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ABSTRACT
Introduction: From July through October of 2021, several countries issued recommendations for 
increased COVID-19 vaccine protection for individuals with one or more immunocompromised (IC) 
conditions. It is critically important to understand the vaccine effectiveness (VE) of COVID-19 vaccines 
among IC populations as recommendations are updated over time in response to the evolving COVID- 
19 pandemic.
Areas covered: A targeted literature review was conducted to identify real-world studies that assessed 
COVID-19 VE in IC populations between December 2020 and September 2021. A total of 10 studies from 
four countries were identified and summarized in this review.
Expert opinion: VE of the widely available COVID-19 vaccines, including BNT162b2 (Pfizer/BioNTech), 
mRNA-1273 (Moderna), Ad26.COV2.S (Janssen), and ChAdOx1 nCoV-19 (Oxford/AstraZeneca), ranged 
from 64% to 90% against SARS-CoV-2 infection, 73% to 84% against symptomatic illness, 70% to 100% 
against severe illness, and 63% to 100% against COVID-19-related hospitalization among the fully 
vaccinated IC populations included in the studies. COVID-19 VE for most outcomes in the IC populations 
included in these studies were lower than in the general populations. These findings provide pre
liminary evidence that the IC population requires greater protective measures to prevent COVID-19 
infection and associated illness, hence should be prioritized while implementing recommendations of 
additional COVID-19 vaccine doses.
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1. Introduction

As of 30 September 2021 approximately 45% of the worldwide 
population had received at least one dose of a coronavirus 
disease 2019 (COVID-19) vaccine [1]. Scientific evidence gained 
from real-world studies conducted in multiple countries is 
increasingly showing that widely available COVID-19 vaccines, 
including BNT162b2 (Pfizer/BioNTech), mRNA-1273 (Moderna), 
Ad26.COV2.S (Janssen), and ChAdOx1 nCoV-19 (Oxford/ 
AstraZeneca), are effective against severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) infection, symptomatic 
COVID-19 illness, and COVID-19-related hospitalization and 
death [2,3]. Such findings from real-world studies are generally 
consistent with the efficacy results of the randomized clinical 
trials (RCTs) of these vaccines [4–7]. Vaccine efficacy in clinical 
trials and vaccine effectiveness (VE) measured in real-world 
studies both calculate the risk of disease among vaccinated 
and unvaccinated individuals and the percentage reduction in 
risk of disease among vaccinated individuals relative to unvac
cinated individuals; VE equates to the reduction in disease 
occurrence for those who are vaccinated (i.e. a VE of 
85% = an 85% reduction in disease occurrence among the 
vaccinated) [8].

From July through October of 2021, several countries 
across the world issued recommendations for increased 
COVID-19 vaccine protection for individuals with one or 
more immunocompromised (IC) conditions; many of these 
recommendations also included other subpopulations (e.g. 
elderly) [9]. IC individuals are generally defined as those with 
suppressed immunity resulting from health conditions, includ
ing active cancers, organ/stem cell transplants, primary immu
nodeficiencies, advanced/untreated human immunodeficiency 
virus [HIV] infections, and/or active usage of immunosuppres
sive medications [10]. These recommendations were informed 
by real-world studies of IC populations, who were largely 
excluded from the RCTs of the COVID-19 vaccines [4–7], that 
observed a reduced immune response to COVID-19 vaccines 
in IC individuals compared to the general population [11–16]. 
Whether a reduced immune response to COVID-19 vaccines 
correlates with diminished VE is not well understood. 
However, results from several recent real-world studies con
ducted in the United States (US), Israel, England, and Qatar 
that assessed VE in IC populations [17–27] indicate that IC 
individuals are at increased risk for severe COVID-19 outcomes. 
These studies found that although the COVID-19 vaccines 
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provided a high level of protection against SARS-CoV-2 infec
tion, symptomatic COVID-19 illness, and/or COVID-19-related 
hospitalization, VE for the IC populations tended to be lower 
than that observed in the general population [17–27].

Multiple case reports suggest that IC individuals may serve 
as a reservoir for the development of novel escape variants 
given their risk for prolonged viral replication enabled by 
altered immune function [28–31]. Variants of concern (VOC) 
and variants of interest (VOI) have similarities with those var
iants identified in IC individuals including a relatively large 
number of mutations, particularly in the receptor-binding 
domain of the spike protein, as well as convergent mutations 
[32]. Garnering a clearer understanding of VE in this popula
tion is therefore imperative to inform immunization recom
mendations to protect this vulnerable population and mitigate 
the evolution of VOCs and VOIs. Furthermore, as new COVID- 
19 vaccine recommendations are implemented and updated 
over time in response to the evolving COVID-19 pandemic, it is 
necessary to rapidly and more comprehensively understand 
the effectiveness of COVID-19 vaccines in IC populations. From 
a policy perspective, such information could provide decision 
makers with the data to help to fill vaccine coverage gaps and 
instill greater protective measures toward the IC population, 
measures such as additional dose/booster prioritization. This 
objective has become even more critical given the continuing 
risk of emergence of more transmissible variants (i.e. Omicron). 
Toward, this objective, in this review, we have summarized the 
findings of real-world studies that have assessed COVID-19 VE 
in IC populations.

2. Methods

2.1. Research question and study inclusion criteria

The research question and study eligibility criteria were devel
oped based on the Population, Intervention, Comparator, 
Outcomes (PICO) framework [33]. The research question was, 
what is the reported COVID-19 VE in IC populations? IC popu
lations were defined according to the definitions used in the 
individual studies. The interventions assessed were any of the 
widely available COVID-19 vaccines in the world versus no 
COVID-19 vaccination (control/comparator). The outcomes 
explored included COVID-19 VE against SARS-CoV-2 infection, 
symptomatic COVID-19 illness, severe COVID-19 illness, and 
COVID-19-related hospitalization/death. We targeted real- 
world observational studies, either cross-sectional or longitu
dinal in design, conducted in any country that assessed these 
outcomes and reported calculated VE estimates. Studies that 
evaluated vaccine efficacy in the context of a clinical trial or 
immunogenicity were not included in this review.

2.2. Search strategy and screening

The best practice in systematic literature reviews is to prioritize 
searches and to include studies that are peer reviewed and 
published [34]. Given that the interventions (i.e., COVID-19 
vaccines), in the scope of this review were recently introduced, 
and that there has been a high influx of COVID-19 research 
being posted on pre-print servers, we included both peer- 
reviewed and non-peer-reviewed preprint studies. While this 
approach strengthens the comprehensiveness of this review, 
the author team recognizes the potential limitations in the 
reproducibility of the review and the quality of the collected 
evidence base.

Based on the above, a targeted search was performed 
using PubMed and the preprint servers, medRxiv and Khub, 
to identify real-world studies that assessed COVID-19 VE in IC 
populations between December 2020 and 30 September 2021 
(inclusive). The following list of terms was generated and 
searched across all study fields: ‘COVID-19,’ ‘SARS-CoV-2,’ ‘vac
cine effectiveness,’ and ‘immunocompromised.’ To maximize 
the scope of the search, no search terms were included for 
interventions or outcomes. All studies found written in the 
English language, without restrictions of countries, but with 
reported COVID-19 VE against SARS-CoV-2 infection, sympto
matic COVID-19 illness, severe COVID-19 illness, and/or COVID- 
19-related hospitalization/death were examined for inclusion. 
Titles, abstracts, and full study contents publicly available were 
screened by one independent reviewer (MLS). Since there was 
only one reviewer, random selection, and inter-rater reliability 
scores (e.g. kappa) were not determined.

