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Background. Antibody responses to non–egg-based standard-dose cell-culture influenza vaccine (containing 15 µg 
hemagglutinin [HA]/component) and recombinant vaccine (containing 45 µg HA/component) during consecutive seasons have 
not been studied in the United States.

Methods. In a randomized trial of immunogenicity of quadrivalent influenza vaccines among healthcare personnel (HCP) aged 
18–64 years over 2 consecutive seasons, HCP who received recombinant-HA influenza vaccine (RIV) or cell culture–based 
inactivated influenza vaccine (ccIIV) during the first season (year 1) were re-randomized the second season of 2019–2020 (year 
2 [Y2]) to receive ccIIV or RIV, resulting in 4 ccIIV/RIV combinations. In Y2, hemagglutination inhibition antibody titers 
against reference cell–grown vaccine viruses were compared in each ccIIV/RIV group with titers among HCP randomized both 
seasons to receive egg-based, standard-dose inactivated influenza vaccine (IIV) using geometric mean titer (GMT) ratios of Y2 
post-vaccination titers.

Results. Y2 data from 414 HCP were analyzed per protocol. Compared with 60 IIV/IIV recipients, 74 RIV/RIV and 106 ccIIV/ 
RIV recipients showed significantly elevated GMT ratios (Bonferroni corrected P < .007) against all components except A(H3N2). 
Post-vaccination GMT ratios for ccIIV/ccIIV and RIV/ccIIV were not significantly elevated compared with IIV/IIV except for RIV/ 
ccIIV against A(H1N1)pdm09.

Conclusions. In adult HCP, receipt of RIV in 2 consecutive seasons or the second season was more immunogenic than 
consecutive egg-based IIV for 3 of the 4 components of quadrivalent vaccine. Immunogenicity of ccIIV/ccIIV was similar to 
that of IIV/IIV. Differences in HA antigen content may play a role in immunogenicity of influenza vaccination in consecutive 
seasons.
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Annual influenza vaccination, without any preference for type 
of vaccine, is recommended for healthcare personnel (HCP) in 
the United States to reduce transmission of influenza in health
care settings [1]. During the 2019–2020 season, 81% of HCP 

received influenza vaccination compared with 48% of adults 
aged ≥18 years [2, 3]. In compliance with employer influenza 
vaccination policies, most HCP receive an influenza vaccina
tion each season [2]. The majority of seasonal influenza vac
cines distributed in the United States are produced in 
embryonated eggs, which may introduce egg-adapted antigenic 
changes during vaccine virus propagation [4–6]. Repeated vac
cination may boost antibodies to conserved epitopes and those 
present in egg-adapted vaccines rather than eliciting neutraliz
ing antibodies against vaccine viruses or circulating influenza 
viruses [7]. Vaccine platforms that do not rely on egg-based 
production, including standard-dose cell culture–based inacti
vated influenza vaccine and recombinant-hemagglutinin (HA) 
protein vaccine with higher HA antigen content, may induce 
broader and higher immune responses to circulating influenza 
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strains of viruses than egg-based vaccines [8, 9]. Immune re
sponses to annual revaccination may also differ by preexisting 
antibody levels, antigenic similarity between vaccine viruses in 
consecutive seasons, and antigen content [10, 11].

During the 2018–2019 influenza season, we initiated a 2-sea
son randomized, open-label immunogenicity trial in a highly 
vaccinated HCP population to compare immune response to 
vaccination with egg-based vs non–egg-based quadrivalent 
vaccines. Antibody responses were measured against influenza 
antigens produced in cell culture that retain antigenic charac
teristics of wild-type influenza viruses. In the first study year, 
quadrivalent recombinant-HA influenza vaccine (RIV) elicited 
higher antibody titers than either quadrivalent cell culture 
(ccIIV)– or egg-based quadrivalent, standard-dose, inactivated 
influenza vaccines (IIVs) against 3 of 4 vaccine components 
(except B/Victoria) [12]. It is unknown whether the advantages 
of RIV are maintained or enhanced after repeated vaccination 
or over multiple seasons. To investigate immune responses to 
consecutive vaccination with non–egg-based vaccines over 
2 seasons, participants who were randomized to ccIIV or RIV 
or IIV before the 2018–2019 influenza season (study year 1 
[Y1]) were re-randomized to receive ccIIV or RIV or IIV in 
2019–2020 (study year 2 [Y2]). Antibody responses after vacci
nation with 4 combinations of ccIIV and RIV receipt during 
study Y1 and Y2 were compared with responses among partic
ipants rerandomized to receive egg-based inactivated influenza 
vaccines in both seasons.

