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Introduction: This review aims to provide evidence-based recommendations for an enhanced primary series (third dose) coronavirus disease
2019 (COVID-19) vaccination in people with rheumatic diseases (PRDs) in the local and regional context.

Methods: Literature reviews were performed regarding the necessity, efficacy, safety and strategies for enhanced primary series COVID-19
vaccination in PRDs. Recommendations were developed based on evidence according to the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) methodology. Evidence was synthesised by eight working group members, and the consensus was
achieved by a Delphi method with nine members of an expert task force panel.

Results: Two graded recommendations and one ungraded position statement were developed. PRDs have impaired immunogenicity from the
COVID-19 vaccine and are at an increased risk of postvaccine breakthrough severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
infection and poor clinical outcomes, compared to the general population. We strongly recommend that PRDs on immunomodulatory drugs be
offered a third dose of the messenger RNA (mRNA) vaccine as part of an enhanced primary series, after the standard two-dose regimen. We
conditionally recommend that the third dose of mRNA vaccine against SARS-CoV-2 be given at least 4 weeks after the second dose or as soon
as possible thereafter. There is insufficient data to inform whether the third mRNA vaccine should be homologous or heterologous in PRDs.

Conclusion: These recommendations that were developed through evidence synthesis and formal consensus process provide guidance for an
enhanced primary series COVID-19 vaccination in PRDs.
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INTRODUCTION

The coronavirus disease 2019 (COVID-19) pandemic remains
a worldwide problem and threat to human life and livelihood.
People with rheumatic diseases (PRDs) and/or patients on
immunomodulatory drugs are at a higher risk of severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) infection
and are vulnerable to poorer COVID-19 outcomes.!'-]
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Moreover, SARS-CoV-2 variants are more likely to arise in
patients on immunosuppressive therapies.[¥! Vaccine-escape
variants evolved in patients on immunosuppression are an
imminent threat to public health.[ Therefore, it is imperative
that we prevent SARS-CoV-2 infection in PRDs and/or
patients with immunosuppression. An enhanced three doses
primary series or a booster dose has been considered and
implemented in certain countries, although controversy
remains.! Conversely, the risk of flare of theumatic diseases
after vaccination against SARS-CoV-2 remains unclear.
Immune-mediated adverse reactions, such as myocarditis, have
been reported.! An additional dose of vaccine needs to be
substantiated by evidence and expert consensus, especially in
PRDs, to avoid compromising the confidence and acceptance
of the vaccine.

We previously published recommendations for COVID-19
vaccination in PRDs.U”) The Ministry of Health,
Singapore (MOH) Expert Committee on COVID-19
Vaccination has recommended a third dose of messenger
RNA (mRNA) vaccine as part of an enhanced primary series
in immunocompromised patients.’®] Herein, we aimed to
summarise the evidence describing the necessity, efficacy,
safety and strategies of a third dose mRNA COVID-19
vaccine in PRDs and/or patients on immunomodulatory drugs
through literature review. We developed recommendations
and built consensus using a Delphi method for the Chapter
of Rheumatologists, College of Physicians, Academy of
Medicine, Singapore.

METHODS

We followed the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) methodology in
developing these recommendations.®

Working group

The core working group (CWG) (ML, YL, CX, AS, WF, LC,
MS, SA) and the task force panel (TFP) (TA, SE, KK, AL, TL,
KL, AL, AM, TT) were convened on 23 September 2021 by
the Chair (ML) of the Chapter of Rheumatologists, College
of Physicians, Academy of Medicine, Singapore. The TFP
comprised seven locally recognised adult rheumatologists from
public and private healthcare institutions in Singapore, one
paediatric rheumatologist and one infectious disease specialist.
A conflict of interest declaration was signed by each member
of the CWG and TFP before the consensus process.

Review question formation

The definitions of PRDs and immunomodulatory drugs
considered in this recommendation are summarised in Box 1,
consistent with our previous publication.[”? In brief, we
included all patients with chronic inflammatory arthritides
and autoimmune connective tissue diseases and/or who
are taking conventional synthetic (cs) disease-modifying
antirheumatic drugs (DMARDs), immunosuppressants,

Box 1. Definition of people with rheumatic diseases
(PRDs) and immunomodulatory drugs.["

PRDs include, but are not limited to, those diagnosed with the following:

»  Chronic inflammatory arthritides (e.g., rheumatoid arthritis, psoriatic
arthritis, spondyloarthritides, juvenile idiopathic arthritis, adult-onset
Still’s disease)

» Connective tissue diseases (e.g., systemic lupus erythematosus,
immune-mediated inflammatory myositis, Sjégren’s syndrome, systemic
sclerosis, overlap syndrome)

*  Primary systemic vasculitides

¢ Autoinflammatory diseases

Immunomodulatory drugs considered for this guidance include the following:

« Conventional synthetic DMARDs (methotrexate, sulphasalazine,
leflunomide, hydroxychloroquine)

 Biological DMARDSs (tumour necrosis factor inhibitors, tocilizumab,
rituximab, abatacept, secukinumab, ixekizumab, anakinra, belimumab)

» Targeted synthetic DMARDS (tofacitinib, baricitinib, upadacitinib)

e Immunosuppressants (cyclophosphamide, mycophenolate mofetil,
azathioprine, cyclosporin A, tacrolimus)

e Glucocorticoids

Adapted from Santosa et al.”). Immunomodulatory drugs listed above,
regardless of the dosage, are administered as either monotherapy or in
combination. DMARD:s: disease-modifying antirheumatic drugs

biological (b) DMARD:s, targeted synthetic (ts) DMARDs
and glucocorticoids.

The CWG formulated the following five research questions
using the Patient/Population—Intervention—Comparison/
Comparator—OQOutcome (PICO) model to address the safety
and efficacy of a third dose of mMRNA COVID-19 vaccination
in PRDs.[1

1. Do PRDs and/or patients on immunomodulatory drugs
have decreased immune response to the COVID-19 mRNA
vaccines compared to the general population?

2. Does a third dose of mRNA COVID-19 vaccine lead to
enhanced protection of immunocompromised patients
against SARS-CoV-2 infection?

