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ABSTRACT
Background The objective of this rapid scoping review 
was to identify studies of dose- sparing strategies for 
administration of intramuscular seasonal influenza 
vaccines in healthy individuals of all ages.
Methods Comprehensive literature searches were 
executed in MEDLINE, Embase and the Cochrane library. 
The grey literature was searched via international clinical 
trial registries for relevant studies published in English 
in the last 20 years. We included studies in healthy 
humans of any age that used any dose- sparing strategy 
to administer intramuscular seasonal influenza vaccines. 
Title/abstract and full- text screening were carried out 
by pairs of reviewers independently. Data extraction 
was conducted by a single reviewer and verified by a 
second reviewer. Our outcomes were influenza infections, 
intensive care unit admission, pneumonia, hospitalisations, 
adverse events and mortality. Results were summarised 
descriptively.
Results A total of 13 studies with 10 351 participants 
were included in the review and all studies were 
randomised controlled trials (RCTs) conducted between 
2006 and 2019. The most common interventions were 
the trivalent influenza vaccine (n=10), followed by the 
quadrivalent influenza vaccine (n=4). Nine studies included 
infants/toddlers 6–36 months old and one of these studies 
also included children and adolescents. In these nine 
studies, no clinical effectiveness outcomes were reported. 
Of the four adult studies (≥18 years), two studies reported 
on effectiveness outcomes, however, only one RCT 
reported on laboratory- confirmed influenza.
Conclusions Due to the low number of studies in healthy 
adults and the lack of studies assessing confirmed 
influenza and influenza- like illness, there remains a need 
for further evaluation.

BACKGROUND
The symptoms of novel COVID-19 closely 
mimic those of seasonal influenza vaccine 
and health officials recommend vaccination 
against the influenza to limit confounding of 
influenza symptoms with COVID-19 symptoms. 
An anticipated shortage in influenza vaccine 
supplies was of concern.1 This anticipated 

shortage did not happen, however, and in the 
2019–2020 influenza season, influenza vacci-
nation coverage among adults (42%) was 
similar to the previous season (42%). This 
question of vaccine shortage remains relevant 
in Canada and other jurisdictions for future 
COVID-19 and flue seasons. As a potential 
solution, health officials were interested 
in assessing the effectiveness of fractional 
dosing (eg, half- doses) of currently available 
intramuscular (IM) influenza vaccines.

Fractional dosing, or dose- sparing, strate-
gies are those where less than the standard 
dose of haemagglutinin (HA) antigen, and 
thus less volume of vaccine, is administered, 
increasing the overall number of influenza 
vaccine doses available. In Canada, influ-
enza vaccines are currently authorised for 
IM administration only, apart from the 
live- attenuated influenza vaccine, which is 
administered intranasally.2 Standard dose 
influenza vaccines contain 15 μg of HA per 
strain and are delivered in 0.5 mL volume. 
Therefore, the total amount of HA in 

Strengths and limitations of this study

 ► This rapid scoping review was conducted within a 
6- week timeline and the methods were tailored to 
provide results to the stakeholders within 4 weeks.

 ► We did not restrict the search dates and study 
screening was completed in independently by two 
reviewers.

 ► We limited the selection of studies to those pub-
lished in the English language, and data extraction 
was conducted by one abstractor and one verifier.

 ► Twelve dose- sparing randomised control trials were 
not included in the review because they did not in-
clude vaccine interventions that were deemed of 
interest to the stakeholders and/or did not provide 
sufficient data.
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standard dose trivalent vaccines is 45 μg, and the total 
amount of HA in standard dose quadrivalent vaccines 
is 60 μg.

A scoping review of all the available dose- sparing strate-
gies for IM administration of seasonal influenza vaccines 
currently approved in Canada for healthy populations 
had not been systematically conducted. With the resource 
constraints for the influenza season due to COVID-19, 
there was a need to scope the evidence on the safety and 
effectiveness of dose- sparing strategies for IM adminis-
tration of seasonal influenza vaccines. The objective of 
this rapid scoping review was to identify studies of dose- 
sparing strategies for administration of IM seasonal influ-
enza vaccines in healthy individuals of all ages. The results 
of this scoping review were used to inform a systematic 
review with meta- analysis by National Advisory Committee 
on Immunization (NACI) on the same topic.3

METHODS
The Centre for Immunisation and Respiratory Infec-
tious Diseases of the Public Health Agency of Canada 
(PHAC) commissioned a rapid scoping review on the 
available methods for fractional dosing of seasonal influ-
enza vaccines through the Canadian Institutes of Health 
Research Drug Safety and Effectiveness Network with a 
6- week timeline for preliminary results.

