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Abstract

BACKGROUND AND OBJECTIVE—Surveillance for laboratory-confirmed influenza-
associated pediatric deaths since 2004 has shown that most deaths occur in unvaccinated children.
We assessed whether influenza vaccination reduced the risk of influenza-associated death in
children and adolescents.

METHODS—We conducted a case-cohort analysis comparing vaccination uptake among
laboratory-confirmed influenza-associated pediatric deaths with estimated vaccination coverage
among pediatric cohorts in the United States. Case vaccination and high-risk status were
determined by case investigation. Influenza vaccination coverage estimates were obtained from
national survey data or a national insurance claims database. We estimated odds ratios (OR) from
logistic regression comparing odds of vaccination among cases with odds of vaccination in
comparison cohorts. We used Bayesian methods to compute 95% credible intervals for vaccine
effectiveness (VE), calculated as (1 — OR) x 100.

RESULTS—From August 2010 through July 2014, 358 laboratory-confirmed influenza-
associated pediatric deaths were reported among children aged 6 months through 17 years.
Vaccination status was determined for 291 deaths; 75 (26%) received vaccine before illness onset.
Average vaccination coverage in survey cohorts was 48%. Overall VE against death was 65%
(95% credible interval: 54—73). Among 153 deaths in children with underlying high-risk medical
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conditions, 47 (31%) were vaccinated. VE among children with high-risk conditions was 51%
(95% credible interval: 31-67), versus 65% (95% credible interval: 47-78) among children without
high-risk conditions.

CONCLUSIONS—Influenza vaccination was associated with reduced risk of laboratory-
confirmed influenza-associated pediatric death. Increasing influenza vaccination could prevent
influenza-associated deaths among children and adolescents.

INTRODUCTION

In the United States, annual influenza vaccination of children is recommended to reduce
adverse health impacts of influenza and prevent severe complications.! While uncommon,
influenza-associated deaths among children occur annually with varying incidence
depending upon the severity of the influenza season. 3 From 1976 to 2007, influenza was
estimated to account for more than 100 deaths annually among children and adolescents.* °
Since 2004, when influenza-associated deaths among children aged <18 years became
nationally notifiable,® reported numbers of deaths have ranged from 37 in the 2011-2012
season to 282 during the 2009 pandemic.2 Surveillance for pediatric deaths has contributed
to identification of groups at high risk of influenza-related mortality such as children with
neurologic conditions,” as well as documenting fatal illness among children with and
without underlying high-risk medical conditions.2 Previous reports have indicated low rates
of influenza vaccination among pediatric deaths despite high prevalence of underlying
medical conditions that increase risk for influenza complications.3: 8 In this analysis, we
used a case-cohort approach comparing influenza vaccination rates among influenza-
associated pediatric deaths with vaccination coverage estimates for cohorts of U.S. children
to estimate effectiveness of influenza vaccination against laboratory-confirmed influenza
associated death.

METHODS

Influenza-Associated Pediatric Deaths

To estimate influenza vaccine effectiveness against death, we used a case-cohort design (or
screening method).% 10 Cases were deaths in U.S. residents aged <18 years with laboratory-
confirmed influenza virus infection that were reported to the Influenza-Associated Pediatric
Mortality Surveillance System.2 Data obtained from standardized case report forms included
demographic characteristics, state of residence, results of laboratory testing, underlying
high-risk medical conditions and influenza vaccination status. Confirmation of influenza
virus infection included clinical diagnostic testing during illness or post-mortem
examination using antigen detection, viral culture or nucleic acid amplification. We included
children at least 6 months old on November 1 of the influenza season during which death
occurred who were eligible to receive at least one dose of seasonal influenza vaccine and
had complete medical history; 10 deaths among children who turned 6 months old after
November 1 were excluded. For cases without illness onset date, we estimated onset as four
days before death based on the mean duration of illness among cases with known onset date.
We excluded seven children who received their first dose of current season vaccine <14 days
before illness onset because vaccine-induced protection may be incomplete.11
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Health department personnel determined vaccination status based upon review of available
information from the child’s medical records, health care provider, state or county
immunization information systems, parental report or coroner’s report. Children were
considered vaccinated (either fully or partially) if records indicated receipt of 1 or more
doses of current season influenza vaccine at least 14 days before onset of illness. Partial
vaccination was defined as receipt of one dose when health department personnel
determined that two doses were indicated. Vaccination status was listed as unknown if
surveillance personnel could not determine from available records if the child had received
influenza vaccine. If immunization records indicated vaccination for prior seasons but no
current season vaccination, children were assumed to be unvaccinated. A sensitivity analysis
explored effects of assuming that children with unknown vaccination status were
unvaccinated. Presence of underlying medical conditions was recorded on case report forms
according to high-risk conditions for influenza-related complications identified by the
Advisory Committee on Immunization Practices:12 asthma, chronic lung disease,
neurologic/neurodevelopmental disorders, heart disease (including congenital heart disease),
blood disorders, endocrine disorders, metabolic disorders, kidney disorders, liver disorders,
immunosuppression and pregnancy. For consistency with vaccination coverage estimates,
age groups were defined based on child’s age on November 1 for influenza season of fatal
illness.

Influenza Vaccination Coverage in Cohorts

We used three sources of influenza vaccination coverage among comparison cohorts of U.S.
children and adolescents: National Immunization Survey-Flu (NI1S-Flu),13 National Health
Interview Survey (NHIS)* and the MarketScan Commercial Claims and Encounters
database (Truven Health Analytics, Ann Arbor, Michigan). NIS-Flu is a national telephone
survey of households with children aged 6 months through 17 years that produces national
and state-level estimates (and for some cities, including Chicago and New York City) of
influenza vaccine coverage for children. NHIS is an in-person household survey that
provides nationally representative estimates of influenza vaccination for children aged 6
months through 17 years with and without specified high-risk medical conditions (cystic
fibrosis, sickle cell anemia, diabetes, congenital heart disease or other heart condition,
cerebral palsy, muscular dystrophy, or seizures; or an asthma episode in the past 12
months.)15 In NIS-Flu and NHIS, seasonal influenza vaccination coverage is estimated from
parental report of child’s receipt of =1 dose of seasonal influenza vaccine. Data from NIS-
Flu and NHIS are weighted by age, sex, race/ethnicity and geographic area to represent the
U.S. population. Monthly coverage estimates and standard errors for vaccination received
during July or August (depending upon survey and season) through May were calculated by
Kaplan-Meier survival analysis of data from interviews conducted from August, September
or October through June.18 Age group was based upon the child’s age on November 1 of
each influenza season.

