA 59 ~20,000-6000,000 chickens Garbage trucks near farm 14.7 (NR) < 0.001
(2016)
Osmani et al. Bangladesh 300 NR Number of staff: 3-5 people 12.2 (1.1-4.3 0.001
(2013)
Bouwstra Netherlands 295 NR Production type: meat-turkey 12.0 (7.8-18.8) < 0.00001
etal. (2017)
*
Fasina et al. Nigeria 121 ~300-3000 poultry Purchases of live poultry 11.91 <0.01
(2010) (3.11-45.59)
Bouwstra Netherlands 295 NR Production type: turkey-breeder 11.3 (2.8-46.2) 0.0008
etal. (2017)
Chaudhry Pakistan 266 NR Selling of birds/eggs directly to thelive ~ 10.6 < 0.001
etal. (2015) bird retail stalls (3.37-33.3)
Gompo et al. Nepal 100 ~100-3000 + poultry Distance to next commercial farm: 10 (1.8-50.0) 0.007
(2020) <1km
Fasina et al. Nigeria 121 ~300-3000 poultry Farm workers live outside the premises ~ 8.98 < 0.01
(2010) (1.97-40.77)
Nishiguchi Japan 73 ~9000-500,000 chickens Distance to nearest case farm: 0-500 m 8.6 (1.2-61.8) < 0.05
et al. (2007)
Fasina et al. Nigeria 121 ~300-3000 poultry Farm receives visitors 8.32 < 0.01
(2010) (1.87-36.97)
Thompson South 263 NR White storks frequently seen amongst 7.51 0.007
etal. (2008)  Africa ostriches (1.71-32.93)
Nishiguchi Japan 73 ~9000-500,000 chickens Incomplete hygiene measures of farm 7.0 (1.2-42.6) < 0.05
et al. (2007) visitors
Guinat et al. France 266 ~100-1000 + ducks Inadequate use of anteroom 6.5 (3.4-13.3) < 0.05
(2020)
Wells et al. USA 63 Median size of case and control farms Tilling near the farm in last 14 days 6.46 0.02
(2017) was 56,930 and 51,847 birds, (1.36-30.78)
respectively
Bouwstra Netherlands 295 NR Production type: outdoor layer 6.3 (4.7-8.6) < 0.00001
etal. (2017)
*
Kim et al. South Korea 86 ~1000-60,000 ducks Farm is located within 500 m of 6.30 0.041
(2018) another farm (1.08-36.93)
Gupta et al. Bangladesh 16 broiler flocks (H5/ NR > 5 workers employed on the farm 5.8 (1.2-28.2) 0.013
(2022) H9-positive); 53 layer
flocks (H5/H9-
positive)
Gupta et al. Bangladesh 16 broiler flocks (H5/ NR Vehicles enter the farm (excluding 5.8 (1.5-22.4) 0.011
(2022) H9-positive); 53 layer vehicles of traders who purchased
flocks (H5/H9- chickens or eggs)
positive)
Biswas et al. Bangladesh 132 ~100-10,000 chickens Farm is accessible to feral and wild 5.71 0.003
(2009) animals (1.81-18.0)
Liu et al. China 87 (45 cases) NR Visitors within the past month 5.47 0.001
(2015) (1.97-15.64)
Osmani et al. Bangladesh 300 NR Number of staff: 6-65 people 5.1(2.2-12.2) 0.001
(2013)

