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third round. Statements addressed primary and 
booster dosing (e.g., number and frequency) and 
other considerations such as vaccine type or het‑
erologous messenger ribonucleic acid (mRNA) 
vaccination. Following the Delphi Panel, an 
online survey was conducted to assess physician 
agreement within the disease areas (n = 50 each, 
n = 200 total) with the consensus statements.
Results:  Moderate to strong consensus was 
achieved for all primary series vaccination 
statements across disease groups, except one 
in hematology. Similarly, moderate to strong 
consensus was achieved for all booster series 
statements in all disease areas. However, state‑
ments on antibody titer measurements for re-
vaccination considerations and higher dosages 
for immunocompromised patients did not reach 
agreement. Overall, approximately 62%–96% of 
physicians strongly agreed with the primary and 
booster vaccine recommendations. However, 
low agreement (29%–69%) was found among 
physicians for time interval between disease-
specific treatment and vaccination, recommen‑
dations for mRNA vaccines, heterologous mRNA 
vaccination, antibody titer measurement and 
higher vaccine dosage for immunocompromised 
groups.
Conclusion:  Consensus was achieved for dis‑
ease-specific COVID-19 vaccine recommenda‑
tions concerning primary and booster series 
vaccines and was generally well accepted by 
practicing physicians.

ABSTRACT

Introduction:  The United States Advisory 
Committee on Immunization Practices (ACIP) 
and the Centers for Disease Control (CDC) 
recommend COVID-19 vaccines for all immu‑
nocompromised individuals. Certain disease 
groups are at increased risk of comorbidity and 
death for which disease-specific recommenda‑
tions should be considered. The objective of 
the Delphi panel of experts was to summarize 
expert consensus on COVID-19 vaccinations for 
patients with rheumatologic disease, renal dis‑
ease, hematologic malignancy and solid organ 
transplant (SOT) in the US.
Methods:  A two-stage Delphi panel method 
was employed, starting with qualitative inter‑
views with key opinion leaders (KOLs) in the 
four disease areas (n = 4 KOLs, n = 16 total) fol‑
lowed by three rounds of iterative revision of 
disease-specific COVID-19 vaccine recommen‑
dations. Final consensus was rated after the 
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Key Summary Points 

Why carry out this study?

Vaccination against severe acute respiratory 
acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) is the most effective way to pre‑
vent COVID-19 and related severe outcomes.

Guidelines for vaccination in the US are for 
all groups of immunocompromised individu‑
als when the management of COVID-19 in 
patients with disease-specific requirements 
may be required.

What was learned from the study?

Delphi panel methodology was utilized to 
gain insights into the disease-specific recom‑
mendations for vaccination against COVID-
19 in patients with rheumatologic disease, 
renal disease, hematologic malignancy and 
solid organ transplant recipients.

Five statements addressing primary series 
recommendations and four booster series 
statements achieved moderate to strong 
consensus among panelists of all four disease 
areas except one primary series statement in 
hematology.

A survey of practicing physicians within each 
disease found that physicians agreed with the 
consensus statements for primary (62%–96%) 
and booster series (64%–92%) vaccine recom‑
mendations.

INTRODUCTION

Severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2), the cause of coronavirus dis‑
ease 2019 (COVID-19), was classified as a global 

pandemic in 2020. The most effective way to 
prevent COVID-19 and related severe outcomes 
is vaccination. In the USA, two types of COVID-
19 vaccines were approved, which includes 
mRNA-1273 (Spikevax®, Moderna, Inc., Cam‑
bridge, MA, USA) [1] and BNT162b2 (Comir‑
naty®, Pfizer/BioNTech, New York, NY, USA/
Mainz, Germany) [2], both utilizing the novel 
messenger ribonucleic acid (mRNA) technology, 
as well as Nuvaxovid (Novavax), which employs 
a tradition protein subunits [3].

