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BACKGROUND
Improved influenza vaccines are needed to control seasonal epidemics. This trial com-
pared the protective efficacy in older adults of a quadrivalent, recombinant influenza 
vaccine (RIV4) with a standard-dose, egg-grown, quadrivalent, inactivated influenza 
vaccine (IIV4) during the A/H3N2-predominant 2014–2015 influenza season, when 
antigenic mismatch between circulating and vaccine influenza strains resulted in the 
reduced effectiveness of many licensed vaccines.

METHODS
We conducted a randomized, double-blind, multicenter trial of RIV4 (45 μg of recom-
binant hemagglutinin [HA] per strain, 180 μg of protein per dose) versus standard-dose 
IIV4 (15 μg of HA per strain, 60 μg of protein per dose) to compare the relative vaccine 
efficacy against reverse-transcriptase polymerase-chain-reaction (RT-PCR)–confirmed, 
protocol-defined, influenza-like illness caused by any influenza strain starting 14 days 
or more after vaccination in adults who were 50 years of age or older. The diagnosis 
of influenza infection was confirmed by means of RT-PCR assay and culture of naso-
pharyngeal swabs obtained from participants with symptoms of an influenza-like ill-
ness. The primary end point was RT-PCR–confirmed, protocol defined, influenza-like 
illness between 14 days or more after vaccination and the end of the influenza season.

RESULTS
A total of 9003 participants were enrolled and underwent randomization; 8855 (98.4%) 
received a trial vaccine and underwent an efficacy follow-up (the modified intention-to-
treat population), and 8604 (95.6%) completed the per-protocol follow-up (the modified 
per-protocol population). Among RIV4 recipients, the RT-PCR–confirmed influenza 
attack rate was 2.2% (96 cases among 4303 participants) in the modified per-protocol 
population and 2.2% (96 cases among 4427 participants) in the modified intention-to-
treat population. Among IIV4 recipients, the attack rate was 3.2% (138 cases among 
4301 participants) in the modified per-protocol population and 3.1% (138 cases among 
4428 participants) in the modified intention-to-treat population. A total of 181 cases of 
influenza A/H3N2, 47 cases of influenza B, and 6 cases of nonsubtypeable influenza 
A were detected. The probability of influenza-like illness was 30% lower with RIV4 than 
with IIV4 (95% confidence interval, 10 to 47; P = 0.006) and satisfied prespecified crite-
ria for the primary noninferiority analysis and an exploratory superiority analysis of 
RIV4 over IIV4. The safety profiles of the vaccines were similar.

CONCLUSIONS
RIV4 provided better protection than standard-dose IIV4 against confirmed influenza-
like illness among older adults. (Funded by Protein Sciences; ClinicalTrials.gov number, 
NCT02285998.)
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Reducing the burden of influenza 
disease requires improved vaccines, and a 
recombinant influenza vaccine may con-

tribute to this public-health goal.1 This vaccine 
contains recombinant hemagglutinin (HA) proteins 
produced in a serum-free medium by expresSF+ 
cells. These cells contain recombinant baculo-
virus vectors carrying genes that code for HA. 
The process yields recombinant HA that is geneti-
cally identical to the selected influenza strains 
without extraneous egg proteins, formaldehyde, 
antibiotics, or preservatives. Influenza viruses 
are grown in eggs to produce the inactivated 
influenza vaccine (IIV); these viruses typically 
contain mutations in the genes that code for HA 
that may reduce vaccine effectiveness.2-5 Recom-
binant techniques can be used to produce vac-
cine within 6 to 8 weeks instead of 6 months 
with the egg-grown process, and research on the 
incorporation of additional protective antigens 
in these vaccines is under way.6-8

