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Egg-based influenza vaccines could be less effective than cell-based vaccine due to adaptive mutations
acquired for growth. We conducted a test-negative case-control study at Kaiser Permanente Southern
California to assess vaccine effectiveness (VE) against hospitalization for laboratory-confirmed influenza
during 2017-2018. Among the 1186 cases and 6946 controls, 74% and 59%, respectively, were ages > 65 -
years. For any influenza, the adjusted relative VE of cell-based vaccine versus egg-based vaccines was 43%
(95% CI: —45% to 77%) for patients ages < 65 years and 6% (95% Cl: —46% to 39%) for patients ages > 65 -
years. For influenza A(H3N2), the adjusted relative VE was 61% (95% CI: —63% to 91%) for patients
ages < 65 years and —4% (95% Cl: —70% to 37%) for patients ages > 65 years. Statistically significant pro-
tection against influenza hospitalization of cell-based vaccine compared to egg-based vaccines was not

observed, but further studies in additional influenza seasons are warranted.

© 2019 Published by Elsevier Ltd.

1. Background

Annual influenza vaccination is the best strategy for protection
against illness, hospitalization, and death from influenza, even in
years when vaccines are not well matched to circulating viruses.
In the 2017-2018 influenza season, United States estimates of vac-
cine effectiveness (VE) against laboratory-confirmed influenza
associated with medically attended acute respiratory illness were
38% overall and 22% for influenza A(H3N2) [1]; estimates from
Canada and Australia were even lower [2,3].

One factor that may contribute to low VE is the occurrence of
genetic changes in the vaccine hemagglutinin protein during repli-
cation of the virus in eggs, which can alter antigenicity of vaccine
viruses. This phenomenon, known as egg adaptation, has been
especially common for recent influenza A(H3N2) viruses [4,5].
Influenza vaccine grown in mammalian cells (cell-based vaccine;
Flucelvax; Seqirus Inc., Holly Springs, North Carolina) yields a vac-
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cine strain that is more similar to seed A(H3N2) viruses and poten-
tially more effective than egg-based vaccines.

It is unknown if VE of cell-based vaccine is better than egg-
based vaccines. A study from the Centers for Medicare & Medicaid
Services suggested that cell-based vaccine had 10% better effec-
tiveness against influenza hospitalization than egg-based vaccine
for individuals ages > 65 years; however, virologic confirmation
for influenza was not performed [6]. We conducted a test-
negative case-control study to assess VE of cell-based and egg-
based vaccines against hospitalization for laboratory-confirmed
influenza during the 2017-2018 season.

2. Methods

Kaiser Permanente Southern California (KPSC) is an integrated
health care organization serving over 4.5 million diverse members.
The electronic health record (EHR) comprehensively captures
health care encounters, including laboratory tests, vaccinations,
and medications. As KSPC members are offered recommended vac-
cinations free of charge at every visit and at convenient walk-in
locations, they have incentive to seek care within the organization;
however, vaccinations received outside of KPSC are routinely
incorporated into the EHR. Ethical approval for the study was
obtained from the KPSC Institutional Review Board. All data were
collected from the EHR.
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The study used a test negative design [7] and included all mem-
bers admitted to KPSC hospitals during October 1, 2017 to May 31,
2018 who met the following inclusion criteria: ages > 4 years;
6 months of prior membership; and at least one influenza test
result from a multiplex polymerase chain reaction (PCR) from a
specimen taken anytime between 14 days prior to 3 days after
the admission date. Patients were excluded if they were tested
for influenza or diagnosed with influenza-like illness (ICD-10 codes
J09-J18) prior to 14 days before the admission date; they received
recombinant, high-dose, adjuvanted, or live 2017-2018 influenza
vaccines prior to the admission date; or only rapid influenza tests
were performed. The exposure was defined as receipt of trivalent

Table 1
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or quadrivalent egg-based or cell-based influenza vaccine at least
21 days prior to the admission date. Test-positive cases were hos-
pitalized patients with at least one positive influenza test result
and test-negative controls were hospitalized patients with only
negative test results.

