
1. Introduction

Avian influenza has emerged as one of the most significant animal 
health threats of past few decades, particularly highly pathogenic 
strains of the H5 and H7 subtypes, which are capable of wiping out 
entire flocks in a matter of days, resulting in both economic devastation 
and disruption of rural livelihoods (Paredes Cabezas et al. 2023; 
Rodriguez et al. 2025). Over the past two decades, avian influenza has 
demonstrated its recurrent and unpredictable nature, with outbreaks 
reported across nearly every continent due to its high pathogenicity in 
poultry and remarkably rapid genetic evolution, influenced by 
migratory bird movements, international trade, and environmental 
changes (Nagoba et al. 2025). In addition to its impact on animal health 
and production, avian influenza is recognised as a public health 
concern due to its zoonotic potential. Since the first human case of 
H5N1 in Hong Kong in 1997, sporadic cases of human infection 
continue to emerge with higher fatality rate, underscoring the virus’s 
dangerous capacity to cross species barriers (Musa et al. 2024). These 
characteristics have placed avian influenza at the centre of global health 
discussions, particularly under the “One Health” framework, which 
recognizes the interconnectedness of animal health, human health, and 
environmental conditions (Rehman et al. 2023).

In recent years, the Americas have experienced successive waves of 
avian influenza, and the introduction of the H5N1 clade 2.3.4.4b in 2022 

marked a turning point for the region (Bruno et al. 2025; Xie et al. 2025). 
This lineage spread quickly across the continent, affecting both wild 
and domestic birds, and several mammalian species, challenging 
countries with different preparedness and response capacities (Cui et al. 
2022; Kovács et al. 2025a). In Peru and Chile, early detections in wild 
seabirds were followed by rapid spillover into poultry and marine 
mammals, with genomic evidence indicating shared viral ancestry and 
underscoring the transboundary nature of outbreaks and the need for 
coordinated regional surveillance (Sevilla et al. 2024). Similarly, 
Argentina experienced a severe outbreak in 2023 that originated in wild 
birds and spread to commercial poultry, resulting in temporary loss of 
avian influenza–free status and trade disruptions; however, the prompt 
implementation of stamping-out policies and intensified surveillance 
enabled containment within months, albeit with substantial economic 
costs (Vagnozzi 2024).

By contrast, Brazil’s long-standing national poultry health 
framework, characterized by strict biosecurity and vertically integrated 
production, limited incursions into commercial farms despite viral 
detection in wild birds in 2023, nevertheless, ongoing risks associated 
with migratory pathways persist (Rauber 2023). Conversely, Ecuador, 
illustrates the vulnerability of less integrated systems, where outbreaks 
during 2022-2023 resulted in extensive culling and movement 
restrictions, in the absence of adequate compensation mechanisms, 
disproportionate financial losses among small and medium producers 
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Avian influenza (AI) remains a major and persistent threat to animal and public health due to its 
high pathogenicity, zoonotic potential, and capacity for transboundary dissemination. The 
introduction of highly pathogenic avian influenza (HPAI) H5N1 clade 2.3.4.4b into the Americas in 
2022 marked a critical shift in the regional epidemiological landscape, with Latin America 
emerging as one of the most vulnerable region. This review synthesises current knowledge on the 
aetiology, molecular determinants of pathogenicity, transmission dynamics, and the regional 
epidemiological situation of avian influenza from 2019 to 2025. Multiple Latin American countries, 
including Peru, Chile, Argentina, Ecuador, Mexico, Colombia, Brazil and Bolivia, have reported 
outbreaks in wild birds, domestic poultry, and mammals, alongside sporadic human cases. Key 
regional drivers include migratory bird flyways, informal live-bird trade, and uneven diagnostic 
and surveillance capacities, all of which facilitate viral persistence and spread. Management 
strategies are critically analysed, encompassing epidemiological surveillance, contingency 
planning and notification to the World Organisation for Animal Health (WOAH), farm-level 
biosecurity, movement restrictions, stamping-out and carcass disposal, vaccination approaches, 
and training of producers and veterinarians. Experiences from Mexico, Egypt, and China illustrate 
both the potential and the challenges of vaccination, reinforcing the need for risk-based 
application, DIVA-compatible diagnostics, and rigorous value-chain surveillance. Despite 
progress, structural weaknesses in veterinary infrastructure, cross-border coordination, and 
genomic surveillance persist. Strengthening One Health framework, harmonising regional 
policies, and sustained investment in laboratory and field capacities are essential to mitigate the 
continuing threat of HPAI and to safeguard food security, trade, biodiversity, and public health in 
Latin America.
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due to limited compensation mechanisms (Paredes Cabezas et al. 2023). 
Collectively, these experiences illustrate the uneven impact of avian 
influenza across Latin America. Countries with stronger surveillance 
and biosecurity infrastructures, such as Brazil, have so far contained 
outbreaks, while others with more fragmented systems have suffered 
deeper shocks. Given the unpredictable spread virus through migratory 
birds and cross-border trade means no country can face the threat 
alone. The challenge ahead lies in building resilient, coordinated 
responses that go beyond national borders based on the principles of 
One Health. Hence, collaboration, transparency, and shared investment 
in prevention will be essential to safeguard the poultry industry and 
public health in the region.

