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ABSTRACT
Introduction. Highly pathogenic avian influenza currently requires the close attention of the international community. Determining the factors affecting trans-
mission and replication of avian influenza virus in mammals and analysing the evolutionary processes involved will suggest which virus lineages will have the 
spillover potential and infect non-typical hosts, including humans.
Objective. The paper is aimed at studying the avian influenza epidemic situation in mammals, description of the features of the avian influenza epizootic process, 
retrospective analysis of influenza outbreaks in non-typical hosts.
Materials and methods. The study was carried out in the Information and Analysis Centre of the Veterinary Surveillance Department of the Federal Centre for 
Animal Health (Vladimir). The data obtained was based on statistical data from the database of the World Organisation for Animal Health WAHIS and scientific 
publications of foreign and domestic authors. Cartographic analysis was carried out using ArcGIS geographic information system (ESRI, USA).
Results. The avian influenza virus H5N1 epizootic process in 2022–2024 involved mammalians of various families (Bovidae, Mustelidae, Ursidae etc.) in which the 
disease had not been previously recorded. Strict biosecurity measures and updated alert systems are of crucial importance to effectively prevent the spread of the 
disease. In a limited number of countries (Bangladesh, Dominican Republic, China, Egypt, Indonesia, Laos, Vietnam, EU countries, etc.), vaccination has been used 
as a preventive and emergency measure to protect birds from influenza.
Conclusion. Transmission of highly pathogenic avian influenza virus to mammals of different species, including livestock, may be the start of a future 
pandemic. The recently recorded virus spillover indicates emergence of adaptive mutations and poses a threat to animal health, public health, food security 
and biodiversity.
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Расширение спектра восприимчивых видов  
млекопитающих в ходе развития эпизоотической ситуации  
в мире по гриппу птиц за 2023–2024 гг. 
М. В. Жильцова, Т. П. Акимова, М. Н. Митрофанова, В. П. Семакина, Е. С. Выставкина 
ФГБУ «Федеральный центр охраны здоровья животных» (ФГБУ «ВНИИЗЖ»), мкр. Юрьевец, г. Владимир, 600901, Россия 

РЕЗЮМЕ
Введение. Высокопатогенный грипп птиц в настоящее время требует самого пристального внимания всего международного сообщества. Определение 
факторов, влияющих на передачу и репликацию вируса гриппа птиц у млекопитающих, а также анализ происходящих эволюционных процессов по-
зволит предположить, какие вирусные линии будут иметь потенциал к преодолению видового барьера и инфицированию нетипичных хозяев, в том 
числе людей.
Цель исследования. Изучение эпизоотической ситуации по гриппу птиц среди млекопитающих, описание особенностей эпизоотического процесса 
при гриппе птиц, ретроспективный анализ вспышек гриппа у нетипичных хозяев.
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Материалы и методы. Работу выполняли в информационно-аналитическом центре Управления ветнадзора при ФГБУ «Федеральный центр охраны 
здоровья животных» (г. Владимир). Сбор сведений осуществляли на основе статистического материала базы данных Всемирной организации здраво-
охранения животных WAHIS и научных публикаций зарубежных и отечественных авторов. Картографический анализ проводили с помощью географи-
ческой информационной системы ArcGIS (ESRI, США).
Результаты. С 2022 по 2024 г. в эпизоотический процесс, вызванный вирусом гриппа подтипа H5N1, были вовлечены млекопитающие различных се-
мейств, у представителей которых ранее болезнь не регистрировали: полорогие, куницеобразные, медвежьи и др. Для эффективного предотвращения 
распространения заболевания важны строгие меры биобезопасности и актуализация систем оповещения. В ограниченном числе стран (Бангладеш, 
Доминиканская Республика, Китай, Египет, Индонезия, Лаос, Вьетнам, страны Евросоюза и др.) в качестве профилактической экстренной меры для 
защиты птиц от гриппа использовали вакцинацию.
Заключение. Передача вируса высокопатогенного гриппа птиц млекопитающим разных видов, в том числе сельскохозяйственным животным, может 
дать старт будущей пандемии. Межвидовая передача вируса, регистрируемая в последнее время, указывает на возникновение адаптивных мутаций 
и представляет собой угрозу здоровью животных, общественному здравоохранению, продовольственной безопасности и биоразнообразию.

Ключевые слова: обзор, грипп птиц, млекопитающие, сельскохозяйственные животные, крупный рогатый скот, эпизоотическая ситуация, расширение 
спектра хозяев, стратегии контроля
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countries have mechanisms in place to facilitate the regu-
lar exchange of information and best practices to coordi-
nate disease control policies and develop evidence-based 
national strategies [4, 5].

The aim of the study was to investigate the avian in-
fluenza epizootic situation in mammals, to characterize 
the avian influenza epizootic process and to retrospec-
tively analyze influenza outbreaks in atypical hosts.