VE was estimated for any influenza and by influenza type (any
influenza, influenza A, influenza A(H3N2), or influenza B) for (a)
cell-based vaccine compared to no influenza vaccine, (b) egg-
based vaccines compared to no influenza vaccine, and (c) cell-
based vaccine compared to egg-based vaccines, stratified by age.
VE and 95% confidence intervals (CI) were calculated as (1- odds
ratio) x 100% and were adjusted for age, sex, race/ethnicity, body

Characteristics of patients hospitalized for influenza by influenza vaccination status, 10/01/2017-05/31/2018.

< 65 years old

> 65 years old

Unvaccinated Egg-based Cell-based Unvaccinated Egg-based Cell-based
N=1327 N=1741 N=75 N=1334 N = 3498 N=157
N % N % N % p-value N % N % N % p-value
Age at admission date <0.01 N/A
4-18 years old 239 18.00 229 1320 8 10.70 N/A N/A N/A N/A N/A  N/A
19-49 years old 513 38.70 511 29.40 20 26.70 N/A N/A N/A N/A N/A  N/A
50-64 years old 575 4330 1001 57.50 47 62.70 N/A N/A N/A N/A N/A  N/A
>65 years old N/A N/A N/A 1334 100.00 3498 100.00 157 100.00
Sex 0.19 0.07
Female 670 50.50 884 50.80 46 61.30 717 53.70 1754  50.10 77 49.00
Male 657 4950 857 4920 29 38.70 617 46.30 1744  49.90 80 51.00
Race/ethnicity <0.01 <0.01
White 433 32.60 583 33,50 22 29.30 685 51.30 1839 52.60 87 55.40
Black 236 17.80 209 12.00 13 17.30 209 15.70 366 10.50 21 13.40
Hispanic 507 38.20 706 40.60 30 40.00 320 24.00 901 25.80 38 24.20
Asian/Pacific Islander 121 9.10 212 1220 6 8.00 102 7.60 367 10.50 10 6.40
Others/Multiple 16 1.20 16 0.90 3 4.00 10 0.70 13 0.40 1 0.60
Native American/Alaska Native 4 0.30 7 0.40 1 1.30 2 0.10 6 0.20 0 0.00
Unknown 10 0.80 8 0.50 0 0.00 6 0.40 6 0.20 0 0.00
BMI classification <0.01 <0.01
Underweight 177 1330 168 9.60 10 13.30 99 7.40 215 6.10 7 4.50
Normal 318 24.00 408 2340 12 16.00 436 32.70 1161  33.20 45 28.70
Overweight 313 23.60 393 2260 14 18.70 361 27.10 1034  29.60 48 30.60
Obese 484 36.50 757 4350 39 52.00 396 29.70 1063  30.40 57 36.30
Missing 35 2.60 15 0.90 0 0.00 42 3.10 25 0.70 0 0.00
Smoking' <0.01 <0.01
No 982 7400 1184 68.00 46 61.30 824 61.80 1939 5540 73 46.50
Yes 345 26.00 557 32.00 29 38.70 510 38.20 1559  44.60 84 53.50
Number of outpatient encounters’ <0.01 <0.01
0 251 1890 45 2.60 0 0.00 234 17.50 95 2.70 2 1.30
1-4 578 43.60 520 2990 16 21.30 522 39.10 934 26.70 25 15.90
5-10 269 2030 529 3040 21 28.00 344 25.80 1227  35.10 56 35.70
11+ 229 1730 647 37.20 38 50.70 234 17.50 1242 3550 74 47.10
Number of inpatient encounters' <0.01 0.01
0 1101 83.00 1272 73.10 53 70.70 1060  79.50 2630  75.20 118  75.20
1 131 9.90 257 1480 15 20.00 172 12.90 526 15.00 29 18.50
2+ 95 7.20 212 1220 7 9.30 102 7.60 342 9.80 10 6.40
Number of emergency department encounters' <0.01 <0.01
0 808 60.90 942 54.10 41 54.70 736 55.20 1680  48.00 75 47.80
1 320 2410 428 2460 18 24.00 357 26.80 942 26.90 46 29.30
2+ 199 15.00 371 2130 16 21.30 241 18.10 876 25.00 36 22.90
Received influenza vaccine in 2016-2017 influenza season <0.01 <0.01
No 862 65.00 323 1860 7 9.30 698 52.30 255 7.30 8 5.10
Yes 465 35.00 1418 8140 68 90.70 636 47.70 3243 92.70 149  94.90
Chronic Obstructive Pulmonary Disease’ <0.01 <0.01
No 1215 9160 1538 8830 63 84.00 971 72.80 2377  68.00 85 54.10
Yes 112 8.40 203 11.70 12 16.00 363 27.20 1121 32.00 72 45.90
Diabetes' <0.01 <0.01
No 969 73.00 1029 59.10 36 48.00 712 53.40 1694  48.40 78 49.70
Yes 358 27.00 712 4090 39 52.00 622 46.60 1804 51.60 79 50.30
Hypertension' <0.01 <0.01
No 783 59.00 796 4570 23 30.70 211 15.80 387 11.10 13 8.30
Yes 544 41.00 945 5430 52 69.30 1123 84.20 3111 88.90 144 91.70
Congestive Heart Failure' <0.01 <0.01
No 1149 86.60 1359 78.10 56 74.70 810 60.70 1959  56.00 80 51.00
Yes 178 13.40 382 2190 19 25.30 524 39.30 1539  44.00 77 49.00

