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Abstract
The immunogenicity of vaccines in children with juvenile autoimmune rheumatic diseases (JARDs) can be reduced, there 
are additional safety concerns around vaccination, and there is a potential for worsening in disease activity. In this systematic 
review, we summarise studies that investigated the immunogenicity and safety of routine vaccines in children and adolescents 
with JARD on immunosuppressive treatment. We identified 37 studies investigating 2571 children and adolescents with JARD 
on immunosuppressive treatment and 4895 control children. Of the 56 geometric mean antibody titres measured, 19 (34%) were 
lower, six (11%) higher, and 31 (55%) similar; of the 39 seroprotection rates measured, 10 (26%) were lower, two (5%) higher, 
and 27 (69%) similar; and of the 27 seroconversion rates measured, nine (33%) were lower, two (8%) higher, and 16 (59%) 
similar in children with JARD on immunosuppressive treatment compared with control children. However, many of the studies 
were underpowered, and not designed to show non-inferiority between children with JARD and controls. Subgroup analysis for 
different types of immunosuppressive treatments was not feasible, as most studies did not report results by treatment. Severe 
adverse events were reported in 38 children (33 with juvenile idiopathic arthritis, four with systemic lupus erythematosus, 
and one in a healthy child); most of them were likely not related to the vaccination (e.g. elective hospitalisation or surgery). A 
worsening in disease activity was reported in 44 (2%) children with JARD; again, many of them were likely not related to the 
vaccination. There were no safety concerns with live attenuated vaccines; however, only few studies reported results for this.
Conclusion: Vaccination in children with JARD on immunosuppressive treatment is safe and should be promoted, especially 
since these children are at increased risk for infection. The importance for the completion of vaccination schedules should 
be stressed. Strategies to compensate for the lower vaccine responses, which are found in approximately one-third of these 
children, include measuring antibody levels to determine the optimal timing for the administration of additional booster doses.

What is Known:

• Children with juvenile autoimmune rheumatic diseases (JARDs) are at higher risk for infections, due to their underlying disease and their 
immunosuppressive treatment.

• In children with JARD, the immunogenicity of vaccines might be reduced, and concerns about safety or the potential for worsening in disease 
activity after vaccination exist.

What is New:
• Our systematic review shows that vaccines in children with JARDs on immunosuppressive treatment are safe and immunogenic.
• There are several limitations of the currently published studies, including random timing of measuring vaccine responses and age differences 

between children with JARD and control groups. Many of the studies were underpowered, and not designed to show non-inferiority between 
children with JARD and controls.
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Abbreviations
ERA  Enthesitis-related arthritis
GMT  Geometric mean titre
HAV  Hepatitis A virus
HBV  Hepatitis B virus
HPV  Human papilloma virus
JARD  Juvenile autoimmune rheumatic disease
JDM  Juvenile dermatomyositis
JIA  Juvenile idiopathic arthritis
MenC  Meningococcus C
MMR  Measles-mumps-rubella
MTX  Methotrexate
PCV7  7-valent pneumococcal conjugated vaccine
PPV23  23-valent pneumococcal polysaccharide vaccine
RCT   Randomised controlled trial
SAE  Severe adverse event
SCR  Seroconversion rate
SLE  Systemic lupus erythematosus
SPR  Seroprotection rate
TIV  Trivalent influenza vaccine
VZV  Varicella

Introduction

Juvenile autoimmune rheumatic diseases (JARDs) are frequent 
in children and adolescents. The global incidence of juvenile 
idiopathic arthritis (JIA), for example, is estimated at 1 per 
1000 children and has been reported to be increasing over the 
past decades [1, 2]. Children with JARD are at higher risk for 
infection due to their underlying disease but also because they 
are often on immunosuppressive treatment. Vaccination is the 
most effective and economic method of preventing infectious 
diseases [3].  Children with JARD are often under-vaccinated 
and therefore at higher risk for vaccine-preventable diseases, 
as parents and paediatricians may refuse or delay vaccina-
tions due to safety concerns [4, 5]. Furthermore, compared to 
healthy children, the immunogenicity of vaccines in children 
and adolescents with JARD can be reduced and there might be 
concerns for a potential in worsening in disease activity [6, 7].

The immunogenicity and safety of vaccines in children with 
JARD have previously been reviewed [8, 9]. However, in the 
past decade, new immunosuppressive agents have become 
available for the treatment of JARD in children and additional 
studies have been published on the immunogenicity of vaccines 
in this group. Therefore, there is a need of an updated overview 
on this topic to assure the safe and most beneficial use of vac-
cines in these children.