3. In PRDs, are COVID-19 mRNA vaccines safe?

4. In PRDs, should the third dose be the same (homologous)
or a different (heterologous) vaccine?

5. What is the best time for administration of the third dose
of the vaccine?

We limited the evidence synthesis to mRNA vaccines only, as
they were the approved regimen in Singapore at the time of
this recommendation development.

Literature reviews

Literature reviews on the PICO questions were performed
by the CWG via a literature search of published articles in
PubMed. Detailed search terms and strategies are shown in the
Supplemental Digital Appendix. The CWG met on 9 October
2021 to review the evidence synthesised and to formulate and
finalise the recommendation statements for rating by the TFP.
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Consensus of the recommendations

Members of the TFP voted anonymously on each of the
recommendations using a modified Delphi approach via
an online survey platform.!''2 Before the Delphi exercise,
the TFP was provided with and required to read the
summarised evidence. They were then asked to rate the level
of agreement on each recommendation statement, based
on the provided literature and their expertise, on a 5-point
Likert scale (1 = strongly disagree, 2 = disagree, 3 = neutral,
4 = agree, 5 = strongly agree). An agreement was defined as
a score of 4 or 5. A consensus was reached if >70% of TFP
voted for an agreement (score 4 and 5). The CWG and TFP then
convened and discussed the aggregated findings of the survey
via a teleconferencing platform. Definitions were clarified
and recommendation statements were rephrased, if necessary.
In determining the strength of recommendations, the TFP
considered the level of evidence and weighed the desirable and
undesirable effects from a third dose of COVID-19 vaccination
in PRDs. Recommendations were categorised as ‘strong’
when the desirable effects clearly outweighed the undesirable
effects and ‘conditional’ when the desirable/undesirable effects
were closely balanced. An ungraded position statement was
used to reflect the general view of the TFP when there was
insufficient evidence to support a graded recommendation or
favour one intervention over another for a clinically important
PICO question.

RESULTS

1. Evidence synthesis from literature review.

1.1. Do PRDs andjor patients on immunomodulatory
drugs have decreased immune response to the COVID-19
mRNA vaccines compared to the general population?

We identified five studies addressing breakthrough infections,
clinical outcomes or immunogenicity of the COVID-19 vaccine
among PRDs and/or patients on immunomodulatory drugs.[*17
PRDs and/or patients on immunomodulatory drugs are at an
increased risk of postvaccine breakthrough SARS-CoV-2
infection.!'*15] Administrative data from a large cohort of
1,178,597 individuals in Israel have shown that the effectiveness
of two doses of mRNA vaccines against SARS-CoV-2 infection
was only 71% (95 confidence interval [CI]: 37%—-87%) among
immunosuppressed patients, in contrast to 90% (95 CI:
79%-95%) in the general population.' In two multicentre
observational studies, 40%-44% of hospitalised patients with
breakthrough infections after vaccination were patients on
immunomodulatory drugs.['*!

People with rheumatic diseases and/or patients on
immunomodulatory drugs have impaired immunogenicity
from the vaccine, as seen by the lower rates of seroconversion
compared to healthy controls.l!!") Following mRNA
vaccination against SARS-CoV-2, the seropositivity rate
and antibody levels were significantly lower among PRDs

compared to the general population (86% vs. 100%, P<0.0001
and 132.9 = 91.7 vs. 218.6 + 82.06 binding antibody units
(BAU)/mL, P < 0.0001, respectively).l' Immunogenicity
measured by serum IgG antibody levels against SARS-CoV-2
spike S1/S2 proteins at 2—6 weeks after the second dose
of vaccine was severely impaired by rituximab (39%
seropositivity), moderately impaired by glucocorticoids (77%
seropositivity), abatacept (71% seropositivity) and
mycophenolate mofetil (64% seropositivity), and mildly
impaired by methotrexate (92% seropositivity), compared
to healthy controls (100% seropositivity).l'® In another
prospective cohort study from the Netherlands, seropositivity
after the second dose of COVID-19 vaccination (either
mRNA or adenovirus vector-based vaccines) was 92% in
all patients with autoimmune diseases, 94% in those on
methotrexate, 89% in those on methotrexate and tumour
necrosis factor inhibitors, and only 43% in patients who
received anti-CD20 therapies (including rituximab or
ocrelizumab), compared to 95% in healthy controls. The
IgG titre against the SARS-CoV-2 spike protein was about
half in all patients with autoimmune diseases compared to
that in healthy controls (48.6 AU/mL vs. 86.7 AU/mL).l'"
Overall, there is a low level of evidence from observational
studies that consistently shows that PRDs and/or patients on
immunomodulatory drugs have decreased immune response
to the COVID-19 mRNA vaccines compared to the general
population.

1.2. Does a third dose of mRNA COVID-19 vaccine lead
to enhanced protection of immunocompromised patients
against SARS-CoV-2 infection?

We identified 14 studies that evaluated whether a third dose
of mRNA COVID-19 vaccine led to enhanced protection
of immunocompromised patients against SARS-CoV-2
infection [Table 1], including one large observational study, one
randomised controlled trial (RCT) and 12 small observational
studies.['™3! In a general population administrative database
of 1,137,804 people older than 60 years of age from Israel,
the rates of confirmed infections and severe illness were
lower in the booster group, where the third dose was
administered at least 5 months after the standard two-dose
regimen (homologous BNT162b2), than in the nonbooster
group by a factor of 11.3 (95% CI: 10.4-12.3) and 19.5 (95%
CI: 12.9-9.5), respectively.l'8 Despite the large effect sizes
reported, we considered this observational data as low-level
evidence due to indirectness (extrapolating the results from
the elderly population to PRDs). In a double-blind RCT
conducted among 120 organ transplant recipients, a third
dose mRNA COVID-19 vaccine (Moderna) given at 2 months
after the standard two-dose regimen demonstrated both
enhanced humoral and T-cell responses compared to those
given placebo injections.!'” At 4 months after the third dose,
detectable anti-receptor-binding antibodies were present in
33% in the intervention group compared to 18% in the placebo
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Table 1. Summary of efficacy and safety of the third dose COVID-19 vaccine in people with immunocompromised status.

