Title Page
Influenza Vaccine Effectiveness among Outpatients in Pittsburgh: Combined Results from Five Seasons of the US Flu Vaccine Effectiveness Network Study 2011-2016







by

Emily Bobyock

BS in Biological Sciences, Drexel University, 2017










Submitted to the Graduate Faculty of

Epidemiology

Graduate School of Public Health in partial fulfillment 
 
of the requirements for the degree of

Master of Public Health









University of Pittsburgh



2018
	
	ii
Committee Membership Page
UNIVERSITY OF PITTSBURGH

Graduate School of Public Health






This essay is submitted

by


Emily Bobyock


on

December 13, 2018

and approved by


Essay Advisor:
G.K. Balasubramani, PhD
Research Assistant Professor
Department of Epidemiology
Graduate School of Public Health
University of Pittsburgh 

Essay Readers:

Mary Patricia Nowalk, PhD, RD
Associate Professor
Department of Family Medicine 
School of Medicine
University of Pittsburgh

Wilbert Van Panhuis, MD PhD
Assistant Professor
Departments of Epidemiology and Biomedical Informatics
Graduate School of Public Health and School of Medicine
University of Pittsburgh
























Copyright © by Emily Bobyock

2018





iii
Abstract
Influenza Vaccine Effectiveness among Outpatients in Pittsburgh: Combined Results from Five Seasons of the US Flu Vaccine Effectiveness Network Study 2011-2016