Although vaccination was shown to lower 
the risk of infection and severe COVID-19 out‑
comes [4], the COVID-19 pandemic has still 
disproportionally impacted immunocompro‑
mised individuals [5]. Adults who are immuno‑
compromised are at 2.68 greater adjusted odds 
of being hospitalized with COVID-19 compared 
with immunocompetent individuals [6]. Numer‑
ous systematic reviews and meta-analyses con‑
sistently demonstrated that conditions such as 
rheumatic disease, hematologic malignancies, 
renal disease and solid organ transplant (SOT) 
increase patients’ risk of hospitalization, inten‑
sive care unit (ICU) admission or death from 
COVID-19 [7–10]. The increased risks of disease 
severity and complications are mainly caused 
by underlying immunocompromised state 
and therapies used for specified diseases, such 
as immunomodulating medications like T-cell 
suppressors and B-cell depleting agents; both of 
these factors are associated with increased sever‑
ity of infection and mortality [11, 12] and blunt 
immune response to COVID-19 vaccines [11, 
13–15].

As of Spring 2024, the Center for Disease Con‑
trol and Prevention (CDC) recommends a two-
dose primary series vaccination for all people 
who are 6 months and older for the prevention 
of COVID-19 and provides specific guidance 
on vaccine administration for those who are in 
these specific populations [16]. Nevertheless, 
current COVID-19 vaccine guidelines are gen‑
eral and not specific to distinct immunocom‑
promised states, despite their higher risk of mor‑
bidity and mortality, and there remains a lack 
of definitive understanding and guidelines of 
the appropriate type of vaccines, dosing sched‑
ules and frequency of booster doses for specific 
groups of immunocompromised groups.
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As COVID-19 is becoming endemic, national 
healthcare systems are now tasked with recom‑
mending the best use of available vaccines for 
distinct populations specific to their own geo‑
graphic regions. Therefore, this study aims to 
understand the consensus recommendations for 
COVID vaccination for immunocompromised 
populations within four immunocompromised 
states: rheumatic disease, hematologic malig‑
nancies, renal disease and SOTs, to inform guide‑
lines for immunocompromised populations.

A Delphi Panel methodology was utilized to 
gauge the Key Opinion Leaders (KOLs) agree‑
ment, incorporate insights and revise accord‑
ingly to achieve consensus recommendations 
for patients in the four disease states. The devel‑
opment process followed a rigorous and formal 
methodology, was based on disease and US-
specific literature reviews, incorporated panelist 
expertise from specialists in the four disease 
states, integrated input from related medical 
experts in other disciplines (e.g., infectious dis‑
ease, epidemiology) and included direct partici‑
pation by healthcare professionals in the US to 
elucidate their insights and preferences regard‑
ing the consensus statements.

METHODS

A similar methodology is presented elsewhere 
for the European Union panel (https://​doi.​org/​
10.​1007/​s40121-​024-​01051-9).

Modified Delphi Panel: Overview and 
Approach

To understand the consensus recommendations 
from experts providing vaccination recommen‑
dations, a non-random sampling process consist‑
ent with standard Delphi Panel approaches was 
utilized to select experts for this panel. The Del‑
phi technique is a scientific method to organize 
and manage a structured group communication 
process to derive consensus. A modified two-
phase, online consensus process was undertaken 
to establish consensus on a set of disease-specific 
recommendations for COVID-19 vaccination in 
immunocompromised populations similar to 

that used by the American College of Rheuma‑
tology [17] (Fig. 1). The expert panel was selected 
through a targeted list of relevant KOLs through 
a local third-party representative, whose panel 
members were not related to the study sponsor or 
funder. The participants were blinded to the spon‑
sor of the study, and the sponsor has no access to 
personal information of the participants at the 
time of data collection. An expert panel consist‑
ing of four key opinion leaders (KOLs) in the area 
of infectious disease, rheumatology, organ trans‑
plant, hematology/oncology or nephrology from 
the US were selected in the Delphi panel. In each 
specified disease area, three treatment area special‑
ists in the disease area and one infectious disease 
specialist were included. The selection of KOLs 
was primarily based on clinical expertise and 
research engagement on the specified disease pop‑
ulation. The group was selected based on six cri‑
teria: (1) the KOL must have at least 100 patients, 
(2) at least 50 immunocompromised patients, 
(3) scored at least 5 points on a 7-point COVID 
knowledge questionnaire, (4) spends at least 25% 
of his/her working hours performing clinical 
management, (5) had at least one published arti‑
cle and (6) had at least five scientific engagements 
on the specified disease area (defined as published 
articles, conference presentations, contributions 
to policies created or updated, treatment guide‑
lines written or updated, lectures or panels led, 
principal investigator of clinical trials and partici‑
pation in advisory boards). Panel members were 
remunerated for their participation.

