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Background: Cell-based influenza vaccine manufacturing reduces egg adaptations that can decrease vac-
cine effectiveness. We evaluated the relative vaccine effectiveness (rVE) of cell-based quadrivalent influ-
enza vaccine (QIVc) compared to standard-dose egg-based quadrivalent influenza vaccines (QIVe-SD)
against influenza-related and serious respiratory events among subjects 4–64 years of age during the
2017–18 influenza season.
Methods: A retrospective cohort analysis was conducted using administrative claims data in the US
(IQVIA PharMetrics Plus� database). Subjects vaccinated with QIVc or QIVe-SD from 8/2017–1/2018 were
identified (date of vaccination termed the index date). Influenza-related hospitalizations/ER visits, all-
cause hospitalizations and serious respiratory hospitalizations/ER visits were assessed post-
vaccination. Inverse probability of treatment weighting (IPTW) and Poisson regression were used to eval-
uate the adjusted rVE of QIVc compared to QIVe-SD. In a subgroup analysis, rVE was assessed for several
subgroups of interest (4–17, 18–64 and 50–64 years, and subjects with �1 high-risk condition). In a sec-
ondary economic analysis, annualized all-cause costs over the follow-up were compared using propensity
score matching (PSM) and generalized estimating equation (GEE) models.
Results: The study sample comprised 555,538 QIVc recipients and 2,528,524 QIVe-SD recipients. Prior to
adjustment, QIVc subjects were older and had higher total costs in the 6-months pre-index. Following
IPTW-adjustment and Poisson regression, QIVc was more effective in reducing influenza-related hospital-
izations/ER visits, all-cause hospitalizations, and hospitalizations/ER visits related to asthma/COPD/bron-
chial events and other respiratory events compared to QIVe-SD. Similar trends were generally observed in
the subgroup analysis. Following PSM adjustment and GEE regression, QIVe-SD was associated with sig-
nificantly higher annualized all-cause total costs compared to QIVc, driven by higher costs for outpatient
medical services and inpatient hospitalizations.
Conclusions: After adjustment for confounders and selection bias, QIVc reduced influenza-related hospi-
talizations/ER visits, all-cause hospitalizations, and serious respiratory hospitalizations/ER visits com-
pared to QIVe-SD. QIVc was associated with significantly lower all-cause total costs.
� 2020 The Authors. Published by Elsevier Ltd. This is an open access article under theCCBY license (http://

creativecommons.org/licenses/by/4.0/).
1. Introduction

Influenza is a serious and contagious respiratory illness that is
associated with high disease burden. Annual flu vaccination is
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the best way to protect against influenza and its potentially severe
consequences [1]. The Centers for Disease Control and Prevention
(CDC) in the United States (US) recommends seasonal flu vaccina-
tion for all individuals �6 months of age with few exceptions [1].

The 2017-18 flu season in the US exhibited substantial severity
and was associated with high levels of influenza-related outpatient
clinic visits, emergency room (ER) visits and hospitalizations [2].
There were an estimated 61,099 influenza-associated deaths [3].
Influenza A(H3N2) viruses predominated overall; however, influ-
enza B viruses (primarily B Yamagata) emerged starting in March
2018 [2]. The overall vaccine effectiveness of the 2017–18 flu vac-
cine against both influenza A and B viruses was estimated to be
40% [2].

One factor that may impact vaccine effectiveness is the adapta-
tion of influenza virus to growth in eggs [4,5]. Most influenza vac-
cines are manufactured in chicken eggs using an egg-based
manufacturing process that was established approximately
50 years ago [5]. Mutations may occur in the viral hemagglutinin
upon isolation, adaptation, and propagation in eggs [4]. Such egg-
adaptive mutations appear to alter viral antigenicity and could
be responsible for a lower than expected vaccine effectiveness, par-
ticularly for seasons where influenza A(H3N2) predominates,
including the 2017–18 flu season [5–7]. Non-egg-based influenza
vaccine manufacturing reduces egg adaptation and therefore has
the potential to increase vaccine effectiveness.

There are two vaccines currently available in the US that are not
manufactured in eggs [4]. One is cell-based quadrivalent influenza
vaccine (QIVc; Flucelvax�, Seqirus). Prior to the 2017–18 influenza
season, the vaccine was produced from candidate vaccine viruses
(CVVs) grown in eggs and was therefore still susceptible to muta-
tions from egg adaptation. In 2016, the Food and Drug Administra-
tion (FDA) approved the use of cell-based CVVs. In the 2017–18 flu
season, QIVc included a purely mammalian cell culture-derived
influenza A(H3N2) virus as one of its four components. According
to the CDC, cell-grown CVVs reduce egg-adapted changes and
may result in vaccines containing virus that is more similar to
wild-type viruses in circulation [8].

The other vaccine not manufactured in eggs is a recombinant
hemagglutinin (rHA) vaccine produced in insect cell culture (Flu-
blok�, Sanofi) [9,10]. Standard-dose egg-based influenza vaccines
available during the 2017–18 flu season included trivalent influ-
enza vaccines (TIVe-SD) and quadrivalent influenza vaccines
(QIVe-SD) [10]. The current analysis evaluated the rVE of QIVc
compared to QIVe-SD. Flublok was not included in the current
study due to limited US market share (1–2% in the 2017–18 flu sea-
son) [4]. TIVe-SD was not included in order to focus on a quadriva-
lent vaccine comparison. In addition, most influenza vaccines in
the US are now quadrivalent [1]. Furthermore, there was influenza
B virus mismatch, as the 2017–18 trivalent influenza vaccines
included a B/Brisbane/60/2008–like virus (Victoria lineage) [10].