2.3. Data extraction

Study characteristics (i.e. countries, vaccines included in ana
lyses, study periods, study designs, and data sources), general 
characteristics of the overall study population (i.e. sample size, 
follow-up duration, proportion of fully vaccinated, median 
age, and sex distribution), IC definitions, and IC population 
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● Scientific evidence gained from real-world studies conducted in 
multiple countries is increasingly showing that widely available 
COVID-19 vaccines, including BNT162b2 (Pfizer/BioNTech), mRNA- 
1273 (Moderna), Ad26.COV2.S (Janssen), and ChAdOx1 nCoV-19 
(Oxford/AstraZeneca), are highly effective for protecting against 
SARS-CoV-2 infection, symptomatic COVID-19 illness, and COVID-19- 
related hospitalization and death.

● From July through October of 2021, several countries across the 
world issued recommendations for increased COVID-19 vaccine pro
tection for individuals with one or more immunocompromised (IC) 
conditions.

● As new COVID-19 vaccine recommendations are implemented and 
updated over time in response to the evolving COVID-19 pandemic, it 
is necessary to rapidly and more comprehensively understand the 
effectiveness of COVID-19 vaccines in IC populations.

● In this review, we have summarized the findings of real-world studies 
that have assessed COVID-19 VE in IC populations.

● Among the fully vaccinated IC populations included in the reviewed 
studies, VE of widely available COVID-19 vaccines ranged from 64% 
to 90% against SARS-CoV-2 infection, 73% to 84% against sympto
matic COVID-19 illness, 70% to 100% against severe COVID-19 illness, 
and 63% to 100% against COVID-19-related hospitalization.

● VE for most outcomes in the IC populations included in these studies 
was lower than in the general populations, in which VE ranged from 
79% to 95% against SARS-CoV-2 infection, from 76% to 96% against 
symptomatic COVID-19 illness, and from 81% to 92% against COVID- 
19-related hospitalization.

● Our summarized findings provide preliminary evidence that indivi
duals who are IC require greater protective measures to prevent 
COVID-19 infection and associated illness; hence, should be prior
itized while implementing recommendations of additional/booster 
COVID-19 vaccine doses.
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characteristics, and details of the study outcome measures 
related to VE (i.e. controls, VE follow-up durations, VE calcula
tions, and analysis methods) were extracted and incorporated 
into an Excel spreadsheet. When possible, COVID-19 VE in the 
general and non-IC population was also extracted. Since all 
data presented in this review were extracted from already 
published and/or publicly available preprint studies, this 
review is not subject to ethical approval.

2.4. Narrative synthesis

Given the diversity of the studies included, the quality of the 
selected studies was not compared, and meta-analyses were 
not performed. The assembled body of evidence was drawn 
together and interpreted in a narrative synthesis. After tabu
lating the individual studies, we assessed if the observed out
comes of interest were consistent across studies, which were 
interpreted in the context of their similarities (e.g. definition of 
symptomatic COVID-19 illness) and differences (e.g. VE follow- 
up durations). We qualitatively grouped the studies by out
come measures and investigated any reasons for inconsisten
cies among the results. This approach is supported by 
guidance for undertaking reviews [35].

3. Results

3.1. Search results

With an end search date of 30 September 2021 a total of 10 
studies were identified in which COVID-19 VE was assessed in 
IC populations [17–27]; six, with one study accounting for two 
publications, were peer-reviewed [17–20,22–24] and four were 
preprints [21,25–27] at the time this review was written. The 
study outcomes included COVID-19 VE against SARS-CoV-2 
infection, symptomatic COVID-19 illness, severe COVID-19 ill
ness, and COVID-19-related hospitalization, which were sum
marized for the study IC populations, as well as the general 
populations, when such data were available. Although one 
study assessed COVID-19 VE against all-cause death [20], VE 
specifically against COVID-19-related death was not reported 
in the included studies for IC populations and therefore was 
not summarized in this review.

3.2. Key study characteristics

Tables 1, 2, and 3 show study characteristics, general charac
teristics of the overall study populations, and a comparison of 
IC definitions and IC populations across studies, respectively.

3.2.1. Study geographical location and design
The 10 studies summarized in this review were conducted in 
four countries, the US, Israel, England, and Qatar. Four of the 
five studies conducted in the US assessed VE of the mRNA 
vaccines, BNT162b2 and mRNA-1273, using electronic medical 
records (EMRs) and/or hospital admission logs. Young-Xu et al. 
[17] conducted a matched analysis of COVID-19 cases and 
controls among US veterans with an IC subgroup; the CDC 

COVID-19 Response Team conducted two unmatched hospi
talized COVID-19 case–control analyses among the general 
hospitalized population with IC subgroups [18,19], and Khan 
& Mahmud [20] conducted a retrospective cohort analysis of 
US veterans with inflammatory bowel disease (IBD). The fifth 
US study, by Polinski et al. [21], performed a matched control 
analysis of Ad26.COV2.S VE among the general population and 
an IC subgroup using the administrative insurance claims 
database of Health Verity.

Three studies, all of which assessed VE of the BNT162b2 
mRNA vaccine in the general population and IC subgroups, 
were conducted in Israel [22–25], including the largest 
matched population analysis of vaccinated and unvacci
nated persons (N = 596,618 matched pairs) conducted to 
date by Dagan et al. [22], with follow-up subgroup analyses, 
which included an IC population, provided in Barda et al. 
[23]; the data source of this study was EMRs in Clalit Health 
Services data repositories. Chodick et al. [24] conducted 
a retrospective cohort analysis and Yelin et al. [25] con
ducted a prospective patient-level analysis; both studies 
extracted data from EMRs in Maccabi Healthcare Services 
databases.

The nested test-negative case–control study conducted in 
England by Whitaker et al. [26] was the only study that eval
uated ChAdOx1 nCoV-19 VE in the general population with an 
IC subgroup. This study also assessed VE of the BNT162b2 
mRNA vaccine; it utilized EMR data from 718 general practices 
[26]. Chemaitelly et al. [27] conducted a retrospective cohort 
analysis with a cross-over design of mRNA (BNT162b2 and 
mRNA-1273 vaccine) VE in a population of kidney transplant 
recipients in Qatar; data were extracted from an integrated 
nationwide digital-health information platform from the 
Hamad Medical Corporation.

The study periods (i.e. follow-up) were all shorter than 
6.5 months. Five of the included studies in this review 
assessed COVID-19 VE primarily from December 2020 through 
February/March 2021 [17,20,22–25]; the three studies con
ducted in Israel fall within this group. Tenforde et al. [19], 
Polinski et al. [21], Whitaker et al. [26], and Chemaitelly et al. 
[27] had study periods that extended into the summer months 
(up until July) of 2021. Only Tenforde et al. [19] and Polinski 
et al. [21] separated their VE analyses by time periods to better 
understand if VE was affected by the emergence of the Delta 
variant in the US.

3.2.2. Characteristics of the study IC populations
The health conditions used to define IC populations varied 
across the studies. In two studies, Yelin et al. [25] and Whitaker 
et al. [26], the definitions of IC were not available in the 
preprint materials. Khan & Mahmud [20] and Chemaitelly 
et al. [27] assessed COVID-19 VE in specific IC populations, 
IBD patients among US veterans and kidney transplant recipi
ents, respectively; in both studies, patients also had mainte
nance immunosuppressive medication usage. In the other six 
studies [17–19,21–24], IC populations were defined according 
to various IC conditions; only two IC conditions, organ trans
plant and immunosuppressive medication usage, were 
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common across the six studies. Other IC conditions common 
across multiple studies included HIV infection in five studies, 
active cancer in four, immunodeficiencies in four, rheumatoid 
arthritis/other related inflammatory conditions in three; 
chronic kidney disease (CKD) was included in only one study. 
In these six studies, some patient groups with other IC dis
eases that were not specifically defined may have been cap
tured among those grouped with immunosuppressive 
medication usage.

