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ABSTRACT

Introduction. In 20242025, a number of high pathogenicity avian influenza A(H5N1) outbreaks were reported in dairy cattle. Such an expansion of the virus’
hosts range increases global risks for livestock farming and public health, which requires strengthening animal disease monitoring and control systems.
Objective. Analysis of the epizootological characteristics of avian influenza A(H5N1) virus infection in dairy cattle and other mammals in 2024—2025, as well as
a summary of the response measures taken and recommendations of international organizations.

Materials and methods. Analytical research methods were used utilizing PubMed, Scopus, Web of Science, Springer, Wiley Online Library databases and materials
from international organizations (FAQ, EFSA, WOAH, OFFLU, CDC).

Results. Outbreaks of avian influenza A(H5N1) caused by clade 2.3.4.4b virus of genotypes B3.13 and D1.1in dairy cattle in 2024—-2025 occurred as a result of three
independent confirmed cases of the pathogen transmission from wild birds. The infection was detected on 1,078 cattle farms in 17 US states. Subsequent virus
transmission to poultry, wild and domestic animals, including cats, as well as to humans (70 people), mainly those working on livestock and poultry farms, was
reported. Reverse transmission of the pathogen from cows back to birds was documented as well. Rapid and wide spread of the virus is associated with extensive
animal movements and insufficient biosafety measures. Influenza A(H5) is recommended for the inclusion in the differential diagnosis for cattle, pigs, domestic
and wild animals.

Conclusion. Avian influenza A(H5N1) epizootic in cattle and the infection transmission to other mammals pose a serious threat to livestock industry and public
health. In response to the existing risks, it is necessary to strengthen biosafety measures and surveillance in epidemiologically significant animal populations,
incorporate the experience of other countries and establish international cooperation to study the trends of the virus evolution.
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MexxBnaoBas nepesaya Bupyca rpunna ntuu
A(H5NT) mnekonuTatoLLmm: YpoKu BCnblLLek
(peaun KpynHoro poratoro ckota B 2024—2025 .

E. A. KpacHoBa, E. B. Koporoauna, [l. A. Jlynuna
OBHY «DegepanbHblii uccnefoBatenbCkuil LeHTp Bupyconorun u mukpobuonorum» (OTBHY OULIBuM); Camapckuii HayuHo-1ccnef0BaTeNbCKUI BETePUHAPHDII
uHCTuTyT — dunuan Or6HY OULBuM (CamHIUBY — dunuan OTBHY OULIBMM), yn. MarHutoropckas, 8, . Camapa, 443013, Poccua

PE3IOME

BBepeHue. B 2024-2025 rr. npou3oLuna cepus BCnblLwek BbicokonatoreHoro rpunna ntuy A(H5NT) cpean MonouHoro ckota. MogobHoe n3meHeHme kpyra
X03A1eB BUPYCa NOBbILLAET rNobanbHble PUCKU ANA XIBOTHOBOACTBA U 06LLIECTBEHHOTO 3PaBOOXPaHeHA, uTo TpebyeT ycuneHna cucTem 3n1300ToN0OTNYECKOro
MOHUTOPUHTA U KOHTPONIA.

Lienb uccnepoBaHuA. AHanu3 3n1300TONOrMYECKIX XapaKTEPUCTUK MHOEKLMI MONOYHOTO CKOT 11 APYTIAX MEKOMUTAHOLLVX, BbI3BaHHOI BUPYCOM rpunna nruy
A(H5N1) B 20242025 rT., a Takxe 0600LLeHIe NPUHATBIX Mep pearupoBaHuA 1 peKOMeHAALINI MeXAYHaPOAHbIX OpraHu3aLuii.

Martepuanbl u meTopbl. [puMeHANUCH aHANUTUYECKUE METOAbI UCCNEN0BaHMIA ¢ UCONb30BaHNEM 6a3 AanHbix PubMed, Scopus, Web of Science, Springer,
Wiley Online Library u matepuano mexayHapoaHbix opranu3aumit (FAO, EFSA, WOAH, OFFLU, CDC).