METHODS

Study Design

A description of the study design in the first season has been pub
lished [12]. HCP aged 18–64 years from 2 integrated healthcare sys
tems, Baylor Scott & White Health (BSWH) in Temple, Texas, and 
Kaiser Permanente Northwest (KPNW) in Portland, Oregon, were 
enrolled in a 2-year, randomized, open-label immunogenicity trial 
before the 2018–2019 influenza season (Y1). In Y1, participants 
were randomized to receive 1 of the following: an egg-based, 
standard-dose quadrivalent IIV (Fluzone Quadrivalent, Sanofi 
Pasteur or Fluarix Quadrivalent, GlaxoSmithKline) containing 
15 µg of HA protein per strain, quadrivalent ccIIV (Flucelvax 
Quadrivalent, Seqirus) containing 15 µg of HA per strain, or quad
rivalent RIV (Flublok Quadrivalent, Sanofi Pasteur) containing 
45 µg of HA per strain [12]. Before the 2019–2020 influenza season 
(Y2), participants who had been randomized to ccIIV or RIV in Y1 
were re-randomized to receive either ccIIV or RIV, resulting in 4 
Y1/Y2 combinations of non–egg-based vaccines (ccIIV/ccIIV, 
ccIIV/RIV, RIV/ccIIV, and RIV/RIV). Randomization was strati
fied by site and age group (ages 18–44 and 45–64 years at enroll
ment; Supplementary Figure 1).

Participants randomized to IIV in Y1 were re-randomized to 
receive IIV (Fluzone Quadrivalent, Sanofi Pasteur), ccIIV, or 

RIV. Results for the IIV/IIV group are included as a referent 
in this report. Results for the IIV/ccIIV and IIV/RIV groups 
that address other trial objectives are not presented here and 
will be reported separately (Supplementary Figure 1). HCP pro
vided consent for re-randomization and completed an online 
enrollment survey. Blood samples were collected before vacci
nation and at approximately 4 weeks post-vaccination (accept
able time range per protocol, 21–62 days) for measurement of 
serum hemagglutination inhibition (HI) antibody titers.

Influenza Vaccines

The recommended composition of Northern Hemisphere 
2019–2020 influenza vaccines included the following strains: 
A/Brisbane/02/2018 (H1N1)pdm09-like virus, A/Kansas/14/ 
2017 (H3N2), B/Colorado/06/2017-like virus (B/Victoria/2/87 
lineage), and B/Phuket/3073/2013-like virus (B/Yamagata/16/ 
88 lineage). Compared with the 2018–2019 influenza vaccine 
strain composition, 2019–2020 vaccines included updated 
components for A(H1N1)pdm09 and A(H3N2); A/Kansas/ 
14/2017 (H3N2) is antigenically similar to influenza 
A(H3N2) clade 3C.3a viruses that circulated during the 
2018–2019 season. During 2019–2020, all 4 components of cell- 
culture and recombinant-HA vaccines were produced from 
seed viruses that had not been passaged in eggs. During 
2018–2019, all 4 components of RIV and 3 components of 
ccIIV were cell culture–derived except for A(H1N1)pdm09, 
which was egg-grown. The vaccines were provided in prefilled 
syringes and administered as a 0.5-mL dose intramuscularly.

Immunogenicity Assays

Laboratory investigators were blinded to randomization arm 
assignment. HI antibody assays were performed in accordance 
with the Manual for the Laboratory Diagnosis and Virological 
Surveillance of Influenza by the World Health Organization 
[13]. For A(H3N2), HI assays used 0.75% guinea pig erythro
cytes against A/Kansas/14/2017 (H3N2) propagated in modi
fied Madin Darby canine kidney (MDCK) cells. For A(H1N1) 
pdm09 and influenza B, HI assays used 0.5% turkey erythro
cytes against cell-propagated A/Idaho/07/2018 (H1N1)pdm09 
(A/Brisbane/02/2018-like), B/Colorado/06/2017 (B/Victoria), 
and B/Phuket/3073/2013 (B/Yamagata) viruses propagated in 
MDCK cells; both influenza B antigens were ether-treated [14].