Study Country Study Sample Population Intervention/ Time from 3“dose to  Outcomes Side
design size comparison 2" dose effect
(SE)
Bar-On et a/.l"® Israel CH 1,137,804 Age =60yr  Pfizer—BioNTech >5 months Rate of infectionand ~ Not
Booster/nonbooster severe iliness reported
Del Bello et al.l?4 France CH 396 Solid organ Pfizer—BioNTech Median: 59 days Augmented humoral No severe
transplant Before/after booster  IQR: 47-67 days response SE
Benotmane et al.®®  France CH 159 Kidney Moderna Median: 51 days Augmented humoral No severe
transplant Before/after booster  1QR: 48-59 days response SE
Hall et al."] Canada RCT 120 Transplant Moderna 2 months Augmented humoral No severe
recipients Booster/nonbooster response SE
Kamar et al.?") France CH 101 Solid organ Pfizer—BioNTech Mean: 60 days Augmented humoral No severe
transplant Before/after booster ~ SD: 1 day response SE
Espi et al.1?¢) France CH 75 Dialysis Pfizer—BioNTech <3 months Augmented humoral No severe
Before/after booster and cellular responses  SE
Bensouna etal.?  France CH 69 Dialysis Pfizer—BioNTech Median: 50 days Augmented humoral No severe
Before/after booster  |QR: 31-58 days response SE
Chavarot et al.?? France CH 62 Kidney Pfizer—BioNTech Median: 69.5 days Augmented humoral No severe
transplant Before/after booster  |QR: 40-84 days response SE
Stumpf et al.®% Germany CH 48 Kidney Pfizer—BioNTech Mean: 68 days Augmented humoral Not
transplant Before/after booster  SD: 1 day and cellular responses  reported
Ducloux et al.1?! France CH 45 Dialysis Pfizer—BioNTech Not reported Augmented humoral Not
Before/after booster response reported
Werbel et al.B" USA CH 30 Solid organ Pfizer—BioNTech, Median: 67 days Augmented humoral No severe
transplant Moderna, J&J IQR: 54-81 days response SE
Before/after booster
Connolly et al.? USA CH 18 Autoimmune  Pfizer-BioNTech, Median: 77 days Augmented humoral Not
disease Moderna, J&J IQR: 54-94 days response reported
Before/after booster
Longlune et al.® France CH 12 Dialysis Pfizer—BioNTech 1 month Augmented humoral No severe
Before/after booster response SE
Shroff et al.?% USA CH 20 Solid tumour  Pfizer-BioNTech Not reported Augmented humoral No severe
Before/after booster response SE

No cellular response

Humoral response: change of antibody titre against SARS-CoV-2; cellular response: T-cell response against SARS-CoV-2. CH: cohort studies,
COVID-19: Coronavirus disease 2019, IQR: interquartile range, J&J: Johnson & Johnson, RCT: randomised controlled trial, SD: standard deviation

group (relative risk [RR] 3.1, 95% CI: 1.7-5.8, P < 0.001),
while antibody neutralisation above the 30% threshold was
seen in 60% in the intervention group compared to 25% in
the placebo group (RR 2.4, 95% CI: 1.5-4.0). There were
12 and two observational studies that showed an enhanced
humoral and cellular response, respectively, after a third dose
of COVID-19 vaccination.?*31 Qverall, there was a low level
of evidence to show a reduction in the rates of infection and
severe disease, and a low level of evidence to show increased
immunogenicity, as measured by the enhanced humoral and
cellular responses after a third dose of mRNA vaccine against
SARS-CoV-2 in PRDs.

1.3. In PRDs, are COVID-19 mRNA vaccines safe?

Among PRDs, the rates of flares of rheumatic diseases after
vaccination against SARS-CoV-2 were reported mostly
from observational studies without a comparator group of
patients not given vaccination. A total of 11 studies were

found.['®32-41 Rates of flares of rheumatic diseases after
vaccination against SARS-CoV-2 from all studies ranged
from 0% to 18.8%, and the rates of severe flares ranged
from 0% to 1.2%.01%32411 Data from the European Alliance
of Associations for Rheumatology (EULAR) COVID-19
vaccination registry (n = 1,519) reported a 5% flare rate
of the underlying rheumatic diseases, of which 1.2% were
classified as severe.’”) A prospective observational study
from the USA (n = 1,377) showed that 11% of patients
had postvaccination flares requiring treatment; there was
no report of severe flare.?*! Data from the COVID-19
Global Rheumatology Alliance vaccine survey (n = 2,882)
reported flare of rheumatic diseases in 13.4% of patients,
with 4.6% of flares requiring a new or increased dose of
medications.®* In a multicentre observational study from
Israel (n = 686), postvaccination disease activity remained
stable in the majority of patients assessed within 6 weeks
after the second dose of mRNA vaccine.!'” Similarly, three
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smaller observational studies among PRDs/patients on
immunomodulatory drugs reported no postvaccination flares
of the underlying rheumatic diseases.B®*’#"! Two cohorts
showed lower rates of flares in those with good control of
their underlying rheumatic diseases than those with moderate
or high disease activity.?**! In those who flared, the majority
had worsening pre-existing symptoms and non-severe
flares.[33 It is important to note that the rate of flare is variable
due to differences in definitions of flare, study methodologies
and background rate of flare. Additionally, most of the adverse
events experienced after vaccination were mild.

From the single RCT and observational studies which
evaluated efficacies of a third dose of mRNA COVID-19
vaccine [Table 1] in elderly or immunocompromised,
10 out of 14 patients reported no severe adverse
events,[19-22:2426:29311 Yet  among these, only one study had
a nonbooster control arm.!"! Four studies did not report on
adverse events.[18:23:25.30]

Overall, there is a very low level of evidence for harm (adverse
events/risk of flare) from a third dose of mRNA vaccine in
PRDs/patients on immunomodulatory drugs.