© Krasnova E. A., Korogodina E. V., Lunina D. A, 2026
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Pesynbrartbl. Benbiwku rpunna ntuy A(H5NT), 06ycnoBnenHble Bupycom knagbl 2.3.4.4b reHotunos B3.13 u D1.1, cpeay monouoro ckota B 2024—2025 rr. npou3o-
LUNK B pe3ynbTaTe TPeX YCTaHOBNEHHbIX HE3aBICMMbIX ClTyyaeB nepeauu Bo36yautens u3 nonynaumum aukoii nruupl. MHdekuma 6bina BoiAneHa Ha 1078 depmax
y KpynHoro poratoro ckota B 17 wratax CLUA. 3adukcupoBaHa nocneaytowas nepeaaya BUpyca OMaLLHelt NTULe, AUKAM U SOMALUHIM XMBOTHbIM, BK/KYaA
KoLuek, 1 nioaam (70 uenosek), B 0CHOBHOM paboTHUkam depMm u nTuuedabpuik, a Takke obpaTHas nepenaya Bo3byauTena ot KOpoB K nTuuam. MloBcemecTHoe
6bICTpOE pacnpocTpaHeHue BUpYCa (BA3aHO C MACCOBBIMI NepeMeLLeHNAMM CKOTa W He,0CTAaTOUHOCTbI0 Mep obecneueHna buobesonacHocTi. PekomeHoBaHo
MpOBOAWTH UCCNefoBaHuA Ha rpunn A(H5) npu auddepeHuManbHoil uarHocTuke 3a6oneBaHuii KpYNHOTO POraToro CKOTa, CBUHEN, AOMALLHIX U AKX KUBOTHBIX.
3akntoueHue. Inuzootus rpunna ntuyy A(HSN1) cpepm KpynHoro poratoro ckoTa v nepefaya MHEKLMM APYrum MAEKOMMUTAIOLIM JEMOHCTPUPYET Cepbe3HYio
Yrpo3y ANA XVBOTHOBOACTBA 11 06LLIECTBEHHOrO 340POBbA. B OTBET Ha CyLLeCTBYIOLLME PUCKM HEOOXOAMMO YCAMTL Mepbl Gobe30nacHoCTV 1 Ha30p B ANUAEMIONO-
TIAYECKI BAXHDBIX MONYAALMUAX XKUBOTHBIX, YYECTb OMbIT APYIUX CTPAH U HANAANTb MEXYHAPOAHOE COTPYAHUYECTBO ANA U3YUEHUA HANpPaBNEHNiE SBOKOLMY BUPYC.

Kntouegble cnoBa: 063op, rpunn ntuy A(HSN1), MexBuaoBas nepegaya, KpynHbiii poraTblii CKOT, KOLUKM, CBUHbM, 61100€30MacHOCTb, NepemelLieHie CKoTa,
MOJI0KO, 3MN300TONOMMYECKNil HaA30p

bnaropapHocTu: Pabota BbinonHeHa npu nogaepxke MunobpHayku Poccun B pamkax rocyaapcraenxoro 3aganua OTbHY OULIBuM (rema Ne FGNM-2022-0004).
ABTOpbI 6naroaapAT peLieH3eHTOB 3a IKCNEPTHYIO OLIeHKY AaHHOI paboTbl.

[insa uutuposanua: Kpacosa E. A., Koporoguna E. B., Jlynuna 1. A. Mexsupgosas nepenaua supyca rpunna ntut A(HSN1) mnekonuTaiowwinm: ypoki BCnblluek
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INTRODUCTION

A highly alarming development in recent years has been
the worldwide reports of high pathogenicity avian influ-
enza virus (HPAIV) detection in mammals (Fig.). Previously
considered primarily as a threat to poultry, HPAIV has es-
tablished a“new normal’, characterized by transmission to
mammals [1, 2, 3]. Since 2022, a significant increase in the
number of H5 avian influenza cases has been reported in
terrestrial animals (foxes, raccoons, minks, bears, tigers,
lynxes, ermines, squirrels, etc.) and aquatic mammals (dol-
phins, seals, sea lions, walruses, etc.) [4].In 2023, HPAI trans-
mission with wild virus-infected mammals from North and
South America to Antarctica was first reported [5]. Mass
animal mortality was reported: from hundreds to thou-
sands of sea lions in Peru, Argentina, Uruguay, and Brazil,
fur seals in Chile and Brazil, and elephant seals in Argenti-
na [3, 6]. In early 2024, mass mortality of southern elephant
seals and fur seals caused by HPAI was reported in
the sub-Antarctic zone, which was probably facilitated by
their colonial lifestyle and high susceptibility to the patho-
gen [7]. In 2024, the situation worsened regarding HPAIV
infection of domestic animals (cats) and humans from live-
stock, including cattle. This indicates a continuing threat
of mammal-to-mammal transmission of the avian influen-
za agent and presents a significant risk for further viral
mutation and the potential acquisition of human-to-
human transmissibility [8].

