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Influenza virus
• Family Orthomyxoviridae 

consists of 7 genera

• Enveloped 

• Negative-sense, ssRNA virus

• Segmented genome

(IAV:PB2, PB1, PA, HA, NP, NA, M, NS)

• IAV subtype H 1-19, N 1-11 Bat flu virus H17N10 (2009 in 
Guatemala), H18N11 (2012 in Peru)

• H19Nx in wild duck (Common Pochard (Aythya ferina)from 
Kazakhstan (2023)

Fereidouni S, et al., Emerging microbes & infections. 2023
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Sreenivasan CC, et al., Viruses. 2019

Influenza virus 

in bovine
• Ruminants were not 

previously considered to 
be the host species of 
influenza A virus (IAV)

• In 2011, an influenza C-
like virus was isolated 
from pig, cattle in USA, 
Mexico, Asia (China, 
Japan) and Europe 
(France, Italy), then,  
classified by ICTV to be 
IDV
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Bovine Influenza Viruses
• Influenza C and D viruses are two of the many viruses and 

bacteria that can cause Bovine Respiratory Disease (BRD) in 
calves. BRD affects the respiratory system of young cattle.

• Historically, the first documented IAV case in cattle was 
reported back in 1949 where 160,000 cattle were infected in 
Japan by H1 and H3 subtypes

• The first isolated IAV from cattle was documented in Hungary 
in the 1960s 

Ruiz M, et al., Viruses, 2022. 

https://www.scientificamerican.com/article/this-cow-
and-pig-influenza-virus-could-infect-humans-what-
we-know-so-far/
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Timeline of flu pandemics and epidemics caused by influenza A virus

Ahmed Mostafa, Elsayed M. Abdelwhab, Thomas C. Mettenleiter, and Stephan Pleschka - mdpi.com/1999-
4915/10/9/497/ htmhttps://en.wikipedia.org/wiki/Influenza_A_virus
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https://www.fao.org/animal-health/situation-updates/global-aiv-with-zoonotic-potential/en
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History of highly pathogenic avian 
influenza virus (HPAIV) H5N1 
emergence in migratory birds in 
1996 and key evolutionary 
occurrences until 2024

Mostafa A, et al.,. mBio. 2024 Nov 13:e02542-24.
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Evolution of clade 2.3.4.4b and early migration patterns of 
resurgence HPAI

Xie R, et al., Nature. 2023 Oct.

Spread of H5N8 from mid-2014 to 2017

Early spread of H5N8 from 2017 
to mid-2020

Early spread of H5N1 from mid-
2020 to 2021
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Counties in which bird flu has been detected in wild birds

https://www.cdc.gov/bird-flu/situation-summary/data-map-wild-birds.html

(wild birds)

(poultry)

Highly pathogenic avian 
influenza (HPAI) A(H5) 
viruses have been detected 
in U.S. wild aquatic birds, 
commercial poultry and 
backyard or hobbyist flocks 
beginning in January 2022. 
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HPAI H5N1 virus infection in US 
cattle
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The 2024 H5N1 outbreak in US dairy cattle

• Starting in February 11, 2024, Texas dairy 
farmers noticed unexplained drops in milk 
production in lactating cattle and thick, yellow 
milk, which was later accompanied by dead 
cats on several farms.

• USDA first confirmed on March 25, 2024. 

• All cattle viruses are belong to the H5N1 virus 
clade 2.3.4.4b genotype B3.13

Peacock T, et al., Nature. 2024 Sep 24:1-2.
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https://www.aphis.usda.gov/livestock-
poultry-disease/avian/avian-influenza/hpai-
detections/hpai-confirmed-cases-livestock

HPAI H5N1 virus 
infection in US dairy 
cattle
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• The bovine B3.13 outbreak originated in Texas 
and rapidly spread to additional states (15 
total as of Nov 2024, Texas, New Mexico, 
Oklahoma, Colorado, Kansas, Idaho, Wyoming, 
South Dakota, Michigan, Iowa, Minnesota, 
Ohio, and North Carolina, California, Utah)

The 2024 H5N1 outbreak in US dairy cattle

https://www.aphis.usda.gov/livestock-poultry-disease/avian/avian-
influenza/hpai-detections/hpai-confirmed-cases-livestock
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H5N1 virus transmission pattern of the recent outbreak in the USA

https://nextstrain.org/avian-flu/h5n1-cattle-outbreak/genome
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Clinical sign in dairy cattle

• Affected dairy cattle presented with decreased feed 
intake, decreased rumination time, mild respiratory 
signs (clear nasal discharge, increased respiratory 
rate and laboured breathing), lethargy, dehydration, 
dry/tacky faeces or diarrhoea, and milk with 
abnormal yellowish colostrum-like colour, thick and 
sometimes curdled consistency.