(continued on next page)
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Table 3 (continued)
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Author, Year Country Sample size (farms, n) Sample size (n of birds per farm) Risk factor OR (95 % CI) P-value
Garber et al. USA 59 ~20,000-6000,000 chickens Having a visit in the past 14 days by a 5.0 (NR) < 0.001
(2016) company service person
Gupta et al. Bangladesh 16 broiler flocks (H5/ NR 3-4 workers employed on the farm 4.8 (1.4-16.3) 0.013
(2022) H9-positive); 53 layer
flocks (H5/H9-
positive)
Gupta et al. Bangladesh 16 broiler flocks (H5/ NR Visits to other commercial poultry 4.7 (1.1-20.6) 0.039
(2022) H9-positive); 53 layer farms in the last month by farmers,
flocks (H5/H9- workers, or family members who had
positive) access to the farm
Chaudhry Pakistan 266 NR Distance from the main road: <500 m  4.59 0.038
etal. (2015) (1.09-19.3)
Thompson South 263 NR Frequency of cleaning feed troughs: 4.49 0.007
et al. (2008) Africa < 1x/week (1.52-13.30)
Thompson South 263 NR Frequency of cleaning feed troughs: ~ 4.02 0.014
et al. (2008) Africa 1x/week (1.33-12.19)
Guinat et al. France 266 ~100-1000 + ducks Presence of outdoor area 3.8(1.9-8.1) <0.05
(2020)
Tombari et al. Tunisia 800 flocks NR Farm located in coastal area 3.51 0.01
(2013) (1.32-9.31)
Guinat et al. France 266 ~100-1000 + ducks Inadequate protection of feed / 3.5(2.0-6.2) < 0.05
(2020) facilities
Gompo et al. Nepal 100 ~100-3000 + poultry Boots not applied when entering farm 3.48 0.016
(2020) (1.3-12.29)
Gupta et al. Bangladesh 16 broiler flocks (H5/ NR Access of stray dogs to the farm 3.1(1.1-9.1) 0.040
(2022) H9- positive); 53 layer
flocks (H5/H9-
positive)
Garber et al. USA 59 ~20,000-6000,000 chickens Dead bird disposal within 27 m of 2.8 (NR) 0.002
(2016) poultry barn
Artois et al. Egypt 465 (chicken); 225 NR Presence of duck farms reporting 2.31 0.001
(2018) (duck) abnormal mortality or egg losses (1.49-3.64)
nearby
Thompson South 263 NR Vehicle not cleaned/disinfected 2.28 0.029
et al. (2008) Africa (1.09-4.77)
McQuiston USA 350 ~10,000-20,000 + turkeys or chickens Non-family caretakers on farm 2.1 (1.1-4.1) 0.04
et al. (2005)
Thompson South 263 NR White storks seldom seen amongst 2.06 0.050
et al. (2008) Africa ostriches (1.00-4.27)
McQuiston USA 350 ~10,000-20,000 + turkeys or chickens Owner or family member of owner 2.0 (1.1-3.7) 0.03
et al. (2005) working off site
McQuiston USA 350 ~10,000-20,000 + turkeys or chickens Presence of raccoons, opossums, or 1.9 (95 % CI 0.04
et al. (2005) foxes near the farm 1.0-3.4)
Ahmad et al. South Korea  NR NR Farm located ~900 m near body of NR (NR) 0.0.1-0.05
(2022) water
Yoo et al. South Korea 243 ~100-1000 + chickens Presence of a disinfection booth 0.002 < 0.001
(2021) (0.000-0.025)
Wells et al. USA 63 Median size of case and control farms High worker biosecurity 0.07 0.05
(2017) was 56,930 and 51,847 birds, (0.01-0.96)
respectively
Garber et al. USA 59 ~20,000-6000,000 chickens Visitors change clothes when entering /  0.08 (NR) 0.01
(2016) exiting the farm
Wells et al. USA 63 Median size of case and control farms Wild birds near dead bird disposal 0.12 0.02
(2017) was 56,930 and 51,847 birds, (0.02-0.72)
respectively
Yoo et al. South Korea 243 ~100-1000 + chickens Minimum distance to driveways (km) 0.124 < 0.001
(2021) (0.016-0.774)
Biswas et al. Bangladesh 132 ~100-10,000 chickens Designated vehicles for sending eggsto ~ 0.14 0.036
(2009) a vendor / market (0.02-0.88)
Woo and Park South Korea 40 ~20,000-40,000 + chickens or ducks Renewal of the disinfectant at least 0.2 (0-0.7) 0.022
(2008) once per 3-4 days
Bouwstra Netherlands 295 NR Production type: broiler 0.2 (0.1-0.8) 0.02
etal. (2017)
%
Artois et al. Egypt 465 (chicken); 225 NR Farm being closed§ 0.22 < 0.001
(2018) (duck) (0.14-0.32)
Yoo et al. South Korea 243 ~100-1000 + chickens Fence installation around the farm 0.277 < 0.001
(2021) (0.061-1.185)
Osmani et al. Bangladesh 300 NR Staff do not trade birds 0.3 (0.1-0.8) 0.02
(2013)
Liu et al. China 87 (45 cases) Farm has a waste disposal system 0.37 0.011
(2015) (0.12-0.82)
Bouwstra Netherlands 295 NR Production type: broiler-breeder 0.4 (0.2-0.8) 0.004