2. Methodology

This review was conducted to synthesise evidence published between 
2019 and 2025 on the epidemiology, transmission dynamics, and 
management strategies of highly pathogenic avian influenza (HPAI), 
with a specific focus on Latin America. The electronic databases 
PubMed, Scopus, and Web of Science were systematically searched 
from July to October 2025. The search strategy combined controlled 
vocabulary and free-text terms related to avian influenza and regional 
scope, including: “avian influenza”, “H5N1”, “highly pathogenic avian 
influenza”, “HPAI”, “clade 2.3.4.4b”, “Latin America”, “Americas”, 
“poultry”, “wild birds”, “mammalian spillover”, “vaccination”, 
“biosecurity”, and “surveillance”. Boolean operators were applied to 
refine retrieval, and the reference lists of key articles were screened to 
identify additional relevant publications.

Peer-reviewed articles were included if they addressed avian 
influenza epidemiology, transmission, pathogenicity, surveillance, 
control measures, or vaccination strategies relevant to Latin America, or 
if they provided mechanistic insights applicable to the region. Both 
observational and modelling studies were considered. The review 
primarily included publications in English, Spanish, and Portuguese. 
Studies focusing exclusively on unrelated influenza subtypes, 
experimental laboratory research lacking epidemiological relevance, or 
geographic regions without conceptual relevance to the Americas were 
excluded, unless cited for comparative or mechanistic purposes. Given 
the operational and policy-oriented nature of avian influenza control, 
grey literature was systematically included. Official reports, 
epidemiological updates, and technical guidance from PAHO, FAO, 
WHO, WOAH, and national animal health authorities were 
incorporated to capture up-to-date outbreak data, surveillance findings, 
and regulatory frameworks not yet reflected in the peer-reviewed 
literature.

3. Aetiological agent of avian influenza

Avian influenza (AI) is caused by influenza A viruses (family 
Orthomyxoviridae), which possess a segmented, negative-sense RNA 
genome that enables frequent genetic reassortment and rapid evolution. 
Among viral proteins, haemagglutinin (HA) and neuraminidase (NA) 
are central to pathogenicity, host adaptation, and antigenic diversity, 
and therefore constitute key targets for vaccine design and molecular 
surveillance (Luo et al. 2023). From a veterinary and public health 
perspective, subtypes H5 and H7 are of particular relevance, as only 
these have been shown to evolve from low pathogenic avian influenza 
viruses (LPAIVs) into highly pathogenic avian influenza viruses 
(HPAIVs) under natural conditions (Charostad et al. 2023). This 
transition is primarily driven by the acquisition of a polybasic cleavage 

site in the HA protein, which allows systemic viral replication in 
poultry and is routinely monitored as a molecular marker of virulence 
in genomic surveillance programs (Luczo and Spackman 2025).

Since its emergence in southern China in the mid-1990s, H5N1 has 
diversified into multiple genetic clades and reassortant forms (H5Nx), 
achieving an unprecedented global distribution. This evolutionary 
plasticity has facilitated repeated spillover events into mammalian 
hosts, including terrestrial and marine species, raising concerns 
regarding viral adaptation beyond avian reservoirs and reinforcing the 
importance of whole-genome sequencing for risk assessment (Krammer 
et al. 2025; Luczo and Spackman 2025). While other subtypes, such as 
H7N9, have demonstrated zoonotic potential, their primary relevance 
in this context lies in highlighting how reassortment and HA mutations 
can enhance mammalian infectivity rather than in their epidemiology 
per se (Luczo and Spackman 2025; Shi et al. 2023). Finally, enzootic 
LPAIVs such as H9N2, despite causing limited clinical disease in 
poultry, play a critical role as internal gene donors, contributing to the 
emergence of novel reassortant strains with altered pathogenicity or 
host range. Consequently, sustained genomic surveillance across both 
high- and low-pathogenic lineages remains essential to inform vaccine 
strain selection, detect markers of mammalian adaptation, and 
anticipate shifts in epidemic potential (Yang et al. 2025).

3.1. Pathogenicity

The distinction between high and low pathogenicity lies in the 
molecular structure of the HA cleavage site. LPAIVs contain a 
monobasic motif cleaved only by trypsin-like proteases in the 
respiratory and intestinal tracts, restricting viral replication to localised 
tissues. Conversely, HPAIVs bear polybasic motifs, cleaved by 
ubiquitous proprotein convertases such as furin, enabling systemic 
infection and high mortality in gallinaceous birds (Luczo and 
Spackman 2025). While domestic chickens and turkeys are highly 
susceptible to HPAIVs, many wild species, particularly mallards remain 
fairly asymptomatic, facilitating long-distance dissemination of 
HAPIVs along the migratory routes and hence complicate the detection 
and control efforts (Krammer et al. 2025).

