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A B S T R A C T

The International Alliance for Biological Standardization (IABS), in collaboration with the World Organization 
for Animal Health (WOAH) convened a hybrid meeting on 22–23 October 2024 at the WOAH Headquarters (HQ) 
in Paris, France to discuss the global state of vaccination and surveillance for high pathogenicity avian influenza 
(HPAI) in poultry. The primary objective of the meeting was to advance vaccination acceptance to both control 
virus spread and reduce disease. Vaccination is increasingly recognized as a tool to complement biosecurity, 
movement controls and stamping-out of infected flocks. However, concerns persist regarding the risk of unde
tected, sustained transmission (silent infection) in vaccinated flocks as a result of inadequate surveillance. This 
has contributed to both vaccination hesitancy and trade barriers. The meeting aimed to assess the current state of 
the art regarding HPAI surveillance programs in vaccinated populations and their effectiveness. Representatives 
of multiple stakeholders were invited to share their experiences and perspectives on the use of vaccination and 
accompanying surveillance to control the growing H5N1 panzootic and its global impact. Several conclusions 
and recommendations emerged as essential to advancing the acceptance of vaccination strategies. These included 
(1) the utility of quantitative reverse transcriptase polymerase chain reaction (RT-qPCR) as a sensitive, specific 
and economical tool to detect virus in vaccinated populations, (2) regular testing of dead birds within a flock as a 
highly effective method for early detection of outbreaks in vaccinated flocks and demonstrating freedom from 
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infection and, (3) the importance of collecting information on circulating field strains in the selection of 
candidate vaccine antigens to ensure adequate efficacy. Testing sentinel birds was deemed less effective for 
surveillance and serological testing of vaccinated birds was considered more useful for assessing immunity levels 
than for determining the infection status of a flock. There was broad agreement on the need to standardize 
surveillance outcomes in terms of accepted confidence levels to promote safe and fair trade. However, it was 
acknowledged that context and pragmatic considerations will shape the development of situation specific plans, 
which must be statistically valid, scientifically sound, economically feasible and operationally sustainable for 
both governments and industry. Concomitantly, it was recommended that trade policies tied to vaccination and 
surveillance should be based solely on science and risks. To this end, enforcement of existing international rules 
and resolution of disputes are considered a shared responsibility. Peer reviewed publications were proposed as a 
central mechanism for developing the stronger guidelines needed to facilitate fair trade agreements and enable 
implementation of global vaccination programs. Rapid dissemination of information, consistent messaging and 
exchange of virus isolates were also seen as critical for coordinating an effective global response to controlling 
HPAI.

1. Introduction

1.1. HPAI virus biology and disease: high level overview

Avian influenza viruses (AIVs) are single-stranded, negative-sense 
RNA (ss (− ) RNA) viruses categorized as high pathogenicity (HPAIVs) or 
low pathogenicity (LPAIVs) based on their ability to cause disease and 
mortality in chickens after intravenous administration in a laboratory 
setting [1]. AIVs can also efficiently infect other types of domestic 
poultry (ducks, turkey, pheasants, geese, quail and guinea fowl), wild 
birds, but only sporadically spill over to humans and other mammals. 
The ability of an AIV to infect an animal, the severity of resultant dis
ease, and mortality rates are dependent on the specific viral strain(s), the 
host species infected, the challenge dose and the environmental condi
tions. HPAIVs evolve from LPAIV strains of subtypes H5 or H7 during 
infection of terrestrial poultry, mainly chicken and turkeys, through 
multiple genetic mechanisms including mutation and reassortment [2]. 
The main reservoir for LPAIVs is water birds [3]. The A/goose/
Guangdong/1/96 strain of HPAI that arose in Southern China in 1996 is 
the progenitor of the H5Nx Gs/GD lineage from which all the different 
clades currently causing concern have descended.

1.2. Vaccination strategies to prevent and control HPAIV spread: first 
Conference and significant Developments since October 2022

A rise in HPAI outbreaks and a shift from seasonal to year-round 
epidemics caused by AIV strains in 2021 led to an IABS meeting at 
WOAH HQ in October 2022. It focused on removing unnecessary bar
riers to expanding vaccine use. The conclusions and recommendations 
were made publicly available [4]. Primary trade concerns were tied to 
the anticipated failure of surveillance programs to detect silent infec
tion. Two critical action items emerged: 

• Demonstrate vaccine effectiveness in multiple field trials
• Evaluate the appropriateness of surveillance strategies.

To address the strategic challenges associated with increased adop
tion of vaccination, including trade barriers, WOAH recognized by the 
World Trade Organization (WTO) through its sanitary and phytosanitary 
(SPS) agreement as the international standard setting organization for 
animal health and zoonoses adopted Resolution No.28 [5] in May 2023. 
Importantly, it states that: 

“In accordance with WOAH international standards, the use of 
vaccination will not affect the status of a country or zone free from 
high pathogenicity avian influenza if its surveillance program sup
ports the absence of infection.”

During the past two years, the scientific literature continued to 
document the threats posed by HPAIV spread and the evaluation of 
control measures including vaccination [6–8]. Unfortunately, HPAI has 

since spread to Antarctica and the sub-Antarctic regions of South 
Georgia and the Falkland Islands (Malvinas), likely introduced by birds 
migrating from South America [9]. Significant spillovers and spillback 
events have led to the transmission of HPAI into many mammal species 
including wild animals, dairy cattle and humans [10–13].

The clade 2.3.4.4b H5N1 is currently regarded as the most widely 
spread HPAIV strain and there is rising concern that it, or another H5Nx 
strain arising from this clade, could develop into a pandemic [14,15]. 
While vaccination has been implemented in several places for more than 
a decade (e.g., China including Hong Kong Special Administration Re
gion (SAR), Indonesia), it has not been used as a preventive measure in 
North America or Europe where epidemiological-driven approaches to 
surveillance of vaccinated poultry flocks are being developed to enable 
an increase in vaccine use [16].

1.3. Vaccination and surveillance for HPAI in poultry October 2024 
conference agenda

In response to the unprecedented HPAI panzootic, IABS convened a 
second hybrid workshop at WOAH HQ in October 2024. The meeting 
was co-chaired by Dr. Arjan Stegeman (Utrecht University of 
Netherlands) and Dr. Gounalan Pavade (WOAH). To better understand 
current attitudes toward vaccination, WOAH polled 133 member states 
in advance asking, “In the last five years, has vaccination (Terrestrial 
Animal Health Code Article 4.18.2) been used as one of the control 
measures for LPAI or HPAI?“. In response 81 % of all members said no. 
Responses to another question revealed that half of the respondents are 
not considering the use of vaccination as a HPAI complementary control 
tool citing its impact on surveillance, international trade, and silent 
infections.

Participants were also asked in advance what they considered to be 
the most important outcome(s) of surveillance, specifically in vacci
nated populations. Of primary importance to all stakeholder type
s—university, private sector, non-governmental organization (NGO), 
and government—was monitoring the circulation of AIVs. Interest in 
this topic was followed by assessing vaccination effectiveness, protect
ing public health and informing AIV control measures (albeit with 
differing priority levels across stakeholders). The least important factors 
identified by all attendees were supporting trade and prioritizing future 
animal health investments. Furthermore, they identified monitoring the 
circulation of AIVs with a focus on harmonization and improvement of 
methods for surveillance specifically in vaccinated populations, as of 
primary importance. The purposes of surveillance were articulated 
during the opening of the meeting: 

• Surveillance should ensure safe trade to minimize viral spread by 
poultry and poultry products to importing countries

• Surveillance should ensure fair trade to prevent unjustified barriers 
for poultry and poultry products to exporting countries
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The meeting agenda was developed to identify and address the im
plications of HPAI viruses’ evolution and shifts for surveillance and 
vaccination. To gain a wide perspective, speakers representing multiple 
stakeholders were organized into the following sessions conducted over 
two days: 

• Introduction, including objectives and expected outcomes
• Tools for monitoring and surveillance in vaccinated poultry 

populations
• Field experiences on surveillance in vaccinated populations
• Surveillance and trade: Risk assessment
• Surveillance and trade: Risk management

The overarching goal was to address the following questions: 

• What can we learn from recent in country experiences related to 
vaccination?

• Which surveillance strategies are the most suitable in vaccinated 
populations?

• Which vaccines are now available and how do they compare?
• How do we overcome trade barriers related to vaccination?

Panel discussions concluded each session and provided opportunities 
to gather input from in-person and online participants representing 
additional international stakeholders. This report summarizes informa
tion presented and opinions expressed during the conference. Specifics 
are not ascribed to individual speakers. Select citations provided in 
presentations are included as references. Conclusions and recommen
dations collected from session moderators were reviewed in the closing 
session. They reflect current thinking, identify ongoing challenges and 
provide a roadmap for future action and are listed in Sections 10.0 and 
11.0 of this report.

2. Vaccination and surveillance: overview of objectives and 
limitations

The panel discussion sessions provided participants and presenters 
an opportunity to further engage on topics of high interest. More 
importantly, they helped crystallize the objectives of vaccination and 
surveillance and the technical, economic, cultural and logistic chal
lenges that must be overcome to achieve success in preventing disease 
spread. The following highlights are being provided upfront to assist 
readers in their review and consideration of the content provided in 
subsequent sections.

The goal of vaccination is to both control virus spread and reduce 
disease. It is designed to induce herd immunity that hampers virus 
incursion, limits virus transmission and clinically fully protects a 
vaccinated flock. Nevertheless, certain circumstances (e.g., inadequate 
vaccination, concomitant infections) may result in an insufficient im
mune response or coverage. The selective pressure created by the 
development of insufficient or patchy herd immunity in responses to 
vaccination increases the potential for HPAI immune escape variants to 
emerge upon natural infection. Therefore, antigenic changes in the virus 
must be monitored to ensure the use of vaccines antigenically matched 
to circulating strains thereby preventing vaccine failures and suboptimal 
protection in the vaccinated population. International consensus stan
dards for correlates of protection are not yet available but are expected 
to facilitate expanded use of vaccination.

Standards for surveillance won’t be prescriptive in terms of sample 
type, frequency or size but instead should represent agreement on 
acceptable outcomes of vaccination. Surveillance strategies must be 
statistically sound and scientifically valid to quantify freedom from 
infection with high confidence. Development of a surveillance strategy 
and sample testing plans will need to be tailored to specific situations 
such as emergency surveillance, demonstration of freedom or assess
ment of vaccination effectiveness. They must also be cost-effective and 

feasible for governments and the private sector to implement. 
Leveraging from experience with other diseases such as Salmonellosis or 
Newcastle disease may be helpful. Sensitivity will be paramount in 
easing trade restrictions and RT-qPCR testing was identified as a critical 
tool. Historical approaches to surveillance developed prior to the 
availability of molecular testing must be re-evaluated.

For example, sentinel birds are now considered not only impractical 
but, in contrast, may pose significant risks for increasing transmission. 
Unvaccinated birds are easily infected by environmental exposure, 
which not only allows for amplification of viruses, but the potential to 
generate new strains through genetic mixing with circulating LPAI 
strains, making sentinels a source of new infection to vaccinated animals 
within the flock. Serological testing as an isolated surveillance approach 
also has its limitations.

The design of vaccines that allow differentiation of infected from 
vaccinated animals (DIVA) led to the development of companion sero
logical methods for measuring immune responses. However, such DIVA 
test methods are not necessarily practical for monitoring a vaccinated 
flock for subsequent infection. Depending on the test performance 
characteristics, application might result in false positive results and the 
lack of confirmatory tests would lead to expensive and unnecessary in
vestigations. RT-qPCR testing is an appropriate test to use in surveillance 
for infection in vaccinated flocks.

Inducing sterilizing immunity by vaccination is unrealistic and 
vaccinated flocks will remain susceptible to infection, albeit at a mark
edly lower level compared to unvaccinated flocks. Therefore, upon virus 
incursion, limited HPAIV replication and excretion is expected but does 
not necessarily indicate sustained transmission. The choice of what to 
sample, the frequency of sampling and the sample size are critical to 
achieving overall sensitivity in surveillance and evaluation of trans
mission risk. Demonstrating absolute freedom from disease (i.e. proving 
complete absence in the population) is impossible in most situations. 
Instead, expressing design prevalence as a maximum acceptable preva
lence that should be detected with specified statistical confidence must 
be seen as integral to successful approaches.

Many stakeholders warned that failure to increase vaccination up
take could eventually unleash a pandemic and create conditions that 
could be catastrophic for human health, the poultry industry, biodi
versity and the global economy. While scientific data are subject to 
interpretation and there can be differences in opinion in terms of risk 
tolerance, a distinction must be drawn between skepticism that is inte
gral to good science and its use, potentially, to justify protectionist 
practices. As such, there was a plea for greater specificity in identifying 
any outstanding scientific issues that must be overcome to increase 
vaccine acceptance and reduce trade restrictions. Building stronger 
consensus will be essential to collectively managing the threat of HPAI 
through ethical and cost-effective means thus benefiting humans and 
animals globally.

3. IABS, WOAH, and the food and Agriculture Organization 
(FAO): overarching aims and roles

IABS is a non-profit organization that provides forums for scientists, 
regulators and other stakeholders to discuss the development of bio
logical products with a focus on regulatory science aspects. WOAH ad
dresses issues of animal health standards and trade pertaining to 
infectious disease generally, and HPAI in particular. They establish 
standards for the improvement of animal health and welfare and vet
erinary public health worldwide, including the prevention of disease 
spread through international trade of animals and animal products. 
They publish the Terrestrial Animal Health Code (10.4 covers avian 
influenza [AI]) and the Manual of Diagnostic Tests and Vaccines 
(Chapter 3.4.1 covers AI).

The Food and Agriculture Organization (FAO) is a specialized agency 
of the United Nations that leads international efforts to achieve food 
security for all, through efficient, inclusive, resilient and sustainable 
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agrifood systems for better production, better nutrition, a better envi
ronment, and a better life, leaving no one behind. FAO contributes to 
improving animal health to make livestock production more productive 
and sustainable while achieving food security and optimal health for all 
at the human-animal-environment interface. FAO also supports its 
members in prevention, preparedness and rapid response to influenzas 
through their country teams.