Observational studies are critical to assess vaccine performance
and clinical outcomes in the real world. However, there is limited
real-world evidence evaluating the relative vaccine effectiveness
(rVE) of QIVc compared to QIVe-SD. During the 2017–18 flu season
in the US, the rVE of QIVc has been compared to egg-based influ-
enza vaccines among a Medicare fee-for-service (FFS) population,
Kaiser Permanente Southern California members, Department of
Defense (DoD) healthcare beneficiaries, and using a large electronic
medical record (EMR) database [11–14]. Two of these studies
found that QIVc was associated with significantly higher rVE
against influenza-related hospitalizations/ER visits and influenza-
like illness (ILI) captured within primary care visits, respectively
[11,14]. The other two studies found rVE against laboratory-
confirmed influenza was similar between QIVc and egg-based
influenza vaccines using a test-negative design, although several
point estimates suggest improved effectiveness with QIVc
[12,13]. These data support the hypothesis that QIVc may provide
improved effectiveness over standard egg-based vaccines. Addi-
tional evidence against severe influenza-related outcomes is
needed.

The primary objective of this study was to evaluate the rVE of
QIVc compared to QIVe-SD against influenza-related hospitaliza-
tions/ER visits, all-cause hospitalizations, and serious respiratory
hospitalizations/ER visits during the 2017–18 flu season, among a
representative, commercially-insured population aged 4 to
64 years in the US. All-cause healthcare resource utilization
(HCRU) and costs were compared in a secondary economic
analysis.
2. Methods

2.1. Study overview

This retrospective cohort study was conducted among subjects
4 to 64 years of age who were vaccinated with QIVc or QIVe-SD
during the 2017–18 flu season in the US. This age range was
selected because QIVc is licensed in individuals 4 years and older
and there is limited evidence comparing severe influenza-related
outcomes between QIVc and QIVe-SD among individuals under
65 [8]. Patients were identified from the IQVIA PharMetrics Plus�

database. The database represents less than 4% of the 65+ year
old population in the US, further supporting our selection of a
study population under 65 years of age.
2.2. Data source

PharMetrics Plus is one of the largest US health plan claims
databases and comprises 150 million unique enrollees. The data-
base includes information on demographics, payer type, health
plan enrollment dates, inpatient and outpatient diagnoses and pro-
cedures, retail and mail-order prescription records, and payments.
The database is considered representative of the national,
commercially-insured population in terms of age (for those under
65) and gender. All data from PharMetrics Plus are de-identified
and compliant with the Health Insurance Portability and Account-
ability Act (HIPAA) to protect patient privacy.
2.3. Study population

The 2017–18 flu season was defined as beginning August 1,
2017 (based on the observed distribution of vaccination by month)
and ending August 4, 2018 [11]. The study period began February
1, 2017 and ended August 4, 2018. Subjects with �1 medical or
pharmacy claim for QIVc or QIVe-SD were identified between
August 1, 2017 and January 31, 2018 (Fig. 1). The first claim deter-
mined the vaccine cohort and the date was termed the ‘index date’.
Cohorts were mutually exclusive. Subjects were required to have
continuous enrollment (CE) � 180 days prior to the index date
and CE through the end of the flu season. Subjects were required
to be between 4 and 64 years of age at index.

Patients were excluded if they had an influenza-related hospi-
talization or ER visit or an influenza-related office visit from the
beginning of the flu season up to 13 days after the index date.
The definitions for influenza-related hospitalizations/ER visits
(subsequently described in more detail) and influenza-related
office visits followed similar published methods [11]. Subjects
were excluded if they received any other flu vaccine product or
more than 1 dose of the index vaccine during the 2017–18 flu sea-
son. Finally, subjects were excluded if they had incomplete data:
coverage through Medicare Cost or State Children’s Health Insur-



Fig. 1. Patient Selection. CE = continuous health plan enrollment; ER = emergency room; QIVc = cell-based quadrivalent influenza vaccine; QIVe-SD = standard-dose egg-
based quadrivalent influenza vaccine.
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ance Program (SCHIP) or invalid/missing year of birth, gender, or
health plan enrollment dates.

The fixed 6-month pre-index or baseline period was used to
assess study eligibility criteria and measure subject baseline char-
acteristics. Study outcomes were assessed over the variable post-
index or follow-up period starting 14 days after the index date (al-
lowing for the development of vaccine-specific immunity) through
the end of the flu season.

