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Background. Higher rates of influenza-related morbidity and mortality occur in individuals with underlying medical condi-
tions. To improve vaccine effectiveness, cell-based technology for influenza vaccine manufacturing has been developed. Cell-derived 
inactivated quadrivalent influenza vaccines (cIIV4) may improve protection in seasons in which egg-propagated influenza viruses 
undergo mutations that affect antigenicity. This study aimed to estimate the relative vaccine effectiveness (rVE) of cIIV4 versus egg-
derived inactivated quadrivalent influenza vaccines (eIIV4) in preventing influenza-related medical encounters in individuals with 
underlying medical conditions putting them at high risk of influenza complications during the 2018–2019 US influenza season.

Methods. An integrated dataset, linking primary care electronic medical records with claims data, was used to conduct a retro-
spective cohort study among individuals aged ≥4 years, with ≥1 health condition, vaccinated with cIIV4 or eIIV4 during the 2018–
2019 season. Adjusted odds ratios (ORs) were derived using a doubly robust inverse probability of treatment-weighting (IPTW) 
model, adjusting for age, sex, race, ethnicity, geographic region, vaccination week, and health status. Relative vaccine effectiveness 
was estimated by (1 − OR) × 100 and presented with 95% confidence intervals (CIs).

Results. The study cohort included 471 301 cIIV4 and 1 641 915 eIIV4 recipients. Compared with eIIV4, cIIV4 prevented signif-
icantly more influenza-related medical encounters among individuals with ≥1 health condition (rVE, 13.4% [95% CI, 11.4%–15.4%]), 
chronic pulmonary disease (rVE, 18.7% [95% CI, 16.0%–21.3%]), and rheumatic disease (rVE, 11.8% [95% CI, 3.6%–19.3%]).

Conclusions. Our findings support the use of cIIV4 in individuals ≥4 years of age at high risk of influenza complications and 
provide further evidence supporting improved effectiveness of cIIV4 compared with eIIV4.

Keywords.  cIIV4; eIIV4; influenza; quadrivalent influenza vaccine; relative vaccine effectiveness.

Seasonal influenza causes substantial morbidity and mortality 
each year in the United States. The Centers for Disease Control 
and Prevention (CDC) estimates that influenza has resulted in 9 
million to 45 million illnesses, 140 000–810 000 hospitalizations, 
and 12 000–61 000 deaths annually since 2010 [1]. Influenza in-
fections are characterized by the sudden onset of high fever as 
well as myalgia, headache, severe fatigue, nonproductive cough, 
sore throat, and runny nose [2]. Most healthy infected individ-
uals recover within 7–14 days without requiring medical treat-
ment; however, individuals with underlying medical conditions, 
including chronic pulmonary diseases, cardiovascular, renal, 

hepatic, neurologic, hematologic, and metabolic disorders 
such as diabetes, are more likely than healthy persons to suffer 
from influenza complications [3]. In these high-risk popula-
tions, influenza infection can lead to exacerbations of chronic 
illnesses as well as neurological complications, pneumonia, and 
death [4–7]. For these reasons, the US Advisory Committee 
on Immunization Practices (ACIP) has designated individuals 
with the above-listed underlying medical conditions a priority 
group for annual influenza vaccination [8]. More importantly, 
however, high-risk individuals are often excluded from ran-
domized trials evaluating vaccine efficacy, and influenza vac-
cine coverage among US adults with high-risk chronic medical 
conditions continues to be suboptimal [9].

Standard, egg-derived influenza vaccines have demon-
strated suboptimal effectiveness, likely due to the isola-
tion and propagation steps of vaccine production in eggs 
[10–13]. Egg-based manufacture of influenza vaccines is 
prone to antigen mismatch due to amino acid substitutions 
in the influenza hemagglutinin glycoprotein. These substitu-
tions can affect receptor-binding and alter antigenicity [14]. 
Such antigenic changes are associated with reduced vaccine 
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performance, particularly in years when A(H3N2) virus 
strains predominate, and could potentially also reduce ef-
fectiveness of influenza pandemic vaccines [12]. These mu-
tations can alter antigenicity and can contribute to reduced 
effectiveness of egg-derived influenza vaccines [10–13]. 
In the US 2018–2019 season, influenza vaccines were 29% 
(95% confidence interval [CI], 21%–35%) effective against 
influenza-associated illness. Vaccine effectiveness was 
44% (95% CI, 37%–51%) against A(H1N1)pdm09-related 
illnesses but provided limited protection against A(H3N2)-
related illnesses (9%; 95% CI, −4% to 20%) [15]. Emerging 
evidence suggests that egg-adapted mutations in influenza 
viruses have affected antigenicity against A(H3N2) viruses, 
which may explain the potential for lower vaccine effective-
ness against A(H3N2) observed in the 2018–2019 season in 
the United States [16].

