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May 1997



May 9, 1997

• A 3-year-old boy in Hong Kong dies of influenza.

• CDC sends a team of scientists to investigate. In a wet 
market, where local farmers slaughtered and sold their 
chickens, they found the source of the deadly virus.

• This strain of influenza, H5N1, was particularly deadly, 
killing 7 of every 10 chickens.

• In December 1997, health officials, trying to control the 
deadly outbreak, began “a wholesale slaughter of birds.”



December 29, 1997



          The virus continued to spread

•  Bird flu attacked chickens in Japan, Vietnam, Laos, 
Thailand, Cambodia, China, Malaysia, and Indonesia.

• Then the virus infected 18 more people, killing 6—a 
mortality rate of 33 percent. Typically, influenza has a 
mortality rate of less than 1 percent.

•  Officials waited for an outbreak among people the 
following year, but it never came.

•   And it didn’t come the year after that or the year after 
that.



August 2003
 



                     August 2003

•  Six years after the initial outbreak, bird flu reappeared in 
Southeast Asia. Again, the virus was first detected in 
chickens. Officials responded by killing hundreds of 
millions of them.

•  Nonetheless, bird flu spread from chickens to ducks, 
geese, turkeys, and quail.

•   Then the virus spread to mammals. First to mice, then to 
cats, then to a Tiger in a Thai zoo, then to pigs then to 
humans.

•   By April 2005, bird flu had infected 97 people and killed 
55, a mortality rate of 57 percent.



 

February 9, 2004



Bird flu continued to spread
 



 

Bird flu continued to spread in people



 

Bird flu continues to have a high mortality rate



 

Bird flu has infected people in 23 countries



March 2024
 



 

Uyeki, T., et al. New England Journal of Medicine (2024) 390: 2028-2030



                     March 2024

•  Adult dairy farm worker presents with pain in the right 
eye with subconjunctival hemorrhage. He didn’t have 
fever or respiratory symptoms; his oxygen saturation was 
97% on room air.

•  Treated with oral oseltamivir (Tamiflu) with complete 
resolution of symptoms.

 



 

Texas, March 2024



 

Michigan, May 2024



 

Michigan, May 2024



 

CDC, March 2025



                     March 2025

•  70 confirmed human cases in US.

•  H5N1 viruses detected in:

• 10,917 wild birds (D1.1 genotype)

• 127,470,312 poultry in 50 states

• 891 dairy herds in 16 states (B3.13 genotype)

• All isolates susceptible to oseltamivir 

 



 



Will H5N1 influenza virus become 
a human pandemic?

 



 

Maurice R. Hilleman, circa 1958



 

August 1957, Sagamihara, Japan



 



 

H2N2 influenza vaccine, 1957



 



         Maurice R. Hilleman prediction

•  Influenza viruses have been circulating in people since 
the mid-1300s.

•  About 2-3 pandemics per century.

•   Every pandemic has been caused by either H1, H2, or H3 
viruses.

•   H5 viruses have never caused a human pandemic. And 
Hilleman believed that they never would.

 



Why?
 



 



 



 

Viral hemagglutinin binds to a sialic acid 
receptor on the surface of cells



 



 

Kuchipudi, S.V., et al. Viruses (2021) 13: 262 



 

H1, H2, and H3 influenza viruses bind to 
alpha 2-6 sialic acid receptors 



 

H5 influenza viruses bind to alpha 2-3 sialic 
acid receptors 



         Sialic acid receptors in humans

•  Humans express 𝛂-2,6 sialic acid receptors in the upper 
respiratory tract and 𝛂-2,3 sialic acid receptors in the 
lower respiratory tract (i.e., lungs).

•  Therefore, H5 viruses, which bind to 𝛂-2,3 sialic acid 
receptors can’t replicate in the upper respiratory tract. 

•   Because H5 viruses don’t replicated well in the upper 
respiratory tract, they are not easily spread from person-
to-person.

 



         Sialic acid receptors in humans

•  Influenza infection of the upper respiratory tract by H1, 
H2, and H3 viruses allows for amplification of virus from 
hundreds of viral particles to millions of virus particles, 
which then travel to the lungs causing pneumonia.

•  People with pneumonia caused by H5 viruses are 
typically exposed to large quantities of virus from another 
source (most likely poultry), obviating the necessity of 
viral replication in the upper respiratory tract. 

 



Why dairy farm workers?
 



 

Kristensen, C. et al. Emerging Infectious Diseases (2024) 30: 1907-11.



         Sialic acid receptors in cows

•  Both alpha 2-3 and alpha 2-6 sialic acid receptors are 
expressed in the mammary glands (utters) of cows.

•  H5N1 influenza viruses are contained in milk of infected 
cows and the virus can be aerosolized during milking, 
putting dairy farm workers at risk. 

 



Why do dairy farm workers suffer 
from conjunctivitis?

 



 

Texas, March 2024



 

Kumlin, U., et al. Influenza Other Respiratory Viruses (2008) 2: 147-54.



         Sialic acid receptors in people

•  Although alpha 2-6 sialic acid receptors are predominant 
in the nose, throat, and windpipe of people, the alpha 2-3 
sialic acid receptors are predominant in human 
conjunctiva.