According to the Food and Agriculture Organization of
the United Nations (FAO), in the first quarter of 2025, the
H5Nx subtype influenza virus was confirmed in almost
100 mammalian species, mainly carnivorous. Thus, in a rela-
tively short period (2021-2025) of subtype H5NXx virus
spread, the number of susceptible species of mammals and
wild birds has doubled'. The expansion of the range
of susceptible mammalian species and the geographical

' Global avian influenza viruses with zoonotic potential situation update:
Bird & mammal species affected by H5Nx HPAL. https://www.fao.org/
animal-health/situation-updates/global-aiv-with-zoonotic-potential/bird-
species-affected-by-h5nx-hpai/en

spread of the virus increase the risk of its spillover to humans,
according to the World Organisation for Animal Health
(WOAH). Therefore, it is extremely important to maintain
reliable surveillance and comply with biosafety measures,
especially for new and atypical avian influenza virus hosts [6].

The increased risk of the interspecies HPAIV transition
to new mammalian species and from mammals to humans
is facilitated by the following factors: high activity of type
A(H5NT1) virus circulation, increase in the genetic diversity
within clade 2.3.4.4, accumulation of mutations resulting in
adaptation to mammals (including increased viral replication
and changes in virulence, host-specific polymerase activity,
inter alia binding to human-type a2,6-linked sialic acid re-
ceptors, etc.) in gene segments encoding the key surface
protein hemagglutinin (HA), another surface protein neur-
aminidase (NA), matrix proteins (M1 and M2), nucleoprotein
(NP) and polymerase basic protein 2 (PB2) [9, 10, 11, 12].

Cases of infection in mammals that are in close contact
with humans draw particular attention to the issue of the
virus overcoming the interspecies barrier and increasing
its pandemic potential. Such animals include farm animals
(cattle, pigs) and pets (cats) [8, 9, 13, 14, 15].

In order to study the epizootological characteristics of
the infection caused by avian influenza A(H5N1) virus in
dairy cattle and other mammals in 2024-2025, as well as
the response measures taken and recommendations from
international organizations, an analysis of available scien-
tific publications and materials from international organi-
zations such as WOAH, FAO, European Food Safety Agency
(EFSA), Global WOAH/FAO Network of Expertise on Animal
Influenza (OFFLU), US Centers for Disease Control and Pre-
vention (CDC) was made. Examination of the current HPAI
pattern and experience in its control are essential for the
improvement of the comprehensive disease control.

AVIAN INFLUENZA OUTBREAKS IN DAIRY
CATTLE IN THE USA

Infection of cattle with influenza A(H5) virus is a dramat-
ic change in the range of the virus hosts and the disease
pattern, that has led to the sustained pathogen transmission
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from one mammal to another and an increased risk for wild
and domestic animals, as well as to agricultural workers,
thus increasing global public health risks [14]. According
to FAQ, the detection of the virus in dairy cattle and cases
of the infection in farm workers who have come into contact
with the infected animals emphasize the need to strength-
en the disease monitoring and control systems [16].