The sample sizes of the IC populations were reported in 
eight studies and are summarized in Table 3. Sample sizes 
included 16,315 (22% of overall study population) in Young-Xu 
et al. [17], 254 (21% of overall study population) in Tenforde 
et al. [18], 652 (21% of overall study population) in Tenforde 
et al. [19], 14,697 (100% IBD population) in Khan & Mahmud 
[20], 131,820 (7% of overall study population) in Polinski et al. 
[21], 1,674 (0.5% of overall study population) in Dagan et al.; 
Barda et al. [22,23], 27,822 (2% of overall study population) in 

Table 1. Study characteristics.

Study/Peer-reviewed Country
Vaccines included in 

analyses Study period Study design Data source

Young-Xu Y, et al./Yes 
[17]

United  
States

● Pfizer-BioNTech 
BNT162b2 mRNA 
vaccine

● Moderna mRNA-1273 
vaccine

Pre-Delta:  
Dec 

14 2020– 
Mar 14, 2021

● Matched test negative case– 
control analysis for infection

● Matched case–control analy
sis for hospitalization and 
death

EMR data from VHA Corporate Data 
Warehouse

Tenforde MW, et al./Yes 
[18]

United 
States

● Pfizer-BioNTech 
BNT162b2 mRNA 
vaccine

● Moderna mRNA-1273 
vaccine

Intermediate: 
Mar 11 – 
May 5, 2021

Case-control analysis Hospital admission logs and EMRs (18 
academic hospitals/16 states)

Tenforde MW, et al./Yes 
[19]

United 
States

● Pfizer-BioNTech 
BNT162b2 mRNA 
vaccine

● Moderna mRNA-1273 
vaccine

Including Delta: 
Mar 11 – 
Jul 14, 2021

Case-control analysis Hospital admission logs and EMRs (21 
academic hospitals/18 states)

Khan N & Mahmud N/ 
Yes [20]

United 
States

● Pfizer-BioNTech 
BNT162b2 mRNA 
vaccine

● Moderna mRNA-1273 
vaccine

Pre-Delta: 
Dec 18 2020 
– Apr 20, 
2021

Retrospective cohort analysis VHA data sources, including VHA Corporate 
Data Warehouse

Polinski JM, et al./No, 
medRxiv preprint 
[21]

United 
States

● Janssen Ad26.COV2.S 
vaccine

Including Delta: 
Mar 1 – 
Jul 31, 2021

Matched control analysis Administrative insurance claims in Health 
Verity database

Dagan N, et al.; Barda 
N, et al./Yes [22,23]

Israel ● Pfizer-BioNTech 
BNT162b2 vaccine

Pre-Delta:  
Dec 20 2020 

– Feb 1, 2021

Matched control analysis EMR data from Clalit Health Services data 
repositories

Chodick G, et al./Yes 
[24]

Israel ● Pfizer-BioNTech 
BNT162b2 vaccine

Pre-Delta:  
Dec 19 2020 

– Feb 20, 
2021

Retrospective cohort analysis EMR data from Maccabi Healthcare Services 
databases

Yelin I, et al./No, 
medRxiv preprint 
[25]

Israel ● Pfizer-BioNTech 
BNT162b2 vaccine

Pre-Delta:  
Dec 1 2020– 

Feb 25, 2021

Prospective Patient-level 
analysis

EMR data from Maccabi Healthcare Services 
databases

Whitaker HJ, et al./No, 
Khub preprint [26]

England ● Pfizer-BioNTech 
BNT162b2 mRNA 
vaccine

● Oxford/AstraZeneca 
ChAdOx1 nCoV-19 
vaccine

Including Delta:  
Dec 7 2020– 

Jun 13, 2021

Nested test-negative case- 
control analysis

EMR data of 718 general practices

Chemaitelly H, et al./ 
No, medRxiv preprint 
[27]

Qatar ● Pfizer-BioNTech 
BNT162b2 mRNA 
vaccine

● Moderna mRNA-1273 
vaccine

Including Delta 
a: 
Feb 1 2021– 
Jul 21, 2021

Retrospective cohort analysis 
with cross-over design

Hamad Medical Corporation: integrated 
nationwide digital-health information 
platform

EMR: Electronic medical record; mRNA: messenger ribonucleic acid; VHA: Veterans Health Administration. 
Covariant predominance period was defined as Pre-Delta, Intermediate, and Including Delta (when the study period extended to months when the Delta variant was 

predominant) for countries referring to [36; https://covariants.org/per-country] as below. 
US: Dec 2020-April 2021 as Pre-delta; May 2021-June 2021: Intermediate; July 2021-Sept 2021: Delta. 
Israel: Dec 2020 – Feb 2021 was Alpha, which was defined as Pre-delta. 
England: Dec 2020 – April 2021 was Alpha (Pre-delta), May 2021: Intermediate, June 2021 was during Delta variant, hence defined as including Delta. 
Qatar: Feb–Apr 2021 was Beta (Pre-delta), May 2021: Intermediate, and June–July 2021 was Delta, hence as defined as including Delta. 
aIn Qatar, the Delta variant was preceded by the Beta variant, as opposed to the Alpha variant in the US, Israel, and England. Authors reported that as of 

28 July 2021 Delta was at low incidence in Qatar. 
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Chodick et al. [24], and 782 (100% kidney transplant recipi
ents) in Chemaitelly et al. [27]. No information on sample size 
was available for Yelin et al. [25] and Whitaker et al. [26] at the 
time of writing this review.

Only three studies provided characteristics of the IC 
populations in which COVID-19 VE was assessed 
[20,21,27]. Khan & Mahmud [20] conducted their study 
specifically among Veterans Health Administration (VHA) 
patients with IBD who took immunosuppressive medica
tions; median age was 68 years, 92% were male, 80% were 

White, approximately 44% were from the South US region, 
and 62% had ulcerative colitis. The frequency of break
through infections was 0.11% (N = 7) in those who were 
fully vaccinated compared to 1.34% (N = 197) among those 
who were not vaccinated [20]. Polinski et al. [21] defined 
their IC population according to the guidance of the US 
Centers for Disease Control and Prevention (CDC) for mod
erate-to-severe IC status [10]. In this study, the IC repre
sented 6.8% (N = 26,720) of the overall vaccinated 
population and 6.9% (N = 105,100) of the overall 

Table 3. Comparison of IC definitions and populations across studies.

Study IC definition
Study population with IC condition (% of 
overall population or case/control cohort)

Young-Xu Y, et al. 
[17]

HIV, asymptomatic HIV, pneumocystosis, retrovirus disease, post-transplant 
lymphoproliferative disorder, neutropenia, functional disorders of polymorphonuclear 
neutrophils, white blood cell disorders, spleen diseases, other diseases with 
lymphoreticular and reticulohistiocytic tissue, immunodeficiencies, other disorders 
involving immune mechanisms, rheumatoid arthritis, enteropathic arthropathies, 
juvenile arthritis, polyarteritis nodosa and related conditions, other necrotizing 
vasculopathies, systemic lupus erythematosus, dermatopolymyositis, systemic sclerosis, 
Sjögren syndrome, systemic connective tissue disorders, absence/malformation of 
spleen, antineoplastic and immunosuppressive drug unintentional poisoning, 
organ transplant, antineoplastic radiation therapy, antineoplastic 
chemotherapy and immunotherapy

N = 16,315 (22%)

● Positive cases: N = 2,236 (15%)
● Controls: N = 14,079 (23%)

Tenforde MW, et al. 
[18]

Active solid organ cancer with or without metastases (active cancer defined as treatment 
for the cancer or newly diagnosed cancer in the past 6 months), active hematologic 
cancer (such as leukemia/lymphoma/myeloma) or active cancer defined as treatment 
for the cancer or newly diagnosed cancer in the past 6 months, HIV infection without 
AIDS, AIDS, congenital immunodeficiency syndrome, prior splenectomy, prior solid 
organ transplant, immunosuppressive medication usage, systemic lupus 
erythematosus, rheumatoid arthritis, psoriasis, scleroderma, IBD including Crohn’s 
disease or ulcerative colitis