Circulation of predominantly influenza A sub-
type H3N2 viruses that were antigenically mis-
matched to the vaccine strain in 2014–2015 result-
ed in an estimated seasonal vaccine effectiveness 
of 27 to 36% (adjusted) in adults 50 years of age 
or older9,10 (an effectiveness that was lower than 
usual) and influenza-associated hospitalization 
rates among adults 65 years of age or older that 
were higher than usual.10 During the 2014–2015 
season, we conducted a randomized trial compar-
ing quadrivalent, recombinant influenza vaccine 
(RIV4) with an egg-grown quadrivalent, inacti-
vated influenza vaccine (IIV4) to assess the rela-
tive vaccine efficacy against reverse-transcriptase 
polymerase-chain-reaction (RT-PCR)–confirmed 
influenza-like illness. The primary hypothesis was 
that the efficacy of RIV4 would be noninferior 
relative to that of IIV4; an exploratory criterion 
for superiority was prespecified.

Me thods

Trial Design and Oversight

We conducted a phase 3–4, randomized, double-
blind, active-controlled trial comparing RIV4 
with IIV4 in persons 50 years of age or older at 
40 outpatient centers across the United States 
from October 22, 2014, through May 22, 2015. 
The trial was approved and monitored by an in-
stitutional review board (Quorum Review IRB) 
and was conducted in accordance with interna-
tional standards.11 The protocol information was 

registered with ClinicalTrials.gov on October 7, 
2014, but the posting was released on October 
27, 2014, because of a delay in the Protocol Regis-
tration and Results System. All participants pro-
vided written informed consent before any trial 
procedures were performed.

The authors had primary responsibility for the 
trial design and protocol development; the con-
tract research organization (INC Research) for 
trial monitoring, data management, and statisti-
cal analyses; and the investigators at the trial 
centers for critical protocol review, trial proce-
dures, and data collection.12 All the authors as-
sume responsibility for the accuracy and com-
pleteness of the data and for the fidelity of the 
trial to the protocol, which is available with the 
full text of this article at NEJM.org.

Participants and Group Assignments

Adults 50 years of age or older who were living 
independently without clinically significant acute 
illness, who were not receiving ongoing immu-
nosuppressive therapy, and who had no contra-
indications to trial vaccines were stratified ac-
cording to age (50 to 64 years vs. ≥65 years) and 
randomly assigned to receive a single dose of 
either RIV4 or IIV4. Treatments were assigned 
centrally with the use of an interactive voice-
response system that assigned patients on the 
basis of computer-generated block randomization.

Participants, investigators, the trial sponsor, 
and trial staff remained unaware of the treat-
ment assignments until trial completion and 
database lock. Personnel at each site who were 
aware of the treatment assignments obtained 
treatment assignments and prepared and admin-
istered the trial vaccine, but they did not evaluate 
the trial participants. Participants at five sites 
provided HA-inhibition serologic samples before 
and 28 days after vaccination.

Vaccines

RIV4 (Flublok Quadrivalent, Protein Sciences) 
contained 45 μg of recombinant HA per strain 
(180 μg of protein per dose). This vaccine was 
approved by the Food and Drug Administration 
(FDA) on October 7, 2016. IIV4, an FDA-approved 
inactivated vaccine (Fluarix Quadrivalent, Glaxo-
SmithKline), contained 15 μg of HA per strain 
(60 μg of protein per dose).

RIV4 was produced with the use of recombi-
nant DNA techniques.1 IIV4 was produced with 
the use of standard techniques for inactivating 
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and purifying infectious virus grown in eggs.13 
Both vaccines contained HAs of the strains recom-
mended for the 2014–2015 season: A/California/ 
7/2009 (H1N1)-like, A/Texas/50/2012 (H3N2), B/
Massachusetts/2/2012, and B/Brisbane/60/2008. 
The vaccines were provided in prefilled 0.5-ml 
syringes and administered intramuscularly.

