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ABSTRACT

Immunocompromised individuals are at high
risk of poor coronavirus disease 2019 (COVID-
19) outcomes and demonstrate a lower immune
response to COVID-19 vaccines, including to
the novel mRNA vaccines that have been shown
to elicit high neutralizing antibody levels. This
review synthesized available data on the
immune response to COVID-19 and critically
assessed mRNA COVID-19 vaccine immuno-
genicity in this vulnerable subpopulation.
Patients with various immunocompromising
conditions exhibit diverse responses to severe
acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infection and COVID-19 severity
and mortality, and available vaccines elicit
lower immune responses, particularly in solid

organ transplant recipients. Strategies to
improve vaccine responses in immunocompro-
mised individuals are being implemented in
vaccine recommendations, including the use of
a third and fourth vaccine dose beyond the two-
dose series. Additional doses may enhance vac-
cine effectiveness and help provide broad cov-
erage against emerging SARS-CoV-2 variants.
Continued investigation of vaccines and dosing
regimens will help refine approaches to help
protect this vulnerable subpopulation from
COVID-19.
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Key Summary Points

Despite prioritization of
immunocompromised individuals within
COVID-19 vaccine protocols, this
population remains vulnerable to adverse
effects of SARS-CoV-2 infection, including
high morbidity and mortality.

Patients with various
immunocompromising conditions exhibit
diverse responses to SARS-CoV-2
infection, and available vaccines elicit
lower immune responses, particularly in
solid organ transplant recipients.

Additional COVID-19 vaccine doses may
enhance vaccine effectiveness and protect
against emerging SARS-CoV-2 variants.

Continued investigation of COVID-19
vaccine dosing and intervals,
heterologous vaccination regimens, and
breadth of coverage of emerging variants
is needed to optimize vaccination
recommendations to protect this
vulnerable population.

INTRODUCTION

Coronavirus disease 2019 (COVID-19) manifests
in a range of outcomes, from asymptomatic
infection to critical outcomes, including respi-
ratory failure, septic shock, and death [1].
Among those who recover, long-term sequelae
may occur, characterized by persistent symp-
toms or organ dysfunction.

Multiple COVID-19 vaccines across different
platforms are under investigation; several are
available via emergency use authorization
(EUA), including two mRNA vaccines,
BNT162b2 and mRNA-1273 (Table 1; [2–9]),
which represent the first use of an mRNA vac-
cine platform outside of clinical trial settings
[10–15]. BNT162b2 is now licensed in the Uni-
ted States for those C 16 years old [16] and has

EUA for prevention of COVID-19 in those
5–15 years old [17, 18]. mRNA-1273 recently
received US licensure for those 18 years and
older [19]. Both mRNA vaccines elicit strong
humoral responses (i.e., neutralizing antibody
production) and strong cellular responses via
CD4? and CD8? T-cell induction and Th1
cytokine expression [20, 21]. mRNA vaccine-
elicited neutralizing antibody titers (NATs) are
the highest among the various vaccine plat-
forms [22, 23]. High efficacy for both vaccines
was shown in phase 3 trials, and real-world data
from their pragmatic use have demonstrated
high effectiveness, including against circulating
variants [2, 6, 24–30].

In those with immunocompromising condi-
tions, immune responses to infection, treat-
ment, and vaccination are often altered [31].
Data on COVID-19 outcomes in this population
are emerging. Results from a UK study of 17
million patients from 2020 suggest that
immunocompromised individuals have
increased risk of COVID-19–related death [32].
Case reports also indicate that immunocom-
promised individuals have higher risk of pro-
longed severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection, shed-
ding, and viral evolution [33–36]. The severity
of COVID-19 outcomes in this population sug-
gests that cytokine storm–mediated effects are
occurring in infected patients, although
immunosuppression leading to a depressed
immunosuppressive immunologic phenotype
may be an alternative explanation for this
observation [37]. Additionally, because
immunocompromised individuals were exclu-
ded from initial COVID-19 vaccine trials, vac-
cination responses in this population are being
investigated in observational studies. Therefore,
this review synthesized available data on the
immune response to COVID-19 and, using a
targeted literature search, critically assessed
mRNA COVID-19 vaccine immunogenicity in
immunocompromised individuals, and consid-
ers the available tolerability and safety data
from these studies. Data supporting the benefit
of additional vaccine doses beyond the two-
dose series used initially in this population are
also reviewed.
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METHODS

A targeted search of PubMed and preprint ser-
vers (medRxiv and SSRN) was conducted on
May 10, 2021, using the following search terms:
(coronavirus OR ‘‘Severe acute respiratory syn-
drome’’ OR covid-19 OR nCoV OR COVID OR
SARS OR MERS OR middle east respiratory syn-
drome) AND (‘‘immune disorders’’ OR ‘‘im-
munocompromised condition’’ OR
‘‘autoimmune disease’’ OR ‘‘autoimmune disor-
der’’ OR ‘‘immunosuppressive therapy’’ OR
‘‘immunodeficienc*’’ OR ‘‘chronic inflammatory
disease’’ OR ‘‘hematologic malignancy’’ OR
‘‘cancer’’ OR ‘‘hemodialysis’’ OR transplant OR
HIV-1). Reviews were excluded. The following
data were extracted from the identified publi-
cations: article type, study population (e.g.,
immunocompromised condition), country,
vaccine used (if applicable; type, dosing, and

interval), treatments, main immunologic find-
ings (e.g., anti-spike protein immunoglobulin G
[IgG] titers, neutralizing antibodies, and cell
response), safety and tolerability profile of the
vaccine, and any other relevant findings.