Emily Bobyock, MPH

University of Pittsburgh, 2018

Abstract


Background: Influenza has had a large impact in the US, with an estimated 30.9 million cases and 14.5 million influenza-related medical visits throughout 2016-2017. Vaccination is recommended for all individuals >6 months old, but vaccine effectiveness (VE) varies by age, circulating influenza strains, and high-risk medical conditions. VE also varies by season, and national estimates are reported each year by the CDC. VE results specific to Pittsburgh have not been evaluated. The objective of this study was to estimate influenza VE among outpatients in Pittsburgh with acute respiratory illness (ARI) during the 2011-2016 seasons and to compare estimates among different age groups and influenza subtypes. 
Methods: Data were gathered from the Pittsburgh site of the CDC’s US Flu VE Network study. Secondary analyses were conducted on 6,453 subjects >6 months old. Enrollees were outpatients with ARI and cough ≤7 days duration during 2011-2016. Vaccination status was defined as receipt of  >1 dose of any influenza vaccine according to medical records, immunization registries, and/or self-report. Influenza status was determined by RT-PCR. A test-negative design was used. Chi-square statistics were calculated to compare baseline characteristics by vaccination status for categorical variables, and t-tests or Wilcoxon rank-sum statistics were used for continuous variables. VE estimates were calculated using odds ratios obtained from multivariable logistic regression models adjusted for age, sex, race/ethnicity, time from illness onset to enrollment, self-rated health status, high-risk conditions, and calendar time. Data were analyzed using SAS 9.4 software.
Results: Overall VE was 39% (95% CI= 31%-45%). VE was highest for influenza A (H1N1)pdm09 (2009 H1N1 virus) (VE= 53%, 95% CI= 44%-61%) and lowest for influenza A (H3N2) (VE= 27%, 95% CI= 13%-38%). VE was highest in the >50 age group and varied by season. The 2013-2014 vaccine provided the most protection against influenza (VE= 51%, 95% CI= 34%-63%) and 2011-2012 provided the least (VE= 30%, 95% CI= -26%-61%).
Conclusion: Results indicate influenza vaccination reduces the risk of infection with influenza A and B viruses. Although the level of protection varies by subtype, season, and age, this study provides support to the public health benefit of seasonal vaccination against influenza.
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[bookmark: _Toc532896039]Influenza History and Burden in the United States
Seasonal influenza affects a significant proportion of the United States population. Each year, an average of 5%-20% of individuals in the United States will become infected with influenza, causing anywhere from 9.2 million to 35.6 million illnesses during a single season.1,2 These viruses are present year-round in the population but are the most common during fall and winter.3 The timing and duration of an influenza season in the Northern Hemisphere varies each year, but cases generally start to increase in October, peak between December and February, and taper off by May.3 While seasonal influenza presents an annual disease burden, pandemic influenzas have had a historically significant impact in the United States and worldwide.
An influenza pandemic is caused by a global outbreak of an influenza A virus that differs from the seasonal viruses in current or recent circulation.4 The 1918-1919 pandemic was the largest and most deadly in recent history.4 It was estimated to have infected 500 million people, or one-third of the world’s population at the time.4 There were 50 million deaths as a result, 675,000 of which were in the United States.4 During this time, there were no influenza vaccines or antibiotics to treat secondary infections, so public health efforts were focused on isolation, promoting hygiene, and prevention of crowding.4 Additional pandemics occurred during 1957-1958 and 1968-1969, each resulting in over 1 million deaths worldwide and 100,000 in the United States.4 The virus responsible for the 1968 pandemic still circulates seasonally.4 The first influenza pandemic of the 21st century was identified in southern California in 2009.5 This virus was evolutionarily related to the virus that caused the 1918 pandemic, meaning adults older than age 60 had some immunological protection against the new virus.4,5 This left children and younger adults at greatest risk, with 73% of cases occurring in individuals 24 years of age and younger.5 The Centers for Disease Control and Prevention (CDC) estimated that the 2009 pandemic resulted in 60.8 million illnesses, almost 275,000 hospitalizations, and over 12,000 deaths within the United States.4
The 2009 pandemic changed the way influenza burden is evaluated in the United States.2 Previously, estimates of influenza burden were based on evaluations performed every few years and focused on mortality and hospitalizations.2 The CDC now provides annual estimates of influenza burden and the burden prevented by vaccination in order to capture seasonal variation.2 Current estimates also include data from influenza-related outpatient medical visits and symptomatic illness within the community.2 This change was an improvement in surveillance methodology because although death is the most severe outcome of influenza, non-hospitalized illnesses represent the largest societal burden.5
[bookmark: _Toc532896040]Pathogen Background
The causative agent of influenza is a group of RNA viruses in the Orthomyxoviridae family that are antigenically and genetically diverse.6 The three different types of influenza viruses capable of infecting humans are referred to as A, B, and C.7 Influenza A viruses infect a wide range of animals that includes birds, which serve as the natural reservoir, swine, horses, humans, among others.6 Influenza B and C viruses almost exclusively infect humans; however, influenza C viruses only cause mild respiratory illness and are not responsible for seasonal epidemics.6 Influenza A viruses can be classified by subtype based on two different glycoproteins found on the surface of the viral particles: hemagglutinin (HA) and neuraminidase (NA).6 There are 18 different HA and 11 different NA subtypes known.7 The subtypes that currently circulate among humans are influenza A (H1N1) and influenza A (H3N2) viruses, which can be further differentiated by strain.7 Influenza B viruses are divided into lineages, rather than subtypes, and strains.7 Influenza B viruses that currently circulate among humans belong to the B/Yamagata and B/Victoria lineages.7 Influenza viruses are named in the following order, as designated by the World Health Organization (WHO): virus type (A, B, or C), host animal, geographic location of isolation, isolation number, year of isolation, and subtype in parentheses if an influenza A virus.6 
	Influenza viruses have the ability to evade preexisting immunity in humans because of high mutation rates that can alter their HA and NA components.6 HA proteins bind to receptors on host cells to initiate infection.6 Upon infection with an influenza virus, the host’s immune system generates antibodies against the HA proteins, which prevents binding and subsequent re-infection.6 However, influenza viruses undergo genetic drift, or small mutations that occur continuously over time as the virus replicates.8 The accumulation of these mutations produces genetically different viruses that the immune system no longer recognizes, resulting in limited or failed antibody binding.6,8 The consequences of genetic drift are that influenza vaccines need to be updated and administered each year to be effective.8 Another phenomenon, called genetic shift, is a sudden and more drastic change that occurs when an influenza virus acquires a new HA subtype, which may originate from an influenza A virus found in a different animal.6 Genetic shift is responsible for influenza pandemics, since the emergence of a vastly different virus means most people have little to no immunity.8 Influenza B viruses only undergo genetic drift, which is why all pandemics are caused by an influenza A virus.8
	Infection with an influenza virus can cause acute respiratory illness (ARI) characterized by the sudden onset of high fever, inflammation of mucous membranes in the nose, cough, headache, malaise, and inflammation of the upper respiratory system.6 Influenza is transmitted by contaminated respiratory droplets from coughing, sneezing, or talking and can spread within a six foot radius.9 An individual becomes infected when these droplets enter the mouth or nose or are inhaled into the lungs.9 Less frequently, the virus can also be transmitted when an individual touches his or her face after coming into contact with a contaminated surface.9 Symptoms generally arise about two days after exposure, but an individual is contagious one day before and five to seven days after symptoms arise.9 Children and individuals with compromised immune systems may remain contagious for even longer.9 Illness usually lasts seven to ten days, but even after most symptoms subside, weakness and fatigue can persist for several weeks.6 Certain groups, such as the very young (less than 6 months of age), adults 65 years and older, and individuals with chronic health conditions (cardiac, metabolic, or pulmonary diseases) are at greater risk of influenza-related complications, hospitalization, and mortality.10,11 Serious cases of influenza can worsen underlying health conditions such as COPD and asthma or result in secondary bacterial pneumonia infections.11 Most influenza deaths are due to secondary infections or cardiovascular disease, and between 70%-80% of these deaths occur among adults 65 years of age and older.11,12
A number of laboratory methods can be used to diagnose influenza which include viral culture, detection of viral antigens or genetic material in clinical specimens, and evaluation of specific antibody levels in the blood or respiratory secretions.6 Antiviral drugs can be used as prophylaxis or treatment but must be administered regularly during times of high influenza activity in order to effectively prevent illness.6 However, annual vaccination remains the most effective strategy for preventing influenza.10 
[bookmark: _Toc532896041]Influenza Vaccines
Influenza vaccines have been available for over 70 years; the first vaccine was developed in 1938 and administered to United States soldiers during World War II.13 There have been many advances in influenza vaccine development since that time. Today, the CDC recommends that all individuals 6 months of age and older are vaccinated against influenza.12 Influenza vaccines are generally effective, inexpensive, and well-tolerated. 10 Millions of vaccines are administered each year, with very few symptoms or adverse reactions reported aside from mild pain and redness at the injection site.10 Since 1978, influenza vaccines have been trivalent, meaning they provide protection against three different influenza viruses: influenza A(H3N2), influenza A(H1N1) and one of the two influenza B lineage viruses.13,14 In 2012, a new quadrivalent vaccine became available, which provides protection against two influenza B viruses in addition to the two influenza A viruses.13 
There are two main vaccine types available: inactivated influenza vaccines (IIV) and live attenuated influenza vaccines (LAIV).14 IIV can include inactivated whole or split viruses or antigen subunits (HA and NA proteins).15 Split viruses refer to virus particles that have been disrupted using laboratory techniques such as administration of diethyl ether or detergent treatment.15 Meta-analyses have shown that despite varying vaccination components, safety and immunogenicity are similar among the different IIV formulations.15 These vaccines are able to elicit a local and systemic immune response and are administered intramuscularly or subcutaneously.10 IIV are safe for use in all individuals 6 months of age and older, including pregnant women and those with underlying health conditions.14 There are also specialized high-dose IIV available for individuals in the 65 and older age group that contain four times the amount of viral antigens as a standard dose vaccine.12 This elicits a stronger immune response.12 LAIV consist of live viruses that have been attenuated, or weakened.14 These vaccines are administered in the form of a nasal spray, inducing both a mucosal and systemic immune response that is more similar to the response elicited by natural exposure to an influenza virus.10,14 LAIV was found to cause wheezing in children under the age of 2, so these vaccines are only approved for use in healthy individuals aged 2-49.14,15 