3.2. Transmission dynamics and natural reservoirs

Wild aquatic birds, particularly members of the orders Anseriformes 
(ducks, geese, swans) and Charadriiformes (gulls, shorebirds), serve as 
the primordial reservoirs of influenza A viruses (Luczo and Spackman 
2025). Transmission occurs predominantly via the faecal-oral route in 
aquatic habitats, facilitating long-distance spread through migration 
(Shi et al. 2023). Spillover into domestic poultry creates opportunities 
for viral amplification and adaptation, resulting in emergence of highly 
pathogenic phenotypes such as H5N1 clad 2.2.4.4b, with expanded host 
range, including mammals such as minks, foxes, and marine mammals 
(Krammer et al. 2025). Charostad et al. (2023) highlighted that HPAI 
H5N1 remains an imminent threat, with World Health Organisation 
reporting 878 confirmed human infections and 458 deaths, reflecting a 
persistently high case fatality rate (52.16%) across 23 countries up to 
mid-2023. These findings emphasise the virus’s expanding ecological 
niche, affecting not only poultry but also wild birds and marine 
mammals, raising concerns over zoonotic risk and potential adaptation 
for efficient human-to-human transmission. However, field 
investigations in Europe further illustrate the role of biosecurity and 
rapid response in limiting viral persistence. Iancu et al. (2025) 
documented persistence of H5N1 following a 2024 outbreak in 
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backyard flocks in Romania, confirming viral detection in chickens and 
geese but showed no evidence of prolonged circulation beyond the 
outbreak period, underscoring the importance of biosecurity and rapid 
depopulation measures to prevent environmental persistence. In a 
related analysis, these authors reviewed the evolution of HPAI strains 
in Europe (2005–2023), noting the dominance of H5N1 clade 2.3.4.4b 
and its reassortment capacity with other subtypes, facilitating 
geographical spread and persistence.

4. Epidemiological overview of Latin America

Since 2019, Latin America has witnessed the introduction and 
dissemination of highly pathogenic avian influenza (HPAI) A (H5N1) 
clade 2.3.4.4b, with outbreaks reported in both wild and domestic birds, 
as well as sporadic human cases in countries such as Ecuador, Chile, 
Peru, Argentina, Mexico and, more recently (2024-2025), Brazil (Azat et 
al. 2024; Cruz et al. 2023; Marandino et al. 2025; PAHO 2025a). The 
outbreaks have not been confined to commercial poultry but have also 
affected wild avifauna, including both migratory and resident species, 
alongside backyard flocks (Azat et al. 2024; Cruz et al. 2023). In 
addition, detections in mammals, such as pinnipeds and marine felids, 
have been documented, underlining the interspecies transmission risks 
and the potential for further ecological disruption (Plaza et al. 2024; 
Ulloa et al. 2023). Such cross-species spillovers are of particular concern 
given the ongoing evolution of the virus and its demonstrated capacity 
to infect a wide range of hosts.

Between 2022 and 2025, the Pan American Health Organization 
(PAHO), the World Health Organization (WHO), and the Food and 
Agriculture Organization of the United Nations (FAO) issued multiple 
alerts and situation updates emphasising the rising number of 
detections, the need for reinforced surveillance, and the importance of 
coordinated intersectoral responses framed within a One Health 
approach (Marandino et al. 2025; PAHO 2025a). The coordinated 
involvement of animal health, human health, and environmental 
sectors is regarded as critical to mitigating the risk of further spread 
and zoonotic transmission. Several regional risk factors contribute to 
the emergence and dissemination of HPAI in Latin America. These 
include the expansion of intensive poultry production and large-scale 
commercial flocks, which act as amplification points during outbreaks; 
the persistence of backyard poultry systems that increase opportunities 
for contact with wild birds; the extensive migratory flyways of aquatic 
birds linking the Americas to other continents; and the informal trade 
and movement of live birds, which facilitate viral dissemination (Azat 
et al. 2024; PAHO 2025a). Furthermore, constraints in surveillance, 
diagnostic, and response capacities across several countries exacerbate 
the vulnerability of the region, delaying timely detection and effective 
containment (Marandino et al. 2025).