N = 254 (21%)

● Cases: N = 99 (17%)
● Controls: N = 155 (25%)

Tenforde MW, et al. 
[19]

Active solid organ cancer (active cancer defined as treatment for the cancer or newly 
diagnosed cancer in the past 6 months), active hematologic cancer (such as leukemia, 
lymphoma, or myeloma), HIV infection without AIDS, AIDS, congenital 
immunodeficiency syndrome, previous splenectomy, previous solid organ 
transplant, immunosuppressive medication usage, systemic lupus erythematosus, 
rheumatoid arthritis, psoriasis, scleroderma, or inflammatory bowel disease, including 
Crohn’s disease or ulcerative colitis

N = 652 (21%)

● Cases: N = 205 (17%)
● Controls: N = 447 (24%)

Khan N & Mahmud 
N. [20]

IBD diagnosis w/ IBD medication exposure (mesalamine, thiopurines, anti-tumor necrosis 
factor biologic agents, vedolizumab, ustekinumab, tofacitinib, methotrexate, and 
corticosteroid use)

N = 14,697 (100%)

Polinski JM, et al. 
[21]

Any diagnosis for active cancer, history of organ/stem cell transplant, primary 
immunodeficiency (e.g. DiGeorge syndrome, Wiskott-Aldrich syndrome), or HIV 
infection, AND/OR recent use (within 60 days of index) of immunosuppressive 
medications including high-dose corticosteroids (i.e. ≥20 mg prednisone or 
equivalent per day), transplant-related immunosuppressives, antimetabolites, 
alkylating agents, and other severely immunosuppressive cancer 
chemotherapeutics, tumor necrosis factor blockers, and other 
immunosuppressive biologics. IC subgroup definitions were based on CDC vaccine 
guidance for moderately to severely immunocompromised status [10].

N = 131,820 (7%)

● Vaccinated: N = 26,720 (7%)
● Unvaccinated: N = 105,100 (7%)

Dagan N, et al.; 
Barda N, et al. 
[22,23]

HIV, asymptomatic HIV, organ transplant, bone marrow or hematopoietic stem cell 
transplant, immunosuppressive medication usage

N = 1,674 (0.5% of full study population with 
7–28 days after 2nd dose: N = 310,696)

Chodick G, et al. [24] Hematopoietic cell or solid organs transplant, immunosuppressive medication 
usage, asplenia, and chronic renal failure (advanced kidney disease, dialysis, or 
nephrotic syndrome)

N = 27,822 (2%)

Yelin I, et al. [25] Not included in preprint Not included in preprint
Whitaker HJ, et al. 

[26]
Data not available; to be published in Supplementary material S2. Data not available; to be published in 

Supplementary material S2.
Chemaitelly H, et al. 

[27]
Kidney transplant recipients with maintenance immunosuppressive medication usage N = 782 (100%)

Bolded text shows the only 2 common conditions across six of the studies included in this review. 
AIDS: Acquired immunodeficiency syndrome; CDC: Centers for Disease Control and Prevention; HIV: Human immunodeficiency virus; IBD: Inflammatory bowel 

disease; IC: Immunocompromised. 
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Table 5. Vaccine effectiveness against SARS-CoV-2 infection, symptomatic COVID-19 illness, severe COVID-19 illness, and COVID-19-related hospitalization across 
studies.

Study Vaccine Outcome Patient group VE
95% CI 
Lower

95% CI 
Upper

Young-Xu Y, et al. [17] mRNA 
vaccines

Infection IC 87% 79% 92%

Young-Xu Y, et al. [17] mRNA 
vaccines

Infection Overall population 95% 93% 96%

Khan N & Mahmud N. [20] mRNA 
vaccines

Infection IC: IBD 80% NR NR

Polinski JM, et al. [21] Ad26.COV2.S Infection IC 64% 57% 70%
Polinski JM, et al. [21] Ad26.COV2.S Infection Overall population 79% 77% 80%
Polinski JM, et al. [21] Ad26.COV2.S Infection Non-IC 79% 78% 81%
Dagan N, et al.;Barda N, et al. 

[22,23]
BNT162b2 Infection IC 90% 49% 100%

Dagan N, et al.;Barda N, et al. 
[22,23]

BNT162b2 Infection Overall population 93% 91% 94%

Chodick G, et al. [24] BNT162b2 Infection IC 71% 37% 87%
Chodick G, et al. [24] BNT162b2 Infection IC ≥65 yrs 52% 26% 82%
Chodick G, et al. [24] BNT162b2 Infection Overall population 90% 79% 95%
Yelin I, et al. [25] BNT162b2 Infection IC OR:0.67 0.53 0.83
Yelin I, et al. [25] BNT162b2 Infection Overall population 95% 93% 96%
Chemaitelly H, et al. [27] mRNA 

vaccines
Infection Kidney transplant recipients ≥14 days after 2nd dose 47% 0% 74%

Chemaitelly H, et al. [27] mRNA 
vaccines

Infection Kidney transplant recipients ≥42 days after 2nd dose 66% 21% 85%

Chemaitelly H, et al. [27] mRNA 
vaccines

Infection Kidney transplant recipients ≥56 days after 2nd dose 74% 33% 90%

Dagan N, et al.;Barda N, et al. 
[22,23]

BNT162b2 Symptomatic 
illness

IC 84% 19% 100%

Dagan N, et al.;Barda N, et al. 
[22,23]

BNT162b2 Symptomatic 
illness

Overall population 96% 94% 97%

Chodick G, et al. [24] BNT162b2 Symptomatic 
illness

IC 75% 44% 88%

Chodick G, et al. [24] BNT162b2 Symptomatic 
illness

Overall population 94% 88% 97%

Whitaker HJ, et al. [26] BNT162b2 Symptomatic 
illness

IC; age range not provided 73% 34% 89%

Whitaker HJ, et al. [26] ChAdOx1 
nCoV-19

Symptomatic 
illness

IC; age range not provided 75% 19% 92%

Whitaker HJ, et al. [26] BNT162b2 Symptomatic 
illness

Overall population 
16–64 yrs

93% 86% 97%

Whitaker HJ, et al. [26] ChAdOx1 
nCoV-19

Symptomatic 
illness

Overall population 
16–64 yrs

78% 70% 84%

Whitaker HJ, et al. [26] BNT162b2 Symptomatic 
illness

Overall population 
≥65 yrs

87% 80% 91%

Whitaker HJ, et al. [26] ChAdOx1 
nCoV-19

Symptomatic 
illness

Overall population 
≥65 yrs

76% 59% 86.5%

Khan N & Mahmud N. [20] mRNA 
vaccines

Severe illnessa IC: IBD 70% NR NR

Dagan N, et al.;Barda N, et al. 
[22,23]

BNT162b2 Severe illnessb IC 100% 1 vs. 0c

Dagan N, et al.;Barda N, et al. 
[22,23]

BNT162b2 Severe illnessb Overall population 95% 89% 99%

Chemaitelly H, et al. [27] mRNA 
vaccines

Severe illnessd Kidney transplant recipients ≥14 days after 2nd dose 72% 0% 91%

Chemaitelly H, et al. [27] mRNA 
vaccines

Severe illnessd Kidney transplant recipients ≥42 days after 2nd dose 85% 36% 96.5%

Chemaitelly H, et al. [27] mRNA 
vaccines

Severe illnessd Kidney transplant recipients ≥56 days after 2nd dose 84% 31% 96%

Tenforde MW, et al. [18] mRNA 
vaccines

Hospitalization IC 63% 21% 83%

Tenforde MW, et al. [18] mRNA 
vaccines

Hospitalization IC subgroup: solid organ or hematologic malignancy or solid 
organ transplant