In the MarketScan Commercial Claims and Encounters database, coverage estimates were
based on commercial insurance claims for influenza vaccination; children with no
vaccination claim were assumed unvaccinated. We analyzed data from July 2010 through
June 2014 among children continuously enrolled in a health plan from January preceding
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each influenza season. We determined underlying high-risk medical conditions based on
International Classification of Disease 9™ revision codes associated with hospitalizations
and outpatient visits during a 12-month period.1” We calculated cumulative vaccination
coverage from August through May each season among children aged <18 years with and
without underlying high-risk medical conditions. Age categories were based on child’s age
at vaccination or at the beginning of each calendar year; children in the youngest age
category (0-4 years) were at least 10 months old on November 1. For MarketScan
comparison cohorts, state-level coverage estimates were used for children without high-risk
conditions while national coverage estimates were used for children in high-risk groups due
to smaller sample sizes.

The case-cohort method® 10 produces an odds ratio (OR), which estimates the relative risk
for influenza-associated death among vaccinated versus unvaccinated children. Influenza
vaccine effectiveness (VE) was estimated as (1 — OR). ORs were obtained from logistic
regression models where vaccination status of the case was the dependent variable and the
log odds of vaccination (proportion vaccinated/1 — proportion vaccinated) in the comparison
cohort from NIS-Flu, NHIS, or MarketScan data was entered as an offset. With this offset in
the model, the intercept provides an estimate of the log(OR). Cases and corresponding
coverage estimates were stratified by influenza season, age, and state of residence (for NIS-
Flu and MarketScan) or high risk condition (for NHIS and MarketScan) for the month
ending at least two weeks before case illness onset. For average coverage estimates by age
group, season or influenza virus type, we derived confidence limits by averaging the
variance of independent, normally-distributed coverage estimates. To incorporate uncertainty
in coverage estimates from survey data, 10,000 estimates were sampled from normally
distributed vaccination coverage estimates for NIS-Flu and NHIS comparison cohorts to
calculate 95% credible intervals for VE estimates. Because MarketScan estimates were
derived from all observations without sampling, confidence limits for VE estimates using
MarketScan data were estimated from logistic regression assuming fixed coverage estimates.
We assumed that cases did not contribute uncertainty to VE estimates. Sensitivity analyses
were conducted assuming 1) cases with unknown vaccination status were unvaccinated and
2) coverage estimates based on parental report over-estimated coverage by 10% or

20%.18: 19 4 2 tests were used to evaluate proportions and two-sided A values < .05 were
considered significant. Analyses were conducted in SAS, version 9.4 (SAS Institute, Cary,
NC) and R (version 3.1.1; R Core Team, Vienna, Austria).

This analysis included 358 influenza-associated pediatric deaths that occurred during four
influenza seasons from July 1, 2010 through June 30, 2014 among children aged 6 months
through 17 years. Deaths were reported from 43 states, New York City, Chicago and
Washington, D.C. Vaccination status was unknown for 67 (19%) children who died. Of 291
deaths in children with known vaccination status, 75 (26%) children had received seasonal
influenza vaccination =14 days before illness onset and were considered vaccinated. Vaccine
type was recorded for 62 cases: 12 (19%) received live-attenuated influenza vaccine and 50
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(81%) received inactivated influenza vaccines. Vaccinated proportions were similar for
males and females, and did not differ significantly by age category (Table 1). Black, non-
Hispanic children had significantly lower vaccination rates compared with White, non-
Hispanic children (P< .05). Among 31 deaths in vaccinated children aged 6 months through
4 years, 16 (52%) were partially vaccinated.

A total of 153 (53%) of 291 pediatric deaths with known vaccination status occurred among
children with one or more ACIP underlying high-risk medical conditions. The prevalence of
high risk conditions among pediatric deaths increased from 41% among those aged 6 months
— 4 years to 57% and 62% among 5-12 and 13-17 year olds, respectively. While the
proportion of children vaccinated increased from 20% among those without high-risk
conditions to 31% among those with =1 high-risk condition and 37% among those with >2
high-risk conditions, fewer than 50% of children in all individual high-risk categories were
vaccinated (Table 1).

Average influenza vaccination coverage among comparison cohorts in the month preceding
case illness onset was higher than vaccinated proportions among pediatric deaths for most
months (Figure). Among deaths in children with known vaccination status, children who
died had lower vaccination uptake for all age categories, seasons, and infecting influenza
virus types than the NIS-Flu cohort (Table 2). Overall, average vaccination coverage was
48% among NIS-Flu comparison cohorts. Estimated VE against pediatric death was 65%
(95% credible interval [CI]: 54-74). Estimated VE ranged from 40% among 13-17 year olds
to 76% among 5-12 year olds. By season, VE ranged from 54% in 2010-2011 to 80% (with
overlapping confidence intervals) in the relatively mild 2011-2012 season with the lowest
number of pediatric deaths. By virus type, VE point estimates were similar against death
associated with influenza A virus (66%) and influenza B virus (62%).

Vaccination uptake among pediatric deaths was also lower than average coverage in the
NHIS comparison cohorts with or without high-risk conditions (Table 3). Estimated VE was
51% (95% ClI: 31-67) among children with high-risk medical conditions and 65% (95% ClI:
47-78) among those without high-risk conditions, similar to VE estimated using NIS-Flu.
VE point estimates were lower among children with high-risk conditions compared to those
without high-risk conditions in most analyses, but credible intervals widely overlapped.
Among children with high-risk conditions, VE estimates were statistically significant (95%
credible intervals not overlapping zero) only for children aged 5-12 years. Estimated VE was
statistically significant for three of four seasons among both children with and without high-
risk conditions, for influenza A virus infections among both groups of children and for
influenza B virus infections among children without high-risk conditions.