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

OUTCOMES IN SPECIFIC
IMMUNOCOMPROMISED
CONDITIONS

Malignancy

COVID-19 Characteristics
Large studies and systematic assessments have
synthesized the available literature on COVID-

Table 1 Summary of mRNA COVID-19 vaccines

Vaccine Characteristics Dosing Reported populations

BNT162b2

[3–6, 8, 9]

Encodes the full length of the SARS-

CoV-2 spike, modified by two

proline mutations locking it in a

prefusion conformation

2 doses at a 21-day interval

Third dose C 28 days after dose 2 in

immunocompromised individuals or

solid organ transplant recipients

5 years and older

Booster dose C 5 months after

primary series in individuals 12 years

and older (18 and older for

heterologous booster; same interval

and dose)

5 years and older

Healthy or with

stable chronic medical

conditions (e.g., HIV,

HBV, HCV infection)a

mRNA-

1273

[2, 7]

LNP-encapsulated and expressing the

prefusion-stabilized spike

2 doses at a 1-month interval

Third dose C 1 month after dose 2 in

immunocompromised individuals or

solid organ transplant recipients

Booster dose C 5 months after

primary series (same interval and

dose for heterologous booster)

18 years and older

In a medically

stable condition

COVID-19 coronavirus disease 2019, HBV hepatitis B virus, HCV hepatitis C virus, LNP lipid nanoparticle, SARS-CoV-2
severe acute respiratory syndrome coronavirus 2
aThe studies in participants 5–15 years of age only included healthy participants [3, 5]
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19 characteristics in cancer patients. In a US and
European community-based survey that inclu-
ded 20,000 cancer patients, risk of COVID-19
test positivity or hospitalization was 60%
greater in cancer patients; associations between
cancer and COVID-19 increased among older
individuals, men, and those receiving cancer
treatment [38]. Other analyses support these
findings, including reports of increased risk of
severe disease, intensive care unit (ICU) admis-
sion, and mortality in cancer patients with
COVID-19 [39–42]. The type of cancer may also
confer higher risk of COVID-19-associated
death, particularly among patients with lung or
hematologic malignancies [31, 40, 42]. Worse
outcomes may be associated with recent receipt
of cancer therapy, patient age, and male sex.

Vaccination Response
Four studies evaluating COVID-19 vaccine
immune responses in 348 patients with hema-
tologic malignancies, including multiple mye-
loma (MM), chronic lymphocytic leukemia
(CLL), and myeloproliferative neoplasms
(MPNs), were identified (Table 2) [43–46].
Responses were evaluated after two BNT162b2,
mRNA-1273, or AZD1222 (a COVID-19 aden-
ovirus vaccine) doses (2 studies; assessed
2–3 weeks post-dose) or one BNT162b2 dose (2
studies; assessed 21 days post-dose). All studies
measured IgG-anti-spike protein levels; one also
evaluated NATs and T-cell responses.

After two mRNA vaccine doses, humoral
responses ranged from 40% in CLL patients to
54% in patients with various hematologic
malignancies [43, 45]. In a study in CLL patients
that included comparison to sex- and age-
matched healthy controls (HCs), antibody-
mediated response to mRNA vaccination was
significantly reduced in patients (52% vs. 100%;
adjusted odds ratio [OR] = 0.010; P\ 0.001)
[45]. In the study assessing NATs and cellular
responses, 86% of MPN patients had positive
neutralizing antibodies and 80% memory T-cell
responses, with CD4? and CD8? T-cell respon-
ses in 75% and 35% of patients, respectively,
after one BNT162b2 dose [46]. In this study, no
significant differences in humoral or T-cell
responses were observed between those

receiving active treatment and those undergo-
ing active surveillance.

Two studies comprising a total of 232
patients with solid tumors were identified; both
compared BNT162b2 responses to HCs (Table 2)
[47, 48]. Responses were evaluated after one
dose (1 study; assessed 4 weeks post-dose) or
two doses (1 study; assessed 3–4 weeks post-
dose); both only evaluated IgG-anti-spike pro-
tein levels. Across both studies, approximately
50% (58/122; 64/110) of patients had IgG-anti-
spike protein responses post-dose 1. In the study
assessing response post-dose 2, the percentage
of responders among evaluable patients
increased to 95% (n = 40) [47]. After adjustment
for potential confounders, one study found
older age (OR = 3.58; P = 0.008) and
chemotherapy receipt (OR = 4.34; P = 0.003)
were strongly associated with lack of serocon-
version among patients [48].

Three studies in patients with malignancies
reported on the safety and tolerability profile of
BNT162b2 [45–47]. In a study in patients with
CLL who received BNT162b2, mild local reac-
tions were reported in 31% and 34% of patients
after dose 1 and 2, respectively, and were most
commonly related to injection site pain [45].
Systemic events were reported in 13% and 23%
of patients after dose 1 and 2, respectively, and
were most commonly related to weakness. No
significant differences in adverse event (AE)
frequencies were observed between patients
receiving active CLL treatment compared with
those who were not. Finally, in a study in
patients with MPNs, localized inflammation
was reported in 57% and systemic events (e.g.,
flu-like illness, fatigue, gastrointestinal symp-
toms) in 48% of patients after receipt of one
BNT162b2 dose [46]. In a study in patients with
various solid tumors, no serious AEs (SAEs) were
reported among BNT162b2 recipients [47].

Chronic Inflammatory Diseases

COVID-19 Characteristics
Chronic inflammatory diseases (CIDs) are asso-
ciated with increased infection risk, although
immunosuppressive treatments might limit the
cytokine storm associated with severe COVID-
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19 [49]. Consistent with this hypothesis, a
cohort of 6792 US patients with and without
CIDs found that CID patients with COVID-19
were more likely to be hospitalized, but having
CID was not an independent risk factor for
severe COVID-19 [49]. Patients receiving corti-
costeroids had increased severe disease risk,
while biologic or non-biologic immunosup-
pressive treatments were not significantly asso-
ciated with this risk. Consistent with this
finding, a prospective study of 103 inflamma-
tory arthritis (IA) patients found that COVID-19
outcomes were worse in those receiving corti-
costeroids compared with those receiving anti-
cytokines [50]. The type of CID might also be
associated with severe COVID-19. In a study of
228 hospitalized patients with IA or connective
tissue diseases, the latter was associated with
severe disease and poor outcomes [51].

Vaccination Response
Five studies describing immunogenicity
responses in 594 CID patients receiving mRNA
vaccines were identified; a range of CIDs were
included, most commonly rheumatoid arthritis,
IA, and inflammatory bowel disease (IBD)
(Table 2) [52–56]. Immune responses were
evaluated after two BNT162b2 or mRNA-1273
doses (4 studies; assessed 1–6 weeks post-dose)
or one BNT162b2 or mRNA-1273 dose (1 study;
assessed * 3 weeks post-dose). All studies eval-
uated IgG-anti-spike protein levels; two evalu-
ated NATs. Cellular immune responses were not
assessed.