Alternatively, replication of influenza viruses in cell-based 
manufacturing avoids adaptive genetic mutations, resulting 
in a vaccine that includes influenza strains that are more 
antigenically faithful to the starting candidate virus compared 
with egg-derived influenza vaccine viruses [16–18]. A  cell-
based quadrivalent, inactivated influenza vaccine ([cIIV4] 
Flucelvax Quadrivalent; Seqirus USA Inc., Summit, NJ) was 
approved in the United States in May 2016. Recent studies 
have demonstrated significantly improved effectiveness of 
cIIV4 compared with egg-derived quadrivalent-inactivated 
influenza vaccine (eIIV4), which has been attributed to a 
better match between vaccine strains and circulating virus 
[19–21]. The effectiveness of cell-based vaccines has not 
been evaluated in persons with underlying medical condi-
tions who are at increased risk of influenza complications. 
This retrospective cohort study aimed to estimate the real-
world effectiveness of cIIV4 relative to eIIV4 in individuals 
≥4 years of age with underlying medical conditions who are 
at high risk of influenza complications during the US 2018–
2019 influenza season.

METHODS

Study Design

A retrospective cohort study was conducted among a subset of 
patients who had underlying health conditions from a larger 
retrospective cohort study evaluating the rVE of cIIV4 versus 
eIIV4 in US individuals during the 2018–2019 influenza season 
[22]. This study was designed, implemented, and reported in 
accordance with Good Pharmacoepidemiological Practice, ap-
plicable local regulations, and the ethical principles laid down 
in the Declaration of Helsinki. Study findings are reported in 
accordance with the Reporting of Studies Conducted using 
Observational Routinely Collected Health Data (RECORD) 
recommendations.

Data Sources and Linkage

An integrated dataset was created by linking primary care and 
specialty clinic patient-level electronic medical records (EMRs) 
from Veradigm Health Insights (Allscripts Touchworks & 
Allscripts PRO, Chicago, IL, as well as Practice Fusion, Inc., San 
Francisco, CA) with pharmacy and medical claims data, where 
available (Komodo Health Inc., New York, NY). A third party 
(Datavant, San Francisco, CA) performed deidentification and 
linkage. Tokens from the identifiable information (last name, 
first name, sex, birth date) were created separately for each pa-
tient in both data sources. For patients in both sources with 
matches on both tokens, 1 unique patient identifier was created 
and the 2 data sources were linked using the patient identifier. 
The dataset was checked to verify that it contained no Protected 
Health Information (PHI) and was evaluated and certified for 
Health Insurance Portability and Accountability Act (HIPAA) 
compliance. Research staff were not involved in preparation of 
datasets containing PHI or the running of the linkage algorithm.

Study Population

The study population included US residents ≥4  years of age 
with ≥1 health condition who had a record of receiving either 
eIIV4 or cIIV4 between August 1, 2018 and February 28, 2019 
and had at least 1 record in the primary care EMR platform 
12 months before the recorded vaccination date. Subjects were 
considered “fully vaccinated” 14 days after vaccination to allow 
for the development of vaccine-specific immunity. Subjects were 
excluded from the cohort if they (1) were ≥9 years of age and 
had received >1 influenza vaccination during the 2018–2019 
influenza season, (2) were <9 years of age and had received >2 
influenza vaccinations during the 2018–2019 influenza season, 
or (3) had an influenza-related medical encounter during the 
2018–2019 season but before the vaccination date.