FAO and WOAH jointly have spearheaded the ‘Global Framework for 
the Progressive Control of Transboundary Animal Diseases’ (GF-TADs) 
to achieve the prevention, detection and control of transboundary ani
mal diseases (TADs) and in particular to address their regional and 
global dimensions. The initiative combines the strengths of both inter
national organizations to achieve agreed common objectives. Recently 
FAO and WOAH have launched the Global strategy for the prevention 
and control of high pathogenicity avian influenza (2024–2033) with the 
aim to achieve sustainable, resilient poultry production systems. As part 
of their joint efforts, FAO is committed to global risk monitoring of avian 
influenza and to development of innovative vaccines and surveillance 
technology to reduce the burden of the diseases. OFFLU is the joint 
WOAH-FAO global network of expertise on animal influenza viruses. 
OFFLU aims to monitor the global animal influenza risk, share infor
mation and biological materials to reduce the impacts of animal influ
enza viruses. As part of Quadripartite efforts with World Health 
Organization (WHO), OFFLU regularly shares information on animal 
influenza viruses to contribute to preparedness for influenza human 
vaccines.

A link to details of the program and regional technical meetings was 
provided [17] and the objective of the OFFLU AI matching (AIM) pro
gram was cited: 

“To provide up-to date information to the poultry sector, govern
ments, and poultry vaccine manufacturers on antigenic characteris
tics of circulating avian influenza viruses including comparisons with 
vaccine antigens. This information will facilitate selection of 
appropriate vaccines for poultry and updating of poultry vaccine 
antigens in places where vaccines are being used”.

WOAH noted that the outcomes of this IABS workshop will provide 
valuable input for its General Assembly meeting in 2025 where dele
gates will debate the ongoing technical and political challenges associ
ated with worldwide avian influenza vaccination.

4. The risk of keeping the status quo: urgent reasons to advance 
vaccination in poultry

Many presentations mentioned the disastrous outcomes caused by 
the growing H5N1 panzootic. A summary of losses and concerns related 
to HPAI spread is provided to emphasize the urgency expressed by many 
stakeholders (Table 1). While there are acknowledged risks and costs 
associated with vaccination, there are also significant risks associated 
with not increasing vaccine use as an additional layer of intervention.

5. The origins, evolution and expansion of the existing 
panzootic

AIVs are broadly classified by their 18 different hemagglutinin (HA) 
surface protein subtypes (H1–H18) and 11 different neuraminidase (NA) 
subtypes (N1–11). To date 16 HA subtypes and 9 NA subtypes have been 
described in birds. HPAIVs have arisen from LPAI viruses through 
changes in the HA proteolytic cleavage site. All naturally occurring 
HPAIV strains isolated to date have been either of the H5 or H7 subtype. 
Presentations including the keynote address reviewed the origin and 
evolution of the HPAI causing the current panzootic.

The first HPAI (H5N1) virus (although not belonging to the Gs/GD 
lineage) was isolated in 1959 following an outbreak in chickens in 
Scotland. Up until October 2022, there had been an additional 43 HPAI 
outbreaks based on distinct lineages. Of these, 41 were eliminated but 

two remain entrenched (H5Nx Gs/GD, especially clade 2.3.4.4b, and 
H7N3 N. American). Between 2005 and 2022 there were five trans
continental waves of H5 Gs/GD HPAIVs and from 2016 to 2022 they all 
were of the 2.3.4.4b clade. Since 2022, HPAI has spread to Central and 
South America [9]. Changes in virus behavior indicate that H5Nx HPAI 
has evolved high fitness traits in avian species. While these viruses are 
more dangerous, the upside from a vaccine development standpoint, is 
that clade 2.3.4.4b is moderately stable antigenically.

As a transglobal disease predominantly caused by H5N1 [18], there 
are multiple epicenters from which new strains can readily emerge and 
spread [19]. Although threats of more outbreaks are ever present, there 
has been a declining HPAI trend in reports to WOAH of HPAI in poultry 
and wild birds from Oct 2022–Sep 2023 to Oct 2023–Sep 2024. This has 
been attributed to increased awareness, leading to improved biosecurity 
measures, as well as the natural immunity being built up in wild birds 
that recover. Correspondingly, there have been reductions in the num
ber of poultry killed and the number of dead wild birds, but caution was 
given; stakeholders should not “rest on their laurels” but rather view this 
as an opportunity to apply additional layers of intervention to drive 
down the disease.

The capacity of some species of birds to fly East to West and spread 
HPAI clade 2.3.4.4b to the Americas demonstrates the degree to which 
this virus has developed selective advantages [20,21]. The degree to 
which wild birds become infected, shed virus and succumb to disease 
and death, creates a complicated story for transmission which has now 
been detected in over 300 species and more than 25 different orders. The 
Convention on the Conservation of Migratory Species of Wild Animals 
(CMS) and the FAO Co-Convened Scientific Task Force on Avian Influ
enza and Wild Birds, released a statement in 2023 detailing the devas
tating effects [22].

With this increasing spread in wild and domestic animals and 
transmission to humans, the risk of human-to-human transmission 
conversions is growing. The precise mechanism of transmission from 

Table 1 
Overview of HPAI threats under current control measures.

Who/What 
Impacted

Types of Losses Additional Concerns

Ecosystem/ 
Wildlife

• Biodiversity, especially 
endangered species, through 
high mortality disease spread

• Larger reservoirs of 
circulating virus in animals 
creating spillover/spillback

Poultry 
Industry

• Mass mortality due to disease 
and stamping out 
interventions

• Inability to feed people who 
rely heavily on poultry 
derived protein productions 
for nutrition.

• Loss of profits due to trade 
restrictions

• Increased costs associated 
with interventions and 
monitoring

• Adverse impacts for bird 
welfare

• Disease and disposal of 
carcasses lead to increased 
outbreaks

Governments • Increased costs associated 
with interventions and 
monitoring

• Compensation to farmers
• Short- and long-term nega

tive effects on human health 
due to disease and insuffi
cient nutrition

• Silent infections introduced 
through imported products

Citizens and 
Consumers

• Death due to zoonotic events
• Job loss and food insecurity 

created by shortages and 
high prices due to possible 
pandemics, shutdowns etc.

• Reduced quality of life/ 
wellbeing due to 
psychological stress and 
socioeconomic outcomes

• Evolution of more virulent 
strains at human to animal 
interface contributing to 
spillover and spill back 
events

• Evolution of efficient 
human-to-human 
transmission
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animals to humans is not always clear, but the infection of dairy farm 
workers in the USA and the transmission through dairy cattle are pre
sumed to occur by contact with raw milk and milking equipment. The 
H5N1 virus replication in mammary glands leads to high titers in milk. 
The virus causes mastitis in cows and thus far, mostly conjunctivitis in 
humans. As of October 2024, there had not been reports of infection in 
the upper airways so H5N1 in humans and cows is not yet considered a 
respiratory or systemic disease. At this point, the H5N1 virus is still 
highly adapted to avian hosts [23] although it replicates well in bovine 
mammary tissues and initial infection does not require much virus.

The ongoing process of genetic mixing and mutation used by influ
enza viruses produces many genotypes. Iterative reassortment appears 
to explain how the current strain arose and spread so rapidly. Specif
ically, immunity that builds in the wild bird population makes them less 
susceptible to infection, so they shed lower amounts of virus. Smaller 
amounts of virus in the environment means reduced chances of strains 
infecting farms. At the same time, patchy wild bird population immunity 
may create a selection pressure leading to the evolution of immune 
escape mutants and the potential for a new epidemic. Sub-optimal 
vaccination is expected to create the same kind of immune response 
pressures in poultry flocks. Ongoing monitoring to assess any changes in 
viral genetics in wild birds, poultry and mammals is necessary to make 
appropriate antigenic matches as needed to update vaccines and to 
identify genetic changes that may alter virulence and/or transmissibility 
impacting the effectiveness of vaccination.

6. Tools for monitoring and surveillance in vaccinated poultry 
populations

One of the central trade barriers is the concern that poultry vacci
nated in exporting countries will not be fully protected from infection 
with circulating field strains. Specifically, the absence of clinical disease 
coupled with low level virus shedding means that infected vaccinated 
animals may not be detected during surveillance and their export 
making importing countries vulnerable to disease transmission. The 
pathogenesis of HPAI in poultry, the susceptibility of other species to 
infection, and the ability to detect infection and virus shedding in 
vaccinated animals, each factor into the risk-assessment tied to silent 
infections. Recall that the stated realistic goal of vaccination is to reduce 

susceptibility, transmission and disease but not necessarily prevent 
infection entirely. A robust immune response is intended to dramatically 
reduce susceptibility and virus replication upon infection, shorten the 
shedding period, and decrease virus shedding to levels that prevent 
sustained transmission. In the absence of sustained transmission, in
fections are expected to fade out and outbreaks averted. Therefore, the 
monitoring and surveillance of vaccinated poultry populations takes 
several forms and serves multiple purposes (Fig. 1: Overview of Sur
veillance Objectives and Strategies).

6.1. Measuring immune responses to vaccines

Monitoring vaccinated flocks for evidence of vaccine induced pro
tection is the first step to demonstrating vaccine effectiveness. To be 
considered fit for purpose, traditional companion diagnostic tests must 
differentiate an infected animal from a vaccinated animal (DIVA). 
Similarly, for the purposes of exporting poultry products from countries 
employing vaccination, surveillance tests need to be able to differentiate 
“vaccinated only” from “vaccinated and then infected” birds with suf
ficient sensitivity and specificity to assure importing countries that 
products are free of risks regarding HPAIV.

It is known that antibody responses to HA protein that inhibit virus- 
receptor binding provide the primary protection against sustained 
transmission. There is little cross protection between HA subtypes; H5 
vaccines only protect against H5 virus strains. The matching of vaccine 
to circulating strains is critical because there is reduced cross-protection 
even between strains and lineages within a single subtype. There is also 
little to no protection from antibodies to other viral proteins (non- 
neutralizing antibodies). Antigenic drifts of H5Nx viruses are predomi
nantly driven by substitutions near the receptor binding site (RBS) [24] 
and change in N-glycosylation pattern [25], as these glycans have been 
proposed to shield antigenic sites on the HA protein. This enables H5Nx 
viruses to escape natural or vaccine-induced immunity and leads to 
vaccine failure in the field. Thus, these substitutions are clearly associ
ated with the evolutionary advantage of antigenic escape. Cell mediated 
immunity can provide additional protective value particularly for 
vectored vaccine but there are no standard tests for evaluation.

Serological tests that can be used to detect immune responses for any 
influenza virus include the agar gel immunodiffusion test (AGID) and 

Fig. 1. Overview of surveillance objectives and strategies.
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generic commercial enzyme linked immunosorbent assay kits (ELISAs). 
Subtype specific tests include the hemagglutination inhibition (HI) test 
which targets the HA protein, several HA-subtype-specific commercial 
ELISAs and the NA inhibition enzyme linked lectin (ELLA) assay tar
geting the NA enzyme. Currently, the HI test, as a surrogate of detecting 
neutralizing antibodies, is the gold standard for evaluating levels of 
immune response although correlation with levels of protection is not 
well defined. Because agglutination of red blood cells in the assay is 
mediated by the HA protein, the choice of antigen is critical in evalu
ating protection conferred by the anti-vaccine antibodies. Selecting 
circulating field strains as the source of antigen may provide the most 
relevant data in terms of cross-protective capability.

6.2. Detecting evidence of infection in vaccinated flocks

Historically, unvaccinated and individually marked sentinel birds 
were dispersed throughout the house or farm and treated like vaccinated 
birds. They can be monitored for evidence of clinical disease and 
sampled routinely for laboratory testing. As discussed further in later 
sections, the use of sentinel birds is now discouraged and vaccinated 
birds are monitored for infection using serological and molecular tests 
[26].

Detection of NP antibodies to field virus using commercially avail
able ELISA tests are only fit for use with vaccines not containing the NP 
protein (e.g., HA subunit or vector vaccines). Detection of antibodies to 
NA is not an option for routine surveillance. Direct detection of virus 
using molecular tests provides an alternative strategy for monitoring 
vaccinated flocks for silent infection. Research has shown that in birds 
infected with LPAI or in birds vaccinated with subunit vaccines and 
challenged, virus levels peak around three days after infection. Virus is 
detectable by RT-qPCR from days 1–8 after challenge. Because molec
ular testing allows producers to move products more rapidly than with 
serological tests, RT-qPCR remains is generally accepted as the primary 
option for testing birds or products for viruses at the time of processing.

6.3. Evaluation of transmission risk: limitations of serological methods 
and advantages of molecular tests

The risk of sustained transmission in vaccinated flocks infected with 
HPAI is a function of the vaccine coverage (number of birds that 
received immunization), the level and duration of the immune response 
to vaccine, and the efficacy of protection. The latter, always with a target 
of achieving a reproduction number (R) of significantly less than one in a 
vaccinated population, could be evaluated at the level clinical disease, 
evidence of HPAIV infection and levels of HPAIV shedding. These factors 
make it difficult defining a serological threshold for protection which 
would necessarily vary with poultry species, vaccine and virus strains in 
circulation.

However, there is a continuum of correlation between immune 
response levels and clinical disease that exists between two extreme 
poles: (1) birds with no measurable immunity that are fully susceptible 
to disease and (2) birds with responses that provide sterilizing immu
nity. The latter is considered unachievable in practice, and there is no 
intermediate threshold for serological tests that will guarantee adequate 
protection. Data excerpted from a recent publication [7] demonstrated 
that using the HI test, there is an overlap of HI titers between flocks with 
R status <1 than and those >1. Although higher HI titers generally 
confer higher levels of protection, it is at best seen as a general proxy for 
protection and not a measure that can be used to indicate the status of 
individual birds or at flock level.