51% −31% 82%

Tenforde MW, et al. [18] mRNA 
vaccines

Hospitalization Overall population 87% 81% 91%

Tenforde MW, et al. [18] mRNA 
vaccines

Hospitalization Non-IC 91% 86% 95%

Tenforde MW, et al. [19] mRNA 
vaccines

Hospitalization IC 63% 44% 76%

Tenforde MW, et al. [19] mRNA 
vaccines

Hospitalization Overall population 86% 82% 88%

Tenforde MW, et al. [19] mRNA 
vaccines

Hospitalization Non-IC 90% 87% 92%

Polinski JM, et al. [21] Ad26.COV2.S Hospitalization IC 68% 54% 77%
Polinski JM, et al. [21] Ad26.COV2.S Hospitalization Overall population 81% 79% 84%

(Continued )
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unvaccinated population; mean age of matched vaccinated 
and unvaccinated IC groups was 59 years, 60% were 
female, ethnicity/race was not reported, and approximately 
41% resided in the South US region [21]. Chemaitelly et al. 
[27] conducted their study specifically in kidney transplant 
recipients who were on maintenance immunosuppressive 
medication; the study population (N = 782) was in Qatar; 
median age of the vaccinated cohort was 52 years and 
70% were male; the median age of the unvaccinated 
cohort was 49 years and 63% were male [27]. The inci
dence of breakthrough infections was 2.58% in those who 
were vaccinated compared to 4.74% among those who 
were unvaccinated (follow-up: 120 days after 14 days 
after 2nd dose) [27].

3.3. COVID-19 VE

Table 4 reports the details of the study outcome measures 
related to COVID-19 VE (i.e. outcome measures, controls, 
VE follow-up duration, VE calculations, and analysis meth
ods), while Table 5 presents the reported VE estimates, 
including 95% confidence intervals (95% CI), against SARS- 
CoV-2 infection, symptomatic COVID-19 illness, severe 
COVID-19 illness, and COVID-19-related hospitalization 
across the studies included in this review. Figure 1 gra
phically presents COVID-19 VE in IC populations relative to 
overall study populations from those studies with such 
available data.

Figure 1. VE against SARS-CoV-2 infection, symptomatic COVID-19 illness, and COVID-19-related hospitalization in IC populations versus general populationsa.
a See Table 5 for VE including 95% CIs. 
b Dagan et al.; Barda et al. [22,23] reported a BNT162b2 VE against COVID-19-related hospitalization of 100% in their IC population; however, only two such events occurred in the 
unvaccinated IC group and none in the vaccinated group. 

CI: Confidence interval; COVID-19: Coronavirus disease 2019; IC: Immunocompromised; SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2; VE: Vaccine effectiveness 

Table 5. (Continued). 

Study Vaccine Outcome Patient group VE
95% CI 
Lower

95% CI 
Upper

Polinski JM, et al. [21] Ad26.COV2.S Hospitalization Non-IC 83% 80% 85%
Dagan N, et al.;Barda N, et al. 

[22,23]
BNT162b2 Hospitalization IC 100% 2 vs. 0c

Dagan N, et al.;Barda N, et al. 
[22,23]

BNT162b2 Hospitalization Overall population 92% 85% 97%

aHospitalization or death [20]. 
bAccording to National Institutes of Health criteria [37]: Individuals who have SpO2 < 94% on room air at sea level, a ratio of arterial partial pressure of oxygen to 

fraction of inspired oxygen (PaO2/FiO2) <300 mmHg, respiratory frequency >30 breaths/min, or lung infiltrates >50%; critical illness: Individuals who have 
respiratory failure, septic shock, and/or multiple organ dysfunction. 

cNumber of events in unvaccinated vs. vaccinated. 
dSevere disease (acute-care hospitalization) and critical disease (intensive care unit hospitalization) were defined per World Health Organization guidelines [38]: 

Oxygen saturation of <90% on room air, and/or respiratory rate of >30 breaths/minute in adults and children >5 years old (or ≥60 breaths/minute in children 
<2 months old or ≥50 breaths/minute in children 2–11 months old or ≥40 breaths/minute in children 1–5 years old), and/or signs of severe respiratory distress 
(accessory muscle use and inability to complete full sentences, and, in children, very severe chest wall indrawing, grunting, central cyanosis, or presence of any 
other general danger signs). 

aHR: Adjusted hazard ratio; CI: Confidence interval; COVID-19: Coronavirus disease 2019; IBD: Inflammatory bowel disease; IC: Immunocompromised; mRNA: 
messenger ribonucleic acid; OR: Odds ratio; NR: Not reported; SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2; yrs: Years; VE: Vaccine effectiveness 
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3.3.1. COVID-19 VE against SARS-CoV-2 infection
Seven studies (Young-Xu et al. [17]; Khan & Mahmud [20]; 
Polinski et al. [21]; Dagan et al.; Barda et al. [22,23]; Chodick 
et al. [24]; Yelin, et al. [25]; and Chemaitelly et al. [27]) assessed 
VE against SARS-CoV-2 infection in IC populations; the time 
periods of measured VE varied in these seven studies (e.g., ≥7 
or ≥14 days after second vaccine dose to end of follow-up; 
5 months maximum). Additionally, the definition of SARS-CoV 
-2 infection differed to some extent. All studies required 
a positive RT-PCR test; Young-Xu et al. [17] also included 
a positive antigen test, while Polinski et al. [21] defined SARS- 
CoV-2 infection as a medical claim with a COVID-19 diagnosis 
code (85% of cases) and/or a positive RT-PCR test (15% of 
cases). Across the five studies that assessed VE of mRNA 
vaccines against SARS-CoV-2 infection [17,20,22–25], VE ran
ged from 52% to 90% in the IC populations, versus a VE of 
90% to 95% in the overall study populations. The lowest 
mRNA VE (52%; 95% CI: 26%–82%) was observed among 
individuals who were ≥65 years of age and IC (IC conditions 
included: hematopoietic cell or solid organs transplant, immu
nosuppressive medication usage, asplenia, and chronic renal 
failure [advanced kidney disease, dialysis, or nephrotic syn
drome]) [24]. In this study by Chodick et al. [24], mRNA VE 
was 71% (95% CI: 37%–87%) among those who were IC (age 
range not provided). The highest VE against SARS-CoV-2 infec
tion (90%; 95% CI: 49%–100%) among an IC population was 
observed in the Israeli study of Dagan et al. [22,23] (IC condi
tions included HIV, asymptomatic HIV, organ transplant, bone 
marrow or hematopoietic stem cell transplant, immunosup
pressive medication usage). Young-Xu et al. [17], additionally 
conducted a post-hoc IC subgroup analysis of mRNA VE 
against SARS-CoV-2 infection in US veterans with hematologi
cal malignant neoplasms, which was 69% (95% CI: 17%–88%).

In the study of Chemaitelly et al. [27] of kidney transplant 
recipients, mRNA VE was measured at different time periods 
post-second dose, and as the duration increased, VE against 
SARS-CoV-2 infection increased from 47% (95% CI: 0%–74%) at 
≥14 days to 66% (95% CI: 21%–85%) and 74% (95% CI: 33%– 
90%) at ≥42 days and ≥56 days, respectively, indicating vac
cine protection in this IC patient group did not reach a high 
level until several weeks after the second dose. Yelin et al. [25] 
assessed VE of BNT162b2 and only reported an odds ratio 
(0.67; 95% CI: 0.53–0.83), and not VE for the IC population, 
relative to the overall population with a VE of 95% (95% CI: 
93%–96%), indicating that the IC population had a 33% reduc
tion in VE relative to the overall population. Polinski et al. [21] 
assessed Ad26.COV2.S VE against SARS-CoV-2 infection, which 
was 64% (95% CI: 57%–70%) in the IC population and 79% in 
both the overall (95% CI: 77%–80%), and non-IC (95% CI: 78%– 
81%) populations.