In this systematic review, we summarise studies that have 
investigated the immunogenicity (humoral responses) and 
safety of vaccines in children and adolescents with JARD 
on immunosuppressive treatment.

Systematic review methods

A systematic search was done according to the preferred 
reporting items for systematic reviews and meta-analy-
ses, the PRISMA guidelines [10]. In March 2021, MED-
LINE (1946 to present) and Embase (1947 to present) 
were searched using the Ovid interface with the following 
search term combination: “child” AND “vaccination” AND 
“immunosuppressive treatment” (see supplementary data 
for detailed search terms). No language limitations were 
used. We included original studies which investigated the 
immunogenicity (specific immunoglobulin G responses) 
and safety of routine vaccines in children and adolescents 
up to the age of 21 years with JARD on immunosuppres-
sive treatment. Exclusion criteria were studies which (i) did 
not specify the immunosuppressive treatment, (ii) included 
children with renal insufficiency or on dialysis, (iii) had less 
than 10 participants, and (iv) did not report results for chil-
dren separately to those from adults. References of retrieved 
articles were hand-searched for additional publications.

The following variables were extracted from the included 
studies: author, publication year, country, study type, level 
of evidence, number of participants, age and gender of 
participants, immunosuppressive treatment, vaccine type, 
vaccine brand, vaccine producer, vaccine dose, number 
of vaccine doses, interval between doses, timing of blood 
sampling after last vaccination, antibody responses, safety 
(including local and systemic reactions, serious adverse 
events and worsening in disease activity), and additional 
important findings. The ROBINS-1 tool was used to assess 
risk of bias [11].

Systematic review results

Our search identified 3488 studies. Of these, 30 fulfilled 
the inclusion criteria [12–41]. Seven additional studies 
were found by hand-searching of references [42–48]. The 
selection of included studies is summarised in Fig. 1. The 
37 studies (28 cohort studies, three case–control studies, 
three cross-sectional studies, two randomised controlled 
trials (RCTs) and one case series) included in this review 
investigated 2571 children and adolescents with JARD on 
immunosuppressive treatment and 4895 control children 
(4865 healthy children and 30 children with non-rheumatic 
diseases). The number of participants in each study ranged 
from 23 to 2576 (median 77, mean 202). Antibodies against 
22 different antigens were measured. Of the studies, 30 eval-
uated the safety of vaccines, 25 local reactions, 26 systemic 
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reactions, 27 severe adverse events (SAEs), and 26 wors-
ening in disease activity. All of the studies were done in 
industrialised countries: Brazil 11, Netherlands 8, Greece 
4, Turkey 3, Germany 2, Japan 2, Iran 1, Italy 1, Slovenia 1, 
Spain 1, Sweden 1, Switzerland 1, and USA 1. The results 
of these studies are summarised in Tables 1 and 2 [12–48]. 
The risk of bias summary of studies included in the review 
can be found in Table 3.

Results

Overall, 56 geometric mean antibody titres (GMTs) were 
measured in children with JARD on immunosuppressive 
treatment, of which 19 (34%) were lower, six (11%) higher, 
and 31 (55%) similar in these children compared to con-
trol children [12–16, 18–26, 28–34, 36–40, 43–45, 47, 48]. 
Of the 39 seroprotection rates (SPRs) measured, 10 (26%) 
were lower, two (5%) higher, and 27 (69%) similar in the 
two groups [12, 13, 16, 18, 19, 21–23, 29–35, 38, 39, 42, 

43, 46]. Of the 27 seroconversion rates (SCRs) measured, 
nine (33%) were lower, two (8%) higher, and 16 (59%) 
similar in children with JARD compared with control chil-
dren [12, 13, 18, 19, 21–23, 28, 29, 31–33, 37, 46].

Enthesitis‑related arthritis

Measles, rubella

One study investigated the persistence of specific antibod-
ies after two doses of measles and rubella vaccination in 41 
children with enthesitis-related arthritis (ERA) 1 and 3 years 
after the initiation of adalimumab and compared it with 149 
healthy children [43]. At both timepoints, the GMTs were 
lower in children with ERA for measles and rubella compared 
with healthy children of similar age, while there was no dif-
ference in SPRs. No difference in GMTs or SPRs was found 
between children on adalimumab only and children who were 
on additional methotrexate (MTX) or sulfasalazine. The study 
provided no information about the safety of the vaccines.