The Global Influenza Surveillance and Response System (GISRS), an effort that includes 141 national influenza centers in 111 countries, 6 WHO collaborating centers, and 4 WHO regulatory laboratories, regularly analyzes data from influenza samples they collect around the world.14 Each year the WHO uses this information on the most common and recently circulating viruses to predict which three or four influenza strains should be included in the vaccine for the upcoming season.14,16 This prediction is typically made in the February preceding the influenza season for which the vaccine will be developed.16 One week later, the Vaccine and Related Biological Products Advisory Committee (VRBPAC) reviews this recommendation to determine the composition of the US influenza vaccine.16 Additionally, the Advisory Committee on Immunization Practices (ACIP) makes annual recommendations regarding influenza vaccination, based on the findings of ongoing studies.17 The Food and Drug Administration (FDA) tests and approves all new vaccines before distribution.18 The entire production process takes about 6 months, with tens of millions of doses needed by late summer.14,16  
Chicken eggs have been used in the manufacturing process for over 70 years to make both IIV and LAIV.18 To produce IIV, influenza virus is cultured in embryonated hen eggs, removed and purified from the allantoic fluid, and inactivated with the use of chemicals such as formaldehyde or b-propiolactone.10 LAIV are developed similarly, except embryonated hen eggs are injected with influenza viruses as well as antibodies to their surface glycoproteins.10 Because these vaccines may contain trace amounts of egg protein, individuals who have an anaphylactic allergy to eggs should not receive either of these influenza vaccines.10 There are additional problems with using eggs for influenza vaccine development. Viral strains need to be modified through recombination with laboratory viral strains to enable their growth within eggs.15 Recombination can result in egg-adaptive mutations in the HA protein that ultimately create a mismatch between the influenza strain in the vaccine and the strain in circulation.15,19  Studies have shown that vaccines that contained strains with egg-adaptive changes also had poor efficacy.16 Another concern is the large volume of quality chicken eggs that are needed for vaccine development because each egg only yields about one dose.16 This introduces quantitative limits that would be particularly problematic in the case of a pandemic where large scale production of vaccines would be needed in a timely manner.15 A lack of eggs would also be a major concern during a large avian outbreak of influenza, which would severely impact the supply of eggs needed in vaccine development.19 These issues highlight the need for new influenza vaccine options.
New influenza vaccines should improve efficacy, the duration of the immune response, and vaccine coverage rates.10 As recently as 2016, the FDA approved the use of cell based vaccines for influenza.18 These vaccines use animal cells rather than chicken eggs for the growth of viruses, resulting in a much faster production process.18 However, mismatch is still a concern with this method because viruses have to be adapted for growth in the animal cells.15 Recombinant vaccines, which don’t use eggs in any phase of the production process, were approved by the FDA in 2013.18 This type of vaccine is created by isolating the HA gene from an influenza virus for recombination with components of a virus that grows in insect cells.18 This virus is introduced into insect cells for replication.18 The HA protein can then be isolated and purified for use in a vaccine.18 There are many benefits to this process. Recombinant vaccine is the only 100% egg-free option in the United States and has the shortest production time because the HA protein can be changed quickly as needed.16,18 Additionally, proteins are much easier to manufacture than viruses.16 The only part needed from the virus is the genetic code, which doesn’t need to be altered from the original strain and avoids the mismatch problem that occurs due to egg-adaptive changes.16 One limitation is that recombinant vaccines require 3 times the dose needed in non-recombinant vaccines.15 The ultimate goal is to create a universal influenza vaccine that will provide long-lasting immunity to cross-reactive strains.19 Several vaccine candidates, including DNA-based vaccines that induce host production of HA protein, have been shown to create cross-reactive immunity in animals and are undergoing clinical testing in humans.15,19 
[bookmark: _Toc532896042]Vaccine Effectiveness and Evaluation 
Vaccine efficacy refers to how well a vaccine works under ideal, controlled settings such as a randomized clinical trial.20 Vaccine efficacy for influenza ranges from 60%-90%.10 In most cases, randomized controlled trials (RCT) are no longer used to study the effect of different formulations of the current seasonal influenza vaccines because the benefits have been widely demonstrated and vaccination is recommended in all individuals 6 months of age and older.21 Instead, annual vaccines are evaluated through observational studies for vaccine effectiveness (VE), which is a measure of disease reduction within a population under real world conditions.21,22 VE estimates can provide insight into the success of vaccination programs.20 The CDC cites that vaccination reduces the risk of influenza illness among the general population by 40%-60% when the vaccine is a good match to the circulating viruses.22 However, VE differs by virus type and subtype.22 Vaccines tend to be more effective for preventing infection with influenza B and influenza A(H1N1) viruses compared to influenza A(H3N2).22 The majority of severe illnesses and 80% of influenza-related deaths are caused by H3N2 viruses.11 A study that looked at average VE during the 2004-2015 influenza seasons found the following estimates: 33% (95% confidence interval [CI] = 26%–39%) for H3N2 viruses, 61% (95% CI = 57%–65%) for H1N1 viruses, and 54% (95% CI = 46%–61%) for influenza B viruses.22 That same study showed even lower VE of 23% (95% CI= 2% to 40%) for H3N2 viruses that were antigenically different from the vaccine virus.22 
In addition to variations between influenza virus types and seasons, VE depends on factors of the vaccinated individual such as age and underlying health conditions.22 Similar VE has been demonstrated in children and healthy adults.22 However, vaccination tends to offer less protection against influenza in older adults.10 This may be due to a reduced antibody response from decreased immune functioning in older age, but studies that have shown similar VE among healthy older adults and younger adults suggest reduced VE may be more related to underlying health conditions.10 The CDC estimates that in adults 65 years of age and older, vaccination reduces medically attended influenza (illness that results in a healthcare encounter) by more than 60% for illnesses caused by influenza B or influenza A(H1N1) and 24% for illnesses caused by influenza A(H3N2).22 One study showed that high-dose vaccine was 24% more effective than standard dose vaccine in preventing influenza among the 65 and older population.12 
Influenza VE estimates are generated each year through the CDC’s US Flu VE Network, which was established in the 2003-2004 influenza season.23 The network conducts observational studies across five sites in the United States to evaluate medically attended, laboratory confirmed influenza.22,23 These studies utilize a test-negative design.24 In this design, all study subjects are outpatients seeking care for ARI and all subjects are tested for influenza.24 Influenza status is determined by using the CDC real-time reverse transcription polymerase chain reaction (RT-PCR), which is the gold standard for diagnosing influenza.22,25 This is the most sensitive and specific diagnostic test available and can provide results within hours.25 Those who test positive for influenza are selected as cases and those who test negative serve as controls.21 VE is then estimated by comparing the odds of vaccination among influenza positive outpatients who present with acute respiratory illness (ARI) to the odds of vaccination among influenza negative outpatients who present with ARI.23 Estimates indicate the percentage of influenza-related medical visits that were prevented by vaccination and are adjusted for potential confounders which usually include study site, age, sex, medical conditions, and days from illness onset to enrollment.23 Annual influenza VE estimates may differ depending on the study design, measurement of outcomes, and study population.22 The benefit of the US Flu VE Network is that results can be compared between these studies because the same outcome measure is used.22 
The test-negative design of the network differs from a traditional case-control study design where influenza positive cases are identified and controls are asymptomatic individuals who are then randomly selected from the same population.21 Estimates of VE from test-negative studies tend to be less biased than those from other case-control studies, assuming that the rates of non-influenza ARI do not differ based on vaccination status.21 The limitation of using a case-control or cohort study to estimate VE is that healthier adults may be more likely to receive influenza vaccinations, resulting in an observed protective effect that is due in part to confounding.26 The test-negative design avoids this problem by only including individuals who exhibit health-care seeking behavior.26 Because all influenza cases and controls are laboratory confirmed, this also limits bias due to misclassification of the infection status.24
[bookmark: _Toc532896043]Public Health Significance
Influenza remains a significant burden worldwide. The WHO estimates that influenza causes up to 1 billion infections and 300,000-500,000 deaths each year.19 Influenza illness presents a financial burden as well. Estimated costs to society and the healthcare system average $11.2 billion for a single influenza season.27 While influenza vaccines are inexpensive and effective, vaccination coverage rates are only 42-47% in the United States.2,10 Estimates based on the 2011-2016 influenza seasons indicate that vaccination prevents anywhere from 1.6 - 6.7 million influenza illnesses, 790,000 - 3.1 million outpatient visits, 39,000 - 87,000 hospitalizations, and 3,000-10,000 deaths each year.2 Despite these benefits, influenza remains the leading cause of mortality among vaccine preventable diseases in the United States.10 Improvements in vaccines and vaccination coverage rates are necessary to further reduce the disease burden. 
[bookmark: _Toc532896044]Gaps in Knowledge
National estimates of influenza VE are reported each year by the CDC and vary by season. However, results specific to Pittsburgh have not been evaluated. Pittsburgh’s participation in the US Flu VE Network provides a consistent framework to enable evaluation of overall influenza VE as well seasonal comparisons. VE estimates may also differ geographically due to different circulating influenza strains. Influenza A(H3N2) was the predominant virus in circulation during the 2014-2015 season and was responsible for a large number of influenza-related outpatient visits and hospitalizations.28 Viral analyses showed that most of the H3N2 viruses circulating in the US were antigenically different from the H3N2 vaccine virus for that season.28 However, there were higher levels of vaccine-similar viruses in circulation at the Pittsburgh site compared to other US sites.28 Overall VE for this season was 19% (95% CI = 10%-27%) but only 6% (95% CI = -5%-17%) for illnesses caused by H3N2 viruses.29 The 2014-2015 influenza season highlights that geographic differences in circulating virus exist and may result in differing VE estimates. Because influenza vaccines are updated each year, annual evaluations of VE are essential in determining vaccine success and informing future vaccine development. 
[bookmark: _Toc532896045]Summary and Objectives
The analysis of this paper will focus on influenza illness in Pittsburgh that resulted in an outpatient medical visit to evaluate VE. The CDC estimate for the annual number of influenza-related outpatient medical visits is 4.3 – 16.7 million.2 These outpatient visits contribute largely to the economic burden of influenza.30 Influenza vaccination is the best method for preventing influenza illness and related medical visits, making annual evaluations of influenza VE essential to informing public health decisions and vaccination programs. The objectives of this study were to estimate influenza VE among outpatients in Pittsburgh who presented with ARI during the 2011-2016 influenza seasons and to compare these estimates among different age groups and virus types.