Humoral responses in CID patients were
observed after one (67–74%) or two (86–100%)
doses [52–56]. In two studies that included HCs,
IgG-anti-spike protein levels and NATs were
lower in CID patients versus HCs, with
B-cell–depleting and corticosteroid therapies
associated with reduced responses [52, 54]. In
patients who received B-cell–depleting thera-
pies, the lack of vaccine response was predom-
inantly observed in those who had recently
received therapy. One study of patients with IA
treated with disease-modifying antirheumatic
drugs (DMARDs) found that B-cell–depleting
treatments were associated with significantly
lower immune responses to vaccination [53].
Two other studies also analyzed immune

responses to vaccination according to CID
treatment. In patients with CID who received
BNT162b2 or mRNA-1273, 94% of those
receiving anti-tumor necrosis factor (TNF)
therapy had immune responses to vaccination
[55]. In a study in patients with IBD, receipt of
anti-TNF or vedolizumab therapy was associated
with decreased humoral responses compared
with HCs (anti-TNF: anti–receptor-binding
domain [RBD] total immunoglobulin; vedoli-
zumab: anti-RBD total immunoglobulin, anti-
RBD IgG, and anti-spike protein IgG) [56].

Two studies in patients with CID described
the safety and tolerability profile after vaccina-
tion [52, 53]. In one study, 58% of patients
experienced a local reaction, and fatigue (30%)
and headache (20%) were the most common
systemic events after receipt of BNT162b2 [53].
One patient reported new-onset arthritis
2 months after vaccination, but no patients
experienced a flare of inflammatory rheumatic
disease at up to 2 months of follow-up. In the
second study, in which patients received either
BNT162b2 or mRNA-1273, patients with CID
experienced generally milder AEs compared
with HCs, with mild fatigue (54% vs. 43%) and
myalgia (42% vs. 32%) more frequent in
patients, and fever more common in HCs (0%
vs. 14%) [52].

Hemodialysis

COVID-19 Characteristics
Hemodialysis recipients may be at greater
COVID-19 risk because of immunosuppression
and the older age, comorbidities, and frequent
healthcare visits common in this population
[57–59]. In a European registry study of 4298
kidney transplant and dialysis patients, COVID-
19 incidence was slightly increased in dialysis
patients versus the general population, which
was attributed to the older age or more frequent
SARS-CoV-2 testing undertaken in patients [59].
Other studies support these findings. A system-
atic review of 396,062 hemodialysis patients
(COVID-19 cases, n = 3261) found a 15-fold
increase in COVID-19 incidence and greater
mortality risk in patients versus the general
population [57]. Mortality risk may be lower in
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hemodialysis patients from Asia, which is
potentially associated with their younger age
and diagnostic approaches in this region
allowing for timely intervention [57]. In
another systematic review of [1.1 million
patients with chronic kidney disease (CKD),
COVID-19 incidence was higher in patients
receiving maintenance dialysis [60].

Vaccination Response
Four studies assessed responses to BNT162b2
vaccination in 325 hemodialysis recipients
(Table 2) [61–64]. All included comparator
groups (vaccinated vs. unvaccinated patients or
HCs). Three reported immune responses post-
dose 2 (assessed 1–10 weeks post-dose); the
fourth assessed responses 4 weeks post-dose 1.
All evaluated IgG-anti-spike protein levels. One
study also assessed NATs and cellular immune
responses.

Humoral responses in hemodialysis recipi-
ents were 43–84% and 53–96% after one and
two BNT162b2 doses, respectively; responses
were lower in patients versus HCs [61–64]. One
study of 154 patients receiving hemodialysis
found that humoral responses were dependent
on past SARS-CoV-2 infection, with patients
previously infected mounting a delayed anti-
body response post-dose 1 [62]. Delayed
responses were also reported in some patients
who received two doses [63]. In this study, men
had lower median titers versus women, while
increasing age was inversely associated with
titer level. In a study of two doses, the neutral-
izing antibody capacity was 78% (28/36) and
SARS-CoV-2 T cells were detected in 68% of
patients (21/31) post-dose 2, supportive of vac-
cine-induced B- and T-cell responses [61].
Another study found older age to be signifi-
cantly associated with decreased antibody levels
in hemodialysis recipients [64]. One study
found that receipt of immunosuppressive med-
ication did not appear to affect the immune
response to vaccination [62].

One study in hemodialysis recipients descri-
bed the safety and tolerability profile of
BNT162b2 [63]. No grade 4 AEs were reported,
and hemodialysis recipients had significantly
fewer local and systemic events compared with
HCs after either vaccine dose.

Solid Organ Transplant Recipients

COVID-19 Characteristics
The weakened T-cell–mediated immune
response of solid organ transplant recipients
(SOTRs) makes them vulnerable to many viral
infections, although increased vulnerability to
Middle East respiratory syndrome (MERS) and
severe acute respiratory syndrome (SARS) has
not been reported [65]. Immunosuppressive
treatments and comorbidities common in this
population may also increase vulnerability to
infection, causing substantial morbidity and
mortality [66, 67]. Systematic reviews have
assessed morbidity in SOTRs. One that included
22 studies found that among SOTRs with
COVID-19, 81% were hospitalized, of which
29% required ICU admission and 26%
mechanical ventilation [65]. These rates are
consistent with those in kidney and liver
transplant recipients [68–70]. Among 415 heart
transplant recipients, 34% had severe and 14%
critical COVID-19, while 23% required ICU
admission and 16% mechanical ventilation
[71]. In a systematic review of SOTRs that
included 37 articles, all-cause mortality was
19%, which varied by transplant type [65].
However, mortality is generally consistent
across transplantation type, including kidney
and liver transplant recipients [68–70, 72, 73].
COVID-19–associated mortality of 24–26% was
reported in two studies of 39 and 415 heart
transplant recipients, respectively; diabetes
mellitus and stage 3 or higher CKD were asso-
ciated with increased mortality in one study
[71, 74]. A systematic review in 5559 kidney
transplant recipients found those who died
from COVID-19 were older, had a shorter time
since transplantation, or were living in
Asia–Pacific or Europe (vs. the United States)
[68].

