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Abstract
“Outcomes of COVID-19 in solid organ transplant (SOT) 
recipients: a matched cohort study” by Pereira et al found 
similar 28 day mortality among hospitalized SOT recipi-
ents and comorbidity matched controls, shedding light 
on the relationship between immunosuppression and 
Covid-19 outcomes.

When Covid-19 emerged as a global pandemic, there were con-
cerns that immunosuppression would predispose solid organ trans-
plant (SOT) recipients and other immunocompromised populations 
to more severe or fatal disease than the general population. These 
concerns stemmed from past experience with other respiratory vi-
ruses and from early reports of high mortality in SOT recipients.1 
Advanced age and comorbidities that are prevalent among SOT 
recipients have been consistently shown to be associated with 
mortality in Covid-19,2 but the impact of immunosuppression on 
disease course in SOT recipients is less clear. The study by Pereira 
et al adds to a growing body of literature demonstrating that SOT 
recipients hospitalized for Covid-19, when carefully matched for 
established non-immunosuppression factors, have similar mortality 
to non-SOT patients.3-9 Thus, chronic immunosuppression by itself 
may not independently increase the risk of death in SOT recipients 
who have progressed to require hospitalization for Covid-19.

Pereira et al performed a retrospective cohort study of 117 
SOT recipients and 350 non-SOT controls, propensity-matched on 
the basis of age, sex, race, ethnicity, and the presence of obesity, 
hypertension, and diabetes. SOT recipients were more likely to re-
ceive Covid-19 specific therapies and more likely to be admitted to 
the intensive care unit (ICU), but there was no significant difference 
in mortality by 28  days between the SOT and non-SOT cohorts 
(23.08% vs 23.14%, respectively, P = .21). The authors postulate that 
chronic immunosuppression may modulate the detrimental hyper-
inflammatory state associated with later stages of severe Covid-19. 
Similar findings have been reported in other matched cohort investi-
gations that compared SOT and non-SOT patients hospitalized with 
COVID-19, supporting the generalizability of these results (Table 1).

The concept that post-transplant immunosuppressive therapy 
could either be neutral or even advantageous in severe infection is 
not unique to Covid-19. In a recent prospective, matched cohort of 
patients with gram-negative or Staphylococcus aureus bacteremia, 
there was no significant difference in mortality between SOT and 
non-SOT patients.10 SOT recipients were less likely to develop sep-
tic shock than nontransplant patients and had lower levels of IL-2 
and other proinflammatory cytokines, supporting a potential ad-
vantageous role of immunosuppression in the setting of infection-
mediated immune dysregulation. Use of corticosteroids to suppress 
excessive inflammation is also an important component of the treat-
ment for several infections in which the host inflammatory response 
is thought to be detrimental, including pneumococcal meningitis, 
tuberculous meningitis and pericarditis, and severe pneumocystis 
pneumonia.

Available data suggest that the pathogenesis of Covid-19 evolves 
over the course of infection, with high-grade viral replication pre-
dominating during the earlier phase and intense and dysregulated 
inflammation later in the course of disease.11 Thus, the effects of im-
munosuppression may vary by disease stage. While corticosteroids are 
beneficial in late severe disease, immunosuppression during the early 
phases of disease may ultimately cause harm by promoting viral rep-
lication, as high SARS-CoV-2 viral loads are associated with increased 
mortality.12 If SOT recipients are more likely to progress to disease 
severe enough to require hospitalization, the overall case fatality in 
Covid-19 may indeed be higher among SOT recipients compared to 
comorbidity matched controls, even if there is no difference in mortal-
ity among the fraction of patients who require hospitalization. Pereira 
et al's study and other investigations that focus on hospitalized pa-
tients do not asses the potential impact of early phase immunosup-
pression (ie, maintenance immunosuppression in SOT recipients) on 
Covid-19 mortality.

An additional challenge in assessing the relationship between im-
munosuppression and Covid-19 mortality is the frequent reduction 
of immunosuppression (RIS) as a strategy to promote viral clearance 
during all stages Covid-19 infection. Although the number of SOT re-
cipients who received RIS after Covid-19 diagnosis was not reported in 
Pereira et al's study, a large multicenter investigation of SOT recipients 
(80% of whom were hospitalized) found that maintenance immunosup-
pression was reduced in 70% of cases.2 Thus, the overall intensity of 
immunosuppression during hospitalization for severe Covid-19 may not 
reflect the baseline (ie, pre-Covid-19) immunosuppressive state in SOT 
recipients. The association between RIS and Covid-19 mortality has not 
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Immunosuppression in solid organ transplant recipients with 
Covid-19: More data, but still complicated
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been assessed in large prospective randomized trials, but the potential 
impact (either harm or benefit) of RIS after Covid-19 diagnosis on mor-
tality must be considered when interpreting findings from studies that 
compare hospitalized SOT recipients to control populations.