Surveillance and Ascertainment of Influenza

After vaccination, participants called the interac-
tive voice-response system twice weekly by tele-
phone to report any respiratory symptoms (sore 
throat, cough, sputum production, wheezing, or 
difficulty breathing) or systemic symptoms such 
as fever (oral body temperature >37.2°C), chills, 
fatigue, headache, or myalgia. Participants with 
symptoms in either category were instructed to 
return to their trial site for influenza testing. 
The trial sites and the contract research organi-
zation were notified twice weekly of participants 
with symptoms of influenza-like illness or miss-
ing calls to the interactive voice-response system, 
and the trial personnel contacted participants 
every 2 weeks. Participants’ calls to the interac-
tive voice-response system continued until April 
20, 2015, when the Centers for Disease Control 
and Prevention (CDC) reported influenza rates 
below threshold levels.14

An influenza-like illness was defined in the 
protocol as at least one symptom in both the 
respiratory and systemic illness categories, re-
gardless of severity. Symptoms that met those 
criteria prompted collection of a nasopharyngeal 
swab at the trial site within 72 hours after the 
onset of disease. Influenza infection was con-
firmed by means of a validated 5-plex PCR assay 
(Focus Diagnostics) that detected the seasonal 
influenza types A or B and the A subtypes sea-
sonal H1, H3, or pandemic H1, but not B lineages. 
PCR-positive samples were cultured in Madin–
Darby Canine Kidney cells. Further antigenic 
characterization was not performed.

Efficacy

The primary end point was RT-PCR–confirmed, 
protocol-defined, influenza-like illness that oc-
curred between 14 days or more after vaccina-
tion and the end of the influenza season and was 
caused by any influenza virus type or subtype. 
Secondary efficacy end points included culture-
positive influenza-like illness and RT-PCR–positive 
or culture-positive influenza-like illness with fe-
ver (body temperature ≥37.8°C). Widespread cir-

culation of antigenically mismatched influenza 
A/H3N2 during the trial prompted separate post 
hoc analyses of efficacy against influenza A and 
influenza B. HA-inhibition antibody immunoge-
nicity is described and shown in Fig. S1 in the 
Supplementary Appendix, available at NEJM.org.

Safety

Reports of local and systemic reactogenicity were 
solicited with the use of memory aids (e.g., diary 
cards) during the week after vaccination. Reacto-
genicity populations were defined as participants 
who did not have missing data in any of the 
three categories of solicited reports of local, 
systemic, or temperature reactions. All unsolicit-
ed reported adverse events were recorded for 28 
days, and serious or medically attended adverse 
events were recorded for up to 6 months after 
vaccination; the last participant contact occurred 
on May 22, 2015.

Statistical Analysis

The sample size required to provide 80% power 
to show the noninferiority of relative vaccine ef-
ficacy was 4257 participants per treatment group, 
assuming influenza attack rates of 1.6% in the 
RIV4 group and 2.0% in the IIV4 group.15 These 
assumptions were based on trials comparing 
trivalent, recombinant influenza vaccine (RIV3) 
with trivalent, inactivated influenza vaccine (IIV3), 
particularly against A/H3N2.5,16,17 Noninferiority 
would be concluded if the lower bound of the 
95% confidence interval for relative vaccine ef-
ficacy was greater than −20%. A total of 9000 
participants (approximately 4500 per treatment 
group) allowed 4 to 5% loss to follow-up. Data 
on participants who were lost to follow-up were 
censored at the last trial contact. The prespeci-
fied criterion for superiority of RIV4 required a 
lower bound of the 95% confidence interval for 
relative vaccine efficacy greater than 9%, similar 
to the criterion in a previous registration trial of 
inactivated influenza vaccine.18

The efficacy of RIV4 relative to IIV4 was cal-
culated as 100 × (1 − RR), where RR is the ratio 
(relative risk) of influenza attack rates in the two 
groups, without respect to the timing of the 
onset of influenza. The confidence interval was 
calculated with the use of the Farrington–Man-
ning score method for binomial proportions.19

With FDA concurrence, the primary analysis 
involved a modified per-protocol population in-
cluding all participants who received trial vaccine 
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and provided efficacy data at least 14 days later 
with no major protocol deviations. A post hoc 
analysis of a modified intention-to-treat popula-
tion included all randomly assigned participants 

who received trial vaccine and provided follow-
up efficacy data at least 14 days later. For both 
efficacy and safety, the modified per-protocol 
population was evaluated according to the vaccine 

Figure 1. Screening, Enrollment, and Follow-up.