etal. (2017)

*

(continued on next page)
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Author, Year Country Sample size (farms, n) Sample size (n of birds per farm) Risk factor OR (95 % CI) P-value

Bouwstra Netherlands 295 NR Production type: layer-breeder 0.5 (0.3-0.8) 0.008
etal. (2017)

Osmani et al. Bangladesh 300 NR No village chickens roaming on 0.6 (0.3-1.1) 0.05
(2013) premises

Yoo et al. South Korea 243 ~100-1000 + chickens Residential area within 3 km of farm 0.714 0.007
(2021) (0.51-0.979)

Nishiguchi Japan 73 ~9000-500,000 chickens Distance to nearest case farm: 0.8 (0.08-9.3) < 0.05
et al. (2007) 500-1000 m

Yoo et al. South Korea 243 ~100-1000 + chickens Minimum distance to HSN6 detection 0.943 < 0.001
(2021) sites in wild birds (km) (0.872-1.016)

Yoo et al. South Korea 243 ~100-1000 + chickens Rice field within 3 km of farm 0.990 0.043
(2021) (0.940-1.042)

CI, confidence interval; NR, not reported; OR, odds ratio A 10-km control zone was established around each infected premise, within which poultry, poultry products,
and other materials required permitting before movement. Also, within these control zones, extensive surveillance of both commercial and backyard flocks was
conducted; §In the closed farm system, ventilation is provided by electric fans or pad cooling systems

3.3. Studies investigating only factors associated with the spread of Al

Regarding the spread of AI within the farm premises, not replacing
the litter during each production cycle, not using a feces removal ser-
vice, > 2000 spent layers sold in the last batch of the farm, and the
production type being chicken layer significantly increased the risk for
AI (OR 28.3 [95 % CI 2.8-284.2], 27.7 [95 % CI 3.8-198.8], 24.0 [95 %
CI 3.7-155.0], and 15.62 [95 % CI 4.7-71.6], respectively) (Gupta et al.,
2022; Kim et al., 2018). In contrast, infrequent but scheduled veterinary
visits, layer chickens being less than 18 weeks old, and changing of boots
between sheds, were associated with a protective effect against the
spread of AI (OR 0.6 [95 % CI 0.1-2.0], 0.16 [95 % CI 0.03-0.77], and
0.16 [95 % CI 0.02-0.85], respectively) (Yoo et al., 2021; Osmani et al.,
2013; Tombari et al., 2013). The factors associated with the spread of Al
within commercial poultry farms are included in Table 4.