Ethical Approval

This study was designed in compliance with the 
standards of the professional associations code 
of ethical conduct (GDPR, Insights Association, 
ESOMAR, GRBN, Intellus Worldwide and coun‑
try-specific privacy and data protection laws). 
This study did not involve patients or collect any 
patient information. This study was specifically 
designed to capture professional opinion.

https://doi.org/10.1007/s40121-024-01051-9
https://doi.org/10.1007/s40121-024-01051-9
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Fig. 1   Delphi panel: Overview and approach [also presented here: https://​doi.​org/​10.​1007/​s40121-​024-​01051-9]. SME 
subject matter expert, KOL key opinion leader

https://doi.org/10.1007/s40121-024-01051-9
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Delphi Panel Preparation: Development of 
Draft Consensus Statements

A multidisciplinary team of subject matter 
experts (SMEs) of individuals from epidemi‑
ology, immunology, evidence synthesis and 
a medical director with specific expertise in 
infectious disease, vaccinology and immune 
deficiencies identified key topics to serve as 
themes for the consensus statement. Topics 
identified consisted of three domains of inter‑
est: first, primary/initial vaccination series 
(e.g., need for vaccination, number of vac‑
cines); second, booster/updated vaccinations 
(e.g., frequency); third, additional vaccination 
considerations (e.g., value of antibody titer, 
vaccine type). The Health Economics Out‑
comes Research (HEOR) team summarizes the 
discussion from the SMEs to refine their search 
criteria and tactics.

A systematic review and meta-analysis previ‑
ously conducted by the authors evaluated the 
comparative clinical effectiveness of COVID-19 
vaccination in immunocompromised individu‑
als [4]. The search outcomes from the system‑
atic review were used as a point of reference for 
the generation of the initial statements. To sup‑
plement these references, a targeted literature 
review was conducted to include US-specific 
evidence, and all relevant papers addressing 
COVID-19 vaccinations in the immunocom‑
promised population were included. Up to five 
supporting articles for each statement topic were 
collated in an Excel database with summary of 
data for each reference. We used the following 
hierarchy for evidence gathering listed from 
strongest to weakest. Systematic literature review 
or meta-analysis: real-world evidence that met 
the following criteria: population included the 
immunocompromised disease in scope, large 
sample size, equal distribution of different vac‑
cines covered; clinical trials in priority order: 
randomized double blind, single blind, open-
label; cohort studies; recommendations/reviews 
published by disease-specific groups (e.g., Euro‑
pean Hematology Associations) and government 
bodies (e.g., Centers for Disease Control).

With the results from the targeted literature 
review, a draft consensus statement for each 

of the four disease-specific groups was revised 
based on the supporting evidence [4, 9, 13, 
17–75]. Subsequently, a draft consensus state‑
ment was created for each disease group to pre‑
sent to KOLs.

Delphi Panel Phase 1: Qualitative Interviews

Forty-five-minute interviews were conducted 
with four KOLs per disease group in the US. 
KOLs first rated their agreement with a state‑
ment on a scale of 1–10, where 1 = do not agree 
at all and 10 = significantly agree. Trained mod‑
erators reviewed each draft statement (~ 15 state‑
ments) with KOLs (~ 3–4 min per statement) 
to obtain feedback on supporting resources/
information and ways to improve accuracy of 
statements and further define and refine word‑
ing. In some cases, additional literature search 
and review were performed when respondents 
requested more supporting evidence. Respond‑
ents were asked to rework statements to provide 
a higher level of agreement. Once reworded, the 
statements were reassessed by KOLs using the 
same rating scale.

Delphi Panel Phase 2: Consensus Statement 
Rating

The same KOLs completed three rounds of inter‑
active online bulletin boards, each lasting 30 
min, over 3 separate days. Each round included 
targeted questions followed by a review to refine 
the statement for the next round if consensus 
was not achieved. Final consensus was deter‑
mined by the results of day 3. The strength of 
the consensus was determined by the following 
rating: strong rating was defined as all four KOLs 
have a rating ≥ 8, moderate rating was defined as 
three out of four KOLs have a rating ≥ 8, and no 
consensus was defined as fewer than three out 
of four KOLs providing a rating of ≥ 8.