[bookmark: _Toc532896046]Methods
Secondary data analyses were performed using data previously collected as part of the CDC’s US Flu VE Network study, for which detailed study methods have been described.29,31–34 Selected participants were recruited from the study’s Pittsburgh site, which consisted of University of Pittsburgh Medical Center (UPMC) ambulatory and urgent care clinics, during the 2011-2016 influenza seasons. Eligible participants were outpatients ≥6 months old seeking care for symptoms of ARI and a cough less than 7 days duration. Patients who had received antiviral medication in the 7 days prior to enrollment, were younger than 6 months old, or had enrolled in the study during the previous 14 days, were not eligible for enrollment. Data on demographics, symptoms, health status, and self-report of influenza vaccination during the current season were collected during patient interviews. High-risk conditions identified by International Classification of Diseases code (Version 10 [ICD-10]) assigned to a medical encounter during the year prior to enrollment were used to determine the presence of underlying health conditions associated with an increased risk of severe influenza.31,35 
[bookmark: _Toc532896047]Influenza Vaccination History
The virus strains included in the 2011-2012 Northern Hemisphere influenza vaccine were A/California/7/2009 (H1N1)-like, A/Perth/16/2009 (H3N2)-like, and B/Brisbane/60/2008-like antigens.36 The strains in the 2012-2013 trivalent vaccine were A/California/7/2009 (H1N1)–like virus, an H3N2 virus antigenically like the cell-propagated prototype virus A/Victoria/361/2011, and a B/Massachusetts/2/2012–like virus.37 The quadrivalent vaccine contained an additional B/Brisbane/60/2008–like virus.37 The 2013-2014 and 2014-2015 vaccines had the same composition: A/California/7/2009-like (2009 H1N1) virus, an A/Texas/50/2012-like (H3N2) virus, and a B/Massachusetts/2/2012-like (B/Yamagata lineage) virus in the trivalent formulation and an additional B/Brisbane/60/2008-like (B/Victoria lineage) virus in the quadrivalent formulation.38 The strains contained in the 2015-2016 trivalent vaccine were A/California/7/2009 (H1N1)-like virus, an A/Switzerland/9715293/2013 (H3N2)-like virus, and a B/Phuket/3073/2013-like (Yamagata lineage) virus.35 The quadrivalent vaccine contained the same additional Victoria lineage virus as the previous 2 seasons.35 Vaccination status was defined as receipt of at least one dose of any 2011-2016 seasonal influenza vaccine according to medical records, immunization registries, and/or self-report.
[bookmark: _Toc532896048]Laboratory Methods
Nasal and throat swabs were collected from consenting participants ≥2 years old and nasal swabs only were collected from children <2 years old. These specimens were tested for influenza, followed by additional testing for virus type if influenza positive, using RT-PCR with CDC provided primers and probes. Patients who tested positive for influenza were assigned as cases and patients testing negative for influenza were assigned as controls. 
[bookmark: _Toc532896049]Statistical Analysis
Participants enrolled outside the influenza circulation periods (January 20, 2012 - April 23, 2012; November 29, 2012 - March 24, 2013; December 2, 2013 - March 20, 2014; November 25, 2014 - March 8, 2015; November 27, 2015 - April 12, 2016) were excluded from analyses. Chi-square statistics were calculated to compare baseline characteristics by vaccination status for categorical variables, and t-tests or Wilcoxon rank-sum statistics were calculated for continuous variables. 
	A test-negative design was used to estimate VE by comparing the odds of vaccination among RT-PCR confirmed influenza cases to the odds of vaccination among controls. Using odds ratios obtained from multivariable logistic regression models, VE estimates were calculated as VE = 100% * (1 – OR). A logistic regression model, using any RT-PCR confirmed influenza A or B as the dependent variable and vaccination status as the independent variable of interest, was performed to assess overall VE against any influenza A or B virus for all ages ≥ 6 months. 
In addition to this overall model, separate logistic regression models were run to compare VE by relevant subgroups. For example, a logistic regression model was performed for each of the 4 strata of age groups (6 months-4 years, 5-17 years, 18-49 years, and ≥50 years) to compare VE against any influenza A or B virus by age. Similarly, comparisons by season were made using separate logistic regression models for each of the 5 different seasons (2011-2012, 2012-2013, 2013-2014, and 2015-2016), with any influenza A or B as the dependent variable for each model. To compare VE estimates by influenza virus subtypes/lineages (A(H3N2), A(H1N1)pdm09, B/Victoria, and B/Yamagata), iterations of the aforementioned logistic regression models were also performed. For these subtype/lineage-specific models, the independent variable of interest was vaccination status, while the dependent variables were specific to each laboratory-confirmed influenza virus type. As with the overall model for any influenza A or B, stratified logistic regression models for the 4 age groups were also performed for each virus type. 
The logistic regression models were adjusted a priori for age, sex, race/ethnicity, time from illness onset to enrollment, self-rated health status (defined by 4 categories: fair/poor, good, very good, and excellent), any high-risk condition as determined by ICD-10 codes, and calendar time (illness onset date in bi-weekly intervals). Inclusion of these adjustment variables is standard with CDC US Flu VE network estimations as required by network protocols. A summary of these models can be found in the appendix in table 1. To test other potential confounders, a stepwise logistic regression analysis was performed to test the effect of any variables that differed significantly by vaccination status, as determined by the Chi-square, t-tests, and Wilcoxon rank-sum tests, on RT-PCR confirmed influenza status. These variables were not adjusted for in the models used to estimate VE because their inclusion did not change the overall adjusted VE by >5%.31 Data were analyzed using SAS version 9.4 (SAS Institute, Cary, NC, USA). Statistical significance was set at p <0.05. 