• Morbidity 3% and 20%

• Mortality above average (low at 2% or less)

Caserta LC, et al., Nature, 2024. 
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Clinical presentation of HPAI H5N1 infection in dairy cattle

Clinically affected animals presenting 
clear nasal discharge and
involution of the mammary 
gland/udder

Milk presents a yellowish colostrum-like 
color and appearance (top panels), or
coloration varies from yellowish to 
pink/brown. The Curdling of milk is 
visible in some samples.

Caserta LC, et al., Nature, 2024. 
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• In April-May 2024, more than one-third of 
retail pasteurized milk samples from 12 US 
states contained H5N1 genetic fragments that 
present no danger to humans, but indicate the 
widespread distribution of the virus in dairy 
cattle.

Peacock T, et al., 2024, Tarbuck N et al., 2024 

The 2024 H5N1 outbreak in US dairy cattle
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The US Centers for 
Disease Control and 
Prevention (CDC) 
announced the cases this 
week, revealing at least 
24 cats on a Texas farm 
experienced depressed 
mental states, body 
stiffness, loss of 
coordination, blindness, 
circling, and excessive 
mucous from their eyes 
and noses.

https://www.dailymail.co.uk/sciencetech/article-
13366941/bird-flu-symptoms-cats-blind-raw-milk-
texas.html

https://www.dailymail.co.uk/news/centers-for-disease-control-and-prevention-cdc/index.html
https://www.dailymail.co.uk/news/texas/index.html
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Caserta LC, et al., Nature, 2024. 

HPAI H5N1 detection and isolation of from infected dairy cattle

Virus shedding patterns

Infectious HPAI virus in milk
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Caserta LC, et al., Nature, 2024. 

Detection of HPAI H5N1 in dairy cattle mammary gland tissue

• In situ 
hybridization 
(ISH; middle 
panels) 
targeting the 
IAV matrix 
gene

• Immunohisto
chemistry 
(IHC; right 
panels) 
targeting the 
IAV matrix 
protein
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Sialic Acid Receptor Specificity in Mammary Gland of Dairy Cattle

Nelli RK, et al., Emerging Infectious Diseases. 2024  
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• Since April 2024, CDC, working with state 
public health departments, has confirmed 
avian influenza A(H5) virus infections in 55 
people in the United States.

• The 28 cases are dairy farm workers in 
California

Human cases of bird flu infection in USA, 2024  

https://www.cdc.gov/bird-flu/situation-summary/index.html
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Washington: 11

Oregon: 1

California: 29
Colorado: 10

Texas: 1

Missouri: 1

Michigan: 2

Human cases of bird flu infection in USA, 2024  

Adapt from: https://www.newsweek.com/bird-avian-flu-map-us-states-1987366
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https://www.cdc.gov/bird-flu/situation-summary/index.html
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• These farm workers all described mild symptoms, 
many with eye redness or discharge (conjunctivitis). 

• Some workers who tested positive in Washington 
reported some mild upper respiratory symptoms. 
None of the workers were hospitalized.

Human cases of bird flu infection in USA, 2024  

Uyeki TM, et al., New England Journal of 

Medicine. 2024 May 3.

Human case from Texas outbreak
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• CDC continues to recommend oseltamivir for 
treatment of patients with H5N1 and for post-
exposure prophylaxis of close contacts of 
confirmed H5N1 patients and those with 
higher risk exposures to animals infected with 
H5N1 viruses.

Human cases of bird flu infection in USA, 2024  

https://www.cdc.gov/bird-flu/situation-summary/index.html
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A/dairycow/Texas/HSV-1_2_24/2024

A/Texas/37/2024

A/Cat/NewMexico/24-
010948-001original/2024

A/RedFox/MI/24-013016-004-
original/2024

A/Raccoon/USA/24-011659-002/2024

https://nextstrain.org/avian-flu/h5n1-cattle-
outbreak/genome?s=A/RACCOON/USA/24-
011659-002/2024

A/Alpaca/ID/24-
014328-011/2024

A/HouseMouse/NM/24-
014782-003-original/2024
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https://nextstrain.org/avian-flu/h5nx/ha/all-time?c=h5_label_clade

2.3.4.4b
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• In December 2021, there was a die-off of domestic birds on an 
exhibition farm in St. John’s, a city on the Avalon Peninsula of the island 
of Newfoundland, on the Atlantic coast of Canada. The virus was 
identified as a clade 2.3.4.4b H5N1 virus

Figure Maps of transatlantic migration. Putative virus transmission pathways 
between Europe and Newfoundland via migratory waterfowl/shorebirds

Caliendo V, et al., Scientific reports. 2022 Jul 11;12(1):11729.
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Spatial diffusion of US H5N1 clade 2.3.4.4b viruses 

Youk S, et al., Virology. 2023 Oct 1;587:109860.

