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Summary
The COVID-19 pandemic has disproportionately impacted immunocompromised patients. This diverse group is at
increased risk for impaired vaccine responses, progression to severe disease, prolonged hospitalizations and deaths.
At particular risk are people with deficiencies in lymphocyte number or function such as transplant recipients and
those with hematologic malignancies. Such patients’ immune responses to vaccination and infection are frequently
impaired leaving them more vulnerable to prolonged high viral loads and severe complications of COVID-19. Those
in turn, have implications for disease progression and persistence, development of immune escape variants and
transmission of infection. Data to guide vaccination and treatment approaches in immunocompromised people are
generally lacking and extrapolated from other populations. The large clinical trials leading to authorisation and
approval of SARS-CoV-2 vaccines and therapeutics included very few immunocompromised participants. While
experience is accumulating, studies focused on the special circumstances of immunocompromised patients are
needed to inform prevention and treatment approaches.

Copyright © 2023 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction
The pandemic is an ongoing challenge for immuno-
compromised patients.1–3 This heterogenous group,
which makes up about 2–3% of the overall population,
includes people with human immunodeficiency virus
(HIV) infection, cancers, transplants, primary immu-
nodeficiencies and those treated with
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immunosuppressive biologics and medications. Their
underlying etiologies and demographics contribute to
multifactorial and interrelated causes for immune
compromise. In addition to impaired responses to
infection, immunocompromised patients tend to be
older, have additional comorbid conditions beyond
immunosuppression, and have fewer reserves to recover
from the physiological challenges of acute infection. For
some (e.g. transplant recipients), the response to vacci-
nation can be significantly impaired, which in turn can
contribute to heightened risks for acquiring COVID-19,
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persistent viral shedding and developing severe com-
plications of infection.4,5

Some of the highest risks for complications are in
transplant recipients, people with metastatic cancer,
hematologic malignancies and those receiving cancer
chemotherapy.6,7 Lung transplant recipients, hemato-
poietic stem cell transplant (HSCT) recipients and pa-
tients receiving anti-CD20 therapies are particularly
vulnerable to severe and persistent infection and to
prolonged viral shedding, which is almost exclusively
seen in hematological patients and highly immunosu-
ppressed transplant recipients.

People living with HIV also have increased risk of
vaccine breakthroughs and severe presentations.8–10

While use of antiretroviral therapy (ART) and having
HIV infection that is well controlled reduces the risk of
poor outcomes, HIV infection itself remains a risk fac-
tor for severity and mortality regardless of ART and viral
load suppression. For people living with HIV, the risk of
severe breakthrough illness is reduced with vaccination,
but remains higher for those with CD4 cell counts below
350.9 While immunocompromised patients are gener-
ally at increased risk for severe presentations, hospital-
izations, development of persistent infection and deaths
one study found that they may be partially protected
from acquiring long COVID, except possibly those with
underlying HIV infection.11–13

Overall, despite vaccinations, COVID-19 remains a
threat for immunocompromised patients and their risks
for breakthrough infections and severe clinical out-
comes remain elevated relative to the rest of the popu-
lation.14,15 In solid organ transplant (SOT) recipients for
example, outcomes have improved as the virus and
prevention and treatment approaches have evolved,
however, the risk for hospitalizations and death (∼2%)
has not completely resolved.16,17

An additional problem is that immunocompromised
patients frequently constitute an extreme minority of
COVID-19 randomised clinical trial (RCT) participants.
Immunocompromised patients represented small per-
centages or were completely excluded from multiple
antiviral and immunomodulator COVID-19 randomised
clinical trials.18 When immunocompromised patients are
included, the extent or type of their immunosuppression
is typically not well documented. This creates challenges,
as clinical and policy decisions must be made based on
extrapolation of data gathered from populations with
more physiologic immunological baselines.

Search strategy and selection criteria
This Review is not systematic literature review with
quantitative synthesis of results. It is a critical synthesis
and expert viewpoints of the issues related to immuno-
compromised patients in the COVID-19 pandemic era.
Information on prevention and treatment of COVID-19
in immunocompromised patients was sourced by
searches of PubMed, Google Scholar and the reference
lists of relevant peer reviewed articles and books.
Different combinations of multiple search terms rele-
vant to the analysis were used, such as “COVID-19”,
“SARS-CoV-2”, “transplant”, “immunocompromised”,
“immune compromised”, “hematologic malignancy”,
“remdesivir”, “nirmatrelvir”, “molnupiravir”, “mono-
clonal antibody”, “convalescent plasma”, “treatment”,
“prophylaxis”, “prevention”, “Evusheld”, “long covid”.
Only articles and books published in English were
included.