Health conditions of subjects identified from the integrated 
dataset were defined using the Charlson Comorbidity Index (CCI) 
categories and coded according to an adaptation of Deyo-Charlson 
comorbidity score (Supplementary Table 1) [23]: chronic pulmo-
nary disease (including chronic lower respiratory diseases, respira-
tory conditions due to external agents, pulmonary heart diseases, 
and lung diseases), asthma (a subcategory of chronic pulmonary 
disease that was identified a priori for separate evaluation given its 
prevalence in the United States [24]), myocardial infarction and/or 
congestive heart failure, cerebrovascular disease and/or peripheral 
vascular disease, renal disease, diabetes with chronic complication 
and/or diabetes without chronic complication, any malignancy 
and/or metastatic solid tumors, human immunodeficiency virus 
(HIV)/acquired immune deficiency syndrome (AIDS), rheumatic 
disease, mild liver disease and/or moderate or severe liver disease. 
Individuals with these underlying conditions have been identified 
by the CDC as being at higher risk for complications due to in-
fluenza [8]. High-risk categories were not mutually exclusive, and 
individual patients could be included in more than 1 category.
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Patient Consent

This study was a noninterventional, retrospective database 
study using a certified HIPAA-compliant deidentified research 
database. Approval for this analysis by an institutional review 
board was not necessary.

Exposure Ascertainment

Potential study subjects were identified if they had a record 
of an influenza immunization between August 1, 2018 and 
February 28, 2019. The date of recorded immunization was 
considered the index date. Eligible study participants were 
classified into 2 exposure cohorts based on the type of influ-
enza vaccine (cIIV4 or eIIV4) recorded in either the EMR 
or the claims components of the integrated dataset. Current 
Procedural Terminology (CPT) codes, codes for vaccines 
administered (CVX), and national drug codes (NDCs) 
(Supplementary Table 2) were used to ascertain exposure 
status.

Outcome Ascertainment

The primary outcome of interest was the occurrence of 
influenza-related medical encounters in both hospital and pri-
mary care, defined by International Classification of Diseases 
(ICD) codes specific to influenza (ICD-10 J09*-J11*), ascer-
tained from both the EMR and claims components of the 
integrated dataset. The diagnostic codes used correspond to 
the US Armed Forces Health Surveillance Center (AFHSC) 
Code Set B, which includes only influenza-specific ICD 
codes (Supplementary Table 3) [25]. Code Set B was iden-
tified a priori as the primary outcome of interest because it 
corresponded to a higher positive predictive value for influ-
enza in a validation study conducted within a population of 
Armed Forces members and their dependents [26]. In addi-
tion, a secondary, broader case-definition for “influenza-like 
illness (ILI)” defined by AFHSC Code Set A was also evalu-
ated (Supplementary Table 3).

Covariates

Covariates of interest were identified in the 12 months before the 
recorded date of immunization with cIIV4 or eIIV4 (termed the 
“pre-index period”). Data were ascertained from each subject’s 
EMR on age (categorical: ≥4  years, ≥4 to ≤17  years, ≥18 to 
≤49 years, ≥18 to ≤64 years, ≥50 to ≤64 years, and ≥65 years), 
sex (male, female), race and ethnicity (black, white, Hispanic, 
other), US geographic region (South, West, Northeast, Midwest, 
Other), and health status (quantified using binary variables for 
categories in the CCI) [23, 27]. Covariate balance between the 
exposure groups before and after weighting was assessed using 
Austin’s standardized mean difference before and after inverse 
probability of treatment weighting (IPTW), with a value ≤0.1 
indicating a negligible difference in proportions between expo-
sure groups [28, 29].

Observation Period

Ascertainment of exposure and outcome spanned between 
August 1, 2018 and May 18, 2019.