Migratory bird GenoFlu genotypes by 
overall percent, dates of detection, and 
flyway distribution as of July 2024.

https://github.com/USDA-VS/GenoFLU?tab=readme-ov-file
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Mostafa A, et al., mBio, 2024

• Schematic representation of 
major H5N1 clade 2.3.4.4b 
reassortment events with the 
internal proteins encoding 
segments from North American 
low pathogenic strains and 
genesis of the reassortant cattle-
origin HPAIV H5N1 strain clade 
2.3.4.4b genotype B3.13.

• The PA, HA, NA and MP are 
derived from the European 
genotype and PB2, PB1, NP and 
NS derived from North American 
genotypes
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Caserta LC, et al., Nature, 2024. Jul 25:1-8.

Genotype B3.13 emerged sometime in the fall of 2023 with only four detections 
in wild species prior to the detections in cattle (one goose in Colorado, one 
goose in Wyoming, one raptor in California, and one skunk in New Mexico).
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Mostafa A, et al., mBio, 2024

The United States Department of Agriculture (USDA) has frequently reported 
infections with the HPAIV H5N1 clade 2.3.4.4b in 373 mammals representing 
27 animal species in 32 states between May 2022 and August 2024
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• The route of virus 
transmission into 
cattle is not clear 
yet but is likely to 
involve milking 
devices 

https://www.aphis.usda.gov/livestock-
poultry-disease/avian/avian-
influenza/hpai-detections/livestock

How is the virus transmitted?
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• Contaminated milking machinery is thought to 
be an important mode of H5N1 transmission 
between cattle from the same 

• However, respiratory tract infection has not 
been ruled out.

How is the virus transmitted?

https://www.feedstuffs.com/dairy/k-state-research-
finds-bovine-h5n1-influenza-may-spread-via-milking
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Halwe NJ, et al., bioRxiv. 2024:2024-08.

HPAI H5N1 experimental infection studies in cattle
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HPAI H5N1 experimental infection studies in cattle

clinical outcomes following 
infection with HPAIV H5N1 clade 
2.3.4.4b isolates 

Halwe NJ, et al., bioRxiv. 2024:2024-08.
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• Inoculation of the 
calves resulted in 
moderate nasal 
replication and 
shedding with no 
severe clinical signs or 
transmission to 
sentinel calves.

• In dairy cows, 
infection resulted in 
no nasal shedding but 
severe acute 
mammary was 
observed

HPAI H5N1 experimental infection studies in cattle

Halwe NJ, et al., bioRxiv. 2024:2024-08.
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Tisza MJ, et al., New England Journal of Medicine. 2024  

Influenza A virus detection in wastewater of  cities in Texas 

In samples
from March 4 
through July 
15, 2024, 
H5N1 was
detected in 
10 of 10 
cities, 22 of 
23 sites, and
100 of 399 
samples
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Louis S, et al., Morbidity and Mortality Weekly Report. 2024 
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Mostafa A, et al., mBio, 2024

• Different mutations which most likely facilitates viral entry and 
replication, respectively, in the new mammalian host cells
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Why H5N1 clade 2.3.4.4b should 
be concerned? 
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Geographic 
location of 
mammal species 
affected by highly 
pathogenic 
influenza virus 
A(H5N1) in 
previous waves of 
infection,
2003–2019 (A), and 
in the current 
panzootic, 2020–
2023 (B).

Patterns of Mammal Infection with H5N1 Virus Worldwide

Plaza PI, et al., Emerging Infectious Diseases, 2024
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Dynamic changes in HPAI H5 subtypes and clades

Xie R, et al., Nature. 2023 Oct.
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H5N1 panzootic (2020–2023)

H5N1 in previous waves of infection (2003–2019)

Patterns of Mammal Infection with H5N1 Virus Worldwide

Plaza PI, et al., Emerging Infectious Diseases, 2024
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Conclusions
• There is concern that the outbreak of H5N1 

avian influenza in cows continues, mainly in 
the US

• There is the possibility that animals, including 
mammals, could become a permanent 
reservoir for HPAI virus subtypes, including 
H5N1, with the risk of mutations that may 
increase viral virulence in birds, mammals, 
and humans.
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