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Objectives
• Gain working knowledge of influenza virus

• Virology
• Epidemiology
• Signs, symptoms, and complications
• Pandemic vs seasonal flu

• Understand the basics of influenza vaccination
• Benefits and limitations
• Current landscape
• Future goals
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What is influenza?

• Influenza is a single stranded RNA virus
• Segmented genome, 8 gene segments 

• Two main types in humans
• Influenza A
• Influenza B

Krammer at al, Nature 2018.
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Influenza: simplified nomenclature

• Influenza A classified into subtypes 
• HA, hemagglutinin (H1 through H18)
• NA, neuraminidase (N1 through N11)
• Example: H1N1

• Two lineages of influenza B viruses
• Yamagata
• Victoria

https://www.cdc.gov/flu/images/virus/fluvirus-antigentic-characterization-large.jpg



• Influenza causes seasonal 
respiratory infection and 
illness (i.e. “the flu”)
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What does influenza do?

BMJ 2016;355:i6258
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Influenza symptoms



• ~1 billion infections
• ~5 million cases of severe 

illness
• ~290,000-650,000 deaths

• 28,616 cases
• 11,310 deaths

Yearly seasonal influenza 2014-15 West Africa Ebola outbreak
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WHO world-wide estimates
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CDC estimates of seasonal influenza burden 
in the US:
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Influenza

• Most will recover from influenza within a week, sometimes two
• People are usually contagious from the day before developing 

symptoms through about one week; contagiousness usually correlates 
with fever

• Some may go on to have severe complications
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Who is at highest risk?

• Children <5 (particularly <2)
• Adults 65 and older
• Pregnant women
• People in nursing homes or other long-term care facil ities
• Native American/Alaska Natives
• People with:

• Asthma or other lung disease
• Heart disease
• Neurological conditions
• Immmunocompromised (e.g. HIV/AIDS), cancer
• Obesity
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What are the complications of influenza?

BMJ 2016;355:i6258



• Pneumonia – infection and 
inflammation in the lower 
respiratory tract, lungs

• During influenza, pneumonia 
can be caused by the 
influenza virus (primary) 
itself or by superinfection 
with bacteria (secondary)

• Streptococcus pneumoniae
• Staphylococcus aureus
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Influenza and pneumonia
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MYTH

• Healthy people are not at high risk for complications from influenza
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Leading causes of mortality, USA 2015

https://www.cdc.gov/nchs/data/nvsr/nvsr66/nvsr66_06.pdf

#1 cause of death 
due to infection in 

the US is lung 
infections caused by 

influenza or 
bacterial 

pneumonia
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Median age = 21 years

Jain et al. NEJM 2009.



17Jain et al. NEJM 2009.
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Mortality in US adults admitted to ICUs with 2009 
pH1N1 infection

Rice et al. NEJM 2012.
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Pandemic vs seasonal epidemics

• “A pandemic is the worldwide spread of a new disease” (WHO)
• Influenza pandemics are caused by new subtypes of influenza A

• Most influenza infections occur in the context of seasonal epidemics
• “The occurrence of more cases of disease than expected in a given area or 

among a specific group of people over a particular period of time” (CDC)
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A brief history of pandemic influenza

Krammer at al, Nature 2018.
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1918 “Spanish flu” pandemic
• 50-100 million deaths

• ~5% of world population
• Case-fatality rates 100-fold higher normal
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Why was the Spanish flu so deadly?

• A perfect storm of factors
• WWI
• Mass movements of vulnerable populations
• Emergence of a novel pandemic strain



• Exact pathogenesis still not 
quite clear

• Aberrant immune responses
• Secondary bacterial pneumonia  

~80-90% of all deaths
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Why was the Spanish flu so deadly?

Morens et al. J Infect Dis 2008
Morens et al. Crit Care Med 2010
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Influenza A: Potential for pandemic strains

• Two mechanisms for pandemic strain emergence
• Direct animal to human transmission of new strain
• Gene reassortment
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Influenza: Not just for people

• Birds 
• Wild aquatic birds, waterfowl
• Domestic waterfowl, poultry

• Mammals: 
• Pigs
• Dogs, cats, horses, bats, seals, whales

http://www.regenerationinternational.org/2016/05/10/strange
-farmfellows-pigs-and-chickens-regenerate-the-land-in-bela-

bela-south-africa/
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Influenza A: Potential for pandemic strains

Krammer at al, Nature 2018.
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Influenza A: Potential for pandemic strains

Belshe, NEJM 2005.
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Influenza A: Potential for pandemic strains

• Segmented genome allows opportunity for gene reassortment
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Influenza A: Potential for pandemic strains

Belshe, NEJM 2005.
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2009 novel H1N1 influenza (“swine flu”)
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Where will the next pandemic come from?