Prolonged viral shedding among
immunocompromised patients
Relatively longer shedding of the virus in immuno-
compromised patients is one of the challenges in this
group. Immunocompromised patients with hematologic
malignancies or transplant recipients can shed viable
virus for median 4 weeks.19 In some patients persistently
positive SARS-CoV-2 PCR tests may be a harmless
laboratory testing artifact, while in others it represents
ongoing infection with the capacity to generate new and
more infectious/virulent mutants, serve as a source of
ongoing spread of virus and lead to resistance to existing
antiviral therapy.20–23 The terminology and classification
of persistent infection remains unsettled and has been
variably defined as recurrence, relapse or as a subset of
long COVID. Both practically and scientifically, PCR
positivity is often insufficiently reliable to establish the
diagnosis of persistent infection, viable (or active) cul-
ture is the gold standard. However, virus culture is not
routinely available and can only be done in research
laboratories. Funding to improve accessibility globally
for such testing is needed. Standard clinical definitions
and diagnostics could be able to inform international
guidelines for management, including infection control
practices in such patients, which are currently lacking.

Prevention of infections
People who are immunocompromised tend to be more
adherent to non-pharmacologic measures than the
general population. For example, patients with cancer
were found to be more likely to practice preventive be-
haviors, including social distancing, wearing face
masks, and avoiding crowded areas compared to adults
without cancer.24 As a whole immunocompromised pa-
tients were also more likely to adhere to recommenda-
tions for hand hygiene and social distancing.25 However,
as society opens and pandemic era restrictions ease, the
ability of immunocompromised patients to avoid expo-
sure to COVID-19 infected people becomes more
challenging. This in turn renders pharmacologic in-
terventions and efficacious algorithms for their use all
the more important. These include immunization of
household and other routine contacts of immunocom-
promised patients, a strategy referred to as “cocoon
vaccination”, as well as pre-exposure prophylaxis.26 The
www.thelancet.com Vol 59 May, 2023
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World Health Organization (WHO) recommends that
all immunocompromised patients continue with pro-
tective measures such as masking and social distancing
and that their contacts be vaccinated.27 To the extent
possible, immunocompromised persons should have a
care plan that includes prompt testing at the onset of
COVID-19 symptoms, rapid access to antivirals if SARS-
CoV-2 infection is detected and an assessment of the
feasibility of these treatments depending on the context.

Vaccination and pre-exposure prophylaxis
Vaccine responses are often impaired in the immuno-
compromised patient population. Of particular concern
are solid organ transplant recipients, patients with he-
matologic malignancy, older patients and recipients of
corticosteroids, immunosuppressives, or anti-CD20
agents.28 Vaccination schedules need to be adjusted in
the immunocompromised because a primary series of
two doses does not generate immune responses of
equivalent magnitude compared to the non-immuno-
compromised.4 The WHO therefore recommends an
additional dose for all immunocompromised patients
coined “extended primary series”.27,29 WHO also puts
immunocompromised patients under the highest-
priority use populations, and recommends two boos-
ters for all immunocompromised patients regardless of
age.30 In some cases even additional doses prove inef-
fective.5 Some experts recommend a temporary hold on
certain immunosuppressive agents (e.g. mycopheno-
late) around time of vaccination although data to sup-
port the safety and efficacy of this approach is sparse.31–33

For those not already on immunosuppressive medica-
tions, whenever possible, COVID-19 vaccines should be
administered at least 2 weeks before initiation or
resumption of immunosuppressive therapies.

Pre-exposure prophylaxis is an approach to preven-
tion of infection for immunocompromised patients who
may not mount an adequate immune response to
COVID-19 vaccination. The only product definitively
shown to be effective as pre-exposure prophylaxis is the
combination of the two monoclonal antibodies tix-
agevimab + cilgavimab. The authorisation for the drug,
however, was based on RCT data from a group of largely
non-immunocompromised patients.34 Retrospective
studies of immunocompromised patients have shown
this product to provide protection against COVID-19
complications in immunocompromised patients with
suboptimal immune responses to vaccines.35 This is not
available in many countries, leaving immunocompro-
mised patients who do not respond to vaccination and
reside in those countries without reliable means of
COVID-19 prevention. Additionally, as with other anti-
SARS-CoV-2 monoclonal antibodies, tixagevimab + cil-
gavimab are prone to loss of antiviral activity with
emerging variants. For example, activity against Omi-
cron variant BA.4.6 and several of the other commonly
circulating variants, is severely reduced rendering the
www.thelancet.com Vol 59 May, 2023
drug ineffective.36 As a result, considering the SARS-
CoV-2 variants projected to make up more than
90% of the variants circulating in the United States,
Tixagevimab + cilgavimab is no longer authorised for
use in the United States.