Table 4 compares the prevalence of high-risk conditions and uptake of influenza vaccination
among influenza-associated pediatric deaths and children in the MarketScan database
(including an average of more than six million individuals aged <18 years during the four
influenza seasons). Vaccination coverage in MarketScan among children aged <18 years by
high risk group ranged from 27% among those with no high-risk condition to 45% among
children with two or more high-risk conditions (Table 4). Prevalence of high-risk conditions
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was higher among pediatric deaths compared to the MarketScan cohort, and vaccination
rates were lower among pediatric deaths for most high-risk groups.

In sensitivity analysis treating deaths with unknown vaccination status as unvaccinated,
overall VE increased to 74% for the NIS-Flu cohort, 73% for the NHIS cohort without high-
risk conditions and 50% for the MarketScan cohort without high-risk conditions (Table 5).
Alternatively, assuming 10% over-estimation of vaccination by parental report in the survey
data led to estimates of 56% with NIS-Flu and 58% with the NHIS no high-risk cohort.
MarketScan estimates treating deaths with unknown vaccination status as unvaccinated were
similar to NHIS estimates assuming 20% over-estimation of coverage by parental report. VE
estimates among children with high-risk conditions were lower than among those without
high-risk conditions for MarketScan as well as NHIS cohorts. Estimated VE among children
with high-risk conditions remained statistically significant after decreasing NHIS coverage
estimates by 10% while that among children without high-risk conditions remained
significant when NHIS estimates were decreased by 20%.

DISCUSSION

We utilized national surveillance data on laboratory-confirmed influenza deaths and three
comparison cohorts over four influenza seasons to estimate the effectiveness of influenza
vaccination to prevent influenza-associated pediatric deaths. Best estimates using NHIS
survey data suggested that vaccination reduced the risk of influenza-associated death by half
among children with high-risk conditions and by nearly two-thirds among children without
high-risk conditions. Despite high prevalence (53%) of underlying conditions that increase
risk of severe influenza-related complications, only one in four children who died with
laboratory-confirmed influenza had been vaccinated. These results reinforce the need to
increase influenza vaccination coverage, especially among children at increased risk of
influenza-related complications and death.

To our knowledge, this is the first study to use laboratory-confirmed outcomes to investigate
influenza vaccine effectiveness against influenza-associated deaths. Observational studies
that have used nonspecific outcomes, such as all-cause mortality, have frequently over-
estimated effects of influenza vaccination on mortality in the elderly.20-22 Estimates of VE
against death from this analysis were similar to VE against medically attended influenza
among pediatric patients for the same seasons. For 2011-2012 through 2013-2014, estimated
VE against medically attended influenza ranged from 45% to 57% among young children
(ages 6 months through 8 years), and from 39% to 58% among older children aged 9 to 17
years.23-26 |n addition, estimated VE against severe life-threatening influenza among
children admitted to pediatric intensive care units during the 2010-2011 and 2011-2012
seasons was 74%.27 VE against medically attended influenza has been used in models to
estimate deaths averted by influenza vaccination.28 Results of this analysis support the use
of VE against medically attended influenza to estimate deaths averted by influenza
vaccination.

Case-cohort analyses have previously been used to estimate influenza VE against laboratory-
confirmed influenza,? effectiveness of seasonal influenza vaccine against influenza
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A(H1N1)pdm09-associated illness,30 and risk factors for hospitalization and death due to
influenza A(H1N1)pdmO09 infection.3! In the main analyses, VE estimates were based on
comparisons to NHIS and NIS-Flu, the two surveys used to measure influenza vaccine
coverage among U.S. children. NHIS includes coverage estimates among children with
high-risk conditions and NIS-Flu, with its larger sample size, provides state-level
vaccination coverage. NHIS has been considered the most representative source for
influenza vaccination coverage estimates among childrenl® and is used as the data source to
track progress towards Healthy People 2020 goals.32 VVE estimates based on NIS-Flu were
similar to those based on the NHIS cohort without high-risk conditions.

This study highlights the importance of annual influenza vaccination for children, especially
those with underlying high-risk medical conditions. Previous reports have highlighted the
high prevalence of underlying high-risk conditions among children who die from influenza-
related complications, including neurologic disorders and conditions associated with
underlying chromosomal abnormalities and genetic syndromes.3 7- 33 While children with
high-risk conditions in both the NHIS and MarketScan data were more likely than children
without high-risk conditions to be vaccinated, vaccination coverage among high-risk
children remained below the Healthy People 2020 target of 70% during these seasons.32
Because of increased risk of severe complications and influenza-associated death among
children with underlying conditions, vaccination is especially important for these children.
Previous reports have also highlighted the occurrence of influenza-associated death in
previously healthy children with no reported high risk conditions.3 34 The present study
indicates that while VVE estimates tended to be higher among children without underlying
high risk conditions, significant protection was demonstrated for both groups of children for
most seasons.

This analysis is subject to several limitations. Coverage estimates from NIS-Flu and NHIS
rely on accuracy of parental report of influenza vaccination, which has been found to over-
estimate provider report of coverage.18 Over-reporting may be more common for
adolescents and children with high-risk conditions.1® The MarketScan database only
included privately insured children and vaccination rates based on insurance claims of
influenza vaccination were lower than those based on reported vaccination for the NHIS
cohort. However, MarketScan estimates were also lower than observed vaccination rates
(53% to 56% among children aged 6 months through 8 years and 37% to 43% among those
aged 9-17 years) among influenza-negative children enrolled in the outpatient Influenza
Vaccine Effectiveness network from 2011-2012 to 2013-2014.23-25 Sensitivity analysis
suggested that vaccination still provided protection against death assuming 10% to 20%
over-reporting in NHIS, which resulted in similar estimates to comparisons with MarketScan
cohorts. An alternative source of comparison coverage would be immunization information
systems, but reporting of influenza vaccination for children is not mandatory in all states.3°
The majority of pediatric deaths with unknown vaccination status had no documentation of
influenza vaccination in immunization information systems and were likely unvaccinated,;
sensitivity analyses treating these deaths as unvaccinated resulted in higher VE estimates.
Vaccination coverage in the comparison cohorts was likely intermediate between estimates
based on parental report and those based on insurance claims.18 Finally, our analysis
excluded deaths among infants who became eligible for vaccination after November 1 of
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each season and included partially vaccinated children; partial vaccination provided no
protection against severe influenza in a study conducted among children with influenza
admitted to pediatric intensive care units.2”

Results of this study suggest that vaccination reduced the risk of influenza-associated death
among children and adolescents and add to the evidence of benefits of influenza vaccination
for children. Annual vaccination is an important strategy to prevent influenza and influenza-
associated complications and deaths. These results support current recommendations for
annual influenza vaccination for all children =6 months of age.