The number of participants in the safety population equaled the number of participants assigned to the treatment 
group minus the number excluded from the analysis. The number of participants in the modified per-protocol (mPP) 
population equaled the number of participants assigned to the treatment group minus the number excluded from 
the mPP analysis. The number of participants in the post hoc modified intention-to-treat (mITT) population equaled 
the number of participants assigned to the treatment group minus the number excluded from the mITT analysis. 
Participants may have had more than one protocol deviation. RIV4 denotes quadrivalent, recombinant influenza 
vaccine, and IIV4 quadrivalent, inactivated influenza vaccine.

9003 Patients were assessed for eligibility

4498 Were assigned to RIV4 
4474 Received RIV4 

24 Did not receive RIV4 
12 Declined vaccination
12 Received vaccine that could

not be verified by monitor

246 Withdrew before end of study 
176 Were lost to follow-up 
53 Withdrew voluntarily with 

no adverse events
9 Had adverse events 
1 Was withdrawn

by investigators
7 Had other reasons 

253 Withdrew before end of study 
172 Were lost to follow-up 
61 Withdrew voluntarily with 

no adverse events
8 Had adverse events 
2 Were withdrawn

by investigators
10 Had other reasons 

4505 Were assigned to IIV4
4489 Received IIV4 

16 Did not receive IIV4 
3 Declined vaccination

13 Received vaccine that could
not be verified by monitor

4328 Were included in safety analysis
170 Were excluded from analysis

146 Had no safety follow-up data
12 Did not receive study vaccine
12 Received vaccine that could not

be verified by monitor

4303 Were included in the primary efficacy
mPP analysis

195 Were excluded from mPP analysis
148 Had major protocol deviation

111 Had influenza-like illness and
did not provide nasopharyngeal 
swab

24 Did not receive vaccine
3 Had a dosing error

12 Had other reasons
47 Had no efficacy follow-up data

4427 Were included in post hoc mITT
analysis

71 Were excluded from mITT analysis
47 Had no efficacy follow-up data
24 Did not receive study vaccine

4344 Were included in safety analysis
161 Were excluded from analysis

145 Had no safety follow-up data
3 Did not receive study vaccine

13 Received vaccine that could not
be verified by monitor

4301 Were included in the primary efficacy
mPP analysis

204 Were excluded from mPP analysis
143 Had major protocol deviation

109 Had influenza-like illness and
did not provide nasopharyngeal 
swab

16 Did not receive vaccine
5 Had a dosing error

15 Had other reasons
61 Had no efficacy follow-up data

4428 Were included in post hoc mITT
analysis

77 Were excluded from mITT analysis
61 Had no efficacy follow-up data
16 Did not receive study vaccine

920 Reported symptoms of influenza-
like illness

809 Provided nasopharyngeal swab

931 Reported symptoms of influenza-
like illness

822 Provided nasopharyngeal swab
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received, regardless of treatment assignment; to 
assess the consistency of the results, key end 
points were reviewed with respect to prespecified 
subgroups of age (50 to 64 years vs. ≥65 years), 
sex, race, and ethnic group, and infection with 
influenza type A or B.

A Cox proportional-hazards model and log-rank 
test for significance were used to calculate haz-
ard ratios for the development of influenza. The 
trial was not powered to draw independent con-
clusions according to subgroups; no adjustment 
for multiplicity was performed.20 Reactogenicity 
analyses were adjusted for multiple comparisons 
with the use of a Bonferroni correction.21 Statisti-
cal analyses were performed with the use of SAS 
software, version 9.3 or higher (SAS Institute).