Statistical Methods
Per Protocol
A descriptive analysis was conducted for both vaccine co-
horts. Continuous and categorical variables were reported 
as mean  ±  standard deviation and proportional values, re-
spectively. Unadjusted odd ratios (ORs) of influenza-related 
medical encounters were estimated from a univariable model 
with vaccine type as the only predictor variable. Adjusted ORs 
were derived from a weighted sample using IPTW. First, a 
multivariable logit model adjusted for age, sex, race, ethnicity, 
geographic region, week of influenza vaccination, and health 
status was used to generate propensity scores (PSs) to estimate 
the probability of receiving ccIIV4 versus eIIV4. An individual’s 
health status was quantified using binary variables that corres-
ponded to health categories in the CCI (ie, presence or absence 
of high-risk condition). All binary variables were included in 
the model with the exception of the medical condition under 
evaluation. Propensity scores were regenerated for each cohort 
defined by a high-risk condition and used to create stabilized 
IPTW weights. Weights were truncated at the 3rd and 97th 
percentile weight to attenuate any extreme variability from 
outlier patients. Adjusted ORs were then estimated for the full 
study sample and for each individual high-risk category using 
a logistic regression model (record of influenza-related med-
ical encounter versus no influenza-related medical encounter 
as outcome) in the IPTW-weighted cohort with vaccine type as 
the predictor. The rVE was calculated as 100 × (1 − ORadjusted) 
and reported with 95% CIs. Categorical variables with missing 
or null values in the EMR were classified as “not reported” or 
“unknown.” Missing or out-of-range values were not imputed. 
All analyses were conducted using SQL and SAS version 9.4.

Post hoc
A doubly robust IPTW analysis was conducted post hoc to 
account for any residual confounding of adjusted rVE esti-
mates from measured covariates [30]. Adjusted ORs for the 
overall study population and for each high-risk category were 
re-estimated in an IPTW-weighted sample using a multivariable 
model that included vaccination status as a predictor as well as 
all variables from the PS-generation model.

RESULTS

In total, 2 113 216 individuals with at least 1 health condition 
were included in the study, 471  301 (22.3%) of whom had a 
record of immunization with cIIV4 and 1  641  915 (77.7%) 
had a record of immunization with eIIV4 (Table 1). Among 
cIIV4 recipients, 25.8% reported an influenza-related med-
ical encounter compared with 27.1% in the eIIV4 high-risk 
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cohort. Table 2 lists baseline demographics for the 2 cohorts. 
Subjects receiving cIIV4 were approximately 8 years older, on 
average, than eIIV4 recipients. In the cIIV4 and eIIV4 groups, 
the majority of subjects were female (58% and 57%, respec-
tively), white (53% and 57%), and not Hispanic (>75% in 

both groups). The largest proportions in each group resided 
in southern United States (52% of cIIV4 and 39% of eIIV4 
recipients). Diabetes (43% and 36% of cIIV4 and eIIV4 re-
cipients, respectively) and chronic pulmonary disease (37% 
and 46%) were the most common high-risk comorbidities in 

Table 1. Patient Selection Process

Criteria Patients (No.) Overall Patients (%) Overall Stepwise Change (%)

1) Patient received influenza vaccine between August 1, 2018 
and February 28, 2019 

14 734 352 100.0% -

2) Patient is ≥4 at time of immunization 14 211 914 96.5% 96.5%

3) Patient does not have more than 1 influenza immunization 
during the influenza season unless they are <9 years of age

13 848 844 94.0% 97.4%

4) Patient does not have an influenza-related medical en-
counter in the influenza season before immunization

13 808 250 93.7% 99.7%

5) Patient has a transcript record in the Veradigm EMR at least 
1 year before immunization date

10 126 333 68.7% 73.3%

6) Patient has ≥1 selected health condition 2 113 216 14.3% 20.9%

Total number of cIIV4 471 301 3.2% 22.3%

Total number of eIIV4 1 641 915 11.1% 77.7%

Abbreviations: ccIIV4, cell-based quadrivalent inactivated influenza virus; eIIV3, egg-derived quadrivalent inactivated influenza virus; EMR, electronic medical record.

Table 2. Subject Demographics at Baseline

Characteristic cIIV4 (n = 471 301) eIIV4 (n = 1 641 915)

Mean age, years ± SD 60.2 ± 16.1 51.6 ± 20.7 

Female sex, n (%) 275 499 (58.5) 933 021 (56.8)

Race, n (%)   

 White 249 394 (52.9) 931 869 (56.8)

 Black or African American 43 635 (9.3) 142 964 (8.7)

 Other 52 368 (11.1) 176 525 (10.8)

 Not reported 125 904 (26.7) 390 557 (23.8)

Ethnicity, N (%)   

 Non-Hispanic 371 805 (78.9) 1 260 730 (76.8)

 Hispanic 39 748 (8.4) 146 497 (8.9)