Statistical Analyses

Analyses for the second year of the trial were per protocol, exclud
ing participants without post-vaccination serum specimens col
lected within specified time periods. The primary outcome 
measures were post-vaccination HI antibody geometric mean ti
ters (GMTs) against cell culture–propagated vaccine reference vi
ruses, mean fold-rise in titer from pre- to post-vaccination for each 
participant, and GMT ratio comparing Y2 post-vaccination GMTs 
of each ccIIV/RIV combination group to the IIV/IIV referent 
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group. Based on sample size calculations to detect specified post- 
vaccination GMT ratios between 2 comparison groups after ad
justment for 7 primary comparisons using a Bonferroni correction 
(Supplementary Table 1), our study had sufficient sample size to 
detect GMT ratios as low as 1.2. GMTs were compared using 
the Student t test. Because HCP who received IIV, ccIIV, and 
RIV were randomized during each of the 2 seasons, we did not ad
just for Y2 pre-vaccination HI titer. For GMT ratios comparing 
non-egg vaccine combinations with the IIV/IIV referent, after ap
plying a Bonferroni correction, statistical significance was defined 
as 2-tailed P value <.007 or 99.3% confidence interval (CI). 
Analyses were performed with SAS (version 9.3; SAS Institute, 
Cary, NC).

Ethical Review

The study protocol was reviewed and approved by the institu
tional review boards (IRBs) of KPNW, BSWH, and Abt 
Associates, which provided study site oversight and data man
agement support. The Centers for Disease Control and 
Prevention relied on BSWH’s IRB. Study findings are reported 
in accordance with the Consolidated Standards of Reporting 
Trials statement guidelines.

RESULTS

Participant Characteristics

Overall, among 588 participants from Y1 who were screened 
for eligibility in Y2, 545 re-enrolled (3 were not eligible, 

Figure 1. Consolidated Standards of Reporting Trials diagram for participants re-enrolled in the second study year (2019–2020 influenza season). Abbreviations: ccIIV, cell 
culture–based inactivated influenza vaccine (Flucelvax Quadrivalent); IIV, inactivated influenza vaccine (Fluzone Quadrivalent); RIV, recombinant-hemagglutinin influenza vac
cine (Flublok Quadrivalent); S2, post-vaccination blood (21–62 days after); year 1, 2018–2019; year 2, 2019–2020.
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38 declined to participate, and 2 Y1 participants were excluded 
for other reasons; Figure 1). Among the 545 participants, 179 
had received IIV, 214 had received ccIIV, and 152 had re
ceived RIV in Y1. After re-randomization in Y2, after exclud
ing participants without sera collected per protocol (n = 15) 
and those who received IIV in Y1 re-randomized to RIV or 
ccIIV (n = 116), there were 414 participants in the per- 
protocol analysis group (60 in the IIV/IIV referent group, 
101 in the ccIIV/ccIIV, 106 in the ccIIV/RIV, 73 in the RIV/ 
ccIIV, and 74 in the RIV/RIV groups; Figure 1). Mean partic
ipant age was 46 years (Table 1). Participating HCP were pre
dominantly female (82%) and non-Hispanic White (79%); 
14% were of Hispanic ethnicity. Eleven percent of participants 
reported diagnosis or treatment for 1 or more chronic medical 
conditions during the past year. Most participants had docu
mented influenza vaccinations during the preceding 6 sea
sons. Across the 5 study arms, participant age, sex, race, 
Hispanic ethnicity, subjective health status, body mass index, 
presence of an immunosuppressive condition status, smoking 
status, pregnancy status, and prior vaccination status were 
similar (Table 1).

Pre-vaccination GMTs in Y2

Compared with the IIV/IIV referent group, the Y2 pre- 
vaccination GMT in those who received RIV in Y1 tended to 
be higher and was higher against B/Victoria in the RIV/RIV 
group (Table 2). The Y2 pre-vaccination GMT tended to be 
lower against the updated A/Kansas/14/2017(H3N2) among 
Y1 ccIIV recipients. Compared with participants who received 
ccIIV in Y1, those who received RIV in Y1 had higher pre- 
vaccination GMTs in Y2 against A(H3N2).