R esult s

Participants

A total of 9003 participants were enrolled be-
tween October 22 and December 22, 2014; 4498 
were assigned to RIV4 and 4505 were assigned 
to IIV4. A total of 15 participants who under-
went randomization withdrew consent before vac-
cination, 4474 received RIV4, and 4489 received 
IIV4 (Fig. 1). The type of vaccine administered to 
25 additional participants at one site could not 
be verified, and these participants were excluded 
from all analyses, leaving 8963 in the full analy-
sis population. A total of 8672 participants (96.8%) 
with post-vaccination data composed the safety 
population: 8604 of 8991 participants (95.7%) in 

Characteristic RIV4 (N = 4328) IIV4 (N = 4344)

Age — yr

Mean 63 63

Range 50–96 50–94

Age group — no. (%)

50–64 yr 2569 (59.4) 2617 (60.2)

≥65 yr 1759 (40.6) 1727 (39.8)

65–74 yr 1234 (28.5) 1254 (28.9)

≥75 yr  525 (12.1) 473 (10.9)

Male sex — no. (%) 1796 (41.5) 1807 (41.6)

Race or ethnic group — no. (%)†

Black  773 (17.9) 753 (17.3)

White 3467 (80.1) 3493 (80.4)

Other  88 (2.0) 98 (2.3)

Hispanic ethnic group — no. (%)‡

Hispanic 206 (4.8) 219 (5.0)

Non-Hispanic 4122 (95.2) 4123 (94.9)

Other 0 2 (<1)

Coexisting conditions — no. (%)

Diabetes mellitus

Insulin-dependent 170 (3.9) 176 (4.1)

Non–insulin-dependent  469 (10.8) 465 (10.7)

Atherosclerotic cardiovascular disease 1320 (30.5) 1318 (30.3)

Condition requiring statin lipid-lowering therapy 1194 (27.6) 1204 (27.7)

Condition requiring thiazide diuretic 332 (7.7) 340 (7.8)

Chronic obstructive pulmonary disease 144 (3.3) 151 (3.5)

Acid reflux or peptic ulcer disease  629 (14.5) 675 (15.5)

Depression  788 (18.2) 800 (18.4)

*  There were no significant differences between the treatment groups. IIV4 denotes quadrivalent, inactivated influenza 
vaccine, and RIV4 quadrivalent, recombinant influenza vaccine.

†  Race and ethnic group were reported by the participants. The category “Other” includes American Indian or Alaska 
Native, Native Hawaiian or other Pacific Islander, and Asian.

‡  Some participants reported being neither Hispanic nor non-Hispanic.

Table 1. Baseline Demographic and Coexisting Conditions of the RIV4 and IIV4 Vaccine Groups.*
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the modified per-protocol efficacy population and 
8855 of 8963 participants (98.8%) in the post hoc 
modified intention-to-treat population. The base-

line characteristics and coexisting conditions of 
the participants in the two vaccine groups were 
similar (Table 1).

Figure 2. Confirmed Cases of Influenza-like Illness.

Confirmed protocol-defined, influenza-like illness was diagnosed by means of reverse-transcriptase–polymerase-chain-
reaction assay. Panel A shows the cumulative incidence of influenza-like illness caused by any strain of influenza 
(primary analysis), and Panel B shows the cumulative incidence of influenza-like illness caused by type A influenza 
(upper pair of curves) or by type B influenza (lower pair of curves) (post hoc analysis). The insets show the same 
data on an enlarged y axis. CI denotes confidence interval.
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Illness Surveillance and Collection  
of Nasopharyngeal Swabs