Vaccination Response
Nine studies and one case report of vaccine
responses in approximately 1200 SOTRs were
identified and included kidney, heart, and lung
transplantation recipients (Table 2) [75–84].
Responses were evaluated after two (8 studies;
assessed 7 to * 50 days post-dose) or one dose
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(1 study; assessed 17–24 days post-dose) of
BNT162b2 or mRNA-1273; one study did not
specify schedule or response period. Nine eval-
uated IgG-anti-spike protein levels, three NATs,
and three cellular responses.

Among these studies, \50% of SOTRs had
immune response to vaccination, with limited
development of neutralizing antibodies and
diminished cellular responses
[75–77, 79, 81–84]. Two patients developed
COVID-19 after the second BNT162b2 dose in a
study of\50 kidney transplant recipients [78].
Patient age, longer maintenance dialysis dura-
tion and lower estimated glomerular filtration
rate (for kidney transplant recipients) pre-
transplantation, and specific COVID-19 vaccine
administered were factors associated with poor
responses [75, 77, 80, 81, 83]. Factors associated
with poor responses also included use of main-
tenance antimetabolite immunosuppressive
therapy and type of immunosuppressant regi-
men received [75–77, 80, 81, 83]. In two studies,
those receiving antimetabolite immunosup-
pressive therapy were less likely to develop an
antibody response [75, 77]. In two studies in
kidney transplant recipients, multivariate anal-
yses found receipt of high-dose corticosteroids,
maintenance triple immunosuppressive medi-
cations, mycophenolate mofetil (MMF)–con-
taining regimens, and mammalian target of
rapamycin (mTOR) inhibitors were associated
with poor humoral responses [80, 81]. Another
study in heart transplant recipients found that
patients with a high antibody response to vac-
cination had a lower use of MMF and higher use
of mTOR inhibitors compared with patients
with low antibody responses [83]. However, a
study in kidney transplant recipients found
immune responses did not differ significantly
between patients receiving tacrolimus and
cyclosporin A [76].

Three studies in SOTRs described safety and
tolerability after BNT162b2 administration
[77, 79, 83]. In two studies in heart transplant
recipients, local reactions occurred in 49–76%
and systemic events in 37–49% of patients,
which were most commonly injection site pain,
fatigue, headache, arthralgia, and myalgia
[77, 83]. In a study in kidney transplant recipi-
ents, local pain was experienced by 52% and

systemic symptoms by 19% of patients after
vaccination, and there was a similar reacto-
genicity rate between patients and HCs [80].

HIV

COVID-19 Characteristics
Because HIV infection is associated with
abnormal humoral and T-cell–mediated
immune responses, people living with HIV
(PLWH) may be at increased risk of adverse
COVID-19 outcomes [85, 86]. However, deter-
mining effects of SARS-CoV-2 infection in
PLWH is complicated by the potential benefit of
antiretroviral (ART) and protease inhibitor
therapies, some of which have been investi-
gated as COVID-19 treatments; PLWH may also
be less susceptible to the cytokine storm asso-
ciated with severe COVID-19 because of dys-
functional immune systems [87]. Systematic
reviews have assessed epidemiology and effects
of COVID-19 in PLWH. Two systematic reviews
with approximately 850,000 PLWH reported
0.7–0.9% COVID-19 and 5.3–8.8% mortality
rates; the hospitalization rate was 28%, which
included 2.5% who were severe-critical and
3.5% requiring ICU care [88, 89]. Some sys-
tematic reviews found no apparent correlation
with concurrent HIV and SARS-CoV-2 infection
and severe disease and adverse outcomes,
although conflicting findings were reported
[85, 86, 89–91]. One review of[89,000 patients
with coinfection found those with advanced
HIV stages had less severe COVID-19 and lower
mortality versus patients with earlier stages,
although some studies provided conflicting
findings [92]. Other systematic reviews, which
included 23–63 studies, found that men with
coinfection had higher morbidity and mortal-
ity; higher morbidity and mortality from
COVID-19 was also reported in patients who
had multiple comorbidities, were older, or had
high viral load [85, 87, 93]. In other systematic
reviews, which included 14–82 studies, the
effect of ART in reducing risk of infection and
COVID-19–associated mortality was inconclu-
sive [87–89, 91].
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Vaccination Response
One study was identified assessing response to
BNT162b2 in PLWH, which evaluated IgG-anti-
spike protein and neutralizing antibody
responses (Table 2) [94]. Immunocompetent
healthcare workers were included as controls;
responses were assessed 2–3 weeks post-dose 2.
Overall, 18% (26/143) of patients had AIDS and
all were receiving ART. The mean (range) of
nadir CD4? T cells was 345 (2–900)/lL, and 10%
and 18% of PLWH had nadir CD4? T cells\100
cells/lL and\ 200 cells/lL, respectively.

In this study, anti–receptor-binding domain
IgG was positive and NATs developed in 97% of
patients each after dose 2 [94]. In an adjusted
linear regression analysis, PLWH had signifi-
cantly lower IgG concentrations than HCs
(P = 0.008). The population included in the
study had a high CD4? cell count at baseline; of
the three patients with a CD4? count
\200 cells/lL, all had high immune responses
to BNT162b2. However, a statistically signifi-
cant decrease from baseline in CD4? counts
after dose 1 and 2 (P\0.0001) was found,
which persisted up to 4 months after dose 2 and
was not associated with clinical changes.

In PLWH, local reactions were more com-
mon after the first BNT162b2 dose (41% vs.
26%), while systemic events were more com-
mon after the second dose (20% vs. 48%) [94].
Injection site pain was the most common local
reaction, which was mild and resolved within
24 h. Fatigue and headache were the most
common systemic events after dose 1, and fati-
gue and fever after dose 2. No immediate or
delayed hypersensitivity reactions were
observed.