 Not reported 59 748 (12.7) 234 688 (14.3)

Geographic region, n (%)   

 Northeast 79 837 (16.9) 302 342 (18.4)

 Midwest 60 221 (12.8) 372 724 (22.7)

 South 246 374 (52.3) 638 307 (38.9)

 West 76 899 (16.3) 305 741 (18.6)

 Unknown 7970 (1.7) 22 801 (1.4)

High-Risk Health Condition, n (%)   

 Chronic pulmonary disease 173 301 (36.8) 758 446 (46.2)

 Asthma* 107 423 (22.8) 543 648 (33.1)

 Myocardial infarction or congestive heart failure 41 348 (8.8) 117 924 (7.2)

 Cerebrovascular disease or peripheral vascular disease 39 786 (8.4) 110 586 (6.7)

 Renal disease 50 329 (10.7) 121 517 (7.4)

 Diabetes with or without chronic complications 200 617 (42.6) 589 941 (35.9)

 Any malignancy or metastatic tumor 54 646 (11.6) 168 565 (10.3)

 AIDS/HIV 5035 (1.1) 16 357 (1.0)

 Rheumatic disease 33 979 (7.2) 104 278 (6.4)

 Mild, moderate, or severe liver disease 33 005 (7.0) 126 382 (7.7)

Charlson Comorbidity Index, mean ± SD 2.1 ± 1.4 1.9 ± 1.3

Abbreviations: AIDS, acquired immune deficiency syndrome; cIIV4, cell-based quadrivalent inactivated influenza virus; eIIV4, egg-derived quadrivalent inactivated influenza virus; HIV, human 
immunodeficiency virus; SD, standard deviation. 
*Subcategory of chronic pulmonary disease.
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both groups. Of individuals with chronic pulmonary disease, 
asthma was the most common condition. The Charlson co-
morbidity scores were 2.1 ± 1.4 in the cIIV4 and 1.9 ± 1.3 in the 
eIIV4 cohorts (Table 2). Although several imbalances between 
the exposure groups were observed before IPTW, after IPTW 
the majority of covariates had a standardized mean difference 
of <0.1 (Supplementary Figure 1).

As shown in Figure 1, the unadjusted rVE for cIIV4 versus 
eIIV4 in the overall study population of individuals with at least 
1 underlying medical condition was 29.4% (95% CI, 27.7% to 
31.0%), and the PS-IPTW adjusted rVE was 18.9% (95% CI, 
17.0% to 20.8%). The PS-IPTW adjusted rVE for subjects with 
chronic pulmonary disease, asthma, and diabetes (the most 
common underlying medical conditions) were 26.3% (95% CI, 
23.8% to 28.6%), 30.0% (95% CI, 27.4% to 32.6%), and 0.4% 
(95% CI, −3.5% to 4.3%), respectively. After post hoc doubly ro-
bust IPTW adjustment, the rVE for cIIV4 versus eIIV4 in the 
overall population was 13.4% (95% CI, 11.4% to 15.4%), and 
among those with chronic pulmonary disease, asthma, and di-
abetes it was 18.7% (95% CI, 16.0% to 21.3%), 21.4% (95% CI, 
18.4% to 24.3%), and 1.1% (95% CI, −2.9% to 4.9%), respectively 

(Figure 1C). Unadjusted and adjusted results using broadly de-
fined ILI (Code Set A) are shown in Supplementary Figure 2.

DISCUSSION

During the 2018–2019 US influenza season, standard influenza 
vaccines provided limited protection against A(H3N2)-related 
illnesses [15]. Although the flu season began with A(H1N1)
pdm09 viruses predominating in most US regions, the pro-
portion of illness caused by antigenically distinct A(H3N2) 
viruses increased during the season, ultimately predominating 
throughout the United States after February 2019 [15]. Antigenic 
differences between egg-passaged vaccine viruses and circu-
lating A(H3N2) viruses may have contributed to the observed 
reduced vaccine effectiveness, along with other factors [15, 31, 
32]. Overall, the 2018–2019 US influenza experience highlights 
recent challenges with the effectiveness of egg-derived vaccines 
against influenza A(H3N2) viruses and the need for alternative 
production platforms that prevent egg-adaptive mutations [15]. 
The production of vaccines using cell-based influenza viruses 
eliminates opportunities for viral mutations to occur during the 

rVE (95% CI)Unadjusted, influenza-related medical encounters

Overall (any comorbidity)