To confirm the cause of protocol-defined influ-
enza-like illnesses in the modified per-protocol 
population, nasopharyngeal swabs were obtained 
from 809 of 4328 recipients of RIV4 (18.7%) and 
from 822 of 4344 recipients of IIV4 (18.9%). In ad-
dition, 220 participants (111 RIV4 recipients and 
109 IIV4 recipients) reported symptoms of influ-
enza-like illness but did not provide a nasopha-
ryngeal swab (a major protocol deviation). These 
participants were excluded from the primary mod-
ified per-protocol population analysis but were 
included in the post hoc modified intention-to-
treat population analysis. Influenza was detected 
in 234 of 1631 samples (14.3%), including 181 
cases of influenza A/H3N2, 47 cases of influen-
za B, and 6 cases of nonsubtypeable influenza A. 
No cases of influenza A/H1N1 were detected.

Efficacy

The primary efficacy end point was confirmed 
in 96 of 4303 RIV4 recipients (2.2%) and in 138 
of 4301 IIV4 recipients (3.2%); thus, in the modi-

fied per-protocol population, the probability of 
influenza-like illness was 30% lower with RIV4 
than with IIV4 (95% confidence interval [CI], 10 to 
47; P = 0.006). In the post hoc efficacy analysis 
involving the modified intention-to-treat popula-
tion, attack rates of 2.2% (96 cases among 4427 
participants) and 3.1% (138 cases among 4428 
participants) yielded essentially the same relative 
vaccine efficacy of 30% (95% CI, 10 to 47). The 
lower bound of the two-sided 95% confidence 
interval of 10% satisfied both the primary crite-
rion for noninferiority and the prespecified explor-
atory superiority criterion. The cumulative inci-
dence of RT-PCR–confirmed influenza-like illness 
showed significant efficacy of RIV4 over IIV4 
throughout the influenza season (hazard ratio, 
0.69; 95% CI, 0.53 to 0.90; P = 0.006) (Fig. 2A). 
Post hoc analyses of relative vaccine efficacy 
against each influenza type showed a relative 
vaccine efficacy of RIV4 against influenza A of 
36% (95% CI, 14 to 53) (hazard ratio, 0.64; 95% 
CI, 0.48 to 0.86; P = 0.003) but no difference be-
tween the vaccines with respect to relative vaccine 
efficacy against influenza B (Figs. 2B and 3).

Figure 3. Relative Vaccine Efficacy in Various Population Subgroups.

The relative risk is the percentage of participants with documented flu in the RIV4 group (the RIV4 attack rate) divided 
by the percentage of participants with documented flu in the IIV4 group (the IIV4 attack rate). The relative vaccine 
efficacy was calculated as 100 × (1 − relative risk). RT-PCR denotes reverse-transcriptase polymerase chain reaction. 
The squares represent the point estimate of the treatment effect.
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Virus cultures of RT-PCR–positive nasopharyn-
geal swabs yielded fewer positive samples, but a 
higher relative vaccine efficacy of RIV4, than 
cultures of the same samples that were previ-
ously shown to be positive on RT-PCR: 43% (95% 
CI, 21 to 59) for all strains, 44% (95% CI, 22 to 
61) for type A, and 25% (95% CI, −121 to 75) for 
type B (Fig. 3). Overall, the point estimates of the 
relative vaccine efficacy of RIV4 were consistently 
positive across age subgroups, definitions of 
clinical illness, and methods of laboratory con-
firmation (Fig. 3). Immunogenicity results from 
the 614 participants in the immunogenicity sub-
group also showed higher antibody responses 
to A/H3N2 in RIV4 recipients (see Fig. S1 in the 
Supplementary Appendix).