[bookmark: _Toc532896050]Results
There were 6,573 outpatients seeking care for ARI who were enrolled at the Pittsburgh site of the CDC’s Flu VE Network from January 28, 2012 - July 19, 2016 (Figure 1). Because 120 influenza-negative patients (2%) were enrolled outside the periods of influenza circulation, they were excluded from analyses. Of the 6,453 remaining patients, 25% (n=1,590) were influenza positive and 75% (n=4,863) were influenza negative. Of the influenza cases, 48% (n=766) were infected with A(H3N2), 35% (n=559) with A(H1N1) pdm09, 10% (n=152) with B/Yamagata, and 4% (n=68) with B/Victoria viruses. In addition, 31 influenza A viruses could not be subtyped, and 11 influenza B viruses had no lineage identified.
During the 2011-2012 season, influenza positive cases peaked in March (Figure 2), with A(H3N2) as the dominant virus in Pittsburgh (Figure 3). Influenza positive cases peaked in January during the 2012-2013 season, with A(H3N2) as the dominant virus. There was also a secondary peak of influenza B in March of this season. Influenza A(H1N1) was the dominant virus during the 2013-2014 season, and the peak number of cases occurred in January. Influenza cases peaked in late November of the 2014-2015 season, and A(H3N2) was the dominant virus in circulation until March. Influenza B became the dominant virus in the later half of the season. Peak number of cases occurred in March of the 2015-2016 season, with A(H1N1) the dominant strain throughout the season. 
The proportion of patients who were vaccinated varied by age, sex, health insurance, subjective social status, self-reported smoking status, self-reported household smoking, any high-risk condition, self-reported asthma, symptoms of fever, fatigue, and sore throat, baseline ability to perform usual activities, baseline sleep quality, year of enrollment, and influenza status (Table 2). The proportion of outpatients with ARI who were vaccinated with any 2011-2016 seasonal influenza vaccine was 46% among influenza positive cases and 59% among influenza negative controls. 
[bookmark: _Toc532896051]Overall Vaccine Effectiveness
Estimated VE against any influenza virus throughout 2011-2016 was 39% (95% CI = 31%-45%) after adjustment for potential confounders (Table 3). Additional risk factors were identified that varied by vaccination status and were independently associated with influenza status, but they did not change the odds ratio (Table 4). VE was determined by age group and was found to be statistically significant among patients of each age group, ranging from 24% (95% CI= 1%-42%) among 5-17 year olds to 47% (95% CI= 33%-58%) among patients 50 years of age and older. VE estimates were also determined by season and were statistically significant for every season except 2011-2012. VE ranged from 30% (95% CI= -26%-61%) during 2011-2012 to 51% (95% CI= 34%-63%) during 2013-2014 (Table 5).
	Overall VE estimates against influenza A(H1N1)pdm09, A(H3N2), B/Yamagata, and B/Victoria viruses were statistically significant. As shown in Figure 4, VE was highest against influenza A(H1N1)pdm09 viruses and lowest against influenza A(H3N2) viruses. VE against A(H1N1)pdm09 viruses was 53% (95% CI= 44%-61%), ranging from 28% (95% CI= (-30%- 60%) among children 6 months to 4 years old to 61% (95% CI= 44%-73%) among adults 50 years of age and older. VE was not statistically significant in children 17 years old and under. Estimated VE against A(H3N2) viruses was 27% (95% CI= 13%-38%) overall and ranged from 18% (95% CI= -15%-42%) among patients ages 5-17 years to 47% (95% CI= 9%-69%) among children ages 6 months-4 years. VE against influenza B/Yamagata viruses was 37% (95% CI= 11%-56%). Estimates ranged from 26% (95% CI= -47%-63%) among children ages 5-17 years to 49% (95% CI= 6%-73%) among adults 50 years of age and older, the only age group for which VE was statistically significant. Overall VE against influenza B/Victoria viruses was 52% (95% CI= 19%-71%).
[bookmark: _Toc532896052]Discussion
During the 2011-2016 influenza seasons, vaccination provided moderate protection and reduced influenza illness among outpatients in Pittsburgh by 39%. Protection was greater among adults 50 years of age and older, reducing influenza by 47%. A greater protective effect was observed in older adults for all virus types, except H3N2. Instead, VE (47%) was highest among young children under the age of 5. Interim estimates from the 2017-2018 influenza season show VE against H3N2 was also higher among young children, suggesting that vaccinated children in this age group may be better protected against circulating H3N2 viruses.39  VE also varied by virus type; vaccination provided significantly less protection against H3N2 viruses (27%) compared to H1N1 viruses (53%) and B/Victoria viruses (52%). This is consistent with previous studies, which have shown that VE is typically lower for H3N2 viruses.22 Influenza A(H3N2) strains were the predominant viruses circulating in Pittsburgh during 3 of the 5 seasons studied, which is why overall VE was on the lower end of influenza VE estimates cited by the CDC. 
	The 2011-2012 influenza season in Pittsburgh was similar to the influenza season throughout the US for that year. Nationally, influenza-like illnesses (ILI) remained very low throughout the season and peaked in March, on the later side.40 H3N2 was the predominant virus in circulation, and estimated VE in Pittsburgh was 30%, but nonsignificant, compared to 47% nationally (Figure 5).40 Estimated VE may have been nonsignificant in this study due to a smaller number of ILI in Pittsburgh because of the mild influenza season. H3N2 was the predominant virus again in both Pittsburgh and throughout the US during the 2012-2013 influenza season.41 ILI activity was similar, with peak cases in late December in the US and early January in Pittsburgh; there was a second peak of influenza B cases later in the season.41 Overall VE estimates were slightly lower in Pittsburgh (42%) compared to the US (49%).23 VE was highest during the 2013-2014 influenza season in both Pittsburgh and the US at 51% and 52%, respectively.23 Seasonal activity was also comparable, with predominant H1N1 activity, followed by influenza B later in the season, and peak cases of ILI at the end of December.42 Estimated VE (33%) was higher in Pittsburgh compared to the US (19%) during the 2014-2015 season, consistent with the genetic differences among circulating strains of H3N2 in Pittsburgh compared to the other US Flu VE Network sites.23,28 H3N2 viruses were predominant throughout both Pittsburgh and the US, but the H3N2 viruses throughout the majority of the US had genetically drifted from the vaccine strain, while the viruses in Pittsburgh retained more similarity.28 Therefore, the higher VE observed in Pittsburgh would have been expected. Additionally, influenza activity peaked earlier in Pittsburgh compared to the US overall (late November versus late December).43 The 2015-2016 influenza season was milder in comparison to the previous 3 seasons. In the US, H3N2 viruses predominated in the earlier part of the season, but H1N1 viruses became more common later in the season and caused peak influenza activity in March.44 While there were a number of H3N2 cases in Pittsburgh, H1N1 was the predominant strain in circulation throughout the entirety of the season, and also led to peak activity in March. Estimated VE from the Pittsburgh site (38%) was lower than the overall estimate (48%) cited by the CDC.23 These results indicate that both seasonal and regional differences in influenza activity exist, highlighting the importance of annual estimates in order to improve the effectiveness of future influenza vaccines. 
	Strengths of this study include the test-negative design that utilizes the highly specific method of RT-PCR to diagnose influenza, limiting misclassification of the outcome status. Additionally, patients were screened and enrolled prospectively according to well-defined clinical guidelines. A number of potential confounding factors were controlled for in the logistic regression models. These included any high-risk health conditions, which can increase both the risk of infection and likelihood or access to vaccination, and calendar time to account for any vaccine waning effect that may occur throughout the season.26 However, it is possible that residual confounding still exists. In particular, the effects of prior infection or vaccination are unknown. Vaccine type was also not accounted for, which may impact VE. While overall sample sizes were fairly large, some of the age group strata of specific virus types were small, reducing the power to precisely estimate VE. 
	Despite variations by age, season, and virus type in the level of protection offered by influenza vaccination, the results of this study support the benefit of annual vaccination against influenza. Vaccination was shown to successfully reduce the overall burden of influenza among the outpatient population in Pittsburgh. In general, vaccination was shown to be particularly effective in adults 50 years of age and older. This emphasizes the need to promote vaccination among older adults, a group at higher risk for influenza-related complications and mortality. VE estimates in Pittsburgh were generally similar to overall US estimates. However, differences were noted in the 2014-2015 season when there were regional differences in the strains of H3N2 virus in circulation. These results indicate the importance of genetic characterization of circulating influenza viruses in determining VE as well as informing vaccine development. If regional differences in circulating virus are predicted, it may be important to offer different influenza vaccines in the future. The most recent influenza season was the most severe season since the 2009 pandemic, with nearly 50 million illnesses, 23 million related healthcare visits, and 80,000 deaths.45 Influenza remains a large disease and economic burden, making annual studies of VE and improvements to influenza vaccines a necessity.
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[bookmark: _Toc532896055]Table 1: Description of multivariable logistic regression models
	Model
	Dependent Variable
	Independent Variables