MATERIALS AND METHODS
The study was carried out in the Information Analysis 

Centre of the Veterinary Surveillance Department, Federal 
Centre for Animal Health (Vladimir). The data were collec-
ted using statistical material from the WAHIS database of 
the World Organisation for Animal Health (WOAH) and 
scientific publications of  foreign and domestic authors. 
Cartographic analysis was carried out using ArcGIS geo-
graphic information system (ESRI, USA).

DYNAMICS OF HPAI OUTBREAKS AMONG 
AT YPICAL HOSTS, INCLUDING LIVESTOCK
During the  ongoing global outbreak of  avian influ-

enza caused by the HPAI A/H5N1 virus, both birds and 
many mammalian species were found to be  infected. 
In  2022–2024 there was a marked change in the scope 
and ratio of atypical hosts naturally infected with HPAI. 
Mammalian species, including cattle and small ruminants, 
were involved in the process.

The significant increase in the number of detected mam-
malian infections (Fig. 1) from 139 in 2022 to 275 in 2023 
is linked to the spread of infection and implementation 
of expanded avian influenza monitoring programmes [6]. 
It cannot be excluded that some atypical hosts may be 

INTRODUCTION
Avian influenza virus continues to pose a threat to ani-

mal and human health. H5 and H7 subtypes have caused 
numerous outbreaks in wild and domestic birds and resul-
ted in mortality of at least 600 million poultry since 2005. 
Many countries are now concerned about the develop-
ment and application of different strategies aimed at avian 
influenza control.

Unlike H5N2, H5N3, H5N4, H5N5 and H5N6 subtypes 
detected in a rather limited area or within the continent, 
the H5N1 subtype started a large-scale intercontinental 
spread [1].

H5N1 subtype has caused a significant number of out-
breaks in  many countries in  Europe, Africa, Asia and 
the Americas [2].

The virus interspecies spillover usually results in a dead-
end infection. The probability that a complete set of adap-
tive mutations is acquired in a single immunocompetent 
host and transmitted onwards to other hosts is extremely 
low. Adaptive mutations occurring during an epizooty 
could enhance adaptiveness of the  virus through in-
creased polymerase activity to allow transmission to less 
susceptible hosts. This is demonstrated by the  results 
of both experimental infections and isolation of the virus 
from atypical wild and livestock hosts during outbreaks: 
spread of high pathogenicity avian influenza (HPAI) H5N1 
to farmed pigs in Indonesia, and transmission to cattle and 
goats in the USA [3].

Evident changes in the epidemiology and ecology of 
the virus now pose a threat to animal health, public health, 
food security and biodiversity. Conventional control mea-
sures such as biosecurity, stamping-out and movement re-
strictions, although important, may not be sufficient. Most 
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was an increase in the number of cases among pinnipeds, 
felines, farmed mustelids, as well as among new species: 
forest polecat, coatis. In 2024 a significant number of out-
breaks were recorded in bovids (cattle, goats).

Deaths of seals due to HPAI A/H5N1 infection in 2022 
have been confirmed in  Quebec (Canada) and along 
the US coast [9]. HPAI outbreak that began in November 
2022 in Peruvian pelicans along the Peruvian coast and 
adjacent islands spread to marine mammals, particularly 
to South American sea lions, causing mass mortality by 
early 2023. Researchers have confirmed the virus entry 
into Peru from North America, presumably due to wild 
bird migration [10, 11, 12, 13].

There have been several cases of HPAI H5 transmission 
among other domestic and wild birds, as well as zoo ani-
mals and wild predators.

Extension of the species range and increase in the num-
ber of reported cases are not only linked to the disease 
spread, but also to the implementation of HPAI monitoring 
programmes in various countries [6].

In 2024, infection cases of influenza A/H5N1 began 
to be reported in cattle. Reports coming from the USA 
on HPAI positive tests in dairy cattle and goats, as well as 
probable transmission of the H5N1 subtype virus between 
cattle in dairy herds, are of concern because of the possi-
bility of rapid adaptation and further interspecies spillover. 
All animals demonstrated similar clinical signs  [14, 15]. 
The likely source of infection was cow feed or water that 
were accessible to wild birds. Cases of HPAI transmission 
from cattle to humans were recorded [16, 17].

important reservoirs of infection. HPAI  A / H5N1 virus has 
recently demonstrated easy spillover into wildlife and agri-
culture, and has the potential to trigger a global pandemic.

The virus has currently impacted a variety of mamma-
lian species worldwide, including those classified as en-
dangered and threatened, potentially exacerbating their 
conservation status. The most likely source of mammalian 
infection appears to be close contact with infected birds, 
with some evidence suggesting potential mammal- to-
mammal transmission [7].