It was emphasized that serological tests used in the frame of a DIVA 
vaccination approach do not provide evidence of current field virus 
infection in a flock but rather indicate past exposure. Antibody re
sponses to the most abundant and highly antigenic viral protein, NP, can 
take up to 14 days to develop. When DIVA vaccines are used, antibodies 
produced against the NP protein expressed by a field virus, a protein 

which will be missing in the vaccine, become a marker of field virus 
infection. The utility of this approach to monitor post vaccination in
fections depends on the sensitivity and the specificity of the test, which 
in turn necessitates determining an appropriate sample size (e.g., using 
European rules, at least 20 per unit) and a pre-defined exclusion prev
alence that can be agreed upon as acceptable to enable free and safe 
trade.

Low sensitivity of a serological assay means true NP positives are 
missed (false-negative results obtained) whereas low specificity means 
true NP negative results are falsely identified as positive. It was noted 
that even with a high specificity testing scheme, false positives can be 
expected to occur at a frequency that has practical consequences. For 
example, at 99.8 % specificity, there is a probability of two false posi
tives in 1000 tests [8]. There are several explanations for the emergence 
of such false positive serological responses (e.g., infection of a bird that 
was inadvertently missed or improperly vaccinated, anti-NP antibodies 
from prior immunization or cross reactivity to LPAIVs or a technical 
limitation of the test). To distinguish in such cases whether active 
infection is ongoing and what kind of field virus is causing it, active swab 
monitoring using RT-qPCR is required. These scenarios highlighted that 
using sero-surveillance to monitor vaccinated flocks for evidence of 
infection has limitations.

The time delay until incursions become detectable is a problem as is 
the current restriction of testing to only antibody measurements per
formed using high-throughput antibody assays. Also, the associated 
costs (blood sampling, material [ELISA] and working time [HI]) can be 
prohibitive. That said, sero-surveillance is useful for retrospectively 
confirming freedom from infection in non-vaccinated or DIVA- 
vaccinated flocks and for estimating population immunity. These ap
proaches could be enhanced by improved ELISAs, new (surrogate) tar
gets and careful integration of sero-surveillance approaches into broader 
surveillance concepts based ideally on passive surveillance using RT- 
qPCR. This idea was further explored in a presentation on France’s 
recent field experience with vaccination.

As an EU member, France shared their experience with post vacci
nation surveillance based on the application of EU rules and their 
compliance with them in the preventive vaccination of duck flocks. All 
duck flocks were vaccinated and per the EU requirements, each flock 
was inspected every 30 days by an official veterinarian and each time 60 
birds were randomly selected for swabbing and RT-qPCR testing. In the 
meantime, dead birds (as few as one, if more samples were not available) 
were subjected to RT-qPCR testing every week. At the last veterinarian 
visit, samples were also taken from at least 20 birds per unit for sero
logical testing by NP ELISA. The extensive cost of this program was 
noted and ultimately factored into proposed adjustments to the current 
EU test plans in terms of more cost-effective sampling strategies. The 
data from France suggested that enhanced passive and environmental 
sampling by RT-q PCR are more sensitive and efficient tools than active 
surveillance of healthy birds. Data from studies conducted in unvacci
nated and vaccinated birds showed the dramatic difference in the dy
namics of infection between aquatic birds and poultry species [8].

Unvaccinated ducks reached higher proportions of infected birds and 
at earlier timepoints than unvaccinated layer chickens. There were 
fewer deaths in the ducks, and those peaked prior to the peak in pro
portion of infectious birds whereas in layers, there were more deaths 
with fewer proportion of infectious birds. In vaccinated birds, when 
vaccination did not provide protection against sustained transmission, 
the immune response led to almost complete clinical protection and a 
dramatic decrease in infection levels in ducks whereas for layers, 
infection levels were not significantly impacted although deaths were 
reduced considerably.

Based on simulations derived from data on poultry species that do 
not show early signs of clinical infection, the probability of an infection 
not being detected based on sampling five dead birds by RT-qPCR was 
modeled as a function of sampling timing post outbreak initiation. De
lays in sampling from seven to 14 or 30 days negatively impacted the 

N.C. Sajjadi et al.                                                                                                                                                                                                                               Biologicals 91 (2025) 101840 

6 



lowest level achievable whereas reductions in the probability of 
escaping detection can be gained by increasing the sample size. 
Detecting virus by surveillance conducted on pools of dead birds with 
specified sample size taken at defined intervals is referred to as “bucket 
sampling”, this type of sampling at regular intervals is referred to as 
“enhanced passive surveillance”. The use of environmental monitoring 
for signs of infection was also explored.

Analysis of aerosol samples and dust collected by wipes on walls and 
feeders on poultry farms in France during 2020–2021 suggested that 
dust contributes to viral dispersal and environmental sampling could be 
a valuable surveillance tool to complement tracheal swabs [27]. 
Detection of outbreaks occurred as early as two days after incursions 
using environmental testing. Although dust and other environmental 
sample matrices may contain substances that can inhibit RT-qPCR re
actions, studies have shown that the addition of 1 % bovine serum al
bumin (BSA) to the RT-qPCR reaction mix improves the sensitivity [28].

Based on data from the duck vaccination program and related 
research, the opinion from France was that a combination of testing 
would likely be the most cost effective with targeted sampling of sick 
and dead birds being primary and complemented by environmental 
sampling and random sampling of birds. Adoption of this approach as an 
official plan would require additional validation of environmental 
sampling procedures and achieving global consensus.

It is also very important to detect escape-variant strains as they are 
likely to give rise to the next epidemic. There are two primary mecha
nisms by which influenza viruses evolve changes to the HA and NA 
proteins that allow them to evade neutralization by the immune system. 
Antigenic drift occurs by the accumulation of mutations introduced by 
errors during replication. Antigenic shifts occur when the entire HA 
and/or NA genes are replaced by the corresponding genes from another 
strain. For HPAI, most changes occur through antigenic drift.

A combination of replication speed and lack of proof-reading by 
polymerases allows for rapid accumulation of mutational changes as 
evidenced by the multitude of clades of the Gs/GD strain that have 
arisen since 1996 [29]. These molecular mutations have also been re
flected in antigenic changes for HA and NA. Possible pressures driving 
the evolution of HPAI include silent infection (particularly in domestic 
ducks with resultant immunity in the population), the mode of trans
mission (possibly be related to the high density and close contact of birds 
kept under conditions of the poultry industry), the genetic homogeneity 
of inbred high performance poultry breeds, the ability of the virus to 
infect other species including mammals, and geographical segregation. 
Each of these conditions can accelerate the evolution of HPAI.

Additionally, it has been shown that the evolution of a viral popu
lation can be influenced by the immune pressure exerted by vaccination. 
Based on studies in chickens in which vaccination was performed with 
vaccines that yielded either 100 % protection and minimal shedding or 
70 % protection with higher level of shedding, the monitoring of the 
evolution of the viral population revealed more diversity after challenge 
in the sub-optimally vaccinated group [30]. Some of the minority vari
ants were tied to antigenic sites and receptor binding domains which 
specifically drive spread. Therefore, it is critical to monitor HPAIV 
evolution within vaccinated poultry populations but also in wild bird 
populations having access to vaccination regions.

Screening for changes in putative antigenic sites is preferable to 
scanning the entire HA1 target for changes [31]. Effective vaccination 
requires selection of antigens appropriately matched to field strains.

Antigenic matching can be evaluated using cross HI testing of sera 
from vaccinated birds in the field in combination with an antigen/virus 
obtained from field isolates. However, the gold standard for proving 
cross protection of vaccinated birds against circulating field strains is a 
challenge study conducted using an appropriate challenge strain and 
dose level under high level biosecurity conditions. Most importantly, 
data and viral isolates derived from antigenic monitoring must be made 
available to others through international initiatives (e.g., OFFLU’s AIM 
program) reaching also the medical field in a One Health approach (e.g. 

WHO VCM).
Anonymous reporting facilitates geographical representation of the 

current situation and can provide information on vaccination break
down which must be anticipated. The process for being able to update 
marketed vaccines in response to antigenic changes in circulating field 
strains in the EU was explained and a suggestion made to adopt an 
efficient process already in place for rapidly updating equine influenza 
vaccines.

6.4. Monitoring the antigenic evolution of H5Nx to measure and enhance 
the efficacy of H5 vaccines

Amino acid substitutions near the receptor binding site and in anti
genic sites in the globular domain of the HA protein were deemed to be 
positively selected to reduce antibody binding and therefore were sup
posed to be responsible for vaccine failures. Since HA and NA continu
ously change in Influenza viruses and results in antigenic drift, human 
influenza vaccines require frequent updates. To facilitate decision 
making, antigenic cartography has been developed introduced by global 
influenza surveillance network, organized by the World Health Orga
nization (WHO) [32]. Antigenic cartography is a powerful method to 
calculate and visualize antigenic distances between vaccine strains and 
circulating H5Nx viruses and plays a very important role in vaccine 
updating decisions. More importantly, antigenic cartography can be 
used as a surveillance tool to measure the evolution and epidemiology of 
influenza viruses.

Antigenic cartography to monitor antigenic variations in H5N1 vi
ruses have been introduced in the project “Monitoring AI virus variants 
in Indonesian poultry and defining an effective and sustainable vacci
nation strategy” from Oct 2007–September 2008 (OSRO/INS/703/USA- 
AUL). The project revealed antigenic differences between circulating 
H5N1 viruses of clade 2.1.3 and the H5 vaccines used in the Indonesian 
poultry industry. The findings have important implication for H5 vac
cine efficacy and control of H5Nx by vaccination.

7. Field experiences on surveillance in vaccinated populations 
— case studies from six countries/territories

Table 2 provides a summary of the commercially vaccines used by 
three countries. In general, all vaccines tested were considered to be safe 
and efficacious. European regulators noted that vaccination programs in 
EU member states do not require the use of commercially licensed 
vaccines. However, plans to use any form of vaccine including marketed 
products, requires regulatory review before implementation of a vacci
nation program.

7.1. France

Due to unprecedented outbreaks of HPAI H5 clade 2.3.4.4b since 
2016 that led to the culling of over 40 million poultry, France made the 
decision to vaccinate all duck flocks (Table 2) with the vaccination 
campaign launched in October 2023. Over 95 % duck farmers 
committed to the vaccination campaign with at least one dose of 
vaccination reported. Surveillance of the vaccinated flocks was per
formed in compliance with EU regulation 2023/361 [33] and included 
enhanced passive surveillance conducted by farmer or technician under 
supervision of veterinarian (bucket sampling; weekly RT-qPCR testing 
for M gene on 5 dead ducks per epidemiological unit), active monitoring 
conducted by appointed veterinarian (random sampling of 60 birds 
every 30 days per epidemiology unit) and serological monitoring for 
evidence of effectiveness also conducted by appointed veterinarian (NP 
ELISA on 20 birds per batch at the end of the production). A network of 
approved and recognized laboratories throughout France conducted the 
surveillance testing. The cost of vaccination and surveillance was shared 
between government (85 %) and farmers (15 %).

Modifications had been made to the approved vaccination and 
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surveillance plan after the campaign began for improvement. Based on 
11-week challenge results and in response to surveillance data, which 
indicated a decrease of immunity against HPAI after 11 weeks of age, a 
third dose was added for flocks in high density farm areas during high- 
risk periods. A change to the passive surveillance protocol (weekly 
sampling of 5 dead or morbid ducks with samples to be stored at 4 ◦C or 
− 20 ◦C, or if not possible, dispatch to a laboratory at 4 ◦C) was also 
implemented as a result to address issues related to sample availability, 
sample transport and storage condition.

By late September 2024, a total of 60.5 million ducks at 2295 facil
ities have received at least one dose of HPAI vaccination. Overall, the 
farmers commitment to vaccination compliance with the vaccination 
protocol were high and results of vaccination have been very positive. 
Only 10 HPAI outbreaks have been reported in the first 6 months since 
the vaccination campaign launched in October 2023. Seven of the HPAI 
outbreaks were reported in other poultry, but not in ducks. In January 
2024, three HPAI outbreaks were reported in ducks, of which two of 
them were reported in vaccinated ducks and one was reported in un
vaccinated breeder ducks. The two HPAI outbreaks in vaccinated ducks 
occurred in the same epidemiology unit and were related to decreased 
vaccine protection in ducks with low and heterogeneous level of im
munity at 10 weeks of age, having as well as incomplete vaccine pro
tection (infection of ducklings with only single dose of vaccination 
before completing the protective vaccination protocol). Under the AI 
surveillance program, nearly one million samples have been tested in 
the past year. While there has been some LPAIV detected in the vacci
nated population, no H5 or H7 HPAIV had been detected which indi
cated the effectiveness of the vaccination campaign.

7.2. The Netherlands

The Netherlands do not vaccinate poultry because there is currently 
no endemic LPAI of any subtype and no HPAI. They have a national 
surveillance program to monitor every commercial poultry farm and 
screening of healthy wild birds is performed by academic laboratories. 
Suspicious deaths of birds and mammals are investigated by the 
Wageningen Bio Veterinary Research (WBVR). Farmers pay for the 
testing required under the national AIV surveillance program. Serolog
ical screening is performed for indoor poultry, pullet flocks, free range/ 
organic birds (every quarter), turkeys (every flock) and ducks totaling at 
least 30 birds per sampling with a minimum of 5 samples taken per 
house for each type of farm.

They have a strong passive surveillance program for commercial 
poultry with notification mandatory under specified circumstances for 
each type of production primarily based on levels of mortality. Data 
collected over 20 years were used to establish mortality levels for 
chickens, ducks, turkeys and other bird flu susceptible animals, that are 
considered early indicators of an outbreak and warrant obligatory 
reporting. If there are other signs of disease, farmers are obliged to 

consult a veterinarian immediately. Under this science-based system, 90 
% of infected flocks are culled within 24 h of notification. The farmers 
would get 100 % compensation for healthy birds, 50 % for sick birds and 
no compensation for dead birds, which encourages early reporting by 
the farmers.

