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The coronavirus disease 2019 (COVID-
19) pandemic has caused a seismic shift
in transplant practices. Many centers have
suspended live donor transplants, and
most have enforced significant restric-
tions to their deceased donor programs
[1]. Because of early observations sug-
gesting a role of proinflammatory cyto-
kines in the pathogenesis of severe
COVID-19 [2], a prevailing thought has
been that the anti-inflammatory effects
of immunosuppressive medications may
paradoxically diminish disease severity
in solid organ transplant (SOT) recipi-
ents with COVID-19. There is prece-
dent in the literature to support this line
of speculation. For instance, kidney and
liver transplant recipients with sepsis
were shown to have lower mortality rates
compared to nontransplant patients [3],
which was thought be partially due to a
dampening of the destructive aspects of
sepsis by immunosuppressive agents.
Additionally,
modulate the expression of opportunistic
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infections such as cryptococcosis, pro-
tecting against mortality in SOT re-
cipients [4]. However, these optimistic
notions were at odds with our knowledge
that SOT recipients with respiratory viral
infections such as influenza develop
more severe complications than the gen-
eral population. Additionally, transplant
patients frequently suffer from the same
comorbidities that have been associated
with detrimental outcomes in COVID-
19. Nonetheless, and despite early hints
that mortality in SOT recipients may
be high, the outcomes of SOT recipi-
ents with COVID-19 have remained ill
defined.

In this issue of Clinical Infectious
Diseases, Kates and colleagues describe
the outcomes of 482 SOT recipients
with COVID-19 across over 50 trans-
plant centers. Although the majority
of patients were kidney transplant re-
cipients, this is nonetheless the largest
study of SOT and COVID-19 to date
and confirms the ominous findings from
smaller cohorts: in short, SOT recipi-
ents with COVID-19 are at high risk
for complications and death. The au-
thors demonstrate that 78%, 34%, and
27% of SOT recipients with COVID-19
require hospitalization, intensive care,
and mechanical ventilation, respect-
ively. Additionally, the inpatient mor-
tality rate was ~20%, which is similar

to the pooled weighed mortality rate
of ~19% (range 8-33%) reported in
studies from the general population
with a similar median age and preva-
lence of comorbidities. Indeed, over 90%
of SOT recipients with COVID-19 had
chronic medical conditions, and nearly a
third were >65 years of age. The authors
should be commended for appropriately
navigating the epidemiological quag-
mire of case fatality rates in COVID-19,
as comparisons with studies of younger
and healthier patients—such as the
Chinese Center for Disease Control
study, which reported a mortality rate
of 2.3% [5]—would not have been suit-
able. The only predictors of mortality in
the current study were age (>65 years),
heart failure, chronic lung disease,
obesity, pneumonia, and lymphopenia.
In contrast, the “net state of immuno-
suppression” had no impact on mor-
tality, neither did time from transplant.
Thus, although morbidity and mortality
related to COVID-19 in SOT recipients
are substantial, they appear to be driven
by age and underlying medical condi-
tions and unaffected by immunosup-
pression, corroborating the results of
other studies in the general population.
The study included only 30 lung trans-
plant recipients and was therefore un-
able to assess whether mortality in these
patients is greatest (as is the case with
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sepsis [3]) or whether COVID-19 pre-
cipitates acute or chronic lung allograft
rejection. Furthermore, because all la-
boratory testing was done as standard of
care, the study could not evaluate severe
acute respiratory syndrome coronavirus
2 (SARS-CoV-2) viremia or the dur-
ation of SARS-CoV-2 polymerase chain
reaction (PCR) positivity, which may be
longer than that of nontransplant pa-
tients. Although prolonged viral shed-
ding is common and does not imply
infectivity [6], critically ill SOT recipi-
ents who are unable to control viral rep-
lication may potentially serve as a source
of continued viral transmission. Finally,
patients received various interventions
for COVID-19, and no conclusions can
be made about the efficacy of any of
these therapies.

