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Influenza Vaccines: 
The science, the myths, 

and looking towards 
the future



 Brief discussion of influenza pathogenesis
 Overview of current influenza vaccination 

strategies and recommendations
 What happened to LAIV?
 Discussion of vaccine refusal
 Future goals



 Enveloped negative strand RNA 
virus with a segmented genome

 Family Orthomyxoviridae
 Surface envelope contains the 

HA (sialic acid binding) and NA 
(sialic acid cleavage) proteins

 Spread mainly through 
respiratory droplets

 Some antibodies to HA can 
block viral uptake and thus can 
be neutralizing (major known 
correlate of protection)



 Influenza A viruses infect a wide range of avian and 
mammalian species, including humans

 Influenza B viruses predominantly infect humans
 Influenza C known to infect humans and pigs
◦ Infections more rare compared to types A or B





 Antigenic drift: Selection of viruses with point mutations in 
the HA or NA genes by antibody prevalent in the 
population 
◦ Occurs with both influenza A and B viruses.  

 Antigenic shift: Reassortment of gene segments in a host 
co-infected with two different strains of influenza 
◦ Can result in the introduction of pandemic viruses with completely 

novel hemagglutinin molecules  (eg novel H1N1 virus)
◦ May cause severe world-wide epidemics or pandemics. 
◦ Antigenic shift is seen only in influenza A viruses as only this viral 

subtype can infect hosts of diverse species. 







The start of swine influenza…..





H5N1 H7N9





Deathsa

3,349–48,614 
Hospitalizationsb

117,000–816,000

Infections and illnesses
50–60 million

Physician 
visits

~25 million

a MMWR. 2010: 59(22):1057–1062.; Reed C, Chaves SS, Daily Kirley P, et al. (2015) Estimating Influenza Disease Burden from Population-Based Surveillance Data in 
the United States. PLoS ONE 10(3): e0118369. 
B All-cause hospitalization and mortality associated with influenza virus infection.
Thompson WW, et al. JAMA. 2003;289:179; Thompson WW, et al. JAMA. 2004;292:1333; Couch RB. Ann Intern Med. 2000;133:992; Patriarca PA. JAMA. 
1999;282:75;ACIP. MMWR. 2004;53(RR06):1.; Reed C, Chaves SS, Daily Kirley P, et al. (2015) Estimating Influenza Disease Burden from Population-Based Surveillance 
Data in the United States. PLoS ONE 10(3): e0118369. 



Disease Annual Cases Annual Deaths 
Influenza 61,000,000a (‘09) 3,349–48,614b,c (‘76–

‘13) 
Pneumococcal disease, 
invasive (bacteremia & 
meningitis)d

33,900 (‘13) 3,700 (‘13)

HPVe (cervical cancer) 12,900 (‘15) 4,100 (’15)
Hepatitis B 3,050f (‘13) 1,873g (‘13)

Meningococcal diseasef 556 (‘13) 26 (’11)

Hepatitis A 1,781f (‘13) 80g (‘13)
Varicellaf (chickenpox) 11,359 (‘13) 14 (‘11)
Pertussisf 28,639 (‘13) 13 (‘13)
a Data based on CDC estimates of 2009 H1N1 cases using statistical modeling.
b Reed C, Chaves SS, Daily Kirley P, et al. (2015) Estimating Influenza Disease Burden from Population-Based Surveillance Data in the United States. PLoS ONE 
10(3): e0118369. 
c MMWR. 2010: 59 (22): 1057-62.  dCDC. ABCs Report: Streptococcus pneumoniae, 2013  Available at https://www.cdc.gov/abcs/reports-
findings/survreports/spneu13.pdf
e American Cancer Society. Cancer Facts and Figures 2015. Available at http://m.cancer.org/acs/groups/content/@editorial/documents/document/acspc-
044552 pdf

Estimated Vaccine-Preventable Disease 
Incidence and Deaths in the US

https://www.cdc.gov/abcs/reports-findings/survreports/spneu13.pdf


How much does Influenza Cost YOU?
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Mean Cost in Millions