4.1. Recent cases and outbreaks (2022-2025)

Group 1: Coastal wildlife-driven epidemics (Peru, Chile, Argentina)

In several South American countries, H5N1 clade 2.3.4.4b epidemics 
were primarily driven by coastal wildlife transmission. In Peru, Chile, 
and Argentina, early detection in migratory and resident seabirds along 
the Pacific and South Atlantic coasts was followed by widespread 
spillover into marine mammals, particularly pinnipeds, and subsequent 
exposure of backyard and commercial poultry. Genomic analyses from 
Peru and Argentina confirmed clade 2.3.4.4b circulation with evidence 
of sustained environmental persistence, reinforcing concerns regarding 
biodiversity impacts and long-term ecological reservoirs (Cruz et al. 

2023; Leguia et al. 2023; Rimondi et al. 2024; Uhart et al. 2024). In Chile, 
spatio-temporal modelling linked outbreak occurrence to ecological 
and anthropogenic drivers, generating risk maps that informed 
targeted surveillance across wildlife, poultry, and human interfaces 
(Azat et al. 2024; Castillo et al. 2023). Collectively, these coastal 
epidemics underscore the central role of wildlife-driven transmission 
and the necessity of integrated genomic and ecological surveillance 
frameworks.

Group 2: Backyard-driven poultry exposure (Ecuador, Bolivia, 
Colombia)

In contrast, Ecuador, Bolivia, and Colombia exemplify transmission 
dynamics dominated by backyard and peri-domestic poultry systems. 
In Ecuador, the first human H5 infection reported in Latin America in 
January 2023 was epidemiologically linked to backyard poultry 
exposure, yet rapid One Health coordination prevented secondary 
human cases and no sustained avian circulation was detected following 
strengthened biosecurity and pre-vaccination screening (Puga-Torres et 
al. 2025; WHO 2023). Bolivia reported recurrent focal outbreaks in 
backyard and small commercial flocks, with illegal live-bird 
movements identified as a key dissemination pathway; nevertheless, 
culling and movement controls enabled containment despite resource 
constraints (PAHO 2023, 2025a). Similarly, Colombia has experienced 
repeated poultry outbreaks across multiple departments since 2022, 
prompting investments in laboratory capacity, intersectoral 
preparedness exercises, and surveillance strengthening in regions 
characterized by dense poultry production and major migratory 
flyways (PAHO 2025b). Together, these cases highlight backyard 
poultry as a critical interface for viral amplification and zoonotic risk, 
emphasizing the need for sustained community engagement and joint 
human-animal surveillance.

Group 3: Commercial sentinel events (Mexico, Brazil)

Finally, Mexico and Brazil illustrate the role of commercial poultry 
systems as sentinel points for regional risk. In Mexico, the first 
laboratory-confirmed human H5N1 case reported in April 2025 
triggered intensified surveillance across commercial and backyard 
poultry, enhanced risk communication, and active case finding, 
highlighting vulnerabilities at the human-animal interface in rural 
settings (PAHO 2025b; WHO 2024). In Brazil, detection of HPAI in a 
commercial breeder farm in May 2025 marked a critical inflection point 
for the global poultry market, prompting immediate stamping-out, 
t r a d e re s t r i c t i o n s , a n d i m p l e m e n t a t i o n o f z o n i n g a n d 
compartmentalisation measures aligned with WOAH standards 
(Martins-Filho and  Quintans-Júnior 2025; Ministério da Agricultura e 
Pecuária 2025). These events demonstrate how incursions into highly 
biosecure commercial systems function as early warning signals with 
disproportionate economic and trade consequences, reinforcing the 
importance of rapid detection, transparency, and farm-level biosecurity.

4.2. Regional epidemiological patterns

Across Latin America, three consistent epidemiological patterns of 
avian influenza are present:

(i) migratory and costal wildlife corridors sustain viral introductions 
and mammalian spillover;

(ii) backyard poultry systems remain critical points of exposure; and 

(iii) trade impacts follow swiftly once commercial flocks are involved. 
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PAHO’s 2025 updates quantify continuing outbreaks and recommend 
enhanced, integrated surveillance under One Health.

4.3. Regional risk factors

While several empirical studies informing risk-factor analyses originate 
from Europe, South Asia, and Southeast Asia, they are cited here to 
illustrate mechanistic drivers of avian influenza amplification and 
exposure, rather than to imply direct equivalence across regions. 
Poultry production systems, governance structures, and compensation 
schemes differ substantially between these settings and Latin America; 
nevertheless, the underlying biological and behavioural processes, such 
as density-dependent transmission, biosecurity breaches, and wildlife–
backyard–market interfaces, remain broadly comparable. Where 
available, regional evidence from Latin America is prioritised to 
validate and contextualise these mechanisms, particularly with respect 
to backyard exposure, wildlife-mediated spread, and surveillance gaps, 
which have been consistently documented across the Americas in 
PAHO reports and country-level investigations. Regional risk factors 
for the emergence and spread of avian influenza in Latin America arise 
from the interaction of poultry production systems, ecological 
pathways, and structural surveillance gaps. Intensive poultry 
production may amplify viral transmission once introduced into flocks, 
while backyard systems remain critical exposure points due to frequent 
contact between domestic and wild birds and limited biosecurity (Das 
Gupta et al. 2022; Islam et al. 2024) (Table 1).