Acknowledgments

We thank the influenza surveillance coordinators for their contributions to this study and all the clinicians, medical
examiners, and local, state, and territorial health-department colleagues who contributed to the surveillance of
pediatric influenza-associated deaths.

Funding Source: No external funding for this manuscript. The findings and conclusions in this report are those of
the authors and do not necessarily represent the official position of the Centers for Disease Control and Prevention.

Abbreviations

ACIP Advisory Committee on Immunization Practices
Cl credible interval

OR odds ratio

VE vaccine effectiveness

References

1. Grohskopf L, Sokolow L, Broder K. Prevention and Control of Seasonal Influenza with Vaccines.
MMWR Recomm Rep. 2016; 65(RR-5):1-54.

2. Centers for Disease Control and Prevention. Influenza Associated Pediatric Mortality. Available at
http://gis.cdc.gov/GRASP/Fluview/PedFluDeath.html. Published 2016. Accessed November 9, 2016

3. Wong KK, Jain S, Blanton L, Dhara R, Brammer L, Fry AM, et al. Influenza-associated pediatric
deaths in the United States, 2004-2012. Pediatrics. 2013; 132(5):796-804. [PubMed: 24167165]

4. Thompson M, Shay D, Zhou H, Bridges C, Cheng P, Burns E, et al. Updated Estimates of Mortality
Associated with Seasonal Influenza through the 2006-2007 Influenza Season. MMWR. 2010;
59(33):1057-1062. [PubMed: 20798667]

5. Thompson WW, Comanor L, Shay DK. Epidemiology of seasonal influenza: use of surveillance
data and statistical models to estimate the burden of disease. J Infect Dis. 2006; 194(Suppl 2):5S82—
91. [PubMed: 17163394]

6. Council of State and Territorial Epidemiologists. Influenza-Associated Pediatric Mortality. http://
c.ymcdn.com/sites/www.cste.org/resource/resmgr/PS/04-1D-04-FINAL.pdf. Published 2004.
Accessed December 6, 2016

7. Blanton L, Peacock G, Cox C, Jhung M, Finelli L, Moore C. Neurologic disorders among pediatric
deaths associated with the 2009 pandemic influenza. Pediatrics. 2012; 130(3):390-396. [PubMed:
22931899]

8. Bhat N, Wright JG, Broder KR, Murray EL, Greenberg ME, Glover MJ, et al. Influenza-associated
deaths among children in the United States, 2003—2004. N Engl J Med. 2005; 353(24):2559-2567.
[PubMed: 16354892]

Pediatrics. Author manuscript; available in PMC 2018 May 01.


http://gis.cdc.gov/GRASP/Fluview/PedFluDeath.html
http://c.ymcdn.com/sites/www.cste.org/resource/resmgr/PS/04-ID-04-FINAL.pdf
http://c.ymcdn.com/sites/www.cste.org/resource/resmgr/PS/04-ID-04-FINAL.pdf

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Flannery et al.

Page 9

9. Farrington CP. Estimation of vaccine effectiveness using the screening method. Int J Epidemiol.
1993; 22(4):742-746. [PubMed: 8225751]

10. Sato T. Risk ratio estimation in case-cohort studies. Environ Health Perspect. 1994; 102(Suppl 8):
53-56.

11. Sullivan SG, Feng S, Cowling BJ. Potential of the test-negative design for measuring influenza
vaccine effectiveness: a systematic review. Expert Rev Vaccines. 2014; 13(12):1571-1591.
[PubMed: 25348015]

12. Centers for Disease Control and Prevention. Prevention and control of influenza: recommendations
of the Advisory Committee on Immunization Practices [ACIP]. MMWR Morb Mortal Wkly Rep.
2011, 60(rr01):1-24.

13. Centers for Disease Control and Prevention. National Immunization Surveys. Available at http://
www.cdc.gov/vaccines/imz-managers/nis/about.html. Accessed November 9, 2016

14. Centers for Disease Control and Prevention. National Health Interview Survey. Available at http://
www.cdc.gov/nchs/nhis/about_nhis.htm. Accessed November 9, 2016

15. Santibanez TA, Lu PJ, O’Halloran A, Meghani A, Grabowsky M, Singleton JA. Trends in
childhood influenza vaccination coverage--U.S., 2004-2012. Public Health Rep. 2014; 129(5):
417-427. [PubMed: 25177053]

16. Lu PJ, Santibanez TA, Williams WW, Zhang J, Ding H, Bryan L, et al. Surveillance of influenza
vaccination coverage--United States, 2007-08 through 2011-12 influenza seasons. MMWR
Surveill Summ. 2013; 62(4):1-28.

17. Greenbaum AH, Chen J, Reed C, Beavers S, Callahan D, Christensen D, et al. Hospitalizations for
severe lower respiratory tract infections. Pediatrics. 2014; 134(3):546-554. [PubMed: 25113302]

18. Brown C, Clayton-Boswell H, Chaves SS, Prill MM, Iwane MK, Szilagyi PG, et al. Validity of
parental report of influenza vaccination in young children seeking medical care. Vaccine. 2011;
29(51):9488-9492. [PubMed: 22015394]

19. Lu PJ, Dorell C, Yankey D, Santibanez TA, Singleton JA. A comparison of parent and provider
reported influenza vaccination status of adolescents. Vaccine. 2012; 30(22):3278-3285. [PubMed:
22445809]

20. Fireman B, Lee J, Lewis N, Bembom O, van der Laan M, Baxter R. Influenza vaccination and
mortality: differentiating vaccine effects from bias. Am J Epidemiol. 2009; 170(5):650-656.
[PubMed: 19625341]

21. Jackson LA, Jackson ML, Nelson JC, Neuzil KM, Weiss NS. Evidence of bias in estimates of
influenza vaccine effectiveness in seniors. Int J Epidemiol. 2006; 35(2):337-344. [PubMed:
16368725]