* Within the six months prior to admission date.
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mass index, smoking, health care utilization in the 6 months prior
to admission date, receipt of influenza vaccine in the 2016-2017
season, and comorbidities in the 6 months prior to admission date.

3. Results

The study included 8132 patients, who received 12,487 PCR
tests. Most tests (97.6%) were conducted anytime between < 6 -
days prior to 3 days after admission, and 81.6% were conducted
on the day of or day after admission. Of patients ages < 65 years,
1327 (42.2%) were unvaccinated, 1741 (55.4%) received egg-
based vaccine, and 75 (2.4%) received cell-based vaccine. Of
patients > 65 years, 1334 (26.7%) were unvaccinated, 3498
(70.1%) received egg-based vaccine, and 157 (3.2%) received cell-
based vaccine.

Characteristics of patients varied by age and vaccine type
(Table 1). Health care utilization and underlying comorbidities
were less common among unvaccinated patients, but comorbidi-
ties were typically more common among recipients of cell-based
vaccine than recipients of egg-based vaccines, especially among
patients ages < 65 years.

The adjusted VE of egg-based vaccines against hospitalization
for any influenza compared to no influenza vaccine was —11%
(95% Cl: —49 to 17) for patients ages < 65 years and 5% (95% CI:
—16 to 22) for patients ages > 65 years (Table 2). The adjusted
VE against hospitalization for any influenza of cell-based vaccine
compared to no influenza vaccine was 36% (95% CI: —65 to 76)
for patients ages <65 years and 10% (95% Cl: —44 to 44) for
patients ages > 65 years. The adjusted VE of cell-based vaccine
compared to egg-based vaccines against hospitalization for any
influenza was 43% (95% Cl: —45 to 77) for patients ages < 65 years
and 6% (95% Cl: —46 to 39) for patients ages > 65 years.

