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Background: Subcutaneous nodules are a rare adverse event following immunization (AEFI). We aimed to
describe nodules at the injection site reported to SAEFVIC (Surveillance of Adverse Events Following
Vaccination in the Community) using the Brighton Collaboration Case Definition (BCCD), management
and recurrence following subsequent immunizations.
Method: We assessed 58 cases (<18 years of age) of ‘nodule at injection site’ reported to SAEFVIC,
Melbourne, Australia, between May 2007 and June 2016. Case details were analyzed from records and
phone interview follow-up. The Australian Immunization Registry was reviewed for immunization status.
Results: 71% (41/58 reported cases) were consistent with the BCCD for subcutaneous nodule, 14% (8
cases) were ‘possible subcutaneous nodules’, 10% (6 cases) were nodules associated with BCG immuniza-
tion and 5% (3 cases) were attributable to an alternative diagnosis. The median age at immunization was
12 months, (range 1 month–12 years); 54% male (22/41 cases). 17% (7 cases) had multiple nodules.
Nodules were associated with immunizations containing aluminum (74%, 36/49 nodules), no aluminum
(8%, 4 nodules) and unknown (18%, 9 nodules). Most cases developed symptoms within 3 days post-
immunization (59%, 24 cases) and in the thigh (59%, 29 nodules). Pruritus was associated in 41% (17
cases). Around 1/3 (34%) of nodules resolved 6 months post immunization, 2/3 (68%) by 12 months, how-
ever 1/4 (24%) remained persistent for >24 months. 5 cases had prior nodules and 1 case had recurrence
with subsequent immunization. 83% (34 cases) were fully immunized for age at follow-up.
Conclusion: Subcutaneous nodules at the injection site may occur following a wide range of vaccines,
including vaccines without aluminum. All cases require careful review and where possible, specialist
management and to support subsequent immunizations.

� 2020 Elsevier Ltd. All rights reserved.
1. Introduction

Subcutaneous nodules* following immunization are described
since the 1960s [1,2] and are considered a rare adverse event follow-
ing immunization (AEFI) [3]. There are limited estimates of nodule
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Table 1
Brighton Collaboration Case Definition for nodule at injection site as an adverse event
following immunization (Level 1 of diagnostic certainty) [2].

Must be present Discrete or well demarcated soft tissue mass or
lump
Firm
At the injection site

May be present May be additional less discrete, soft swelling
surrounding the nodule at the injection site,
especially early in its development.
There may also be tenderness and pruritus.

Must be absent Abscess formation
Erythema
Warmth
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incidence and there is significant variation between these figures.
Scandinavian studies have estimated the incidence to be between
3 and 6/10,000 and 83/10,000 in cohorts of children receiving alu-
minum containing immunizations [4–6]. There are no published
incidence rates outside of Scandinavia. Factors associated with nod-
ule development include suboptimal method of delivery; such as
incorrect subcutaneous immunization [2,4], shorter needle length
which increases the risk of local reactions related to poor intramus-
cular vaccine delivery [7]. Aluminum has been associated and is
often reported as a triggering factor in nodule development
[4,8–12]. Aluminum has been used as a vaccine adjuvant since the
1920s – it is incorporated in vaccines as an aluminum salt** (eg. alu-
minum hydroxide, aluminum phosphate, potassium aluminum sul-
phate) [13,14]. It is accepted as a safe and effective mechanism to
increase immunogenicity [13,14]. Almost all inactivated vaccines
contain aluminum. In 2017, 75% (9/12) of all immunizations and
90% (9/10) of inactivated vaccines on the Australian National Immu-
nization Program (NIP) injected in childhood (up to 4 year old) con-
tained aluminum (Supplementary Table 1) [15].