•  This explains why conjunctivitis was a prominent feature 
of disease in infected dairy farm workers. 

 



                       March 2025

•  In early 2025, there was no evidence that circulating H5 
viruses either in the United States or the world had spread 
from person-to-person.

•  There was also no evidence that the gene that coded for 
the hemagglutinin of H5 viruses had mutated to allow 
binding to alpha 2-6 sialic acid receptors in a manner 
identical to H1, H2, or H3 influenza viruses. 

 



H5 influenza viruses will not 
become a pandemic until the virus 

binds to alpha-2,6 sialic acid 
receptors

 



The Louisiana Case
 



 



 



                    The Louisiana Case

•  Genetic analysis of the H5N1 virus revealed three amino 
acid changes that “may result in increased binding to 
alpha 2-6 sialic acid receptors.”

•  These mutations occurred during infection and were not 
found in the bird that infected this man. These amino acid 
changes were not detected in any other poultry.

•  No person-to-person transmission has occurred with this 
virus.

•  Analysis of the neuraminidase (NA), polymerase (P), or 
matrix genes showed no mutations associated with 
decreased susceptibilities to oseltamivir. 



Why was the mortality rate so high 
in the 1997 and 2003 outbreaks 
but not in the 2024 outbreak in 

the United States?
 



 

Pathogenesis of infection determines 
severity



 

Epidemic influenza infection



 

Louisiana case of poultry exposure



 

Chickens suffer upper and lower respiratory tract infection 
with H5 influenza viruses



 

Dairy farm workers



 



Raw vs. pasteurized milk
 



 

Influenza virus can persist up to 5 days in raw milk



 



                   CDC recommendations

•  “The CDC recommends that people avoid drinking raw milk, 
including products made from raw milk, due to the risk of avian 
influenza A(H5N1) virus contamination.”

•    Rather, the CDC recommends drinking pasteurized milk only, 
which also avoids the risk of Listeria, Campylobacter, 
Salmonella, and E. coli infections.

 



 



 



 

Stegmann, T. Journal of Biological Chemistry (1987) 262: 17744-49.



Vaccines to prevent H5 influenza 
disease

 



                Sanofi Pasteur (H5N1)

•  In April 2007, the FDA approved an H5N1 vaccine made 
by Sanofi Pasteur.

•  Two dose vaccine given 28 days apart in persons 18 to 
64 years of age.

•   This vaccine is made in a manner analogous to Fluzone. 
Specifically, the virus is propagated in eggs, inactivated 
with formaldehyde, and chemically disrupted with a non-
ionic surfactant (so-called “split virus”). This vaccine is 
now part of the National Stockpile.

 



                GlaxoSmithKline (H5N1)
•  In 2013, the FDA approved an H5N1 vaccine made by 

ID Biomedical Corporation of Quebec but distributed by 
GSK.

•  Two dose vaccine given 21 days apart in persons greater 
than 6 months of age.

•   This vaccine is made in a manner analogous to FluLaval. 
Specifically, the virus is propagated in eggs, inactivated 
with formaldehyde and UV light, and chemically 
disrupted with sodium deoxycholate. The vaccine is 
adjuvanted with an oil-in-water emulsion containing 
squalene, vitamin E, and polysorbate 80. This vaccine is 
also part of the National Stockpile.



                CSL Seqirus (H5N1)

•  In February 2020, the FDA approved a vaccine made by 
CSL Seqirus for anyone over 6 months of age as a two-
dose vaccine with the second dose given 21 days apart.

•  H5N1 influenza virus grown in MDCK (canine kidney) 
cells, inactivated with beta-propiolactone, treated with 
detergent in a manner identical to Flucelvax, and 
adjuvated with a squalene-based, oil-in-water emulsion 
(MF59) in a manner similar to Fluad. 

 



Do H5N1 vaccines prevent severe 
infections?

 



Because of the rarity of H5 
influenza infections, efficacy data 

are not currently available
 



 

Khurana, S., et al. Nature Medicine (2024) 30: 2771-2776.



Does the CDC currently 
recommend H5N1 vaccines for 

those at high risk?
 



              CDC and H5N1 vaccines

•  As of December 26, 2025, the CDC states, “No human 
vaccines for prevention of highly pathogenic avian 
influenza (H5N1) virus infections are currently available 
in the United States. Seasonal influenza vaccines so not 
provide protection against human infection with H5N1 
viruses.”

•  The CDC is waiting to determine whether H5N1 
vaccines cause severe disease in people at high risk before 
making a recommendation.

 



 



        Zoonotic influenza vaccine (H5N8)

•  Made by CSL Seqirus. Available for anyone over 18 
years of age as a two-dose vaccine with the second dose 
given 3 weeks later.

•  H5N8 influenza virus grown in eggs, inactivated with 
beta-propiolactone, treated with detergent and adjuvated 
with a squalene-based, oil-in-water emulsion (MF59).

•   European Union purchased 40 million doses for 15 
countries. Finland first to recommend vaccine for poultry, 
dairy, and farmers (mink, foxes), veterinarians, and 
scientists at highest risk of disease.

 



Find us online: 

vaccine.chop.edu
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