ADDITIONAL COVID-19 VACCINE
DOSES
FOR IMMUNOCOMPROMISED
INDIVIDUALS

With COVID-19 vaccination programs initiated
since December 2020, the need for additional
doses was soon debated, including whether
required for all individuals, timing post-primary
series, and whether booster and primary vaccine

matching is needed [95]. Differing recommen-
dations regarding the need for a third and
fourth dose have resulted, with several coun-
tries/regions issuing recommendations for
additional doses in immunocompromised indi-
viduals (Table 3; [96–102]).

Current US recommendations were based on
the US Food and Drug Administration (FDA)
granting EUA for mRNA vaccines allowing
administration of a third dose in SOTRs and
other individuals with comparable immuno-
compromised status on August 12, 2021 [103].
On August 16, 2021, the US Centers for Disease
Control and Prevention (CDC) recommended
that moderately to severely immunocompro-
mised adults receive an additional mRNA vac-
cine dose [104]; since then, the
recommendation has been extended to include
immunocompromised children 5 years and
older [105]. The initial recommendation was
based on limited serologic evidence from two
small, randomized controlled trials. In a study
of 50 hemodialysis recipients, five of whom had
prior COVID-19, three BNT162b2 doses were
administered to those without prior infection
and two to those previously infected [106]. In
the latter, 89% (40/45) had antibody responses
post-dose 2 and 93% (42/45) post-dose 3; two
who did not respond to dose 2 had robust
responses post-dose 3. Antibody responses after
three doses in those not previously infected
were comparable to those measured post-dose 2
in patients with a COVID-19 history. In a study
of 120 SOTRs who received two mRNA-1273
doses, a third mRNA-1273 dose or placebo was
administered 2 months later [107]. One month
post-dose 3, 55% of mRNA-1273 and 18% of
placebo recipients had serologic responses
(P\0.001); the median percent virus neutral-
ization was 71% and 13%, respectively. In their
recommendations, the CDC cited evidence that
immunocompromised individuals (e.g., those
with hematologic cancers or on hemodialysis or
receiving certain immunosuppressive therapies
[108]) do not always have the same degree of
immune response to vaccination [105].

Additional evidence has accumulated in
systematic reviews of data regarding the
immune response to COVID-19 vaccination and
vaccine efficacy among immunocompromised
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Table 3 Recommendations for additional COVID-19 vaccine doses in immunocompromised individuals

Country or
region

Issuing body Date of
recommendation

Recommendation

France

[98, 99]

Government of

France

April 11, 2021 Third dose 4 weeks PD2 in severely immunocompromised individuals

Government of

France

January 28, 2022 Administration of a fourth dose in severely immunocompromised

individuals within 3 months of the third dose

Israel [100] December 30,

2021

Fourth dose in individuals who have undergone organ or stem cell

transplants, with hematologic cancers, autoimmune diseases, and

who are receiving specific immunosuppressive medications

Those with breast, lung, or colon cancer do not qualify

Global [96] WHO October 26, 2021 Additional dose recommended in moderately to severely

immunocompromised individuals 1–3 months after the primary

series. This recommendation applies to individuals with active

cancer, solid organ and stem cell transplant recipients, individuals

with immunodeficiency, HIV, and those receiving

immunosuppressive therapies

Homologous additional doses are recommended, but heterologous

platforms may be considered because of vaccine supply and access

USA [97] CDC February 17,

2022

Individuals 5–11 years old who are moderately or severely

immunocompromised should receive a primary series of three doses

of BNT162b2, with the second dose given 3 weeks after the first

dose and the third dose given C 4 weeks after the second dose; a

fourth dose is not recommended at this time

Individuals 12 years and older (for BNT162b2) and 18 years and

older (for mRNA-1273) who are moderately or severely

immunocompromised should receive a third dose C 4 weeks after

receiving their second dose; a booster dose C 3 months after the

third dose is recommended; mRNA COVID-19 vaccines are

preferred

This recommendation extends to individuals receiving cancer

treatment, who have received an organ transplant and are using

immunosuppressive therapies, who received a stem cell transplant in

the past 2 years or are taking immunosuppressive therapies, with

moderate or severe primary immunodeficiency, with advanced or

untreated HIV infection, or receiving active treatment with high-

dose corticosteroids or other immunosuppressive therapies

EU [101] EMA October 4, 2021 An additional dose of BNT162b2 or mRNA-1273 may be given to

individuals with severely weakened immune systems C 28 days after

the second dose
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subpopulations [109]. While the majority of the
data come from mRNA vaccines, there is some
evidence from other platforms, such as viral
vector and inactivated whole virus vaccines,
showing diminished immune responses to vac-
cination and reduced vaccine efficacy among
immunocompromised individuals, thereby
making the case for administering additional
doses to help protect against COVID-19 [96]. In
line with this accumulating evidence, various
public health agencies have updated their rec-
ommendations. For instance, the CDC recom-
mends that moderately or severely
immunocompromised adults who have
received one dose of the Ad26.COV2.S viral
vector vaccine should receive two subsequent
doses of an mRNA vaccine (dose 2 at C 4 weeks
post-dose 1 and dose 3 at C 2 months post-dose
2) [97]. Similarly, the UK Joint Committee on
Vaccination and Immunisation (JCVI) recom-
mends a preference for mRNA vaccines for the
third vaccine dose in immunocompromised
individuals, while the AZD1222 adenovirus
vaccine may be an option for those 16 years and
older who have received this vaccine previously
and in whom the mRNA vaccines are con-
traindicated [102].

Emerging evidence for increased seroposi-
tivity rates in immunocompromised individuals
following a third mRNA vaccine dose is sum-
marized in Fig. 1. In studies that included

SOTRs and hemodialysis patients, 33–50% of
immunocompromised individuals who were
seronegative to the initial two-dose series
developed antibody responses to a third dose
administered approximately 1–3 months post-
dose 2 [110–113]. The MELODY (Mass Evalua-
tion of Lateral flow immunOassays for the
Detection of SARS-CoV-2 antibodY responses in
immunosuppressed people) study, which
opened in December 2021, aims to evaluate
antibody responses to a third COVID-19 vaccine
dose in SOTRs, individuals with hematologic
malignancies, and individuals with autoim-
mune disease [114]. These data may help inform
vaccination strategies and future recommenda-
tions in immunocompromised individuals.