Clinical features vary significantly between cases and may
include asymptomatic nodules, localized itch and erythema or
chronic changes of pigmentation and hypertrichosis [16–18]. The
clinical management of nodules varies widely, from monitoring
to surgical excision. The Brighton Collaboration Local Reactions
Working Group developed a case definition (Brighton Collabora-
tion Case Definition, BCCD. Table 1) and guidelines for the clinical
diagnosis of nodule at injection site in 2004 to facilitate compara-
bility of immunization safety data [19]. They identified a lack of
information in the literature regarding onset, duration, and size
of nodules. Subsequent reviews have identified the difficulty
around case definition of nodules, with low sensitivity and inter-
rater reliability of diagnosis [20].

Surveillance of Adverse Events Following Vaccination in the
Community (SAEFVIC) is an enhanced passive surveillance system
for monitoring AEFI in the state of Victoria, Australia [21,22]. SAEF-
VIC was established in May 2007 and is within the Murdoch Chil-
dren’s Research Institute, Victoria, Australia. SAEFVIC receives
reports of AEFIs from Victoria, Australia. In 2016, Victoria had
81,713 births and a vaccine coverage rate of 93.6% at 5 years of
age (with multiple doses per child) [23,24]. SAEFVIC offers a Spe-
cialized Immunization Clinic (SIC) for children to follow-up AEFI
and support further immunizations. The Immunization Drop-In
Centre (DIC) is co-located at the Royal Children’s Hospital, Mel-
bourne and children can receive further immunization there. SAEF-
VIC maintains a database of all reported AEFIs, including contact
details of all cases.

The primary aim of this study was to detail the occurrence of
nodules, as a ‘nodule at injection site’ post-immunization in chil-
dren reported to SAEFVIC between 2007 and 2016, by using the
BCCD and symptom onset and duration. The secondary aim was
to follow-up cases and collect further information about the dura-
tion of symptoms, management, recurrence of nodules following
subsequent immunizations and current immunization status for
age.
2. Methods

We reviewed all paediatric cases (<18 years at time of reaction)
with a ‘nodule at injection site’ after immunization reported to
SAEFVIC between 1st June 2007 and 30th June 2016. We accessed
information recorded in the database from the initial report,
including demographics, immunization provider, vaccine type
and history of AEFI including onset, duration and symptoms. We
reviewed the associated medical record for each case, where avail-
able; this included details if seen in the SIC and DIC. At the time of
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initial report, consent was requested for contact if any future
research activities. Where initial consent was given, phone inter-
view was requested and consent obtained. Phone interviews were
completed between February-March 2017.

Phone interviews collected information regarding clinical fea-
tures of nodules including duration, associated features, treatment,
recurrence and current immunization status. The current immu-
nization status was reviewed by accessing the Australian Immu-
nization Register (AIR) [25]in January 2017; this was
corroborated during the phone interview when available.

All cases were reviewed using the BCCD criteria for nodule at
injection site. Cases were independently reviewed by two of RS,
KP or NC. Where consensus in case definition was not initially
met, the case was reviewed between all three investigators (RS,
KP, NC) and consensus reached. Case outcomes were classified as
nodules, possible nodules or not nodules, with an alternative
diagnosis.

All information collected was securely stored in a RedCap data-
base (Version 6.13.3 - � 2016 Vanderbilt University). Data was
extracted to Excel Version 13 Microsoft Office Plus for analysis.
The Royal Children’s Hospital Human Resources Ethics Committee
approved the study (HREC-36314A).
3. Results

SAEFVIC received a total of 7335 AEFI reports in children
(<18 years) between 1st June 2007 and 30th June 2016. 58 cases
(0.6% total reports) were identified from the SAEFVIC database
with a coded diagnosis of ‘nodule at injection site’ following immu-
nization during this period. Additional information was gathered
from phone interviews in 29/58 cases (50%). 46 cases (79%) had
consent to follow-up, 29/46 (63%) were contacted and consented
to the phone interview (Fig. 1). All 58 cases were then reviewed
and outcomes classified (Fig. 1). 41/58 cases (71%) were defined
as nodule, 8 cases (14%) possible nodule, 3 cases (5%) other diagno-
sis and 6 cases (10%) of nodule associated with BCG.