Protocol
The methods for this review were guided by the updated 
reviewer manual for scoping reviews published by JBI 
(https:// jbi. global/) and the WHO’s guide to rapid 
reviews.4 5 Results are reported according to the Preferred 
Reporting Items for Systematic Reviews and Meta- analyses 
extension to Scoping Reviews.6 A protocol for this rapid 
scoping review was disseminated through the Open 
Science Framework registry (https:// osf. io/ 8mwz2/).

Patient and public involvement statement
No patients or the public were involved in this rapid 
scoping review.

Literature search
Comprehensive literature searches were developed and 
executed by an experienced librarian in Ovid MEDLINE 
(online supplemental appendix 1, EMBASE using the 
OVID interface (online supplemental appendix 2), and 
the Cochrane library between 1946 and May 2020 (online 
supplemental appendix 3). The literature search was peer 
reviewed by a second librarian using the PRESS check-
list (https://www. cadth. ca/ resources/ finding- evidence/ 
press). The grey (ie, difficult to locate or unpublished) 
literature was searched via international clinical trial 
registries (ie,  clinicaltrials. gov, European Union clinical 
trial register). References of relevant systematic reviews 
and included studies were also scanned.

Eligibility criteria
The eligibility criteria followed the Population, Inter-
vention, Comparators, Outcome, Study design (PICOS) 
framework as follows:

 ► Population: Healthy humans of any age. Immu-
nocompromised populations and animal studies 
were excluded. Examples of persons with weakened 
immune systems include those with HIV/AIDS; 
cancer and transplant patients who are taking certain 
immunosuppressive drugs; and those with inherited 
diseases that affect the immune system (eg, congenital 
agammaglobulinaemia, congenital IgA deficiency).7

 ► Intervention: Any dose- sparing strategy used to admin-
ister IM seasonal influenza vaccines (eligible vaccines 
listed in online supplemental appendix 4). Eligible 
strategies included, but were not limited to, adminis-
trating less than the standard 15 ug HA antigen using 
multidose vials (MDV), half dosing or preformu-
lated products with reduced antigen quantity, or with 
revised vaccine dose schedules. Any studies examining 
monovalent pandemic vaccines, specialty/experi-
mental vaccines (eg, high dose), whole virus vaccines 
or other routes of administration (eg, intranasal, intra-
dermal (ID)) were not eligible. Only vaccine products 
approved for use in Canada or equivalent formula-
tions approved for use in other countries were eligible 
for inclusion. Concomitant administration with other 
vaccine products were included only if administered 
to both the intervention and the comparator groups.

 ► Comparator: Any of the interventions listed above, no 
intervention or placebo.

 ► Outcomes: Lboratory- confirmed influenza infection 
(primary outcome), influenza- like illness or clinical/
symptomatic diagnosis of influenza, hospitalisation, 
intensive care unit (ICU) admission, pneumonia, 
mortality and adverse events (local/systemic reac-
togenicity, vascular- related, serious). Reactogenicity 
represents the physical manifestation of the inflam-
matory response to vaccination, and can include 
injection- site pain, redness, swelling or induration 
at the injection site, as well as systemic symptoms, 
such as fever, myalgia or headache.8 Immunogenicity 
outcomes were not abstracted, but these studies were 
flagged for NACI.

 ► Study designs: Randomised controlled trials (RCTs), 
non- randomised studies (eg, quasi- RCTs, non- 
randomised trials, interrupted time series, controlled 
before after) and observational studies (eg, cohort, 
case control) were included. Studies must have had 
a control or comparator group in order to be eligible 
for inclusion and as such, cross- sectional, case series, 
case reports and qualitative studies were excluded.

 ► Publication status: We included full text and abstracts 
if they included data on safety or effectiveness.