In March 2024, after reports of unexplained symptoms
in dairy cattle in the United States, influenza A(H5N1) virus
of clade 2.3.4.4b, genotype B3.13 was isolated from unpas-
teurized milk samples and oropharyngeal swabs collected
from cattle [13]. Genotype B3.13 influenza causative agent
is a reassortant of the European highly pathogenic strain
of subtype H5N1 virus and the North American low patho-
genic strain [1]. Sequencing and phylogenetic analysis of
the isolated virus strains demonstrated that initially there
was a single event of this pathogen (genotype B3.13) spill-
over from wild birds to cattle in late 2023 - early 2024, fol-
lowed by its wide and rapid spread across the United States,
mainly due to the peculiarities of cattle farming in the
country. Subsequent transmission of genotype B3.13 influ-
enza A(H5NT) virus from infected cattle to wild birds, poul-
try (chickens), wild mammals (raccoons), synanthropic
rodents (mice), pets (cats) and humans (animal and poultry
farm operators) was reported. Moreover, reverse transmis-
sion of the virus from cows to birds was registered [17].

In early 2025, the second and third independent cases
of highly pathogenic clade 2.3.4.4b influenza virus spillover
from wild birds to cattle were confirmed, with the patho-
gen belonging to genotype D1.12. Currently, D1.1 genotype
virus is the most commonly detected in North America and
it infects wild birds and poultry, as well as mammals.

The website of the United States Department of Agri-
culture (USDA) features an updated map with the quanti-
tative and territorial (by state) distribution of HPAI cases in
animals (cattle, swine, alpacas)®. As of 01 August 2025,
1,078 cattle herds in 17 states were HPAIV infected. On
the CDC website, the current situation in humans is dis-
played*. As of 07 July 2025, there were 70 confirmed cases
of human infection with the avian influenza virus (mostly
in animal and poultry farm employees). So far, the current
public health risk is assessed as low.

The widespread transmission of highly pathogenic avian
influenza A(H5N1) virus in cattle challenges long-established
theories of influenza ecological dynamics and highlights
substantial gaps in the global preparedness system for re-
sponding to such biological threats, necessitating immedi-
ate measures to address the identified deficiencies [14].

Infection transmission routes andrisk factors. On-farm
virus transmission mainly occurred through contaminated
milk and during milking procedures (shared milking equip-
ment), rather than by respiratory route [18], while the farm-
to-farm spread is mainly due to the animal movements and
use of shared equipment [13]. It was demonstrated that
influenza A (H5N1) virus retains its infectivity for seve-
ral hours in raw milk from infected animals remaining on

2 Updated joint FAO/WHO/WOAH public health assessment of recent
influenza A(H5) virus events in animals and people (Assessment

based on data as of 1 March 2025). https://www.woah.org/app/
uploads/2025/04/2025-04-17-fao-woah-who-h5n1-assessment.pdf

2 HPAI confirmed cases in livestock. https://www.aphis.usda.gov/livestock-
poultry-disease/avian/avian-influenza/HPAI-detections/HPAI-confirmed-
cases-livestock

4 H5 bird flu: Current Situation. https://www.cdc.gov/bird-flu/situation-
summary/index.html
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Fig. Geographic distribution of HPAl in mammals, 2022-2025
(symbols on the map indicate main mammalian families affected
by HPAI outbreaks during this period; World Animal Health
Information System, 01 August 2025)

milking machines and is detected in environmental sam-
ples from milking parlors, which highlights the risk of indi-
rect transmission during routine milking. However, under
experimental conditions involving prolonged co-housing
(14 days) of infected and control cows, as well as shared
use of milking equipment, the reproduction of the virus
transmission failed [19]. During the model experiment,
the possibility of calves becoming infected through the
alimentary route by being fed raw milk from cows infected
with the highly pathogenic subtype H5N1 genotype B3.13
avian influenza virus was confirmed [20]. At the same time,
the calves’ clinical signs were mild (nasal discharge, mild
fever and lethargy, loose stools and rapid breathing) and
similar to signs of other common diseases, which would
complicate the diagnosis in the field.

Specifics farming practices in the United States imply
extensive animal movements, both on-farm and from farm
to farm, at different production stages [9]. For example,
about 40% of the young replacement dairy cows are reared
outside the farm. According to the National Epidemiolog-
ical Survey of the United States Department of Agriculture
(USDA), the onset of clinical signs in livestock on more than
50% of affected farms was preceded by the introduction
of new cattle into the herd within the previous 30 days.
Furthermore, over 45% of farms continued to move cattle
even after animals had begun to demonstrate clinical
signs®. Farm animal movements are allowed in the United
States and the animals were moved without prior labora-
tory tests, which contributed to the virus spread in the
absence of clinical signs.