Although they do not vaccinate against any AIV subtype, they are 
conducting a vaccination/challenge study using two small layer flocks 
vaccinated against H5 (Table 2). The aims of the study are: (1) to 
measure the efficacy of vaccines under field conditions (noting that prior 
studies in 2003 conducted in the field did not compare to experimental 
conditions), (2) monitor the duration of protection as measured by 
health, virus shedding and transmission, (3) identify duration and cor
relates of protection, and (4) evaluate the performance of the di
agnostics. The study was started in September 2023 using three 
vaccinated groups and a control group at each of two small scale farms 
as follows: 

• Group 1: Vectormune AI (rHVT) Ceva (Day 0)
• Group 2: VAXXITEK HVT + IBD + H5 Boehringer Ingelheim (Day 0)
• Group 3: VAXXITEK HVT + IBD + H5 (Day 0) + VOLVAC BEST AI +

ND (Subunit) boost at 12 weeks
• Control group (unvaccinated)

The birds were tested prior to challenge by weekly RT-qPCR testing 
and monthly serological testing (60 samples for NP ELISA; 120 samples 
for H5 HI-test using homologous vaccine-like antigens). Challenges with 
H5 2.3.4.4b virus are scheduled for weeks (W) 8, 24, 52 and 83. Data 
from W8 challenge showed results similar to experimental studies and 
W24 data will become publicly available soon. The challenge at W52 
was recently performed.

Surveillance results to date show no evidence of infection in all four 
groups by weekly RT-qPCR testing and ELISA results. Serological testing 
showed 99.76 % negative NP ELISA results for vaccinated birds, 
consistent with 99.79 % negative in negative control groups which 
indicated that the specificity of the NP ELISA test is not affected by 
vaccination. Despite the 0.2 % false positivity rate for the NP ELISA is 
very low, this will result in on average 2.9 suspicious samples per 
vaccinated layer flock which is not sustainable. Evaluation of antibody 
response to the vaccination by the HI test using H5 that is homologous to 
the vaccine showed that >99 % of sera were positive but using the H5 
2.3.4.4b antigen, HI titers were much lower.

Rough estimates for surveillance labor costs associated with testing 
and farm visits (not including investigation of suspicious results) are 
7500–15,000 Euros per flock per year for each farmer. With 2200 farms, 
surveillance would also require 32-73 additional veterinarians who are 
not available as there is already a shortage. Thus, especially for small 
farms, surveillance requirements are a barrier to vaccination uptake.

Table 2 
Commercially available vaccines used in case studies.

Country Vaccines Used Species 
vaccinated

Notes

France Volvac BEST AI + ND -Boehringer Ingelheim 
(baculovirus recombinant HA)

Pekin ducks • Vaccination of breeding ducks is not mandatory. Ducklings hatched from vaccinated 
flocks are excluded from export.

Response AI H5 - Ceva (mRNA for HA) Mule ducks • DIVA surveillance for infection using NP ELISA serology; subcutaneous and 
intramuscular injections used

Authorized for use by ANMV French Agency for 
Animal Medicinal Products

Muscovy ducks • No live virus vaccines allowed even if attenuated.

The 
Netherlands

Vectormune AI (rHVT) Ceva Layer flocks • Eggs destroyed
VAXXITEK HVT + IBD + H5 (Boehringer Ingelheim) ​ • Vaccines selected based on protection achieved in prior challenge/transmission 

challenge experiments
Volvac BEST AI + ND -Boehringer Ingelheim ​ • Challenges conducted under high containment

Uruguay Vectormune AI Ceva Broilers •A private-public scientific committee was assembled to evaluate ten commercially 
available vaccines in making their selectionsFowlpox H5 (BIAH) Layers

Boost with heat inactivated whole vaccine H5N8 Breeders
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7.3. Uruguay

The Uruguayan poultry sector is characterized by a strong orienta
tion towards the domestic market and a concentration of production 
within a 30 km radius of Montevideo, the capital. There are many 
different kinds of establishments in this area (e.g., layer farms, breeder 
farms, and broiler farms) with heterogenous biosecurity levels. This 
epidemiological situation poses a challenge for disease prevention. 
Outbreaks have occurred in wild birds and backyard poultry, totaling 
fourteen from February 2023 to March 2024. In these cases, authorities 
acted within 24 h to eliminate carcasses and the affected populations. 
The government financially compensated the producers affected by 
these outbreaks. Outbreaks in wildlife in a reserve including birds, 
terrestrial mammals as well as sea lions far from farms, have been 
rapidly managed by the relevant competent authorities. In response to 
these outbreaks, the government adopted a resolution to implement a 
vaccination plan. The aims were to: 

• increase resistance in poultry to avian influenza viruses
• reduce the viral replication in respiratory and gastrointestinal tract 

of infected birds to reduce virus shedding
• prevent clinical diseases and death in poultry
• provide a complement to biosecurity measures

To determine the most appropriate vaccines for the country’s reality, 
a public-private scientific committee was established to evaluate the 
available options. The evaluation mainly took into account of the sim
ilarity of vaccine strain to circulating strains, scientific information on 
the vaccine efficacy and capability of DIVA. Tests were also performed to 
determine the level of vaccine protection in the animals. A heat- 
inactivated H5N8 clade 2.3.4.4 whole vaccine was selected to vacci
nate birds from ages 8–12 weeks (either subcutaneously in the neck or 
intramuscularly in the chest). A boost was required 21–28 days after the 
first dose. For breeders, a rHVT or an Avian pox vaccine was adminis
tered on the day of hatch (or upon arrival for imported birds). While the 
vaccines were free for producers at government cost, vaccination was 
mandatory for both light and heavy breeders (and for licensed and un
licensed commercial layer farms) and needed to be performed under 
supervision by trained, accredited veterinarians. Vaccination started in 
May 2023 and boosters were given during the rearing, growing and 
production phases. Considerations for continuing vaccination included 
the epidemiological situation, the ability to export poultry products, the 
availability of ongoing government support, and the appearance of 
antigenic variants.

To date, vaccine coverage has included all breeder and hatchery 
farms, and a large majority of layer farms. Active surveillance has been 
carried out on farms, including sampling of live birds (60 birds in pools 
of 10), bucket sampling (up to 10 dead birds of the day) and serological 
testing (11 serum samples per house) to determine the level of vaccine 
protection. Results of active surveillance show no evidence of HPAIV 
and, except for some farms, adequate levels (>1/32) of immunity in 
most farms by HI testing. HI titers increased over time and across all 
vaccination protocols.

7.4. Indonesia

HPAI poses a threat to food security in Indonesia; poultry is a major 
source of protein for its population. Indonesia has experienced three 
introductions of H5N1 viruses into the country: 2003 clade 2.1.3, 2012 
clade 2.3.2.1c and 2022 clade 2.3.4.4b. By 2004 Indonesia has officially 
adopted vaccination against H5N1 as one of nine elements ratified as 
national HPAI control strategy: 

1. Biosecurity improvement
2. Vaccination in endemic areas
3. Depopulation in endemic areas

4. Re-shape the poultry marketing system
5. Surveillance (tracing)
6. Restocking
7. Stamping out in newly infected area
8. Public awareness and education
9. Monitoring and evaluation

From 2003 through 2011 approved heterologous vaccines were used 
to control H5N1, but it was evident that vaccination using heterologous 
vaccination with antigenically distant vaccine seeds fail to protect. More 
importantly, heavily vaccinated long live poultry, such as breeders and 
layers, produced outlier strains in flocks that had been infected and 
escaped vaccine protection. This was the driver for high antigenic drift 
that cause vaccine escapes. Consequently, the poultry industry suffered 
from significant losses from 2006 to 2010. Also, infected broilers made 
their way into collector yards and live bird markets causing the rise in 
human infection and human fatalities in the cities.

The OFFLU project “Monitoring AI virus variants in Indonesian 
poultry and defining an effective and sustainable vaccination strategy” 
project introduced the antigenic cartography as a tool to select vaccine 
and challenge strain candidates. The project documented that the use of 
non-homologous vaccines in long-lived birds, such as egg-layers and 
breeders provided suboptimal protection and have caused a faster 
antigenic drift of the AIV, when experiencing concurrent challenge with 
the enzootic virus. OFFLU presented by 2010 the final recommendation 
to the Indonesia government that vaccine using Indonesian viruses, 
representing antigenically most AI viruses in Indonesia (antigenic 
match) and equipped with a high antigen content (antigenic mass) 
should be considered. Surveillance of circulating virus using DIVA 
vaccines and sentinel birds has been identified as less useful in 
Indonesia, as the virus was endemic and the target of vaccination using 
antigenically matching vaccines in combination with stringent bio
security is the reduction of H5N1 virus load in the field.

From 2012-till now Indonesia faced the introduction of new clades of 
H5N1 (clade 2.3.2.1c and clade 2.3.4.4b), and in both cases matching 
vaccine solutions were deployed to help the country to control Avian 
Influenza.

After 2007, they also began collaborating in a public-private part
nership working with the Indonesian government on HPAI control. In 
2008 the government issued a decree for implementation of AI-free 
compartments requiring all major producers to, among other things, 
implement strict biosecurity measures, perform routine independent 
surveillance and monitoring of poultry for clinical signs of disease, and 
use of a licensed AI vaccine in the vaccination program. Surveillance 
monitoring data are submitted monthly into a centralized data capture 
system. The company’s poultry health network has 200 veterinarians to 
perform testing and interpret the serological, molecular and antigenic 
cartography data.

Surveillance initially included the use of sentinel birds, but the 
practice was discontinued because it was not practical and posed a risk 
of amplifying infections. If AIV is present in the environment, unvacci
nated birds can become infected more easily than vaccinated ones, 
serving as carriers or amplifiers of the disease. The presence of unvac
cinated birds can put selective pressure on the AIV, encouraging the 
evolution of strains that can bypass the immunity provided by the vac
cine. Also, progeny from unvaccinated sentinel birds also do not have 
maternal antibodies against AIV which creates problems for broiler 
farms since all broilers are unvaccinated in Indonesia (only breeders and 
layers are vaccinated) and these farms have low biosecurity. Diseased 
birds are culled and sold to live bird markets thereby increasing the risk 
of human disease.

Active surveillance is performed using the HI test with H5 and H9 
antigen. Samples are taken from 30 birds per house (around 8000 birds) 
every five weeks. Titer results are tracked over time after vaccination 
from pullet phase to egg laying phase. RT-qPCR testing is also performed 
on the same 30 birds every five weeks. They also conduct passive 
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surveillance, based on depletion (mortality and culling; >0.3 % per day) 
and decrease in egg production and quality (>3 consecutive days; 
showing significant deviation from performance objectives) observed, 
by performing necropsies, rapid tests (lateral flow assay (LFA)) and RT- 
qPCR using portable PCR technology. For AIV, they perform antigenic 
cartography twice a year for updating the HPAI vaccine as they produce 
their own vaccine. As a result of their current vaccination and surveil
lance strategy the number of outbreaks during the rainy season has 
declined since 2011.

7.5. China

Slides and recordings of the presentation by China were not made 
available in preparation of this report. However, several references cited 
in the presentation were captured [34–37]. The vaccines used were 
developed and produced in China.

7.6. Hong Kong special administrative region, China

Hong Kong currently has 29 licensed chicken farms with varying 
capacity and a total maximum holding of ~1,300,000 broiler chickens, 
which are solely supplied for local consumption with no involvement of 
international trade. Sporadic outbreaks have occurred at the farm level 
since 1997 leading to culling of over 3.4 million birds. In 2003, a 
compulsory preventive HPAI vaccination campaign was implemented 
and since then, there has only been a single outbreak at the farm level in 
2008. When the vaccination campaign was first introduced, an H5N2 
European LPAIV vaccine strain was selected. Due to antigenic mismatch 
with the field strain of HPAIV, it was later decided in 2012 to switch to 
the recombinant HPAI vaccine developed by Harbin Veterinary 
Research Institute of China for better antigenic match with the circu
lating strain. Since then, a total of five vaccines developed and produced 
in China have been used with updates introduced once every few years 
as the strains have evolved and the corresponding vaccines have been 
progressed from monovalent to trivalent forms. The general HPAI 
vaccination strategy for chicken farms in Hong Kong involves the first 
dose at 8–10 day-old with booster at 4 weeks after the first dose. For 
chickens aged 120 day-old or above (e.g. breeders), a booster dose is 
required once every 6 months.

Surveillance is conducted at local poultry farms, in poultry markets 
and at other locations. Additionally, pet birds, park birds and wild birds 
are monitored. Dead wild birds are monitored for circulating HPAI virus 
strains. From 2018 to 2023, with a total of over 23,000 dead wild birds 
tested (representing ~30 % of surveillance testing overall), only 13 birds 
have been tested positive for H5 or H7 AIV. Poultry farms make up ~40 
% of the surveillance testing program. It includes random sampling of 30 
vaccinated birds (oropharyngeal and cloacal swabs) from each pre-sale 
chicken batch for H5 and H7 AIV RT-qPCR test and 30 blood samples 
from each batch of vaccinated birds taken at four weeks after the second 
vaccination for HI testing with H5 and H7 subtypes. Random blood 
samples are also taken from vaccinated breeders and evaluated by HI 
testing. Environmental sampling and testing by RT-qPCR are performed 
on a regular basis. Passive surveillance is performed on dead chickens 
during regular farm inspections. Market sales of chickens are only 
approved if the AI test results meet the government requirements (e.g., 
all samples are negative for H5 and H7 AIV by RT-qPCR and ≥70 % of 
blood samples from each batch of vaccinated chickens show H5 and H7 
HI titers ≥1:16). Failing to meet the minimum serological titer 
requirement leads to revaccination of the batch.