Created Using Table 5 of Noelle-Angelique, et al.  Vaccine 25 
(2007) 5086-5096

US Population:  306 Million
http://www.census.gov/main/www/popclock.html

Total economic burden 87.1 billion
Annual burden per capita: $284.53











Hancock K et al. N Engl J Med 2009;10.1056/NEJMoa0906453

Does early childhood exposure matter?  Neutralizing antibody titers
against 2009 Pandemic H1N1 virus according to birth decade



H7N9 (H3 family) H5N1 (H1 family)

• Gostic et al: Epidemiologic study looking at the effect of birth year on 
pandemic disease

• Case data normalized to demographic age distribution from appropriate 
countries and case observation years

• Conclusions: Incidence and mortality risk for pandemic strains closely linked 
to early childhood exposure using birth year as surrogate marker Gostic 2016





• The viral strain that will circulate each year is unpredictable
• Time lag between pandemic initiation and vaccine production is lengthy
1)  Ongoing risk of vaccine mismatch
2)  In the setting of a pandemic, vaccine not available until after significant viral spread has 
occurred
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Overview: Vaccine production
Licensed methods of vaccine production include 
Egg-Based (Traditional), Cell-Based, and Recombinant (SF9 Baculovirus)

Egg-Based 
(6 months +)

Cell-Based
(age 4+)

Recombinant Protein
Age 18+

• A hybrid virus is 
created that grows 
well in eggs.

• The hybrid is tested 
in ferrets to 
determine 
antigenicity.

• Optimum growth 
conditions are 
determined in egg.

• The virus is injected 
into many fertilized 
eggs.

• The virus is then 
collected, 
inactivated, split  
and purified to 
produce antigen.

• The chosen strains 
are combined for 
that year.

• A hybrid virus is 
created that grows 
well in cells.

• The hybrid is tested 
in ferrets to 
determine 
antigenicity.

• Mammalian cells 
(MDCK) are infected 
with virus.

• The virus is 
collected, 
inactivated, split, 
and purified to 
produce surface 
antigen.

• The viral potency is 
checked. 

• The chosen strains 
are combined for 
that year.

• Genes specific for 
HA proteins selected 
by the WHO are 
cloned into 
baculovirus vectors.

• Insect cells (SF9) are 
infected with the 
vectors, and express 
HA.

• HA is harvested and 
purified.

• HA for the chosen 
strains are combined 
for that year.

• The vaccine is 
tested, packaged, 
and distributed.
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Circulating and Vaccine Viruses
Influenza Season Adjusted vaccine effectiveness*

2018-19 47%
2017-18 38%
2016-17 40%
2015-16 48%
2014-15 19%

Circulating

Strain

Vaccine Strain Vaccine Strain

Circulating

Strain

Mismatch Match 



 A/Brisbane/02/2018 (H1N1)pdm09-like virus (Updated)
 A/Kansas/14/2017 (H3N2)-like virus (Updated)
 B/Colorado/06/2017-like virus (B/Victoria/2/87 lineage)
 B/Phuket/3073/2013-like virus (B/Yamagata/16/88 lineage)

The H1 and H3 strains were updated for the upcoming 
influenza season

The H3 strain recommendation was delayed until March!

2019-2020 Seasonal Influenza
Vaccine Strains



Figure: Influenza B Circulation by Lineage: US for 2001 to 2011. The influenza B lineage (Victoria 
or Yamagata) recommended for inclusion in trivalent vaccine shown on x-axis.

Opposite-Lineage Influenza B



 Everyone 6 months of age and older should receive a flu 
shot

 Vaccine should be offered throughout the year, starting 
as soon as possible and continuing through late spring

 Special populations:
◦ Children
◦ Age >65 years
◦ High risk populations 
◦ Pregnant women
◦ Individuals in contact with children or other high risk 

populations



One Dose



* 2 doses need not have been received during the same season or consecutive seasons
† Receipt of LAIV4 in the past is still expected to have primed a child’s immune 
system, despite recent evidence for poor effectiveness. There currently are no data 
that suggest otherwise. 