	Overall: influenza A or B for all ages ≥ 6 months
	RT-PCR positive for any influenza A or B virus
	Vaccination status, age, sex, race/ethnicity, self-rated general health status, any high-risk condition, interval from onset to enrollment, calendar time

	Overall for each season (yrs)
	
	

	2011-20121;
2012-2013;
2013-2014;
2015-2016
	RT-PCR positive for any influenza A or B virus
	Vaccination status, age, sex, race/ethnicity, self-rated general health status, any high-risk condition, interval from onset to enrollment, calendar time

	Influenza A or B for each age group (yrs)
	
	

	6 months-4;
5-17;
18-49;
≥50
	RT-PCR positive for any influenza A or B virus
	Vaccination status, sex, race/ethnicity, self-rated general health status, any high-risk condition, interval from onset to enrollment, calendar time

	Influenza A(H1N1)pdm09 for all ages ≥ 6 months
	RT-PCR positive for influenza A (H1N1)pdm09
	Vaccination status, age, sex, race/ethnicity, self-rated general health status, any high-risk condition, interval from onset to enrollment, calendar time

	Influenza A(H1N1) for each age group (yrs)
	
	

	6 months-4;
5-17;
18-49;
≥501
	RT-PCR positive for influenza A (H1N1)pdm09
	Vaccination status, sex, race/ethnicity, self-rated general health status, any high-risk condition, interval from onset to enrollment, calendar time

	Influenza A(H3N2) for all ages ≥ 6 months
	RT-PCR positive for influenza A (H3N2)
	Vaccination status, age, sex, race/ethnicity, self-rated general health status, any high-risk condition, interval from onset to enrollment, calendar time




	Influenza A(H3N2) for each age group (yrs)
	
	