As part of a subgroup analysis, several subgroups of interest
were identified: subjects 4–17 years of age at index (i.e., pediatric),
subjects 18–64 years of age at index (i.e., adult), subjects 50–
64 years of age at index, and a high-risk subgroup. While the 50–
64 age group was a subset of the 18–64 subgroup, this was consid-
ered to be an important subgroup of interest given that during the
2017–18 flu season, adults aged 50–64 had the second highest rate
of influenza-associated hospitalization, second only to adults 65+
[3]. Patients in the high-risk subgroup (considered at higher risk
for influenza complications) were identified based on �1 claim
during the 6-month pre-index period with a diagnosis code, drug
code or procedure code defining clinical risk groups where flu vac-
cination is indicated: asplenia or dysfunction of the spleen, chronic
heart disease, chronic kidney disease, chronic liver disease, chronic
neurological disease, chronic respiratory disease, diabetes,
immunosuppression, morbid obesity, and pregnancy. These clinical
risk groups were derived following review of international guideli-
nes, and as relevant for identification using claims data [15–17].
2.4. Study measures

Baseline demographic characteristics were assessed at the
index date, including age, gender, geographic region, U.S. Depart-
ment of Health & Human Services (DHHS) region, payer type, and
health plan type. Clinical characteristics were measured over the
6-month pre-index period (not including the index date, unless
otherwise specified) including month of flu vaccination, Charlson
Comorbidity Index (CCI; Dartmouth-Manitoba adaptation based
on the International Classification of Diseases, Ninth Revision, Clin-
ical Modification [ICD-9-CM] and the International Classification of
Diseases, Tenth Revision, Clinical Modification [ICD-10-CM] diag-
nosis codes), comorbidities of interest, indicators of frail health sta-
tus, pre-index HCRU (hospitalizations, ER visits, and office visits),
and pre-index all-cause costs (outpatient pharmacy, medical [inpa-
tient, outpatient (ER)], total).

Influenza-related hospitalizations/ER visits, all-cause hospital-
izations and serious respiratory hospitalizations/ER visits were
assessed. Influenza-related hospitalizations/ER visits were defined
as a hospitalization or ER visit with a diagnosis code for influenza
(ICD-9 487.x, 488.x, ICD-10 J09.x, J10.x, J11.x) in any position. This
definition followed similar published methods [11]. Serious respi-
ratory hospitalizations/ER visits were defined based on a hospital-
ization or ER visit with a diagnosis code in any position for the
respiratory event of interest. The following respiratory events were
evaluated: pneumonia, asthma/COPD/bronchial, and other respira-
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tory events (e.g., acute and chronic sinusitis, laryngitis, lower and
upper respiratory tract infection, etc.) [18]. It was assumed that a
hospitalization or ER visit with a diagnosis code for an event of
interest was related to that event (i.e., the cause or reason for the
hospitalization or ER visit, or an event that occurred during the
hospitalization or ER visit).

The number and rates (events per 1000 vaccinated-subject sea-
sons) of the events of interest were assessed starting 14 days after
the index date to the end of the flu season. For each outcome of
interest, the first occurring event was identified. A subject could
contribute an event to more than one outcome but could not con-
tribute more than one event to the same outcome.

2.5. Analyses

Descriptive statistics were reported for each study cohort. Stan-
dardized mean differences (SMD) were calculated to evaluate the
difference in baseline covariates between QIVc and QIVe-SD.
SMD was calculated as the difference in means or proportions of
a variable divided by the pooled standard deviation. SMD (abso-
lute) of �0.10 between groups was considered as a sign of imbal-
ance [19].

Our statistical approach followed similar published methods
[11]. Because unadjusted comparisons between the vaccine
cohorts may be confounded by treatment selection bias, inverse
probability of treatment weighting (IPTW) was used to adjust for
confounders and treatment selection bias. A pseudo-population
was created, composed of individuals in the pre-IPTW population
weighted by the inverse of their probability of receiving QIVc,
given the baseline covariates. Weights were constructed by esti-
mating each subject’s probability of receiving QIVc in a logistic
regression model. Clinically-relevant baseline variables with
SMD � 0.10 in the unadjusted sample were included in the model
as independent variables. The propensity score for each individual
(the predicted probability of receiving QIVc) was estimated. Unsta-
bilized weights were calculated as the inverse of the propensity
score for a subject. Because unstabilized weights are associated
with higher type 1 error, stabilized IPTW approach was utilized
to reduce type 1 error [20,21]. To calculate stabilized weights,
the numerator of the unstabilized weights was replaced by the
marginal probability of QIVc and QIVe-SD in the overall sample.
Additionally, weight values greater than five were truncated to five
due to the potential bias of outliers [11]. Baseline characteristics
and SMD post-IPTW were reported as a measure of balance. The
clinical outcomes of interest were evaluated for the IPTW sample.

Poisson regression models were used to permit a more robust
regression adjustment as well as to further reduce bias due to
residual confounding. IPTW-weighted multivariate Poisson regres-
sion models were developed to estimate adjusted rate ratios (RR)
along with corresponding 95% confidence intervals (CIs) for QIVc
versus QIVe-SD. Adjusted rVE was calculated as ([1-RR] * 100%)
along with corresponding 95% CIs. The models included variables
that were considered clinically relevant but that were not included
in the IPTW.

As part of the subgroup analysis, unadjusted and adjusted clin-
ical outcomes were additionally assessed for the subgroups of
interest: 4–17 years, 18–64 years, 50–64 years and high-risk. IPTW
was conducted for each subgroup separately.

All analyses were based on observed, not projected, data. Anal-
yses were conducted using SAS� Release 9.3 (SAS Institute Inc.,
Cary, NC).