Previously we described the  HPAI global situation 
in mammals in 2022 [8]. The virus was said to have a high 
ability to spillover from birds to mammals such as muste-
lids (minks, otters, ferrets, badgers), felines (domestic cats, 
cougars, leopards, lynxes), pinnipeds (common seals, grey 
seals), bears (brown, grizzly, American black), bottlenose 
dolphins, skunks, foxes, opossums, raccoons. HPAI mani-
festations in mammals range from asymptomatic to severe 
forms.

HPAI virus strains that have already adapted to various 
mammalian species currently continue to circulate.

HPAI EPIZOOTIC SITUATION  
IN AT YPICAL HOSTS IN 2023–2024
In addition to the increased number of HPAI cases re-

ported in mammals, there has been a change in the ratio 
of diseased animals belonging to various families over 
the last 2 years (Fig. 2, Table).

Thus, in 2022 more than 50% of infected animals be-
longed to the Canidae family (red foxes). In 2023, there 
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Fig. 1. Avian influenza epizootic situation in mammals in 2021–2024
2024
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Fig. 1. Avian influenza epizootic situation in mammals in 2021–2024
2024

infection is detected in poultry, a culling policy is usually 
applied [27].

Vaccination of poultry may be recommended under 
certain conditions. Vaccines used should comply with 
the standards specified in the WOAH guidelines [28]. In 
early 2023 it was allowed to conduct emergency vaccina-
tion of wild birds against HPAI as an immediate response 
to an outbreak or when there was an increased risk of in-
fection entry.

Concerns about international trade restrictions hamper 
use of vaccination, although its inclusion as a control tool 
has been endorsed by international standards adopted by 
the World Assembly of WOAH National Delegates. Unjus-
tified trade restrictions on poultry and poultry products 
from vaccinated flocks have a huge impact on a sector 
that contributes significantly to global food security and 
the economy [29].

To date, vaccination has only been used in a limited 
number of countries as a preventive or emergency mea-
sure to protect birds against HPAI [30, 31]. According to 
various sources (including the WOAH), more than 30 coun-
tries have resorted to the use of vaccination against avian 
influenza since 2005 [32, 33, 34]. The countries that have 
officially declared HPAI vaccination are: Armenia, Belarus, 
Bangladesh, Dominican Republic, China (including Hong 
Kong), Egypt, El Salvador, Germany, Indonesia, Jordan, Ka-
zakhstan, Democratic People’s Republic of Korea, Kuwait, 
Laos, Mongolia, Mexico, Niger, Pakistan, Peru, Singapore, 
Sudan, Turkmenistan, Vietnam, Ecuador, Uruguay and 
others. In some European countries (Ireland, Great Britain) 
vaccination is allowed only in zoos [35, 36, 37]. In Russia, 
preventive vaccination against HPAI is practiced in farms 
(except poultry farms) according to the “Veterinary rules 
for the implementation of preventive, diagnostic, restric-
tive and other measures, establishment and lifting of quar-
antine and other restrictions aimed at preventing spread 
and eradication of  high pathogenicity avian influenza”, 
approved by Order of the Ministry of Agriculture of Russia 
No. 158 of 24 March 2021.

In May 2023 the US Animal and Plant Health Inspection 
Service (APHIS) announced that it had approved the emer-
gency use of avian influenza vaccine to prevent additional 
deaths among California condors. Prior to this outbreak, 
the US authorities had stated that strict biosecurity proto-
cols, including enhanced disinfection procedures as well 
as destruction of infected birds, were sufficient to mitigate 
the HPAI effects. Work is currently underway to develop 
a vaccine against HPAI for cattle, as it is believed that vac-
cination will help reduce the risk of the disease spreading 
to new animal species and lower potential losses to dairy 
production facilities. Vaccination of farm poultry has long 

Recombination of the North American viruses pro bably 
occurred shortly before the outbreak emerged in  cattle. 
All  isolates recovered from cattle were reassortants of 
the Eurasian and North American genotypes first detect-
ed in late 2023. The outbreak in goats was not linked to 
the outbreak in cattle. The HPAI H5N1 outbreak in cattle 
likely went undetected for an extended period. Resear-
chers assume that the onset of the event occurred be-
tween 13 November 2023 and 18 January 2024 [18].

In light of recent HPAI situation in the USA the Ameri-
can Association of Bovine Practitioners (AABP) has taken 
steps to redefine the disease syndrome caused by the avi-
an influenza virus and observed in cattle and designate it 
as bovine influenza A virus (BIAV), which requires further 
studies [19, 20, 21].

Experts at the Centers for Disease Control and Preven-
tion (CDC) believe that the current HPAI-associated risk 
to humans is low, but people who come in contact with 
infected birds or animals are at greater risk of contracting 
HPAI A/H5N1 [22].