GMT Ratios

Compared with post-vaccination titers in the IIV/IIV referent 
group, statistically significant GMT ratios (P <.007) were ob
served for 3 of 4 cell-propagated antigens in the RIV/RIV 
group (Figure 2), ranging from 1.8 (CI, 1.2–2.9) against B/ 
Yamagata to 2.0 (CI, 1.2–3.4) against A(H1N1)pdm09; 
A(H1N1pdm09) was updated in Y2 (2019–2020). In the 
ccIIV/RIV crossover group, GMT ratios were also statistically 
significantly greater than 1.0 against all antigens except 
A(H3N2). Compared with the IIV/IIV referent, the RIV/ 
ccIIV crossover group had a GMT ratio >1.0 against 

Table 1. Demographic and Baseline Characteristics of 414 Participants Enrolled and Randomized in Both Seasons of 2-Year Randomized Trial of 
Quadrivalent Non–Egg-based vs Egg-Based Licensed Influenza Vaccines According to Vaccines Received in Each Study Season

Characteristic

IIV/IIV ccIIV/ccIIV ccIIV/RIV RIV/ccIIV RIV/RIV

n = 60 n = 101 n = 106 n = 73 n = 74

n % n % n % n % n %

Demographic

Age, mean, (SD), years 46 (11) 46 (11) 46 (11) 47 (11) 46 (11)

Age group, years

18–44 22 (37) 42 (42) 44 (42) 28 (38) 30 (41)

45–64 38 (63) 59 (58) 62 (58) 45 (62) 44 (59)

Female 54 (90) 83 (82) 87 (82) 58 (79) 56 (78)

White 47 (78) 83 (82) 88 (83) 56 (77) 54 (73)

Hispanic 10 (17) 10 (10) 18 (17) 11 (15) 10 (22)

Site

Baylor Scott & White Health 41 (68) 55 (54) 61 (58) 57 (78) 56 (76)

Kaiser Permanente Northwest 19 (32) 46 (46) 45 (42) 16 (22) 18 (24)

Baseline

Body mass index, mean (SD) 30 (7) 29 (7) 30 (7) 29 (6) 30 (7)

Subjective health status, mean (SD)a 4 (1) 4 (1) 4 (1) 4 (1) 4 (1)

Diagnosed or treated for chronic medical condition during the past 12 months 11 (18) 8 (8) 13 (12) 7 (10) 8 (11)

Immunosuppressive condition 1 (2) 0 (0) 2 (2) 2 (3) 1 (1)

Smokerb 4 (6) 5 (5) 3 (3) 2 (3) 6 (8)

Pregnantc 2 (11) 0 (0) 1 (3) 0 (0) 1 (5)

Prior influenza vaccination receiptd

Total vaccines received during the preceding 6 seasons, mean (SD)d 6 (1) 6 (1) 6 (1) 6 (1) 6 (1)

Abbreviations: ccIIV, cell culture–based inactivated influenza vaccine (Flucelvax Quadrivalent); IIV, quadrivalent inactivated influenza vaccine (Fluzone Quadrivalent); RIV, recombinant-hemagglutinin IIV 
(Flublok Quadrivalent); SD, standard deviation.  
aOriginal answer choice converted to numeric scale where 5 = excellent and 1 = poor. Responses were missing for 5 participants.  
bParticipant was considered a smoker if participant answered currently smokes every day or some days. Responses were missing for 5 participants.  
cAmong 131 female participants with nonmissing responses.  
dBased on report of vaccination by participant interview or electronic medical record extraction.
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A(H1N1)pdm09, but P values for GMT ratios for A(H3N2) 
and influenza B antigens were >.007. For repeat ccIIV vacci
nation (ccIIV/ccIIV), GMT ratios ranged from 0.8 (CI, .5–1.1) 
against A(H3N2) to 1.4 (CI, .8–2.3) against A(H1N1)pdm09; 
P values for GMT ratios were >.007.