2.6. Secondary economic analysis

A secondary economic analysis was conducted for QIVc versus
QIVe-SD overall. Propensity score matching (PSM) was used to
adjust for measured confounders, creating more comparable
groups. PSM is a common regression modeling technique used in
analyses of observational data to adjust for differences between
study cohorts, particularly for economic evaluations [22]. The
propensity score for each individual was estimated using a logistic
regression model as the probability of receiving QIVc. A greedy
nearest neighbor matching technique without replacement at a
ratio of 1:1 was performed, using caliper widths of 0.1 of the stan-
dard deviation of the logit of the propensity score. Baseline charac-
teristics with SMD (absolute) � 0.10 were included in the match.

All-cause HCRU and costs were evaluated over the variable
follow-up period. The economic assessment began 14 days after
the index date through the end of the flu season; therefore, the vac-
cine cost (associated with the index date) was not included. Note
that unlike the clinical analysis, all occurring events of the same
type contributed to the total cost for a subject (e.g., first and sub-
sequent all-cause hospitalizations). Utilization and costs were cal-
culated on a per patient basis, averaged across the cohort. Pairwise
comparisons were made between HCRU/cost outcomes using
paired t-test (mean) and the Wilcoxon signed-rank test for contin-
uous variables (median) and McNemar’s test for categorical vari-
ables. Generalized estimating equation models (GEEs) were then
developed among the post-PSM sample to allow for a more robust
regression adjustment as well as to further reduce bias due to
residual confounding. A recycled predictions approach was utilized
to estimate predicted costs [23].

Predicted annualized mean costs were generated for the follow-
ing all-cause cost outcomes of interest: 1) total healthcare costs, 2)
outpatient medical costs, 3) outpatient pharmacy costs, 4) inpa-
tient costs, and 5) ER costs (a subset of outpatient medical costs).
For the first three outcomes, a GEE with log link function and
gamma distribution was developed, and outliers were adjusted
for by capping the respective post-index annualized cost at the
99th percentile [24]. Because hospitalizations and ER visits were
infrequent, two-part GEE models were developed for these out-
comes. The first GEE had a binomial distribution and logit link to
estimate odds of having a non-zero cost for the outcome of interest
(i.e., of having the outcome). The second GEE had a gamma distri-
bution and log link to estimate the cost of the outcome of interest,
among patients with the outcome of interest. Adjustment for out-
liers was made by capping cost at the 99th percentile among
patients with at least 1 such outcome. Predicted recycled means
were obtained from the parameter estimates of GEEs and 95% CIs
were obtained through bootstrapping (500 replications). Indepen-
dent variables in the models included variables that were consid-
ered clinically-relevant but that were not included in the PSM
because they were well-balanced in the unmatched sample. Multi-
collinearity was evaluated during model development and variable
selection.
3. Results

3.1. Study sample

The final sample comprised 555,538 QIVc recipients and
2,528,524 QIVe-SD recipients (Fig. 1). QIVc and QIVe-SD subjects
had a mean follow-up of 9.2 and 9.4 months, respectively. Of the
QIVc and QIVe-SD cohorts, 10.0% and 31.6% were 4–17 years of
age at index while 90.0% and 68.4% were 18–64 years of age,
respectively. Subjects 50–64 years of age accounted for 44.2%
and 32.9% of the final cohorts, respectively. Of the final cohorts,
14.3% and 11.5% had �1 high-risk condition. Among these high-
risk subjects, the most common conditions were diabetes (34.0%
and 31.5%, respectively), chronic heart disease (25.5% and 22.5%)
and chronic respiratory disease (25.2% and 29.0%).



Table 2
Baseline clinical characteristics – post-IPTW.

QIVc QIVe-SD SMD1

Characteristic N = 551,544 N = 2,528,966
Month of flu vaccination (%)
August 2.5% 3.0% 0.03
September 17.7% 18.6% 0.02
October 40.9% 40.4% �0.01
November 20.7% 20.4% �0.01
December 9.3% 9.1% �0.01
January 8.8% 8.5% �0.01
CCI score (%)
0 83.3% 82.8% �0.02
1 9.9% 10.2% 0.01
2 4.3% 4.4% 0.01
3+ 2.5% 2.6% 0.00
Mean CCI score 0.3 0.3 0.02
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3.2. Patient characteristics

See Supplementary Table 1 and Supplementary Table 2 for
unadjusted subject baseline demographic and clinical characteris-
tics. Several baseline characteristics were imbalanced with (abso-
lute) SMD � 0.1 prior to IPTW. QIVc subjects were older than
QIVe-SD subjects, with mean age of 43.0 and 34.6, respectively.
There was variation in geographic and DHHS region. For example,
more QIVc subjects were located in the South (49.4% and 32.9%).
Fewer QIVc subjects were vaccinated in September (14.7% and
19.5%). In the 6-month baseline period, QIVc subjects had higher
mean total costs ($4040 and $3612) driven by higher outpatient
pharmacy cost ($1395 and $1191). Post-IPTW, QIVc and QIVe-SD
subjects were well-balanced. See Tables 1 and 2 for subject base-
line demographic and clinical characteristics post-IPTW.
SD 0.8 0.9
Median 0 0
Pre-index comorbidities (%)
Asthma 4.4% 4.4% 0.00
Blood disorders 0.1% 0.1% 0.01
Chronic lung disease 1.7% 1.7% 0.00
Diabetes 6.3% 7.0% 0.03
3.3. Clinical outcomes

Event rates post-IPTW for all evaluated clinical outcomes were
lower for QIVc compared to QIVe-SD. rVE can be found in Table 3
Table 1
Baseline demographic characteristics – post-IPTW.