Safety

Within 6 months after vaccination, 145 RIV4 
recipients (3.4%) and 132 IIV4 recipients (3.0%) 
had at least one serious adverse event. All were 
events common among older adults, and none 
were considered by the trial team to be related 
to a trial vaccine (see Table S7 in the Supplemen-
tary Appendix). One RIV4 recipient and 3 IIV4 
recipients reported hospitalization for document-
ed influenza A; none of these patients provided 
nasopharyngeal swabs for the efficacy analyses. 
Death, which was assessed by the investigators 
who were unaware of the vaccine assignments as 
being unrelated to the vaccine or to complica-
tions of influenza, occurred in 8 RIV4 recipients 
and 12 IIV4 recipients. Causes of death are listed 
in Table S8 in the Supplementary Appendix. Most 

nonserious, unsolicited reported adverse events 
were of mild-to-moderate severity, and none were 
considered by the trial team to be related to the 
trial vaccine. There was no imbalance between 
the two treatment groups with respect to the 
most common unsolicited adverse events (in ≥2% 
of participants) (Table 2, and Table S10 in the 
Supplementary Appendix). All serious adverse 
events and common adverse events are listed 
according to severity in Tables S10 and S11 in the 
Supplementary Appendix.

Diaries in which participants recorded body 
temperature and local and systemic reactions 
were returned by more than 95% of participants 
in the two treatment groups. The incidences of 
injection-site pain and tenderness were slightly 
higher among IIV4 recipients than among RIV4 
recipients, but all symptoms were of mild-to-
moderate severity in the two groups and were 
usually of less than 3 days’ duration (Table 3).

Discussion

This head-to-head comparison of the clinical ef-
ficacy of RIV4 versus a standard-dose, egg-grown 
IIV4 showed that RIV4 satisfied the criterion for 
noninferiority of relative vaccine efficacy against 
RT-PCR–confirmed influenza-like illness in adults 
who were 50 years of age or older. The influenza 
attack rate among IIV4 recipients was similar to 
that reported among standard-dose IIV recipi-
ents in a recent randomized, controlled trial; 
this similarity provides support for the accept-
ability of the active-controlled design.18 Further-
more, the prespecified exploratory criterion for the 
superiority of RIV4 over IIV4 was met. Although 
the planned analysis of this trial involved a 
modified per-protocol population, inclusion of 
all randomly assigned and vaccinated participants 
in a post hoc modified intention-to-treat popula-
tion analysis of efficacy yielded essentially the 
same results.

The CDC10 estimated that the adjusted overall 
vaccine effectiveness in adults 50 years of age or 
older in 2014–2015 was 27 to 36%, with a 95% 
confidence interval that excluded zero. The posi-
tive relative vaccine efficacy of RIV4 for both PCR-
confirmed and culture-confirmed influenza-like 
illness, each with a 95% confidence interval that 
excluded zero, is consistent with the clinical 
benefit of RIV4. Influenza A/H3N2 infections 
constituted approximately 80% of the influenza 
strains identified9 in 2014–2015 and 80% of the 

Condition RIV4 (N = 4328) IIV4 (N = 4344)

no. of participants (%)

Cough 226 (5.2) 253 (5.8)

Influenza-like illness 186 (4.3) 199 (4.6)

Oropharyngeal pain 178 (4.1) 177 (4.1)

Headache 143 (3.3) 145 (3.3)

Upper respiratory tract infection 129 (3.0) 156 (3.6)

Fatigue 106 (2.4) 100 (2.3)

Myalgia 95 (2.2) 79 (1.8)

Productive cough 59 (1.4) 97 (2.2)

*  Events listed are those that occurred in 2% of participants or more in either 
treatment group.

Table 2. Most Common Nonserious Unsolicited Adverse Events during Days 
0 through 28.*
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strains identified in this trial; these findings 
suggest that the benefit of RIV4 is likely to be 
seen with RIV3.22,23 Both vaccines performed 
similarly against influenza B viruses, for which 
the estimated effectiveness in 2014–2015 was 36 
to 79%.10 The 30% efficacy of RIV4 relative to 
IIV4 was driven by the efficacy against influenza 
A/H3N2.

These efficacy results against probably anti-
genically mismatched viruses are consistent with 
those of previous trials showing efficacy and 
antibody responses against A/H3N2.16,24-28 The 
safety data are also consistent with those of pre-
vious studies, since the reactogenicity observed 
with the RIV4, despite a higher HA protein con-
tent, was similar to that of IIV4.