The demographics of the 41 cases are summarized in Table 2.
There was a slight male predominance and most cases received
immunization in the community, including primary care clinics
and local council facilities. The median age at immunization was
12 months, (range 7 weeks-12 years 11 months) and most cases
(76%, 31 cases) occurred in those under 24 months (Fig. 2). 83%
were up to date with immunizations.

49 nodules were reported within the series of 41 BCCD nodule
cases. Most cases had single nodules (83%, 34 cases), 6 cases had
2 nodules and 1 case had 3 nodules. This child had 3 nodules
develop after receiving immunizations in different locations (i.e.
bilateral thigh and left arm immunizations) on the same day, with
a nodule at each location. Most nodules occurred in the thigh (59%,
29 nodules), followed by arm (12 nodules) and the remainder in an
unknown site (8 nodules). 5 cases had a previous nodule following
Grieve Lib from ClinicalKey.com.au by Elsevier on September 03, 2020.
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Fig. 1. Summary of case review process.
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immunization before the nodule reported to SAEFVIC. 1 case
reported nodule development following subsequent immuniza-
tions, but this was prior to review in SIC.

Clinical features are outlined in Table 2. The onset of symptoms
varied significantly, with 59% (24 cases) reporting symptoms
within 3 days of immunization and 12% (5 cases) reporting symp-
tom onset > 4 months after immunization. In cases with symptoms
reported < 24 h after immunization, the description was consistent
with a local reaction, reporting erythema and swelling. Over subse-
quent days to weeks, these cases developed a firm nodule at the
injection site.

The duration of symptoms also varied widely (Fig. 2 and Fig. 3),
with a range from 1 to 2 weeks, up to 5 years (ongoing at data col-
lection) and median range of 6–12 months post immunization.
Approximately 1/3 of cases resolved by 6 months (34%), 2/3
(68%) by 12 months, however 1/4 (24%) remained persistent after
24 months.

We found a high proportion of cases at phone interview
reported chronic symptoms (Table 3). 79% (23/29 cases) reported
symptoms lasting 6 months or greater. Aside from symptoms
directly consistent with a nodule, the commonest symptoms
included itch, with ongoing itch in 57% (13/23 cases) in the group,
along with a variety of skin changes in 44% (10 cases). Within this
group, 6 cases had symptoms at phone interview present for
between 18 months-5 years.

Many vaccines were associated with nodules (Table 4), with
Infanrix Hexa the most common immunization associated with
Downloaded for Anonymous User (n/a) at Royal Children's Hospital - J W Gri
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nodules. In 55% (27/49 nodules) the specific vaccine administered
at the site was unknown due to methods of data recording. A small
number of cases were not associated with vaccines containing alu-
minum (Table 4).

Management of nodules varied significantly within the cohort
(Table 5). Most cases had no specific treatment; reported treat-
ments included topical steroid cream and moisturizer. Investiga-
tions of the lesions were uncommon, but included ultrasound
and surgical excision.

Immunization status was examined in all cases (Table 2). 83%
(34/41 cases) of children were up to date with scheduled immu-
nization. In 3 cases with incomplete immunization the reason for
immunization delay or deferral was discussed during phone inter-
view. Reasons included parental concerns about immunization
safety and side effects. In the other 4 cases the information was
obtained through AIR alone, so no further details regarding immu-
nization status was available.
4. Discussion

We have described one of the largest cohorts of children
with nodules after immunization. This is the first study to
define a cohort using the BCCD, to clearly describe nodules
associated with and without aluminum adjuvant and to describe
nodules in children following immunization from the Australian
NIP.
eve Lib from ClinicalKey.com.au by Elsevier on September 03, 2020.
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Table 2
Characteristics of 41 nodule cases.