Compared with the ccIIV/ccIIV group, RIV/RIV recipi
ents achieved higher post-vaccination GMTs against 
A(H3N2) (Table 2).

Mean Fold-Rise in Titer in Y2

Compared with the IIV/IIV referent group, mean fold-rises in 
titer for all non–egg-based vaccine combinations (ccIIV/ccIIV, 
ccIIV/RIV, RIV/ccIIV, and RIV/RIV) tended to be higher 
against the updated A(H1N1)pdm09 and were significantly 
higher against updated A(H1N1)pdm09 and both unchanged 
influenza B antigens in the ccIIV/RIV group (Figure 3). For 
A(H3N2), the crossover RIV/ccIIV group tended to have high
er pre-vaccination GMT and lower mean fold-rise than the IIV/ 
IIV referent group. Compared with participants in the cross
over RIV/ccIIV group, those in the ccIIV/RIV group tended 
to have lower pre-vaccine GMTs with overlapping CIs against 
all 4 antigens. However, compared with the RIV/ccIIV group, 
the mean fold-rise was significantly higher at 3.2 (CI, 2.4–4.3) 
against A(H3N2) among the ccIIV/RIV group and tended to 

be higher for the other 3 antigens. There were no differences 
in the Y1/Y2 GMT mean fold-rises in ccIIV/ccIIV and RIV/ 
RIV groups for all 4 vaccine components.

DISCUSSION

In this highly influenza-vaccinated population of HCP, receipt 
of RIV during 2 consecutive seasons elicited higher post- 
vaccination HI antibody titer ratios against 3 of 4 components 
than receipt of standard-dose egg-based influenza vaccine dur
ing 2 consecutive seasons. Similar to Y1 [12], we also found 
that receipt of RIV in Y2 elicited higher HI GMTs against 
3 of 4 cell-propagated vaccine antigens compared with receipt 
of consecutive IIV regardless of whether participants received 
RIV in Y1. Among participants who received RIV in Y1, pre- 
vaccination GMT in the second year of the trial tended to be 
higher than among participants who received ccIIV or IIV in 
Y1, consistent with higher titers observed 6 months after vac
cination in Y1 [12]. Against the A(H3N2) vaccine component 
that was updated in 2019–2020, pre-vaccination titers were not 
significantly higher among participants who received RIV vs 
IIV in the first season but tended to be higher than in Y1 
ccIIV recipients. Participants who received RIV in consecutive 
seasons also had higher post-vaccination antibody titers 
against the updated A(H3N2) than those who received ccIIV 

Table 2. Pre- and Post-Vaccination Hemagglutination Inhibition Antibody Geometric Mean Titer and Mean Fold-Rise in Titer in the Second Year of the 
Randomized Immunogenicity Trial According to Quadrivalent Vaccine Combination Received in 2 Study Seasons, With Quadrivalent Inactivated Influenza 
Vaccine/Quadrivalent Inactivated Influenza Vaccine as Referent Group

Hemagglutination Inhibition 
Antibody

IIV/IIV (Ref) ccIIV/ccIIV ccIIV/RIV RIV/ccIIV RIV/RIV

n = 60 n = 101 n = 106 n = 73 n = 74

GMT (99.3% CI)a or Mean Fold-Rise in Titer (99.3% CI)b

A/Idaho/07/2018 (H1N1) (cell-propagated A/Brisbane/02/2018-like)

Pre-vaccine GMT 27.3 (17.3–43.2) 25.4 (18.7–34.6) 24.0 (17.3–33.4) 35.0 (22.6–54.3) 37.5 (25.4–55.3)

Post-vaccine GMT 38.2 (23.9–60.9) 53.0 (40.5–69.3) 68.4 (50.2–93.2) 75.6 (52.2–109.3) 76.3 (51.9–112.2)

Mean fold-rise 1.4 (1.1–1.7) 2.1 (1.7–2.6) 2.8 (2.2–3.6) 2.2 (1.7–2.8) 2.0 (1.6–2.5)

A/Kansas/14/2017 (H3N2)

Pre-vaccine GMT 102.0 (72.1–144.3) 70.6 (51.3–97.2) 77.9 (56.2–108.0) 132.3 (95.1–184.1) 136.4 (102.8–181.1)

