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Pr esen tation of C a se

Dr. Matthew B. Roberts: A 66-year-old man who had undergone orthotopic liver trans-
plantation because of end-stage liver disease was admitted to this hospital because 
of fever and cough during the pandemic of coronavirus disease 2019 (Covid-19), the 
disease caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2).

Two days before this admission, fever, chills, and diffuse myalgias developed. 
The patient also noted a dry cough and nausea and that he had reduced his fluid 
intake. On the day of admission, the patient learned that his sister had received a 
diagnosis of Covid-19, and he was concerned that his symptoms might also be 
caused by infection with SARS-CoV-2, prompting him to present to a neighbor-
hood health center.

At the health center, the patient reported mild dyspnea. He appeared comfort-
able, with unlabored breathing. The temperature was 37.8°C, the pulse 125 beats 
per minute, the blood pressure 127/78 mm Hg, the respiratory rate 18 breaths per 
minute, and the oxygen saturation 97% while he was breathing ambient air. Aus-
cultation of the lungs revealed normal breath sounds. Further evaluation in the 
emergency department of this hospital was recommended.

On arrival at the emergency department, the patient reported ongoing cough 
and nausea but no chest pain, abdominal pain, vomiting, or diarrhea. He had a 
history of hypertension, diabetes, hyperlipidemia, obesity, peripheral neuropathy, 
chronic kidney disease, and end-stage liver disease due to alcohol use disorder and 
hepatitis B virus infection. Twenty-two months earlier, renal replacement therapy 
had been initiated for worsening renal function due to the hepatorenal syndrome, 
and shortly after, the patient had undergone orthotopic liver transplantation. Com-
bined liver and kidney transplantation had been planned, but the donor kidney was 
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unsuitable for transplantation because of exten-
sive dissection of the renal artery. After the liver 
transplantation, the patient’s renal function im-
proved, and renal replacement therapy was dis-
continued. Histopathological examination of 
tissue from the explanted native liver revealed 
moderately differentiated hepatocellular carci-
noma without evidence of intravascular invasion.

Current medications included tacrolimus, myco-
phenolate, amlodipine, doxazosin, gabapentin, 
omeprazole, ursodiol, and magnesium oxide. 
There were no known allergies. The patient was 
widowed and lived with his sister and several 
friends in an apartment in an urban area of New 
England. He was born in Central America and 
had immigrated to the United States three de-
cades earlier. He had smoked tobacco in the past 
but had quit 14 years earlier. He had stopped 
drinking alcohol 3 years earlier; during periods 
of heavy drinking, he had used cocaine and 
marijuana occasionally.

On examination, the patient appeared com-
fortable. The temperature was 38.0°C, the 
pulse 99 beats per minute, the blood pressure 
134/73 mm Hg, the respiratory rate 20 breaths 
per minute, and the oxygen saturation 94% 
while he was breathing ambient air. The body-
mass index (the weight in kilograms divided by 
the square of the height in meters) was 32.1. The 
respiratory effort and breath sounds were nor-
mal, as was the remainder of the physical exami-
nation. Nucleic acid testing of a nasopharyngeal 
swab for influenza viruses and respiratory syn-
cytial virus was negative. A nasopharyngeal swab 
for nucleic acid testing for SARS-CoV-2 RNA was 
obtained. Urinalysis revealed a pH of 5.5, a spe-
cific gravity of 1.008, 1+ blood, and 1+ protein. 
A urine test for legionella antigen was negative. 
Gram’s staining of a sputum specimen revealed 
rare polymorphonuclear leukocytes and few mixed 
gram-positive and gram-negative organisms with 
no specific type predominating; sputum and 
blood samples were obtained for culture. Other 
laboratory test results are shown in Table 1. An 
electrocardiogram showed sinus tachycardia and 
nonspecific ST-segment and T-wave abnormali-
ties that were unchanged from a study that had 
been performed 6 months earlier; the corrected 
QT interval was 424 msec.

Dr. Eric W. Zhang: Chest radiography (Fig. 1A) 
revealed low lung volumes with patchy, conflu-

ent airspace opacities in the mid-to-lower lungs 
that were more prominent on the left side than 
on the right side, with peripheral predominance. 
There were no radiographically significant pleu-
ral effusions.

Dr. Roberts: Intravenous normal saline, intrave-
nous ceftriaxone, and oral azithromycin were 
administered, and the patient was admitted to 
the hospital. On admission, the oxygen satura-
tion was 88% while he was breathing ambient 
air, and auscultation of the lungs revealed coarse 
crackles. Supplemental oxygen was administered 
through a nasal cannula at a rate of 2 liters per 
minute. Amlodipine and doxazosin were discon-
tinued. The next morning, the polymerase-chain-
reaction test for SARS-CoV-2 RNA showed a 
positive result. Atorvastatin, oral prednisone, 
and hydroxychloroquine were initiated, and the 
dose of mycophenolate was decreased.