Delphi Panel Phase 3: Physician Survey

An online survey was conducted to assess 
physician agreement with the final consensus 
statements developed by KOLs prior to publi‑
cation. Fifty specialists per disease area were 
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recruited to take part in the survey from the US 
(N = 200). Specialists voted on agreement with 
each consensus statement for their disease area 
using the same 10-point scoring system utilized 
in the Delphi panel via an online survey and 
were asked for explanations for their rating as 
optional. Percentage of physicians surveyed 
(n = 50 per group) who rated their agreement 
with the statement as ≥ 8 out of 10 is reported.

Characteristics of Delphi Expert Panel 
Member

Three KOLs in the US with experience in each 
disease-specific area (e.g., autoimmune rheu‑
matic disease, renal disease, SOT or hematology/
oncology) were recruited for the Delphi Panel 
and were supported by an infectious disease spe‑
cialist. Table 1 describes the clinical and research 
experiences of the selected KOLs.

Table 1   KOL experience and engagement in research/ clinical activity

KOL key opinion leader, SOT solid organ transplant, IC immunocompromised, N/A not applicable
*Total number for each group
Published articles, policies created or updated, treatment guidelines written or updated, led lectures or panels, clinical trial 
involvement, clinical trial advisory board participation

KOL experience Rheumatology Hematology Renal disease Solid organ transplant
KOLs (n = 4) mean KOLs (n = 4) mean KOLs (n = 4) mean KOLs (n = 4) mean

Patients treated over the past 12 
months

1125 950 725 319

Immunocompromised patients 
treated over the past 12 months

333 278 344 213

Patients on dialysis over the past 
12 months

N/A N/A 93 N/A

SOT performed over the past 12 
months (n = 3)

N/A N/A N/A 75

Patients who have undergone 
SOT in the past 12 months

N/A N/A N/A N/A

Published articles in the past 5 
years*

5 9 11 7

Policies and treatment guidelines 
created or updated in the past 5 
years

5 13 14 5

Published articles in the disease 
area in the past 5 years

2 13 5 7

Speaking engagements (confer-
ences, lectures, or panel discus-
sions)

5 8 5 2

Policies and treatment guidelines 
created or updated

2 2 4 4
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RESULTS

Primary/Initial Series COVID‑19 
Vaccinations

KOLs in each disease state panel across the US 
were presented a total of five statements focused 
on primary/initial series COVID-19 vaccinations. 
Statements were modified to be specific for each 
disease state and further revised among KOLs dur‑
ing the Delphi panel to address disease-specific 
considerations. Consensus statements for immu‑
nocompromised patient groups are presented in 
Table 2.

Disease Burden

All four KOLs in each of the disease areas indi‑
cated moderate to strong consensus.

KOLs in the area of renal and SOT achieved 
strong consensus that patients in the respective 
disease area are at an increased risk of hospitali‑
zation and death due to COVID-19. However, 
KOLs in rheumatic conditions and hematologic 
malignancies only achieved moderate consensus. 
Physicians from all disease areas strongly agreed 
with the consensus statement (84%–96%), indi‑
cating that patients in these disease areas have 
a low immune response and are at high risk of 
severe disease complications.

Primary/Initial Series Safety

All four KOLs in each respective disease state indi‑
cated moderate to strong consensus.

Most of the KOLs agreed that COVID-19 vac‑
cines are safe and well tolerated among the dis‑
ease-specific populations, with strong consensus 
achieved in rheumatology, nephrology and SOT 
and moderate consensus in hematologic malig‑
nancies. All physicians surveyed strongly agree 
with the KOL consensus (88%–92%), stating that 
the vaccines are well tolerated among patients 
and align with clinical evidence and experience.

Need for Vaccination

All KOLs from four disease states indicated mod‑
erate to strong consensus statements in their 
respective disease areas.

KOLs in nephrology and SOT achieved strong 
consensus on the recommendations for COVID-
19 vaccination, while KOLs in rheumatology 
and hematologic malignancies indicated mod‑
erate consensus. Physicians surveyed across 
the four disease states strongly agreed with the 
KOLs’ consensus statements (80%–96%), indi‑
cating that the vaccine could prevent severe dis‑
ease complications from COVID-19, especially 
in those who are immunocompromised, and 
that this recommendation aligns with evidence 
and guidelines.