Post-vaccine GMT 216.1 (165.0–283.0) 163.4 (127.1–209.9) 248.0 (190.3–323.1) 181.0 (129.3–253.4) 302.5 (247.2–370.2)

Mean-fold rise 2.1 (1.6–2.9) 2.3 (1.7–3.1) 3.2 (2.4–4.3) 1.4 (1.1–1.8) 2.2 (1.6–3.0)

B/Colorado/06/2017 (Victoria)

Pre-vaccine GMT 34.4 (26.3–45.0) 39.7 (30.2–52.3) 41.6 (32.5–53.3) 47.0 (32.3–68.5) 54.0 (40.9–71.2)

Post-vaccine GMT 44.4 (34.1–57.8) 55.6 (43.1–71.8) 83.2 (65.8–105.1) 66.2 (45.7–95.8) 87.0 (64.1–118.1)

Mean-fold rise 1.3 (1.1–1.5) 1.4 (1.1–1.7) 2.0 (1.6–2.4) 1.4 (1.1–1.7) 1.6 (1.3–1.9)

B/Phuket/3073/2013 (Yamagata)

Pre-vaccine GMT 46.5 (33.3–64.8) 47.8 (36.7–62.3) 49.0 (37.1–64.7) 58.5 (40.6–84.3) 65.7 (47.7–90.5)

Post-vaccine GMT 59.2 (42.2–83.2) 73.7 (57.7–94.1) 102.6 (79.3–132.6) 82.3 (56.9–119.0) 108.0 (81.2–143.5)

Mean-fold rise 1.3 (1.0–1.6) 1.5 (1.3–1.8) 2.1 (1.7–2.6) 1.4 (1.1–1.7) 1.6 (1.3–2.0)

Data shown for participants in per-protocol analysis according to 2-year vaccine combination actually received. Post-vaccination antibody titers were obtained approximately 28 days after year 
2 vaccination.  

Abbreviations: ccIIV, cell culture–based inactivated influenza vaccine (Flucelvax Quadrivalent, Seqirus); CI, confidence interval; GMT, geometric mean titer; IIV, quadrivalent inactivated 
influenza vaccine (Fluzone Quadrivalent, Sanofi Pasteur); RIV, recombinant IIV (Flublok, Sanofi Pasteur).  
aGMTs and 99.3% CIs were calculated using the t distribution applied to log-transformed titers.  
bMean fold-rise and 99.3% CIs were defined as the geometric mean of the ratio of post-vaccination titer and pre-vaccination titer for each participant.
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in consecutive seasons. Across vaccine combinations, mean 
fold-rise was generally higher among participants with lower 
pre-vaccination titers, as expected.

Higher HI antibody titers to consecutive seasons of quadriva
lent RIV compared with standard-dose egg-based IIV may be 
related to lack of egg-adapted mutations or higher antigen con
tent (45 µg of HA/per component vs 15 µg each) or better anti
genicity of RIV. Because we found similar HI antibody 
responses as IIV/IIV to consecutive season doses of standard- 
dose ccIIV, our findings support that the higher HA antigen 
content of recombinant-HA vaccine may have contributed to 
higher antibody titers after RIV in the second season. A trend 
for higher Y2 pre-vaccination HI titers in Y1 RIV recipients, 
possibly related to an increase in the magnitude and persistence 
of functional antibodies observed 6 months after Y1 vaccination 
[12], may be due to differences in immunological recognition of 
HA antigenic epitopes when delivered as a recombinant protein. 
Differences between the antigenicity of recombinant-HA pro
duced in insect cells in RIV and HA from viruses grown in 
mammalian cell culture in ccIIV may also play a role in eliciting 

different immune responses, although HI titers for all groups 
were measured against antigens from viruses grown in cell cul
ture. Pre-vaccination antibody titers against the updated 2019– 
2020 A(H3N2) vaccine component (A/Kansas/14/2017), which 
was genetically and antigenically distinct from the 2018–2019 
A(H3N2) component, were not significantly higher among Y1 
RIV recipients compared with the egg-based IIV referent group 
but were significantly lower among Y1 ccIIV compared with 
RIV recipients. In this highly vaccinated population, complex 
antibody landscapes reflecting early exposures, boosting from 
natural infections, and repeated vaccination may affect influen
za immune responses to egg and non-egg HA antigens. 
Predicting which vaccine antigens or combinations of vaccines 
will provide better protection against circulating viruses re
mains challenging.