1.4. In PRDs, should the third dose be the same
(homologous) or a different (heterologous) vaccine?
There are insufficient data to inform whether the third mRNA
vaccine dose in PRDs should be homologous (where the
third dose is the same vaccine as the initial two doses) or
heterologous (where the third dose is different from the
initial two doses). Hence, no graded recommendation can be
proposed. One case series described 30 solid organ transplant
recipients with a variety of homologous and heterologous
prime-boost strategies. The various combinations led to
satisfactory antibody titres in all patients who had low antibody
titres after the initial two-dose strategy. Among patients who
failed to mount any detectable antibody response after the
initial two-dose strategy, the third dose produced detectable
antibody levels in only 33% of the patients. However, no
comparison between the regimens was made.?"" Two RCTs
assessed the third dose vaccination strategies in PRDs and
kidney transplant patients, respectively, comparing boost
strategies with an mRNA and a non-mRNA vaccine in patients
who had received two homologous COVID-19 mRNA primary
vaccines.[*>*! There appeared to be no consistent advantage
of one strategy over the other. All three studies reported only
immunogenicity data; no clinical efficacy was reported.

1.5 What is the best time for the administration of the
third dose of the vaccine?

There are no comparative studies comparing different dose
intervals available in the literature. The US Centres for Disease
Control and Prevention (CDC) recommends a third dose of
mRNA vaccine in immunocompromised patients at least
4 weeks after the second dose.[*Y The median dosing interval

Table 2. Executive summary of recommendations.

Recommendation/statement Level of evidence

Recommendation: We strongly recommend that Low
PRDs on immunomodulatory drugs, who have

received two doses of mRNA vaccine against

SARS-CoV-2, be offered a third dose of the mRNA

vaccine as part of an enhanced primary series

Recommendation: For PRDs, we conditionally Low
recommend that the third dose of mRNA vaccine
against SARS-CoV-2 be given at least 4 weeks after
the second dose or as soon as possible thereafter
Ungraded position statement: There is insufficient
data to inform whether the third mRNA vaccine
should be homologous or heterologous in PRDs
mRNA: messenger RNA, PRDs: people with rheumatic diseases,
SARS-CoV-2: severe acute respiratory syndrome coronavirus 2

Insufficient data

in various studies involving PRDs or transplant recipients
was 30-77 days and ranged between 30 and 94 days after the
Second dose'[]9-24,26-28,30,3]]

2. Final recommendations.

All nine members of the TFP participated in the anonymised
Delphi exercise. The response rate for all statements was
100%. The executive summary of recommendations is shown
in Table 2.

2.1. We strongly recommend that PRDs on
immunomodulatory drugs, who have received two doses
of the mRNA vaccine against SARS-CoV-2, be offered a
third dose of the mRNA vaccine as part of an enhanced
primary series.

Evidence has shown that PRDs have poorer outcomes with
COVID-19 and an increased risk of breakthrough infection
following vaccination against SARS-CoV-2. PRDs receiving
a third dose mRNA vaccine against SARS-CoV-2 have
reduced risk for both breakthrough and severe infections, with
minimal risk of harm. The level of evidence was considered
low (agreement 100%; 88.9% for 5 = strongly agree and 11.1%
for 4 = agree). A strong recommendation was endorsed by
77.8% of TFP members.

2.2. For PRDs, we conditionally recommend that the third
dose of mRNA vaccine against SARS-CoV-2 be given at
least four weeks after the second dose, or as soon as
possible thereafter.

Although there are no studies comparing different dose
intervals available in the literature, the TFP agreed that the
third dose of mRNA vaccine should be given at least 4 weeks
after the second dose. This recommendation is consistent with
the recommendations of other academic organisations.[*+%]
Given the surge in Delta variant of SARS-CoV-2, the third
dose should not be delayed.

Agreement was achieved in 88.9% (11.1% for 5 = strongly
agree, 77.8% for 4 = agree). A conditional recommendation
was endorsed by 66.7% of TFP members.
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2.3. Ungraded position statement: There are insufficient
data to inform whether the third mRNA vaccine should be
homologous or heterologous in PRDs.

There are insufficient data to inform of the comparative efficacy
and safety of a homologous or heterologous vaccination
regimen. The choice of the third mRNA vaccine should take
into account the availability of vaccines, patient’s preference
and prevailing national policy.

Agreement was achieved in 100% (33.3% for 5 = strongly
agree and 66.7% for 4 = agree) that either homologous
or heterologous vaccine should be used in PRDs without
preference.

DISCUSSION

This consensus recommendation informs healthcare providers
about the necessity, efficacy, safety and strategy of the enhanced
primary series (third dose) COVID-19 vaccination in PRDs
based on updated literature review and evidence synthesis
using the GRADE methodology. This work represents a
systematic effort of the Chapter of Rheumatologists, College
of Physicians, Singapore. We strongly recommend that PRDs
on immunomodulatory drugs be offered a third dose of the
mRNA vaccine as part of an enhanced primary series, after
the standard two-dose regimen. We conditionally recommend
that the third dose of mRNA vaccine against SARS-CoV-2
be given at least 4 weeks after the second dose or as soon
as possible thereafter. There was insufficient data to inform
whether the third mRNA vaccine should be homologous or
heterologous in PRDs.

Third booster dose COVID-19 vaccinations have been
implemented in many countries. However, this is distinct
from a third dose COVID-19 vaccine as part of an enhanced
primary series in PRDs who are vulnerable with impaired
immunogenicity.['*!*11 Our consensus recommendations
were developed through an updated literature review and a
modified Delphi method. Fifteen adult rheumatologists, one
paediatric rheumatologist and one infectious disease specialist
were convened for this work, and this is representative of the
healthcare providers for PRDs in Singapore. The updated
evidence and consensus supported the national rollout of a third
dose mRNA COVID-19 vaccine as part of an enhanced primary
series in PRDs in Singapore and may facilitate discussion
between patients and physicians caring for PRDs and other
immunosuppressed patients (such as transplant specialists and
nephrologists), from which part of the evidence is derived, in
Singapore and other countries.!!?-2224-26.28-31]

The third dose of COVID-19 vaccine as an enhanced primary
series in PRDs is not only beneficial for the protection of the
individual patient, but also imperative from a public health
perspective to curtail persistent SARS-CoV-2 infection and
potential escape mutants.[¥! The Omicron variant is currently
rampant worldwide. The origin of the Omicron variant is

still elusive. SARS-CoV-2 can persist and evolve in an
immunocompromised host for about 5 months.”*®! One of
the plausible hypotheses is that the origin of the Omicron
variant is in a South African patient with uncontrolled human
immunodeficiency virus (HIV) infection,*”! again emphasising
the importance of vaccinating the immunocompromised in the
public health context. Moreover, preliminary data have shown
that the neutralising antibody response from the third dose of
mRNA COVID-19 vaccine has enhanced cross-reactivity to
the Omicron variant.®! This may predict similar protective
effects from other new variants for PRDs and/or patients on
immunomodulatory drugs.