Number of Doses

All four of the respective disease state KOLs indi‑
cated moderate to strong consensus, with KOLs 
from rheumatology, renal and SOT achieving a 
strong consensus and KOLs from hematologic 
malignancies reaching moderate consensus 
about the number of doses recommended for 
primary series COVID-19 vaccinations. Physi‑
cians surveyed in renal disease strongly agreed 
with the statement (80%), while physicians in 
rheumatology (78%) and SOT (72%) moderately 
agreed. Physicians in the area of hematologic 
malignancies were not in a high level of agree‑
ment with the consensus statement (62%), stat‑
ing that the recommendation depends on the 
patient’s level of immunosuppression.

Frequency of Initial Vaccine

Three of the four disease-state KOLs indicated 
moderate to strong consensus, with KOLs from 
the area of hematologic malignancies failing to 
reach consensus on the statement for a three-
dose primary series with at least 28 days between 
doses and completed within a 6-month period. 
Surveyed physicians in nephrology (70%) and 
rheumatology (72%) moderately agreed with 
the statement, while physicians in the areas 
of hematologic malignancies (69%) and SOT 
(62%) were not in a high level of agreement, 
stating that the recommendation depends on 
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the patient’s level of immunosuppression and 
expressing uncertainty about the guidelines sur‑
rounding the timing between vaccinations.

COVID‑19 Booster Vaccinations

KOLs from each disease state panel across the 
US were presented with four statements focused 
on COVID-19 booster vaccine considerations. 
Final consensus statements reached for respec‑
tive immunocompromised patient groups are 
presented in Table 3.

Booster Vaccine Safety

All four disease state KOLs indicated moderate 
to strong consensus, with KOLs from renal and 
SOT achieving strong consensus and KOLs from 
rheumatology and hematologic malignancies 
indicating moderate consensus on the safety 
and tolerability of mRNA booster vaccines. Sur‑
veyed physicians in the area of rheumatic condi‑
tions, hematologic malignancies and renal dis‑
ease strongly agreed with the consensus (range: 
82%–88%), while physicians in SOT indicated 
moderate validation (74%). Most physicians 
agreed that the statement aligns with evidence 
and their clinical experience.

Need for Booster Vaccination

All four disease state KOLs indicated moderate 
to strong consensus, with KOLs from rheumatic 
conditions, renal disease and SOT achieving 
strong consensus and KOLs from hematologic 
malignancies in achieving moderate consensus 
on the recommendation of a COVID-19 booster 
to reduce disease severity. Physicians across all 
disease areas agreed with the recommendation 
(range: 80%–92%), stating that booster recom‑
mendation aligns with clinical guidelines.

Frequency of Booster Doses

All four disease state KOLs indicated moder‑
ate to strong consensus that immunocompro‑
mised patients should receive a booster COVID-
19 vaccine within a range of a 3–12 months. 
KOLs from nephology and SOT achieved strong 

consensus and KOLs from rheumatic condi‑
tions and hematologic malignancies indicated 
moderate consensus. The timing for booster 
vaccines differed among the four disease states: 
6–12 months for rheumatic conditions and SOT, 
12 months for renal disease and 3 to 6 months 
after the initial three-dose primary series for 
hematologic malignancies. HCPs from renal 
disease strongly agreed (82%) with the state‑
ment and physicians from rheumatic condi‑
tions moderately agreed (78%). However, phy‑
sicians in hematologic malignancies (65%) and 
SOT (64%) only achieved moderate agreement 
with the recommendations, expressing uncer‑
tainty about the specified booster timing for SOT 
(6–12 months) and hematologic malignancies 
(3–6 months). Additionally, some physicians in 
hematologic malignancies noted that the timing 
of booster dose might depend on the phase of 
the treatment.

Booster Recommendation

All four disease state KOLs indicated moderate 
to strong consensus that immunocompromised 
patients with previous exposure to COVID-19 
should receive a booster COVID-19 to reduce 
disease complications. KOLs from nephrology 
and SOT achieved strong consensus and KOLs 
from rheumatic conditions and hematologic 
malignancies achieved moderate consensus. 
Physicians in each disease state strongly agreed 
with the statement (range: 84%–90%), except for 
SOT physicians, who moderately agreed (74%) 
noting that there is a lack of long-term evidence 
supporting the duration of natural immunity 
and that the timing of booster administration 
post-infection should be considered.