	6 months-42;
5-172;
18-49;
≥501
	RT-PCR positive for influenza A (H3N2)
	Vaccination status, sex, race/ethnicity, self-rated general health status, any high-risk condition, interval from onset to enrollment, calendar time

	Influenza B/Yamagata for all ages ≥ 6 months
	RT-PCR positive for influenza B/Yamagata
	Vaccination status, age, sex, race/ethnicity, self-rated general health status, any high-risk condition, interval from onset to enrollment, calendar time

	Influenza B/Yamagata for each age group (yrs)
	
	

	6 months-41,2;
5-172;
18-49;
≥501,2,3 
	RT-PCR positive for influenza B/Yamagata
	Vaccination status, sex, race/ethnicity, self-rated general health status, any high-risk condition, interval from onset to enrollment, calendar time

	Influenza B/Victoria for all ages ≥ 6 months
	RT-PCR positive for influenza B/Victoria
	Vaccination status, age, sex, race/ethnicity, self-rated general health status, any high-risk condition, interval from onset to enrollment, calendar time


1 Hispanic ethnicity not included due to missing frequenciesTable 1 Continued

2 Self-rated general health status not included due to missing frequencies
3 Race not included due to missing frequencies

[bookmark: _Toc532896056]Table 2: Comparison of baseline characteristics by vaccination status
	
	
	Vaccination Status
	

	
Characteristic
	Total
N (%)
	No
N (%)
	Yes 
N (%)
	
p-value

	Age Group
	
	
	
	<0.001

	6 months-4 years
	947 (15)
	312 (11)
	635 (18)
	

	5-17 years
	1162 (18)
	590 (21)
	572 (16)
	

	18-49 years
	2647 (41)
	1425 (50)
	1222 (34)
	

	≥ 50 Years
	1697 (26)
	542 (19)
	1155 (32)
	

	Sex
	
	
	
	<0.001

	Male
	2668 (41)
	1282 (45)
	1386 (39)
	

	Female
	3785 (59)
	1587 (55)
	2198 (61)
	

	Insurance Plan
	
	
	
	<0.001

	Public
	2910 (46)
	1250 (44)
	1660 (47)
	

	Private
	3129 (49)
	1446 (51)
	1683 (47)
	

	Both
	264 (4)
	74 (3)
	190 (5)
	

	Neither
	86 (1)
	64 (2)
	22 (1)
	

	Subjective Social Status; range = 1 (low) to 9 (high)
	
	
	
	0.005

	1-4
	936 (16)
	433 (16)
	503 (15)
	

	5
	1884 (32)
	875 (33)
	1009 (31)
	

	6
	1318 (22)
	601 (23)
	717 (22)
	

	7-9
	1809 (30)
	744 (28)
	1065 (32)
	

	Self-reported Smoking Status (18+ years)
	
	
	
	<0.001

	Every day
	589 (13)
	332 (17)
	257 (11)
	

	Some days
	220 (5)
	117 (6)
	103 (4)
	

	Not at all
	3611 (82)
	1551 (78)
	2060 (85)
	

	Self-reported household smoking
	
	
	
	<0.001

	No
	4911 (76)
	2104 (74)
	2807 (79)
	

	Yes
	1517 (24)
	749 (26)
	768 (22)
	

	Any high-risk condition
	
	
	
	<0.001

	No
	4394 (68)
	2235 (78)
	2159 (60)
	

	Yes
	2059 (32)
	634 (22)
	1425 (40)
	

	Self-reported asthma diagnosis
	
	
	
	<0.001

	No
	4907 (77)
	2260 (80)
	2647 (74)
	

	Yes
	1491 (23)
	580 (20)
	911 (26)
	

	Fever
	
	
	
	<0.001

	No
	2692 (42)
	1102 (38)
	1590 (44)
	

	Yes
	3761 (58)
	1767 (62)
	1994 (56)
	

	
	
	Vaccination Status
	

	
Characteristic
	Total
N (%)
	No
N (%)
	Yes 
N (%)
	
p-value

	Fatigue
	
	
	
	0.02

	No
	1693 (26)
	712 (25)
	981 (27)
	

	Yes
	4760 (74)
	2157 (75)
	2603 (73)
	

	Sore Throat
	
	
	
	<0.001

	No
	2138 (33)
	877 (31)
	1261 (35)
	

	Yes
	4315 (67)
	1992 (69)
	2323 (65)
	

	Baseline Ability to perform usual activities
	
	
	
	<0.001

	Not at all (0-5)
	2816 (49)
	1376 (53)
	1440 (46)
	

	Somewhat (6-8)
	2100 (37)
	897 (35)
	1203 (38)
	

	Able (9)
	822 (14)
	314 (12)
	508 (16)
	

	Baseline Sleep Quality
	
	
	
	0.002

	Worst (0-4)
	3791 (59)
	1752 (61)
	2039 (57)
	

	Mild (5-6)
	1265 (20)
	554 (19)
	711 (20)
	

	Moderate (7-8)
	888 (14)
	353 (12)
	535 (15)
	

	Normal (9)
	509 (8)
	210 (7)
	299 (8)
	

	Year of Enrollment
	
	
	
	<0.001

	2011-2012
	704 (11)
	278 (10)
	426 (12)
	

	2012-2013
	1166 (18)
	498 (17)
	668 (19)
	

	2013-2014
	1192 (19)
	588 (21)
	604 (17)
	

	2014-2015
	1574 (24)
	676 (24)
	898 (25)
	

	2015-2016
	1817 (28)
	829 (29)
	988 (28)
	

	Influenza Status
	
	
	
	<0.001

	RT-PCR negative
	4863 (75)
	2007 (70)
	2856 (80)
	

	RT-PCR positive
	1590 (25)
	862 (30)
	728 (20)
	

	
	
	
	
	
	
	
	

	
	N
	Mean (SD)
	n
	Mean (SD)
	n
	Mean (SD)
	

	Baseline Severity= 0 (worst health) to 100 (best health)
	6446
	59 (20)
	2865
	58 (20)
	3581
	60 (20)
	0.001

	Age (yrs)
	6453
	32 (23)
	2869
	30 (19)
	3584
	34 (25)
	<0.001


Table 2 Continued


[bookmark: _Toc532896057]Table 3: Adjusted vaccine effectiveness against medically attended, laboratory-confirmed influenza by age group, 2011-2016
	
	Influenza positive
	Influenza negative
	Unadjusted
	Adjusted*

	Influenza
(subtype)/Age group
	N vaccinated
/Total
	(%)
	N vaccinated
/Total
	(%)
	VE %
	95% CI
	VE %
	95% CI