Fig. 1  Selection of studies
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Table 3  Risk of bias summary of studies included in the review

Cs case series, CS cohort study, CCS case–control study, CSS cross-sectional study, RCT  randomised controlled trial

Reference Publication 
year

Study 
type

Confounding Selection
bias

Misclassification
bias

Performance
bias

Attrition
bias

Detection
bias

Reporting
bias

Maritsi et al. [43] 2019 CS  −  −  −  −  −  −  − 
Grein et al. [42] 2020 CS  −  +  −  +  +  −  − 
Guissa et al. [23] 2012 CS  −  −  −  −  −  −  − 
Maritsi et al. [13] 2017 CS  −  −  −  −  −  −  − 
Erguven et al. [35] 2011 CS  −  −  −  −  +  −  − 
Kasapçopur et al. [16] 2004 CS  −  −  −  −  −  −  − 
Heijstek et al. [44] 2014 CS  −  −  −  +  +  −  − 
Brunner et al. [41] 2020 CSS  −  −  −  −  −  −  − 
Heijstek et al. [30] 2012 CSS  +  +  −  −  −  −  − 
Camacho − Lovillo 

et al. [12]
2017 CS  −  −  −  −  +  −  − 

Aikawa et al. [22] 2013 CS  +  −  −  −  −  −  − 
Carvalho et al. [46] 2013 CS  −  −  −  +  +  −  − 
Dell’Era et al. [31] 2012 CS  −  −  −  +  −  −  − 
Shinoki et al. [29] 2012 CS  +  −  −  −  −  −  − 
Toplak et al. [28] 2012 CS  +  +  −  −  +  −  − 
Stoof et al. [20] 2014 CS  +  −  −  −  −  −  − 
Zonneveld-Huijssoon 

et al. [26]
2007 CS  −  −  −  −  −  +  − 

Aikawa et al. [19] 2015 CS  −  −  −  −  −  −  − 
Farmaki et al. [38] 2010 CS  +  −  −  −  −  −  − 
Heijstek et al. [45] 2013 RCT  −  −  −  −  +  −  − 
Borte et al. [14] 2009 CCS  −  +  −  +  −  −  − 
Aytac et al. [34] 2011 CS  −  +  −  +  −  −  − 
Miyamoto et al. [36] 2011 CCS  +  −  −  −  −  −  − 
Kashef et al. [15] 2008 CCS  −  −  −  +  −  −  − 
Campos et al. [21] 2013 CS  −  +  −  −  −  −  − 
Barbosa et al. [47] 2012 RCT  −  −  −  −  −  −  − 
Belderok et al. [17] 2013 CS  +  −  −  −  −  −  − 
Heijstek et al. [48] 2013 CS  −  −  −  +  −  −  − 
Ingelman-Sundberg 

et al. [40]
2016 CSS  +  −  −  +  −  −  − 

Aikawa et al. [18] 2013 CS  −  −  −  −  +  −  − 
Aikawa et al. [32] 2012 CS  +  +  −  −  −  −  − 
Woerner et al. [33] 2011 CS  +  −  −  −  −  −  − 
Ogimi et al. [37] 2011 CS  +  +  −  −  −  −  − 
Kanakoudi-Tsakalidou 

et al. [27]
2001 Cs  −  −  −  −  −  −  − 

Speth et al. [24] 2018 CS  +  −  −  −  +  −  − 
Groot et al. [25] 2017 CS  +  −  −  −  −  −  − 
Pileggi et al. [39] 2010 CS  −  −  −  −  −  −  − 
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Juvenile dermatomyositis

Two studies investigated the immunogenicity and safety of 
vaccines in children with juvenile dermatomyositis (JDM) 
[23, 42]. The studies investigated human papilloma virus 
(HPV) and influenza vaccines in 72 children with JDM and 
116 controls.

HPV

One study investigating the immunogenicity and safety 
of three doses of a HPV16/HPV18 vaccine in 42 children 
with JDM and 35 healthy children, 1 and 6 months after 
vaccination [42]. No difference in SPRs for both serotypes 
was detected 1 month after the last vaccination. Six months 
after the last vaccination, SPR for both serotypes was 94% 
in children with JDM. SPRs were not specified for healthy 
children. No difference in SPRs was found between children 
on different treatment regimens (steroids, hydroxychloro-
quine, MTX, azathioprine, cyclosporine, or mycophenolate 
mofetil) at either time point. No SAEs were observed. One 
child with JDM was reported to have a worsening in disease 
activity 6 months after vaccination.

Influenza

One study investigated the immunogenicity and safety of one 
dose of influenza vaccination (A/H1N1 strain) in 30 children 
with JDM and 81 healthy children, 21 days after vaccination 
[23]. A lower SCR was found in children with JDM. In con-
trast, no difference in GMT or SPR was detected. Separate 
results for different types of immunosuppressive treatment 
were not specified. No severe SAEs or worsening in diseases 
activity were reported.