DISCUSSION

Our literature review shows reduced antibody
responses to one or two mRNA vaccine doses in
patients with a range of immunocompromising
conditions, although this diminished response
appears more pronounced in some conditions,
particularly SOTRs (Fig. 2). Although responses
to two doses versus one dose were higher, even
two-dose regimens generally provided dimin-
ished responses. Our review also found a gen-
erally consistent safety and tolerability profile of
mRNA vaccines in immunocompromised

Table 3 continued

Country or
region

Issuing body Date of
recommendation

Recommendation

UK

[102, 103]

MHRA September 9,

2021

One dose of BNT162b2 may be administered as a third dose

C 8 weeks after the second dose of an mRNA or adenovirus-

vectored COVID-19 vaccine if the potential benefits are greater

than any potential risks

UK Health

Security

Agency

February 11,

2022

For those 12 years and older, a reinforcing dose 3 months after the

third dose is recommended

CDC US Centers for Disease Control and Prevention, COVID-19 coronavirus disease 2019, EMA European Medicines
Agency, MHRA Medicines and Healthcare Products Regulatory Agency, PD2 post-dose 2, SOT solid organ transplant,
WHO World Health Organization
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individuals compared with the profile in other
adult populations.

The findings from our review suggest that
despite prioritizing immunocompromised indi-
viduals within COVID-19 vaccine protocols,
this population remains vulnerable to adverse
effects of SARS-CoV-2 infection, including high
morbidity and mortality. One approach to
improve protection against COVID-19 in
immunocompromised individuals is to admin-
ister additional vaccine doses. This is supported
by emerging clinical data showing enhanced
antibody response without detrimental safety
and tolerability effects post-dose 3 in immuno-
compromised adults [106, 110–113]. Additional
doses in this population are now recommended
in some countries and regions.

Importantly, the two-dose schedule for
mRNA vaccines administered approximately
3–4 weeks apart was implemented in initial
clinical trials and within mass vaccination pro-
grams in response to the rapidly evolving pan-
demic. As we learn more regarding

transmission, infection, and disease, as well as
the characteristics of SARS-CoV-2 variants and
the evolving epidemiology among various
populations, it is anticipated that vaccine
schedules and recommendations, including
among immunocompromised individuals, will
evolve.

We have considered transferable lessons
from other vaccines used in immunocompro-
mised individuals in the context of COVID-19
vaccination in this population, as this popula-
tion is also recommended to receive immu-
nization against several infectious diseases to
reduce infection-associated morbidity and
mortality [115]. Unfortunately, there is low
vaccine uptake and limited data on safety, effi-
cacy, effectiveness, and immunogenicity of
vaccines in immunocompromised individuals.
Accordingly, strategies to overcome these limi-
tations have been investigated. For instance, to
protect immunocompromised individuals
against influenza, the timing of vaccination,
administration of two doses in an influenza

Fig. 1 Changes in seroresponse to an additional mRNA
COVID-19 dose in immunocompromised individuals.
*Recipients received primary dosing with a homologous
mRNA vaccine and BNT162b2; they received mRNA-

1273, BNT162b2, or Ad26.COV2.S at dose 3. �Seroneg-
ative includes individuals with low or no response.
COVID-19 coronavirus disease 2019, PD2 post-dose 2,
PD3 post-dose 3, SOT solid organ transplant [110–113]
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season, vaccine formulation modifications, and
vaccination of close contacts of the patient and
healthcare workers have been proposed [116].

Further investigation to optimize COVID-19
vaccination recommendations for immuno-
compromised individuals is required, including
consideration of timing, immunosuppression
protocols, dosing and intervals, heterologous
primary and booster vaccination regimens, and
breadth of coverage of emerging SARS-CoV-2
variants including omicron. Additionally,
identification of an absolute correlate of pro-
tection for COVID-19 vaccines will be extremely

helpful in the further development and imple-
mentation of these vaccines, although neutral-
izing antibody responses are the most
promising candidate [117], and were used
extensively in the studies included within our
review. Given the small study sizes identified
within our review effort, larger prospective trials
in this population will be informative, and
several such studies in both adults and children
are ongoing (Table 4). With the remarkable
global uptake of COVID-19 vaccinations, with
[10 billion doses administered as of February
28, 2022 [118], it is also anticipated that real-

Fig. 2 Percentage of individuals with antibody responses
after 1–2 mRNA COVID-19 vaccine doses. Open circles
indicate antibody response after one vaccine dose and

closed circles indicate antibody responses after two vaccine
doses. The approach for assessing antibody responses
differed between studies
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world effectiveness data in these vulnerable
populations will emerge.

Limitations of the data set from our literature
review should be noted. For instance, several
immunocompromising conditions were inclu-
ded, and within each study, the assessed popu-
lations were generally heterogeneous, limiting
assessment of immune responses to disease and
vaccination between subgroups (e.g., by type of
cancer or CID or by stage of disease including
patients undergoing flares or in remission). A
comprehensive assessment of the association
between these factors and immune responses
would require large data sets over time.

CONCLUSION

Patients with various immunocompromising
conditions exhibit diverse responses to SARS-

CoV-2 infection and COVID-19 severity and
mortality, and available vaccines elicit lower
immune responses but have a similar safety and
tolerability profile to that observed in other
adult populations. Additional doses may
enhance vaccine effectiveness and protect
against emerging variants. Continued investi-
gation will help refine approaches to help pro-
tect this vulnerable population.
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Table 4 Clinical trials evaluating mRNA COVID-19 vaccines in immunocompromised individualsa

Vaccine Clinical trial
identifier

Details Status

BNT162b2 NCT04952766 Phase 4 study assessing humoral response against SARS-CoV-2

after vaccination in immunocompromised adults compared

with healthy volunteers

Recruiting (estimated

primary completion

March 2022)

BNT162b2 NCT04895982 Phase 2 study assessing a three-dose schedule in

immunocompromised children and adults

Recruiting

BNT162b2 NCT04969601 Phase 1/2 study assessing a two-dose schedule in children

1–15 years of age with acute leukemia and in their siblings

(12–15 years of age)

Recruiting (estimated

primary completion

May 2022)

BNT162b2

mRNA-

1273

NCT04805125 Phase 3 study using Swiss cohorts of immunocompromised

patients to assess the comparative effectiveness and safety of

BNT162b2 and mRNA-1273

Ongoing (estimated

completion July

2022)

BNT162b2 NCT04844489 Study to assess the humoral and cellular responses to vaccination

against SARS-CoV-2 variants in immunocompromised

individuals

Recruiting

mRNA-1273 NCT04847050 Phase 2 study assessing the safety and immunogenicity of

vaccination in adults with hematologic malignancies, various

regimens of immunosuppression, and in participants with

solid tumors on PD1/PDL1 inhibitor therapy

Recruiting (estimated

primary completion

June 2023)

COVID-19 coronavirus disease 2019, PD1 post-dose 1, PD2 post-dose 2, SARS-CoV-2 severe acute respiratory syndrome
coronavirus 2
aAs of January 13, 2022
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Donà D. SARS-CoV-2 infection in people living with
HIV: a systematic review. Rev Med Virol. 2021;31:
1–12.