Additional Vaccine Considerations

Four KOLs in each disease state panel across 
the US were presented up to six statements 
that addressed additional considerations for 
COVID-19 vaccine recommendations. Revised 
statements and consensus for the four immu‑
nocompromised patient groups are presented in 
Table 4.
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Disease State‑Specific Criteria

All of the KOLs in the assessed disease area 
achieved moderate to strong consensus.

KOLs in SOT achieved strong consensus on 
the recommendation to receive any COVID-19 
vaccination at least 2–4 weeks before the start‑
ing immunosuppressive therapy. However, HCPs 
in the area of SOT had low level of agreement 
(62%) with the recommendations, noting that 
there is lack of evidence to support this practice 
and that the recommendation is not applica‑
ble to all patients. KOLs in rheumatology were 
in moderate agreement for the recommenda‑
tion to have a 28-day gap in immunomodula‑
tory treatment after COVID-19 vaccines; simi‑
larly, physicians in rheumatology (56%) also 
achieved a moderate level of agreement with the 
recommendation, with physicians stating that 
the recommendation depends on the medica‑
tion in use. Lastly, for hematologic malignan‑
cies, KOLs achieved moderate agreement on 
the statement that patients can achieve higher 
seropositivity rates when there is a 6-month gap 
between CD20 antibody therapy and vaccina‑
tion, and a similar level of agreement was found 
among physicians (69%), with most physicians 
expressing there is lack of evidence to support 
this claim.

Recommendation for mRNA Vaccines

All four KOLs across all disease states achieved 
moderate consensus on the recommendations of 
mRNA over other vaccine types. However, physi‑
cians across all disease areas had a low level of 
agreement with the statement (range: 50–57%), 
noting that there is lack of evidence supporting 
using mRNA vaccines over other available vac‑
cines, and they were not sure about the recom‑
mendation. In addition, this recommendation is 
not present in current clinical guidelines.

mRNA Booster Vaccine Recommendation 
(Heterologous/ Homologous)

KOLs from two disease areas achieved moder‑
ate to strong consensus, but KOLs in rheuma‑
tology and hematologic malignancies failed to 
achieve consensus on the recommendation of 

administrating mRNA vaccine in patients who 
initiated with a non-mRNA vaccine. Physicians 
across all diseases expressed a low level of agree‑
ment with this approach (range 44%–56%), with 
most respondents stating that there is a lack of 
evidence to support this claim.

Role of Measuring Antibody Titers

KOLs across all disease areas did not reach a con‑
sensus on the recommendation of measuring 
antibody titers to assess immunity and the need 
for re-vaccination. Similarly, only 42%–55% 
of physicians agreed with the consensus state‑
ment, noting the impracticality of performing 
antibody titers in patients as well as the lack of 
evidence to support the causal relation between 
seroconversion and level of disease severity pro‑
tection. One physician in hematology stated 
that antibody testing would not impact their 
decision-making, as they would recommend vac‑
cination for patients in all high-risk populations.

Higher COVID‑19 Vaccine Dosing

KOLs across all disease areas did not reach a 
consensus on the recommendation of provid‑
ing a higher dosage of COVID-19 vaccines in 
immunocompromised patients. Similarly, only 
29%–48% of physicians surveyed agreed to the 
consensus statement, with most physicians stat‑
ing that there is a lack of evidence to support 
increasing dosing for immunocompromised 
patients and that it is not currently included in 
clinical guidelines. Some physicians also noted 
that the decision might vary depending on the 
patient’s disease and treatment, while others 
mentioned that increasing the dose is recom‑
mended for flu vaccines but were unsure about 
the recommendations and evidence for COVID-
19 vaccines.

Specific Guidelines for Disease Area

Two of the three disease state KOLs indicated 
moderate consensus, with KOLs in rheuma‑
tology and nephrology indicating moderate 
agreement and KOLs in hematologic malig‑
nancies failing to reach consensus on pro‑
viding specific guidelines for the respective 



Infect Dis Ther	

immunocompromised populations. HCPs from 
all disease areas did not think disease-specific 
COVID-19 guidelines were necessary, noting 
that a standard recommendation for immuno‑
compromised patients would be sufficient across 
all immunocompromised groups.