Results from observational studies comparing effectiveness 
of cell culture–based or recombinant vaccines to egg-based vac
cines against influenza-associated illness based on administra
tive diagnostic codes or laboratory-confirmed influenza-related 
outcomes in different age groups and settings have been 

Figure 2. Forest plot of geometric mean hemagglutination inhibition (HI) antibody titer ratios (geometric mean titer [GMT] ratios) at 1 month post-vaccination by 2-season 
vaccine combination. Figure shows ratios comparing year 2 post-vaccination HI antibody titers in each non–egg-based 2-season vaccine combination group to HI titers among 
participants who received standard-dose egg-based inactivated influenza vaccine both seasons (IIV/IIV; referent group). HI antibody titers were measured against cell- 
propagated antigens of 2019–2020 vaccine reference strains A/Idaho/07/2018 (H1N1)pdm09 (A/Brisbane/02/2018-like), A/Kansas/14/2017 (H3N2), B/Colorado/06/2017
(Victoria), and B/Phuket/3073/2013(Yamagata). The forest plot depicts GMT ratios for each year 1/year 2 vaccine combination, calculated using log-transformed GMTs. 
Horizontal lines represent the 99.3% CI, and solid circles represent the point estimates. All estimates to the right of the null value of 1 favor the corresponding year 1/ 
year 2 vaccine combination over the IIV/IIV referent group. *Applying a Bonferroni correction for multiple comparisons, P <.007 for GMT ratio is statistically significant. 
Abbreviations: ccIIV, cell culture–based inactivated influenza vaccine (Flucelvax Quadrivalent); CI, confidence interval; IIV, inactivated influenza vaccine (Fluzone Quadriv
alent); RIV, recombinant-hemagglutinin influenza vaccine (Flublok Quadrivalent).
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inconsistent, with some analyses suggesting little to no differ
ence in effectiveness between vaccines [15–17]. However, one 
observational study [16] during the 2019–2020 season found 
significantly higher effectiveness for RIV than for all other 
vaccines (standard-dose, quadrivalent IIV and ccIIV, and 
each of trivalent adjuvanted and high-dose IIV) against 
influenza-related inpatient stays among US Medicare beneficia
ries aged ≥65 years [16]. Immunogenicity of influenza vaccines 
is often measured using antigens similar to those used to make 
the vaccine rather than antigens from cell culture more similar 
to wild-type or circulating influenza viruses. Further, egg- 
grown antigens have often been used to compare immunoge
nicity of egg-based vs non–egg-based vaccines. HI antibody ti
ters against cell-propagated antigens may provide a better 
measure of antibody-mediated protection against disease 
than titers against egg-grown antigens, but data to test this hy
pothesis further are needed [14]. Results of 2 immunogenicity 
studies that used antigens grown in cell culture reported similar 
antibody responses following recombinant-HA vaccine com
pared with 3 egg-based vaccines (standard-dose, high-dose, 
and adjuvanted IIV) in adults aged ≥65 years [18] and highly 
vaccinated active military personnel aged 18–64 years [19]. 

However, in the open-label immunogenicity trial during 
2017–2018, RIV produced a greater cross-protective response 
against circulating and antigenically evolved 2019–2020 
A(H3N2) vaccine strains [18]. A recent randomized 
head-to-head comparison trial of enhanced vaccines in Hong 
Kong in community-dwelling adults aged 65–82 years showed 
that quadrivalent RIV, trivalent, high-dose IIV, and adjuvanted 
IIV were more immunogenic than standard-dose quadrivalent 
IIV, including improved humoral and cell-mediated immunity 
response [20]. Repeated vaccination with egg-based vaccines 
has been shown to elicit and boost antigens to epitopes related 
to adaptation to growth in eggs that do not neutralize circulat
ing viruses [21, 22]. For repeatedly vaccinated individuals, ben
efits of current-season influenza vaccines may include eliciting 
antibodies to novel epitopes on antigenically distinct or drifted 
circulating viruses and boosting cross-reactive antibodies rec
ognizing conserved epitopes similar to prior vaccines or infec
tions. Although this immunogenicity trial was conducted over 
2 seasons with both unchanged and updated vaccine compo
nents, comparisons of immune responses to egg-based and 
non–egg-based vaccines may require longer studies and de
pend on antigenic differences among sequential vaccine 