Sentinel birds were also part of mandatory surveillance testing up 
until 2022 when it was abandoned. With 20 years of experience, they 
have determined that silent infection is unlikely to occur in well- 
vaccinated flocks. High titer antibody responses to well-matched anti
gens from circulating field strains are considered adequately protective. 
Limited virus shedding, if any, is very unlikely to result in sustained 
transmission. However, HPAIV can be introduced into unvaccinated 

sentinel birds creating a transmission risk, which was one of the iden
tified risk factors that may have contributed to an HPAI outbreak 
occurring at the farm level in 2008 after outbreak investigation. Moni
toring sentinel chickens also led to multiple false positive serological test 
results causing unnecessary suspension of trade and economic hardship 
for farmers. None of these serology-positive birds tested positive for 
HPAI virus by RT-qPCR.

Overall, Hong Kong has demonstrated vaccination to be an effective 
control measure for HPAI outbreaks and transmission in poultry. HPAI 
vaccination with ongoing antigenic updates will continue in Hong Kong 
for the foreseeable future; currently there is no exit strategy. Noted 
during discussion afterwards was that defining an exit strategy prior to 
implementation of a vaccine program has no scientific basis. Decisions 
to discontinue vaccination should be data driven and risk based.

8. Surveillance and trade: risk assessment

8.1. Science and statistics

Risk-based surveillance uses information about the probability of 
occurrence and the magnitude of biological and economic impact of 
health hazards to inform design of sampling strategies. In epidemiology, 
surveillance can be classified in terms of its purpose—determining 
whether disease is present or absent in a population [38]. In classic 
surveys, if the goal is to determine the level of disease present, then 
ideally the estimates of occurrence in the sample would be identical to 
the true proportion of occurrence in the population. Whereas in evalu
ating disease eradication, the goal is to discover every case of disease. In 
contrast, if the purpose is to determine that a disease is absent, then the 
goals become either to demonstrate freedom from disease (find at least 
one case and show not free) or to detect disease early (find the first case). 
The objective drives the type of analysis and sample size calculations. 
For surveillance of HPAI in vaccinated populations, the expected 
outcome is that disease is absent.

8.1.1. Surveillance for disease absence: looking for cases of infection
Demonstrating absolute freedom from disease, that is proving com

plete absence in the population, is impractical in most situations. Such 
proof could only be made possible by testing every animal using a per
fect test (no false positives or negatives) and testing all animals simul
taneously. Given this immutable reality a probabilistic approach 
compares two theoretical populations: one which is assumed to be 
infected at a defined hypothetical prevalence (i.e., the design preva
lence, P* which can never be zero) and one that is not infected. Sur
veillance is then statistically powered to have a high probability of 
detecting positives at P*. If there are no positives found, then any disease 
present is presumed to be below P*.

The higher the P* value, the smaller the sample sizes needed to 
detect it. Conversely, if P* is low, then a large sample size is required to 
increase the sensitivity of the surveillance. More importantly, the P* 
value must be standardized to allow for comparisons of surveillance 
strategies and plans across studies and countries. Thus, for harmoniza
tion of outcomes to promote safe and fair trade, there must be agreement 
on a P* value that represents an acceptable level of infection.

Assessing freedom of disease can be done by comparing the proba
bility distributions of the number of expected positive results in two 
hypothetical populations, one free from disease (prevalence equals zero) 
and the other with disease present at the design prevalence (P*). A cut- 
point number of positive results is used to assess surveillance sensitivity 
(the proportion of positive results from a positive population that are 
above the cut-point) and specificity (the proportion of negative results 
from a negative population that are below the cut-point).

When the specificity of our diagnostic test is 100 %, the number of 
positives from a disease free population will be zero, and a cut-point of 1 
can be used. For a population with disease at P*, if the sample size is too 
small, there is a risk of not detecting it, because there is not a high 
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chance of including at least one of the infected animals in the sample. 
Moreover, if the test has imperfect sensitivity (false negative results) the 
likelihood of disease detection is further reduced.

For example, assuming 5 % of the population is infected (P*), the 
probability of observing zero positive test results using a sample size of 
100 and a test with 95 % sensitivity can be calculated. The frequency of 
negative samples with P* for this sample size can be computed assuming 
a binomial distribution yielding a surveillance sensitivity of 99.23 % in 
the above example. This surveillance sensitivity increases to almost 100 
% (99.995) if P* is assumed 10 % and other assumptions are kept con
stant. As the test is assumed to have perfect specificity, there is no 
chance of obtaining a false positive, giving a surveillance specificity of 
100 %.

However, as the P* drops below 5 %, the probability of getting zero 
positives (while keeping sample size constant) increases and the sur
veillance sensitivity drops significantly (e.g., 61.5 % for P* = 1 %). The 
surveillance sensitivity is similarly impacted by making other changes to 
the assumptions in the model. Test sensitivity does not have a huge 
impact on surveillance sensitivity, but sample size does. For example, to 
increase the surveillance sensitivity of 61.5 % for P* = 1–97.8 % re
quires a sample size increase from 100 to 400.

These examples have assumed that the individual test has perfect 
specificity (100 %; no false positives). However, in practice false posi
tives present a problem. One approach to managing them is to use 
confirmatory testing. By conducting independent tests in series and 
considering that the sample is only positive if each of the tests is positive, 
the combined test specificity can be greatly increased. For example, 
three independent tests, each with a specificity of 95 %, yield a com
bined specificity of 99.99 %. The tradeoff is a decrease in sensitivity. In 
this example, if the sensitivity of each test was also 95 %, the combined 
sensitivity would be 85.7 %.

An alternative approach is to recognize that false positives are 
inevitable when using a test with imperfect specificity, and to increase 
the cut point. To do this, the expected false positive rate for the test is 
determined and a cut point is established. By shifting away from 100 % 
test specificity, the theoretical disease-free population will now have 
less than 100 % surveillance specificity creating overlapping distribu
tions between theoretically negative and P* infected populations. The 
cut-point is a chosen value above which the rate of positives is consid
ered indicative of disease. Unfortunately, the cut point approach is 
rarely used in practice, as it is difficult to explain the probabilistic 
interpretation of freedom in the face of positive test results.

Surveillance strategies to demonstrate freedom from disease must be 
affordable and there needs to be increased focus on greater efficiency. 
Samples sizes based on representative sampling (as proposed in some 
regulatory frameworks) may be too large. The efficiency of surveillance 
to demonstrate freedom from disease can be improved using risk-based 
sampling, accounting for small populations, combining evidence from 
multiple surveillance components (while accounting for lack of inde
pendence between components) and incorporating the value of histori
cal evidence. These advanced topics were mentioned in a presentation 
but not explored further. Applying the concepts of surveillance sensi
tivity and specificity to the monitoring of vaccinated populations to 
demonstrate freedom from disease must consider the fact that specific
ities may be low for some tests and that the prevalence of disease in a 
vaccinated population will be lower than in a naïve population. How
ever, absence of disease can also be evaluated using early detection.

8.1.2. Surveillance for disease absence: seeking early detection
Early detection can be defined in different ways for different appli

cations [39]. Disease can be presumed to be present and the metric for 
early detection is an increase in cases or outbreaks. For surveillance of 
vaccinated populations, it means finding cases at the individual level 
(first bird in a barn or first barn in a district flock/herd level) or first case 
into a country of a new strain globally. In this scenario, early must be 
defined at both the unit level (first wild bird, first domestic bird, first 

barn etc.) and based on the pathogenesis (when infected, when viremic, 
when sero-converted, when clinical disease, when dead). Pragmatically 
this means finding evidence of the disease when there is still time to 
prevent or minimize adverse consequences using an affordable 
approach.

Early detection strategies can also be designed to target a given 
sensitivity. This means defining a timeframe for “early” (e.g., must find 
evidence of disease within one week) and what proportion of incursions 
need to be successfully detected. As to the latter, the expectation is al
ways “100 %” for trade to be considered acceptable yet this is virtually 
unachievable. Early detection surveillance sensitivity (SSe) in terms of 
finding the first case can be calculated: 

Equation <1> SSe=CP X CT X SeD                                                      

Where CP is the percentage of population under surveillance, CT is the 
frequency of observations related to target time to detection (e.g. for 
within one week target but annual testing, the value is 1/52–0.02) and 
SeD is the detection sensitivity of the test.

The SSe increases with greater coverage, more frequent testing and 
with higher sensitivity tests. Perfect surveillance sensitivity would 
require the entire population to be under constant surveillance using a 
test that has no false positives and no false negatives. Ways to improve 
early detection surveillance include risk-based targeting, reduced 
stringency in defining early (i.e. not first case but when prevalence > P*; 
e.g. not first bird but first barn with 5 % prevalence) and modeling of 
disease dynamics. Examples of these can be found in the literature 
addressing early detection and early warning for African swine fever 
(ASF) [39] and AI [40].

Clinical and production related observations have lower sensitivity 
but can be used to increase efficiency.

Gains need to be balanced against costs and logistics. If testing is 
inexpensive then surveillance can be statistically structured to achieve 
sensitivity with larger sample sizes. Expensive high sensitivity tests are 
only practical for small sample sizes, and they don’t dramatically in
crease overall surveillance sensitivity. More frequent testing and large 
sample sizes have the greatest impact on disease detection.

8.1.3. Outcome based surveillance: design considerations for emergency vs. 
preventive vaccination

Output based surveillance is based on the purpose of vaccination. In 
the EU vaccinations are categorized as preventive and emergency 
(further subcategorized as suppressive or protective). For emergency 
vaccination the aim is early detection before farm-to-farm transmission. 
For preventative vaccination, the aim is to maintain and prove freedom 
from disease. Several key questions must be addressed in designing a 
surveillance strategy: 

• Who to sample?
• What to sample?
• How many samples?
• When to sample and how often?

Data from transmission experiments using unvaccinated and vacci
nated ducks in France or chickens in the Netherlands, where vaccination 
did not prevent disease but reduced mortality, shed light on these 
questions [7]. For example, the proportions, over time, of infected, 
recovered and dead ducks in vaccinated flocks were compared and in
forms the “who and what to sample” question. For swabs taken from 
infected and dead ducks, RT-qPCR testing is performed and for recov
ered or seroconverting ducks, serological testing is done. To address the 
question of “how many and when”, a hypothesis and assumptions need 
to be defined. These tie to the intended outcomes of vaccination.

For preventive, a design prevalence, P*, is used to calculate sample 
size as described previously. For emergency vaccination, a design 
reproduction number (Rh) is required. If surveillance detects infection 

N.C. Sajjadi et al.                                                                                                                                                                                                                               Biologicals 91 (2025) 101840 

11 



before transmission, then the Rh will be reduced. The aim is to reach Rh 
< 1 meaning the epidemic will eventually cease. Given the outbreak 
dynamics in ducks and the monitoring of 10 dead ducks at either weekly 
or bi-weekly (every two weeks), the frequency that infection is not 
detected, can be calculated. With weekly measuring, the Rh < 1 whereas 
for biweekly it is above 1. The sample size also influences this detection. 
As shown in Equation <1> increasing sample size can further increase 
the probability of detection. Confidence in detection can then be 
calculated:

Equation <2> Confidence = 1- [probability of escaping detection].
Modeling the data for vaccinated ducks and surveillance with five 

dead birds, the probability of escaping detection was shown for 7,14- 
and 30-day frequency. After 20 days of monitoring, the confidence in 
detection for 7-day frequency is nearly 100 %. That level is not reached 
for 14-day monitoring frequency until more than 30 days have elapsed, 
and not at all for 30-day sampling interval (maximum ~90 % confidence 
reached). All strategies achieve the same outcome (Rh < 0.4) so it is 
important when making decisions to consider what will be the most cost- 
effective means of achieving them.

For preventive vaccination, the aim is to maintain and demonstrate 
freedom from infection. Unlike emergency vaccination, which is used to 
control epidemics, in preventive vaccination, it is not known how and 
when infection will occur. Two papers provide details on using scenario 
trees to achieve confidence in freedom from infection [39,41].

From a United States Department of Agriculture (USDA) perspective, 
there are several considerations factored into addressing the questions 
surrounding vaccination surveillance as listed above. Active and passive 
surveillance are both still needed for vaccinated and unvaccinated birds. 
Active surveillance will need to be higher in vaccinated birds because 
with good coverage there will be fewer clinical signs and deaths. Sur
veillance is valuable for detecting outbreaks and providing freedom 
from disease but with vaccination, disease may be more difficult to 
identify. Geographic and industry specific vaccine usage will also inform 
surveillance strategies including targeting of the most at-risk groups.

Surveillance design is based on its objectives as well as the vaccine 
type selected (e.g., will determine whether a DIVA approach is needed), 
the species being vaccinated, the purpose of production and costs (test 
type, personnel, laboratory supplies and capacity). In the US, the Na
tional Poultry Improvement Plan (NPIP) disease surveillance program 
which includes AI, provides ongoing surveillance in commercial poultry 
and breeding facilities in all 50 states and Puerto Rico. All surveillance 
plans have sampling strategies statistically powered to detect 10 % 
prevalence with a 95 % confidence level.

Models to look at within flock transmission to predict potential HPAI 
in vaccinated flocks with partial immunity have been developed by 
USDA Veterinary Services Center for Epidemiology and Animal Health 
in collaboration with some universities. Applying the model to rHVT 
vaccines in chickens, the predicted prevalence of infection in a 100,000- 
bird layer flock can be simulated for sub-optimum vaccine conditions. 
Transmission rates were based on previously published data [42] and 
three groups of immunity levels: 

• very poor immunity
• properly vaccinated but only partially immune
• fully protected

Preliminary results from studies at Southeastern Poultry Research 
Laboratories (SEPRL) suggest that virus is slower to spread and longer to 
detect in vaccinated flocks. This justifies targeted sampling of dead 
birds, and live birds with clinical signs, as a priority with 6 pooled 
samples (11 bird pools) tested using RT-qPCR. Results from one of the 
scenarios showed the fraction detected varies but increases over time 
after flock exposure. Additional transmissions are needed to improve the 
ability of the models to predict transmissibility to other flocks.