For influenza A(H3N2), the point estimates of adjusted VE
against influenza hospitalization for cell-based vaccine compared
to no influenza vaccine were higher than point estimates for
adjusted VE of egg-based vaccine compared to no influenza vaccine
in patients ages <65 years only (47% [95% CI: —131 to 88] and
—36% [95% CI: —102 to 8], respectively). Point estimates for
adjusted VE of cell-based vaccine compared to egg-based vaccine
against hospitalization for influenza A(H3N2) were higher than
adjusted VE estimates against any influenza in patients ages < 65 -
years only (61% [95% CI: —63 to 91] and 43% [95% Cl:. —45 to 77],
respectively). Only 2 of the 75 patients ages <65 years that
received cell-based vaccine tested positive for influenza A(H3N2).

4. Discussion

The 2017-2018 influenza season was a severe, influenza A
(H3N2)-predominant season in the United States, with adults hos-
pitalized at record rates and high numbers of adult and pediatric
deaths [1,8]. In our study at KPSC, the VE of both cell-based and
egg-based vaccines against hospitalization for laboratory-
confirmed influenza was low in the 2017-2018 season. In patients
ages < 65 years, VE point estimates suggest that cell-based vaccine
protection could be better than egg-based vaccines. However, sta-
tistically significant benefits were not observed. Consistent with
our study, the US Hospitalized Adult Influenza Vaccine Effective-
ness Network (HAIVEN) reported low preliminary VE against influ-
enza hospitalization for 2017-2018 (22% (95% CI: 8 to 35) for any
influenza and 16% (95% CI: —5 to 32) for influenza A(H3N2)) [9].
Despite the low VE, influenza vaccination prevented a substantial
burden of influenza illness in 2017-2018 [1].

There are several possible reasons for the low VE observed
among both egg-based and cell-based vaccine. Antigenic drift
may have resulted in mismatch between circulating viruses and

vaccines. However, genetic characterization performed by the Cen-
ters for Disease Control and Prevention indicate that most 2017-
2018 circulating viruses were inhibited by antisera against cell-
based vaccine reference virus, but only half were inhibited by
antisera against egg-based vaccine reference virus [8], thereby sug-
gesting that egg adaptation played a role. Although the 2017-2018
cell-based vaccine was grown in mammalian cells, only the A
(H3N2) component was derived from cell-based, rather than egg-
based, seed virus. For the 2018-2019 vaccine, influenza B compo-
nents were also derived from cell-based seed virus, and for 2019-
2020 vaccine, all components will be completely cell-derived [10].
There may be other factors that affect VE, such as the immune
response to prior influenza infection/vaccination and host charac-
teristics, that should be addressed in future vaccination strategies
[11,12].

The study has several strengths and limitations. A test-negative
design among hospitalized patients was used to reduce care seek-
ing bias [13], and cases and controls were defined by laboratory
results [14]. However, some hospitalized patients with influenza
may have not been tested or may have only been tested with a
rapid test prior to admission; these individuals would not have
been included in the study. Selection bias could also occur if vacci-
nated patients, who had more comorbidities, were more likely to
be hospitalized and tested for influenza than unvaccinated individ-
uals. This could explain higher numbers of vaccinated than unvac-
cinated patients in our study. We controlled for health care
utilization and differences in comorbidities in the 6 months prior
to admission, but there may have been residual differences in other
factors such as frailty [15]. This would underestimate VE of egg-
based or cell-based vaccines compared to unvaccinated individuals
but would have less of an effect on relative VE. In addition, the lag
between illness onset and testing of patients in this study was
unknown. Misclassification might have occurred if patients who
had already cleared infection tested negative; however, most
patients were tested on or close to the date of admission, when
they were likely at the peak of their illness and therefore likely
to be shedding influenza [16,17]. Influenza vaccination status
could have also been misclassified in some patients, although this
was likely infrequent due to the comprehensiveness of the EHR.
Additionally, VE for non-hospitalized individuals was not
determined.