QIVc QIVe-SD SMD1

Characteristic N = 551,544 N = 2,528,966
Mean age (years) 36.5 36.1 �0.02
SD 19.4 19.8
Median 39 39

Age group (%)
4-8 years 10.7% 11.0% 0.01
9-17 years 16.5% 16.7% 0.00
18-49 years 37.7% 37.4% �0.01
�50-64 years 35.1% 34.9% 0.00

Female (%) 55.5% 55.1% �0.01
Payer type (%)
Commercial 59.0% 59.1% 0.00
Medicaid 1.0% 1.3% 0.04
Medicare Advantage 0.1% 0.0% �0.01
Self-Insured 40.0% 39.6% �0.01

Health plan type (%)
Consumer directed health care 0.1% 0.2% 0.02
HMO 9.0% 9.9% 0.03
POS 7.1% 7.1% 0.00
PPO 81.9% 81.3% �0.02
Other/Unknown 1.9% 1.5% �0.03

Geographic region (%)
Northeast 17.6% 20.3% 0.07
Midwest 33.2% 32.4% �0.02
South 37.4% 35.8% �0.03
West 11.7% 11.6% 0.00

DHHS (U.S. Dept. of Health &
Human Services) region (%)
Region 1: CT, ME, MA, NH, RI, VT 7.3% 7.8% 0.02
Region 2: NJ, NY, PR, VI 3.7% 4.6% 0.04
Region 3: DE, DC, MD, PA, VA, WV 9.5% 9.9% 0.01
Region 4: AL, FL, GA, KY, MS, NC,
SC, TN

22.1% 21.8% �0.01

Region 5: IL, IN, MI, MN, OH, WI 23.3% 23.1% �0.01
Region 6: AR, LA, NM, OK, TX 12.9% 12.3% �0.02
Region 7: IA, KS, MO, NE 7.7% 7.6% 0.00
Region 8: CO, MT, ND, SD, UT, WY 4.0% 3.3% �0.04
Region 9: AZ, CA, HI, NV, AS, FS,
GU, PU

3.2% 3.3% 0.00

Region 10: AK, ID, OR, WA 6.2% 6.3% 0.00

1 SMD (absolute) � 0.1 indicates significance
HMO = health maintenance organization; IPTW = inverse probability of treatment
weighting; POS = point-of-service; PPO = preferred provider organization;
QIVc = cell-based quadrivalent influenza vaccine; QIVe-SD = standard-dose egg-
based quadrivalent influenza vaccine; SD = standard deviation; SMD = standardized
mean difference

Heart disease 1.5% 1.5% 0.00
Kidney disorders 1.1% 1.0% �0.01
Liver disorders 1.4% 1.5% 0.01
Neurological or neurodevelopmental

conditions
1.5% 1.6% 0.00

Weakened immune system2 2.7% 2.7% 0.00
IBD 0.6% 0.6% 0.00
Composite of the above 17.0% 17.7% 0.02
Indicators of frail health status (%)
Home oxygen use 0.9% 1.0% 0.01
Wheelchair use 0.1% 0.1% 0.01
Walker use 0.4% 0.4% 0.00
Dementia 0.1% 0.1% 0.00
Urinary catheter use 0.2% 0.2% 0.00
Falls 0.4% 0.5% 0.01
Fractures 1.7% 1.7% 0.00
Pre-index hospitalization (%) 2.1% 2.2% 0.01
Pre-index ER visit (%) 7.4% 8.1% 0.02
Pre-index outpatient physician

office visit (%)
77.9% 76.5% �0.03

Mean # pre-index outpatient
physician office visits

3.9 3.8 �0.03

SD 7.3 6.8
Median 2 2
Mean pre-index outpatient

pharmacy costs
$1239 $1230 �0.02

SD $7422 $7671
Median $64 $60
Mean pre-index inpatient costs $580 $649 0.01
SD $7109 $8855
Median $0 $0
Mean pre-index outpatient

medical costs
$1866 $1830 0.00

SD $8135 $6511
Median $436 $435
Mean ER costs $120 $135 0.03
SD $856 $885
Median $0 $0
Mean TOTAL pre-index costs3 $3685 $3708 0.00
SD $15,092 $15,208
Median $689 $684

1 SMD (absolute) � 0.1 indicates significance.
2 Including: HIV/AIDS; metastatic cancer and acute leukemia; lung or upper
digestive or other severe cancer; lymphatic, head, neck, brain, or major cancer;
breast, prostate, colorectal, or other cancer; and disorders of immunity.
3 TOTAL = outpatient pharmacy + inpatient + outpatient medical.
CCI = Charlson comorbidity index score; ER = emergency room; IBD = inflammatory
bowel diseases (ulcerative colitis and Crohn’s disease); IPTW = inverse probability
of treatment weighting; QIVc = cell-based quadrivalent influenza vaccine; QIVe-
SD = standard-dose egg-based quadrivalent influenza vaccine; SD = standard
deviation; SMD = standardized mean difference.