The European Commission (EC) also evaluated surveillance strate
gies. It asked the European Food Safety Authority (EFSA) to perform an 

assessment of available vaccines against HPAI in poultry. In collabora
tion with the European Medical Agency (EMEA) and European Refer
ence Laboratory they published official opinions [7,8]. Evaluations were 
performed within the framework of the EU Regulation (2023/361) [33] 
and rules for both emergency and preventive vaccination. They also took 
into consideration WOAH resolution No.28 [5] and the requirement for 
surveillance to demonstrate freedom from HPAI virus circulation in all 
vaccinated flocks with sampling at a frequency that is proportionate to 
risk of HPAI.

For emergency vaccination, the first step was to define the objectives 
of surveillance: 

• HPAIV early detection
• Assessment of vaccination effectiveness
• Demonstrating freedom from HPAIV in vaccinated establishment (to 

authorize movement)
• Demonstrating freedom from HPAIV in vaccinated zone

Simulations were used to quantify the reduction in infectiousness 
under given surveillance scenarios and to estimate the probability for an 
outbreak escaping detection. R0 values were estimated to allow com
parison of different surveillance strategies. A strategy was considered 
effective if the probability of escape detection was less than 0.01 (1 %) 
for more than 95 % of the outbreak simulations and the resultant R0 
value < 1.

For layers, in flocks larger than 3000, sampling dead birds (n = 5) at 
a 7-day interval was shown to be effective for early detection. Longer 
sampling intervals can be supported by larger sample sizes. For ducks, in 
flocks larger than 6000, dead birds (n = 5) at a 7-day sampling interval 
were also shown to be effective. Molecular and serological testing of live 
bird samples was effective for a random sample size of 60 drawn every 
two weeks but not recommended based on concerns associated with 
handling and restraint of animals. Taken together, these results led to a 
recommendation that for emergency vaccination molecular testing of 
dead birds with repeated sampling in time is appropriate.

In the context of preventive vaccination, HPAIV early detection was 
defined as the probability of “at least one infected establishment 
detected” by the surveillance. Assuming perfect specificity, freedom 
from HPAIV means the probability that the population is free from HPAI 
given that the surveillance did not detect any infected establishment. 
Scenario tree models without using temporal discounting were used to 
estimate the sensitivity of the surveillance system.

For active surveillance, the assumptions were that up to 15 dead 
birds would be taken from all vaccinated flocks and tested by RT-qPCR 
at 30-day intervals; passive surveillance performed on unvaccinated 
flocks served as the base line. The results showed confidence in freedom 
to be >99 % for three species in high-risk areas and a probability of early 
detection ranging from 74 to 93 %. Scenarios with variations in sam
pling interval and proportions of vaccinated flocks were also assessed. 
With sampling less than 100 %, and testing every two weeks or weekly, 
confidence in freedom remained above 98 % but had an impact on the 
early detection sensitivity.

These data resulted in a recommendation to test up to 15 dead birds 
every 30 days in vaccinated flocks to achieve >99 % confidence in 
disease freedom within high-risk zones for HPAIV infection. If the aim is 
to increase the early detection, then the sampling interval should be 
reduced; passive surveillance should be always in place and enhance the 
overall surveillance sensitivity. Risk mitigation measures to enable safe 
movement of birds were also assessed. To do this, the recommendation is 
to demonstrate freedom from infection by sampling up to 15 dead birds 
not less than 72 h prior to movement.

8.2. Economics

The objectives of surveillance not only drive the scientific and sta
tistical design elements, but also the economic evaluation of strategies. 
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Two of the most widely used methods are cost benefit analysis (CBA) and 
cost effectiveness analysis (CEA). CBA compares both costs and benefits 
in purely monetary terms which allows for aggregating different types of 
benefits such as human lives being saved versus biodiversity. However, 
assigning monetary value to certain types of benefits (e.g., value of a 
human life) can be controversial and may need to rely on modeling (e.g., 
what would happen if infected birds left the market?). CEA uses effec
tiveness units such as disability adjusted life years (DALYs), lives saved, 
and infected animals prevented, to measure benefits. When applied to 
surveillance, examples of units include US dollars (USD) per animal 
health death averted, USD per virus mutation detected, and USD per 
infected birds leaving the market. These are used to compare one 
intervention to another by estimating how much it costs to gain a unit of 
outcome. Although CEA is less comprehensive than CBA since benefits of 
different natures cannot be aggregated, it is easier to conduct and can 
provide good information for decision making.

In 2017, a CEA was performed for early detection in live bird markets 
in Asia. At that time there were outbreaks of HPAI H7N9 that caused a 
high number of human deaths and a high case fatality rate (CFR) in 
China. The details and data have been published [43] and were briefly 
reviewed. Using portable RT-qPCR, earlier detections would mean 
closing live markets earlier and thus fewer infected birds would be 
leaving the market.

In the case presented, results showed that although increasing fre
quency of testing from twice a week to daily would yield 11 fewer 
infected birds leaving the market, the weekly cost of surveillance would 
increase by $1260 USD. This translates to a cost-effectiveness ratio 
(CER) of $114/per infected bird averted. For this information to be 
useful for decision making, a cost-effectiveness threshold needs to be 
established.

It was noted that trade concerns around surveillance are high income 
centric. For many countries around the world, the focus is on public 
health, food security and nutrition and budget constraints need to be 
factored into the design of surveillance. Otherwise, scientifically sound 
plans that are too expensive are simply reduced to practical levels (e.g., 
60 birds in EU plans). Correspondingly, surveillance for vaccine moni
toring must be integrated into vaccination plans and costed accordingly. 
OFFLU is in the process of establishing a guiding group on socioeco
nomics, but engaging experts from the private sector with such profile 
has been challenging.

It is clear that vaccination can improve animal health and welfare, 
food security and provide indirect benefits to humans by preventing 
exposure to HPAI (5). However, because poultry vaccines do not provide 
sterilizing immunity, there is always a chance for subclinical infections, 
virus excretion, risk of zoonoses, and the chance of onward to spread to 
other unvaccinated animals including humans. Human cases of H5 vi
ruses have declined in China, Indonesia and Egypt which may be due to 
HPAI control in poultry. However, China continues to have H5N6 cases 
even with vaccination. Data from studies show that when vaccines are 
not properly matched to strains then virus shedding from challenged 
vaccinated animals persists [44]. Also, work from Indonesia done during 
vaccination campaigns suggest there was vaccine induced antigenic 
drift. However, there were also geo temporal patterns of antigenic shift 
[24].

Recently completed studies investigating antigenic diversity of H5 
viruses globally showed a very high diversity. This research was un
dertaken to inform design of vaccines as part of pandemic preparedness 
to protect humans. WHO has selected 44 vaccine candidates over 25 
years for emergency use in humans. National Influenza Centers are 
providing data to WHO collaborating offices and filtering to WHO. There 
is a need to integrate systems for poultry vaccination surveillance into 
this decision-making process. The idea is to link post vaccination sur
veillance in animals (e.g., systematic random sampling on vaccinated 
farms) to the WHO GISRS system to update candidate virus vaccines.

9. Surveillance and trade: risk management

9.1. Processes and objectives explained

Responses to the current HPAI global situation and ongoing discus
sions on interventions must not only address scientific aspects but also 
include risk management. A risk manager must be assigned to identify 
and ask risk questions, to mandate risk questions and formulate the risk 
question, and to select appropriate measures and procedures to mitigate 
risk within existing legal frameworks. In carrying out these tasks, the 
risk manager must consider factors beyond science such as the economic 
impacts of taking (or not taking) measures, legal aspects, cultural and 
political dimensions influencing various stakeholder acceptance, 
ecological factors and implications for trade.

For member countries of the WTO, a set of rules exists to manage 
trade. The SPS agreement defined the conditions under which trade may 
be restricted– only to protect human, animal or plant health and based 
on science (using WOAH standards or scientific principles and risk 
assessment). No arbitrary or unjustified restrictions can be imposed. 
Temporary restrictions can be implemented in emergency situations. In 
cases of disagreement, parties can use the WTO dispute process.

Good risk management rapidly yields some observable impact using 
interventions that are easy to understand and sustainable over time. One 
presenter summarized research suggesting that higher acceptance and 
compliance for all stakeholders is observed when: 

• risks are visible (e.g., mortality)
• measures taken are not considered partial or unjustified
• decision makers respect vulnerable sub-populations
• decisions were reached by a transparent process
• alternative options clearly have been weighed

Pathways to effective HPAI control must ultimately manifest in 
preparedness. Countries are encouraged to use international standards 
(e.g., WOAH, EFSA opinions), develop and reference national surveil
lance and emergency response plans, and establish trusting relationships 
that support communication and collaboration. It is also important to be 
knowledgeable about industry structures and concerns, to build on ca
pacity and competencies of the affected sector and to synergise capa
bilities of veterinary services across regions and administrative levels. It 
is critical to anticipate and plan for up-scaling capacities during an event 
and stay flexible. The role of science in managing risks is in “peace time” 
is different than during emergencies. Leveraging opportunities for 
research, collaboration and relationship building during peacetime can 
help mitigate the impacts of a crisis. Achieving equivalence of outcomes 
will ultimately require bilateral/multilateral engagement and involve 
subject matter experts across different disciplines. It was noted that 
“Democracy cannot dominate every domain-that would destroy exper
tise—and expertise cannot dominate every domain—that would destroy 
democracy” [45].

9.2. Compartments- british government experience

The United Kingdom (UK) is both an importing and exporting 
country for poultry and poultry products. They have a diverse poultry 
industry so managing risks efficiently and with equity is important. 
Geographically, the UK is part of the flyway with birds returning from 
eastern Europe and central Asia after the winter and there is a high risk 
for wild bird incursions. Over the last 20 years, there have been many 
outbreaks of HPAI, LPAI and two cases of Newcastle disease virus 
(NDV). To provide trade partners with the necessary assurances that 
they are disease free, there needs to be adequate biosecurity that can be 
consistently maintained. The UK government and industry worked 
together to implement a pragmatic compartment scheme in 2011. 
Compartmentalization is defined by WOAH as: 

N.C. Sajjadi et al.                                                                                                                                                                                                                               Biologicals 91 (2025) 101840 

13 



“ an animal subpopulation contained in one or more establishments, 
separated from other susceptible populations by a common bio
security management system, and with a specific animal health 
status with respect to one or more infections or infestations for which 
the necessary surveillance, biosecurity and control measures have 
been applied for the purposes of international trade or disease pre
vention and control in a country or zone.”

This requires setting up a sub-population which is in operation 24 h a 
day, seven days a week, 365 days a year. This is distinct from zoning. A 
zone is defined by WOAH as: 

“.a part of a country defined by the Veterinary Authority, containing 
an animal population or subpopulation with a specific animal health 
status with respect to an infection or infestation for the purposes of 
international trade or disease prevention or control.”

So far, the compartment strategy has only been applied to poultry 
although other countries have considered compartments for swine (e.g., 
African Swine Fever). The UK program started small with a few busi
nesses and has grown over time. Details have been documented in a 
publicly available report [46]. The standards for compartments are high 
and they are regularly checked through audits. The scheme was effective 
until outbreaks in 2022 and 2023 led to loss of status for both estab
lished compartments.

Failure investigations showed that in 2023, a single shed on an in
dividual farm was responsible for introducing disease into the 
compartment. Severe weather, extreme infection pressure and people 
mediated factors contributed to the lapse. The infection was quickly 
controlled but compartment approvals were revoked. A strengthened 
compartment scheme has been implemented, and further approvals are 
pending. Getting acceptance of compartments from trading partners and 
achieving reputational recovery after failures can be time consuming so 
having recovery plans that are agreed upon in advance, improving un
derstanding of international standards, and raising biosecurity aware
ness can mitigate the risk of compartment failures.

9.3. Compartments- US private sector experience

A representative from a global leader in the poultry industry that 
supplies broiler breeder stock to more than 100 countries presented its 
successes, challenges and weaknesses surrounding compartmentaliza
tion. Establishing compartments requires both robust biosecurity mea
sures and extensive surveillance programs to effectively detect and 
prevent disease and ensure continuity of trade. Compartments are built 
to address all of the potential risks across the entire supply chain and the 
whole unit and thereby excellent tools to support the goal of global 
shipment of breeding stock. Comprehensive and routine auditing by 
USDA-trained auditors ensures compliance to established requirements. 
However, companies and regulators can have difficulty in understand
ing and applying the concepts of compartmentalization and 
regionalization.

Although both compartmentalization and regionalization aim to 
control disease spread and maintain trade, they differ in focus. 
Compartmentalization allows specific disease-free areas or facilities 
within a country to continue trading during disease outbreaks due to 
strict internal controls whereas regionalization (also called zoning) ap
plies to geographic areas. In zoning, if a disease occurs in one part of the 
country, unaffected regions can still trade as long as they are 
geographically separated. Compartments contain an animal sub- 
population with a distinct health status that is maintained through 
strict surveillance, control and biosecurity measures. In contrast, zones 
of a country are characterized by the absence of specific diseases that are 
clearly separated by natural, artificial and/or legal boundaries. They 
operate under a common control policy for specific diseases.

For primary breeders, their business is trade and thus they require 
uninterrupted movement of breeding stock around the world. They also 

have a huge responsibility to mitigate the risks to the poultry industry 
caused by HPAI outbreaks. As a company, they are aligned with the 
poultry industry’s goals to control and prevent disease, enhance disease 
surveillance, facilitate trade, improve biosecurity measures globally, 
support food security worldwide, enhance consumer confidence and 
align with regulatory compliance requirements. Achieving these goals 
through compartmentalization benefits consumers but challenges pre
vail. The cost of implementation and maintenance is high and trading 
partner acceptance is not guaranteed. Reciprocity is the mutual recog
nition of disease-free compartments between trading countries. Lack of 
global standards for compartmentalization contributes to the challenge 
of achieving reciprocity. Loss of compartment status can also damage 
trust.