DISCUSSION

In a Delphi process involving two phases, we 
established a disease-specific consensus state‑
ment on COVID-19 vaccinations for immu‑
nocompromised patients with rheumatologic 
conditions, hematologic malignancies, renal 
disease and SOT in the US. Additionally, this 
study summarizes expert perspectives on 
COVID-19 vaccination guidelines related to 
the primary vaccine series, booster vaccine, and 
vaccine considerations concerning dosing, het‑
erogeneous vaccination, vaccine schedules and 
clinical considerations with specific therapies 
used in rheumatology, renal disease, SOT, and 
hematologic malignancies. KOLs in rheumatol‑
ogy, nephrology and SOT achieved consensus 
on all nine statements regarding the primary 
and booster series, while KOLs in hematology 
reached consensus on eight of nine statements.

Overall, KOLs from all disease areas agreed 
that immunocompromised patients have a 
higher disease burden of COVID-19. KOLs 
agreed that primary COVID-19 vaccines are safe 
and well tolerated in specific disease popula‑
tions, with strong support for vaccination to 
prevent severe disease complications. While 
there is consensus on a three-doses primary vac‑
cine series, opinions vary slightly regarding the 
timing and frequency of initial vaccine admin‑
istration, particularly in hematologic malignan‑
cies, because of differing levels of immunosup‑
pression among patients. Overall, there is clear 
consensus among physicians and KOLs on the 
importance and effectiveness of COVID-19 vac‑
cination in these vulnerable patient populations. 
Similarly, strong consensus was achieved for 
booster vaccine safety and the need for booster 
vaccination, which aligns with the March 2024 
recommendations from the CDC recommend‑
ing that people who were previously vaccinated 

and are immunocompromised should receive 
an updated dose of COVID-19 vaccine [76]. 
Our study also showed moderate consensus 
on the frequency of booster doses and timing 
of vaccination post-infection; however, uncer‑
tainty exists among physicians in hematologic 
malignancies and SOT relating to the specified 
timing between booster vaccines. Additionally, 
physicians in hematology noted that the tim‑
ing of booster dose might depend on the phase 
of the treatment. Although the CDC does not 
have disease-specific recommendations for the 
timing of vaccination, it is acknowledged that 
immunosuppressive regimens may vary, allow‑
ing HCPs to use clinical judgment to determine 
vaccination timing outside the recommended 
intervals [76].

Considerations for vaccination beyond pri‑
mary and booster series did not achieve the same 
level of consensus or agreement among physi‑
cians. mRNA vaccines were a novel approach for 
prevention of COVID-19 at the onset of the pan‑
demic, and evidence has provided support for 
their use in immunocompromised populations. 
There was moderate consensus among all four 
disease groups that mRNA vaccines are recom‑
mended over other current COVID-19 vaccine 
types for these immunocompromised patients. 
Despite evidence from a recent systematic lit‑
erature review and meta-analysis of 80 global 
studies that reported immunocompromised 
individuals who were administered mRNA vac‑
cines induced higher immunity after the second 
dose compared to vector vaccines [77], physi‑
cians surveyed had low levels of agreement with 
this statement (50–67%). Experts’ perspectives 
on other vaccine considerations were exam‑
ined through statements pertaining to regular 
measurement of antibody titers, higher dosing 
and the need for disease-specific guidelines that 
were not recommended by the expert panels. 
Both KOLs and physicians disagreed on regular 
measurements of antibody titers and providing 
higher vaccine dosages for immunocompro‑
mised patients. The main reason for disagree‑
ment on antibody titer measurements was the 
impracticality in a clinical setting; in addition, 
some physicians expressed the lack of direct 
relationship between immunogenicity meas‑
ures with infection and infection severity. The 
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CDC also does not recommend antibody testing 
for the assessment of vaccine-mediated immune 
response and stated that it should not be used 
for vaccine decision-making [76].

Regarding the introduction of specific vacci‑
nation guidelines for each of the disease areas, 
consensus was lacking among KOLs and were 
deemed unnecessary by HCPs, who favored a 
standardized recommendation for all immuno‑
compromised populations.