Infected cattle showed a non-specific course of infec-
tion, reduced feed intake and a sharp drop in milk yield, 
but severe systemic influenza infection was demonstrated 
in domestic cats receiving raw (unpasteurised) milk from 
diseased cows. In addition, cases of cow-to-cow transmis-
sion were reported [23].

In response to this situation, the  GF-TADs (Global 
Framework for the Progressive Control of Transboundary 
Animal Diseases) meeting was held on 4 April 2024 to 
address identified cases of high pathogenicity influenza 
in dairy cattle and goats in the United States of America 
and the detection of the virus in humans. The importance 
of early detection and transparency of notifications, as well 
as cooperation between different national agencies, was 
emphasized [24].

The WOAH continues to monitor the situation to de-
termine the risks to animal and human health. Timely re-
porting is crucial to objectively assess the disease situation 
and prevent any type of misinformation. Based on the data 
available the WOAH points out that restrictions on the 
movement of healthy cattle and products thereof are not 
recommended unless justified by an import risk analysis 
conducted in accordance with Chapter 2.1 of the WOAH 
Terrestrial Animal Health Code [25, 26].

GLOBAL CONTROL STRATEGIES 
The first protective measure against HPAI spread 

is early detection of outbreaks. Establishing accurate 
warning systems is  essential for effective prevention 
and control of the disease. Strict biosecurity and hygiene 
measures are also necessary to prevent outbreaks. When 

Fig. 2. Global distribution of avian influenza outbreaks by mammalian families in 2022–2024
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in Hungary, the mortality of vaccinated geese (HVT-H5 
manufactured by Ceva Sante Animale) after challenge 
was 2.93% compared to 76.23% in the control group, and 
there was also a reduction in the viral shedding. In Italy, 
a high level of clinical protection of turkeys was achieved 
using HVT-H5 vaccine with a subunit or DNA vaccine ad-
ministered as a booster. Homologous vaccination gave 
unsatisfactory results (25 to 40% protection) [40].

Study results of Dutch researchers showed that both 
HVT-H5 vaccines by Ceva Animal Health and Boehringer 

been controversial among researchers and farmers in 
the US. Poultry producers are concerned about the cost 
and complexity of vaccinating millions of birds, as well as 
trade restrictions [38, 39].

In  May 2023, the  27 Member states of the  Europe-
an Union agreed to  implement a  vaccination strategy 
against avian influenza. The tasks were shared between 
the states: France developed a vaccine for ducks, the Ne-
therlands – for laying hens, Italy – for turkeys and Hunga-
ry – for Peking ducks. Preliminary results were promising: 
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Table
Highly pathogenic avian influenza H5 in mammals in 2023–2024 (according to the WOAH data)

Country Animal species Outbreaks Virus type

Argentina

South American fur seal 2 H5

South American sea lion 14 H5

Southern elephant seal 2 H5

Belgium
Red fox 16 not typed

Forest polecat 2 not typed

Brazil
South American fur seal

5 H5N1
South American sea lion

Germany

Grey seal 1 H5N1

Pine marten 1 H5N1

Red fox 6 H5N1

Raccoon 1 H5N1

Italy

Domestic cat 1 H5N1

Domestic dog 1 H5N1

Red fox 2 H5N1

Canada

American mink 2 H5N1

Raccoon 3 H5N1

Raccoon 3 H5N5

Domestic cat 2 H5N1

Red fox 1 H5N5

Red fox 7 H5N1

Skunk 1 H5N5

Skunk 9 H5N1

Domestic dog 1 H5N1

Latvia Red fox 1 H5N1

Norway
Red fox 1 H5N1

Red fox 2 H5N5

Peru
South American sea lion 2 H5

Lion 1 H5

Russia Northern fur seal 1 H5N1

USA
American mink 2 H5N1

American black bear 1 H5N1

Country Animal species Outbreaks Virus type

USA

Abert’s squirrel 1 H5N1

Polar bear 1 H5N1

Dolphin [13] 1 H5N1

Raccoon 6 H5N1

Fisher 2 H5N1

Domestic cat 11 H5N1

Common seal 1 H5N1

Opossum 1 H5N1

Cougar 17 H5N1

Red fox 20 H5N1

Lynx 6 H5N1

Skunk 17 H5N1

Goat 1 H5N1

Cattle 33 H5N1

Uruguay

Coatis 1 H5N1

South American sea lion 8 H5N1

South American fur seal 3 H5N1

Finland

American mink 6 H5N1

Otter 2 H5N1

Raccoon dog 9 H5N1

Red fox 13 H5N1

Arctic fox 48 H5N1

Lynx 1 H5N1

Sable 1 H5N1

France Red fox 1 H5N1

Chile

Marine otter 2 H5

Eurasian river otter 1 H5

South American sea lion 31 H5

South  
Korea Domestic cat 2 H5N1

Japan Red fox 2 H5N1
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