• Anyone’s guess, but some areas to watch

http://www.chinadaily.com.cn/china/2013-04/17/content_16416341.htm https://www.cdc.gov/flu/other/transmission.html?CDC_AA_refVal=https%3A%2F%2Fw
ww.cdc.gov%2Fflu%2Fabout%2Fviruses%2Ftransmission.htm



Where will the next pandemic come from?

• Characteristics of viruses required for new pandemic:
• Viruses that are antigenically new
• Can easily be passed person to person

• Several viruses out there haven’t yet developed necessary mutations 
to pass efficiently person-to-person
• Avian H5N1, H7N9
• Swine, or variant influenza: H3N2v
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Where will the next pandemic come from?
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What is certain in life?

• Death, taxes, and seasonal influenza
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Pandemic vs seasonal influenza

• Emergence of pandemic strains results from antigenic shift
• The surface proteins (HA, NA) look completely different from anything the 

population has seen before
• Fortunately, this occurrence is relatively rare

• Every year, influenza viruses undergo a different process, known as 
antigenic dr ift
• The surface proteins (HA, NA) are generally the same but have mutated just 

enough that the immune system can’t recognize them as well as before
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Influenza gene mutation

Error rate of RNA replication is 1 mutation/virion

1 infected cell can therefore generate 
10,000 mutated viruses!

Herold et al. Eur Resp Journal 2015.

(Boivin et al. J Biol Chem 2010.)
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Pandemic vs seasonal influenza
• Antigenic drift (small changes that accumulate in the outer flu 

proteins over the course of the year) is the reason that flu is a 
problem every winter, leading to seasonal influenza epidemics
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Seasonal influenza: epidemiology

• “Flu season” occurs during the winter months in temperate climates
• In tropical climates, the season is less well defined and the viruses 

may circulate at lower levels year-round
• Reasons for this are still incompletely understood but likely related 

to temperature/humidity and possibly even school calendars
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Seasonal influenza: epidemiology
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Seasonal influenza: epidemiology
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Seasonal influenza and deaths

• Every winter, we see death due to influenza
• Severity of season typically tracked by monitoring pediatric deaths

• Nationally notifiable condition
• General overall estimate of severity of each season
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Seasonal influenza: epidemiology



• Staphylococcus aureus 
pneumonia carries a high 
risk of mortality in young, 
immunocompetent patients

• The greatest risk factor for 
this type of pneumonia is 
influenza
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Seasonal influenza and Staphylococcal aureus

Vardakas Int J Tuberc Lung Dis 13:1476, 2009
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Summary, Part I

• Influenza is an important cause of seasonal respiratory illness
• Yearly seasonal influenza epidemics are certain to occur
• Worldwide pandemic influenza is always a possibility
• Influenza can be an important cause of mortality, even in the otherwise 

young and healthy 
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So, what to do?
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Pandemic influenza vs seasonal influenza

• We may not be able to predict/prevent the next influenza pandemic
• But there ARE many things we can do to combat influenza



• Practice good respiratory 
etiquette and hand hygiene

• Stay home when you are 
sick

• VACCINATION is the 
single best way to prevent 
influenza infection
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An ounce of prevention is worth a pound of cure



48

Who should get vaccinated?

• EVERYBODY ≥ 6 months of age
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MYTH: The flu vaccine doesn’t work

https://www.cdc.gov/flu/professionals/vaccination/effectiveness-studies.htm
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Flu vaccine effectiveness

• Flu vaccine effectiveness is usually determined by measuring how many 
outpatients who got vaccinated get confirmed influenza compared to those who 
don’t (US Flu VE Network) and only tel l part of the story

• Inpatient studies to determine prevention of hospitalizations began in 2016 (US 
Hospitalized Adult Influenza Vaccine Effectiveness Network, HAIVEN)

• Most large studies fai l  to accurately capture other effects of vaccination
• Decreased severity/duration of symptoms
• Decreased complications 
• Decreased transmission to others

• Other studies have clearly demonstrated increased benefits in specific sub-groups 
(e .g. those with diabetes, pregnant women, other high-risk conditions)
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MYTH: The flu vaccine doesn’t work
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Vaccine coverage

• IN 2017, only 38% of all US citizens got a flu shot prior to peak of flu 
season!

