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Subcutaneous vaccine administration – an outmoded practice
Ian F. Cook

Faculty of Health and Medicine, University of Newcastle, Callaghan, NSW, Australia

ABSTRACT
Subcutaneous vaccine (SC) administration is an outmoded practice which complicates vaccine adminis-
tration recommendations. Local adverse events following immunization (AEFIs) are a recognized deter-
minant of vaccine hesitancy/refusal which can lead to an increased prevalence of vaccine-preventable 
disease.

This extensive narrative review provides high-grade evidence that intramuscular (IM) administration of 
all vaccine types [adjuvanted, live virus and non-adjuvanted (inactivated whole cell, split cell and subunit)] 
significantly reduces the likelihood of local adverse events. This, combined with moderate grade evidence 
that IM injection generates significantly greater immune response compared with SC injection, allows 
a strong recommendation to be made for the IM injection of all vaccines except BCG and Rotavirus.

This will simplify vaccination practice, minimize the inadvertent misadministration of vaccines and 
potentially improve public trust in vaccination.

ARTICLE HISTORY 
Received 15 March 2020  
Revised 30 July 2020  
Accepted 17 August 2020 

KEYWORDS 
Literature review; outmoded 
practice; vaccine 
administration; 
subcutaneous; 
intramuscular; local 
reactogenicity; 
immunogenicity

Introduction

Vaccination has made, and will continue to make, a very sig-
nificant contribution to world health.1 However, adverse 
events following immunization (AEFTs), including injection 
site reactions (ISRs), are a significant driver2,3 of vaccine hes-
itancy and refusal. The latter has resulted4 in significantly 
increased risks of pertussis, varicella and pneumococcal infec-
tions in non-vaccinated children compared with vaccinated 
children.

Consequently, the definition and implementation of best 
vaccination practice (site, route and technique of injection) in 
terms of AEFIs (reactogenicity) and immune response (immu-
nogenicity) are mandatory.

The current mantra5 for vaccination practice has been to 
administer adjuvanted vaccines by intramuscular injection, live 
virus vaccines by subcutaneous injection and non-adjuvanted, 
inactivated whole cell, split and subunit vaccines by either 
route. This complicated regimen for vaccine administration is 
due to the unacceptable reactogenicity6 of subcutaneously 
administered adjuvanted vaccines.

Evidence-based medicine (EBM) has been championed7 as 
a way of improving the quality of patient care through 
a stepwise process of formulating the clinical questions to be 
answered, collating and appraising relevant data and defining 
the optimal response.

The purpose of this review is to use EBM to seek to 
rationalize the route of administration of vaccines given by 
SC, IM or either routes. The PICO elements8 for this review 
are P = human vaccine recipients, I = intramuscular route of 
injection, C = subcutaneous route of injection and 
O = reactogenicity and immunogenicity of vaccines.

Methods

Searches were made using Pubmed. Google Scholar, Scopus, 
Embase, Biological Abstracts, Science Citation index, 
Cochrane Database of Systematic Reviews (CDSR), Cochrane 
Central Register of Controlled Trials (CENTRAL) and 
Databases of Abstracts of Reviews of Effects (DARE) using 
the following search terms and their word variants; “vaccines,” 
“administration,” “subcutaneous,” “intramuscular,” “adverse 
reactions” and “immunogenicity.” Manual searches were 
made from the following journals for the date in parenthesis 
to January 2020: Acta Paediatrica (1998), Acta Tropica (1980), 
American Journal of Medicine (1946), American Journal of 
Public Health (1971), American Journal of Tropical Medicine 
and Hygiene (1998), Annals of Internal Medicine (1995), 
Annals of Tropical Pediatrics (1999), Archives of Diseases of 
Childhood (1926), Bio Drugs (1998), Biologicals (1990), British 
Medical Journal (1991), Canadian Medical Association Journal 
(1911), Clinical Infectious Diseases (1999), Clinical and 
Vaccine Immunology (2006), European Journal of Pediatrics 
(1997), Infection and Immunity (1970), Journal of Pediatrics 
and Childhood (1998), Expert Review of Vaccines (2002), 
Human Vaccines (2005), Human Vaccines & immunothera-
peutics (2012), Journal of Pediatrics (1995), Journal of Travel 
Medicine (1997), Journal of Tropical Pediatrics (1995), Lancet 
(1990), Medical Journal of Australia (2004), New England 
Journal of Medicine (1992), Pediatrics (1960), Pediatric 
Infectious Disease Journal (1995), Pediatrics International 
(1999), Public Health (1995), Scandinavian Journal of 
Infectious Disease (1997), Transactions of the Royal Society 
of Tropical Medicine and Hygiene (1920), Vaccine (1983) and 
to find additional studies where these were not abstracted.