Unlike vaccines and oral antivirals, monoclonal an-
tibodies for immune-compromised patients such as
tixagevimab + cilgavimab were purchased by govern-
ments and health systems in much smaller quantities
(e.g. 1.2 million treatment courses by the US). Such
therapeutics remained in extremely short supply thro-
ughout the period they were authorised (i.e. while they
could neutralise the predominant variants in circula-
tion). Unlike vaccines and nirmatrelvir/ritonavir, the
criteria/ethical prioritisation framework was not well
established for such therapeutics. As a result, in the US
the allocations were by federal government agencies to
states, and from states to medical centers to determine
how to best allocate scarce stock. With development of
next generation pre-exposure prophylaxis products,
future efforts should create explicit prioritisation
frameworks for therapeutics for the immunocompro-
mised, and better communicate the framework to
healthcare professionals globally, as has been done for
vaccines and oral antivirals.

Antiviral therapy
Nirmatrelvir dramatically reduces risk of hospitalization
and death in high-risk outpatients with COVID-19.37,38 It
is co-packaged with the pharmacologic booster ritonavir
(nirmatrelvir/ritonavir; Paxlovid). Ritonavir is a strong
inhibitor of CYP3A4 and as such significantly and
dangerously increases the serum levels of drugs such
as cyclosporin, tacrolimus, everolimus and sirolimus,
which are frequently used in immunocompromised
patients (particularly transplant recipients). Use of nir-
matrelvir/ritonavir should be approached with extreme
caution in transplant recipients.39

Molnupiravir is the other major orally available anti-
viral agent. It does not have the drug interactions asso-
ciated with ritonavir, but is contraindicated in patients
under 18 and in pregnancy as it may harm bone and
cartilage growth and can cause embryo-fetal toxicities.
Molnupiravir efficacy is uncertain. There are also con-
cerns that this drug may drive evolution of SARS-CoV-2
mutations to potentially generate variants of concern,
and have long-term risk for mutagenicity in humans.40

Both of these concerns are heightened in immunocom-
promised patients. In unvaccinated outpatients with
COVID-19, its use was associated with moderate re-
ductions in hospitalizations and deaths but its efficacy in
vaccinated people is less clear.41,42 An open labeled study
of over 25,000 vaccinated outpatients (about 9% of which
were immunocompromised), which compared molnu-
piravir to usual care, showed that molnupiravir treatment
resulted in more rapid time to recovery, but did not
reduce need for hospitalization (1% in both groups).43 Of
3
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note, the highest risk patients in either arm were eligible
to also receive mAb, nirmatrelvir/ritonavir and those in
the usual care arm could even receive molnupiravir.
Although no head-to-head RCTs have been performed
comparing the two orally available drugs, response rate
outcomes from an observational comparative study in
Hong Kong suggest that nirmatrelvir/ritonavir is the
more effective of the two drugs.44

Remdesivir is an option for early treatment of
COVID-19 and is used as an option for people at risk for
progression in place of nirmatrelvir/ritonavir.45 It is also
widely used for patients who are hospitalised with
COVID-19. The drug has been tolerated in SOT
recipients.46

Passive immunization is an important intervention
for immunocompromised patients. Early administration
of monoclonal antibodies (mAbs) directed against SARS-
CoV-2 spike protein had been effective at reducing pro-
gression of disease and mortality in high-risk patients.
Their use in immunocompromised patients is safe but
only effective when variants are susceptible. Monoclonal
antibodies had been a cornerstone of antiviral therapy at
many transplant centers.47–49 Due to mutations at the
mAb target sites, all of the authorised agents are no
longer reliably effective.

COVID-19 convalescent plasma (CCP) is another
form of passive immunotherapy. This product has the
advantage of being able to keep with changing variants
as it is polyclonal and periodically refreshed providing
that stocks are replenished from individuals who have
recovered from circulating variants. Antibody levels in
those who have both been vaccinated and recovered
from COVID-19 have high levels of neutralization ability
including against Omicron variants.50–53