Migratory flyways play a pivotal role in the intercontinental and 
intra-continental spread of HPAI A (H5Nx) clade 2.3.4.4b (Yang et al. 
2024). After its explosive expansion across Eurasia, clade 2.3.4.4b was 
detected in North America in late 2021, with phylogeographic analyses 
indicating multiple introductions via major migratory flyway corridors, 

notably the Atlantic route (via Iceland to eastern Canada) and the 
Pacific route (via Alaska). These two entry pathways structured 
subsequent viral dissemination across the Americas, with rapid 
southward spread along coastal and continental flyways, particularly 
affecting waterfowl and seabird populations (Erdelyan et al. 2024; 
Kandeil et al. 2023). The temporal progression depicted in Fig. 1 
highlights a well-defined north-south gradient, with initial 
establishment in North America followed by sequential detection in 
Peru and Chile along the Pacific corridor in late 2022, and subsequent 
eastward dissemination to Atlantic-bordering countries such as 
Argentina, Uruguay, and Brazil. This spatiotemporal pattern is 
consistent with southbound migratory pulses and with continuous 
phylogeographic reconstructions of North American genotypes, 
providing supporting evidence for synchrony between avian 
movement ecology and viral spread, and reinforcing the role of flyway 
connectivity in shaping transcontinental transmission dynamics 
(Signore et al. 2025).

Subsequent arrival of clade 2.3.4.4b into South America showed a 
characteristic pattern, with entry along the Pacific coast of Peru and 
Chile in late 2022, followed by eastward propagation to Atlantic-
bordering countries such as Argentina, Uruguay, Brazil. The 
progression is consistent with seabird and shorebird connectivity along 
Pacific and South Atlantic corridors (Marandino et al. 2025). Reports of 
H5N1 detections on sub-Antarctic islands and the Antarctic Peninsula 
further support a coastal, flyway-linked dissemination that aligned 
with seabird ranging behaviour and mixed-colony networks (Neira et 
al. 2025). In addition to wildlife-mediated spread, informal trade and 
movement of live birds further exacerbate risk, as live-bird markets and 
uncontrolled poultry commerce create opportunities for species mixing 
and local to regional transmission. The risk is further compounded by 
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Table 1. Evidence supporting amplification of HPAI in intensive poultry systems and exposure risks in backyard flocks*

Study/ source Setting Key findings Implications

PAHO (2025a) Region of the 
Americas (Peru, 
Ecuador)

Majority of outbreaks in backyard flocks (Peru 61 
in 2024; Ecuador Pastaza 2024); limited 
commercial impact

Confirms in Latin America that backyard 
systems are main points of exposure and 
spread

Gilbert et al. (2017) Global review Rapid intensification of poultry production 
increases risk of AIV persistence and 
reassortment; especially in Asia.

Provides global framework linking intensive 
poultry landscapes to viral emergence

Guinat et al. (2025) Transmission 
modelling, Europe

Farm infectious period ≈ 9 days; duck farm 
density and short inter-premises distances were 
major drivers of HPAI spread

Intensive farm clusters amplify epidemics 
once virus introduced

Islam et al. (2024) Commercial chicken 
farms, Bangladesh

AIV-positive farms had lapses in visitor/vehicle 
control, poor cleaning & disinfection, and lack of 
wild-bird proofing

Core biosecurity steps critical to stop 
amplification in intensive flocks

Das Gupta et al. 
(2022)

Backyard farms, 
Bangladesh

Proximity to water bodies, contact with wild 
birds, and low biosecurity scores significantly 
increased AI risk

Backyard flocks serve as bridges between wild 
reservoirs and domestic poultry

Chakma et al. 
(2021)

Live bird markets, 
Dhaka

High risk of H5 contamination in slaughter/
processing areas and stalls with backyard-origin 
birds

Backyard birds entering markets act as 
contamination sources

Høg et al. (2021) Commodity chains, 
Southeast Asia

Identified behaviours (e.g., mixing species, lack 
of segregation in live-bird trade) that maintain 
AIV transmission

Backyard & smallholder systems feed into 
live-bird chains sustaining virus circulation

* Studies from outside Latin America are included to illustrate general transmission mechanisms, while regional data from the Americas confirm the relevance 
of these pathways under local production and surveillance contexts



uneven surveillance and diagnostic capacities, where delays in 
molecular detection and reporting allow silent expansion of the virus, 
an issue repeatedly flagged in PAHO epidemiological updates (PAHO 
2025a). Collectively, these factors call for strengthened and integrated 
surveillance and biosecurity under a One Health framework to preempt 
and contain future outbreaks.