Inclusion was also limited to studies written in the 
English language due to the short timelines for the 
conduct of this review.
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Study selection
A screening form based on the eligibility criteria was 
prepared and pilot- tested with 30 studies with all 
members of the review team until sufficient agreement 
(>75%) was reached prior to both title/abstract (level 1) 
and full- text (level 2) screening. Subsequent screening 
at level 1 and level 2 was completed by two reviewers 
working independently using the Knowledge Translation 
Programme’s proprietary screening software (synthesi.
SR).9 Any discrepancies between reviewers were consis-
tently resolved by a third independent reviewer.

Data extraction
Items for data collection included study characteristics 
(study design, year of publication, country of conduct, 
multicentre vs single site), patient characteristics (mean 
age, age range, sex, vaccination history), intervention 
details (type of vaccine, vaccine manufacturer, dose, 
timing and administration of treatment), comparator 
details (comparator intervention, dose) and outcome 
results (influenza infections, ICU admission, pneumonia, 
hospitalisations, adverse events, mortality) at the longest 
duration of follow- up.

A standardised form for data extraction was developed 
and pilot tested by the entire review team using two prese-
lected full- text RCTs to ensure understanding of the data 
items to be extracted, and congruence among reviewers. 
All included studies were extracted by one reviewer inde-
pendently and then verified by a second reviewer.

Risk of bias assessment
As this was a scoping review, the risk of bias of studies was 
not assessed.4

Synthesis
The synthesis involved providing a descriptive summary of 
included studies with summary tables and detailed tables 
of study results. Study results were organised and tabu-
lated according to patients (children vs adults), interven-
tions and outcomes and where available information on 
relevant subgroups.

RESULTS
Literature search
We screened 2378 titles and abstracts from our database 
search and an additional 13 citations located through 
searching the grey literature and scanning references. 
Of these, 144 potentially relevant full- text articles were 
screened for eligibility (figure 1). Twelve studies that 
assessed dose- sparing strategies were excluded during 
full- text screening because the vaccine under study was 
not of interest or unclearly reported. We contacted 
authors of these 12 unclear studies and received 1 
response confirming the vaccine was not of interest (see 
list of excluded studies in online supplemental appendix 
5). Subsequently, 13 RCTs were included; 5 trial protocols 
were found and were denoted as duplicate/companion 

reports. No non- randomised or observational studies 
were found that fulfilled the eligibility criteria.

Study characteristics
Table 1 summarises the characteristics of the 13 RCTs 
published between 2006 and 2019 and and conducted 
mainly in the USA, followed by Mexico, Canada and 
Finland. The majority of the studies evaluated trivalent 
vaccines (10/13 (77%)) and most were conducted in the 
6–36 months old paediatric population (9/13 (69%)). 
Almost all studies reported on reactogenicity and/or 
other adverse events, but only two studies reported on the 
effectiveness of our outcomes of interest (ie, laboratory- 
confirmed influenza and influenza- like illness).

Full study and patient characteristic details for each 
study are reported in online supplemental appendix 
6 and treatment and outcome details in online supple-
mental appendix 7.

RCTs in healthy children (<18 years old)
Nine studies included infants/toddlers 6–36 months old 
and one study also included children and adolescents 
(table 2). None of these studies reported results on the 
effectiveness outcomes that were relevant to our review 
and established a priori, however, all of them reported on 
safety outcomes.

Safety outcomes
Trivalent influenza vaccines
Six of the included RCTs assessed trivalent influenza 
vaccines (TIV) in young children (6–36 months) and 
reported on local and systemic reactogenicity outcomes 
and other adverse events.10–15 Two RCTs compared the 
administration of full (0.5 mL) and half (0.25 mL) doses of 
the same standard 15 μg/strain vaccine.11 15 The first RCT 
compared two full vs two half doses of TIV in previously 
unimmunised infants (6–11 months) and toddlers (12–23 
months) using Vaxigrip (15 μg/strain).11 The study found 
that in the infants group, two full 0.5 mL doses of vaccine 
did not increase reactogenicity. Local reactions were less 
common in infants than toddlers and more common with 
full doses versus half doses, but the differences were not 
statistically significant. An identified clinical trial registry 
compared a single IM injection of 0.5–0.25 mL of FLUAD 
or Agrippal and showed comparable numbers of children 
with reactogenicity outcomes and other adverse events 
across the groups, but no significance levels or conclu-
sions were provided by the investigators on contact.15