3.3.2. VE against symptomatic COVID-19 illness
Three studies (Dagan et al.; Barda et al. [22,23]; Chodick et al. 
[24]; and Whitaker et al. [26]) assessed VE against symptomatic 
COVID-19 illness in IC populations; Dagan et al.; Barda et al. 
[22,23] assessed VE 7–28 days after the second vaccine dose, 
Chodick et al. [24] assessed VE on days 7–27 after the second 
vaccine dose versus days 1–7 after the first vaccine dose, and 

Whitaker et al. [26] assessed VE ≥14 days after the second 
vaccine dose up to approximately 6.5 months. The definition 
of symptomatic COVID-19 illness was generally similar across 
the studies; Dagan et al. [22]; Barda et al. [23] and Chodick 
et al. [24] required documentation of symptomatic COVID-19 
illness in EMRs, while Whitaker et al. [26] required a diagnosis 
of COVID-19 or clinical illness consistent with COVID-19 within 
10 days before or after a positive RT-PCR test. In the two Israeli 
studies by Dagan et al.; Barda et al. [22,23] and Chodick et al. 
[24], BNT162b2 VE against symptomatic COVID-19 illness was 
84% (95% CI: 19%–100%) and 75% (95% CI: 44%–88%) in the 
IC populations, respectively, while it ranged 94% (95% CI: 
88%–97% [24]) to 96% (95% CI: 94%–97% [22,23]) in the over
all study populations. From the study conducted in England, 
Whitaker et al. [26] reported a BNT162b2 VE of 73% (95% CI: 
34%–89%) against symptomatic COVID-19 illness among the 
IC population (age range not provided); VE in the overall 
population 16–64 years of age was 93% (95% CI: 86%–97%), 
while it was 87% (95% CI: 80%–90%) for those ≥65 years. 
Whitaker et al. [26] also assessed ChAdOx1 nCoV-19 VE against 
symptomatic COVID-19 illness, which was 75% (95% CI: 19%– 
92%) among the IC population, 78% (95% CI:70%–84%) 
among the overall population 16–64 years of age, and 76% 
(95% CI: 59%–86.5%) among the overall population ≥65 years 
of age.

3.3.3. VE against severe COVID-19 illness
Three studies (Khan & Mahmud [20]; Dagan et al.; Barda et al. 
[22,23], and Chemaitelly et al. [27]) assessed mRNA VE in IC 
populations against severe COVID-19 illness, which was 
defined differently across these studies. Khan & Mahmud [20] 
defined severe COVID-19 illness as hospitalization or death, 
while Dagan et al.; Barda et al. [22,23] defined it according to 
National Institutes of Health (NIH) criteria [37], and Chemaitelly 
et al. defined it as per the World Health Organization (WHO) 
criteria [38]. Khan & Mahmud [20] reported a mRNA VE against 
severe illness of 70% (95% CI: NR) among their IBD patient 
population. Dagan et al.; Barda et al. [22,23] reported 
a BNT162b2 VE of 100% (95% CI: could not be determined) 
against severe illness in the IC population compared to 95% 
(95% CI: 89%–99%) in the overall population; however, the 
interpretation of such a finding should consider the low sta
tistical power due to the small numbers of events (i.e. only one 
such event of severe illness occurred in the unvaccinated IC 
group and none in the vaccinated group). Similar to VE against 
SARS-CoV-2 infection, Chemaitelly et al. [27] observed an 
increase in mRNA VE against severe illness with increased 
time post-second dose in kidney transplant recipients, from 
72% (95% CI: 0%–91%) at ≥14 days to 85% (95% CI: 36%– 
96.5%) and 84% (95% CI: 31%–96%) at ≥42 days and ≥56 days, 
respectively.

3.3.4. VE against COVID-19-related hospitalization
Four studies assessed VE against COVID-19-related hospitaliza
tion in IC populations; three (Tenforde et al. [18]; Tenforde et al. 
[19]; Dagan et al.; Barda et al. [22,23]) assessed VE of mRNA 
vaccines and Polinski et al. [21] assessed VE of Ad26.COV2.S. In 
the first CDC study by Tenforde et al. [18], mRNA VE against 
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COVID-19-related hospitalization was 63% (95% CI: 21%–83%) in 
the IC population, 87% (95% CI: 81%–91%) in the overall study 
population, and 91% (95% CI: 86%–95%) in the non-IC popula
tion. The second CDC study by Tenforde et al. [19], which 
included nearly three times more hospitalized patients, had 
similar findings, with mRNA VE against COVID-19 related hospi
talization reported at 63% (95% CI: 44%–76%) in the IC popula
tion, 86% (95% CI: 82%–88%) in the overall study population, 
and 90% (95% CI: 87%–92%) in the non-IC population over the 
full surveillance period (March–July 2021). Although overall VE in 
the IC population was lower than that in the non-IC population, 
it was sustained over the two study periods (March–May: 2– 
12 weeks and June–July: 13–24 weeks post full vaccination), 
which was consistent with the sustained VE observed in the 
overall population [19]. Dagan et al.; Barda et al. [22,23] reported 
a BNT162b2 VE against COVID-19-related hospitalization of 
100% (95% CI: could not be determined) in their IC population; 
however, only two such events occurred in the unvaccinated IC 
group and none in the vaccinated group; VE was 92% (95% CI: 
85%–97%) in the overall study population. In the study of 
Polinski et al. [21], VE of Ad26.COV2.S against COVID-19-related 
hospitalization was 68% (95% CI: 54%–77%) in the IC population 
compared to 81% (95% CI: 79%–84%) in the overall study popu
lation and 83% (95% CI: 80%–85%) in the non-IC population [21].

4. Discussion

This targeted literature review of 10 real-world studies con
ducted in four different countries gives an early view of 
COVID-19 VE in IC populations. Among the fully vaccinated 
IC populations included in the studies, VE of widely available 
COVID-19 vaccines ranged from 64% to 90% against SARS-CoV 
-2 infection, 73% to 84% against symptomatic COVID-19 ill
ness, 70% to 100% against severe COVID-19 illness, and 63% 
to 100% against COVID-19-related hospitalization. COVID-19 
VE for most outcomes in the IC populations included in these 
studies was lower than in the general populations, in which VE 
ranged from 79% to 95% against SARS-CoV-2 infection, from 
76% to 96% against symptomatic COVID-19 illness, and from 
81% to 92% against COVID-19-related hospitalization. 
Important to consider when interpreting the reported VE esti
mates for the IC populations are the accompanying confi
dence intervals, ranges of which were wider than those 
reported among the general populations across studies; such 
findings are related to the smaller sample sizes of the IC 
populations, but also stress the variability in COVID-19 VE 
across individuals with various IC conditions within overall IC 
populations. Moreover, the confidence intervals ranged sub
stantially even among kidney transplant recipients only in the 
study of Chemaitelly et al. [27] suggesting that even when 
COVID-19 VE is assessed in one specific IC patient group, there 
is significant variability among individuals. These summarized 
findings provide a preliminary evidence base supporting 
greater protective measures to prevent COVID-19 infection 
and associated illness in those who are IC.

In the rapidly changing COVID research environment, new 
studies continue to be conducted, published or posted as 
preprints. Some of these noteworthy, late-breaking studies 
were not available during the study timeframe as defined for 

this current review. A recently medRxiv posted systematic 
review and meta-analysis of 54 observational and longitudinal 
studies of general populations [39], wherein COVID-19 VE was 
assessed among fully vaccinated (post-second vaccine dose) 
individuals, estimated a pooled VE for the BNT162b2, mRNA- 
1273, and ChAdOx1 nCoV-19 vaccines against SARS-CoV- 2 
infection of 87% (pooled odds ratio [OR] = 0.13; 95% CI: 
0.08–0.21). Against COVID-19 related hospitalization, 
a pooled VE of 89% (pooled OR = 0.11; 95% CI: 0.07–0.17) 
was estimated [39]. The findings of this meta-analysis of 
COVID-19 VE are relatively consistent and in the range of the 
COVID-19 VE estimates reported in the general populations of 
the summarized studies herein. Altogether, these study find
ings emphasize the effectiveness of widely used COVID-19 
vaccines across populations from different countries.