Chronic pulmonary disease

Asthma$

MI or CHF

Cerebrovascular disease or PVD

Renal disease

Diabetes*

Any malignancy or metastasic tumors

HIV/AIDS

Rheumatic disease

Liver disease†

–20 –10 0 10 20 30 40 50

Favors cIIV4

29.4 (27.7 to 31.0)

38.5 (36.4 to 40.6)

41.1 (38.6 to 43.5)

2.7 (–6.2 to 10.8)

6.4 (–2.6 to 14.6)

1.3 (–7.0 to 8.9)

3.4 (–0.5 to 7.1)

4.6 (–3.4 to 12.0)

18.9 (–2.0 to 35.5)

10.2 (1.9 to 17.8)

–0.5 (–10.1 to 8.3)

A

Figure 1. Relative vaccine effectiveness (rVE) of cell-based quadrivalent inactivated influenza virus (cIIV4) compared with egg-derived quadrivalent inactivated influenza 
virus (eIIV4) in preventing influenza-related medical encounters (Armed Forces Health Surveillance Center [AFHSC] Code Set B) among high-risk individuals ≥4 years in the 
2018–2019 influenza season. (A) Unadjusted rVE. (B) Adjusted using propensity score (PS)-inverse probability of treatment weighting (IPTW) for age, sex, race, ethnicity, 
geographic region, week of influenza vaccination, and health status. (C) Doubly robust adjustment using a multivariable model that included an IPTW-weighted sample and 
all variables from the PS-IPTW model as covariates. *With or without chronic complications. †Mild, moderate, or severe. $Subcategory of chronic pulmonary disease. AIDS, 
acquired immune deficiency syndrome; CHF, congestive heart failure; CI, confidence interval; HIV, human immunodeficiency virus; MI, myocardial infarction; PVD, peripheral 
vascular disease. 

D
ow

nloaded from
 https://academ

ic.oup.com
/ofid/article/8/7/ofab167/6209398 by guest on 10 April 2024

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofab167#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofab167#supplementary-data


6 • ofid • Boikos et al

virus propagation step and maintains viral antigenicity, which 
supports the improved effectiveness of cIIV4 observed in this 
study [33].

In this analysis of more than 2 million vaccinated individ-
uals at high risk of influenza disease and sequelae, cIIV4 was 
statistically significantly more effective in preventing influenza-
related medical encounters than eIIV4 in the overall cohort 
with ≥1 health condition. The trend was consistent among 
those with chronic pulmonary disease, including asthma, 
and for those with rheumatic disease. Nonstatistically signif-
icant estimates preclude definitive conclusions for the other 
high-risk groups; however, trends in point estimates suggested 
benefit of vaccination with cIIV4 in most high-risk categories. 
Although the relative effectiveness of cIIV4 compared with 
egg-derived vaccines has been studied in the general popula-
tion [19–21, 34–37], this is one of the first large-scale cohort 
studies assessing the effectiveness of cIIV4 versus eIIV4 in 
individuals with health conditions who are at high risk of de-
veloping influenza complications. These results are consistent 
with the larger retrospective cohort study evaluating more than 
10 million vaccinated individuals ≥4 years wherein cIIV4 was 
statistically significantly more effective than egg-derived eIIV4 
[22]. Findings from this study provide further evidence sup-
porting the improved effectiveness of cIIV4 against influenza 
compared with eIIV4 and are particularly important because 

chronic health conditions increase an individual’s risk of influ-
enza infection, complications, and death [3]. For this reason, 
most national recommendations regarding influenza vacci-
nation are primarily focused on protection of individuals at 
higher risk of influenza complications and include those with 
chronic health conditions [8, 38–42].