3.4. Studies investigating factors associated with both the introduction
and spread of Al

Farms that introduced end-of-lay chickens had a significantly higher
risk for introduction and spread of Al within their premises, compared to
farms that did not (OR 36.6; 95 % CI 2.4-558.6) (Nishiguchi et al.,
2007). Other factors that increased the risk of introduction and/or
spread of Al included inadequate management of vehicles’ and people’s
movements (OR 9.3; 95 % CI 4.0-22.8) (Guinat et al., 2020), inadequate
cleaning of facilities and surroundings (OR 6.6; 95 % CI 3.4-12.9)
(Guinat et al., 2020), sharing a fence with another poultry farm (OR
5.23; 95 % CI 0.88-30.9) (Métras et al., 2012), and inadequate pest
control (OR 5.1; 95 % CI 2.4-11.9) (Guinat et al., 2020). Conversely,
poultry being vaccinated (OR 0.08; 95 % CI 0.05-0.13) (Artois et al.,
2018) and traders staying at the farm gate (OR 0.23; 95 % CI 0.08-0.70)
(Métras et al., 2012) limited the risk of introduction and/or spread of Al
The risk and protective factors for the introduction and/or spread of Al
are included in Table 5.

4. Discussion

This systematic review identified several factors that contribute to
commercial indoor poultry farms’ risk of Al infections and outbreaks,
particularly related to location, husbandry practices, and biosecurity.

Ecological and geographical factors, such as proximity to other
farms, bodies of water, or wild bird populations, were consistently
linked to an increased risk of Al Location is particularly important, with
Al becoming endemic on farms in certain regions, such as Pakistan
(Channa et al., 2021). Proximity to other farms emerged as a major risk
factor, aligning with previous research (Wang et al., 2014a,2014b).
Reducing the density of poultry farms in close proximity is an effective
mitigation strategy to limit avian influenza transmission, as it decreases

spatial contacts and the farm-level reproductive number, thereby
lowering the risk of farm-to-farm spread (Le Menach et al., 2006). This
risk was increased when inland bodies of water were nearby, as farms in
coastal areas were found to be at higher risk for Al. Bodies of water
attract waterfowl, known reservoirs of Al, thereby increasing the risk
when wild bird populations are present around farms. There is
consensus about wild and migratory birds significantly contributing to
the introduction of Al into commercial poultry (Lisovski et al., 2018;
Elmberg et al., 2017; Cappelle et al., 2014). While non-avian species on
and around the farm also pose a risk, they are not as important as avian
species (Liu et al., 2024; Martelli et al., 2023). However, non-avian
species can still contract and spread Al to other animals and humans,
as seen in the recent outbreak of Al in cattle in the US (Caserta et al.,
2024), the confirmed case of Al in a sheep in the UK (Department for
Environment, Food & Rural Affairs and Animal and Plant Health
Agency, 2025), as well as the reported fatal cases of Al infection in
species such as sea lions (Plaza et al., 2024), bears (Jakobek et al., 2023),
and seals (Campagna et al., 2023). However, these factors are not easily
modifiable and beyond the control of poultry farm workers, highlighting
the need to focus on modifiable risk factors to better manage and miti-
gate Al outbreaks.

Husbandry practices significantly influenced a farm’s risk of Al
Artois et al. (2018) found that farms with fewer birds per cycle and the
presence of windows had a lower risk of Al infection. In contrast, farms
with more than seven flocks and owners with over 15 years of experi-
ence were identified as high risk. Additionally, keeping “other livestock
on the same farm” was a recognised risk factor (Kim et al., 2018; Wang
et al., 2014a,2014b). Farm type also played a crucial role, with breeder
farms having a higher risk for Al outbreaks than layer and broiler farms.
This higher risk was attributed to the larger bird population and the
practice of raising breeder chickens on the floor, where fecal dust ac-
cumulates (Ahad et al., 2014). On the other hand, layer farms using
cages and broiler farms typically keeping birds on-site for a shorter
duration reduced the overall Al risk (Ahad et al., 2014). Regarding
husbandry practices, a small number of birds and flocks was associated
with lower Al risk (Channa et al., 2021; Artois et al., 2018). Movement
of people and vehicles between farms facilitated inter-farm transmission
of Al highlighting the connection between trade practices and disease
spread. While poultry demographics affected a farm’s risk for Al, their
impact was smaller compared to environmental factors. Altering poultry
demographics and farming systems is challenging, as it would require
changes to food systems and socio-cultural norms.