CCP may be helpful in circumstances where the
product has high levels of neutralizing antibodies and
given at a time when there is high viral load and
inadequate immune response.54–57 This is particularly
relevant for people with abnormalities in lymphocyte
number or function, who are not able to receive nir-
matrelvir/ritonavir or a mAb effective against the viral
variants circulating in their community. Among the
patients with of abnormal lymphocyte number and
function, B-cell depleted patients may most benefit
from CPP for COVID-19 treatment.58 In the United
States, CCP is authorised by the Food and Drug
Administration (FDA) for use in immunocompro-
mised patients with COVID-19 and supported in
certain circumstances by recommendations from
multiple organizations.59–62 CCP remains controversial,
however, and the National Institutes of Health (NIH)
neither recommends for or against CCP in immuno-
compromised patients while the WHO recommends
against its use.63–65 There are regulatory and logistical
barriers to use of CCP. With increasing number of
donors who are vaccinated and/or have a history of
natural SARS-CoV-2 infection, there is a need for
updating the regulatory requirements for donation and
qualification of CCP.

Infection in immunocompromised patients is often
characterised by high viral loads, longer times to viro-
logic clearance and occasionally transition to chronic
infection. Treatment paradigms developed for the
general population can result in suboptimal virologic
suppression, prolonged illness or rebound and higher
probability of emergence of drug resistance. Combi-
nation drug therapy using antiviral agents from
different classes may address some of these issues. For
example, CCP in combination with remdesivir has
been used in immunocompromised patients with acute
and persistent infections. Such approaches should be
tested in adequately powered clinical trials in the target
population of immunocompromised patients.66 There
are multiple antiviral agents in various stages of
development. These including an oral version of
remdesivir which could be particularly useful for peo-
ple who cannot take nirmatrelvir/ritonavir due to drug
interactions and pegylated interferon lambda. Those
drugs, alone or in combination with other antivirals
will also need to be tested in immunocompromised
patients.

Treatment of immune mediated injury
The understanding that severe COVID in the popula-
tion at large is in large part driven by an overexuberant
immune response has led to development and
deployment of many anti-inflammatory approaches to
therapy. These have included broad spectrum agents
such as glucocorticoids and more narrowly focused
interventions such as IL-1, IL-6 and Janus kinase (JAK)
inhibitors. Trials of these agents in COVID-19 have
been conducted in largely non-immunocompromised
patients although some observational data exists for
their use in immunocompromised patients.67–71 Im-
mune compromised patients have a broad range ab-
normalities in their immune responses, owing to the
underlying illnesses, immunosuppressive regimen or a
combination of both. Hence the use of anti-
inflammatory therapies in such patients is more
complicated, requires an individualised approach and
must be inferred from studies that were not specifically
done in the target population. Some children with
COVID-19 have developed clinical syndromes resem-
bling Kawasaki disease and toxic shock syndrome.
These constellations of symptoms have been collec-
tively referred to as multisystem inflammatory syn-
drome in children (MIS-C) and treatments include
intravenous immunoglobulin (IVIG), corticosteroids,
IL-1 inhibitors and TNF-a inhibitors.72 Data regarding
management of MIS-C in children who are immuno-
compromised is sparse.73 Immune mediated injury is
seen much less frequently in the omicron era, but it is
unknown whether this will remain the case with future
variants.
www.thelancet.com Vol 59 May, 2023
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Co-infections and secondary infections
Additional infections can further complicate the course
of immunocompromised patients with COVID-19.
Bacterial and fungal co-infections are a major problem
in patients with more severe manifestations of COVID-
19, including bacterial pathogens with the potential for
antimicrobial resistance and invasive aspergillosis,
respectively.74,75 Immunocompromised patients are es-
pecially vulnerable to developing such complications
due to their underlying conditions and impaired ability
to opportunistic infections and their elevated risk for
developing more severe COVID-19.76,77 In India rates of
mucormycosis in COVID-19 infected kidney transplant
recipients reached astounding level with incidence
ranging from 4.4 to 10% during a peak in the
pandemic.78,79 Still another interesting observation is the
potential to reactivate Epstein–Barr viral infections,
which may contribute to the pathogenesis of long
COVID, although whether immunocompromised pa-
tients with COVID-19 are at higher risk for EBV reac-
tivation is unknown.12,74
Conclusions
Owing to their heightened susceptibility to developing
complications from COVID-19 is a major challenge for
immunocompromised patients. The margin for error is
often narrow and appropriate prevention and treatment
can be highly impactful. Much of the data to inform
decisions in such patients is extrapolated from studies
in non-immunocompromised patients and derived from
observational experiences. The WHO recently called on
“research funding agencies to prioritise and fund clin-
ical trials that are well-designed and well-implemented,
conducted in diverse settings and include all major
population groups.”80 Immunocompromised patients
are one such group. Studies to better understand the
efficacy of currently available antiviral agents alone and
in combination, including use at times in their disease
later than in the general population are needed.
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