Across the Americas, official risk assessments repeatedly stress that 
early detection and timely reporting are critical for controlling avian 
influenza; however, the capacity to meet these standards are variable 
between countries and sectors, creating windows for onward 
transmission. The 2024-2025 PAHO alerts and epidemiological updates 
explicitly urge Member States to strengthen laboratory diagnosis, 
epidemiological investigation, notification, and rapid response, 
signalling persistent operational gaps that can delay case confirmation 
and control actions, such as the predominance of 2024 outbreaks in 
backyard flocks in Peru (Adlhoch et al. 2023). On similar lines, global 
and regional guidance from FAO/WHO/WOAH calls for increased 
surveillance and timely reporting to enable early case finding across 
domestic birds, wild birds, and mammals, reflecting continued 
heterogeneity in field and laboratory capacities (WHO 2024). 
Comparative work on influenza surveillance in Latin America and the 
Caribbean documents uneven detection capacity and reporting 
infrastructure on the human-health side, an important One-Health 
signal that diagnostic and notification systems remain asymmetric 
across the region (Hoyos-Cerón et al. 2025). Genomic studies during the 
2022-2023 South American wave, particularly in Peru, emphasised the 
need for continuous genomic surveillance to avoid mass animal deaths 
following rapid coastal spread, implying that diagnostic lags and 
under-ascertainment facilitated expansion before robust confirmation 
and reporting were in place (Sevilla et al. 2024). Collectively, these 

evidences indicate that heterogeneous early-warning capacity, from 
field detection and sampling to molecular confirmation and 
notification, can prolong detection-to-response intervals, allowing 
further viral amplification in both backyard and commercial settings.

5. Management and control strategies

5.1. Active and passive epidemiological surveillance

Sustained epidemiological surveillance remains the cornerstone of early 
warning, outbreak detection, and demonstration of freedom from 
infection. Active surveillance through targeted sampling at risk 
interfaces such as wetlands, live-bird markets, high-density production 
zones need to be combined with passive surveillance based on prompt 
reporting of morbidity/mortality events by concerned personnel (Duan 
et al. 2023; Vredenberg et al. 2025). Current standards emphasise multi-
stream surveillance across poultry and wild birds, with RT-qPCR 
confirmation and wild-bird monitoring for early warning. PAHO’s 2025 
updates show how regionally coordinated, risk-based monitoring 
improves situational awareness and comparability across Member 
States (PAHO 2025b).

5.2. Contingency planning and notification

National contingency plans should codify incident command, sampling 
logistics, laboratory surge capacity, and international notification 
procedures to WOAH to preserve transparency and enable zoning for 
trade (Simancas-Racines et al. 2023). Timely notification under the 
WOAH Terrestrial Code, Chapter 10.4, provides the legal/technical 
basis for zoning and the conditions to regain free status after control 
measures, such as three months post-stamping-out with surveillance. 
The involved countries are increasingly pre-negotiating recognition of 
zoning arrangements to minimise unnecessary trade disruption during 
outbreaks while following the necessary control measures warranted 
(Canadian Food Inspection Agency 2025).

5.3. Farm-level biosecurity

On-farm biosecurity is the most cost-effective barrier against the 
introduction and onward spread of HPAI, which includes exclusion of 
wild birds, controlled access for people, vehicles, and equipment, 
routine cleaning and disinfection, separation of age groups, and 
avoiding birds of unknown health status (Conan et al. 2012; Islam et al. 
2024). FAO guidance further details market and farm biosecurity such 
as water management, fomite control, structured cleaning cycles, and 
stall segregation, to reduce viral amplification at production and retail 
nodes (FAO 2008). 

5.4. Movement restrictions

Immediate movement restrictions within protection and surveillance 
zones reduces farm-to-farm spread while epidemiological 
investigations and tracing are completed (Simancas-Racines et al. 2023). 
WOAH Terrestrial Code provisions on zoning, compartmentalisation, 
and containment zones guide proportionate restrictions and the 
conditions for safe movements of birds and products, such as testing, 
time–temperature treatments, and compartment certification (Knobler 
et al. 2005). Countries that pre-negotiate mutual recognition of zoning 
reduce collateral trade impacts while maintaining sanitary protection 
(Canadian Food Inspection Agency 2025). 

5.5. Depopulation (stamping-out) and carcass disposal

Where permitted and operationally feasible, stamping-out of infected 
and at-risk flocks is still a primary option for rapid control of outbreak, 
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Fig. 1. Migratory flyways and dissemination of HPAI A(H5N1) clade 
2.3.4.4b in the Americas (2021-2025)



provided humane methods and biosecure logistics are ensured 
(Knobler et al. 2005). Safe and timely carcass disposal by on-site burial 
or composting, incineration, rendering, or permitted landfill with 
leachate control are essential to prevent environmental contamination 
and re-seeding (Miller et al. 2020). 