22. Simonsen L, Viboud C, Taylor RJ, Miller MA, Jackson L. Influenza vaccination and mortality
benefits: new insights, new opportunities. Vaccine. 2009; 27(45):6300-6304. [PubMed: 19840664]

23. Gaglani M, Pruszynski J, Murthy K, Clipper L, Robertson A, Reis M, et al. Influenza Vaccine
Effectiveness Against 2009 Pandemic Influenza A(H1N1) Virus Differed by Vaccine Type During
2013-2014 in the United States. J Infect Dis. 2016; 213(10):1546-1556. [PubMed: 26743842]

24. McLean HQ, Thompson MG, Sundaram ME, Kieke BA, Gaglani M, Murthy K, et al. Influenza
vaccine effectiveness in the United States during 2012-2013: variable protection by age and virus
type. J Infect Dis. 2015; 211(10):1529-1540. [PubMed: 25406334]

25. Ohmit SE, Thompson MG, Petrie JG, Thaker SN, Jackson ML, Belongia EA, et al. Influenza
vaccine effectiveness in the 2011-2012 season: protection against each circulating virus and the
effect of prior vaccination on estimates. Clin Infect Dis. 2014; 58(3):319-327. [PubMed:
24235265]

26. Treanor JJ, Talbot HK, Ohmit SE, Coleman LA, Thompson MG, Cheng PY, et al. Effectiveness of
seasonal influenza vaccines in the United States during a season with circulation of all three
vaccine strains. Clin Infect Dis. 2012; 55(7):951-959. [PubMed: 22843783]

27. Ferdinands JM, Olsho LE, Agan AA, Bhat N, Sullivan RM, Hall M, et al. Effectiveness of
influenza vaccine against life-threatening RT-PCR-confirmed influenza illness in US children,
2010-2012. J Infect Dis. 2014; 210(5):674-683. [PubMed: 24676207]

Pediatrics. Author manuscript; available in PMC 2018 May 01.


http://www.cdc.gov/vaccines/imz-managers/nis/about.html
http://www.cdc.gov/vaccines/imz-managers/nis/about.html
http://www.cdc.gov/nchs/nhis/about_nhis.htm
http://www.cdc.gov/nchs/nhis/about_nhis.htm

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Flannery et al.

28.

29.

30.

31.

32.

33.

34.

35.

Page 10

Foppa IM, Cheng PY, Reynolds SB, Shay DK, Carias C, Bresee JS, et al. Deaths averted by
influenza vaccination in the U.S. during the seasons 2005/06 through 2013/14. Vaccine. 2015;
33(26):3003-3009. [PubMed: 25812842]

Szilagyi PG, Fairbrother G, Griffin MR, Hornung RW, Donauer S, Morrow A, et al. Influenza
vaccine effectiveness among children 6 to 59 months of age during 2 influenza seasons: a case-
cohort study. Arch Pediatr Adolesc Med. 2008; 162(10):943-951. [PubMed: 18838647]

Centers for Disease Control and Prevention. Effectiveness of 2008-09 trivalent influenza vaccine
against 2009 pandemic influenza A (H1N1)--United States, May—June 2009. MMWR Morb
Mortal WKly Rep. 2009; 58:1241-1245. [PubMed: 19910912]

Morgan OW, Bramley A, Fowlkes A, Freedman DS, Taylor TH, Gargiullo P, et al. Morbid obesity
as a risk factor for hospitalization and death due to 2009 pandemic influenza A(H1N1) disease.
PLo0S One. 2010; 5(3):9694. [PubMed: 20300571]

US Department of Health and Human Services, Office of Disease Prevention and Health
Promotion. Healthy People 2020. Available at: https://www.healthypeople.gov/2020/data-search/
Search-the-Data#srch=influenza;topic-area=3527;. Accessed November 9, 2016

Havers F, Fry A, Peacock G, Finelli L. Influenza vaccination and treatment in children with
neurologic disorders. Ther Adv Vaccines. 2014; 2(4):95-105. [PubMed: 24982759]

Finelli L, Fiore A, Dhara R, Brammer L, Shay DK, Kamimoto L, et al. Influenza-associated
pediatric mortality in the United States: increase of Staphylococcus aureus coinfection. Pediatrics.
2008; 122(4):805-811. [PubMed: 18829805]

Martin DW, Lowery NE, Brand B, Gold R, Horlick G. Immunization information systems: a
decade of progress in law and policy. J Public Health Manag Pract. 2015; 21(3):296-303.
[PubMed: 24402434]

Pediatrics. Author manuscript; available in PMC 2018 May 01.


https://www.healthypeople.gov/2020/data-search/Search-the-Data#srch=influenza;topic-area=3527
https://www.healthypeople.gov/2020/data-search/Search-the-Data#srch=influenza;topic-area=3527

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Flannery et al.

Page 11

Table of Contents Summary

This study estimates influenza vaccine effectiveness against deaths among children with
and without underlying high-risk medical conditions using a case-cohort approach.
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What’s Known on This Subject

Annual influenza vaccination is recommended beginning at 6 months of age to prevent
influenza and its complications. Most influenza-associated pediatric deaths occur in
unvaccinated children. Evidence for effectiveness of vaccination in preventing influenza-
associated deaths is needed.