Characteristics Number of cases (%)

Sex
Male 22 (54)
Female 19 (46)
Immunization status
Up to date 34 (83)
Not up to date 7 (17)
Number of nodules per case (related to AEFI reported)
Single nodule 34 (83)
Multiple nodules
2 Nodules 6 (15)
3 Nodules 1 (2)
All multiple nodules 7 (17)
Recurrent nodule
After reported case 1 (2)
Prior to reported case 5 (12)
Age at immunization associated with nodule
Under 6 months 13 (32)
Between 6 and 12 months 7 (17)
Between 12 and 24 months 11 (27)
Over 24 months 10 (24)
Location of Immunization
Community (total) 32 (78)
Community Health Centre 9 (22)
Primary Care (General Practice) 22 (54)
School 1 (2)
Hospital 2 (5)
Unknown 7 (17)
Onset of any symptoms (after immunization)
Under 24 h 12 (29)
Between 1 and 3 days 12 (29)
4–7 days 1 (2)
1–2 weeks 0 (0)
3–4 weeks 1 (2)
1–2 months 2 (5)
3–4 months 0 (0)
Over 4 months 5 (12)
Unknown 8 (20)
Clinical features reported of nodules
Discrete mass 41 (1 0 0)
Firm 41 (1 0 0)
Tender, painful 5 (12)
Itchy, pruritus 17 (41)
Swelling, raised 9 (22)
Erythema* 6 (15)

* if erythema was reported in clinical features, this was not a lasting feature and a
discrete clinical period without erythema recorded (consistent with nodule
diagnosis).
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4.1. Associated factors

The link between immunization and nodule development is not
well understood. Adjuvant aluminum in vaccines is frequently
reported as an association and often attributed as a cause of local
AEFIs, including nodules [4,6,8–12,26]. Although there is an associ-
ation between aluminum and AEFIs, causation is not clear. Despite
this, many articles implicate aluminum in nodule development
[16], including with titles such as ‘aluminum hydroxide granulo-
mas’ [1]. This association is not surprising as most immunizations
on childhood schedules contain aluminum, as is true in the Aus-
tralian NIP. Although most nodules in our cohort were associated
with aluminum, a small group (8%, 4 nodules) was reported after
immunizations without aluminum. Aluminum has a role as an
important adjuvant; we believe it is important to maintain a bal-
anced perspective regarding the risks and benefits. We would
argue the current evidence supports the ongoing use of aluminum
salt as an adjuvant [27].

Injection method likely contributes to nodule development,
with inadvertent subcutaneous injection associated with high rates
of nodules [2,4]. The subcutaneous injection is associated with
greater local inflammatory reaction, compared to intramuscular
Downloaded for Anonymous User (n/a) at Royal Children's Hospital - J W 
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(IM) delivery [9]. This is supported by evidence that longer needle
length reduces immunization reactogenicity, to ensure vaccine
delivery to an intramuscular location irrespective of individual
delivery technique [7]. The impact of vaccine delivery highlights
the importance of quality training for those administering vac-
cines. We had limited information relating to vaccine delivery, as
method of delivery was not recorded for most immunizations.
We based assumptions on standard vaccine delivery practice in
Australia.

4.2. Symptoms

There are many similarities between this cohort and previous
reported cases, including the high proportion with pruritic nod-
ules, associated skin changes and proportion of nodules lasting
months-years [9,16–18,28–30]. Most cases (59%, 24 cases)
reported symptoms within 3 days after immunization, with only
12% (5 cases) reporting symptoms onset after 4 months. This is
in contrast to other case series, which typically found delayed
symptom onset of months-years [9]. Early onset of symptoms
may be due to overlap of symptoms associated with immediate
local reactions, with clinical features of erythema and induration
in the early days following immunization, with cases later pro-
gressing to develop nodules. Symptoms were commonly reported,
but especially in those with nodule lasting>6 months. Features
such as skin changes, including abnormal hair or pigmentation
can cause significant anxiety for the child or parents, particularly
for school-aged children. There may be a degree of under-
reporting of symptoms, particularly itch and discomfort in the
young non-verbal child. Significant morbidity has been attributed
to chronic pruritus due to atopic eczema [31] and pruritus associ-
ated with nodules may be similar, depending on the severity.