Another highly probable route of the infection trans-
mission between farms and states is non-compliance with
biosafety requirements: use of shared transport and equip-
ment (including those used for cleaning and feed and
waste handling), lack of their disinfection; the clothes
and shoes of regular staff who are simultaneously em-
ployed on other farms or have their own livestock and
poultry, as well as farm visitors, who have access to animals
(including veterinarians, feed consultants, animal breeders
and hoof trimming specialists, carriers, etc.) [13, 16].

® Animal and Plant Health Inspection Service, U.S.D.A. Highly Pathogenic
Avian Influenza H5N1 Genotype B3.13 in Dairy Cattle: National
Epidemiologic Brief. https://www.aphis.usda.gov/sites/default/files/highly-
pathogenic-avian-influenza-national-epidemiological-brief-09-24-2024.pdf
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An additional risk factor involves mixed animal breeding
and presence of pets in the animal housing areas, as well
as feeding them and young cattle with unpasteurized milk.
For example, cats were present on 75% of HPAI infected
farms, and poultry was kept on 19% of the farms®.

Thus, the virus widespread in the U.S. dairy herds was
mainly due to asymptomatic transmission, lack of surveil-
lance in epizootologically important populations, and in-
sufficient compliance with biosafety measures.

Currently, the routes and means of the pathogen trans-
mission in cattle as well as the virus shedding duration, etc.
are being studied. A preliminary model study demonstrates
that the duration of the infection period can vary from 2.8
to 13.1 days, with a median of 6.2 days [21].

Clinical signs were reported on average in less than 20%
of cases, and mortality did not exceed 2%. The following
prevailing clinical signs are described in cattle [13, 14]:

- decrease in milk production and change in milk qual-
ity (color, consistency, coagulation);

— loss of appetite and reduced rumen activity;

- fever;

- mastitis;

- dehydration;

- changed feces consistency;

- nasal discharge and respiratory distress.

During the outbreaks in the United States, clinical signs
in cattle persisted for up to 21 days (an average of 6 days),
with the exception of changes in milk quality. Milk produc-
tion was reported to be reduced for up to 45 days (an av-
erage of 12 days). Despite the fact that viral RNA was de-
tected in milk, nasal swabs, urine, and sera of infected
cattle, the highest concentrations of the infectious virus
were consistently detected in milk and mammary gland
tissues [22].

Milk tests. The H5 avian influenza virus actively repli-
cates in the mammary glands, and the infected cows shed
high quantities of the virus in milk for up to 3 weeks, even
in the absence of clinical signs [13]. The widespread expres-
sion of receptors for both avian and human influenza vi-
ruses in cow mammary glands combined with a high viral
load in milk (from 10*° to 10%# TCID, /mL) suggests local
replication of the virus. It was experimentally demonstrat-
ed that intramammary exposure to even low doses of gen-
otype B3.13 influenza A(H5N1) virus (from 10" to 10°TCID, )
is sufficient for stable infection establishment, shedding
high titers of the virus in milk, and clinical mastitis devel-
opment [19]. Intramammary exposure to influenza A(H5N 1)
virus in high doses leads to severe clinical outcomes and
death observed in dairy cows on farms, while respiratory
and oral exposure are less likely to result in productive in-
fection and related morbidity.

During laboratory studies, various methods were used
to isolate influenza virus RNA from raw milk samples, in-
cluding column-based and magnetic sorbent extraction,
as well as phenol-chloroform extraction method (Trizol LS).
The efficiency of isolation can be influenced by pretreat-
ment of milk samples, as well as their storage conditions [8].