What This Study Adds

This study estimated influenza vaccine effectiveness of 65% (95% confidence interval:
54-73) to prevent laboratory-confirmed influenza-associated death among children.
Vaccine effectiveness was lower for children with underlying medical conditions but
protection remained significant. Sensitivity analyses support the robustness of these
findings.
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Figure. Comparison of Vaccination Coverage Among Influenza-Associated Pediatric Deaths and
Comparison Cohorts During Four Influenza Seasons, According to Month of Death

Note: Number of deaths shown in parentheses. Coverage estimates for comparison cohorts
correspond to month preceding case illness onset.
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Table 1

Characteristics of Influenza-Associated Pediatric Deaths With Known Vaccination Status, United States,
2010-11 to 2013-14 Influenza Seasons (N=291)7

Total Vaccinated®
Characteristic No. % No. % vaccinated
Overall 291 75 26
Gender
Female 135 46 30 22
Male 156 54 45 29
Age
6 months to 4 years 93 32 31 33
5to 12 years 128 44 26 20
13 to 17 years 70 24 18 26
Race/ethnicity
White, non-Hispanic 154 53 42 27
Hispanic or Latino 57 20 12 21
Black, non-Hispanic 39 13 3 8
Asian/Pacific Islander 12 4 8 67
American Indian/Alaskan Native 7 2 2 29
Identified by >2 races 1 <1 1 100
Unknown 21 7 7 33
High-risk medical conditions ¢
No high-risk medical conditions 135 47 27 20
One or more high-risk medical condition? 153 53 47 31
Chronic pulmonary disease (including asthma) 72 25 25 35
Metabolic disorders (including diabetes) 18 6 8 44
Neurologic and neuromuscular disorders 75 26 25 33
Renal disease 3 1 0 0
Cardiac or congenital heart disease 30 10 7 23
Immunosuppressive condition 15 5 7 47
Pregnancy 2 1 0 0
Two or more high-risk medical conditions? 46 16 L7 37
Other high-risk conditions € sr 1B 13 35
Location of death 7
In hospital 189 66 54 29
Emergency department 54 19 17 31
Outside hospital 45 15 3 7
Influenza virus type/subtype
Influenza A 173 59 44 25
A(H1N1)pdm09 87 30 24 28
A(H3N2) 68 23 15 22
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Total VaccinatedP
Characteristic No. % No. % vaccinated
A, subtype not distinguished
Influenza B 113 39 31 27
Co-infection (types A and B) 5 2 0 0

a . . i
Excludes children with unknown vaccination status.

b . . . . . .
Receipt of at least one dose of influenza vaccine =14 days before onset of illness for season in which death occurred.

Page 15

Case investigation form indicates presence of high-risk condition, as defined by Advisory Committee on Immunization Practices guidance for

conditions that increase risk for complications of influenza. High risk status was not reported for 3 deaths.

dMore than one medical condition could be reported for each pediatric death.

e . . . -
Includes chromosomal abnormalities, genetic syndromes and mitochondrial disorders.

fLocation of death was missing for 3 deaths.

Pediatrics. Author manuscript; available in PMC 2018 May 01.



Page 16

Flannery et al.

Author Manuscript

‘S[eAIB)UI B]GIPaID 9466 URISaARg
UHM ‘SLI0Y09 uosLiedwod Nj4-SIN Ul UOITBUIDIRA JO SPPO 01 SU1eap paje1dosse-ezuanjyul Buowe uoieurdsea Jo sppo Buriedwod uoissaifal onsifol woy ([4O] oney sppo - T) x 00T Se palejnajed 3,

"J9SUO ssau|1 8sed 01 Jolid sAep < Buipua yyuow Burinp ‘syresp oLneIpad YlIM 90UspISal
10 ae1s pue Alobajed abe ‘uosess Aq patred ‘s10Y0d uostiedwod Nj4-A3AINS UOKBZIUNWW| [euolleN 10} (SHWI| 80USPIUOD %GE Jaddn pue Jamo] YiIM) sarewnss abeianod au1adeA ezusnjjul abelany

q

'SNIElS UOIEUIOOEA UMOUBUN LIM S85e0 Sapnjox3,

“[eAJBIUI 3]GIPRID D WI| SOUBPHUOD %G6 Jaddn DN ‘M| 30USPLUOD %66 Jamo] 1D

(L ‘zv) 29 (S5 ‘zv) 6 LT ETT/IE g ezuanpu|
(92 '€9) 99 (s 1P) 8y 74 eLTIVY Vv ezuanjul
SNJIA ezusnjjul
(€8 ‘29) TL (85 ‘L) €5 9 18/1¢ v1-£102
(22 '9v) 9 (es '6€) 14 e 9TT/82 €1-210¢
(6 ‘1) 08 (65 ‘¥¥) 15 6T 14417 2I-T102
(v, ‘ze) vS (s ‘6€) Ly o ellee 11-0102
uoseas
(29°0) or (ev ‘o) 9 9 04/8T sieak /T- €1
(8 ‘€9) 9. (95 ‘v¥) 0 (14 82T/92 s1eah g1 - G
(92 '0v) 19 (9 Lv) S €e €6/T¢E steak ¢ - syjuow 9
aby
(L 'vS) g9 (S5 ‘zv) 8y 9z 162/5.
TEIELYe)
1D %56 % (10N *107) pajeuIddBA 9p 3BRIBAY  PBJBUIDIBA Op  [E}01/PAYeUlddeA "ON
winjeJls

5SSOUBATIONT BURJEA  gNIJ-ASAINS UOHEZIUNWW] [EUOHEN

eSUTesq PaleIdossy-ezusnijul

¢ dlqeL

Author Manuscript

dnolo aby pue uoseas Aq S$e1ewilsg ssausAndayg
3UIDIBA YUAA ‘SLOY0D Nj4-ABAINS UoIeZIUNWILWI| [euoieN 01 patedwod syreaq dlieipad pareldossy/-ezuanjiu] Buowyy pareuldoeA abeiusolad

Author Manuscript

Author Manuscript

Pediatrics. Author manuscript; available in PMC 2018 May 01.



Page 17

Flannery et al.

“U0ISSa1631 O1ISIBO] WOIY PAYRWISA [BAISIUI B]QIPBID %4GE URISaARE puR S3IBLUIISS SSAUDAINIBYS aUIBA,

"Jasu0 ssau||1 ased 0} Jold sAep $T< Buipus yiuow Bupnp ‘syreap duieipad yum
snyels ysu ybiy pue Alobayes abie ‘uoseas Ag paited ‘suoyod uosLedwod ASAINS MaIAIBIU| YIJeaH [euolieN Joj (SHWI| 89UapIIU0D 9466 Jaddn pue Jamoj] Ylim) sarewniss abelanod auidoeA ezuanjjul abelony