The objective of three of the included RCTs was to 
examine the impact of administering the full adult 
dose of 15 μg/strain vaccines compared with the 
usual children’s dose of 7.5 μg/strain in infants and 
toddlers.12–14 A multicentre RCT was conducted in 
Canada assessing the safety of full- dose Fluviral TIV 
(15 μg/strain) compared with the half- dose (7.5 μg/
strain) and an active comparator Vaxigrip (7.5 μg/
strain).12 Compared with the half- dose, the full- dose 
vaccine resulted in clinically similar reactogenicity 
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and safety. A similar three- arm RCT to assess the use 
of Fluarix at two different dose levels (7.5 μg/strain 
and 15 μg/strain) compared with an established 
control vaccine Fluzone (7.5 μg/strain) also found 
the reactogenicity and safety profile of Fluarix did not 
appear to be affected by doubling the dose, but one 
participant in the 15 μg group had two serious adverse 
events (apnea and cyanosis) that were considered 
by the investigator to be possibly related to vaccina-
tion.13 A third multicentre RCT compared the 15 μg/
strain formulation to the 7.5 μg/strain formulation 
of Fluzone (Sanofi Pasteur) administered to young 
children across multiple influenza seasons.14 This 
study also found no statistically significant differences 
between the full- dose or half- dose groups for systemic 
reactions, local reactions or adverse events when both 
seasons were combined; however, in the 2011–2012 
season, 8 of 48 (16.7%) participants in the half- dose 
group compared with 32 of 96 (33.3%) in the full- dose 

group had increased redness at the injection site 
(p<0.05).

Della Cioppa et al was the only trial that compared the 
safety and tolerability of both TIV and quadrivalent influ-
enza vaccines (QIV) vaccine formulations.10 The vaccine 
arms of interest were a QIV 15 μg/strain, TIV 15 μg/
strain, QIV 7.5 μg/strain, TIV 7.5 μg/strain and a control 
Vaxigrip TIV 7.5 μg/strain vaccine. Reactogenicity of the 
7.5 μg TIV/QIV formulations was slightly lower than for 
the corresponding 15 μg formulations, but there was 
no difference in reactogenicity between TIV and QIV 
vaccines.

Quadrivalent influenza vaccines
Four of the included RCTs evaluated QIV in chil-
dren.10 16–18 All of the studies reported reactogenicity 
outcomes and other adverse events. Della Cioppa et 
al RCT reported both TIV and QIV vaccines and the 
results are reported above.10 Two studies compared 

Figure 1 Flow chart of studies included in the review. Study flow diagram.
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full- dose QIV to paediatric 7.5 μg/strain Fluzone. In 
the first RCT, full dose Fluzone had a similar safety 
profile to half- dose Fluzone with a single adverse event 
being attributed to the study vaccine.18 Similarly, the 
second study found that full- dose Flulaval may improve 
protection against influenza in some young children 
when compared with low- dose Fluzone, and in this 
RCT, none of the adverse events were considered 
to be study related as reported by the investigator.16 
The final trial evaluated Vaxigrip Tetra (15 μg/strain) 
administered to children and adolescents in two 
different formats.17 Vaxigrip administered as a single 
dose using a prefilled syringe (PFS) was compared 
with a 10- dose MDV. Systemic reactions were reported 
in more infants aged 6–35 months in the MDV group 
than in the PFS group; however, this difference was 
not clinically significant. The authors concluded that 
there was no difference in reactogenicity or safety 
between the two vaccine formats in infants, children 
and adolescents.

RCTs in healthy adults (≥18 years old)
One RCT included healthy adults over 18 years, two 
studies included healthy adults from 18 to 45 and 18–65 
years old, and one study included older healthy adults 
(≥65 years) (table 3). Two studies reported on effective-
ness outcomes and three on reactogenicity and other 
adverse events. All four RCTs evaluated Fluzone QIV.