Biosecurity measures, including the proper use of personal protective
equipment, good hand hygiene, and regular, correct disinfection of
premises, were identified as the most significant protective factors, in
agreement with existing literature (Islam et al., 2024; Glass et al., 2019;
Chang et al., 2016). There was also consensus that improper disposal of
poultry carcasses is a risk factor for Al (Mao et al., 2017). Furthermore,
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Table 4
Overview of results summarizing risk or protective factors for the spread of Al on commercial poultry farms. The risk factors have been ranked by highest OR.
Author, Year Country Sample size (farms, n) Sample size (n of birds per farm) Risk factor OR (95 % CI) P-value
Gupta et al. Bangladesh 16 broiler flocks (H5/H9- NR Not replacing litter or droppings during ~ 28.3 0.013
(2022) positive); 53 layer flocks the current production cycle (2.8-284.2)
(H5/H9-positive)
Kim et al. South Korea 86 ~1000-60,000 ducks Farm does not use a feces removal 27.7 0.001
(2018) service (3.8-198.8)
Gupta et al. Bangladesh 16 broiler flocks (H5/H9-  NR > 2000 spent layers sold in the last 24.0 0.004
(2022) positive); 53 layer flocks batch of the farm (3.7-155.0)
(H5/H9-positive)
Artois et al. Egypt 465 (chicken); 225 (duck)  NR Production type: chicken layer 15.62 < 0.001
(2018) (4.7-71.6)
Wells et al. USA 63 Median size of case and control farms was ~ Rendering dead birds 9.80 0.02
(2017) 56,930 and 51,847 birds, respectively (1.46-65.96)
Kim et al. South Korea 86 ~1000-60,000 ducks Farm owner has > 15 years of 7.91 0.009
(2018) experience (1.3-37.1)
McQuiston USA 350 ~10,000-20,000 + turkeys or chickens Disposal of dead birds via rendering 7.3 (3.3-15.9) < 0.001
et al. (2005)
Kim et al. South Korea 86 ~1000-60,000 ducks Farm has > 7 poultry flocks 6.99 0.021
(2018) (1.3-37.04)
Gupta et al. Bangladesh 16 broiler flocks (H5/H9- NR > 950 to < 2000 spent layers sold in 5.9 (1.2-29.1) 0.004
(2022) positive); 53 layer flocks the last batch of the farm
(H5/H9-positive)
McQuiston USA 350 ~10,000-20,000 + turkeys or chickens Age of birds on the farm: 10-19 weeks 4.9 (2.5-9.6) < 0.001
et al. (2005)
Gupta et al. Bangladesh 16 broiler flocks (H5/H9 NR Burying of dead birds near the farm 4.6 (1.2-17.3)  0.026
(2022) positive); 53 layer flocks
(H5/H9-positive)
Gupta et al. Bangladesh 16 broiler flocks (H5/H9 NR Frequency of replacing litter or 4.6 (0.7-29.1)  0.013
(2022) positive); 53 layer flocks droppings during the current
(H5/H9-positive) production cycle: fortnightly, monthly,
or >monthly
McQuiston USA 350 ~10,000-20,000 + turkeys or chickens Age of birds on the farm: > 20 weeks 4.3 (1.7-10.9) < 0.001
et al. (2005)
Tombari et al. Tunisia 800 flocks NR Layer chickens on farm 3.94 < 0.001
(2013) (2.41-6.43)
Tombari et al. Tunisia 800 flocks NR Broiler breeder chickens on farm 3.72 < 0.001
(2013) (1.85-7.46)
Osmani et al. Bangladesh 300 NR Weekly veterinary visits 3.0 (1.2-7.3) 0.01
(2013)
Gompo., 2020 Nepal 100 ~100-3000 + poultry Flock size of the farm: > 1500 birds 2.55 0.044
(1.02-6.37)
Thomas et al. Netherlands 574 4-193,257 chickens Presence of layer finisher chickens on 1.65 < 0.05
(2005) farm (1.06-2.56)
Thomas et al. Netherlands 574 4-193,257 chickens Only layer chickens on farm 1.23 < 0.05
(2005) (0.74-2.06)
Osmani et al. Bangladesh 300 NR Monthly veterinary visits 1.2 (0.4-3.1) 0.01
(2013)
Yoo et al. South Korea 243 ~100-1000 + chickens Flock size larger than 1000 birds 1.01 0.001
(2021) (1.00-1.01)
Tombari et al. Tunisia 800 flocks NR Layer chickens aged less than 18 weeks ~ 0.16 0.02
(2013) (0.03-0.77)
Yoo et al. South Korea 243 ~100-1000 + chickens Change of boots between sheds 0.16 < 0.001
(2021) (0.02-0.85)
Osmani et al. Bangladesh 300 NR Infrequent but scheduled veterinary 0.6 (0.1-2.0) 0.01
(2013) visits