q

'SNIeIS UOIRUIOOBA UMOUBUN LIM S8580 Sapnjox3,

“[EAJBIUI B]GIPAID ‘[ W] BOUBPILOD %G6 Jaddn “TOM LUI| 9UBPLUOD 9466 JaMO] 10T

(28 'ev) 1L (¥ '9¢) 8¢ 91 G6/6 (€9 'e1-) Ge (25 '6€) 8y 8¢ §6/1C g ezuanyu|
(22'18) 65 (vv '6€) 114 € 8./8T (vL's€) 65 (95 '9¢) 14 L2 §6/92 V ezuanjjul
SnJIA ezuanjyu|
(22'11-) 8y (67 ‘ev) £l 7€ zeloT (88 '09) GL (€9 ‘zv) €5 € LTt v1-€10¢
(06 ‘9v) 9. (6€ 'v€) L€ vT 28/L (59 °0) 8¢ (€5 've) {37 €€ v9/12 €1-2102
(66 '9T) 68 (v ‘zv) Gy €T 8/1 (¥6 ‘0) €L (95 ‘6€) 8Y €C eT/e 21-T102
(¥8 'v2) €9 (ev 'L8) oy 174 £v/6 (¢9 's8-) €1 (75 '9¢) Sy 134 62/eT T1-0T0¢
uoseas
(68 '-) 09 (g *L2) og ST 9zly (29 '8z-) ee (15 ‘1€) 144 € evIvT sieak JT-€T
(¢6°L9) 6L (ev 'L8) 6 €1 GG/L (18'1T1) 59 (25 'TP) 34 92 eLieT s1eak gT -G
sIeak
(¥, 'vT) 25 (6v ‘ev) 14 o ¥S/9T () 6 (09 ‘2€) 8Y L 8e/vT ¥ — syjuow 9
by
(8L 'Lv) G9 (ev '8€) or (114 GET/LT (29 '1€) 1§ (25'28) Ly 1€ €ST/LY 1lesan0
,._o._vﬁ%ym:_sg _._o._vﬂmw:_sg
1D %56 % 0 abelany paleulddeA 0 [B10] /PBleulddeA "ON 1D %S6 % 04 abeaany paleuldden o, [e10] /Paleuldden ‘oN
gRIdwes gRldwes wnens
RSAING MBIAIBIU| ASAING MBIAIBIU|

NSEVENIREITE EVRREN

UIeaH [euoneN

2SUTEaQ PaTeIdossy-ezuanjjuj

NSENENTREITE ENVRREN

UIeaH [euoneN

2SUTeaq PaTeId0ssy-ezuanjju]

Author Manuscript

SUOIIPUOD [EIIP3IA YstH-UBIH INOUNM UBIP|IYD

€ 9lqeL

Author Manuscript

SUOINPUOD [BIIPAIAI SSIH-UBIH UNm Ua1pjiyo

dnolo aby pue uoseas Aq Sarew IS SSBUBAIIDBYT SUIDIBA YlIM
‘sne1s ysiy-ybiH 01 Buipaoddy ajdwes maiAIBlu| Yi[eaH [euoiieN 01 pasedwod syleaq dl41RIpad Pareldossyy-ezuanjjul Buowy pajeuldoeA abejuadiad

Author Manuscript

Author Manuscript

Pediatrics. Author manuscript; available in PMC 2018 May 01.



Page 18

Flannery et al.

*(6=u) suonipuod anissasddnsounwiwi

pue (gT=u) saseasip JeIpJed ‘(gg=Uu) s1ap.osip d160]joinau ‘(gT=u) slaplosip dljogersw ‘(ge=u) suonipuod Areuow|nd Yum uaip]iyd sapnjoul ‘syreap odireipad pare1oosse-ezuanjjul ocoE<m

's1eak /T 01 €T pabe ualp|Iyo 01 paroilsal Aoueubaid

1Y

U0SEas 1988 JO AR\ AQ PaIeUIOOBA JaGLINU U} JO SUOSESS BZUSN|JUI N0 JOAO mmem><u

"¥T0Z-ET0Z YBnoay TT0Z-0TOZ ‘SUOSEaS BZUSN|JUI INOJ J9A0 SafRIaAR a.e 18SeIep SWie|D [RI0JaWWo) uedSIax el 1oy sabejusaiad pue sisquiny

q
'sa110621e9 Ysu-ybiy 410V

210W O OM] WO} SUOIHIPUOD UIIM 3S0Y} PAPN|aUl SUOIIPUOD SL-UBIY 2J0W JO OMI Y3 UBIPJIYD ‘S3011081d UOIRZIUNWW] 10 9911WwoD AI0SIAPY 8y} 03 Buipi0d2e BZUSN|UI 0} 9Np y1eap 1o suoliezifendsoy
‘suonealdwod Jo st pasealoul e sdnouf uo paseq sariofe1ed ysi-yBiy sAISNoXa Ajjeninuwi ojul PaijISSe|d aIaM aseqerep UedSIayBAl WOJ UsIP[Iyd pue syjesp oLieipad pareloosse ezusniyul,,

(sv) v1T L8 T 9T €8 (L) 1T 9T a9 SUOIIPUOA YsL-yBiy aIow 1o g
(v€) 9TE 9 > €25 81 ©o 1 z ploueubaid
(t€) zzo 8t T 60 85 (ee) e 4 9 suonIpuod anissasddnsounwuw]
(9g) L9€ 91 |53 8y G o) v 9 /T saseasip 1eay [enuabuod pue seipred
(se) Legve 1 1€9 0L (0g) 1T €T L s1aposip o160j0InaN
(ve) o5z 11 7> 8v¢ €€ (ee) e 4 9 S13pJOSIp 91]0gelN
(zv) 826 SLT 9 898 ¥Tv (82) 1T €T 6€ ewiyse Buipnjoul ‘suonipuod Areuow|nd
(L2) 668185 T 68 T€0GT8 S (02) 82 Ly 8eT uonIpuod YsL-ybiy oN
oPBIBUISORA (%) 'ON 10196  ‘ON peeulodeA (%) ON  [e10196  ‘ON

ef1063180 YsL-ybiH
q(E9E'EVS'9=N) 18SEIEP SLUIL|D [BIOIBUWIOD UBISIDIBIN  (167=N) syreap oLeIpad pajeloosse-ezuanju

Author Manuscript

¥ alqeL

Author Manuscript

Author Manuscript

¥T0Z-0TOZ ‘aseqeleq Swre| [e10JaWwo)
UBISIMJRIN Ul UBIP|IYD pue yread ParelIdnssy/-ezuanjju] YIAA UsIp(iyd Buowy uoieuidde/ ezusnjju] pue suoiipuod sty ybiH Jo aousjensid

Author Manuscript

Pediatrics. Author manuscript; available in PMC 2018 May 01.