4.3. Management

There is a large variation in reported management of nodules,
including routine allergy testing and high rates of surgical excision
[6,16,32]. We propose that the management of nodules includes
multiple important aspects for the clinician to consider; including
the diagnostic approach to a soft tissue lump (particularly if an
association with immunization is unclear), symptom management
and counseling regarding subsequent immunization (Fig. 4). We
would advocate that the approach to treatment of nodules may
include topical steroid cream where there are overlying skin
changes, along with symptomatic treatments such as paracetemol
and cool compresses. Other treatments rarely described in this
cohort included intra-lesional steroids and surgical excision. These
treatments may have a role in a case-by-case setting but will need
to be assessed by the treating physician. Nodules following immu-
nization may be a clinical diagnosis [19], but with a proportion of
nodules reported after at least 4 months in our cohort, and up to
4 years in other cases [9], it is prudent to expect the clinician to
consider alternative differential diagnoses in the child with soft tis-
sue lump. The differential diagnosis in a small child may include
rare pathology such as malignancy or non-malignant pathology
eg. vascular malformation (which was seen within our cohort).
There was a report from within our cohort, and also in previously
published literature [6] where nodules were identified as possible
malignant lesions prior to their final diagnosis. These examples
illustrate the need for education and early identification of nodules
to avoid unnecessary anxiety and investigation.

4.4. Investigations

There is no role for routine investigations in the assessment of
possible nodules and a thorough clinical assessment should be
Grieve Lib from ClinicalKey.com.au by Elsevier on September 03, 2020.
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Fig. 2. Nodule cases, onset and duration.

Fig. 3. Reported duration of symptoms, total of 41 cases.

Table 3
Summary of clinical features in 23 cases at phone interview with symptoms present
for 6 months or greater.

Symptoms Number of cases (%)

Total reporting itch symptoms 13 (57)
Itch/discomfort daily 8 (35)
Itch/discomfort intermittently 5 (23)
Exacerbation of symptoms with intercurrent illness* 3 (13)
Residual changes at the site 10 (44)
Scar 5 (22)
Hypertrichosis 5 (22)
Hyperpigmentation 7 (30)
Hypopigmentation 2 (9)
Recurrence of nodule 1 (4)

* Exacerbations of symptoms defined as itch, redness or discomfort occurring
with intercurrent infections.
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the first priority. Ultrasound may have some utility to further char-
acterize the lump, but was used uncommonly in our case series
(one case). Any further investigations should be guided by specific
details, with the primary aim to exclude or consider alternative
diagnosis rather than to support the diagnosis of nodule. Surgical
excision for nodules is common in the published cases [1,16,33],
Downloaded for Anonymous User (n/a) at Royal Children's Hospital - J W Gri
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although the specific indication is unclear. In some cases, excision
may be primarily used to confirm diagnosis, rather than for thera-
peutic indication. We would advocate minimizing excisions of
nodules, to avoid any potentially unnecessary surgical procedures
in children.

The role of allergy testing in cases with nodules is unclear. Con-
tact allergy to aluminum has been found in a high proportion of
eve Lib from ClinicalKey.com.au by Elsevier on September 03, 2020.
opyright ©2020. Elsevier Inc. All rights reserved.



Table 4
Vaccines associated with nodules and aluminum content, summarizing results of 49 nodules.

