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comparative effectiveness of subunit and split 
virus inactivated influenza vaccines in older adults 
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Abstract
Background: Subunit and split virus inactivated influenza vaccines (IIV) are two commonly used 
types of seasonal influenza vaccines in Canada. The comparative effectiveness of these two 
formulations is particularly relevant for older adults, as older adults have reduced influenza 
vaccine effectiveness and experience more severe influenza than younger adults.

Objective: To compare the vaccine effectiveness and immunogenicity of unadjuvanted, 
standard-dose subunit IIVs versus unadjuvanted, standard-dose split virus IIVs in adults 65 years 
of age and older.

Methods: An a priori written protocol based on rapid review methods was developed that 
included studies published in 2007 or later in the EMBASE, MEDLINE and ClinicalTrials.gov 
databases with terms used in the objective. Due to the small number of records returned, 
hand searches of reference lists were completed, the publication date limit was removed, three 
additional databases (the Cochrane Central Register of Controlled Trials, Scopus and Web of 
Science) were searched, and studies including adults 60 years of age and older were included. 
Data from included studies were extracted into evidence tables and quality assessments were 
completed. The results were synthesized narratively.

Results: Eight eligible studies were identified. In the three studies that assessed vaccine 
effectiveness of subunit and split virus IIVs, there were no statistically significant differences in 
vaccine effectiveness in adults 65 years of age and older against laboratory-confirmed infection 
with any influenza virus strain, or against laboratory-confirmed infection with influenza A(H1N1), 
A(H3N2) or B virus, specifically. In the five studies that assessed immunogenicity, the findings 
were not consistent and the overall quality of immunogenicity evidence was weak.

Conclusion: The National Advisory Committee on Immunization (NACI) concludes that there 
is insufficient evidence to determine significant differences in the vaccine effectiveness or 
immunogenicity of unadjuvanted, standard-dose subunit and split virus IIVs in adults 65 years of 
age and older (Grade I evidence). 
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Introduction
Many different technologies are currently used in the formulation 
of influenza vaccines. Split virus and subunit inactivated influenza 
vaccines, both consisting of disrupted virus particles, were some 
of the first technologies developed following early inactivated 
whole virus vaccines, which were developed in the 1940s (1). 
Split virus vaccines contain whole inactivated viruses that have 
been split with detergent, ether, or both, while subunit vaccines 
are made of purified hemagglutinin (HA) and neuraminidase.

Newer technologies and formulations for influenza vaccines 
have since been introduced, such as higher doses of antigen or 
combining the antigen with adjuvants; however, standard-dose 
subunit and split virus inactivated influenza vaccines (IIVs) are 
still the most commonly used seasonal influenza vaccines, as 
these vaccines have well-established safety profiles and are 
less expensive than newer formulations. A large number of 
the seasonal influenza vaccines available for use in Canada are 
standard-dose subunit or split virus IIVs (2).
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The National Advisory Committee on Immunization (NACI) 
has not previously critically appraised the evidence on the 
comparative vaccine effectiveness and immunogenicity of 
subunit versus split virus IIV in any age group. If one of the 
vaccine types was more effective, it would be important to know, 
particularly for older Canadian adults (65 years of age and older), 
who are at highest risk of influenza-related hospitalizations 
(3) and deaths (4). Older adults may also experience reduced 
vaccine effectiveness against influenza infection compared with 
younger age groups (5).

The primary objective of this literature review was to compare 
the vaccine effectiveness and immunogenicity of unadjuvanted, 
standard-dose subunit IIV versus unadjuvanted, standard-dose 
split virus IIV in adults 65 years of age and older. A full report is 
available online (6).

Methods
A rapid review methodology was used that was based on 
methods developed by Tricco et al. (7). The research question 
addressed in this review is as follows: Does the vaccine 
effectiveness, immunogenicity, or both of unadjuvanted, 
standard-dose subunit IIV differ from unadjuvanted, 
standard-dose split virus IIV among adults 65 years of age and 
older?

A priori search strategy
A search strategy was developed in consultation with a 
federal Reference Librarian, and included search terms for 
subunit influenza vaccine, split virus influenza vaccine, vaccine 
effectiveness and immunogenicity. The search was restricted to 
studies published in English or French, in EMBASE, MEDLINE 
and ClinicalTrials.gov databases published in 2007 or later.