EULAR and the American College of Rheumatology (ACR)
have published the recommendations for COVID-19 vaccination
in PRDs, which were updated with evolving new evidence.
14549501 Both addressed wide-scoped scenarios that patients may
encounter, sharing similar principles that were aligned with
our previous recommendations on COVID-19 vaccination for
PRDs." Our current recommendations focus on the enhanced
primary series (third dose) COVID-19 vaccination in PRDs and
are consistent with the EULAR and ACR recommendations
with a few differences. EULAR did not specify the timing of
the third dose of COVID-19 vaccination, while the ACR and
our consensus recommended giving the third dose, at least
4 weeks after the second dose, which is in line with the US CDC
recommendation. 4345 There is no unanimous consensus
on which immunosuppressive or immunomodulatory
drugs would affect the immune response to COVID-19
vaccination. The ACR Guidance (Version 4) recommended
an additional COVID-19 vaccine dose for patients receiving
any immunosuppressive or immunomodulatory therapy other
than hydroxychloroquine monotherapy, without specifying the
dosage.™ In contrast, EULAR recommended the third dose for
patients receiving rituximab, abatacept, Janus kinase inhibitors,
mycophenolate mofetil, cyclophosphamide, prednisolone
for a prolonged period in dosage of 10 mg/day or higher and
high dosage of methotrexate/azathioprine/leflunomide, with
acknowledgement of the scarcity of data.[*>%

Limitations of this work must be considered. First, the evidence
to address the efficacy, safety and strategies for the three-dose
enhanced primary series COVID-19 vaccination in PRDs
is scarce. Some of the evidence was extrapolated from the
elderly population, patients with malignancy or transplant
recipients. Second, our literature review focused on the mRNA
vaccine. Therefore, the applicability of this work towards
non-mRNA vaccines is limited. Third, most of the studies
reported on immunogenicity rather than clinical outcomes
with regards to the efficacy of a third dose COVID-19 vaccine
in immunocompromised hosts.!!**! Lastly, we considered
a list of immunosuppressants as shown in Box 1, without
specifying the type, dosage and their combination. Also, we
did not consider immunomodulators outside of those listed
in Box 1, such as intravenous immunoglobulin, due to lack
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of data. Although new data has emerged for different risks
of mortality after SARS-CoV-2 infection among rheumatic
diseases,”" no data is available for the risk of flare in relation
to the type of immunosuppressant after COVID-19 vaccination
at the time of our study. We are cognisant that the degree
of immunosuppression is a continuum of complex state
dependent on the type of rheumatic diseases, type and dose of
immunosuppressants and their combination, and therefore call
for shared decision-making with the attending rheumatologists
and their patients.

To conclude, we have summarised the updated literature and
synthesised the consensus recommendations for an enhanced
primary series (third dose) COVID-19 vaccination in PRDs.
Recommendations for the individual patient need to take into
account the patient’s clinical condition, value, preference and
accessibility. These recommendations will undoubtedly evolve
as new evidence becomes available.

Acknowledgement

The authors would like to thank Dr. Anselm Mak, a member
of the task force panel, for his input and approval of the final
version of this manuscript.

Financial support and sponsorship
Nil.

Conflicts of interest

Lahiri M: speakers bureau of Janssen and DKSH; consultant
of Janssen and Gilead; grant/research support from Novartis;
research grant from multiple pharma (Singapore National
Biologics Register) and education grant from multiple
pharma for Asia Pacific Rheumatology Practice Course
Santosa A: speakers bureau of Amgen; consultant of Pfizer
Chew LC: speakers bureau of Pfizer and Abbvie;
consultant of Pfizer; research support from Abbvie
Fong W: speakers bureau of Abbvie, DKSH,
GSK and Novartis Lee TH: speakers bureau of Sanofi
Low A: speakers bureau of Boehringer Ingelheim;
consultant of Boehringer Ingeilheim and Johnson & Johnson
Leung YY: speakers bureau of Abbvie, DKSH, Janssen,
Novartis and Pfizer; SMJ editorial board member who was not
involved in the review and publication decision of this paper.

Supplemental digital content
Appendix at http://links.lww.com/SGMIJ/A241

REFERENCES

1. Akiyama S, Hamdeh S, Micic D, Sakuraba A. Prevalence and clinical
outcomes of COVID-19 in patients with autoimmune diseases:
A systematic review and meta-analysis. Ann Rheum Dis 2021;80:384-91.

2. D’Silva KM, Jorge A, Cohen A, McCormick N, Zhang Y,
Wallace ZS, et al. COVID-19 outcomes in patients with systemic
autoimmune rheumatic diseases compared to the general population:
A US multicenter, comparative cohort study. Arthritis Rheumatol
2021;73:914-20.

3. XuC,YiZ, CaiR, Chen R, Thong BY-H, Mu R. Clinical outcomes of
COVID-19 in patients with theumatic diseases: A systematic review and

20.

21.

22.

meta-analysis of global data. Autoimmun Rev 2021;20:102778.

Corey L, Beyrer C, Cohen MS, Michael NL, Bedford T, Rolland M.
SARS-CoV-2 variants in patients with immunosuppression. N Engl J
Med 2021;385:562-6.

Krause PR, Fleming TR, Peto R, Longini IM, Figueroa JP,
Sterne JAC, et al. Considerations in boosting COVID-19 vaccine
immune responses. Lancet 2021;398:1377-80.