Juvenile idiopathic arthritis

A total of 18 studies investigated the immunogenicity and 
safety of 10 different vaccines (hepatitis A virus (HAV), 
hepatitis B virus (HBV), HPV, diphtheria, tetanus, influenza, 
meningococcus C (MenC), measles-mumps-rubella (MMR), 
pneumococcal polysaccharide, and conjugated vaccine) in 
1555 children with JIA on immunosuppressive treatment, 
4118 healthy children, and 14 children with non-rheumatic 
diseases [12–14, 16, 19, 20, 22, 26, 28–31, 35, 38, 41, 44–
46].

HAV, HBV

Two studies investigated the immunogenicity and safety 
of two doses of HAV vaccination in 130 children with JIA 
and 143 healthy children [13, 35]. One study found a lower 
GMT against HAV in children with JIA compared to healthy 

children 1 and 12 months after vaccination, but no difference 
in SCR or SPR, while the other study found a lower SPR in 
children with JIA 2 months after vaccination. The first study 
reported a worsening in disease activity in 15 (18%) chil-
dren with JIA (in two after the first dose and in 13 after the 
second dose after a mean of 8 months) [13]. None of them 
had a worsening in disease activity during the first 3 months 
after vaccination. No SAEs were reported in the two studies.

The second study investigated the immunogenicity of 
three doses of HBV vaccine in 39 children with JIA and 
41 healthy children and found a lower GMT and SPR in 
children with JIA [16]. No difference in GMTs was found 
between children on steroids and those on MTX. No SAEs 
were reported.

HPV

One study investigated the immunogenicity and safety of 
three doses of a HPV16/18 vaccine in 68 children with 
JIA and 55 healthy controls [44]. No difference in GMT 
was found. No difference in GMTs or antibody avidity was 
found between children on MTX and those on anti-tumour-
necrosis-factor (TNF)-alpha blockers, anti-interleukin (IL)-1 
blockers, leflunomide, and mycophenolate mofetil. One child 
on MTX did not reach seroprotection. No worsening in dis-
ease activitiy was reported. In 14 children with JIA and one 
healthy child SAEs were reported, many of them were elec-
tive hospitalisations or surgeries (for details see Table 2).

Diphtheria, tetanus

Two studies assessed the immunogenicity of diphtheria 
and tetanus vaccination in 429 children with JIA and 2176 
healthy children [30, 41]. One study found lower GMTs and 
SPRs for diphtheria and tetanus in children with JIA com-
pared to healthy children [30]. In the other study, no control 
children were included, the SPR for diphtheria in children 
with JIA was 90%, and for tetanus 100% [41]. No difference 
in GMTs or SPRs was found between children on abatacept, 
MTX, steroids, and anti-TNF-alpha blockers [30, 41]. Nei-
ther study provided information about SAEs or worsening 
in disease activity.

Influenza

Six studies investigated the immunogenicity and safety of one 
or two doses of influenza vaccines in 292 children with JIA, 
154 healthy children, and 14 children with non-rheumatic 
diseases [12, 22, 28, 29, 31, 46]. Five studies used a trivalent 
influenza vaccine (TIV) and one study an influenza vaccine 
with an A/H1N1 strain only. The GMTs were lower against at 
least one strain in two studies [28, 31], the SCRs were lower 
against at least one strain in four studies [22, 28, 31, 46], and 
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the SPRs were lower for at least one strain in two studies 
(see Tables 1 and 2) [31, 46]. Most studies did not report 
differences in specific antibody responses between different 
treatment regimens [12, 22, 29]. However, one study reported 
that children on anti-TNF-alpha blockers had lower SCR and 
SPR against A/H1N1 compared to children on leflunomide, 
MTX, steroids, and cyclosporine [46]. Only one study speci-
fied SAEs; one child with JIA on etanercept needed a hospi-
talisation for fever and coxalgia 1 day after vaccination [31]. 
Eighteen children with JIA reported a worsening in disease 
activity 7 days to 6 months after vaccination [12, 28, 31].

MenC

Two studies investigated the immunogenicity of one dose 
of MenC vaccination in 361 children with JIA and 1527 
healthy children [20, 26]. One study found no difference in 
GMT between children with JIA and healthy ones [20]. The 
other study, which compared different immunosuppressive 
treatments in children with JIA, found a lower GMT against 
MenC in children treated with MTX, sulfasalazine, etaner-
cept, infliximab, or cyclosporine compared to children on 
non-steroidal anti-inflammatory drugs or without treatment 
[26]. No information concerning SAEs was provided. No 
worsening in disease activity was reported.