Lastly, KOLs in SOT, rheumatology and hema‑
tologic malignancies showed moderate to strong 
consensus on the timing of COVID-19 vaccines 
regarding disease-specific treatments and thera‑
peutics, with approximately 56–69% of physi‑
cians agreeing with the statement. The consen‑
sus statement recommends a timing of 28 days 
between vaccination and immunomodulatory 
treatments for rheumatologic conditions and 
6 months for CD-20 therapy, which is longer 
than the CDC guidelines. The CDC recommends 
administering vaccines at least 2 weeks before 
starting or resuming immunosuppressive thera‑
pies and 4 weeks for those receiving B-cell thera‑
pies [76]. Nonetheless, the CDC acknowledges 
that immunosuppressive regimens may vary 
and states that clinical judgments regarding 
the timing of vaccination can be made outside 
the recommended dosing intervals. This aligns 
with physicians’ feedback that recommenda‑
tion of spacing out treatments with vaccines 
largely depends on individual patients’ clinical 
situation and the treatment statuses. Addition‑
ally, some physicians expressed that there are 
insufficient evidence and guidelines to support 
the specific recommendations. Considering the 
differing opinions and insufficient guidance on 
the timing of COVID-19 vaccination regarding 
immunosuppressive therapies, specific guide‑
lines for commonly used immunosuppressive 
therapies, such as B- and T-cell therapies, chemo‑
therapy, high-dose corticosteroids, hematopoi‑
etic cell transplantation (HCT) and anti-CD20 
drugs, may help healthcare providers make more 
informed clinical decisions.

The Delphi methodology offers the strength 
of the reiterative process, with each round of 
KOL review revising and refining statements, 
increasing the degree of consensus and, in 
some cases, reaching unanimity. The Delphi 

panel participants were able to offer anonymous 
responses during the group process while being 
able to view other participant responses. This 
study was conducted among a group of experts 
within each disease area across the US.

There are several limitations despite the 
robust nature of the Delphi method. We 
recruited KOLs that met specific criteria primar‑
ily based on strong clinical expertise and exten‑
sive research engagement to build a representa‑
tive expert panel, but the number of KOLs (n = 4 
for each group) may limit the true representa‑
tion. Furthermore, the wealth and rapid evolu‑
tion of literature in this area limited our abil‑
ity to perform a formal systematic review with 
stringent criteria for levels of evidence owing to 
the sheer volume of COVID-19-related publica‑
tions. However, we have utilized the references 
from a recently published systematic review 
and meta-analysis conducted by our authors [4] 
and further supplemented the search outcomes 
with a targeted literature review in each disease 
area. This approach ensures up-to-date evidence 
(published after January 1, 2022) was provided 
for the specific immunocompromised popula‑
tions relevant to the initial statement items. 
We sought region-specific evidence for the US 
populations, but this was not always available 
and was substituted with the highest level of 
evidence possible. Additionally, we recognize 
that not all forms of COVID-19 preventative 
interventions, such as monoclonal antibodies, 
were examined in this study. However, this is 
outside the scope of our research and may war‑
rant future studies summarizing their clinical 
use in immunocompromised populations.

CONCLUSIONS

Disease-specific COVID-19 vaccination state‑
ment consensus driven by Delphi methodology 
in the four disease areas in this study were sup‑
ported by a broad group of stakeholders. Our 
goal was to provide guidance to healthcare pro‑
viders treating patients with rheumatologic con‑
ditions, renal disease, hematologic malignancy 
and SOTR on the use of COVID-19 vaccines and 
boosters considering disease-specific issues such 
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as immunosuppressive therapies. Moderate to 
high levels of agreement among surveyed phy‑
sicians were found for primary and booster series 
recommendations. Furthermore, our findings 
suggest that KOLs felt the mRNA vaccines may 
be superior to other types of vaccines when used 
in specific immunocompromised populations. 
This study emphasizes the need for COVID-19 
vaccines, including supplemental/booster dos‑
ing for patients across all four immunocom‑
promised disease areas (i.e., rheumatologic 
disease, renal disease, hematologic malignancy 
and SOTR), within the framework of personal‑
ized medicine and shared decision-making with 
patients.
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