Table 3
Adjusted rVE – post-IPTW and poisson regression – QIVc vs. QIVe-SD.

QIVc vs. QIVe-SD

Subgroup Overall
(4–64 years)

4–17 years 18–64 years 50–64 years High-risk
(4–64 years)

Event rVE p-value rVE p-value rVE p-value rVE p-value rVE p-value

Influenza-related hospitalizations/ER visit 14.4% <0.0001 13.1% 0.1201 13.1% <0.0001 9.4% 0.0429 10.1% 0.0280
All-cause hospitalizations 11.8% <0.0001 5.7% 0.2242 13.0% <0.0001 5.1% <0.0001 7.4% <0.0001
Pneumonia hospitalizations/ER visits 4.2% 0.0904 33.0% 0.0019 0.2% 0.9249 �0.4% 0.8985 �2.1% 0.5189
Asthma/COPD/bronchial hospitalizations/ER visits 8.3% <0.0001 13.4% 0.0043 8.3% <0.0001 6.5% 0.0001 6.9% <0.0001
Other respiratory hospitalizations/ER visits 6.9% <0.0001 2.1% 0.5067 7.1% <0.0001 5.8% <0.0001 7.5% <0.0001

ER = emergency room; IPTW = inverse probability of treatment weighting; QIVc = cell-based quadrivalent influenza vaccine; QIVe-SD = standard-dose egg-based quadrivalent
influenza vaccine; rVE = relative vaccine effectiveness

Fig. 2. Adjusted rVE – Post-IPTW and Poisson Regression – QIVc vs. QIVe-SD Overall (4–64 Years Old).*p < 0.0001. ER = emergency room; IPTW = inverse probability
treatment weighting; QIVc = cell-based quadrivalent influenza vaccine; QIVe-SD = standard-dose egg-based quadrivalent influenza vaccine; rVE = relative vaccin
effectiveness.

Fig. 3. Adjusted rVE – Post-IPTW and Poisson Regression – QIVc vs. QIVe-SD, 4–17 Years Old. *p < 0.01. ER = emergency room; IPTW = inverse probability of treatme
weighting; QIVc = cell-based quadrivalent influenza vaccine; QIVe-SD = standard-dose egg-based quadrivalent influenza vaccine; rVE = relative vaccine effectiveness.
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Fig. 5. Adjusted rVE – Post-IPTW and Poisson Regression – QIVc vs. QIVe-SD, 50–64 Years Old. *p < 0.0001; **p < 0.001; ***p < 0.05; ER = emergency room; IPTW = inverse
probability of treatment weighting; QIVc = cell-based quadrivalent influenza vaccine; QIVe-SD = standard-dose egg-based quadrivalent influenza vaccine; rVE = relative
vaccine effectiveness.

Fig. 4. Adjusted rVE – Post-IPTW and Poisson Regression – QIVc vs. QIVe-SD, 18–64 Years Old. *p < 0.0001. ER = emergency room; IPTW = inverse probability of treatment
weighting; QIVc = cell-based quadrivalent influenza vaccine; QIVe-SD = standard-dose egg-based quadrivalent influenza vaccine; rVE = relative vaccine effectiveness.
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and Fig. 2. Following IPTW and Poisson regression adjustment,
QIVc was associated with a significantly higher rVE against
influenza-related hospitalizations/ER visits (14.4% [95% confidence
intervals (CI): 8.8�19.6%]), all-cause hospitalizations (11.8% [95%
CI: 10.4�13.1%]), and hospitalizations/ER visits related to
asthma/COPD/bronchial events (8.3% [95% CI: 5.9�10.6%]) and
other respiratory events (6.9% [95% CI: 4.9�8.8%]).

In the subgroup analysis, similar trends were seen for the 18–
64, 50–64 and high-risk subgroups (Table 3; Figs. 4–6). For exam-
ple, rVEs for QIVc compared to QIVe-SD against all-cause hospital-
izations were 13.0% (95% CI: 11.7–14.2%), 5.1% (95% CI: 3.0–7.2%)
and 7.4% (95% CI: 5.6–9.2%), respectively. For these subgroups,
QIVc was also associated with a significantly higher rVE against
influenza-related hospitalizations/ER visits compared to QIVe-SD
(13.1% [95% CI: 6.8–19.0%], 9.4% [95% CI: 0.3–17.6%] and 10.1%
[95% CI: 1.1–18.2%], respectively).
Within the 4–17 subgroup, QIVc was significantly more effec-
tive than QIVe-SD in preventing hospitalizations/ER visits related
to asthma/COPD/bronchial events (13.4% [95% CI: 4.4–21.6%]), sim-
ilar to the reductions seen with QIVc in the overall cohort and the
other subgroups (Table 3; Fig. 3). Additionally, QIVc was associated
with a significantly higher rVE against hospitalizations/ER visits
related to pneumonia (33.0% [95% CI: 13.7–48.0%]). While the
rVE point estimates were in favor of QIVc for the other outcomes,
the comparisons were not statistically significant.