Pneumococcus

One study each investigated the immunogenicity and safety 
of one dose of 23-valent pneumococcal polysaccharide 
vaccine (PPV23) and two doses of 7-valent pneumococcal 
conjugate vaccine (PCV7) in 27 and 63 children with JIA, 
respectively [19, 38]. Both studies compared the antibody 
response to pneumococcus in children with JIA on MTX and 
cyclosporine with children with JIA on the former treatment 
plus additional adalimumab or etanercept. The study using 
the PPV23 vaccine found no difference in GMTs, SCRs, 
or SPRs for serotypes 4, 6B, 9 V, 14, 18C, 19F, and 23F 
between the two groups [19]. The study using the PCV7 
vaccine found lower GMTs but not SPRs for serotypes 4, 14, 
and 23F in on adalimumab or etanercept compared to those 
on steroids or cyclosporine [38]. However, no difference 
in GMTs was found between children on adalimumab and 
those on etanercept [38]. One child on etanercept developed 
pneumococcal pneumonia (serotype not specified) requiring 
hospitalisation 5 months after vaccination [19]. In one child 
with JIA on additional adalimumab or etanercept, a worsen-
ing in disease activity was reported [38].

MMR

Three studies, including one RCT, investigated the immuno-
genicity of MMR vaccination in 546 children with JIA and 

2198 healthy children [14, 30, 45]. In the RCT, both groups 
included children with JIA on immunosuppressive treatment 
who had been previously been vaccinated with MMR, but 
only one group was randomised to receive a MMR booster 
[45]. In the other two studies, either two doses of MMR or a 
monovalent measles vaccine followed by MMR were given 
[14, 30].

One study reported a higher GMT against measles in 
children with JIA compared to healthy children [30]. How-
ever, the children with JIA were older than the healthy chil-
dren; therefore, likely more of them had received an MMR 
booster, which was given at nine years of age. Another 
study reported a lower GMT against measles in children 
with JIA after receiving MTX for 6 months initiated more 
than 4 years after the second dose of MMR compared to 
healthy children [14]. But again the children were from dif-
ferent age groups. The children with JIA had a mean age 
of 16 years compared to the healthy children with a mean 
age of 11 years. Therefore, there was a larger time inter-
val between vaccination and measuring vaccine antibody 
responses in children with JIA. Only one study measured 
SPRs for measles and reported a higher SPR in children 
with JIA compared to healthy children in the group vac-
cinated with two doses of MMR but not in the group vac-
cinated with a monovalent measles vaccine followed by a 
dose of MMR [30]. However, as mentioned above some of 
the healthy children, who were younger, likely did not yet 
receive two doses of the MMR vaccine. The RCT reported 
an increase in GMT in the children with JIA who received 
an MMR booster 12 months after the vaccine [45].

Two studies compared GMTs against mumps in children 
with JIA compared to healthy children [14, 30]. One found 
a lower GMT against mumps in children with JIA, while 
the other did not find a difference in GMTs. The one study 
which measured SPRs for mumps reported no difference in 
children with JIA compared to the healthy controls when 
receiving two doses of MMR but a lower SPR for mumps 
in the children who received a monovalent measles vaccine 
followed by one dose of MMR [30]. The RCT reported an 
increase in GMT against mumps in the children with JIA 
who received an MMR booster 12 months after vaccination 
[45].

One study did not detect a difference in rubella specific 
GMTs between children with JIA and healthy children, 
while another study found a lower GMT in children with JIA 
[14, 30]. The study which measured SPRs against rubella, 
reported a lower SPR in children with JIA compared to 
healthy children after one dose of monovalent measles vac-
cine followed by MMR but not in the children who received 
two doses of MMR [30]. The RCT reported a higher GMT 
in children with JIA receiving a MMR booster compared 
to children with JIA without the booster 12 months after 
vaccination [45].
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No difference in GMTs against measles, mumps, or 
rubella was found between children on MTX and children 
on steroids, anti-TNF-alpha blockers, anti-IL-1 blockers, or 
leflunomide [30, 45].

Only two of the three studies evaluated the safety of the 
MMR vaccine; no worsening in disease activity was reported 
in either of the studies [14, 45]. Only the RCT reported 
SAEs; five children who received a booster and eleven chil-
dren in the control group were reported to have SAEs [45]. 
Most of them were elective hospitalisation and surgeries, 
unlikely related to the vaccination. No disease due to infec-
tions with vaccine viruses was observed [45].

Systemic lupus erythematosus

Five studies including 236 children with systemic lupus 
erythematosus (SLE) and 228 healthy children investigated 
the immunogenicity and safety of five different vaccines 
(HBV, tetanus, influenza, measles, and varicella (VZV)) 
[15, 21, 34, 36, 47].