Studies have shown that milk increases the thermal sta-
bility of the influenza viruses, but results of the experiments

5 Animal and Plant Health Inspection Service, U.S.D.A. Highly
pathogenic avian influenza H5N1 genotype B3.13 in dairy cattle:
National epidemiologic brief. https://www.aphis.usda.gov/
sites/default/files/highly-pathogenic-avian-influenza-national-
epidemiologicalbrief-09-24-2024.pdf
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on the pathogen inactivation under different heating con-
ditions and processing time are contradictory [23]. A num-
ber of studies indicate that industrial pasteurization of milk
is a reliable method of the avian influenza virus inactiva-
tion [24]. Other studies mention that neither pasteurization
at 72 °Cfor 15 seconds nor at 63 °C for 30 minutes can com-
pletely kill the virus in milk, whereas heat treatment at 80 °C
for 15 seconds completely inactivates HSN1 influenza virus
in milk [23, 25]. Despite the fact that viral RNA is detected
in the samples of pasteurized dairy products, no infectious
virus has been detected so far [26]. This further highlights
the potential dangers of unpasteurized milk and dairy prod-
ucts made from it. Laboratory experiments have demon-
strated that the HPAIV remains viable in raw cow and sheep
milk for over 24 hours at room temperature and for more
than 7 days under refrigeration [27]. Furthermore, studies
of raw milk cheese showed that infectious avian influenza
A(H5N1) virus can persist in such a product for several
months (more than 60 days)’. The results obtained indicate
the need to implement additional measures to reduce
the risks of infection for both animals and humans during
the production and consumption of raw milk products [28].

AVIAN INFLUENZA IN P1GS AND CATS

Pigs have unique anatomical and physiological charac-
teristics of the respiratory tract, which may facilitate infec-
tions caused by influenza A virus strains that are not adap-
ted to them [29].Thus, in October 2024, the U.S. Department
of Agriculture confirmed the presence of the avian influ-
enza A(H5N1) pathogen in a pig on a backyard farm in Or-
egoné. On this farm, both poultry and livestock - including
pigs — were kept together and shared common water
sources, facilities, and equipment. The pig did not demon-
strate any clinical signs of infection caused by influenza
A(H5) pathogen. No specific adaptation of the virus to hu-
mans or mammals has been identified. The detection of
H5NT1 viral genetic material in pig tissues and excrement
indicates their potential role in maintaining and amplifying
the pathogen transmission [14].

A preliminary experimental study in pigs demonstrated
limited replication of genotype B3.13 influenza A(H5N1)
virus isolated from cattle and no pathogen transmission
through direct contact from the infected pigs to the unin-
fected ones. Experimental intranasal and oral infection of
pigs with another genotype of influenza A(H5N1) virus of
clade 2.3.4.4b revealed that the strains isolated from
mammals demonstrated a higher potential for replication,
pathogenicity, and transmissibility compared with the
strains isolated from birds [30, 31]. Thus, pigs represent
a critically important element in the mechanism of inter-
species transmission, especially under conditions of mixed
livestock farming. This factor requires close attention and
the need to test pigs for avian influenza virus due to its
genetic diversity and scale of circulation, since pigs act as

“mixing vessels” for genetic reassortment of avian and hu-
man influenza viruses, potentially contributing to the emer-
gence of new strains with pandemic potential. Pigs must

7 United States Food and Drug Administration. Investigation of Avian
Influenza A (H5N1) Virus in Dairy Cattle. https://www.fda.gov/food/alerts-
advisories-safety-information/investigation-avian-influenza-h5n1-virus-
dairy-cattle

8 Federal and State Veterinary Agencies Share Update on HPAI Detections
in Oregon Backyard Farm, Including First HSN1 Detections in Swine.
https://www.aphis.usda.gov/news/agency-announcements/federal-
state-veterinary-agencies-share-update-HPAI-detections-oregon
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be incorporated into comprehensive epizootiological sur-
veillance systems to more accurately assess the ecological
characteristics of the H5N1 influenza virus as it circulates
in domestic animal populations and to analyze their po-
tential role in zoonotic outbreaks.

Importantly, in recent years there has been an increase
in interspecies transmission of avian influenza A(H5N1)
virus to cats. Since 2022, at least 88 cases of domestic cat
infection with this subtype virus have been reported in the
United States alone. In 2024-2025, infection and mortality
cases were reported in domestic and wild members of the
Felidae family in India, Vietnam, the Netherlands and other
countries [32]. Cats can act as the virus carriers or interme-
diate hosts, as they are in close contact with humans and
animals of other species. Infection of cats with both avian
influenza and human influenza viruses is possible, which
can lead to the virus adaptation and emergence of recom-
binant strains with zoonotic potential [8, 15, 32, 33].