Effectiveness outcomes
Two of the included RCTs that examined the same vaccine 
(Fluzone manufactured by Aventis Pasteur) in healthy 
adult populations reported effectiveness outcomes. Only 
one study by Kramer et al included lab- confirmed influ-
enza infection,19 two reported influenza like illness,19 20 
and one reported hospitalisations or emergency room 
visits after vaccination.20 The RCT by Kramer et al found 
that 3.6% of participants receiving a 15 μg/strain dose 
of vaccine reported influenza like illness compared with 
6.8% of participants that received a 7.5 μg/strain dose.19 
However, only one participant that received the full dose 
15 μg/strain was confirmed via laboratory analysis to have 
influenza, and no patients in the half- dose arm got labo-
ratory confirmation. The authors concluded that half- 
dose and full- dose vaccinations appear to be similarly 
effective for influenza like illness and similar symptom 
surveys between both groups but acknowledge that 
further studies examining immunogenicity are needed to 
confirm.

A similar RCT by Engler et al that compared a 15 μg/
strain dose of Fluzone vaccine to a 7.5 μg/strain dose 
found equal proportions of participants reporting influ-
enza like illness (9.7% vs 9.9%) and hospitalisations or 
emergency room visits (0.3% vs 0.2%).20 The authors 
found the relative risk of medical visits or hospitalisations 
between both groups was the same even when adjusting 

for age and that age, sex, nor dose had an influence on 
the severity of influenza like illness symptoms.

Safety outcomes
Three of the included studies in adult populations 
reported adverse events that occurred during the trial 
while one RCT indicated that no adverse events were 
recorded for the duration of their trial.19–22 All three 
studies reporting adverse events compared different 
doses of Fluzone vaccine including 3 μg, 6 μg, 7.5 μg, 9 μg 
and 15 μg per strain doses.

Two of the studies were carried out in healthy adult 
populations and one RCT was conducted in older healthy 
adults (>60 years of age).20–22 One RCT found that joint or 
muscle pain following vaccination was statistically signifi-
cantly higher in the full dose (15 μg) group compared 
with the half- dose (7.5 μg) group and that while injection 
site pain initially appeared to be statistically significantly 

Table 1 Characteristics of included studies (n=13)

Characteristics Category
Frequency 
(%)

Date of 
publication

2006–2010 4 (30.8)

  2011–2015 5 (38.4)

  2016–2020 4 (30.8)

Multicentre or 
single site

Multicentre 8 (61.5)

  Single centre 2 (15.4)

Countries of 
conduct*

USA 8 (61.5)

  Mexico 3 (23.1)

  Canada 2 (15.4)

  Finland 2 (15.4)

  Belgium 1 (7.7)

  Hong Kong 1 (7.7)

  Taiwan 1 (7.7)

  Thailand 1 (7.7)

Populations*† Infants/toddlers (6–36 months) 9 (69.2)

  Children (37 months – 17 years) 1 (7.7)

  Adults (18–64 years) 3 (23.1)

  Older adults (≥65) 1 (7.7)

Treatments*‡ Trivalent influenza vaccine (TIV) 10 (76.9)

  Quadrivalent influenza vaccine 
(QIV)

4 (30.8)

Outcomes* Effectiveness 2 (15.4)

  Local and systemic 
reactogenicity

12 (92.3)

  Adverse events 10 (76.9)

*Each study can fit into more than one category so the total 
percentage will not add up to 100%.
†One study includes both infants/toddlers and children, and 
another includes both adults and seniors.
‡One study includes both TIV and QIV arms.
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higher in the full dose group, when adjusted to include 
only clinically significant pain levels (>3 out of 5 on a 
Visual Analogue Scale) the difference was no longer 
statistically significant.20 The RCT found no differences in 
occurrence or severity of any other adverse effects. Simi-
larly, one RCT comparing four different doses of Fluzone 
(3 μg, 6 μg, 9 μg, and 15 μg per strain) did not report any 
differences between the IM vaccination groups.21 Finally, 
the RCT in older adults also found no difference in the 
occurrence or severity of adverse events in the low- dose 
(9 μg) vs high- dose (15 μg) group and found no serious 
adverse events that were considered related to the 
vaccine.22

DISCUSSION
PHAC commissioned this rapid scoping review to identify 
the evidence for efficacy and safety of fractional influenza 
vaccine dosing for IM administration of seasonal influ-
enza vaccines in healthy individuals of all ages that have 
been evaluated in human trials. Thirteen RCTs published 
between 2006 and 2019 comparing standard/full- dose 
and half/low- dose vaccines were included in this scoping 
review after a comprehensive search of three electronic 
databases, trial registries and references of relevant 
systematic reviews. The majority of the included RCTs 
were conducted in children and evaluated TIV.