Figure 3. Forest plot of MFR in geometric mean hemagglutination inhibition (HI) antibody titer (geometric mean titer [GMT]) at 1 month post-vaccination by 2-season 
vaccination combination. MFR and 99.3% CIs were defined as the geometric mean of the ratio of post-vaccination titer and pre-vaccination titer for each participant. 
*Applying a Bonferroni correction for multiple comparisons, P <.007 for GMT ratio is statistically significant. Abbreviations: ccIIV, cell culture–based inactivated influenza 
vaccine (Flucelvax Quadrivalent); CI, confidence interval; MFR, mean fold-rise; IIV, inactivated influenza vaccine (Fluzone Quadrivalent); RIV, recombinant-hemagglutinin in
fluenza vaccine (Flublok Quadrivalent).
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viruses. In addition to comparing immunogenicity, random
ized trials are needed to compare relative effectiveness of egg- 
based and non–egg-based vaccines against laboratory- 
confirmed influenza. Multiseason studies will be needed to as
sess relative effectiveness of combinations of egg and non-egg 
vaccines against influenza.

The protective role of neuraminidase (NA) antibodies in 
limiting viral replication, shedding, and severity of illness along 
with a slower rate of antigenic drift compared with HA makes it 
a possible vaccine target [23]. Each standard-dose vaccine (IIV 
and ccIIV) contains residual NA that is not standardized and 
may vary with each vaccine, whereas RIV lacks NA; there 
may be unmeasured immunogenicity and protection from 
the NA antigen in IIV and ccIIV. However, comparative effec
tiveness studies in US adults aged ≥65 years suggest RIV that 
lacks NA and contains 3 times as much recombinant HA as 
standard-dose IIV may be as or more effective than other 
NA-containing enhanced vaccines during recent influenza sea
sons [16, 24]. Multiseason comparative effectiveness studies of 
RIV vs NA-containing, enhanced vaccines are needed.

This study has several limitations. Antibody titers to influen
za HA surface protein responsible for inhibition of hemagglu
tination of red blood cells are considered a surrogate 
immunological correlate of protection but do not always trans
late to vaccine effectiveness against laboratory-confirmed influ
enza [25, 26]. While antibody titers measured in HI assays 
correlate with viral microneutralization assays, immune re
sponses should also be evaluated using microneutralization 
and other functional assays, as well as assessment of NA anti
body and cell-mediated immune responses.

In the second year of this immunogenicity trial among highly 
vaccinated adult HCP, recombinant vaccine elicited higher an
tibody titers than egg-based or cell culture–based vaccines. 
Receipt of RIV in the preceding or current season elicited 
more robust antibody response against 3 of 4 vaccine compo
nents except A(H3N2). Whether this effect is explained by 
the 3-fold higher antigen content of recombinant vaccine com
pared with standard-dose vaccines or possibly due to differenc
es in immune response mechanisms such as HA antigen 
recognition or activation by B cells requires further study. 
Repeat vaccination with non–egg-based vaccines in general 
may lead to higher antibody titers to cell-grown viruses that 
lack egg-adapted mutations and may represent circulating 
strains better than the viruses included in egg-based vaccines, 
although this may vary by vaccine formulation and influenza 
virus subtype. Additional longitudinal data about the relative 
immunogenicity and effectiveness of combinations of egg- 
based and non–egg-based vaccines are needed to inform vac
cine recommendations for populations at increased risk for in
fluenza morbidity or mortality such as pregnant persons, those 
aged ≥65 years, and with underlying asthma or diabetes. 
Adequately immunogenic and broadly protective, universal 

influenza vaccines are needed for protecting highly vaccinated 
HCP and high-risk populations.

Supplementary Data
Supplementary materials are available at Clinical Infectious Diseases online. 
Consisting of data provided by the authors to benefit the reader, the posted 
materials are not copyedited and are the sole responsibility of the authors, 
so questions or comments should be addressed to the corresponding 
author.
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