94. Levy I, Wieder-Finesod A, Litchevsky V, et al.
Immunogenicity and safety of the BNT162b2
mRNA COVID-19 vaccine in people living with
HIV-1. Clin Microbiol Infect. 2021;27:1851–5.

95. Oliver S. Overview of data to inform recommenda-
tions for booster doses of COVID-19 vaccines; 2021.
https://www.cdc.gov/vaccines/acip/meetings/
downloads/slides-2021-06/06-COVID-Oliver-508.
pdf. Accessed 17 May 2022.

96. World Health Organization. Interim recommenda-
tions for an extended primary series with an addi-
tional vaccine dose for COVID-19 vaccination in
immunocompromised persons. https://www.who.
int/publications/i/item/WHO-2019-nCoV-vaccines-
SAGE_recommendation-immunocompromised-
persons. Accessed Jan 13, 2022.

97. US Centers for Disease Control and Prevention.
COVID-19 vaccines for moderately or severely
immunocompromised people. https://www.cdc.
gov/coronavirus/2019-ncov/vaccines/
recommendations/immuno.html. Accessed Feb 23,
2022.

98. Republique Francaise. Vaccins Contre la COVID-19:
Modalites D’administration Des Rappels. https://
solidarites-sante.gouv.fr/IMG/pdf/dgs-urgent_
no2022-16_vaccins_personnes_immunodeprimes_
pdf. Accessed Feb 28, 2022.

99. Israel Ministry of Health. Fourth dose of the vaccine
approved for people with a weakened immune sys-
tem. https://www.gov.il/en/departments/news/
30122021-05. Accessed Jan 13, 2022.

Infect Dis Ther (2022) 11:1391–1414 1413

https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-2021-06/06-COVID-Oliver-508.pdf
https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-2021-06/06-COVID-Oliver-508.pdf
https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-2021-06/06-COVID-Oliver-508.pdf
https://www.who.int/publications/i/item/WHO-2019-nCoV-vaccines-SAGE_recommendation-immunocompromised-persons
https://www.who.int/publications/i/item/WHO-2019-nCoV-vaccines-SAGE_recommendation-immunocompromised-persons
https://www.who.int/publications/i/item/WHO-2019-nCoV-vaccines-SAGE_recommendation-immunocompromised-persons
https://www.who.int/publications/i/item/WHO-2019-nCoV-vaccines-SAGE_recommendation-immunocompromised-persons
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/recommendations/immuno.html
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/recommendations/immuno.html
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/recommendations/immuno.html
https://solidarites-sante.gouv.fr/IMG/pdf/dgs-urgent_no2022-16_vaccins_personnes_immunodeprimes_pdf
https://solidarites-sante.gouv.fr/IMG/pdf/dgs-urgent_no2022-16_vaccins_personnes_immunodeprimes_pdf
https://solidarites-sante.gouv.fr/IMG/pdf/dgs-urgent_no2022-16_vaccins_personnes_immunodeprimes_pdf
https://solidarites-sante.gouv.fr/IMG/pdf/dgs-urgent_no2022-16_vaccins_personnes_immunodeprimes_pdf
https://www.gov.il/en/departments/news/30122021-05
https://www.gov.il/en/departments/news/30122021-05


100. European Medicines Agency. Comirnaty and
Spikevax: EMA recommendations on extra doses
and boosters. https://www.ema.europa.eu/en/news/
comirnaty-spikevax-ema-recommendations-extra-
doses-boosters. Accessed Jan 18, 2022.

101. Government of the United Kingdom. Decision:
information for healthcare professionals on COVID-
19 vaccine Pfizer/BioNTech (Regulation 174). GOV.
UK. https://www.gov.uk/government/publications/
regulatory-approval-of-pfizer-biontech-vaccine-for-
covid-19/information-for-healthcare-professionals-
on-pfizerbiontech-covid-19-vaccine. Accessed Jan 6,
2022.

102. UK Health Security Agency. COVID-19 vaccination
programme. Information for healthcare practition-
ers. Version 4.1. February 11, 2022. https://www.
gov.uk/government/publications/covid-19-
vaccination-programme-guidance-for-healthcare-
practitioners. Accessed 17 May 2022.

103. US Food and Drug Administration. Coronavirus
(COVID-19) update: FDA authorizes additional
vaccine dose for certain immunocompromised
individuals. https://www.fda.gov/news-events/
press-announcements/coronavirus-covid-19-
update-fda-authorizes-additional-vaccine-dose-
certain-immunocompromised. Accessed Sept 17,
2021.

104. US Centers for Disease Control and Prevention.
COVID-19 vaccines for moderately to severely
immunocompromised people. https://www.cdc.
gov/coronavirus/2019-ncov/vaccines/
recommendations/immuno.html#print. Accessed
Aug 18, 2021.

105. Centers for Disease Control and Prevention. Interim
clinical considerations for use of COVID-19 vacci-
nes currently approved or authorized in the United
States. https://www.cdc.gov/vaccines/covid-19/
clinical-considerations/covid-19-vaccines-us.html.
Accessed Jan 13, 2022.

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

107. Hall VG, Ferreira VH, Ku T, et al. Randomized trial
of a third dose of mRNA-1273 vaccine in transplant
recipients. N Engl J Med. 2021;385:1244–6.