Barda N, Dagan N, Ben-Shlomo Y, Kepten E, Waxman J, Ohana R, ef al.
Safety of the BNT162b2 mRNA Covid-19 vaccine in a nationwide
setting. N Engl J Med 2021;385:1078-90.

Santosa A, Xu C, Arkachaisri T, Kong KO, Lateef A, Lee TH, et al.
Recommendations for COVID-19 vaccination in people with rheumatic
disease: Developed by the Singapore Chapter of Rheumatologists. Int J
Rheum Dis 2021;24:746-57.

Booster doses. Ministry of Health, Singapore. Available from:
https://www.moh.gov.sg/covid-19/vaccination/faqs---booster-doses.
[Last accessed on 2021 Oct 16].

Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y,
Alonso-Coello P, et al. GRADE: An emerging consensus on rating quality
of evidence and strength of recommendations. BMJ 2008;336:924-6.

. Schardt C, Adams MB, Owens T, Keitz S, Fontelo P. Utilization of the

PICO framework to improve searching PubMed for clinical questions.
BMC Med Inform Decis Mak 2007;7:16.

. van der Heijde D, Aletaha D, Carmona L, Edwards CJ, Kvien TK,

Kouloumas M, et al. 2014 Update of the EULAR standardised operating
procedures for EULAR-endorsed recommendations. Ann Rheum Dis
2015;74:8-13.

. American College of Rheumatology. Policy and Procedure Manual

for Clinical Practice Guidelines. 2015. https://www.rheumatology.
org/portals/0/Files/ ACR%20Guideline%20Manual Appendices
updated%202015.pdf. [Last accessed on 2021 Oct 16].

. Chodick G, Tene L, Rotem RS, Patalon T, Gazit S, Ben-Tov A, et al.

The effectiveness of the two-dose BNT162b2 vaccine: Analysis of real-
world data. Clin Infect Dis 2022;74:472-8.

. Brosh-Nissimov T, Orenbuch-Harroch E, Chowers M, Elbaz M,

Nesher L, Stein M, er al. BNT162b2 vaccine breakthrough: Clinical
characteristics of 152 fully vaccinated hospitalized COVID-19 patients
in Israel. Clin Microbiol Infect 2021;27:1652-7.

. Tenforde MW, Patel MM, Ginde AA, Douin DJ, Talbot HK,

Casey JD, et al. Effectiveness of SARS-CoV-2 mRNA vaccines for
preventing Covid-19 hospitalizations in the United States. Clin Infect
Dis 2022;74:1515-24.

. Furer V, Eviatar T, Zisman D, Peleg H, Paran D, Levartovsky D, ef al.

Immunogenicity and safety of the BNT162b2 mRNA COVID-19
vaccine in adult patients with autoimmune inflammatory rheumatic
diseases and in the general population: A multicentre study. Ann Rheum
Dis 2021;80:1330-8.

. Boekel L, Steenhuis M, Hooijberg F, Besten YR, van Kempen ZLE,

Kummer LY, et al. Antibody development after COVID-19 vaccination
in patients with autoimmune diseases in the Netherlands: A substudy
of data from two prospective cohort studies. Lancet Rheumatol
2021;3:¢778-88.

. Bar-On YM, Goldberg Y, Mandel M, Bodenheimer O, Freedman L,

Kalkstein N, e al. Protection of BNT162b2 vaccine booster against
Covid-19 in Israel. N Engl J Med 2021;385:1393-400.

. Hall VG, Ferreira VH, Ku T, lerullo M, Majchrzak-Kita B,

Chaparro C, et al. Randomized trial of a third dose of mRNA-1273
vaccine in transplant recipients. N Engl J Med 2021;385:1244-6.
Benotmane 1, Gautier G, Perrin P, Olagne J, Cognard N,
Fafi-Kremer S, et al. Antibody response after a third dose of the
mRNA-1273 SARS-CoV-2 vaccine in kidney transplant recipients with
minimal serologic response to 2 doses. JAMA 2021:326:1063-5.
Bensouna I, Caudwell V, Kubab S, Acquaviva S, Pardon A,
Vittoz N, et al. SARS-CoV-2 antibody response after a third dose of the
BNT162b2 vaccine in patients receiving maintenance hemodialysis or
peritoneal dialysis. Am J Kidney Dis 2022;79:185-92.el.

Chavarot N, Morel A, Leruez-Ville M, Vilain E, Divard G,
Burger C, et al. Weak antibody response to three doses of mRNA
vaccine in kidney transplant recipients treated with belatacept. Am J
Transplant 2021;21:4043-51.

Singapore Medical Journal | Volume 66 | Issue 10 |

october 2025 AN



https://www.moh.gov.sg/covid-1
https://www.rheumatology.org/portals/0
https://www.rheumatology.org/portals/0

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Xu, et al.: Enhanced primary series COVID-19 vaccination

Connolly CM, Teles M, Frey S, Boyarsky BJ, Alejo JL, Werbel WA, et al.
Booster-dose SARS-CoV-2 vaccination in patients with autoimmune
disease: A case series. Ann Rheum Dis 2022;81:291-3.

Del Bello A, Abravanel F, Marion O, Couat C, Esposito L,
Lavayssiere L, et al. Efficiency of a boost with a third dose of anti-
SARS-CoV-2 messenger RNA-based vaccines in solid organ transplant
recipients. Am J Transplant 2022;22:322-3.

Ducloux D, Colladant M, Chabannes M, Yannaraki M, Courivaud C.
Humoral response after 3 doses of the BNT162b2 mRNA COVID-19
vaccine in patients on hemodialysis. Kidney Int 2021;100:702-4.

Espi M, Charmetant X, Barba T, Pelletier C, Koppe L, Chalencon E, et al.
Justification, safety, and efficacy of a third dose of mRNA vaccine in
maintenance hemodialysis patients: A prospective observational study.
medRxiv 2021. doi: 10.1101/2021.07.02.21259913.

Kamar N, Abravanel F, Marion O, Couat C, Izopet J, Del Bello A.
Three doses of an mRNA Covid-19 vaccine in solid-organ transplant
recipients. N Engl J Med 2021;385:661-2.