3.4. Secondary economic outcomes

The sample for the secondary economic analysis comprised
555,062 QIVc and QIVe-SD propensity-score matched pairs. Sub-
jects were well-balanced on all baseline characteristics following
PSM. QIVe-SD subjects had a significantly higher proportion with



Fig. 6. Adjusted rVE – Post-IPTW and Poisson Regression – QIVc vs. QIVe-SD, High-Risk (4–64 Years Old). *p < 0.0001; **p < 0.05. ER = emergency room; IPTW = inverse
probability of treatment weighting; QIVc = cell-based quadrivalent influenza vaccine; QIVe-SD = standard-dose egg-based quadrivalent influenza vaccine; rVE = relative
vaccine effectiveness.

Table 4
Economic outcomes – post PSM and GEE adjustment.

Predicted Mean Annualized All-Cause Cost QIVc N = 555,062 QIVe-SD N = 555,062 Incremental Mean

Mean 95% CIs Mean 95% CIs

TOTAL $7867 $7821–$7916 $8338 $8293–$8380 $471*
Inpatient $1563 $1532–$1593 $1783 $1751–$1813 $220*
Outpatient medical $4114 $4092–$4138 $4357 $4335–$4380 $243*
ER $258 $255–$261 $285 $282–$289 $27*
Outpatient pharmacy $2015 $1997–$2034 $1995 $1976–$2012 -$20

CIs = confidence intervals; ER = emergency room; GEE = generalized estimating equation; PSM = propensity score matching; QIVc = cell-based quadrivalent influenza vaccine;
QIVe-SD = standard-dose egg-based quadrivalent influenza vaccine.
*Non-overlapping confidence intervals indicate statistical significance.
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�1 inpatient hospitalization (4.7% vs. 4.2%) and �1 ER visit (11.0%
vs. 10.4%, both p < 0.0001) over the follow-up period. Annualized
all-cause costs following PSM and GEE adjustment were consistent
with observed costs post-PSM. Following GEE adjustment, QIVe-SD
was associated with significantly higher predicted mean annual-
ized costs for all-cause total costs compared to QIVc subjects
($8338 [$8293-$8380] vs. $7867 [$7821-$7916]) (Table 4). This
was driven by both significantly higher costs for outpatient medi-
cal services ($4357 [$4335–$4380] vs. $4114 [$4092–$4138]) and
inpatient hospitalizations ($1783 [$1751–$1813] vs. $1563
[$1532–$1593]).
4. Discussion

This real-world analysis utilized administrative claims data in
the US to compare the rVE of QIVc to QIVe-SD among a represen-
tative population 4–64 years of age during the 2017–18 flu season.
Following the pairwise IPTW adjustment, QIVc and QIVe-SD
subjects were well-balanced across the measured baseline charac-
teristics. Following IPTW-weighted, multivariate Poisson regres-
sion, QIVc was associated with a significantly higher rVE against
influenza-related hospitalizations/ER visits, all-cause hospitaliza-
tions, and hospitalizations/ER visits related to asthma/COPD/bron-
chial events and other respiratory events. Similar trends were
observed for the subgroups of interest (ages 18–64 and 50–64
and high-risk). Some variation was observed for the 4–17 sub-
group, potentially related to sample size. In particular, QIVc was
associated with significantly higher rVE against hospitalizations/
ER visits related to pneumonia, which was not found in the other
comparisons. For the other clinical outcomes, rVE point estimates
were in favor of QIVc similar to the overall analysis and the other
subgroups, but only reached statistical significance for hospitaliza-
tions/ER visits related to asthma/COPD/bronchial events. Among
propensity-score matched subjects, following GEE adjustment,
QIVe-SD was associated with significantly higher annualized all-
cause total costs (+$471), driven by higher costs for outpatient
medical services and inpatient hospitalizations.

Our findings for the 2017–18 flu season suggest greater effec-
tiveness of cell-derived influenza vaccines compared to standard
egg-based vaccines. Cell-derived vaccines eliminate opportunities
for viral mutations to occur and maintain antigenic similarity to
circulating strains [5]. Our findings are further supported given
that the 2017–18 flu season was dominated by the A(H3N2) virus
and the 2017–18 flu season was the first flu season that the A
(H3N2) vaccine strain of QIVc was fully cell-derived (including
the vaccine seed virus), eliminating the probability of egg adaptive
changes prominent with this strain. A retrospective analysis of the
2011–18 flu seasons suggests that egg-adaptive mutations have
affected antigenicity against A(H3N2) viruses for several past flu
seasons, resulting in higher levels of mismatch with egg-derived
compared to cell-derived A(H3N2) reference viruses [25]. Our find-
ings suggest that because QIVc reduces egg adaptation that can
lower vaccine effectiveness, QIVc may be more effective at pre-
venting influenza, as well as influenza-related complications or
influenza-related exacerbations of pre-existing respiratory condi-
tions. A systematic review and meta-analysis found that influenza
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vaccine prevented 59–78% of asthma attacks leading to hospital-
izations/ER visits [26]. Prior research has also identified a positive
impact of influenza vaccination on reducing rates of complications
like serious pneumonia among elderly subjects, as well as reducing
the severity of community-acquired pneumonia [18,27].