	Influenza A and B
	
	
	
	
	
	
	
	

	All ages ≥6 months

	728/1590
	46
	2856/4863
	59
	41
	(34, 47)
	39
	(31, 45)

	6 months–4
	79/140
	56
	556/807
	69
	42
	(16, 59)
	37
	(8, 57)

	5–17
	142/317
	45
	430/845
	51
	22
	(-2, 40)
	24
	(1, 42)

	18–49
	251/684
	37
	971/1963
	50
	41
	(29, 51)
	39
	(27, 49)

	≥50
	256/449
	57
	899/1248
	72
	49
	(36, 59)
	47
	(33, 58)

	
	
	
	
	
	
	
	
	

	Influenza A (H1N1) pdm09
	
	
	
	
	
	
	
	

	All ages ≥6 months
	216/559
	39
	2856/4863
	59
	56
	(47, 63)
	53
	(44, 61)

	6 mos–4
	32/53
	60
	556/807
	69
	31
	(-22, 61)
	28
	(-30, 60)

	5–17
	29/68
	43
	430/845
	51
	28
	(-18, 56)
	35
	(-11, 61)

	18–49
	80/280
	29
	971/1963
	50
	59
	(46, 69)
	57
	(43, 67)

	≥50
	75/158
	48
	899/1248
	72
	65
	(51, 75)
	611
	(44, 73)

	
	
	
	
	
	
	
	
	

	Influenza A (H3N2)
	
	
	
	
	
	
	
	

	All ages ≥6 months
	393/766
	51
	2856/4863
	59
	26
	(14, 36)
	27
	(13, 38)

	6 mos–4
	35/65
	54
	556/807
	69
	47
	(12, 68)
	472
	(9, 69)

	5–17
	85/181
	47
	430/845
	51
	15
	(-18, 38)
	182
	(-15, 42)

	18–49
	128/297
	43
	971/1963
	50
	23
	(1, 40)
	22
	(-2, 40)

	≥50
	145/223
	65
	899/1248
	72
	28
	(2, 47)
	331
	(7, 52)

	
	
	
	
	
	
	
	
	

	
Influenza B/Yamagata
	
	
	
	
	
	
	
	

	All ages ≥6 months
	69/152
	45
	2856/4863
	59
	42
	(19, 58)
	37
	(11, 56)

	6 mos–4
	5/9
	56
	556/807
	69
	44
	(-112, 85)
	37 1,2
	(-152, 84)

	5–17
	18/39
	46
	430/845
	51
	17
	(-58, 57)
	262
	(-47, 63)

	18–49
	22/58
	38
	971/1963
	50
	38
	(-7, 64)
	34
	(-17, 63)

	≥50
	24/46
	52
	899/1248
	72
	58
	(24, 77)
	491,2,3
	(6, 73)

	
	
	
	
	
	
	
	
	

	Influenza B/Victoria
	
	
	
	
	
	
	
	

	All ages ≥6 months
	26/68
	38
	2856/4863
	59
	57
	(29, 73)
	52
	(19, 71)


* Multivariable logistic regression models adjusted for age, sex, race/ethnicity, self-rated general health status, any high risk condition, interval from onset to enrollment, and calendar time.
1 Hispanic ethnicity excluded due to missing frequencies
2 Self-rated general health status excluded due to missing frequencies
3 Race excluded due to missing frequencies




[bookmark: _Toc532896058]Table 4: Risk factors independently associated with influenza status
	
Variables
	
OR
	
95% CI
	
p-value

	Vaccination
	0.6
	(0.5, 0.7)
	<0.001

	Fever
	3.1
	(2.7, 3.6)
	<0.001

	Fatigue
	1.2
	(1.01, 1.39)
	  0.04

	Sore Throat
	0.8
	(0.7, 0.9)
	<0.001

	Baseline Ability to Perform Usual Activities
	
	
	<0.001

	Not at all
	1.6
	(1.2, 1.9)
	

	Somewhat
	1.1
	(0.9, 1.4)
	

	Able to perform
	REF
	REF
	

	Influenza Season
	
	
	<0.001

	2011
	REF
	REF
	

	2012
	4.7
	(0.9, 25.6)
	

	2013
	3.3
	(0.6, 18.0)
	

	2014
	4.4
	(0.8, 23.8)
	

	2015
	2.3
	(0.4, 12.7)
	

	Baseline Severity
	0.991
	(0.987, 0.994)
	<0.001

	Age
	1.01
	(1.007, 1.013)
	<0.001





[bookmark: _Toc532896059]Table 5: Adjusted vaccine effectiveness against medically attended influenza A and B by season, 2011-2016
	
	
Influenza positive
	
Influenza negative
	
Unadjusted
	
Adjusted*

	Any influenza
A or B virus
	N vaccinated
/Total
	(%)
	N vaccinated
/Total
	(%)
	VE %
	95% CI
	VE %
	95% CI

	Overall
	728/1590
	46
	2856/4863
	59
	41
	(34, 47)
	39
	(31, 45)

	Season (yrs)
	
	
	
	
	
	
	
	

	2011-2012
	27/53
	51
	399/651
	61
	34
	(-15, 62)
	301
	(-26, 61)

	2012-2013
	184/378
	49
	484/788
	61
	40
	(24, 54)
	42
	(24, 55)

	2013-2014
	111/310
	36
	493/882
	56
	56
	(43, 66)
	51
	(34, 63)

	2014-2015
	240/479
	50
	658/1095
	60
	33
	(17, 46)
	33
	(15, 48)

	2015-2016
	166/370
	45
	822/1447
	57
	38
	(22, 51)
	38
	(20, 53)


* Multivariable logistic regression models adjusted for age, sex, race/ethnicity, self-rated general health status, any high risk condition, interval from onset to enrollment, and calendar time.
1 Hispanic ethnicity excluded due to missing frequencies
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[bookmark: _Toc532896060]Figure 1: Enrollment flow chart
[bookmark: _GoBack][image: ][bookmark: _Toc532896061]Figure 2: Temporal distribution of influenza-like illness (ILI) cases testing positive for influenza infection and negative for influenza infection, 2011-2016

[image: ][bookmark: _Toc532896062]Figure 3: Temporal distribution of influenza subtypes, 2011-2016
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[bookmark: _Toc532896063]Figure 4: Vaccine effectiveness (95% CI) against influenza A by age group, 2011-2016
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[bookmark: _Toc532896064]Figure 5: Vaccine effectiveness (95% CI) against influenza A and influenza B in Pittsburgh and the US, by season
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