Number of
nodules (%)

2017 Australian National
Immunisation Program (NIP)
Schedule

Vaccine without aluminum Type of vaccine
Varilrix Live attenuated varicella 2 (4) No
Priorix-Tetra Live attenuated, measles, mumps, rubella, varicella 1 (2) Scheduled at 18 months

Sub-total 3 (6)
Identified inactivated vaccine,

containing aluminum
Infanrix IPV Combined diphtheria, tetanus, acellular pertussis (DTPa) and inactivated

poliovirus
2 (4) Scheduled at 4 years

Infanrix Hexa Combined diphtheria, tetanus, acellular pertussis (DTPa), hepatitis B,
inactivated poliovirus and Haemophilus influenzae type b

7 (14) Scheduled at 2, 4, 6 months

Prevenar 7 Pneumococcal polysaccharide conjugate, 7-valent adsorbed 1 (2) No
Prevenar 13 Pneumococcal polysaccharide conjugate, 13-valent adsorbed 1 (2) Scheduled at 2, 4, 6, 12 months
Meningitec Meningococcal serogroup C conjugate 1 (2) No
HBVAXII Hepatitis B 1 (2) Scheduled at birth
Bexsero Meningococcal B 2 (4) No
DTPa (unknown brand) Diphtheria, tetanus, acellular pertussis 1 (2) Scheduled at 18 months and

10–15 years
Sub-total 19 (39)

Unknown*
Live vaccine, without aluminum 1 (2)
Inactivated vaccine, contain

aluminum
17 (35)

Type of vaccine and aluminum
content unknown

9 (18)

Sub-total 27 (55)
Summary
Total vaccines without aluminum 4 (8)
Total vaccines containing aluminum 36 (74)
Type of vaccine and aluminum content unknown 9 (18)

* Vaccine unknown due to inability to associate vaccine with nodule site, most commonly due to multiple vaccine given and records lacking specific documentation of site
of vaccine.

Table 5
Clinical management of nodule cases (total of 41 cases).

Management Number of cases
(%)

SAEFVIC follow-up
Review in Specialized Immunisation Centre (SIC) 30 (73)
Attended Drop-in immunization Centre (DIC) 15 (37)
Subsequent immunization administered deep IM

injection (at DIC)
8 (20)

Treatment of nodule
No treatment 28 (68)
Topical treatment 12 (29)
Moisturizer 4 (10)
Topical steroid 12 (29)
Topical anti-fungal 1 (2)
Oral treatment 2 (5)
Oral antibiotics 2 (5)
Oral antihistamines 1 (2)
Other treatment 3 (7)
Intra-lesional steroid injection 1 (2)
Surgical excision 1 (2)
Cool compress topically 1 (2)
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children with nodules, in up to 95% cases [6,9]. The rate of alu-
minum allergy in healthy controls is not well studied. Lidholm
et al found that 8% of asymptomatic children had a positive test
for aluminum contact allergy [34]. However the same study sug-
gested aluminum allergy in childhood may spontaneously resolve
in the majority of cases (77% cases) [34]. Allergy testing is not rou-
tinely performed within the SIC service at SAEFVIC, though several
cases had referral to the allergy team for opinion. We would
strongly recommend that routine allergy testing is not indicated
but could be considered in a case-by-case context.
Downloaded for Anonymous User (n/a) at Royal Children's Hospital - J W 
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4.5. Future immunizations

Any condition, such as nodule, that has the potential to affect
subsequent immunization uptake in the individual, along with
community concerns, warrants careful counseling for further
immunization. The vast majority of children (83%) with nodules
were up to date with their routine immunizations compared to
AIR data estimates of 90–94% of Victorian children being fully vac-
cinated depending on the age timepoint [35]. Vaccine hesitancy is
a complex issue, but risks associated with immunization are
known to be a major factor in parental concern [36]. Parents’ pre-
vious experience with immunization is likely to influence their
future decisions regarding immunization. Providing balanced
information to parents regarding the risks and benefits of further
immunization is an important part of nodule management.