Longlune N, Nogier MB, Miedouge M, Gabilan C, Cartou C,
Seigneuric B, ef al. High immunogenicity of a messenger RNA-based
vaccine against SARS-CoV-2 in chronic dialysis patients. Nephrol Dial
Transplant 2021;36:1704-9.

ShroffRT, Chalasani P, Wei R, Pennington D, Quirk G, Schoenle MV, et al.
Immune responses to two and three doses of the BNT162b2 mRNA
vaccine in adults with solid tumors. Nat Med 2021;27:2002-11.

Stumpf J, Tonnus W, Paliege A, Rettig R, Steglich A, Gembardt F, et al.
Cellular and humoral immune responses after 3 doses of BNT162b2
mRNA SARS-CoV-2 vaccine in kidney transplant. Transplantation
2021;105:¢267-9.

Werbel WA, Boyarsky BJ, Ou MT, Massie AB, Tobian AAR,
Garonzik-Wang JM, et al. Safety and immunogenicity of a third dose of
SARS-CoV-2 vaccine in solid organ transplant recipients: A case series.
Ann Intern Med 2021;174:1330-2.

Machado PM, Lawson-Tovey S, Hyrich K, Carmona L, Gossec L,
Mateus E, et al. LB0002 COVID-19 vaccine safety in patients
with rheumatic and musculoskeletal disease. Ann Rheum Dis
2021;80(Suppl 1):199-200.

Connolly CM, Ruddy JA, Boyarsky BJ, Barbur I, Werbel WA,
Geetha D, er al. Disease flare and reactogenicity in patients with
rheumatic and musculoskeletal diseases following two-dose
SARS—CoV-2 messenger RNA vaccination. Arthritis Rheumatol
2022;74:28-32.

Sattui SE, Liew JW, Kennedy K, Sirotich E, Putman M, Moni TT, et al.
Early experience of COVID-19 vaccination in adults with systemic
rheumatic diseases: Results from the COVID-19 global rheumatology
alliance vaccine survey. RMD Open 2021;7:¢001814.

Barbhaiya M, Levine JM, Bykerk VP, Jannat-Khah D, Mandl LA.
Systemic rheumatic disease flares after SARS-CoV-2 vaccination
among rheumatology outpatients in New York City. Ann Rheum Dis
2021;80:1352-4.

Geisen UM, Berner DK, Tran F, Sumbul M, Vullriede L, Ciripoi M,
et al. Immunogenicity and safety of anti-SARS-CoV-2 mRNA
vaccines in patients with chronic inflammatory conditions and
immunosuppressive therapy in a monocentric cohort. Ann Rheum Dis
2021;80:1306-11.

Braun-Moscovici Y, Kaplan M, Braun M, Markovits D, Giryes S,
Toledano K, et al. Disease activity and humoral response in patients with
inflammatory rheumatic diseases after two doses of the Pfizer mRNA

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

S1.

vaccine against SARS-CoV-2. Ann Rheum Dis 2021;80:1317-21.
Izmirly PM, Kim MY, Samanovic M, Fernandez-Ruiz R, Ohana S,
Deonaraine KK, et al. Evaluation of immune response and disease
status in SLE patients following SARS-CoV-2 vaccination. Arthritis
Rheumatol 2022;74:284-94.

Peet CJ, Papadopoulou C, Sombrito BRM, Wood MR, Lachmann HJ.
COVID-19 and autoinflammatory diseases: Prevalence and outcomes
of infection and early experience of vaccination in patients on biologics.
Rheumatol Adv Pract 2021;5:rkab043.

Rimar D, Slobodin G, Paz A, Henig I, Zuckerman T. SARS-COV-2
vaccination after stem cell transplantation for scleroderma. Ann Rheum
Dis 2021;80:1354-5.

Rotondo C, Cantatore FP, Fornaro M, Colia R, Busto G, Rella 'V, ef al.
Preliminary data on post market safety profiles of COVID 19 vaccines
in rheumatic diseases: Assessments on various vaccines in use, different
rheumatic disease subtypes, and immunosuppressive therapies:
A two-centers study. Vaccines (Basel) 2021;9:730.

Bonelli M, Mrak D, Tobudic S, Sieghart D, Koblischke M,
Mandl P, er al. Additional heterologous versus homologous
booster vaccination in immunosuppressed patients without
SARS-CoV-2 antibody seroconversion after primary mRNA vaccination:
A randomized controlled trial. Ann Rheum Dis 2022;81:687-94.
Schrezenmeier E, Rincon-Arevalo H, Stefanski AL, Potekhin A,
Staub-Hohenbleicher H, Choi M, ef al. B and T cell responses after a
third dose of SARS-CoV-2 vaccine in kidney transplant recipients. J Am
Soc Nephrol 2021;32:3027-33.

Centres for Disease Control and Prevention. COVID-19 vaccines for
moderately to severely immunocompromised people. https://www.
cdc.gov/coronavirus/2019-ncov/vaccines/recommendations/immuno.
html. [Last accessed on 2021 Oct 18].

Curtis JR, Johnson SR, Anthony DD, Arasaratnam RJ, Baden LR,
Bass AR, et al. American College of Rheumatology Guidance for
COVID-19 vaccination in patients with rheumatic and musculoskeletal
diseases: Version 4. Arthritis Rheumatol 2022;74:e21-36.

Choi B, Choudhary MC, Regan J, Sparks JA, Padera RF, Qiu X, et al.
Persistence and evolution of SARS-CoV-2 in an immunocompromised
host. N Engl ] Med 2020;383:2291-3.

Burki T. The origin of SARS-CoV-2 variants of concern. Lancet Infect
Dis 2022;22:174-5.

Garcia-Beltran WF, St Denis KJ, Hoelzemer A, Lam EC, Nitido AD,
Sheehan ML, ef al. mRNA-based COVID-19 vaccine boosters induce
neutralizing immunity against SARS-CoV-2 Omicron variant. Cell
2022;185:457-66.¢4.

Bijlsma JW, Force EC-T. EULAR 2021 updated viewpoints on
SARS-CoV-2 vaccination in patients with RMDs: A guidance to answer
patients’ questions. Ann Rheum Dis 2022;81:786-8.