Given that no system can fully guarantee disease freedom, and not all 
risks can be known, it is to be expected that disease will sometimes 
occur. Detecting infection early and suffering loss of certification ulti
mately serves the goal of being able to distribute disease-free products 
around the world. Failures also provide an opportunity to improve 
biosecurity and surveillance programs and reduce risks of future failure. 
Regaining the status and rebuilding reputation is built through thorough 
investigation and taking effective corrective and preventive actions 
making compartmentalization an adaptive and self-correcting process.

The program developed to achieve an American AI clean compart
ment by the company was approved in 2016 through the USDA Animal 
and Plant Health Inspection Service (APHIS) and the NPIP. They were 
the first to be approved and in 2017 the program gained trading 
acceptance from eight countries in Asia, Africa and South America. The 
requirements of the program are publicly available on the NPIP website 
[47]. It was noted that the timelines for certification and re-certification 
need to be accelerated. In follow-up discussions there were differing 
opinions about whether and how vaccination and compartmentalization 
strategies could be combined in the near future.

9.4. Surveillance in vaccinated populations and safe trade: multiple 
perspectives

9.4.1. Nonprofit trade organization representing european poultry meat 
sector

Association of Poultry Processors and Poultry Trade in the EU 
Countries’ (AVEC) members represent 95 % of poultry producers in 
Europe and European poultry breeders (EPB) and the European Live 
Poultry and Hatch Eggs Association (ELPHA). This encompasses the 
entire poultry chain except farmers directly. Vaccination can ensure 
business continuity and could reduce trade barriers (market access) and 
trade distortions (market vulnerability and price fluctuations) if more 
widely adopted.

Surveillance in Europe is performed according to a comprehensive 
and rigorous EU commission plan.

The plan is science-based, supported by EFSA and has received an 
official recognition by Singapore. However, industry faces several 
challenges including the availability of labs and resource limitations 
(veterinarians, vaccine crews). Once surveillance is operational, the 
resource requirements are not linear; there are seasonal peaks that must 
be anticipated and planned for to avoid disruptions. The surveillance 
plans must also get bi-lateral approval from trading partners. There is no 
worldwide recognition program in place and some countries still declare 
country specific bans (e.g., UK, USA, Canada and Japan). From a risk 
management perspective, decision makers were invited to consider the 
following questions: 

• Should industry prioritize vaccination even if it means potential 
trade restrictions?

• Should trade considerations drive the strategy towards selective 
vaccination and enhanced monitoring?

• What are the tradeoffs between public health, industry needs, and 
international trade?
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• How to implement effective surveillance in vaccinated populations 
to satisfy both health and trade requirements?

• How can science help make surveillance more cost efficient without 
jeopardizing the vaccinations?

• How does the acceptance of regionalization or compartmentalization 
work with AI vaccination?

9.4.2. Preventative vaccination in France
As discussed in previous sections, between 2015 and 2023 France 

experienced a dramatic rise in HPAI outbreaks that peaked in 2021. 
There was a total of 2840 outbreaks resulting in the slaughter of 40 
million poultry and compensation to farmers cost 1642 million euros. 
The decision to vaccinate was based on multiple factors including zoo
notic risk, excessive burden on public finances, moral distress of 
breeders, exhaustion of veterinary services and poor societal acceptance 
of mass killings. The decision created vaccination and surveillance 
program design challenges for France as an exporting country.

From the industry sector perspective, it was critical to preserve 
market access. For importing countries, it was important to ensure that 
imported products are not infected by HPAI virus. France’s vaccination 
strategy was built using clear objectives and rules. The objective of 
vaccination was to slow the spread of virus and complement control 
measures to achieve eradication. To that end, biosecurity would remain 
the cornerstone of HPAI control, vaccination would not dispense with 
the elimination of outbreaks (i.e., vaccinated flocks can be culled if 
infection is confirmed) and vaccination would be compulsory except in 
special cases. The populations to be vaccinated were clearly delineated. 
Vaccination was restricted to ducks and prohibited in all other species. It 
was mandatory for production ducks and voluntary for breeding ducks 
but prohibited in breeding ducks whose products are exported.

A custom data recording system was developed to enable vaccination 
traceability. A reinforced post-vaccination surveillance program 
comprised of reinforced passive surveillance and active surveillance 
strategies was implemented in accordance with EU commission rules 
and WOAH standards. At a national level, the cost of surveillance was 
about 40 % of the total cost of vaccination. Prior to implementation, 
enhanced communication and advocacy were conducted to explain the 
vaccination and surveillance plans with commitment transparency or 
processes and supporting evidence at all stages (e.g., field trials, scien
tific opinions, strategy, etc.). The vaccination was launched in October 
2023.

The French government have published a report containing a sum
mary and results of the vaccination campaign [448]. From the post- 
vaccination surveillance program, a total of 32,371 samples of dead 
birds were analyzed and 822,654 samples from live birds were analyzed 
by RT-q PCR analysis. There were no positive HPAI virological results. 
There was a corresponding reduction in outbreaks (<10). Trade has 
been maintained with most partners, but a few countries have placed 
embargos on imports, so negotiations are continuing with them.

9.4.3. EU experience with HPAI vaccination
In response to increased global demand, the EU poultry meat output 

has increased by 44.5 % in 2007–2022 which means more animals and a 
larger host population susceptible to HPAI. There has been a change in 
the seasonal infection patterns across Europe creating a new epidemi
ological situation. Since 2021, there has been considerable research and 
limited vaccine trials conducted in France, Italy, the Netherlands and 
Hungary in response to country specific concerns. France conducted 
vaccine field trials in ducks, Italy performed laboratory vaccine efficacy 
studies in turkeys, the Netherlands studied vaccine efficacy in chicks for 
laying hens under high containment conditions and Hungary has looked 
at vaccine safety and efficacy in breeding geese.

Collectively these studies have shown promising safety and efficacy 
for some vaccines. However, in geese progeny there is a rapid decrease 
in maternal immunity that disappears by the third week. The latter and 
other issues needed to be addressed so EFSA, set up in 2002 to serve as 

an impartial source of scientific advice, was consulted. Based on their 
published opinions [8], the EU created harmonized rules on how to 
conduct vaccination in an organized manner and were primarily 
designed to protect the intra-EU trading bloc. The rules cover four main 
aspects: 

• Types of vaccines that are allowable— Live AI vaccines (attenuated 
or not) are prohibited

• Reinforced surveillance— Define minimal requirements but do not 
dictate how to achieve them

• Risk mitigation measures— Restrictions put in place include not 
allowing movement of vaccinated animals out of the country because 
they may interfere with surveillance efforts in other countries

• Traceability/Certificate—Verify compliance

Vaccination results in France have been described in prior sections. 
The campaign has been considered a success based on the reduction in 
outbreaks. The main challenges are surveillance in all flocks which place 
high demand for veterinary services and laboratory testing capacity and 
implementation of vaccination has led to what EU considers unjustified 
trade bans. In terms of preparedness, the EU has the knowledge and the 
means to mobilize responses, and they acknowledge that change is 
necessary and that rules must adapt to the evolving circumstances. 
Although the revision process is slow, the goal is to aim for continuous 
improvement. The responsibilities of stakeholders were emphasized: 

• Scientists need to target research in advance
• Risk assessors need to anticipate the risk assessment questions
• producers need to consider vaccination as a real option and prepare 

for it properly including costs and logistics.
• Traders and operators need to explore and consolidate markets.
• The pharmaceutical industry needs to prepare to supply the world 

market with suitable vaccines.
• Policy makers must develop modern and sustainable policies
• Regulators need to adapt legislative frameworks in a timely manner

9.4.4. HPAI control in Japan
Japan is both an importing and an exporting country. Their animal 

health system includes the poultry population (130 million layer 
chickens/1500 farms and 140 million broilers/2100 farms as of 2023), 
local governments (166 livestock hygiene service centers (LHSC) with 
2064 veterinarians as of 2024), the Ministry of Agriculture, Forestry and 
Fisheries (MAFF) and the National Institute of Animal Health (NIAH). 
The four NIAH laboratories and 166 LHSC are distributed throughout 
the country. Farmers are required to report any suspicion of HPAI cases 
including increased mortality or atypical clinical signs. As soon as an 
LHSC receives the report, veterinarians dispatch to the farm, and if AI is 
confirmed, the farm is rapidly depopulated.

For the first time, Japan have experienced HPAI outbreaks for five 
consecutive years with a peak number of 84 poultry cases in 2022–23. 
That epidemic led to culling of 17.7 million chickens and detection of 
242 cases in wild birds and two cases of infection in red fox. Farmers are 
fully compensated (100 % of the estimated market price) for culling 
when appropriate measures have been taken, but the killing of 16 
million layers led to an egg shortage which created a social problem.

HPAI control measures include stamping-out, strict biosecurity, 
incineration and burial of culled animals and contaminated materials, 
cleaning and disinfection of farms, and establishment of movement and 
shipment restrictive zones. Preventive vaccination is not allowed. 
Emergency vaccination is allowed but has not been implemented to date 
because the rigorous Veterinary Services enables immediate detection 
and quick response to contain the disease by stamping-out policy 
without secondary spread. With regards to the situation of marketing 
authorization of HPAI vaccines, four HPAI vaccine products (non-DIVA) 
have been approved for emergency use. All are inactivated whole virus 
vaccines (H5 or H7 subtype) that require intramuscular or subcutaneous 
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delivery.
They highlighted the importance and necessity to discuss how to 

implement vaccination as a complementary control tool and how to 
carry out surveillance that can demonstrate the effectiveness of vacci
nation and absence of infection as described in resolution No.28 of 2023 
WOAH General Session [5]. They identified several challenges that 
should be fully discussed in the government and with relevant stake
holders. Those include: 

• How to implement vaccination: Which population? Who will 
perform vaccination? Who will bear the cost?

• How to implement rigorous surveillance: How to design a plan? Who 
will take samples? Which tests to use (no DIVA vaccine)? Who will 
bear the cost?

• How to adopt vaccine best practices and reassess on an ongoing basis 
to ensure matched strains?

Japan’s exports have been negatively impacted by the HPAI out
breaks. Japan is also a major importer of live poultry, poultry meat and 
egg products from Europe, UK, United States, Brazil and other countries. 
They have suspended imports from France because of their vaccination 
campaign in ducks which violates an existing agreement.

Japan proposed that WOAH issue guidance to support the imple
mentation of standards for control measures including biosecurity, 
vaccination and surveillance to serve both importing and exporting 
countries. They also suggested that WOAH develop a platform to share 
information on new tools and effective vaccines already approved by 
members, which would be helpful for other WOAH members. Given that 
IABS meetings have proved to be a useful mechanism for promoting 
global dialogue, they recommended that WOAH continue hosting them.

9.4.5. Biosecurity and bio-surveillance in Singapore
“Singapore is a 730 square kilometer city state in Southeast Asia with 

a population of six million with a high per capita consumption of poultry 
and eggs. HPAI poses a threat to public health as well as food security. 
Because Singapore is a transit point for migratory wild birds, they use a 
multilayer biosecurity system to safeguard population health. At the pre- 
border level, tight control of animal and animal product imports is 
maintained through health certificates, source accreditation, zoning and 
compartmentalization arrangements as well as risk assessment and ho
rizon scanning by watching for early detection of overseas disease 
events. At the border, inspections are conducted on all imports of 
poultry, birds, eggs and avian products at the point of entry. They have 
quarantine centers staffed by veterinarians to house incoming animals as 
necessary. They work with border authorities to curb any potential 
smuggling and they conduct sampling and bio-surveillance at the border 
and post arrival.

Singapore maintains post-border biosecurity and surveillance 
through a multitude of activities. For example, they use satellite tracking 
to better understand wild bird migratory pathways. A risk-based 
approach to bio-surveillance is used across many sites and testing is 
increased during the migration season. This is underpinned by an active 
notifiable disease reporting system.

More broadly, bio surveillance is conducted on water and environ
mental samples, and vectors such as ticks and sandflies that transmit 
vector-borne diseases. This is part of Singapore’s “Whole-of-Govern
ment” and One Health approach to bio surveillance that includes scan
ning and early detection, management of hosts and vectors, interagency 
information integration and support of science and technology. The 
need for One Health collaboration, including with research partners, 
was emphasized.

With respect to vaccination, Singapore does not conduct H5 vacci
nation in farms or other avian establishments during peacetime but H9 
vaccination is allowed in poultry as part of production disease control. 
Limited, risk-based H5 vaccination is done for high-risk species kept in 
open exhibits such as swans in botanical gardens. H5 vaccines are 

stockpiled for emergency use if the threat of HPAI is imminent. All 
vaccines are periodically reviewed for effectiveness against circulating 
strains. Also, the H5 vaccination policy is periodically reviewed during 
peacetime and emergency situations with a focus on shifts in global 
attitudes towards vaccination and changes to HPAI risks with newly 
emerging strains.

10. Conclusions

The conclusions that emerged from all presentations and discussions 
were made publicly available on the IABS website in November 2024. 
They are as follows: 

1.1. Since the last International Alliance for Biological Standardiza
tion (IABS) workshop on high pathogenicity avian influenza 
(HPAI) vaccination (22–23 October 2022), the H5Nx goose/ 
Guangdong (Gs/GD) lineage of HPAI has seen substantive 
changes in ecology and epidemiology including extending across 
South America and into the Antarctic to now affect six continents; 
negatively impacting a diverse and large number of wild birds 
and mammal species including mainly carnivores but also dairy 
cattle; mammal-to-mammal transmission in dairy cattle, sea lions 
and elephant seals; and some genetic changes indicating 
increased risk to mammals, including humans.

1.2. Biosecurity and stamping-out have not been fully effective at 
preventing and controlling the H5N1 Gs/GD HPAI panzootic and 
the virus is persisting in and being spread by wild bird 
populations.

1.3. The World Organization for Animal Health (WOAH) Terrestrial 
Animal Health Code (Terrestrial Code) supports use of vaccina
tion as a complementary tool in prevention and control of HPAI in 
poultry, and such use should not impact HPAI freedom of a 
country/zone/compartment when supported by appropriate 
surveillance.