Inclusion and exclusion criteria
Studies were included if they met the following criteria:

• the study directly or indirectly compares the vaccine 
effectiveness or immunogenicity of an unadjuvanted, 
standard-dose subunit IIV to an unadjuvanted, 
standard-dose split virus IIV;

• the study population is within the age range of interest (65 
years of age and older).

Studies were excluded if they met one or more of the following 
criteria:

• the study does not present vaccine effectiveness or 
immunogenicity for both vaccine types of interest;

• the study is in a language other than English or French;
• the study is a non-human, in vivo or in vitro study;
• the article is an editorial, opinion or news report;
• the study presents only secondary research.

Screening and eligibility assessments were completed by a single 
reviewer. 

Data extraction, synthesis and quality 
assessment
Data from included studies were extracted into evidence tables, 
defined a priori. The quality (internal validity) of included studies 

was assessed using criteria outlined by Harris et al. (8). Data 
extraction and quality assessment were completed by one 
reviewer and verified by a second reviewer. Results from included 
studies were synthesized narratively.

Post-hoc modifications
Due to the small number of records retrieved from the initial 
database search, search criteria were modified. The publication 
date restriction was removed, three additional databases were 
added (the Cochrane Central Register of Controlled Trials, 
Scopus and Web of Science) and, since a number of studies 
defined older adults as individuals 60 years of age and older but 
were otherwise eligible, the eligibility criteria were modified to 
include adults 60 years of age and older.

Results
The initial database search retrieved 30 records; only three of 
these studies met inclusion criteria. After post-hoc modifications, 
41 unique studies were identified through the search and 
eight met the revised inclusion criteria (Figure 1). Three of 
the included studies reported on vaccine effectiveness, and 
five of the studies reported on immunogenicity. None of 
the identified studies compared quadrivalent with trivalent 
vaccine formulations of subunit or split virus IIVs. The study 
characteristics of the included studies are shown in Table 1 
below.

Vaccine effectiveness
Three of the included studies reported on the vaccine 
effectiveness of unadjuvanted, standard-dose subunit and split 
virus IIVs (11,13,15), with only one study reporting a direct 
estimate for the difference in vaccine effectiveness between 
the two types of influenza vaccines (15). All three studies used 
test-negative case-control designs and all three were rated as 
“fair” according to criteria outlined by Harris et al. (8). None 
of the studies reported a significant difference in vaccine 
effectiveness between subunit IIV and split virus IIV against 

Figure 1: Flow diagram for comparative effectiveness 
and immunogenicity of subunit and split virus IIVs in 
older adults: October 2017a 

a Initial search October 13, 2017 and re-run with modifications on October 16, 2017 
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any laboratory-confirmed influenza virus strain (11,15), against 
influenza A(H1N1), A(H3N2) or B virus specifically (11,15), or 
against hospitalization due to influenza (13).

Immunogenicity
Five studies were identified that reported on the immunogenicity 
of subunit and split virus trivalent influenza vaccines (TIVs) 
(9,10,12,14,16). Of these studies, only two reported a direct 
comparison between the two types of vaccines (9,16). Three 
of the five studies were evaluable by Harris et al. criteria 
(9,12,16), of which one received a “fair” rating (12) and two 
received “poor” ratings (9,16). The two other studies did not 
report study methodology in sufficient detail to assess study 
quality (10,14). The immunogenicity outcomes assessed by 
the identified studies included geometric mean fold rise in HA 
titres (i.e., ratio of post- to pre-vaccination geometric mean 
titre), seroprotection rate (i.e., proportion of participants with 
HA titres of at least 40 post-vaccination) and seroconversion 
rate (i.e., proportion of participants with at least a four-fold 
increase in HA titres post-vaccination, HA titre increase from 
less than 10 pre-vaccination to at least 40 post-vaccination, or 
both). Four studies assessed protection against the influenza 
virus strains contained within the vaccines. Two studies reported 
direct comparisons of immunogenicity measures (9,16) and 
two reported indirect comparisons (10,12). Overall, the studies 
showed no consistent significant differences in geometric mean 
fold rise, seroprotection rate or seroconversion rate between 
split virus IIVs and subunit IIVs against influenza A(H1N1), 
A(H3N2) or B. In addition, two studies indirectly assessed 
cross-protection against variant influenza strains (10,14). Neither 
of these studies found a significant difference in geometric mean 
fold rise, seroprotection rate or seroconversion rate between 
split virus IIVs and subunit IIVs.