• Vermont tends to do slightly better than national average:

https://www.cdc.gov/flu/fluvaxview/reportshtml/trends/index.html
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MYTH: The flu vaccine is dangerous

• You CANNOT get the flu from flu vaccine
• The most common side effects of flu vaccine:

• Redness, swelling, pain at injection site
• Headache
• Low-grade fevers
• Nausea
• Muscle aches (myalgias)
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Influenza vaccines: many options

http://www.immunize.org/catg.d/p4072.pdf
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Influenza vaccines

• Trivalent versus quadrivalent
• Inactivated vs live-attenuated
• Method of manufacture
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Influenza vaccines: a long road…

• Step 1: Strain selection for this year’s vaccine
• Recommendations made by WHO 

• Circulating viruses from over 100 countries reviewed
• 5 WHO reference labs in USA, UK, Australia, Japan, China 

• In USA, FDA reviews WHO recommendations, makes final 
determination of which strains to include
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Flu vaccine strains, 2018-2019
• A/Michigan/45/2015 (H1N1)pdm09-like virus
• A/Singapore/INFIMH-16-00190/2016 (H3N2)-like virus
• B/Colorado/06/2017-like virus (B/Victoria/2/87 lineage)
• B/Phuket/3073/2013-like virus (B/Yamagata/16/88 lineage)

http://www.who.int/influenza/vaccines/virus/recommendations/201802_recommendation.pdf?ua=1
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Trivalent versus quadrivalent vaccines

• Trivalent vaccines contain 3 strains of flu
• Always contain 2 strains of influenza A PLUS
• 1 lineage of influenza B (Victoria or Yamagata)

• Quadrivalent vaccines contain two strains of influenza B
• Most common influenza A viruses currently are H1N1, H3N2
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Inactivated influenza vaccines

• Killed viruses or individual proteins (not infectious virus)
• Multiple methods of manufacture
• Traditional method: egg-based
• Alternative methods

• Cell-based
• Recombinant protein-based



60

Egg-based influenza vaccines

Krammer at al, Nature 2018.
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Egg-based influenza vaccines
• Remains the mainstay of vaccine production
• Disadvantages

• Long production time
• Viruses become modified during culture, which may affect antibody targets
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Egg-based influenza vaccines

Krammer and Palese. Nature Reviews 2015.
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Cell culture-based vaccines

Milian and Kamen. Biomed Res Int 2015. 
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Recombinant vaccines

Milian and Kamen. Biomed Res Int 2015. 
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Live-attenuated influenza vaccine

• Live but weakened (attenuated) virus
• Virus has been changed so that it can only survive at colder temperatures
• Causes asymptomatic infection in the nose but can’t spread further

• Delivered as a nasal spray for otherwise healthy people 2-49 years
• Less effective than shots for several previous flu seasons and was not 

recommended for past 2 years, but for 2018-2019 it is once again 
considered an acceptable option



• Multiple options for different 
scenarios, patient populations

• Getting ANY vaccine far more 
important than the specific type!
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Influenza vaccines
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Influenza vaccination: could it have helped?

• 80% of influenza deaths in children occur in 
children who were not vaccinated

https://www.cdc.gov/flu/about/disease/us_flu-related_deaths.htm
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Influenza vaccines: Is there a better way?

https://www.cdc.gov/flu/images/virus/fluvirus-antigentic-characterization-large.jpg



• A flu vaccine that only 
needs to be given once and 
protects against all future flu 
infections

• Based on the idea that there 
must be some regions of the 
virus that are conserved 
across strains
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Universal influenza vaccine: the holy grail
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Universal flu vaccine: possible targets

• HA stalk
• Globular HA head (conserved or optimized antigens)
• M2e channel
• Vaccines that stimulate cellular immune responses
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Universal influenza vaccine: targets

Plotkin, JPIDS 2018.
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Conclusions

• Influenza is a serious public health problem, in all populations
• Yearly epidemics interspersed with rare pandemics – get used to it!
• The best way to protect yourself and loved ones is yearly flu vaccine
• Flu vaccines are safe and effective, even if not as effective as we’d like
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For more information

• https://www.cdc.gov/flu/index.htm

https://www.cdc.gov/flu/index.htm
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Thank you very much!

• Questions?
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