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Learning Objectives

1. Discuss why influenza vaccine effectiveness (Flu VE) is 
important to monitor each flu season

2. Describe the methods used to monitor Flu VE in the US: 
“the how”
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Influenza A Virus Structure
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Why Influenza Vaccines Are 
Reconstituted Annually

• Flu viruses evolve to evade immunity
• Neuraminidase (NA) and hemagglutinin (HA) 

surface proteins are highly labile

• Antigenic drift
• Small point mutations are part of normal 

biological process
• Associated with seasonal outbreaks 

• Antigenic shift
• Zoonotic reassortment, including HA and NA genes
• Associated with pandemics
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Source of Influenza A Gene Segments 
for Recent Pandemics

Gene Segment * Pandemic Year

1918 1957 1968 2009**

_________________________________________________

PB1 avian avian avian human

PB2 avian human human avian

PA avian human human avian

HA avian avian avian swine

NA avian avian human swine

NP avian human human swine

M avian human human swine

NS avian human human swine
*PB1, PB2, PA = viral polymerase complex; HA= hemagglutinin; NA = neuraminidase;
NP = nucleoprotein;  M = matrix proteins (2);  NS = nonstructural proteins (2).
**HA, NP and NS from North American swine virus; NA and M for Eurasian swine virus.
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Host and Lineage Origins For the Gene 
Segments of 2009 A (H1N1) Virus

Garten RJ. Science. 2009;325:197-201.



Groups at Risk for Complications of 
2009 A (H1N1) Influenza

Group Example/Comment

Children <5 yrs Highest hospitalization rate children <1 yr

Pregnancy Highest risk in 3rd trimester

Chronic CVD Hypertension not seen as independent risk

Chronic lung Asthma and/or COPD, cystic fibrosis

Metabolic disorder Diabetes

Neurologic Neuromuscular, neurocognitive, or seizure disorder

Immunosuppression Including HIV, organ transplantation, chemotherapy

Morbid obesity Suggested, not yet proven
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Adapted from: Hayden F. N Engl J Med. 2010;362:1708-1719.



Influenza Hospitalizations by Age 
Group Over Three Seasons
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CDC. MMWR Recomm Rep. 2010 Aug 6;59(RR-8):1-62.

* Rate per 10,000  population
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Preliminary Estimates of Mortality and Years of 
Life Lost1 Associated with the 2009 nH1N1 
Pandemic, U.S.

Pandemic # Deaths Mean Age Years of  Life Lost

2009 P&I – 7,500

All Cause – 44,1002

37.4 334,000

1,973,000

1968 86,000 62.2 1,693,000

1957 150,000 64.6 2,698,000

1918 1,272,000 27.2 63,718,000

H3N2 (1979-2001) 47,800 75.7 594,000

1Adjusted to the 2000 US population
2Based on projections from the 122 cities P&I mortality surveillance

Viboud, et al., PLoS Currents, 14 April 2010



Deaths
≈36,0001*

Hospitalizations
>200,0001*

Infections†

≈15 to 60 million1,3

Physician visits
≤25 million2

1. CDC. Influenza (flu) Fact Sheet. Available at: http://www.cdc.gov/flu/keyfacts.htm. Accessed May 14, 2007. 
2. Couch RB. Ann Intern Med. 2000;133:992-998. 
3. U.S. Census Bureau. Available at: http://www.census.gov/main/www/popclock.html. Accessed May 24, 2007. 

Burden of Seasonal Influenza

*All-cause hospitalization and mortality associated with influenza virus infection.
†Includes symptomatic and asymptomatic infections.

2009 Pandemic H1N1 Estimates:
~61 million Cases
~274,000 Hospitalizations
~12,470 Deaths
~1280 Deaths in Children <18 y







Cumulative hospitalization rates for laboratory-
confirmed influenza, by age group and surveillance 
week and year — FluSurv-NET* surveillance system, 
U.S., October 1, 2012–April 30, 2013
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Influenza Is Most Prevalent in Children

Glezen WP, et al. Pediatr Infect Dis J. 1997;16:1065-1068.

Age-specific Annual Influenza Infection Rates 
Houston Family Study, 1976 to 1984

Age (Years)

Acute respiratory infection
Influenza virus infection

Lower respiratory infection

≥



Children Are Primary Vectors

1. Glezen WP, et al. N Engl J Med. 1978;298:587-592.
2. Weycker D, et al. Vaccine. 2005;23:1284-1293.

Family members
and other close contacts

Other  
children

Children
Day care, preschool 

and school-age

Community
including high-risk populations



The states with the greatest numbers of deaths in 2012-2013 were Texas (18), New York (14), and Florida (8). 