Discussion
The overall quality of vaccine effectiveness evidence was fair, 
with one study reporting a direct vaccine effectiveness estimate 
and two studies reporting an indirect vaccine effectiveness 
estimate. The reported vaccine effectiveness estimates for split 

virus IIVs and subunit IIVs all had widely overlapping confidence 
intervals; however, without a direct comparison, it is difficult to 
draw firm conclusions on the comparative vaccine effectiveness 
of the two vaccines types. The authors of one of these studies 
also noted that there were likely important differences between 
study sites that were not controlled for, and that any comparisons 
between vaccine effectiveness of subunit IIV and split virus IIV 
should be interpreted with caution (13). 

Findings from the studies that reported on immunogenicity 
were not consistent, and the overall quality of immunogenicity 
evidence was weak. All studies had at least one serious concern, 
the most common being the comparability between intervention 
groups. Two studies did not provide enough information to 
evaluate their quality (10,14). Also, all included studies assessed 
immunogenicity by hemagglutination inhibition assay. These 
assays assess antibody as opposed to cell-mediated response, 
but the latter has been shown to be a more robust correlation 
of protection in older adults (17). In addition, the amount of HA 
antigen in unadjuvanted, standard-dose subunit IIVs and split 
virus IIVs is standardized; therefore, HA antibody titres may not 
be an appropriate measure of immunogenicity to answer this 
research question.

Limitations
Due to the small number of records returned by the initial 
database search, post-hoc protocol modifications were made 
that were more consistent with a traditional systematic review 
than the initial rapid review protocol; however, screening was 
still conducted by a single reviewer. A study by Edwards et al. 
found that study selection involving only one reviewer missed 
an average of 8% of eligible studies compared with study 
selection involving two reviewers (18); therefore, some studies 
may have been erroneously excluded. The impact that this 
factor would have on the conclusions drawn from a rapid review 
are still unclear. In addition, it is possible that the database 
search strategy missed some studies that examined vaccine 
effectiveness or immunogenicity by vaccine type in sub-analyses 
or as a secondary outcome; however, hand searching reference 
lists would help mitigate the number of eligible articles of 
this type that may have been excluded by the search criteria. 

Table 1: Study characteristics of included studies 

Abbreviations: CCT, clinical controlled trial; RCT, randomized controlled trial 

Study Location Season Design Population Outcome

Camilloni, 2016 (9) Italy 1988–1989 to  
2014–2015

Cohort 60 years of age and 
older

Immunogenicity

Del Giudice, 2006 (10) Not stated 2003–2004 Not stated 60 years of age and 
older

Immunogenicity

Kissling, 2014 (11) Seven European 
countries

2012–2013 Test-negative  
case-control

60 years of age and 
older

Vaccine effectiveness

Morales, 2003 (12) Colombia 1999–2000 RCT 60 years of age and 
older

Immunogenicity

Rondy, 2017 (13) 11 European countries 2015–2016 Test-negative  
case-control

65 years of age and 
older

Vaccine effectiveness

Skowronski, 2012 (14) Canada 2011–2012 RCT 65 years of age and 
older

Immunogenicity

Talbot, 2015 (15) United States 2008–2009, 2010–2011, 
and 2011–2012

Test-negative  
case-control

50 years of age and 
older (subpopulation: 65 
years of age and older)

Vaccine effectiveness

Zei, 1991 (16) Italy 1989–1990 CCT 60 years of age and 
older

Immunogenicity
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Another important limitation of this review is that many of the 
included studies defined older adults as participants who were 
60 years of age and older. The inclusion of adults 60 to 64 years 
of age may lead to greater healthy vaccinee bias, as adults in this 
age range on average may be healthier than adults 65 years of 
age and older; therefore, estimates from these studies should be 
interpreted with caution in the Canadian context, where older 
individuals are commonly defined as adults 65 years of age and 
older. 

Conclusion
The NACI concludes that there is insufficient evidence to 
determine significant differences in the vaccine effectiveness 
or immunogenicity of unadjuvanted, standard-dose subunit 
and split virus IIVs in adults 65 years of age and older (Grade I 
evidence). The evidence is inconsistent and is not of sufficient 
quantity or quality to make specific recommendations on the 
differential use of unadjuvanted, standard-dose subunit and split 
virus IIVs in older adults.
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