In this study, VE of both cell-based vaccine and egg-based vac-
cine was low. Further studies with a larger number of recipients of
cell-based vaccines in multiple influenza seasons are warranted in
both outpatient and hospitalized settings.
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Table 2
Vaccine effectiveness against hospitalization for influenza of cell-based and egg-based influenza vaccines, 10/01/2017-05/31/2018.
Age at index date < 65 years old Age at index date > 65 years old Total
Influenza type Test Test Vaccine Adjusted” Vaccine Test Test Vaccine Adjusted” Vaccine Test Test Vaccine Adjusted’ Vaccine
positive negative Effectiveness Effectiveness (%) positive negative Effectiveness Effectiveness (%) positive negative Effectiveness Effectiveness (%) (95% CI)
(N) (N) (%) (95% CI) (N) (N) (%) (95% CI) (N) (N) (%)
(95% CI) (95% CI) (95% CI)
Any influenza
Unvaccinated 122 1205 - - 242 1092 - - 364 2297 - -
Egg-based vs. 180 1561 —14 (-45 to —11(-49to 17) 612 2886 4(-13t019) 5(-16to 22) 792 4447 -12 (-28 to —2(-20to 14)
unvaccinated 11) 2)
Cell-based vs. 5 70 29(-78t072) 36 (—65to 76) 25 132 15(—-34to45) 10 (—44to 44) 30 202 6(-40to37) 14(-31to43)
unvaccinated
Cell-based vs. N/A N/A 38 (-55t075) 43 (-45to 77) N/A N/A 11(-38to42) 6 (—46 to39) N/A N/A 17 (-23 to 44) 15 (26 to 43)
egg-based
Influenza A
Unvaccinated 85 1205 - - 188 1092 - - 273 2297 - -
Egg-based vs. 132 1561 —20(-59 to —12 (-58 to 20) 474 2886 5(-15to21) 8(-15to 26) 606 4447 -15(-33to1) -1(-21to 16)
unvaccinated 10)
Cell-based vs. 3 70 39(-97to81) 46 (-81 to 84) 19 132 16 (—39to 50) 14 (—46 to 49) 22 202 8(-45to42) 18(-32to49)
unvaccinated
Influenza A
(H3N2)
Unvaccinated 60 1205 - - 167 1092 - - 227 2297 - -
Egg-based vs. 112 1561 —44 (-99 to —36 (—102 to 8) 435 2886 1(-19t0o19) 5(-19to 24) 547 4447 —24 (—46 to -7 (-30to 12)
unvaccinated —4) -6)
Cell-based vs. 2 70 43 (—140 to 47 (—131 to 88) 19 132 6 (56 to43) 2 (-67 to42) 21 202 -5 (-68 to 6 (—54 to 42)
unvaccinated 86) 34)
Cell-based vs. N/A N/A 60 (—-65t090) 61 (-63 to91) N/A N/A 4(-56to42) —4(-70to 37) N/A N/A 15(-34to47) 12 (-40 to 45)
egg-based
Influenza B
Unvaccinated 37 1205 - - 54 1092 - - 91 2297 - -
Egg-based vs. 48 1561 0(-55t035) —7(-81to37) 138 2886 3(-33t030) —8(-61to27) 186 4447 —6(—36 to —4 (—42 to 24)
unvaccinated 18)
Cell-based vs. 2 70 7(-294t078) 16 (-277 to 81) 6 132 8(-118to61) —6(—-163 to 57) 8 202 0(-109t052) 1(—113to 54)

unvaccinated

Note: For each influenza type, the number of test positives and number of test negatives are displayed for the unvaccinated patients in the first row, egg-based vaccine recipients in the second row, and cell-based vaccine recipients

in the third row.

" Adjusted for age at admission date (continuous), sex, race/ethnicity, BMI, smoking status, health care utilization, influenza vaccination status in the previous season, and comorbidities.
 Adjusted for age at admission date (dichotomous at age 65), sex, race/ethnicity, BMI, smoking status, health care utilization, influenza vaccination status in the previous season, and comorbidities.
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