5.6.Vaccination 

Vaccination is increasingly recognised as a complementary control 
measure to biosecurity, movement control, and stamping-out in the 
management of highly pathogenic avian influenza (HPAI), particularly 
in settings where repeated incursions challenge exclusive reliance on 
culling strategies (Capua and Marangon 2003; Nielsen et al. 2023). 
WOAH affirms that vaccination, when implemented in accordance 
with the Terrestrial Manual and accompanied by surveillance 
demonstrating absence of field infection, is compatible with the 
maintenance of HPAI-free status and international trade (Sajjadi et al. 
2025). Comparative experiences from Mexico, China, and Egypt 
illustrate that the epidemiological impact of vaccination is highly 
contingent on programme design, implementation capacity, and post-
vaccination surveillance rather than on vaccine use per se. In Mexico, 
vaccination has been deployed episodically during H5N1 waves, 
primarily within commercial poultry sectors, as a risk-management tool 
to mitigate outbreak impact. Field evaluations indicate that while 
vaccination can raise population immunity, heterogeneity in serological 
responses and coverage across production systems necessitates close 
integration with surveillance to detect residual or silent circulation 
(Maya Badillo et al. 2025). 

In contrast, China represents a long-standing model of nationwide 
H5 vaccination, where sustained high coverage and periodic vaccine 
updates have been associated with substantial reductions in poultry 
mortality and marked declines in zoonotic spillover, particularly 
following the implementation of bivalent H5/H7 vaccination. 
However, this success has been accompanied by strong selective 
pressure on viral populations, with antigenic drift and genetic 
divergence repeatedly eroding vaccine protection, thereby necessitating 
continuous genomic surveillance and frequent strain updating (Li et al. 
2025). The decades long nationwide H5 vaccination have reduced 
poultry mortality and human spillover in China, but antigenic drift and 
divergence can erode protection, requiring periodic vaccine updates 
and strong post-vaccination surveillance. Egypt provides a contrasting 
example in which long-running vaccination programmes have 
coexisted with persistent enzootic circulation. Evaluations indicate that 
uneven coverage, strain mismatch, variable vaccine quality, and 
fragmented implementation across production systems have limited the 
ability of vaccination to interrupt transmission, allowing ongoing viral 
evolution and recurrent public health risk (Fahim et al. 2025). 

Across these contexts, there is broad consensus that vaccination 
should be risk-based, targeting high-exposure species, production 
systems, and seasons, and should be inseparably linked to 
Differentiating Infected from Vaccinated Animals (DIVA) strategies and 
rigorous value-chain surveillance. Operational frameworks developed 
by the European Food Safety Authority (EFSA) specify surveillance 
designs for both emergency and preventive vaccination, including 
sampling intensities stratified by poultry type and flock size, and 
emphasise post-vaccination surveillance as a prerequisite for safe 
movement of birds and products (Nielsen et al. 2023). These principles 
are now embedded within EU regulatory frameworks governing 
vaccination, surveillance, and trade (European Commission 2025). The 

WOAH Terrestrial Manual further details DIVA-compatible diagnostic 
approaches, including NP/Matrix-based ELISAs, neuraminidase-
differentiation assays, and NS1-based serology, that enable reliable 
discrimination between vaccinated and naturally infected birds, 
thereby preserving surveillance sensitivity and the credibility of 
certification under vaccinated settings (Liu et al. 2010; Sajjadi et al. 
2025). Complementing this, FAO operational guidance stresses the 
importance of risk-based surveillance across the entire poultry value 
chain, from farms to live-bird markets and movement networks, 
particularly where vaccination is implemented at scale (FAO 2025b).  
Finally, effective vaccination strategies depend on operational 
readiness, including training of producers and veterinary personnel in 
early disease recognition, biosecurity-compliant sampling, reporting 
pathways, and risk communication. Harmonised guidance from PAHO, 
FAO, and WOAH highlights that vaccination must be embedded 
within broader preparedness and response systems to avoid delayed 
detection and unintended viral persistence (Kovács et al. 2025b; WHO 
2024). 

6. Challenges and opportunities

Highly Pathogenic Avian Influenza (HPAI) continues to spread across 
the Americas, with outbreaks reported between 2022-2025 in both 
commercial and backyard poultry systems, wild birds, and even marine 
mammals. The persistence of clade 2.3.4.4b and the socio-economic 
impact of recent events underscore the urgent need to address 
structural weaknesses and enhance regional cooperation.

6.1. Structural challenges in animal health systems

Many countries in Latin America face structural weaknesses in animal 
health that limit preparedness and response to HPAI, such as ageing or 
insufficient laboratory and field infrastructure, shortage in workforce, 
uneven funding for veterinary services, and fragmented legal or 
regulatory frameworks. As a result, these deficits constrain timely 
outbreak detection, rapid mobilisation of resources, and the 
implementation of coordinated control measures such as rapid 
stamping-out, movement controls, and compensatory schemes for 
producers (PAHO 2025b).