Landewe RBM, Kroon FPB, Alunno A, Najm A, Bijlsma JW,
Burmester GR, et al. EULAR recommendations for the management
and vaccination of people with theumatic and musculoskeletal diseases
in the context of SARS-CoV-2: The November 2021 update. Ann
Rheum Dis 2022;81:1628-39.

Strangfeld A, Schafer M, Gianfrancesco MA, Lawson-Tovey S,
Liew JW, Ljung L, et al. Factors associated with COVID-19-related
death in people with rheumatic diseases: Results from the COVID-19
Global Rheumatology Alliance physician-reported registry. Ann Rheum
Dis 2021;80:930-42.

I singapore Medical Journal | Volume 66 | Issue 10 | October 2025



https://www.cdc.gov/coronavirus/2019
https://www.cdc.gov/coronavirus/2019

Supplemental Digital Content: Xu, et al. Recommendations for enhanced primary series (third dose) COVID-19
vaccination for people with rheumatic diseases: Chapter of Rheumatologists, College of Physicians, Singapore.

Singapore Med J

APPENDIX

Literature search was done in PubMed by researchers from the core working group.

Questions Researchers Search | Search strategy using PubMed Study selection
date

1. Do PRD and/or LC, MS 19" e MeSH terms: (vaccine OR 181 returns
patients on Sept vaccination OR active - 180 excluded
immunomodulatory 2021 immunisation) AND (irrelevant 179,
drugs have decreased (autoimmune disease OR review/commentar
immune response to rheumatology OR host, yD
the COVID-19 immunocompromised OR - 4 added from cross
mRNA vaccines immunocompromised host OR reference check
compared to the immunocompromised patient)
general population? e Filters: Full text, Clinical Trial Final inclusion: 5

Protocol, Consensus studies

Development Conference,

Consensus Development

Conference, National Institutes

of Health, Guideline, Meta-

Analysis, Practice Guideline,

Randomized Controlled Trial,

Systematic Review, in the last 5

years, Humans, English

e Additional citations were added

from the manual search.
2. Does the third dose | CX, YL 21% e keywords (COVID-19 OR 40 returns
of mRNA COVID-19 Sept SARS-COV-2) AND (vaccine - 33 excluded
vaccine lead to 2021 OR vaccination) AND ("third (irrelevant 28,
enhanced protection dose" OR "three doses") inactivated vaccine
of e The following articles were also 2, adenovirus
immunocompromised excluded: review articles, vaccine 1, review/
patients against commentary, those reporting commentary 2)
COVID-19 infection? unrelated topics. - 7 added from cross

¢ Additional citations were added reference check
from the manual search.
Final inclusion: 14
studies

3. In PRD, are SA, WF 7" Oct | o ((COVID-19[MeSH Major 136 returns
COVID-19 mRNA 2021 Topic]) OR (SARS-CoV- - 125 excluded

vaccines safe?

2[MeSH Major Topic])) AND
((vaccine[MeSH Major Topic])
OR (vaccination[MeSH Major
Topic])) AND ((rheumatic
disease[MeSH Terms]) OR
(rheumatism[MeSH Terms]) OR
(autoimmune disease[MeSH
Terms]) OR
(immunocompromised[MeSH
Terms]) OR
(immunocompromised
host{MeSH Terms]) OR
(immunocompromised

(irrelevant 124,
inactivated vaccine

1)

Final inclusion: 11
studies
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patientfMeSH Terms]))
e Additional citations were added
from the manual search.

4. In PRD, should the | AS 9" Oct | o (((covid 19 OR sars cov 163 returns
third dose be the 2021 2[MeSH Major Topic]) AND - 160 excluded
same (homologous) (vaccination OR vaccine[MeSH (irrelevant)
or a different Major Topic])) AND (booster
(heterologous) OR third)) AND Final inclusion: 3
vaccine? (immunocompromised OR studies

immunosuppressed OR

immunocompromised OR

transplant OR chemotherapy OR

rheumatic)

o Additional citations were added

from the manual search.
5. What is the best ML 9™ Oct | 1."covid 19"[MeSH Major Topic] | 253 returns
time for the 2021 OR "sars cov 2"[MeSH Major - 249 excluded

administration of the
third dose of the
vaccine?

Topic]

2."vaccination"[MeSH Major
Topic] OR "vaccines"[MeSH
Major Topic]

3.booster| Title/Abstract] OR
("3rd"[All Fields] AND
"dose"[All Fields]) OR
(("third"[All Fields] OR
"thirds"[All Fields]) AND
"dose"[All Fields])

4."immunocompromisation"[All
Fields] OR
"immunocompromise"[All
Fields] OR
"immunocompromised
host"[MeSH Terms] OR
("immunocompromised"[All
Fields] AND "host"[All Fields])
OR "immunocompromised
host"[All Fields] OR
"immunocompromised"[All
Fields] OR
"immunocompromising"[All
Fields] OR
"transplantability"[ All Fields]
OR "transplantable"[ All Fields]
OR "transplanted"[All Fields]
OR "transplantating"[ All Fields]
OR "transplantation"[MeSH
Terms] OR "transplantation"[All
Fields] OR
"transplantations"[All Fields]
OR "transplanted"[All Fields]

(irrelevant)
- 2 added from cross
reference check

Final inclusion: 6
studies
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OR "transplanting"[All Fields]
OR "transplantation"[MeSH
Subheading] OR "transplantation
s"[All Fields] OR
"transplanter"[ All Fields] OR
"transplanters"[All Fields] OR
"transplantation"[ All Fields] OR
"transplants"[MeSH Terms] OR
"transplants"[All Fields] OR
"transplant"[All Fields] OR
"rheumatic diseases"[MeSH
Terms] OR ("rheumatic"[All
Fields] AND "diseases"[All
Fields]) OR "rheumatic
diseases"[All Fields] OR
"rheumatics"[All Fields] OR
"rheumatism"[All Fields] OR
"rheumatic"[ All Fields] OR
"rheumatisms"[All Fields]
#1 AND #2 AND #3: 64 results
#1 AND #2 AND #4: 201 results
#1 AND #2 AND #3 AND #4: 12
results
* Additional citations were
added from the manual
search.
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