HBV

One study investigated the immunogenicity and safety after 
three doses of an HBV vaccine in 20 children with SLE and 
24 healthy children [34]. A lower GMT was found in chil-
dren with SLE, while the SPR was similar in both groups. 
Separate results for different types of immunosuppressive 
treatment were not reported. No SAEs were reported. Three 
children with SLE were reported to have a worsening in 
disease activity, one child 1 month after the first dose and the 
other two children 1 month after the second dose.

Tetanus

Two studies investigated the specific antibody response after 
five doses of tetanus vaccine in 70 children with SLE and 74 
healthy children [15, 36]. In one study, a lower GMT was found 
in children with inactive SLE (but not active SLE) compared to 
healthy children [36]. The other study did not find a difference 
in GMTs between children with SLE and healthy ones [15]. 
Separate results for different types of immunosuppressive treat-
ment were not reported. During the study, four SAEs occurred 
in children with SLE; all were disseminated infections requiring 
hospital admission unlikely related to the vaccine (disseminated 
varicella infection, primary peritonitis, meningitis and pneu-
monia) [15]. No information concerning worsening in disease 
activity was provided in either study [15, 36].

Influenza

One study investigates the immunogenicity of one dose of 
an A/H1N1 influenza vaccine in 118 children with SLE and 

102 healthy children [21]. A lower GMT, SCR, and SPR 
were found in children with SLE. Children on a higher ster-
oid dose did more frequently not seroconvert compared to 
those on a lower dose (18.0 vs 10.5 mg per day). No SAEs 
or worsening in disease activity were reported.

Measles

One retrospective study investigated the specific antibody 
response after measles vaccination in 30 children with SLE 
with different immunosuppressive treatments (chloroquine, 
steroids, azathioprine, cyclosporine, cyclophosphamide, and 
MTX) and 28 healthy children [36]. No difference in GMTs 
was found between children with active SLE, inactive SLE 
and healthy children. Separate results for different types of 
immunosuppressive treatment were not reported. No infor-
mation concerning SAEs and worsening in disease activity 
was provided.

VZV

One RCT investigated the immunogenicity and safety of one 
dose of VZV vaccine in 28 children with SLE on either chlo-
roquine, steroids, azathioprine, or MTX and 28 healthy chil-
dren [47]. No difference in GMT for children with JIA com-
pared to healthy ones was found 1, 6, and 12 months after 
vaccination. Separate results for different types of immuno-
suppressive treatment were not reported. Furthermore, no 
SAEs or worsening in disease activity were reported.

 Other JARDs

Eleven studies including 667 children with different JARDs, 
254 healthy children, and 16 children with non-rheumatic 
diseases investigated the immunogenicity and safety of HAV, 
HBV, HPV, tetanus, influenza, measles, rubella, and VZV 
vaccines [17, 18, 24, 25, 27, 32, 33, 37, 39, 40, 48].

HAV, HBV

One study investigated the immunogenicity of two doses 
of a combined HAV and HBV vaccines in 78 children with 
JARD, including 71 (91%) children with JIA [17]. A posi-
tive SCR was reached for HAV and HBV in 100% and 93%, 
respectively. No difference in GMTs for different treatments 
was found. No information concerning SAEs and worsening 
in disease activity was provided.

HPV

One study investigated the immunogenicity of three doses 
of a HPV in 12 children with JARD (6 JDM, 6 SLE) and 
49 healthy children [48]. No difference in GMTs between 
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JARD and controls were found 1 and 6 months after vac-
cination. One child with JDM without immunosuppressive 
treatment did not seroconvert. Separate results different 
types of immunosuppressive treatment were not reported. 
No information concerning SAEs was provided. One child 
with JDM was reported to have a worsening in disease activ-
ity 1 month after the second vaccination.

Tetanus

One study investigated the immunogenicity of more than 
three doses of a tetanus vaccine in 50 children with JARD 
(including 46 (92%) children with JIA) and 31 healthy chil-
dren [40]. A lower GMT was detected in children with JARD 
on MTX with or without anti-TNF-alpha blockers compared 
to children with JARD without treatment or healthy children. 
No information concerning SAEs and worsening in disease 
activity was provided.