1.4. Vaccination should facilitate safe trade by decreasing the risk of 
HPAI in poultry and poultry products.

1.5. Vaccination shall not be the sole measure for prevention and 
control of HPAI, which should also be accompanied by bio
security measures, movement controls and stamping-out of 
infected flocks.

1.6. The primary barriers to increasing uptake of vaccines for HPAI in 
poultry include: 
1.6.1. Non-tariff trade barriers on poultry and poultry products 

from vaccinating countries,
1.6.2. Undefined recommendations in the WOAH Terrestrial 

Code for appropriate surveillance to demonstrate HPAI 
freedom in vaccinated populations,

1.6.3. Limited global availability of vaccines against H5Nx Gs/ 
GD HPAI,

1.6.4. Perceived high cost of vaccination and accompanying 
surveillance, and

1.6.5. Concerns that vaccinated farms will still have all birds 
destroyed even if only a single bird is found to be infected 
with HPAI virus.

1.7. HPAI vaccination with fit-for-purpose vaccines and appropriate 
surveillance can be an effective and successful tool in controlling 
HPAI outbreaks and stopping sustained HPAI transmission and 
spread based on the experience of several countries or regions.

1.8. Laboratory contact transmission studies and field experience with 
adequate surveillance in well-vaccinated flocks exposed to virus 
indicate “silent infection” (i.e., sustained transmission without 
birds getting sick or dying) occurs rarely in chickens.

1.9. If transmission does occur, birds with low or no protection will 
develop disease thus allowing detection of virus in a naturally 
susceptible subpopulation, i.e., daily mortality or morbidity 
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surveillance samples. In domestic ducks, silent infection may 
occur in non-vaccinated flocks.

1.10. Sustained transmission with elevated mortality can occur in 
vaccinated chicken flocks if the vaccine antigen does not 
adequately match the field challenge virus, or if the flock is 
poorly or sub-optimally immunized.

1.11. Vaccinated flocks are a much lower threat of having sustained 
infection than non-vaccinated flocks, and of transmitting the 
infection to other hosts because of reduced shedding and envi
ronmental contamination.

1.12. If infection does occur in a vaccinated flock, it will lead to much 
lower mortality than a non-vaccinated flock assuming good 
match between the field and vaccine strain, and good practices by 
the vaccinators.

1.13. Additional doses of vaccines (i.e., booster vaccinations) may be 
required for protection over the long production cycle of some 
poultry species and production systems.

1.14. Serological monitoring, by HI test using homologous antigen to 
circulating strains, can inform the success of the vaccination 
process by determining if the vaccinated birds have a uniform, 
protective immune response.

1.15. The use of expensive and unnecessary surveillance testing 
methods inhibits uptake of vaccination.

1.16. An appropriate surveillance system will draw on multiple sources 
of information.

1.17. Risk-based surveillance (e.g., targeting dead or clinically affected 
birds) is a more sensitive, cost-effective and efficient approach for 
early detection, especially for chickens and other species that are 
likely to die from HPAI, compared to random sampling of healthy 
birds.

1.18. Routine testing of vaccinated chicken flocks by random sampling 
of healthy birds is inefficient and unnecessary as other signals 
will be present if HPAI virus is circulating.

1.19. There are potential drawbacks and practical concerns using non- 
vaccinated sentinels for surveillance tool in vaccinated poultry 
populations based on countries’ experiences.

1.20. Surveillance must consider the requirements of health certificates 
necessary for trading of day-old chicks, hatching eggs and meat.

1.21. Based on countries’ experience, constant review on the vaccine 
effectiveness against the circulating field strains is necessary with 
a view to updating the HPAI vaccine strains as indicated.

1.22. Virological surveillance in wild birds and poultry (vaccinated and 
non-vaccinated) will provide isolates that can be used in deter
mining HPAI status and assessing the national HPAI prevention 
and control programs and antigenic match of vaccines to circu
lating strains. Field viruses and their genomic information should 
be shared with national and WOAH avian influenza reference 
laboratories, and the WOAH and Food and Agriculture Organi
zation Animal Influenza Expert Network (OFFLU) Avian Influ
enza Matching (AIM) program for genomic and antigenic analysis 
to assess protection of available inactivated vaccines, and for 
recommendations for timely updates to vaccines as needed.

1.23. Serological surveillance to detect infected among vaccinated 
animals (‘DIVA’) has limited use in vaccinated populations and is 
not an essential component of surveillance systems. It can provide 
evidence of freedom from infection in a retrospective manner; 
however, its technical limitations and interpretation need to be 
recognized.

1.24. Serological surveillance for demonstration of HPAI virus freedom 
may not be useful under certain situations, e.g., in the presence of 
circulating LPAI viruses in the field (especially H5, H7, and H9), 
with the concurrent use of LPAI vaccines, or with the use of 
inactivated whole virus vaccines. In addition, even with a highly 
specific DIVA serological test, positive results due to infection 
with influenza A viruses other than the target strain will regularly 
appear leading to unnecessary suspicion of infection which would 

need further testing by other serological tests or collection of 
additional samples for RT-qPCR testing for active virus infection.

1.25. There is a worldwide shortage of government personnel to collect 
surveillance samples and in government laboratory capacity to 
test such samples in a national or regional surveillance program.

1.26. The Terrestrial Code is well-developed and utilized in developing 
HPAI-free compartments, especially for poultry genetics, but 
importing country acceptance needs additional transparency and 
communication on the validity of the process.

1.27. It is evident that HPAIV vaccination can be beneficial not only for 
large commercial poultry producers, but also for smaller pro
duction systems and hobby flocks. In low- and middle-income 
countries, these flocks play a significant role in family income 
generation and contribute substantially to the basic supply of 
animal protein. In high-income countries such as in Europe and 
North America, the small hobby poultry flocks are a growing 
phenomenon.

1.28. The primary objective of vaccinating small and hobby poultry 
flocks is to safeguard against clinical manifestations of HPAI and 
to minimize the risk of infections during frequent and intensive 
contacts between poultry and human caretakers, especially chil
dren. This sector does not contribute to transboundary trade and 
has negligible risk of HPAI virus transmission to commercial 
poultry in high-income countries.

11. Recommendations

The recommendations that emerged from all presentations and dis
cussions were made publicly available on the IABS website in November 
2024. They are as follows: 

1. Trade policy should be based on science, not politics or 
protectionism.

2. Molecular diagnostics, primarily quantitative real-time poly
merase chain reaction (RT-qPCR), should continue to be the 
primary test for sensitive, specific detection of HPAIV infections 
during the period of active infection in both vaccinated and non- 
vaccinated poultry.

3. WOAH international standards with the inputs of scientists will 
establish mechanisms and relationships that provide assurance 
for best vaccination practices. Because of shortage of government 
personnel, surveillance samples collected by private field veteri
narians or trained people should be accepted under a government 
accreditation program. In addition, private laboratories should be 
approved by the competent authorities in the member state 
through an auditable certification program to perform tests, 
allowing the results to be utilized in the official prevention and 
control program.

4. Virological surveillance should be conducted in wild birds and 
poultry (vaccinated and non-vaccinated), to support identifica
tion of HPAI virus infections for assessing successfulness of con
trol programs and any detected viruses should undergo further 
evaluation.

5. Strengthening international collaboration, as well as data, virus 
isolate and genomic sequence sharing, should be promoted to 
facilitate development and deployment of efficacious vaccines 
and timely updates to vaccine formulations, and support imple
mentation and updates to vaccination programs.

6. Appropriate surveillance of vaccinated poultry, to find active 
infections, should be risk-based, multi-layered and primarily 
using highly specific and sensitive RT-qPCR assays.: 
6.1 The approaches that are suitable for a particular context 

vary but should provide equivalent outcomes in terms of 
surveillance sensitivity and time to detection.

6.2. According to a recent EFSA (European Food Safety Author
ity) opinion, primary samples should focus on dead birds up 
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to 15 per flock (i.e. “bucket surveillance” with birds 
collected over 24-h period and maximum of 48 h), but if 
insufficient numbers of dead birds are available, clinically ill 
birds with specific HPAI signs (e.g. neurologic signs, blue 
[necrotic] combs, etc.) are viable supplemental samples, and 
if insufficient, clinically ill birds with non-specific signs (e.g. 
listlessness, hunched posture, etc.) are suitable.

6.3. Bucket surveillance is an established, sensitive surveillance 
system for detecting early infection and confirming HPAI 
freedom in vaccinated and non-vaccinated poultry, espe
cially in chickens, and utilize pooling of samples to reduce 
cost without loss of sensitivity.

6.4. Because of low mortality in ducks from HPAI virus infection, 
bucket surveillance alone may provide insufficient number 
of specimens and should be supplemented with birds having 
clinical signs and environmental samples.

6.5. Bucket surveillance should be used to detect sustained 
transmission. If a single positive dead bird is found, retesting 
should be done to confirm sustained transmission which 
would lead to culling.

6.6. Sampling of environmental matrices (e.g., dust, aerosols, 
water, etc.), for virological surveillance, if found suitable in 
validation studies, is a potentially sensitive and cost- 
effective opportunity for early HPAI virus detection in 
vaccinated flocks before the onset of clinical signs or 
mortality.

6.7. Potential environmental samples for virological surveillance 
could include biofilm of poultry drinkers, swabs from boots 
used in the poultry house, swabs of ventilation louvers, 
swabs of egg belts, wastewater from processing plants, 
eggshell wash fluid, environmental samples used for regu
latory testing for salmonella, etc.

6.8. There is a lack of general utility for surveillance sampling 
healthy chickens in a vaccinated population, but some po
tential for such use in ducks.

6.9. Surveillance must be cost-effective, efficient and 
sustainable.

7. Serological surveillance, including use of DIVA-compatible vac
cines, should only be used as part of a carefully considered sur
veillance strategy in vaccinated poultry, such as informing 
changes in a vaccination program.

8. Virological surveillance, using RT-qPCR, is DIVA-compatible 
with any type of vaccine

9. Undertake targeted research addressing uncertainty in surveil
lance and biosecurity to reassure trade partners

10. The vaccination process should be assessed by monitoring for 
protective humoral immune response, especially if using inacti
vated vaccines. This informs the program on: 
10.1. Provides an independent assessment of vaccine quality
10.2. Effectiveness of the vaccination process under field condi

tions to induce flock level immunity,
10.3. Timing of additional or booster vaccinations,
10.4. Targeting surveillance to flocks with suboptimal immune 

responses because of much higher probability of infection 
and transmission, and

10.5. The need for investigating HPAI vaccines for antigenic 
updates in a timely manner

11. The potential to create vaccination subpopulations whose exis
tence would reduce inhibition of trade in non-vaccinated poultry 
and poultry products, should be explored. 
11.1. Inactivated vaccines that are a poor antigenic match to 

circulating strains should not be used and such vaccines 
should be updated. Vector vaccines can provide broader 
cross protection against antigenically diverse strains but 
protection against antigenically variant strains should be 

assessed especially if there is evidence of infection in 
vaccinated flocks.

11.2. The registration of vaccines should be based on dossiers 
including quality, safety and efficacy data. Extrapolation of 
data for minor species should be considered, to avoid 
repetition in clinical trials already completed elsewhere.

11.3. Development and adoption of multi-strain approaches in 
vaccine registration concepts should facilitate the ex
change of vaccine antigens (e.g., replacement by new 
invading strains or the emergence of escape mutants) 
avoiding time-consuming and costly needs of a full 
licensing process, if the same vaccine platform is utilized. 
In countries where such a process exists, sharing of the 
expedited process between countries will accelerate 
adoption.

11.4. Discussions with the biologics industry should be extended 
to the input into the design (not only Specificity and 
Sensitivity) of the tools used for surveillance. For example, 
an external positive control should be included in RT-qPCR 
kits to assist the end user in validating kits to new sub
strates, such as environmental samples or milk, thus facil
itating more rapid adapting of surveillance tools while 
avoid repeating development and validation by the 
manufacturer.

11.5. Vaccination of small and hobby poultry flocks should be 
considered to reduce risk of human infection, and because 
of low transmission risk to commercial poultry, surveil
lance of individual hobby poultry premises is not 
necessary.

11.6. Publish Conclusions and Recommendations from the 
meeting on the IABS website and disseminated to partners.

11.7. IABS commissions the writing of a concept paper for sur
veillance of vaccinated poultry populations against HPAI to 
be published in the peer-reviewed journal Biologicals. This 
will help meet the need for stronger international guidance 
to facilitate the updating of trade agreements when vacci
nation is implemented.

11.8. Based on the outcome of the concepts paper, IABS, in 
consultation with OFFLU experts, will propose an update to 
the current WOAH Standards, particularly for vaccinated 
poultry, and if appropriate, develop guidelines to assist 
countries in biosecurity, surveillance and vaccination 
standards in support of safe trade.

11.9. After 2 years, IABS convene a workshop on vaccination for 
prevention and control of HPAI, to discuss, analyze and 
disseminate information on the progress in surveillance 
development and implementation, and on utilization of 
vaccination for prevention and control of HPAI in poultry.
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of EFSA, please consult its website at http://www.efsa.europa.eu. Note 
also that there have been several developments in HPAI detection and 
disease outcomes since the close of the conference in October 2024. This 
report has not been updated to include those findings.
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[14] Sacristán C, Ewbank AC, Porras PI, Pérez-Ramírez E, de la Torre A, Briones B, et al. 
Novel epidemiologic features of high pathogenicity avian influenza virus A H5N1 
2.3.3.4b panzootic: a review. Transbound Emerg Dis 2024;(1):5322378. https:// 
doi.org/10.1155/2024/5322378.

[15] Li YT, Su YCF, Smith GJD. H5Nx Viruses emerged during the suppression of H5N1 
virus populations in poultry. Microbiol Spectr 2021; Oct 31;9(2):e0130921. 
https://doi.org/10.1128/spectrum.01309-21.
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