Embi et al. [40] published a study on 5 November 2021 in 
which COVID-19 mRNA VE against COVID-19-related hospitali
zation was estimated in a fully vaccinated (i.e. after completing 
2 doses of an mRNA vaccine with ≥14 days prior to index 
hospitalization date) US population. This test-negative 
designed study utilized data from the VISION network, a CDC 
collaboration with seven US healthcare systems and research 
centers, including 187 hospitals in nine US states; it included 
over 89,000 COVID-19-associated hospitalizations of IC and 
immunocompetent adults [40]. The IC population in this 
study was defined as individuals with a diagnosis of solid 
malignancy, hematologic malignancy, rheumatologic, or 
other inflammatory disorders, other intrinsic immune condi
tions or immunodeficiencies, or organ or stem cell transplants; 
immunosuppressive medication usage was not included in 
this study since the data were not available [40]. Embi et al. 
[40] reported a COVID-19 mRNA VE against COVID-19- 
associated hospitalization of 77% (95% CI: 74%–80%) among 
10,564 fully vaccinated IC individuals during January 17 
through 5 September 2021 and a VE of 90% (95% CI: 89%– 
91%) among those considered immunocompetent [40]. 
Additionally, Embi et al. [40] assessed COVID-19 mRNA VE 
before and during Delta variant predominance in the US; 
they consistently found a lower VE against COVID-19- 
associated hospitalization among the IC compared to the 
immunocompetent before (76%; 95% CI: 69%–81% versus 
91%; 95% CI: 90%–93%) and during Delta variant predomi
nance (79%; 95% CI: 74%–83% versus 90%; 95% CI: 89%–91%). 
COVID-19 mRNA VE in the IC population relative to the immu
nocompetent population did not significantly differ by age 
group (18–64 years of age and aged ≥65 years) or mRNA 
vaccine type, nor by time periods of assessment [40].

In the four studies reviewed herein that estimated VE 
against COVID-19-related hospitalization, VE ranged from 
63% to 100% in the IC populations and 81% to 92% in 
the general populations [18,19,21–23]. Only Tenforde et al. 
[19] included a time period in which the Delta variant 
emerged as predominant; similar to the above findings of 
Embi et al. [40], during emerging Delta variant predomi
nance (June–July 2021), COVID-19 mRNA VE against 
COVID-19-associated hospitalization did not significantly 
change among the IC or the overall study population from 
the earlier study period of March–May 2021. Embi et al. [40] 
also performed subgroup analyses among the IC population, 
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in which mRNA VE against COVID-19-related hospitalization 
was estimated between 17 January and 5 September 2021 
in organ or stem cell transplant recipients at 59% (95% CI: 
38%–73%), in those with solid malignancy at 79% (95% CI: 
73%–84%), in those with hematologic malignancy at 74% 
(95% CI: 62%–83%), in those with intrinsic immune condi
tions or primary immunodeficiencies at 73% (95% CI: 66%– 
80%), and in those with rheumatic or inflammatory disor
ders at 81% (95% CI: 75%–86%); all IC subgroups exhibited 
lower VE than among the immunocompetent population of 
this study. Of the summarized studies in this review, only 
Tenforde et al. [18] reported mRNA VE against COVID-19 
related hospitalization for a subgroup of the IC population; 
the estimated VE was 51% (95% CI: −31%–82%) against 
COVID-19 related hospitalization for IC patients with an 
active solid organ or hematologic malignancy or solid 
organ transplant. These study findings further highlight 
that certain IC patient groups exhibit significantly lower 
COVID-19 VE than the general population, as well as the 
variability in VE between groups with different IC condi
tions, further warranting greater research of VE in particular 
IC groups.

On 17 November 2021 Galmiche et al. [41] published 
a systematic review of studies, in which COVID-19 VE in IC 
populations in real-world settings was assessed in four of the 
included studies. The other studies included in this systematic 
review assessed COVID-19 vaccine immunogenicity in IC 
populations (N = 157 studies) and one study assessed vaccine 
efficacy in a clinical trial setting [41]. Three of the four studies 
that assessed COVID-19 VE in IC populations included in this 
systematic review, Tenforde et al. [18], Khan & Mahmud [20], 
and Chodick et al. [24], have already been included in our 
targeted literature review. The fourth study by Aslam et al. 
[42], reported incidence rates of symptomatic COVID-19 illness 
in solid organ transplant recipients (N = 2,151) and not a cal
culated VE; in those who were vaccinated the incidence rate 
was 0.065 per 1000/person days (95% CI: 0.024–0.17) and in 
those who were unvaccinated or partially vaccinated, the 
incidence rate was 0.34 per 1000/person days (95% CI: 
0.26–0.44).

In a US real-world study of nearly 1.2 million people fully 
vaccinated with the BNT162b2 mRNA vaccine, over 212,000 
(18%) individuals were designated as having an IC condition 
[43]. This study utilized the broadest IC case algorithm of 
real-world studies to date, wherein 12 mutually exclusive IC 
conditions were identified (e.g. symptomatic HIV, solid/ 
hematologic malignancy, organ transplant, rheumatologic/ 
inflammatory condition, primary immunodeficiency, chronic 
kidney disease, usage of immunosuppressive/antimetabolite 
medication) [43]. Although this study did not directly mea
sure VE, it reported the number of COVID-19 vaccine break
through infections following a second BNT162b2 dose 
between 10 December 2020 and 8 July 2021 [43]. The 
total number of breakthrough infections was low (N = 978; 
0.08%) but nearly 40% of cases occurred among the IC 
population, which only accounted for approximately 18% 
of the overall study population [43]. The calculated inci
dence rate of COVID-19 vaccine breakthrough infections 

was 2.6 times higher among the IC population than in the 
non-IC population (0.89 vs. 0.34 per 100 person-years) [43]. 
Moreover, approximately 60% (N = 74 of 124) of the break
through infections that resulted in hospitalization and 100% 
(N = 2 of 2) of those that resulted in inpatient death, 
occurred in the IC population [43]. In this study, subgroup 
analyses of the 12 IC condition groups were also conducted; 
organ transplant recipients excluding bone marrow trans
plant had the highest incidence rate of breakthrough infec
tions (3.66 per 100 person-years) [43]. Additionally, 
compared to the incidence rate among the overall IC popu
lation in this study, incidence rates of breakthrough infec
tions were higher in those who had >1 IC condition, those 
with usage of antimetabolites, those with a primary immu
nodeficiency, those with a hematologic malignancy, and 
those with kidney disease [43]. The findings of this study 
underscore the need to standardize the definition of IC 
across research studies evaluating COVID-19 VE and to also 
conduct studies of specific IC patient groups, so that a risk 
stratification can be established across the overall IC 
population.

At the time this review was written, only 10 real-world 
studies, four of which were preprints without peer-review, 
were available that assessed COVID-19 VE in IC populations. 
Although our approach of including preprints for this tar
geted literature review strengthens the comprehensiveness 
of this review, we acknowledge the potential limitations in 
the reproducibility of this review and the quality of the 
collected evidence base. Only one reviewer performed 
data extraction for this targeted review and no inter-rater 
reliability/agreement scores were determined. Of the 10 
included studies, study designs, follow-up periods after full 
vaccination, IC definitions, and IC populations, methods of 
computing VE, and adjustment for confounders significantly 
varied across these real-world studies. Hence, a comparison 
of study findings or a meta-analysis estimating the pooled 
VE for outcomes of interest was considered unfeasible. As 
discussed earlier, the most notable inconsistency across the 
studies summarized in this review, was the substantial varia
bility in the definitions of IC populations. In this context, the 
COVID-19 VE estimates across these studies should be inter
preted cautiously.