Influenza

Five studies investigated the immunogenicity of influ-
enza vaccination in 430 children with JARD, 138 healthy 
children, and 16 children with non-rheumatic diseases 
[18, 27, 32, 33, 37]. Three studies used a TIV and two stud-
ies a single A/H1N1 strain vaccine. Two studies did not 
find differences in GMT, SCR, or SPR between children 
with JARD and controls [18, 33]. One study found a lower 
GMT, SCR, and SPR for the A/H1N1 strain in children 
with JARD compared to healthy children [32]. In contrast 
in another study, a higher GMT for the B strain in children 
with JARD compared to healthy children was found, while 
there was no difference in SCR for all three strains [37]. One 
study reported a lower GMT in children on azathioprine, 
mycophenolate mofetil, and steroids compared to children 
on cyclosporine, leflunomide, or cyclophosphamide [32]. 
No SAEs were reported [18, 27, 32, 33, 37]. In one study a 
worsening in disease activity was reported in two children 
with JARD (one child with JIA, one with Takayasu arteritis) 
2 weeks after vaccination [37].

Measles, rubella

One study investigated the specific antibody responses against 
measles and rubella after a minimum of one dose of MMR 
in 50 children with JARD (46 children with JIA) on MTX or 
MTX plus anti-TNF-alpha blockers and 31 healthy children 
[40]. No difference in GMTs for measles or rubella was found 
between children with JARD and healthy children. Children 
with JARD on anti-TNF-alpha blockers had a lower propor-
tion of transition B cells compared with those without anti-
TNF-alpha blockers and controls. No information concerning 
SAEs and worsening in disease activity was provided.

VZV

Three studies investigated the immunogenicity of one or 
two doses of VZV vaccination in 97 children with JARD 
on different immunosuppressive treatments and 36 healthy 
children [24, 25, 39]. No difference in GMT or SPR was 
found in any of the three studies. No SAEs were reported. 
Separate results for different types of immunosuppressive 
treatment were not reported. One study reported a worsening 
in disease activity in three children with JIA 4 to 6 weeks 
after vaccination [25].

Discussion

Our systematic review shows that vaccines in children and 
adolescents with JARDs on immunosuppressive treatment 
are safe and immunogenic. Overall, a decreased specific 
antibody response was reported in one-third (26–33%) of all 
measurements (GMT, SPR, or SCR). However, it is impor-
tant to take into consideration the timing of the measure-
ments. For example, a study, which measured antibodies to 
HAV/HBV vaccine in children with JARD, reported that the 
initial response after one dose was low, but after receiving a 
second dose, almost all children with JARD seroconverted 
[17]. This stresses the importance for the completion of vac-
cination schedules, especially in high-risk children, such as 
children with JARDs.

Furthermore, due to the lower vaccine response found in 
approximately one-third of children with JARDs on immu-
nosuppressive treatment, additional booster doses can be 
offered to optimise vaccine efficacy in these children. Two 
studies showed an accelerated antibody loss in children with 
JIA [6, 26]. In the included RCT, which randomised children 
with JIA to either receive or not receive a booster dose of 
MMR, a higher proportion of children who did not receive 
a booster were not seroprotected [45]. This demonstrates 
the importance of booster doses in children with JARDs. A 
pro-active approach to detect insufficient antibodies levels 
in children with JARDs might be a valuable tool to optimise 
the timing booster doses. Similarly, pre-travelling antibody 
measurements could be useful, for example, for HAV in chil-
dren who are travelling to high incidence countries.

A further main concern in children with inflammatory 
or autoimmune diseases, including JARD, is that vaccines 
may trigger an onset or worsening in disease activity. For 
example, it has previously been reported that HBV vaccina-
tion might trigger the onset of an underlying inflammatory or 
autoimmune rheumatic disease [49] or that HPV vaccination 
could trigger the onset of SLE [50]. Many studies exclude 
children with active JARD to avoid potential worsening in 
disease activity [34]. Only one study included in the review, 
compared the immunogenicity of a measles and tetanus 
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vaccine in children with active and inactive SLE [36]. The 
study reported a higher immunogenicity of the vaccines in 
children with active compared to inactive SLE. However, 
the children in the latter group were older than the ones with 
active SLE, which likely explains some of this difference.

In our review, ten studies reported children with worsen-
ing in disease activity after vaccination [12, 13, 25, 28, 31,  
34, 37, 38, 42, 48]. However, often it could not be differen-
tiated between the vaccines as a trigger for the worsening 
of disease or other possibilities causes, such as changes or 
non-compliance to the immunosuppressive treatment [31]. 
Furthermore, many of the JARDs are characterised by an 
intermittent and relapsing course even without triggers. As 
many care providers prefer to vaccinate these children in a 
stable phase and often defer vaccination until such a phase 
is reached, the chance of a relapse due to the normal course 
of the disease might be higher after vaccination, which can 
then be misinterpreted as a relapse triggered by the vaccine. 
Although, worsening in disease activity might be a more 
of a concern after live attenuated vaccines, only one study 
reported a worsening in disease activity in three of 39 chil-
dren with JIA, 4 to 6 weeks after VZV vaccination [25]. In 
contrast, one of the studies reported a decrease in number 
of affected joints in children with JARD after VZV vaccina-
tion [39]. Another study included in the review, investigated 
the association of autoantibodies and disease activity after 
influenza vaccination in children with JIA, and did not find 
an association [28]. Importantly, it should be noted and com-
municated that vaccine-preventable diseases, for example 
mumps, measles, and rubella, can also trigger an activation 
or exacerbation of the underlying inflammatory or autoim-
mune JARD [51, 52]. Overall, there is increasing evidence 
suggesting that vaccines do not induce significant worsening 
of underlying disease [8, 53].