Number of Seasonal Influenza Doses for 
Children 6 Months – 8 Years



 28 studies 
 4315 egg-allergic subjects (656 with severe allergies)
 No serious allergic reactions (respiratory distress or 

hypotension) after receiving the influenza vaccine

Des Roches A, et al. Egg-allergic patients can be safely vaccinated against influenza. J Allergy Clin Immunol 2012;130:1213-1216.
Greenhawt MJ, Spergel JM, Rank MA, et al. Safe administration of the seasonal trivalent influenza vaccine to children with severe egg 
allergy. Ann Allergy Asthma Immunol. 2012;109:426—430.
Kelso, JM. Influenza Vaccine and Egg Allergy: Nearing the End of an Evidence-Based Journey. J Allergy Clin Immunol. 2015;;3:140-1.=

Amount of egg protein: 
• Lowest provoking dose: 130 mcg
• Per 0.5mL vaccine dose: <1 mcg



All children with egg allergies can 
receive the influenza vaccine with no 

special precautions than those 
recommended for routine vaccines.

Recommendations for Prevention and Control of Influenza in Children, 2016–2017. 
COMMITTEE ON INFECTIOUS DISEASES. Pediatrics Sep 
2016, e20162527; DOI: 10.1542/peds.2016-2527



So what about LAIV?



LAIV Timeline

Feb 2007
Belshe et al.

June 2016
“LAIV4 should not be 
used in the 2016-17 

season.”

LAIV3 LAIV4

2003
LAIV3 licensed 

ages 5-49

Sept 2007
Expand use to 

ages 2-4

Feb 2012
LAIV4 licensed 

ages 2-49

June 2014
Preferential LAIV
recommendation

Feb 2015
Rescind 

preferential 
recommendation

Feb 2018
LAIV may be 

used

June 2019
AAP rescinds its 

preference for IIV



Belshe RB, et al. Live attenuated versus inactivated influenza vaccine in infants and young children. N Engl J Med. 2007 Feb 15;356(7):685-96.



Belshe RB, et al. Live attenuated versus inactivated influenza vaccine in infants and young children. N Engl J Med. 2007 Feb 15;356(7):685-96.



Treanor JJ. N Engl J Med. 2016;375:1261-8.

Randomized, Controlled Trial

Observational Cohort Analysis

Test-Negative Case-Control 
Approach

Early studies

Later studies



LAIV and IIV Vaccine Effectiveness Ages 2-17 
Years, By Influenza Type/Subtype

Chung et al Pediatrics 2016



• Current Medimmune hypothesis: H1 virus overall less virulent based on cell 
culture results
o In 2018-19 A/Slovenia/2903/2015 virus included, which may have 

greater shedding and immunogenicity compared
• Increased susceptibility to thermal degradation

o But a new, more stable A(H1N1)pdm09 virus substituted without 
benefit in 2015-16

• Viral interference with adding 4th strain
o A(H1N1)pdm09 issue first noted in 2010, predating switch to 

quadrivalent vaccine
• Pre-existing immunity due to more years of annual influenza vaccination or 

natural infection
o This could be an overall issue affecting LAIV

Poor VE of LAIV4 

H. Caspard et al. / Vaccine 34 (2016) 5066–5072



 Religious reasons
◦ Most states accept exemptions for this reason

 Personal beliefs or philosophical reasons
 Safety concerns
 Desire for more information from healthcare 

providers. 



“…legitimate medical exemptions to immunization 

requirements are important to observe. However, 

nonmedical exemptions to immunization requirements 

are problematic because of medical, public health, and 

ethical reasons and create unnecessary risk to both 

individual people and communities.”

Pediatrics. 2016; e20162145; doi: 
10.1542/peds.2016-2145



Influenza Vaccination Rates for Children

• Flu vaccination coverage 47.2% (6–23 month), 37.8% (2–4 year), and 33.5% (5–8 
year) in 2017-18                                                                                                                

• Flu vaccination coverage of ≥1 dose declined from 2013-14 season, then remained 
largely unchanged in the 6–23 month age group

• Flu vaccination coverage of ≥1 dose showed a slightly but consistently declining 
trend over the first four seasons in the 2–4 year and 5–8 year age groups, but 
increased slightly in the most recent season.



Imdad, A et al.  Pediatrics. 2013.