CONTACT Ian F. Cook drifcook@bigpond.com; University of Newcastle, Callaghan, NSW 2308, Australia

HUMAN VACCINES & IMMUNOTHERAPEUTICS     
2021, VOL. 17, NO. 5, 1329–1341 
https://doi.org/10.1080/21645515.2020.1814094

© 2020 The Author(s). Published with license by Taylor & Francis Group, LLC. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License (http://creativecommons.org/licenses/by-nc-nd/4.0/), 
which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited, and is not altered, transformed, or built upon in any way.

http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/21645515.2020.1814094&domain=pdf&date_stamp=2021-04-03


Bibliographies of all relevant articles were searched for 
additional studies. All route comparative studies were included 
for analysis except those involving patients with chronic cuta-
neous, subcutaneous and muscular disorders and non-English 
language studies unless the full article was available for 
translation.

Results

Fifty-eight studies, which satisfied the inclusion criteria, were 
retrieved by the searches (51 by literature search, 7 by a manual 
search of appropriate Journals). They were divided into two 
study design groups, randomized trials and observational stu-
dies, as recommended in the GRADE guidelines.9 The former 
has the potential to provide moderate to high-grade evidence 
whilst the latter could only give very low to low-grade evidence.

Local reactogenicity data were recorded as warmth, pain, 
redness and swelling. These and immunogenicity data were 
collated into vaccine groups; adjuvanted vaccines, live virus 
vaccines and non-adjuvanted vaccines (inactivated whole cell, 
split cell and subunit). These are presented as Tables 1–3 
respectively.

Thirty studies10–39 comparing intramuscular with subcu-
taneous administration of adjuvanted vaccines are presented 
in alphabetical order in Table 1 (6 anthrax10–15, 1 botulinum 
toxoid,16 9 diphtheria and tetanus toxoid containing 
vaccines,17–25 4 hepatitis,26–29 7 hepatitis, 30–36 1 herpes 
zoster,37 1 influenza38 and 1 tick-borne encephalitis39). 
These studies could be subdivided into two groups; one with 
21 randomized trials and the other with 7 observational 
studies and 2 randomized trials with unacceptable biases.

The 21 randomized trials being; 6 anthrax10−15, 1 botulinum 
toxoid,16 5 diphtheria toxoid containing vaccines,17,19-22 3 
hepatitis, 27–29 3 hepatitis, 32,34,35 with 1 each of herpes 
zoster,37 influenza38 and tick-borne encephalitis39 vaccines. 
There were 7 observational studies. These were 4 diphtheria/ 
tetanus toxoid containing vaccines18,23-25 and 3 hepatitis 
B vaccines.30,33,36

Two studies were excluded from the randomized trial group 
due to unacceptable biases. In the study, Ragni et al.26 with 
hepatitis A vaccine, patients with hemophilia were given SC 
injection and compared with non-hemophilic siblings given 
IM injection. Whilst in the study by Probst et al.31 with hepa-
titis B vaccine IM injection was given into the deltoid muscle 
and SC injection was given into the volar surface of the 
forearm.

Five studies20–24 with diphtheria/tetanus toxoid were 
included where the vaccines were given with a 16 mm com-
pared with 25 mm long needle as the former was considered to 
give SC injection and the latter to give IM injection.