6.2. Limited cross-border cooperation

Given the transboundary nature of HPAI, effective control measures 
require real-time data sharing, harmonised response protocols, and 
joint contingency planning between neighbouring countries. However, 
persistent gaps in formal cross-border cooperation and information 
exchange have hindered joint investigations and synchronized 
interventions in the Americas. PAHO consultations stress that weak 
cross-sectoral and international linkages have slowed HPAI responses, 
underscoring the need for stronger legal and operational frameworks 
for rapid cross-border action (PAHO 2025a).

6.3. Need to harmonise regional policies

Heterogeneous national policies on notification, zoning, vaccination 
strategies, trade restrictions, and surveillance complicate regional 
management of HPAI and can create perverse incentives for under-
reporting or delayed control measures. To address this, harmonisation 
of technical standards, regulatory approaches and risk-based trade 
arrangements across the region would reduce these frictions, facilitate 
mutual recognition of disease status, and help align national control 
strategies with international standards (WOAH/FAO), while protecting 
both animal health and livelihoods (FAO 2025a).
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6.4. Strengthening molecular diagnostics and genomic surveillance

Rapid, decentralised molecular diagnostics and genomic sequencing 
are indispensable for early detection, source tracing, and monitoring 
viral evolution. Yet, capacity and expertise remain uneven across the 
region. Strengthening distributed laboratory networks, harmonising 
protocols, and fostering South-South capacity building would improve 
detection timeliness and enable genomic epidemiology to inform 
targeted interventions (Márquez et al. 2025).

7. Key priorities for Latin America

Based on the epidemiological patterns observed during the 2022-2025 
HPAI waves, three main areas stand out as crucial for improving the 
region’s ability to prepare for and respond to future outbreaks. First, 
there is a clear need to strengthen early warning systems through the 
integration of multiple surveillance streams, specifically those targeting 
wild birds, poultry, and mammalian infections. In this context, many 
recent outbreaks have shown that viral detection in wildlife preceded 
incursions into poultry populations, yet early signals were occasionally 
missed because atypical infections in mammals were not reported or 
assessed in a timely manner. Therefore, improved coordination across 
surveillance systems and more rapid data sharing would help reduce 
detection-to-response intervals, thereby mitigating onward 
transmission and outbreak amplification.

Second, in practice, heterogeneity in regulatory frameworks may 
disincentivize timely outbreak notification, particularly among small-
scale and backyard poultry producers who face potential economic 
losses. Consequently, harmonization of standards and the adoption of 
proportionate, risk-based trade measures would support more 
equitable and effective responses, while simultaneously facilitating 
early reporting without imposing disproportionate economic penalties.

Third, sustained investment in molecular diagnostics and genomic 
sequencing capacity is essential. In this regard, the virus has undergone 
rapid evolutionary change, particularly within the clade 2.3.4.4b lineage 
circulating across the Americas, thereby underscoring the importance of 
real-time genetic characterization. Accordingly, strengthening in-
country sequencing capacity, standardizing analytical pipelines, and 
enabling timely cross-border data sharing would substantially enhance 
the early detection of genetic shifts with epidemiological or phenotypic 
significance, while also informing vaccine strain selection and 
supporting coordinated regional responses to emerging threats. In 
summary, effective control of HPAI in Latin America requires a 
coordinated regional strategy that integrates enhanced surveillance, 
greater policy alignment, and the strategic use of genomic data, all 
implemented within a One Health framework.

8. Conclusions

Avian influenza has become entrenched as a recurrent and 
unpredictable challenge in Latin America, with the continued spread of 
H5N1 clade 2.3.4.4b exposing profound vulnerabilities across diverse 
production systems. Regional experience demonstrates that countries 
with robust biosecurity, vertically integrated industries, and effective 
contingency planning, such as Brazil, are better positioned to contain 
outbreaks, whereas fragmented backyard systems face disproportionate 
losses. Structural challenges, including uneven laboratory capacity, 
delayed reporting, and limited cross-border coordination, continue to 
hinder timely responses. Nonetheless, recent advances in genomic 
surveillance, policy harmonisation, and vaccination strategies provide 

new opportunities to strengthen preparedness. A regional strategy 
grounded in One Health principles, integrating active and passive 
surveillance, risk-based vaccination with DIVA approaches, and 
transparent notification to WOAH, will be crucial. Building long-term 
resilience requires sustained investment in veterinary services, 
enhanced biosecurity practices at all levels of production, and 
continuous training for producers and veterinarians. Ultimately, Latin 
America’s ability to mitigate the socioeconomic and public health 
impacts of avian influenza will depend on coordinated action that 
bridges national boundaries, aligns with international standards, and 
addresses the interconnected realities of animal, human, and 
environmental health.
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