There is a growing body of real-world evidence demonstrating
an improved relative effectiveness of QIVc compared to QIVe-SD,
though limited studies have focused on severe influenza-related
outcomes in individuals under 65 years of age and no identified
studies have compared economic outcomes. Study population,
study design and comparator vaccines have varied. One analysis
compared the rVE of QIVc compared to egg-based influenza vacci-
nes among a Medicare FFS population (�65) during the 2017–18
season [11]. In adjusted analysis, Izurieta et al. found QIVc was sig-
nificantly more effective than QIVe-SD in preventing influenza-
related hospitalizations/ER visits (10.0% [95% CI: 7.0–13.0%]). Our
analysis found a similar rVE (14.4% [95% CI: 8.8–19.6%]) for our
overall sample aged 4–64 years as well as across multiple
subgroups of interest. While our study followed similar definitions
and methods as Izurieta et al., the study population differed in
terms of age (4–64 vs. �65) and type of insurance (commercial
insurance vs. Medicare FFS).

A second study compared the rVE of QIVc to egg-based influ-
enza vaccines against hospitalization for laboratory-confirmed
influenza during the 2017–18 flu season among Kaiser Permanente
Southern California (KPSC) members [12]. rVE point estimates sug-
gest that QIVc could be associated with a protective benefit com-
pared to egg-based vaccines, although statistical significance was
not observed. For patients < 65, the adjusted rVE of QIVc versus
egg-based vaccines was 43% (95% CI: �45�77%). There are notable
differences between the current study and the study of Bruxvoort
et al. in terms of the study population and the study design. For
instance, Bruxvoort et al. employed a test-negative design among
members of a single payer system. Additionally, only members
admitted to a KPSC hospital with an influenza test were included,
therefore limiting the sample to a population with more severe
influenza symptoms.

A third study compared the rVE of QIVc to egg-based influenza
vaccines (vast majority QIVe-SD) against hospitalization for
laboratory-confirmed influenza during the 2017–18 flu season
among DoD healthcare beneficiaries, excluding service members
[13]. A test-negative design was used among patients who pre-
sented to a military treatment facility with an outpatient encoun-
ter for ILI symptoms and had a respiratory specimen collected.
Overall adjusted rVE was similar for QIVc compared to egg-based
vaccines (>95% QIVe-SD), with an odds ratio of 1.0 (95% CI: 0.8–
1.3). Among adults, the odds ratio was 0.9 (95% CI: 0.6–1.3). Note
that information on comorbidities and health status was not avail-
able in the data and could not be assessed for confounding. Only
age, geographic region, and month of illness were considered for
adjustment. The difference in results between the study of DeMar-
cus et al. and our study may be partially explained by differences in
study design and population.

A fourth analysis compared the rVE of QIVc to QIVe against ILI
captured within primary care visits among all ages using a large
EMR dataset in the US [14]. ILI was defined through ICD-9 and
ICD-10 diagnosis codes. Overall adjusted rVE of QIVc compared
to QIVe-SD was 36.2% (95% CI: 26.1-44.9%). In a sensitivity analysis,
PSM was used overall and for age subgroups. Post-PSM and follow-
ing conditional logistic regression, adjusted rVE for QIVc was 19.3%
(95% CI: 9.5�28.0%) overall. The authors conclude that the overall
rVE in the sensitivity analysis was driven by the 18–64 age group
(rVE 26.8% [95% CI: 14.1-37.6%]), as there was a lack of statistical
significance for the 4–17 or 65+ age groups. Although the data
sources and influenza-related outcome definitions used in the
study of Boikos et al. and in our study were different, we similarly
identified a significant benefit of QIVc compared to QIVe-SD overall
and in the 18–64 age group, consistent with the growing body of
evidence.

Our study has limitations inherent to retrospective database
studies, as well as to the data source and study design. First, results
from retrospective studies can only establish associations and not
causal relationships. Second, administrative claims data do not
provide as much clinical detail as medical records as they are pri-
marily collected for the purposes of payment. Our identification of
influenza-related hospitalizations/ER visits and serious respiratory
hospitalizations/ER visits relied on the observation of diagnosis
codes, but the potential for miscoding, misdiagnosis or misclassifi-
cation exists. Additionally, it is possible that the study findings
may be affected by unobservable and unmeasured factors that
are not captured in the claims data. Nevertheless, patients were
well-balanced on all measured confounders available in the data.
Third, continuous enrollment was required through the end of
the flu season in order to evaluate the study outcomes of interest.
Mortality is not available in the database, and all patients were
required to have CE through the end of the flu season. We were
therefore unable to assess rVE against influenza-related or all-
cause mortality. Finally, since the study sample employed was lar-
gely commercially- or self-insured, these findings may not be rep-
resentative of the uninsured, Medicare or Medicaid populations.
Further research is needed in these other populations; however,
a comprehensive analysis has been conducted among a Medicare
FFS population as described above [11]. Our study findings should
be interpreted with caution given these limitations. Despite these
limitations, our study has important strengths. We used robust
methodology to adjust for confounders and estimate adjusted clin-
ical outcomes overall and for several subgroups of interest. Finally,
our sample is representative of the commercially insured popula-
tion (<65) in the US.

5. Conclusions

After adjustment for confounders and treatment selection bias,
our results suggest that QIVc may be significantly more effective in
preventing influenza-related hospitalizations/ER visits, all-cause
hospitalizations, and hospitalizations/ER visits related to serious
respiratory events compared to QIVe-SD. Similar trends were
observed among subgroups of interest. Adjusted annualized all-
cause total costs were significantly higher for QIVe-SD, driven by
higher costs for outpatient medical services and inpatient
hospitalizations.
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