In the 21 randomized trials, local reactogenicity data were 
provided in 20 studies. In 18 studies,10–17,19–22,28,29,34,37-39 SC 
injection gave significantly greater rates of reaction than IM 
injection. In two other studies,27,35 SC gave greater rates of 
reaction than IM injection but this did not reach statistical 
significance. Subcutaneous nodules were significantly more 
frequent for SC compared with IM injection for anthrax 
vaccine10−15, botulinum toxoid vaccine16 and a combination 
diphtheria toxoid vaccine.17 In an observational study18 with 

diphtheria toxoid containing vaccines, sterile abscess forma-
tion was significantly greater for SC compared with IM 
injection.

Pain immediately after injection (assessed with a pain ana-
logue scale) was reported11 to be significantly less for a 4 IM 
regimen of anthrax vaccine compared with a 4 SC regimen. 
Mark et al.19 reported a similar trend but this did not reach 
statistical significance.

Immunogenicity data were recorded in 19 of the rando-
mized trials.10–12,14–17,19,20,22,27-29,32,34,35,37-39 Immunogenicity 
was greater for IM compared with SC injection in six 
studies27,32,34,35,37,38 being significantly greater in the studies 
by Kishino et al.34 (hepatitis B vaccine) and Ikeno et al.38 (first 
dose of an influenza vaccine). In the remaining 13 studies10– 

12,14–17,19,20,22,28,29,39, the immune response was comparable for 
IM and SC injection.

Seventeen studies comparing IM with SC administration of live 
virus vaccines are presented in alphabetical order in Table 2 (1 
cytomegalovirus,40 1 herpes zoster,41 3 human Immunodeficiency 
virus,42–44 5 measles-mumps-rubella,45–49 1 Rift Valley fever,50 4 
vaccinia,51–54 1 varicella55 and 1 yellow fever56). Fifteen of the 17 
studies were randomized trials.40–45,47-55

In 13 studies40-44,47–53,55 out of the15 studies where reacto-
genicity data were provided, SC injection gave significantly 
greater rates of local reaction than IM injection. In the study 
by Lafeber et al.,45 pain immediately after injection was greater 
with SC compared with IM injection but this did not reach 
statistical significance. Two subcutaneous nodules were 
observed following SC injection of one HIV vaccine44 but not 
with IM injection.

IM and SC immunogenicity data were comparable in 15 
randomized trials.40–45,47-55 Immunogenicity was greater for IM 
compared with SC injection in one study.54 In this study by 
Seaman et al.54 immunogenicity was greater for IM compared 
with SC injection but this did not reach statistical significance.

Eleven studies comparing IM with SC administration of non- 
adjuvanted, inactivated (whole cell, split cell and subunit) vaccines 
are presented in alphabetical order in Table 3 (1 Hemophilus 
influenzae type b,57 6 influenza,58–63 1 leptospirosis,64 2 
meningococcal,65,66 1 pneumococcal67).

Nine of the 11 studies were randomized trials.58–65,67 In 858– 

60,62-65,67 of the 9 studies where reactogenicity data were provided, 
SC injection was associated with significantly greater rates of 
reaction than IM injection. In seven of the nine randomized trials 
where immunogenicity data were provided,58–61,64,65,67 IM gave 
comparable results with SC injection in four studies.61,64,65,67 In 
three studies,58–60 antibody response was significantly greater for 
IM compared with SC injection for influenza A.

Discussion

This extensive narrative review provided high-grade evidence9 

that intramuscular (IM) injection significantly reduced the 
likelihood of local reactogenicity compared with subcutaneous 
(SC) injection. High-grade evidence was drawn from studies 
with all vaccine types (adjuvanted n = 18, live virus n = 13, non- 
adjuvanted inactivated (whole cell, split and subunit) n = 8).

The greater rates of reactogenicity were also seen for vac-
cines recommended5 to be given by SC injection (quadrivalent 
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meningococcal polysaccharide (4vMenPV), varicella (VV), 
measles-mumps-rubella/varicella (MMR/V), herpes zoster vac-
cine) and vaccines recommended to be given by either IM or 
SC route (influenza and 23-valent pneumococcal (23vPPV)).