CI, confidence interval; NR, not reported; OR, odds ratio

farms lacking feces removal services and disinfection procedures were
found to be at high risk for Al, while cleaning reusable egg containers
was considered a protective factor (Kim et al., 2018; Wang et al., 2014a,
2014b). The implementation of biosecurity measures includes a
behavioral component, and hygiene practices can be modified, which is
important for applying these findings, highlighting the need for more
qualitative research into barriers of implementation. However, some
biosecurity measures, such as the frequency of changing boots, are
difficult to quantify, and reporting bias poses a significant limitation in
these studies. Additionally, the lack of comparable data makes it chal-
lenging to assess the impact of these factors. However, recent efforts
have been made to standardize biosecurity measures, and toolkits are
now available to assess biosecurity levels on farms (Biocheck, 2025).
Lastly, while only one study specifically examined the effects of
poultry vaccination on Al (Artois et al., 2018), there is consensus on the

importance of vaccination as a preventative measure. This is reflected in
recent initiatives, such as the Finnish government’s recent decision to
vaccinate fur farm workers against Al (Global Center for Health Secu-
rity, University of Nebraska, 2024; Nohynek and Helve, 2024) and the
United States Department of Agriculture’s approval for a field trial of
two Al vaccines in cattle (Animal and Plant Health Inspection Service,
2024). A study in Bangladesh, using a multivariate modeling approach,
found that vaccination led to a ten-fold decrease in the risk of Al out-
breaks amongst poultry (Islam et al., 2023). Additionally, research is
currently underway by the Spatial Epidemiology Lab at Université Libre
de Bruxelles and the Institut National de Recherche pour I'Agriculture,
I'Alimentation et I'Environnement examining the impact of poultry
vaccination through the VIVACE project. However, as this research is
ongoing, conclusive evidence is yet to be established (Institut National
de Recherche pour 1'Agriculture, I’'Alimentation et 1’Environnement,
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Table 5
Overview of results summarizing risk or protective factors for the introduction and spread of Al on commercial poultry farms. The risk factors have been ranked by
highest OR.
Author, Year Country Sample size (farms, n) Sample size (n of birds per Risk factor OR (95 % CI) P-value
farm)
Nishiguchi et al. Japan 73 ~9000-500,000 chickens Introduction of end-of-lay chickens 36.6 < 0.05
(2007) (2.4-558.6)
Guinat et al. (2020) France 266 ~100-1000 + ducks Inadequate management of vehicles’ / people’s 9.3 (4.0-22.8) <0.05
movements
Guinat et al. (2020) France 266 ~100-1000 + ducks Inadequate cleaning of facilities / surroundings 6.6 (3.4-12.9) <0.05
Métras et al. (2012) Nigeria 110 2000-6650 poultry Share fence with another poultry farm 5.23 0.048
(0.88-30.9)
Guinat et al. (2020) France 266 ~100-1000 + ducks Inadequate pest control 5.1 (2.4-11.9) < 0.05
Biswas et al. (2009) Bangladesh 132 ~100-10,000 chickens Footbath at entry to farm / shed 4.93 0.005
(1.61-15.1)
Chaudhry et al. Pakistan 266 NR History of infectious bursal disease in the flock 3.00 0.003
(2015) (1.44-6.24)
Tombari et al. Tunisia 800 flocks NR Low biosecurity measures implemented 1.57 0.05
(2013) (1.01-2.43)
Thomas et al. (2005)  Netherlands 574 4-193,257 chickens Presence of cattle on farm 1.13 < 0.05
(0.75-1.70)
Artois et al. (2018) Egypt 465 (chicken); 225 NR Poultry are vaccinated 0.08 < 0.001
(duck) (0.05-0.13)
Métras et al. (2012) Nigeria 110 2000-6650 poultry Traders staying at the farm gate 0.23 < 0.001
(0.08-0.70)