Several other key observations from
this study warrant special mention. First,
fever, which was defined as a tempera-
ture of >38.1°C, and which is errone-
ously perceived to be a universal finding
in COVID-19, developed in only 55% of
patients. Second, the manifestations of
COVID-19 were protean and included
a plethora of “atypical symptoms,” with
fatigue or gastrointestinal symptoms
occurring in ~50% of patients. Clinicians
must therefore have a low threshold for
performing PCR testing for SARS-CoV-2
in SOT recipients and must not discount
the possibility of COVID-19 in afebrile
patients or those with “atypical symp-
toms.” Third, most SARS-CoV-2 infec-
tions were community acquired, and no
donor-derived infections occurred. The
lack of donor-derived infections is a tes-
tament to the excellent guidance by the
American Society of Transplantation
(AST) Infectious Diseases Community of
Practice regarding donor testing [7] and
the rapid adoption of these guidelines
by organ procurement organizations.
Fourth, and perhaps most surprisingly,
was the paucity of superinfections and
fungal infections, although additional
studies will be needed to define the in-
cidence of “post-COVID-19 invasive
aspergillosis”

Now that the characteristics and out-
comes of SOT recipients with COVID-
19 have been defined, the question is
“what comes next?” How can we syn-
thesize the deluge of COVID-19 know-
ledge into therapeutic interventions?
The key lies in developing a nuanced
understanding of the pathogenesis of
COVID-19. However, this may prove
to be a herculean challenge because of
the heterogeneity of the host-pathogen
interactions in COVID-19. Indeed, a re-
cent study of deep immune profiling of
patients with COVID-19 revealed sev-
eral “immunotypes” ranging from robust
CD4 and/or CD8 responses to minimal
lymphocyte responses to infection [8].
Furthermore, the mortality benefit of
dexamethasone among patients with
COVID-19 who require supplemental
oxygen, particularly those who received
the drug after their first week of illness
[9], lends some credence to the notion
that immunosuppressants may ameli-
orate outcomes after transplant, and
suggests that immunopathology drives
tissue damage in the later stages of illness.
These observations can inform the design
of trials of immunosuppression manage-
ment in SOT. Kates et al showed that im-
munosuppression was modified in 70%
of patients, and that the antimetabolite
(mycophenolate or azathioprine) was
stopped in 56% of patients. Although
this mirrors clinical practice in other
infections, it is rational to speculate
whether mortality in SOT recipients with
COVID-19 could have been attenuated
by less aggressive immunosuppression
modification, given what is now known
about dexamethasone.

Several issues unique to transplant-
ation will require reevaluation as the
pandemic evolves. First, programs need
to be flexible in how they adapt to rising
cases in their regions, relying on a tiered
approach for adjusting transplant ac-
tivity based on the burden of COVID-
19 in the region and hospital. Moreover,
centers that have remained unaffected
by the pandemic may need to resort to
temporary cessation of transplants if

COVID-19 cases surge. Second, centers
performing preoperative SARS-CoV-2
PCR screening for asymptomatic trans-
plant candidates must publish their ex-
periences. These studies should focus on
the impact that canceling cases due to
positive PCRs has on waitlist mortality,
and on the optimal timing of reactivating
a SARS-CoV-2-positive transplant can-
didate. Third, universal SARS-CoV-2
testing of deceased donors, which is cur-
rently recommended by the AST [7], may
one day be relaxed as herd immunity de-
velops and once SARS-CoV-2 becomes
a seasonal circulating virus. Finally, al-
though it is permissible to use organs
other than lungs and intestines from
donors with influenza, whether organs
from a donor with COVID-19 can ever
be transplanted warrants careful evalu-
ation. Issues to consider include (a) the
repercussions of SARS-CoV-2 viremia
(which is uncommon and of unclear sig-
nificance) [2] in the deceased donor and
(b) whether the use of any organ is safe,
given the dissemination of SARS-CoV-2
to kidneys and other organs in some pa-
tients [10]. Current guidelines recom-
mend against the use of donors with a
history of COVID-19 unless a negative
SARS-CoV-2 PCR result is documented
[7]. Because chronic nasopharyngeal
shedding of ostensibly inert SARS-CoV-2
appears to be common [6], these re-
commendations may be modified in the
coming years. Once an effective vaccine is
developed and mass-administered, these
paradigms and many others will need to
be revisited.

In the past decades, the transplant
community has had to respond to SARS-
CoV, pandemic influenza HIN1, Middle
East respiratory syndrome coronavirus
(MERS-CoV), Ebola virus, Zika virus,
and others. Although COVID-19 is a
pandemic of unparalleled proportions,
transplant providers have learned to ad-
just to a new normal. Looking beyond
the current crisis, transplant research ef-
forts should focus on pathogenesis and
virology, immunosuppression strategies,
donor and recipient screening issues, and
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vaccine and drug trials in SOT. Finally, we
must prioritize protecting SOT recipients
from SARS-CoV-2 infection by enforcing
social distancing, implementing uni-
versal masking, and utilizing telemedi-

cine services to provide care.
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