108. US Centers for Disease Control and Prevention.
Science brief: COVID-19 vaccines and vaccination.
https://www.cdc.gov/coronavirus/2019-ncov/

science/science-briefs/fully-vaccinated-people.
html. Accessed Aug 18, 2021.

109. Lee A, Wong SY, Chai LYA, et al. Efficacy of covid-
19 vaccines in immunocompromised patients: sys-
tematic review and meta-analysis. BMJ. 2022;376:
e068632.

110. Kamar N, Abravanel F, Marion O, et al. Three doses
of an mRNA Covid-19 vaccine in solid-organ
transplant recipients. N Engl J Med. 2021;385:
661–2.

111. Werbel WA, Boyarsky BJ, Ou MT, et al. Safety and
immunogenicity of a third dose of SARS-CoV-2
vaccine in solid organ transplant recipients: a case
series. Ann Intern Med. 2021;174:1330–2.

112. Longlune N, Nogier MB, Miedouge M, et al. High
immunogenicity of a messenger RNA-based vaccine
against SARS-CoV-2 in chronic dialysis patients.
Nephrol Dial Transplant. 2021;36:1704–9.

113. Espi M, Charmetant X, Barba T, et al. Justification,
safety, and efficacy of a third dose of mRNA vaccine
in maintenance hemodialysis patients: a prospec-
tive observational study. medRxiv. 2021. https://
doi.org/10.1101/2021.07.02.21259913.

114. Imperial College London. MELODY study. https://
www.imperial.ac.uk/medicine/research-and-
impact/groups/melody-study/. Accessed Jan 18,
2022.

115. Rubin LG, Levin MJ, Ljungman P, et al. 2013 IDSA
clinical practice guideline for vaccination of the
immunocompromised host. Clin Infect Dis.
2014;58:e44–100.

116. Bosaeed M, Kumar D. Seasonal influenza vaccine in
immunocompromised persons. Hum Vaccin
Immunother. 2018;14:1311–22.

117. Krammer F. A correlate of protection for SARS-CoV-
2 vaccines is urgently needed. Nat Med. 2021;27:
1147–8.

118. World Health Organization. WHO coronavirus
(COVID-19) dashboard. https://covid19.who.int/.
Accessed June 23, 2021.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional
affiliations.

1414 Infect Dis Ther (2022) 11:1391–1414

https://www.ema.europa.eu/en/news/comirnaty-spikevax-ema-recommendations-extra-doses-boosters
https://www.ema.europa.eu/en/news/comirnaty-spikevax-ema-recommendations-extra-doses-boosters
https://www.ema.europa.eu/en/news/comirnaty-spikevax-ema-recommendations-extra-doses-boosters
https://www.gov.uk/government/publications/regulatory-approval-of-pfizer-biontech-vaccine-for-covid-19/information-for-healthcare-professionals-on-pfizerbiontech-covid-19-vaccine
https://www.gov.uk/government/publications/regulatory-approval-of-pfizer-biontech-vaccine-for-covid-19/information-for-healthcare-professionals-on-pfizerbiontech-covid-19-vaccine
https://www.gov.uk/government/publications/regulatory-approval-of-pfizer-biontech-vaccine-for-covid-19/information-for-healthcare-professionals-on-pfizerbiontech-covid-19-vaccine
https://www.gov.uk/government/publications/regulatory-approval-of-pfizer-biontech-vaccine-for-covid-19/information-for-healthcare-professionals-on-pfizerbiontech-covid-19-vaccine
https://www.gov.uk/government/publications/covid-19-vaccination-programme-guidance-for-healthcare-practitioners
https://www.gov.uk/government/publications/covid-19-vaccination-programme-guidance-for-healthcare-practitioners
https://www.gov.uk/government/publications/covid-19-vaccination-programme-guidance-for-healthcare-practitioners
https://www.gov.uk/government/publications/covid-19-vaccination-programme-guidance-for-healthcare-practitioners
https://www.fda.gov/news-events/press-announcements/coronavirus-covid-19-update-fda-authorizes-additional-vaccine-dose-certain-immunocompromised
https://www.fda.gov/news-events/press-announcements/coronavirus-covid-19-update-fda-authorizes-additional-vaccine-dose-certain-immunocompromised
https://www.fda.gov/news-events/press-announcements/coronavirus-covid-19-update-fda-authorizes-additional-vaccine-dose-certain-immunocompromised
https://www.fda.gov/news-events/press-announcements/coronavirus-covid-19-update-fda-authorizes-additional-vaccine-dose-certain-immunocompromised
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/recommendations/immuno.html#print
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/recommendations/immuno.html#print
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/recommendations/immuno.html#print
https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html
https://www.cdc.gov/vaccines/covid-19/clinical-considerations/covid-19-vaccines-us.html
https://www.cdc.gov/coronavirus/2019-ncov/science/science-briefs/fully-vaccinated-people.html
https://www.cdc.gov/coronavirus/2019-ncov/science/science-briefs/fully-vaccinated-people.html
https://www.cdc.gov/coronavirus/2019-ncov/science/science-briefs/fully-vaccinated-people.html
https://doi.org/10.1101/2021.07.02.21259913
https://doi.org/10.1101/2021.07.02.21259913
https://www.imperial.ac.uk/medicine/research-and-impact/groups/melody-study/
https://www.imperial.ac.uk/medicine/research-and-impact/groups/melody-study/
https://www.imperial.ac.uk/medicine/research-and-impact/groups/melody-study/
https://covid19.who.int/

	Immune Response to COVID-19 and mRNA Vaccination in Immunocompromised Individuals: A Narrative Review
	Abstract
	Introduction
	Methods
	Outcomes in Specific Immunocompromised Conditions
	Malignancy
	COVID-19 Characteristics
	Vaccination Response

	Chronic Inflammatory Diseases
	COVID-19 Characteristics
	Vaccination Response

	Hemodialysis
	COVID-19 Characteristics
	Vaccination Response

	Solid Organ Transplant Recipients
	COVID-19 Characteristics
	Vaccination Response

	HIV
	COVID-19 Characteristics
	Vaccination Response


	Additional COVID-19 Vaccine Doses for Immunocompromised Individuals
	Discussion
	Conclusion
	Acknowledgements
	References