Not only for a worsening in disease activity, but also for 
SAEs, it is difficult to proof a correlation. Many of the SAEs 
reported in the studies included in this review seem unlikely 
to be correlated to vaccination (e.g. elective hospitalisations 
and surgeries). As an example, two children with SLE have 
been reported to have deterioration in renal function within 
18 months after HPV vaccinations [54]. However, it is not 
clear if this is an adverse event due to the vaccination or 
rather illustrate the natural progression of the disease itself. 
As both cases were diagnosed with state four nephritis before 
vaccination, an evolution of the disease itself seems more 
likely. In another study, a febrile convulsion was reported as 
a severe adverse event after influenza vaccination in a child 
with JARD. However, this child was known for epilepsy 
[27]. In one study, a vesicular rash was reported in three of 
49 children with JARD on immunosuppressive treatment 
with MTX and anti-TNF-alpha blockers [25]. Another study 
reported that rashes after VZV vaccination were not more 

common in children with SLE on immunosuppressive treat-
ment compared to healthy children [47]. None of the studies 
reported an infection due to attenuated vaccine viruses, and 
all recovered promptly without treatment. These results are, 
however, limited by most studies investigating live attenu-
ated vaccine not reporting systemic reactions, severe adverse 
events, or worsening in disease activity [14, 30, 36, 40, 43].

Unfortunately, there is no study which investigated the 
immunogenicity and safety of yellow fever vaccination in 
children with JARDs on immunosuppressive treatment. A 
recent review from the European League Against Rheuma-
tism concluded that yellow fever vaccination in adults with 
autoinflammatory rheumatic diseases should be avoided due 
to the risk of vaccine-induced yellow fever [55]. As yellow 
fever is circulating in many parts of the world, the safety and 
immunogenicity of the vaccine in children with JARDs is an 
urgent future research topic.

Furthermore, the current severe acute respiratory syn-
drome coronavirus type 2 (SARS-CoV-2) pandemic also 
highlights the urgent need to assess the immunogenicity 
and safety of new vaccines, such as messenger ribonucleic 
acid-based (mRNA) vaccines, in this patient group. Three 
recent studies showed that mRNA and viral vector-based 
SARS-CoV-2 vaccines are immunogenic and safe (no 
increased side effects or induction of disease flares) in adults 
with rheumatic diseases on immunosuppressive treatment 
[56–58]. However, specific antibody responses were lower in 
adults on immunosuppressive treatment compared to healthy 
controls, especially those on steroids, rituximab, mycophe-
nolate mofetil, and abatacept [56, 58]. No data is currently 
available on the immunogenicity and safety of SARS-CoV-2 
vaccine in children with rheumatic diseases on immunosup-
pressive treatment.

The strengths of our review are the systematic approach 
and the comprehensive literature search. The limitations are 
the heterogenicity of the included studies which precluded 
a meta-analysis, especially as vaccine responses were not 
always measured one month after vaccination (gold-stand-
ard) and sometimes the time interval between vaccination 
and measurement of responses even differed between cases 
and controls. Furthermore, the dose of the immunosuppres-
sive treatment and the disease activity or severity was not 
specified in most of the studies. Many of the studies were 
underpowered, and not designed to show non-inferiority 
between children with JARD and controls; therefore, find-
ing no difference between the groups does not imply equiva-
lence. Moreover, we only evaluated antibody responses, as 
there are almost no studies which report on vaccine efficacy, 
and cellular or cytokine responses to vaccines.

In conclusion, vaccination in children with JARD on 
immunosuppressive treatment should be promoted and the 
importance for the completion of vaccination schedules 
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should be stressed. Strategies to compensate for the lower 
vaccine responses or faster decline of antibodies include 
measuring antibody levels to determine the optimal timing 
for the administration of additional booster doses. Further 
studies including children with active JARD are needed for 
evidence-based guidelines to vaccination in these children.
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