Annual Impact of Seasonal Influenza in the 
US: Measuring Disease Burden and Costs

• Annual Disease Burden based on 2003 US population

• 610,660 life-years lost

• 3.1 million hospitalized days

• 31.4 million outpatient visits

• Annual Costs

• Direct medical costs: $ 10.4 billion

• Direct cost and projected lost earning: $ 16.3 billion

• Total economic burden (using projected life values):  $ 87.1 billion

NAM Molinari et al., Vaccine 2007;25:5086  
(Immunization Service Division, CDC)
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CDC-ACIP Recommendations for Children 
and Adults: 2013-2014 Influenza Season

• Routine vaccination for all persons ≥6 months of age is 
recommended since 2010-2011
• 2-shot series recommended for children <9 years old who are 

getting vaccinated the first time ever or those who were partially 
vaccinated with 1 dose only since 2010-2011

• Universal vaccination recommendation eliminates need 
to determine individual patient indication for vaccination

• Mandatory immunization for healthcare workers 
recommended by IDSA-SHEA

CDC. MMWR Recomm Rep. 2010 Aug 6;59(RR-8):1-62.
CDC. MMWR / February 22, 2013 / Vol. 62 / No. 7: 124-30. 



Composition of the 2013–2014 
Influenza Vaccine 

• The FDA’s Vaccines and Related Biological Products 
Advisory Committee (VRBPAC) has recommended that 
the 2013–14 influenza trivalent vaccines used in the U.S. 
contain:

– A/California/7/2009(H1N1) pdm09-like virus (no change)
– A(H3N2) virus antigenically like the cell-propagated 

A/Victoria/361/2011 virus (A/Texas/50/2012) (change)
– a B/Massachusetts/2/2012-like (B/Yamagata lineage) virus 

(change)

• The committee also recommended that quadrivalent
vaccines contain a B/Brisbane/60/2008-like (B/Victoria 
lineage) virus
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Why Estimate Flu VE in the U.S. 
each flu season?

• Influenza viruses are constantly changing and vaccines 
are reformulated every year; new vaccines introduced

• Accurately estimating Flu VE is critical in order to 
evaluate the protection provided by annual, nationwide 
vaccination programs

• Helps CDC to guide the public and healthcare providers 
in real time regarding influenza vaccination and antivirals

• Helps CDC-ACIP make changes in recommendations

• Helps WHO and FDA with influenza vaccine strain 
selection
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Learning Objectives

1. Discuss why influenza vaccine effectiveness (Flu VE) is 
important to monitor each season

2. Describe the methods used to monitor Flu VE in the US: 
“the how” 
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What are influenza vaccine efficacy
studies?

• Randomized, controlled trials (RCTs) in healthy people 
using lab-confirmed influenza as outcome

• Vaccine Vs. placebo

• Usually conducted as pre-licensure studies to get FDA 
approval for new influenza vaccines

• Designed to minimize factors that could lead to invalid 
study results

– For example, double-blinded to reduce bias
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http://www.cdc.gov/flu/professionals/vaccination/effectivenessqa.htm



Why not perform RCTs to study 
vaccine efficacy each flu season?

• ACIP’s universal vaccine recommendations make it 
unethical to perform efficacy studies with persons who 
are explicitly recommended to receive vaccine

• Especially because assigning people to a placebo group could place 
them at risk for serious complications from influenza

• The most common approach now used to evaluate how 
well licensed influenza vaccines work is an observational
flu vaccine effectiveness study

26

http://www.cdc.gov/flu/professionals/vaccination/effectivenessqa.htm



What is Influenza Vaccine Effectiveness
(Flu VE)?

• A measure of how well influenza vaccines work to protect 
against influenza infection and illness when used routinely in 
the community

• Percentage reduction in the frequency of influenza infections 
among people vaccinated compared with the frequency 
among those who were not vaccinated

• Assuming that the influenza vaccine is the cause of this reduction

• Researchers have no control over those who choose to be 
vaccinated or not
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http://www.cdc.gov/flu/professionals/vaccination/effectivenessqa.htm



Which outcomes provide the best
estimates of Flu VE?

• Studies that use more specific outcomes, such as laboratory-
confirmed influenza outcomes provide the best and most specific 
estimates of the impact of influenza vaccines in preventing influenza

• E.g., culture positive or reverse-transcriptase polymerase chain reaction (RT-PCR) 
positive results

• In general, when non-laboratory-confirmed outcomes are used 
vaccine effectiveness estimates are lower

• E.g., all pneumonia hospitalizations or influenza-like illness, which include many non-
influenza illnesses

– For example, a study by Bridges et al (JAMA 2000) among healthy adults found 
that the inactivated influenza vaccine was 86% effective against laboratory-
confirmed influenza, but only 10% effective against all respiratory illnesses in the 
same population and season
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The effect of non-influenza illnesses on an 
estimate of Flu VE
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What factors can affect the results of Flu 
VE studies?

• Effectiveness studies are subject to various forms of bias, 
more so than are efficacy studies

• Bias is an unintended systematic error in the way 
researchers select study participants, measure 
outcomes, or analyze data that can lead to inaccurate 
results

– E. g. Confounding bias, selection bias and information bias 

• These and other possible forms of bias should have 
been described and addressed by adjustment for the 
factors that differ between groups
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SWH, Temple, TX: One of 5 sites in the CDC 
U.S. Flu VE Network Study 
(2011-2012 to 2015-2016) 

• SWH in Temple TX is the 
only site representing the 
south and southwest U.S.