In young, healthy children, there were no effectiveness 
outcomes of interest reported. However, local reactoge-
nicity, systemic reactogenicity and adverse events were 
comparable across the full- dose and half- dose TIV and 
QIV vaccine arms. In addition, the authors of one RCT 
in children and adolescents that compared full- dose QIV 
using PFS vs MDV also found no statistically significant 
differences in safety outcomes between administration 
formats. In healthy adults (including older adults), half- 
dose QIV was considered equally effective as high- dose 
in the two RCTs that assessed clinical effectiveness. Safety 
profiles were similar across groups in all four RCTs.

A full systematic review with meta- analysis based on the 
studies and results of this scoping review was conducted 
by the NACI and the report was published in January of 
2021.3 Briefly, the report found that there is some, but 
still insufficient, evidence that fractional doses of influ-
enza vaccine provided via the IM route are effective and 
immunogenic in healthy individuals. NACI concludes 
that since many of those at high risk of influenza (eg, 
adults 65 years of age and older, individuals with specific 
underlying chronic health conditions) may have a lower 
immune response to influenza vaccination already (due 
to immunosenescence in older adults or a condition 
that alters immune function), it is important to ensure 
that those at high risk continue to receive the full dose 
of influenza vaccine. With regard to the safety of IM 
seasonal fractional doses of influenza vaccines, there is 
fair evidence that fractional doses do not result in signif-
icant differences compared with full dose with regard to 
severe adverse effects post- influenza vaccination. Readers 

are encouraged to reference the full NACI report on the 
Health Canada website.3

Strengths and limitations
A strength of this rapid scoping review was that it was 
conducted within a 6- week timeline and the methods 
were tailored to provide results to the stakeholders 
within 4 weeks. We also did not restrict the search dates 
and study screening was completed independently by 
two reviewers. We developed a comprehensive search 
using three major databases, and searched the grey liter-
ature. We engaged with the NACI stakeholder group, 
who provided input on the PICO criteria, and funded 
this rapid scoping review.

We were limited by the lack of studies providing objec-
tive outcome data. Only one RCT by Kramer et al reported 
the objective outcome ‘laboratory- confirmed influenza’, 
and the other RCT by Engler only reported the outcome 
‘influenza like illness’.19 20 Since a 2014 narrative review 
found that less than 25% of cases diagnosed by physi-
cians as influenza like illness were later laboratory proven 
influenza cases,23 we are lacking RCTs examining frac-
tional dosing of IM influenza immunisation. Further, 
twelve dose- sparing RCTs were not included because 
they did not provide sufficient data, and did not include 
vaccines that were deemed of interest to the stakeholders. 
Another limitation was that only studies published in the 
English language were included, and data extraction was 
conducted by one abstractor and one verifier. Since this 
was a scoping review, we did not appraise the method-
ological quality of the included studies.24

Future research
Dose- sparing approaches such as ID immunisation vacci-
nation exhibits similar, or even enhanced, immunoge-
nicity, when using a fractional dose only, as compared 
with IM or subcutaneous immunisation, and should be 
explored in future scoping reviews.25

CONCLUSIONS
In our scoping review, we found 13 RCTs on the effi-
cacy and safety of fractional doses of influenza vaccine 
provided via the IM route to healthy adults and children. 
These studies were used to inform a systematic review with 
meta- analysis which were commissioned by the PHAC. We 
found that due to the low number of studies in healthy 
adults, namely one study assessing laboratory confirmed 
influenza and two evaluating influenza- like illness in 
adults, there remains a need for further evaluation of the 
clinical effectiveness of IM dose- sparing strategies using 
vaccines currently available in this population.
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