CI, confidence interval; NR, not reported; OR, odds ratio

2024). It is also important to note France’s pioneering Al vaccination
campaign in poultry, now in its second year as the sole such initiative in
Europe, which employs two recombinant H5 vaccines (Duck H5-SRV
and Volvac B.E.S.T. AI4+ND) that demonstrated to reduce HPAI H5N1
clade 2.3.4.4b viral transmission by 89-99 % in mallard ducks while
maintaining surveillance through DIVA-compatible serological moni-
toring (Planchand et al., 2025; Grasland, 2023) Based on the findings of
this systematic review, while vaccination shows potential for preventing
Al outbreaks, implementing robust biosecurity measures could sub-
stantially reduce the risk of initial spillover events. Therefore, vaccina-
tion should be part of a comprehensive, multidisciplinary Al control
strategy, which also includes enhanced biosecurity, surveillance, and
monitoring (Acharya and Phuyal, 2024; Tseng et al., 2024).

4.1. Strengths and limitations

The main strength of this systematic review lies in the comprehen-
sive process of study screening, selection, and quality appraisal. While
the nature of the included studies allows for a higher risk of reporting
bias, a rigorous critical appraisal of all studies was performed to reduce
confounding and bias, thus supporting the validity of the results ob-
tained. As each study was scored for its quality based on recommended
tools and was ultimately excluded if deemed to be of low quality, se-
lection bias might have been introduced to the review. However, a small
number of studies (n = 4) were excluded through this process, with the
reason being the authors not accounting for confounding and / or bias.
Moreover, a meta-analysis was not deemed possible due to the hetero-
geneity of the data and how they were reported.

4.2. Significance and conclusions

A range of factors related to geography, husbandry practices, pro-
duction type, and biosecurity were identified as increasing the risk of Al
outbreaks on farms. Given AI’s potential to affect both avian and non-
avian species, its impact on livestock farm workers, and the recent
human fatality in the US (Centers for Disease Control and Prevention,
2025, 2024; Kiley and Yun, 2024), addressing the risk AI poses to public
health is critical. AI has also had severe consequences for the poultry
industry, workers’ livelihoods, international trade, and most notably, on
ecosystems and animal health. Recently, over a half billion farmed birds
were culled due to AI (Compassion in World Farming, 2023), while

millions of wild animals have died as a result (Gamarra-Toledo et al.,
2023). Reducing the risk of Al on intensive farms, where conditions may
promote infectious disease spread, is essential. Improving conditions in
these farms, particularly through enhanced biosecurity measures and
overcoming barriers to their implementation, will help protect both
animal welfare and public health. Adopting a One Health approach to
poultry farming is crucial, ensuring the health of animals while miti-
gating the risk of infectious diseases and zoonoses, including Al. These
findings highlight the need for further research into biosecurity strate-
gies and the most effective methods for measuring their implementation.
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