In our local context all children in Victoria, Australia with AEFIs
reported to SAEFVIC are offered follow-up and subsequent immu-
nizations at the SIC as part of SAEFVIC clinical service. It is gener-
ally accepted that nodules are not an indication for withholding
subsequent immunizations. Though within the literature, some
suggest avoiding or minimizing aluminum exposure in those indi-
viduals with evidence of aluminum allergy [37]. The local approach
within the cohort with follow-up at the SIC for subsequent immu-
nization is to routinely offer counseling and deep IM injections for
subsequent immunizations. Deep IM delivery is used as a method
to reduce nodule recurrence, to prevent inadvertent delivery of
vaccines to the subcutaneous space. Due to parental request, at
least one child also received subsequent vaccines with lower alu-
minum content (although the difference in total aluminum content
between licensed vaccines is negligible). Eight cases were given
subsequent deep IM vaccines in the SAEFVIC clinic, none of these
cases reported nodule recurrence (Table 5). We believe these
Grieve Lib from ClinicalKey.com.au by Elsevier on September 03, 2020.
n. Copyright ©2020. Elsevier Inc. All rights reserved.



Fig. 4. Suggested approach to nodule at the injection site.
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outcomes support ongoing deep IM immunization as a prevention
of recurrence.

Looking to the future, novel immunization delivery methods are
a focus of technology development; for example nanopatch technol-
ogy [38].Weare optimistic thatwith advanced technology, opportu-
nities to modify and reduce the incidence of nodules may evolve.

4.6. Brighton Collaboration Case Definition

The application of the BCCD identified several areas of uncer-
tainty. There was no guidance regarding inclusion or exclusion of
BCG local site reactions, nor any minimum duration for a nodule.
Downloaded for Anonymous User (n/a) at Royal Children's Hospital - J W Gri
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And despite the prominence of itch seen within cases of nodules,
it remains absent from the diagnostic criteria.

4.7. BCG cases

Local reactions following BCG immunizations are common [39].
Almost all BCG-vaccinees develop mild injection site reactions.
Severe local reactions such as abscess rarely occur. We identified
6 cases that were consistent with BCCD nodules following BCG
immunization. We excluded these from the main cohort of nodules
as they would likely be included within the common BCG
reactions.
eve Lib from ClinicalKey.com.au by Elsevier on September 03, 2020.
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4.8. Limitations

This study was limited by use of retrospective data, reliant on
the quality of recorded data around the time of the AEFI. For exam-
ple, there was a group of nodules following unknown vaccines and
unknown aluminum content. This was largely related to poorly
recorded site of immunization and nodule. We were also cognizant
that information from phone follow-up was susceptible to recall
bias. Case finding through the enhanced passive surveillance may
bias the reporting of more severe cases by parents and clinicians.
Previous literature identified in a prospective approach, active case
finding highlighted a greater proportion of mild cases of nodules
[6]. Satisfying the BCCD criteria was limited by the quality of infor-
mation within the SAEFVIC database, especially if cases were not
followed up at phone interview. As mentioned earlier, route of
administration information was not routinely recorded within
the database, nor was this available from parents. We assumed
all vaccines were given in accordance with standard local practices,
therefore IM route except for Measles-Mumps-Rubella and Vari-
cella vaccines, which are routinely given subcutaneously [15].
Due to the small size of the cohort, we did not compare the out-
comes of different sub-groups e.g. nodules associated with alu-
minum or different vaccine type, which limited the study
findings but is also a reflection of the rarity of nodules.

5. Conclusions

Nodules are a rare but known AEFI that are commonly associ-
ated with vaccines containing aluminum, but also likely related
to delivery methods. This study describes the natural history of
nodules and provides evidence that they can occur following many
types of immunizations – including vaccines without aluminum.
All children with nodules warrant careful assessment and follow-
up, and where possible specialist management, to support future
immunizations.
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