During influenza outbreaks caused by subtype A(H5N1)
virus of clade 2.3.4.4b in 2024-2025, neurological and re-
spiratory signs, as well as high mortality, were reported in
infected cats in the United States, indicating the suscepti-
bility of the Felidae family members to the virus and their
potential role in its transmission. Cats kept at home, as well
as animals from shelters, are at increased risk of infection,
especially when they come into contact with infected wild
birds, consume raw infected poultry meet or unpasteurized
milk from cattle infected with influenza A virus [15, 34]. For
example, in raw milk consumed by cats with clinical signs
of avian influenza virus infection, reverse transcription poly-
merase chain reaction (RT-PCR) revealed the RNA of sub-
type H5N1 pathogen. After consuming raw milk derived
from infected cattle, about 50% of cats became diseased
and died [13]. HPAI A(H5N1) virus was detected in domes-
tic cats in the homes of dairy farm workers®, while there
was no direct contact of animals with the avian influenza
affected farm, which suggests the pathogen transmission
with the humans (for example, with contaminated footwear
and clothing) [35]. Clinical signs in infected cats included
depression, body stiffness, ataxia, blindness, circling, ocular
and nasal discharge. The influenza A virus antigen was de-
tected in the brain, lungs, heart, and retina of the diseased
cats [13]. Therefore, when examining cats that have had
contact with wild birds or have consumed raw poultry or
dairy products, and that present with acute neurological
and respiratory symptoms, veterinarians should include
avian influenza in the list of differential diagnoses [34].

MEASURES TAKEN AND RECOMMENDATIONS

In response to the unprecedented HPAIV spread in cat-
tle in the United States, the following response measures
have been implemented at the governmental level: restric-
tions on the import of cattle with clinical signs of the dis-
ease, as well as on the movement of animals from infected
states; requirements for veterinary inspection certificates
prior to transport; testing of dairy cattle before interstate
movement; enhanced biosafety measures; restrictions on
exhibitions; and the imposition of quarantine [13, 16]. State
financial support was offered to dairy producers to ensure

° Naraharisetti R., Weinberg M., Stoddard B., Stobierski M. G., Dodd K. A.,
Wineland N., et al. Highly pathogenic avian influenza A(H5N1) virus
infection of indoor domestic cats within dairy industry worker
households - Michigan, May 2024. https://www.cdc.gov/mmwr/
volumes/74/wr/mm7405a2.htm?s_cid=mm7405a2_w

the necessary biosafety level and to compensate for the
costs associated with HPAI outbreaks. In addition to feder-
al decrees, additional response measures were implemen-
ted at the state level.

On 06 December 2024, the USDA announced the launch
of the National Milk Testing Strategy (NMTS)'® . The total
number of PCR tests conducted in the first year, from April
2024 to April 2025, amounted to 210,146. The NMTS
specifies that before transporting dairy cattle from one
state to another, a negative test result for influenza A virus
must be obtained from an accredited laboratory; the move-
ment of cattle with influenza clinical signs and their trans-
port for slaughter are not permitted. Milk sampling should
be carried out under the supervision of a licensed or ac-
credited veterinarian. The sample size should be from 3
to 10 mL and contain milk from each udder lobe. Milk sam-
ples can only be pooled in a laboratory. All animals moved
in a group (consignment) of 30 or fewer animals must be
tested. If larger numbers of animals are being moved, then
a total of only 30 animals shall to be tested. Samples shall
be collected and tested no later than 7 days before the
movement. If positive results for influenza A are obtained,
dairy cattle are not permitted to be transported for 30 days
from the date of the last positive sample collected from
any animal in the herd. After the 30-day period, the animals
must be retested. Dairy cattle without clinical signs trans-
ported directly to slaughter are not required to be subjec-
ted to the pre-movement test, but they must have a veter-
inary inspection certificate.