Results from this study must be interpreted considering sev-
eral limitations that are inherent to retrospective cohort studies 
conducted using routinely collected data. The study was lim-
ited by the lack of a laboratory-confirmed influenza outcome. 
However, a descriptive evaluation of the overlap between the 
incidence of CDC-reported, laboratory-confirmed influenza 
and the incidence of influenza-related medical encounters 
(AFHSC Code Set B) in the integrated dataset was conducted 
in the larger retrospective cohort study [22]. Concordance be-
tween trends was observed, supporting the use of the diagnostic 
AFHSC Code Set B in evaluations of influenza. Although a large 
proportion of individuals with health conditions were identi-
fied for inclusion in the study, stratification by specific medical 
condition resulted in small subgroup sample sizes, limiting sta-
tistical power to detect differences in vaccine effectiveness in 
some comparisons. Moreover, identification of high-risk condi-
tions from diagnostic codes does not differentiate by the level of 
severity or immunosuppression within each specific condition. 
For instance, the current coding scheme did not differentiate 

Overall (any comorbidity)

Chronic pulmonary disease

Asthma$

MI or CHF

Cerebrovascular disease or PVD

Renal disease

Diabetes*

Any malignancy or metastasic tumors

HIV/AIDS

Rheumatic disease

Liver disease†

–20 –10 0 10 20 30 40

Favors cIIV4

rVE (95% CI)PS-IPTW adjusted, influenza-related medical encounters

18.9 (17.0 to 20.8)

26.3 (23.8 to 28.6)

30.0 (27.4 to 32.6)

–0.4 (–9.4 to 7.8)

4.9 (–4.2 to 13.2)

–4.7 (–13.4 to 3.2)

0.4 (–3.5 to 4.3)

3.3 (–4.8 to 10.7)

15.1 (–6.4 to 32.3)

11.4 (3.2 to 19.0)

2.9 (–6.5 to 11.6)

B

Figure 1. Continued.
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between mild-to-moderate and severe renal disease. As such, 
nuances in vaccine effectiveness caused by these factors may 
not be captured. Another limitation of this study was that the 
main analysis did not specifically adjust for functional status, 
healthcare seeking behavior, or receipt of an influenza vaccine 
in the previous season. The study population included individ-
uals for whom at least some pharmacy and medical claims data 
were available, thus limiting the study cohort to insured indi-
viduals but not requiring healthcare resource utilization beyond 
the index date. Moreover, rVE was not estimated by age group 
within each high-risk condition given the limited sample sizes 
of some high-risk groups (such as HIV/AIDS, rheumatic dis-
ease, and liver disease). As such, point estimates in the overall 
high-risk categories may mask an interaction effect between 
age and vaccination. However, the confounding effect of age 
was adjusted for using the (doubly robust) IPTW methodology. 
Finally, as with all observational studies, vaccination was not 
randomly assigned, and unmeasured confounding might bias 
estimates.

Despite these limitations, this analysis has several key 
strengths. The use of a large, real-world dataset integrating 
sources of patient information allowed us to evaluate an effec-
tiveness outcome that is not typically analyzed in randomized 
trials. The large dataset  allowed for the estimation of effects 
with robust statistical power in the overall cohort of high-risk 

individuals. Integrated databases linking both EMR and claims 
data provide the most well rounded picture of the health status 
and service utilization of both individuals and populations. 
Inclusion of both EMR and claims data increases the likelihood 
that most—if not all—medical interventions and diagnoses are 
captured within the study dataset. Furthermore, the variety and 
completeness of data also permitted the adjustment of several 
well established confounders. Exposure, outcome, and covariate 
information were ascertained retrospectively from the inte-
grated dataset in exactly the same manner for both exposure 
cohorts, limiting the possibility of differential misclassification. 
The database allowed the identification of high-risk patients 
with underlying health conditions and adjustment for health 
status using validated ICD-9/10 algorithms for CCI categories. 
In addition, we implemented doubly robust adjustment meth-
odology in our statistical analyses to further control for any re-
sidual confounding.

CONCLUSIONS

The results of this study demonstrate that cIIV4 was statistically 
significantly more effective in preventing influenza-related med-
ical encounters compared with eIIV4 for individuals with at least 1 
identified health condition. Findings from this study are consistent 
with previously published research evaluating the relative benefit 
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of cIIV4 compared with egg-derived vaccines [19–21, 34, 35, 37]. 
The results of this study support the use of cIIV4 in individuals at 
high risk of influenza complications and provides further evidence 
supporting the improved effectiveness of cIIV4 compared with 
eIIV4 against influenza-related outcomes.
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