While short-term mortality among SOT recipients is similar to that 
of comorbidity-matched non-SOT patients hospitalized for Covid-19, 
there may be differential effects in specific subgroups of SOT recip-
ients. The risk of severe and fatal viral infections due to unchecked 
viral replication is theoretically highest in the early post-transplant 
period when the effects of induction agents on lymphocyte count 
and function are the most profound. A series of case reports of fatal 
peri-transplant Covid-19 among SOT recipients raised concern that 
mortality from Covid-19 may be particularly high in the early post-
transplant period.1 The median time from transplant to Covid-19 in 
Pereira's study was 6.68 years (IQR 1.93-10.02) and the study does 
not specifically address mortality earlier in the posttransplant pe-
riod. In a large observational study of 482 SOT recipients, induction 
immunosuppression within 3 months of Covid-19 was not associated 
with mortality, but the prevalence of recent induction was only 9%.2 
Thus, the severity of Covid-19 within the first 3-6 months follow-
ing transplant may not be fully appreciated in large heterogenous 
studies. Lung transplant recipients (LTR) may also be a particularly 
vulnerable subpopulation. Reports of inpatient mortality in LTR have 
ranged from 30%-40%, exceeding the 15%-25% mortality rates re-
ported in general SOT cohorts that are dominated by kidney recipi-
ents.1,2 The findings from Pereira et al's study should be interpreted 
with caution for certain high-risk SOT recipients.

Even if SOT recipients do not have a substantially higher risk of 
dying after hospitalization for Covid-19 compared to comorbidity 
matched controls, there may be important differences in Covid-19 
related morbidity between SOT and non-SOT patients. Pereira 
et al found that SOT recipients had a small but statistically signifi-
cant increase in ICU admissions (32.5% vs 27.7%, P = .01) and were 
more likely to receive Covid-19 specific therapies, suggesting a pos-
sible increased risk of severe disease in SOT recipients. Several ob-
servational studies of SOT recipients with Covid-19 demonstrated 
hospitalization rates of 30%-80%, which is significantly higher than 
reports from the general population.1,2 These estimates may be 
inflated by reporting biases but might also reflect a predisposition 
for SOT recipients to progress to more severe disease as a result 
of increased viral replication during the earlier stages of infection. 
Furthermore, there are potential delayed or indirect consequences 
of Covid-19 that specifically affect SOT recipients. Detection of 
SARS-CoV-2 in asymptomatic SOT recipients may lead to delays in 
post-transplant care, including biopsies or other invasive procedures. 
Symptomatic respiratory viral infections in lung transplant recipient 
may precipitate the development of chronic lung allograft dysfunc-
tion (CLAD), a leading cause of long-term morbidity and mortality 
after lung transplantation.13 These SOT-specific complications are 
difficult to appreciate from comparative analyses that focus only on 
hospitalized patients and short-term mortality, but should be con-
sidered when assessing the overall impact of Covid-19 in SOT recip-
ients relative to the general population.

How will vaccination affect Covid-19 morbidity and mortality 
in SOT recipients relative to the non-SOT population? SARS-CoV-2 
vaccines are remarkably efficacious in preventing severe disease and 
death in immunocompetent adults, but efficacy in SOT recipients 
could be limited by immunosuppression. Humoral responses to the 
mRNA vaccines are diminished among SOT recipients as a result of 
immunosuppression, and hospitalization for severe Covid-19 among 
fully vaccinated SOT recipients has been reported.14,15 Vaccines may 
still offer some protection against severe Covid-19 despite incom-
plete humoral responses, but vaccinated SOT recipients are likely 
to be more vulnerable to severe infection compared to vaccinated 
immunocompetent adults with similar comorbidities.

Pereira et al's matched-cohort study, along with other studies, 
have consistently reported that SOT-related immunosuppressive 
therapy may not have an independent detrimental effect on the later 
stages of Covid-19 (ie, after hospitalization). However, multiple stud-
ies have reported that SOT-related immunosuppressive therapy may 
significantly and negatively impact the earlier stages of SARS-CoV-2 
infection and increase the likelihood of needing hospitalization, 
perhaps through overly permissive viral replication. Assessments 
of morbidity and mortality across the spectrum of infection in SOT 
recipients and comorbidity matched cohorts will be necessary to 
fully understand the relationship between immunosuppression and 
outcomes during future pandemics.
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