Page 19

Flannery et al.

"SSAUBAIIDBLSD SUIDOBA ‘JA ‘[eAIBIUI B]GIP3ID 1D W] B0UBPIIUOD 9466 Jaddn ‘TN IWI| S0USPIUOD %G6 JMO] ‘DT ‘ASAINS MBIAISIU| YI[BaH [euolieN ‘SIHN ‘Nj4-A8AINS uoneZIUNWW| [euoiieN ‘ni4-SIN

mpo v2) 05 12 9T 19T PaleuIdoBAUN SB SNJEIS UOITRUIdIeA UMOUXUN UM Syeap Bulyess |
p09'%)  ge 8z 0z geT SNJEIS UOIBUIZOBA UMOUXUN U} SUFeap Buipnjox3
10402 »s1i-ybiy ou uedsIaeN 140y09 Ys1-ybiy ou ueasIaxIeN
h@m K4)) gc Ge 9z 28T pa1euIdIBAUN S SNJE]S UOITBUIDIRA UMOUNUN YIIM Sy1eap Buieal |
hﬁmq ‘LT7) 81 ge 1€ €ST SNJEIS UOIRUIDoRA UMOUNUN YIIM Syreap Buipnjox3
210U Ysu-ybiy uedsissIeiN 1404092 Xs1-ybiy ueasisyein
(89'v2) 6 (ve'08) z¢ 0z et qUONRLINSE-1aN0 9407 Bulwinssy
(eL'se)  8s (6€ 've) 9¢ 0z seT gUOMRWINS?-13A0 40T Bununssy
(18'98) 1L (Lv'TY) v 0z ST qUoMewNsa-Iapun 90T Bulwnssy
(e8'09) €L (e '8€) ov 9T 191 PEYRUIDIBAUN SE SNEIS UONEUIDBA UMOUXUN YNIM sureap Buneal |
(82°1¥) <9 (ev '8e) OF 0z GeT SNjels LUOIUIDORA UMOUNUN Yl syeap Buipnjox3
2H0y02 Ysu-ybiy ou SIHN 140y09 Xs1-ybiy ou SIHN
(s'v) 1z (sv'08) L€ 1€ €T gUoELINS?-1an0 0407 Buiwnssy
(6s'91)  T¥ (16 'v€) 2v 1€ €5t UOEWNSA-19A0 40T BulLNsSy
(eL'vp) 19 (29 '1¥) 25 1€ €sT qUONEWINSS-43pUN 940T Bulwinssy
(eL'1v) 29 (95 '28) L¥ 9 81 PSIEUIIILAUN SE SNTIS UOITBUIIIBA UMOUNUN UHIM Syyesp Bunea. |
(29'18) 18 (25°28) Ly 7€ €5T SNjels UOIeUIdOBA UMOUUN UM syleap Buipnjax3
2M10402 Xsu-ybiy SIHN 1404092 Ysu-ybiy SIHN
65'60)  9oF (vb 've) 65 % 162 UOITEWNSA-IBA0 9407 BulLNSSY
(29'vp) 95 (67 '8€) v 9z 162 qUONRLINSE-1a0 90T Bulwinssy
(62'v9) 2L (65 ‘9v) €5 9z 162 qUOMRWINS3-I3pUN 90T Bulnssy
(08'99) w2 (ss ‘zv) 6V T2 8¢ POJRUIDJBAUN SE SNJE}S UOIEUIdIRA UMOUNUN UM sujeap Buneai|
(L 'v3) S9 (a5 ‘zv) v 9 162 SNJEIS UOIRUIDIRA UMOUNUN YIIM Syreap Buipnjox3
pH0Y0d N|4-SIN 140409 uosiredwod nj4-SIN
10%S6 3IA (10N 71071) PsjeulddeA 9p 8Ny PIYeUIOdeA S8SeD O SUTesp palejas-njj ON sisAjeue Anamisuas

SNJeIS UOIRUIDORA 10oY0D uostiedwo) pue ased 01 siuawisnipy YuAA Se1ewsT SsauaAlloallg aulodeA 1oy sisAjeuy AlANISUSS

Author Manuscript

G 9lqeL

Author Manuscript

Author Manuscript Author Manuscript

Pediatrics. Author manuscript; available in PMC 2018 May 01.



Page 20

Flannery et al.

FEST)
ssau||1 Buipadaid yyuow pue dnoB abe ‘uosess Aq yresp orreipad yum padted s10Y0d UosLIBAWIOD UBISIBNJBIA 10} PASN 31aM SaYeWSa 9BeIan0d 213199ds-a1e1s ‘SUOIIIPUOD st YBIY INOYIM UaIp[Iyd jod

"J9SJ0 UB Se PaJajua 110yod uosiedwod uedSiaxe|Al Ul UOITRUIDIBA JO SPPO YlIM uoIssalbal 013s160] wouy 3 10} S[eAIaIUl 8dUSPIIU0D gmmﬁ

"19su0 ssau||i Buipadaid yuow pue ‘snyels ysu ybiy ‘dnolb abe ‘uoseas Aq yreap oueipad yiim palied suoyod uosLedwod uedSIaNIeA pue SIHN 404 arewnsa abelanod jeuorieu mem><u
9602 10 %0T Aq paonpal 10 90T Ag Paseaoul a1am Loyod uosLedwod yoes 1oy sajewnss abelanod >m>_:mq
"19su0 ssau||1 Buipadaid yiuow pue aduspisal Jo alels ‘dnolb abe ‘uoseas Aq yreap ouieipad ynum paired 1oyod nj4-SIN 404 drewnss abesanod wmm_m><m

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Pediatrics. Author manuscript; available in PMC 2018 May 01.



	Abstract
	INTRODUCTION
	METHODS
	Influenza-Associated Pediatric Deaths
	Influenza Vaccination Coverage in Cohorts
	Analysis

	RESULTS
	DISCUSSION
	References
	Figure
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5