Direct route comparative studies have not been reported for 
inactivated polio (IPV), Japanese encephalitis (Imojev®), 
Q fever and rabies vaccine. Studies with IPV17,68 given IM or 
SC with other antigens have shown comparable immunogeni-
city for IPV. Consequently, the recommendation for IPV alone 
to be given by SC injection is inconsistent with these data.

Older rabies vaccines were derived from animal neural 
tissue and given by subcutaneous injection.69 Currently 
recommended70 rabies vaccines are derived from cell cultures 
and are given by IM injection. The latter are more immuno-
genic and associated with less severe adverse reactions than the 
older rabies vaccines.

Subcutaneous nodules are uncommonly reported in this 
review and almost entirely with adjuvanted vaccines (anthrax10 

−15, botulinum toxoid16 and diphtheria combination vaccine17). 
A single report44 of the transient formation of two nodules was 
made with an HIV vaccine. Subcutaneous nodules have been 
considered71 to be benign, self-limiting AEFIs but this is clearly 
not the case as demonstrated by Bernstein et al.72 who reported 
11.4% of nodules persisting at 180 d post anthrax vaccination. 
These nodules may persist73 for years and are often associated 
with pruritis and superficial dermatological features such as 
eczema, lichenification and hyperpigmentation.

Route of administration and use of aluminum salt adjuvants 
are recognized71 determinants of their formation. However, 
the role of aluminum hydroxide sensitivity in the pathogenesis 
of these nodules is controversial with some authors demon-
strating this phenomenon74 whilst others75 claiming that 
nodule formation reflects SC rather than IM injection of alu-
minum adjuvanted vaccines. Sterile abscess formation was also 
significantly greater with SC than IM injection for an adju-
vanted diphtheria toxoid vaccine in an observational study.18

Pain immediately after injection might be expected76 to be 
greater with IM compared with SC injection as the former has 
a dense supply of nociceptive nerve endings with the subcuta-
neous space being relatively devoid of pain receptors. Pain 
assessed (using standardized pain assessment scales) was sig-
nificantly greater with SC than IM with anthrax vaccine11 in 
this review. The same trend was seen with MMR45 and DT 
toxoid vaccines19 using the same methodology but did not 
reach statistical significance.

This review provided moderate grade evidence that IM 
injection significantly improved the immunogenicity of vac-
cines compared with SC injection. This grade of evidence was 
drawn from better antibody response/seroconversion data with 
adjuvanted vaccines n = 6, live virus vaccines n = 1 and non- 
adjuvanted, inactivated (whole cell, split and subunit) vaccines 
n = 3 for IM compared with SC injection. In this review, no 
study with SC injection was observed to be more immunogenic 
than IM injection. The extent and availability of the immuno-
genicity data were influenced by trial design factors (e.g. set to 
demonstrate non-inferiority between routes of administration 
and Phase I studies)

Phase I studies77 are safety and tolerance studies with one of 
their objectives to identify preferred routes of administration. Ta
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In the randomized trials of this review, 33% had less than 100 
patients (3/21 adjuvanted vaccines,14,20,37 9/15 live virus 
vaccines40,42,44,45,50-54 and 3/9 non-adjuvanted, inactivated 
(whole cell, split cell and subunit vaccines)).61,62,64

The combination of high-grade reactogenicity evidence 
with the moderate grade immunogenicity evidence allows 
a strong recommendation78 that all vaccines, except BCG 
(intradermal) and rotavirus (oral), should be given by IM 
injection. This will simplify vaccination practice and prevent 
the inadvertent misadministration of vaccines (meningococcal 
conjugate vaccine79 and recombinant zoster vaccine80). It may 
potentially reduce vaccine hesitancy/refusal2,3 due to a lower 
rate of ISRs with IM compared with SC injection.

The use of evidence-based medicine in vaccinology should 
replace highly idiosyncratic and divergent practices that are 
outmoded by promoting accountability based on best scientific 
principles.
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