Based on the analysis of epizootological study results
of the animals infected with influenza A(H5N1) virus, the
USDA recommends strengthening biosafety measures on
dairy farms:

- avoid sharing equipment and vehicles, and disinfect
them;

— comply with biosafety requirements during any con-
tact between people (personnel, visitors) and animals on
the farm;

- exclude open storage of feed and litter material and
prevent contact of these materials with domestic and wild
animals and birds;

- avoid housing animals of different species together on
the farm;

— utilize advanced waste management practices to pre-
vent infected manure from entering compost;

- carry out pasteurization, chemical, or heat treatment
of dairy waste;

- disinfect raw milk (pasteurization) if it is subsequently
fed to calves or other animal species;

- quarantine new animals added to the herd for mini-
mum 30 days, and isolate any cattle displaying the disease
clinical signs.

The literature also emphasizes the importance of pro-
active control of HPAI in wildlife [7, 12] and in domestic
animals [9]. The need is emphasized for monitoring wild
animal populations for subtype H5 HPAIV, based on the
data on unusual morbidity levels and recorded mortality
cases, as well as on the results of virological and serological

9 Testing. USDA. https://www.aphis.usda.gov/livestock-poultry-disease/
avian/avian-influenza/HPAI-livestock/testing

" APHIS Requirements and Recommendations for Highly Pathogenic Avian
Influenza (HPAI) H5N1 Virus in Livestock for State Animal Health Officials,
Accredited Veterinarians and Producers. May 14, 2024. https://www.aphis.
usda.gov/sites/default/files/aphis-requirements-HPAl-livestock-eng-sp.pdf
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analyses, including timely exchange of diagnostic informa-
tion on the disease and viral genome sequences for the
rapid detection of new incursions of the virus and tracking
its evolution through phylogenetic analyses. Enhanced
biosafety measures are coming to the fore for domestic
and farm animals.

In light of reports of cattle and other mammalian spe-
cies being infected with avian influenza virus, the FAO has
published updated recommendations. These recommen-
dations include guidance on implementing effective mon-
itoring programs for the timely detection of avian influen-
za cases in cattle [16]. Among them are the following:

- strengthen epizootological surveillance and timely
report with a view to early detection of influenza A(H5)
virus in poultry, wild birds and mammals;

- include influenza A(H5) in differential diagnosis for
cattle, pigs and farm animals, as well as for domestic and
wild animals;

- promptly report HPAI cases in all animal species, in-
cluding cattle and other domestic and wild mammals, to
international organizations (WOAH, FAO);

- carry out active monitoring/detection of the disease
cases, using inter alia molecular and serological tools;

- provide the persons in contact with animals with ap-
propriate personal protective equipment, as well as pro-
vide them with the capacities for testing;

- perform genome sequencing and deposit the influen-
za virus genetic sequences and associated metadata in the
publicly accessible databases;

- implement and/or strengthen biosafety systems on the
animal farms/premises and throughout the production
chain;

- take preventive measures and early response measures
to interrupt the infection chain in pets.

CONCLUSION

The avian influenza A(H5N1) outbreak in dairy cattle in
the United States represents a significant change in the
epidemic potential of the virus and its ability to interspecies
transmission. This event highlights the need to strengthen
the epizootological monitoring systems and mandatory
compliance with biosafety measures in animal husbandry.
The atypical and vague clinical manifestations of avian in-
fluenza in cattle complicate the disease diagnosis and
timely measures. It is important that the virus can be ex-
creted in milk for several weeks even in the absence of
clinical signs. This fact underscores the need for strict com-
pliance with dairy processing protocols, including pasteur-
ization as an effective method of virus inactivation. Pigs
and cats have also been found to be susceptible to the
infection caused by influenza A(H5N1) pathogen, thus rais-
ing concerns about their potential role in the virus evolu-
tion and spread.

Further efforts are needed to address gaps in the biolog-
ical threat monitoring and response system. To effectively
control the subtype H5N1 influenza virus spread in animals
and minimize the risk of zoonotic infections, the experience
of other countries should be taken into account and com-
prehensive measures aimed at the pathogen spread pre-
vention should be taken. The inclusion of influenza A(H5)
virus infection in the differential diagnosis for cattle, pigs
and other mammals, as well as increased epizootological
surveillance, are key steps in ensuring safety of animal hus-
bandry and public health. When studying the avian influ-
enza virus evolution and developing effective prevention
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strategies, it is important to carry out genomic monitoring
and establish international scientific cooperation.
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