• Other 4 sites:

• Marshfield Clinic Research 
Foundation, Wisconsin

• University of Michigan

• University of Pittsburgh, PA

• Group Health Cooperative, 
Seattle, WA
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Interim Adjusted Estimates of 
Seasonal Influenza Vaccine 
Effectiveness — United States, 
February 2013 
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CDC. Morbidity and Mortality Weekly Report 
MMWR / February 22, 2013 / Vol. 62 / No. 7: 119-123



What is already known on this topic? 

• Annual vaccination is the mainstay of influenza 
prevention

• But overall effectiveness of the influenza vaccine is moderate and 
varies by year, virus type, and population subgroup

• Early unadjusted* interim estimates of overall vaccine 
effectiveness (VE) for the 2012–13 season indicated the 
vaccine was 62% effective among all ages at preventing 
medically attended, laboratory-confirmed influenza A and 
B virus infections

33

*Based on self-reported influenza vaccination status except for Wisconsin site -
confirmed from immunization registry, adjusted for site only
CDC. Early estimates of seasonal influenza vaccine effectiveness—United 
States, January 2013. MMWR 2013;62:32–5. 



U.S. Flu VE Network Study 2012-
2013: Background and Methods

• Each season since 2004–05, CDC has estimated the effectiveness 
of seasonal influenza vaccine to prevent influenza-associated, 
medically attended acute respiratory infection (ARI)

• Prospective enrollment of patients at any of the outpatient medical 
facilities affiliated with the 5 study sites 

– Began after at least 2 consecutive weeks of laboratory-confirmed cases of 
influenza were identified through local surveillance

• Trained study staff members reviewed appointment schedules and 
lists of clinical symptoms and complaints 

• To identify patients with ARI and approached potentially eligible patients (or 
parents/guardians) to complete a brief screening survey
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U.S. Flu VE Network Study 2012-
2013: Methods continued

• Patients were eligible for enrollment if they 

1) were aged ≥6 months on September 1, 2012, and thus were eligible 
for influenza vaccination

2) reported an ARI with Cough and onset ≤7 days earlier; and 

3) had not been treated with influenza antiviral medication (e.g., 
oseltamivir)

• Consenting participant/guardian completed an enrollment interview

• Participants were considered vaccinated if they had received ≥1 
dose of any seasonal influenza vaccine ≥14 days before illness 
onset
– According to medical record and registries (at Texas, 

Washington, and Wisconsin sites) or self-report (at Michigan and 
Pennsylvania sites)
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U.S. Flu VE Network Study 2012-
2013: Methods continued

• Respiratory specimens were collected from each patient using nasal 
and oropharyngeal swabs, which were placed together in a single 
cryovial with viral transport medium

• Only nasal swabs were collected for patients aged <2 years

• Specimens were tested at U.S. Flu VE Network laboratories using 
CDC’s rRT-PCR protocol for detection and identification of influenza 
viruses using dual-labeled probe chemistry

• VE was estimated as 100% X (1 – Odds Ratio) using logistic 
regression

• Adjusted for age group, study site, race/ethnicity, self-rated health status, and days 
from illness onset to enrollment 
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Numbers of influenza-positive cases and influenza-negative 
controls, by surveillance week of illness onset — U.S. Flu VE 
Network, December 3, 2012– January 19, 2013 
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Selected characteristics for 2,697 enrolled patients with medically 
attended acute respiratory illness, by influenza test result status 
and seasonal influenza vaccination status — U.S. Flu VE 
Network, December 3, 2012–January 19, 2013

38



Selected characteristics for 2,697 enrolled patients with medically 
attended acute respiratory illness, by influenza test result status 
and seasonal influenza vaccination status — U.S. Flu VE 
Network, December 3, 2012–January 19, 2013 (continued)
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Number and percentage receiving 2012–13 seasonal trivalent influenza vaccine 
among 2,697 outpatients with acute respiratory illness and cough, by influenza 
test result status, age group, and vaccine effectiveness* against all influenza A 
and B and against virus types A (H3N2) and B — U.S. Flu VE Network, 
December 3, 2012–January 19, 2013 
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What is added by this report? 

• Updated and adjusted VE estimates for the 2012–2013 influenza 
season

• The overall interim adjusted VE for all ages at preventing medically 
attended influenza A and B virus infections was 56% (95% 
confidence interval = 47%–63%)

• VE was estimated at 47% against influenza A (H3N2) virus infections 
and 67% against influenza B virus infections

• VE against influenza A (H3N2) was lower and not statistically 
significant among adults aged ≥65 years 
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Limitations

• These VE estimates are not final

• An increased sample size and adjustment for additional 
potential confounders (such as chronic medical 
conditions and functional status) at the end of the season 
could change these estimates 
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What are the implications for public 
health practice? 

• The 2012–13 seasonal influenza vaccine provides substantial 
protection for the population overall, which underscores the 
public health value of vaccination

• Nonetheless, some vaccinated persons have become ill with 
influenza this season, especially among persons aged ≥65 
years

• Antiviral medications are an important second line of defense 
against influenza and should be used promptly, as 
recommended for treatment of suspected influenza in certain 
patients in high-risk groups, including those aged ≥65 years, 
regardless of their vaccination status
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Thank You!
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