In other studies of recombinant HA and IIV 
vaccines, higher doses than the standard dose of 
15 μg of HA have been associated with greater 
immunogenicity and improved efficacy.18,29 Re-
combinant influenza vaccines that contain 45 μg 
of each antigen have been associated with greater 
immunogenicity than that of vaccines with less 
antigen, particularly against influenza A/H3N2 
strains.16,18,24,26,29 Mutations in the genes that 
code for HA (especially H3), which are induced 
by adaptation to growth in eggs, can reduce vac-
cine effectiveness.2-5 The higher quantity and 
greater accessibility of the genetically conserved 
stalk region of recombinant HA produced in the 
cells of lepidopteran insects have been speculat-
ed to yield cross-protection against mismatched 
influenza strains.30 It is uncertain whether a 
higher antigen content or genetic fidelity to the 
recommended strain was responsible for the 
better relative vaccine efficacy of RIV4 in this 
trial.

In this trial, the efficacy of RIV4 did not ap-
pear to be hampered by the absence of neur-
aminidase (NA), since the relative vaccine effi-
cacy of RIV4 compared favorably with IIV4, 
although the quantity and functional integrity of 
NA in IIV4 are unknown. A recombinant protein 
vaccine containing both HA and a functional 
quantity of NA could be explored and may pro-
vide additional protection, especially when HA 
antigenic mismatch occurs between circulating 
and vaccine strains.6,7,31

This trial has several limitations. It provides 
an estimate of the efficacy of RIV4 relative to 
IIV4; therefore, absolute efficacy can only be 
inferred on the basis of epidemiologic surveil-
lance. In addition, estimates of the efficacy of 
RIV4 against influenza types and for population 
subgroups, based on limited numbers of partici-
pants, may lack precision. The trial, conducted 
during a single influenza season, cannot address 
either efficacy against a variety of influenza 
types and subtypes or RIV4 efficacy in persons 
who are vaccinated annually over multiple years. 
Despite a lack of testing for antigenic similarity, 
CDC surveillance for 2014–2015 suggests that 
the trial influenza A strains were unlikely to 
have been antigenically similar to the vaccines.9,10 
Results might differ in seasons when circulating 
strains match the vaccines. Finally, the trial al-
lowed enrollment of persons with coexisting 
conditions that commonly occur in older adults 
in the United States, but persons with acute ill-
nesses and those with immunosuppressive con-
ditions or those receiving immunosuppressive 
therapy were excluded. Extrapolation of the re-
sults of this trial to such persons should be done 
with caution.

Symptom RIV4 (N = 4307) IIV4 (N = 4319) P Value†

One or more local events — no. (%) 1621 (37.6) 1745 (40.4) 0.009

Injection-site pain — no. (%) 813 (18.9) 950 (22.0) <0.001†

Injection-site tenderness — no. (%) 1479 (34.3) 1604 (37.1) 0.007†

Redness — no. (%) 122 (2.8) 87 (2.0) 0.014

Firmness or swelling — no. (%) 142 (3.3) 115 (2.7) 0.09

Fever — no./total no. (%) 19/4262 (0.4) 21/4282 (0.5) 0.87

*  The reactogenicity population comprised all vaccinated participants who recorded reactogenicity data on the Memory 
Aid at least once within 7 days after vaccination.

†  P values were deemed to be significant on the basis of adjustment for multiple comparisons with the use of the 
Bonferroni correction.21

Table 3. Local Injection-Site Reactions and Fever within 7 Days after Vaccination.*
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In conclusion, this trial showed that RIV4, as 
compared with IIV4, improved protection against 
laboratory-confirmed influenza-like illness in 
adults 50 years of age or older. These results oc-
curred during an influenza season characterized 
by widespread circulation of antigenically mis-
matched strains of influenza A/H3N2.
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