Additionally, the reviewed studies had limited follow-up 
after vaccination ranging from 7 days to 6.5 months. Four 
studies by Tenforde et al. [19], Polinski et al. [21], Whitaker 
et al. [26], and Chemaitelly et al. [27] included VE analyses 
during time periods of Delta variant predominance; how
ever, only Tenforde et al. [19] reported, albeit in a figure 
only, mRNA VE in the IC during March to May (Alpha variant 
predominance) and June to July (Delta variant emerging as 
predominant) 2021. The study period in Tenforde et al. [19] 
went through July 2021, which covered only the early per
iod of Delta variant predominance in the US (approximately 
the first six weeks), and a Delta-specific VE was not reported 
[19]. As mentioned earlier, Embi et al. [40] did not observe 
a significant change in COVID-19 mRNA VE against COVID- 
19-associated hospitalization among IC or immunocompe
tent individuals during Delta variant predominance 
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compared with an earlier time period. Altogether, the stu
dies summarized in this review covered up to eight months 
after COVID-19 vaccines became available. Thus, waning 
COVID-19 vaccine protection remains relatively undescribed, 
particularly among the IC, and further follow-up studies are 
needed to better understand not only waning vaccine pro
tection but also the impact of increased vaccine protection 
with an additional dose. Only a few studies performed sub
group analyses by IC condition groups or severity of IC 
conditions. The included studies were also from only four 
countries, including the US, Israel, England, and Qatar. Since 
only studies published/publicly available in the English lan
guage were included in this review, there is the potential 
for important missing data from studies conducted in other 
countries and reported in languages other than English. 
Additionally, due in part to such exclusion criteria, other 
COVID-19 vaccines (e.g. Sputnik V, Sinovac-CoronaVac, etc.) 
more widely used in some countries did not get evaluated 
in this review. Furthermore, our study findings may not be 
generalizable to populations with IC conditions endemic to 
specific regions. While this review provides an early view of 
COVID-19 VE in IC populations, mostly as an aggregate 
group, further study is warranted.

5. Expert opinion

As the COVID-19 pandemic continues across the world 
and if in the future, COVID-19 becomes endemic to socie
ties, it may be of clinical utility to more consistently and 
precisely define IC populations across research studies 
evaluating COVID-19 VE. A consensus on defining IC con
dition groups will provide more useful evidence for policy
makers and healthcare providers in the decision-making 
process when recommending and updating vaccination 
protocols and treating patients at high-risk for COVID-19. 
Across the studies included in this review, only two IC 
conditions, organ transplant and immunosuppressive med
ication usage, were common in the definitions of IC popu
lations. Only a few studies included in this review focused 
on particular IC conditions and only one study included 
CKD as an IC condition. A consensus on the list of immu
nosuppressive medications to designate individuals as IC 
also needs to be developed. Moreover, it may be useful to 
stratify overall IC populations into low-, medium-, and 
high-risk patient groups for COVID-19 illness. This may 
also involve the identification of IC groups with comorbid
ities known to increase the risk for severe COVID-19 (e.g. 
older age, type 2 diabetes, obesity) [44,45] and their risk 
stratification. Furthermore, individuals with IC conditions 
that are endemic to certain countries and regions that 
heighten the risk for COVID-19 illness may also need to 
be identified so that the necessary preventive and protec
tive measures can be put in place

This review highlights the most current findings of real- 
world studies that have assessed COVID-19 VE in IC popu
lations. Our summarized findings provide preliminary evi
dence that individuals who are IC require greater   

protective measures to prevent COVID-19 infection and 
associated illness; hence, should be prioritized while 
implementing recommendations of additional/booster 
COVID-19 vaccine doses. Indeed, in the US, the CDC 
recommends an additional primary mRNA COVID-19 vac
cine dose for moderately or severely IC people at least 
5 years of age (BNT162b2 only) and at least 18 years of 
age (mRNA-1273) who received a two-dose mRNA vaccine 
primary series [46], and countries, including Israel, the 
United Kingdom (UK), and France, as well as the World 
Health Organization, have similar recommendations 
[47,48]. Initial data from studies of clinical trial participants 
have shown that additional/booster COVID-19 vaccine 
doses increase immune responses [49]. Further, emerging 
real-world evidence indicates that VE of two mRNA doses 
against severe COVID-19 illness wanes in the IC population 
(from 93% to 68% over 6 months) but not in the non-IC 
population, and that a third dose can restore initial high 
levels of protection against hospitalization (87%) as well 
as against infection [50]. The benefits of improved protec
tion against infection and hospitalization with additional 
doses should be balanced against risks of reactogenicity 
and the safety profile. Safety monitoring of additional/ 
booster COVID-19 vaccine doses has been implemented 
in the US by the CDC; a CDC study of 22,191 persons 
who had received an additional COVID-19 vaccine dose 
from 12 August 2021 to 19 September 2021 a time period 
in the US in which an additional COVID-19 vaccine dose 
was primarily recommended for those with moderate-to- 
severe IC conditions (98% received third dose of same 
vaccine as initial doses), found that among those with 
a completed health check-in survey (N = 12,591), the 
prevalence of local/systemic reactions after a third dose 
was similar to that observed after a second dose [51].

For moderately or severely IC individuals with a primary 
series of mRNA vaccination, the CDC in the US recom
mends an additional dose of homologous mRNA vaccine 
[10,46]; however, some countries such as Canada and the 
UK have also recommended an mRNA additional dose for 
such individuals who have completed a primary series 
with a homologous or heterologous schedule of mRNA 
or viral vector-based vaccines (e.g. ChAdOx1 nCoV-19) 
[52,53]. VE data comparing homologous and heterologous 
additional doses among IC individuals are limited, but 
a few studies have found VE after the various booster 
combinations in general populations [54]. In the UK, 
Andrews et al. [55] reported substantial protection against 
symptomatic COVID-19 illness in persons 50 years of age 
and older after a BNT162b2 booster regardless of the 
primary vaccine schedule (mRNA vaccine or ChAdOx1 
nCoV-19). Similarly, the Chilean government reported pre
liminary results of VE of booster doses based on data from 
two million individuals of a total cohort of 11 million 
people, showing that heterologous or homologous boos
ter doses provided a high level of protection against 
hospitalization with no major differences across boosters 
(BNT162b2, CoronaVac, or ChAdOx1 nCoV-19) after 
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a primary series with the inactivated vaccine 
CoronaVac [56].

Safety monitoring of additional COVID-19 vaccine doses 
is ongoing worldwide and further studies in overall popu
lations, as well as in IC populations, are awaited on the 
effectiveness and safety of additional/booster vaccine 
doses, optimal time intervals between primary series and 
additional/booster vaccine doses, duration of protection, 
prevention of emergence of highly mutated novel SARS- 
CoV-2 variants, receipt of vaccine doses from different 
manufacturers, etc.

In a recent study of approximately 22,000 US survey 
respondents with comorbid conditions all participating in 
an online health community, of whom 27% reported hav
ing cancer and 23% reported having an autoimmune dis
ease, approximately 20% expressed COVID-19 vaccine 
hesitancy [57]. In light of this finding, in addition to the 
substantial number of people who have IC conditions and/ 
or take immunosuppressive medications, and the potential 
for waning COVID-19 VE and emergence of new SARS-CoV 
-2 variants, it is critical to rapidly advance our understand
ing of COVID-19 VE and duration of response among IC 
populations, including specific IC condition groups and IC 
individuals who have other COVID-19 risk factors (e.g. 
elderly, comorbidities, etc.), as the COVID-19 pandemic 
continues worldwide. The importance of this undertaking 
is explicitly emphasized by the recent emergence of the 
highly transmissible Omicron variant, which again under
scores the ongoing need to provide the most up-to-date 
scientific information to decision makers so that measures, 
such as immunization scheduling and additional/booster 
vaccine-dose prioritization, can be rapidly implemented.
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