“Why bother – influenza vaccine doesn’t work anyways”



“But every time I get the flu shot I get sick!”

Sanofi Pasteur

An inactivated split-virus 
influenza vaccine prepared in 
chicken eggs.
Produced by inactivation with 
formaldehyde to chemically 
disrupt the virus, followed by 
purification via a linear 
sucrose density gradient using 
continuous flow centrifuge and 
further disrupted by Triton X-
100.

Initially 
approved by 
US FDA in 
1980



“What about thimerosal?  Is there truly a link to 
autism?”
 Thimerosal:  Ethyl mercury-based preservative used in vials that contain more 

than one dose of a vaccine
 American Academy of Pediatrics and the U.S. Public Health Service issued a 

joint statement in 1999 recommending the removal of thimerosal from 
vaccines
◦ Based solely on the fact that a child received approximately 200 mcg of 

ethylmercury from vaccines and this exceeded the EPA's maximal allowable amount 
of orally ingested methylmercury (eliminated more slowly)

 Multiple studies have failed to substantiate a link between thimerosal and 
autism
◦ No link found in 2004 paper from the IOM reviewing >200 studies
◦ Autism rates have continued to increase despite removal of thimerosal from 

childhood vaccines
 Pediatric formulations of influenza vaccine are single dose vials with trace 

or no thimerosal

Offit, P.  Autism’s False Profits
IOM.  Immunization Safety Review: Vaccines and Autism 
2004
Hurley AM et al. Thimerosal-Containing Vaccines and 
Autism: A Review of Recent Epidemiologic Studies.  2010



“Natural immunity is better for children than is immunity 
acquired through vaccinations”

 While immunity via vaccination may not be as durable, in all 
cases natural immunity comes with the risk of significant 
adverse effects
◦ We have all seen complicated cases of influenza and Pertussis

 Many of today’s parents have never seen measles and only 
remember “simple” cases of diseases like influenza or chicken 
pox
◦ Personal stories are powerful – this is a situation where sharing them 

(in a HIPAA compliant manner) can convince skeptical parents

Exploring the Reasons Behind Parental Refusal of 
Vaccines.  2016.



“Too many antigens will overload the immune 
system”

 With the exception of live vaccines, an infection with any given microbe 
contains many more antigens than a protein or subunit vaccine

 “Typical” childhood illness provide much greater stimulation of the 
immune system than the current vaccination regimen

 Multiple studies have demonstrated that vaccines can be safely 
administered together

Whole virus

About 10 protein antigens

Split or subunit vaccine

About 2-3 protein antigens >40-50 protein antigens

Bacteria



 Understand parental concerns 
◦ Uninformed but educable, misinformed but correctable, well 

read and open minded, convinced and contented, and 
missionary anti-vaxers

 Discuss with respect and without jargon
◦ Physicians and scientist struggle against the scientific method 

when discussing vaccines
 Include ancedotes and visual imagery, not just data
 Ensure ongoing communication
◦ Alternative schedules are not scientifically sound, increase the 

risk of noncompliance, and leave children vulnerable to 
vaccine preventable diseases

Healy CM and Pickering LK.  Pediatrics 2011



Healy CM and Pickering LK.  Pediatrics 2011



In most cases, physicians are more 
trusted than celebrities and media 
personalities.  However, we need to 
have our voice heard.  

https://www.urmc.rochester.edu/news/story/549
6/ur-medicine-community-pediatricians-team-
up-to-encourage-vaccinations.aspx

https://www.urmc.rochester.edu/news/story/5496/ur-medicine-community-pediatricians-team-up-to-encourage-vaccinations.aspx


New NIAID strategic plan addresses the research areas essential 
to creating a safe and effective universal influenza vaccine



• Chimeric influenza vaccines promote 
increased stalk (more cross reactive) 
immunity

• Peptide –based vaccines could 
promote heterosubtypic immunity

• DNA priming may increase potency 
and durability of seasonal influenza 
vaccines

• VLP and nanoparticle vaccine formulations aim to 
increase vaccine immunogenicity and promote cross 
reactive immunity

• Novel LAIVs could increase the 
safety and immunogenicity of 
current LAIV

LAIV potential mechanism of action
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