During the next 2 days, the temperature in-
creased to 39.2°C. Chills, myalgias, nausea, and 
cough continued; dyspnea increased; and head-
ache, diarrhea, and occasional vomiting devel-
oped. Blood cultures obtained at the time of 
admission remained negative, and the sputum 
culture grew normal respiratory flora. Acetamin-
ophen and ondansetron were administered, and 
the rate of supplemental oxygen was increased 
to 6 liters per minute. The patient was placed in 
the prone position in bed.

On the fourth hospital day, the serum level of 
interleukin-6 was 24.6 pg per milliliter (refer-
ence value, <1.8); the levels of inflammatory 
markers and other laboratory test results are 
shown in Table 1. On the morning of the fifth 
hospital day, the oxygen saturation fell below 
90% while the patient was receiving supplemen-
tal oxygen through a nasal cannula at a rate of 
6 liters per minute. The patient was unable to 
speak in full sentences because of dyspnea, and 
auscultation of the lungs revealed decreased air 
entry.

Dr. Zhang: Chest radiography (Fig. 1B) revealed 
low lung volumes with increased diffuse multi-
focal airspace opacities. There were no radio-
graphically significant pleural effusions.

Dr. Roberts: Supplemental oxygen was admin-
istered through a nonrebreather face mask at a 
rate of 15 liters per minute. The patient was 
transferred to the medical intensive care unit 
(ICU), the trachea was intubated, and mechan-
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Table 1. Laboratory Data.*

Variable
Reference Range, 

Adults†
Before 

Transplantation
On 

Admission
Peak Value during 

Hospitalization

Value Hospital Day

White‑cell count (per μl) 4500–11,000 5390 8910 13

Differential count (per μl)

Neutrophils 1800–7700 4540 8150

Lymphocytes 1000–4800 470 150

Monocytes 200–1200 380 300

Prothrombin time (sec) 11.5–14.5 13.1 14.9 16

Prothrombin‑time international normalized 
ratio

0.9–1.1 1.0 1.2 16

d‑dimer (ng/ml) <500 1074 2977 16

Fibrinogen (mg/dl) 150–400 580 1134 15

Ferritin (μg/liter) 20–300 1361 5798 11

Erythrocyte sedimentation rate (mm/hr) 0–13 23 124 15

C‑reactive protein (mg/liter) <8.0 126.5 240.7 12

Procalcitonin (ng/ml) 0.00–0.08 0.24 0.49 12

Creatinine (mg/dl) 0.6–1.5 2.0 2.8 6

Aspartate aminotransferase (U/liter) 10–55 65 65 1

Alanine aminotransferase (U/liter) 10–40 60 75 8

Lactate dehydrogenase (U/liter) 110–210 238 365 8

Creatine kinase (U/liter) 60–400 247 339 2

High‑sensitivity troponin T (ng/liter) 0–14 37 45 8

Triglycerides (mg/dl) 40–150 206

Interleukin‑6 (pg/ml) <1.8 24.7 4

Mycobacterium tuberculosis interferon‑γ 
release assay

Negative Negative Negative

Hepatitis B virus core antibody Negative Positive Positive

Hepatitis B virus surface antigen Negative Positive Positive

Cytomegalovirus IgG Negative Positive

Cytomegalovirus DNA Negative Negative

Epstein–Barr virus viral capsid antigen IgG Negative Positive

Influenza A virus DNA Negative Negative

Influenza B virus DNA Negative Negative

Respiratory syncytial virus DNA Negative Negative

Legionella pneumophila serogroup 1 urinary 
antigen

Negative Negative

*  To convert the values for creatinine to micromoles per liter, multiply by 88.4. To convert the values for triglycerides to millimoles per liter, 
multiply by 0.01129.

†  Reference values are affected by many variables, including the patient population and the laboratory methods used. The ranges used at 
Massachusetts General Hospital are for adults who are not pregnant and do not have medical conditions that could affect the results. They 
may therefore not be appropriate for all patients.



n engl j med 383;12 nejm.org September 17, 2020 1171

Case Records of the Massachusetts Gener al Hospital

ical ventilation was initiated. On admission to 
the ICU, the patient was enrolled in a placebo-
controlled trial of the interleukin-6 receptor an-
tagonist sarilumab (ClinicalTrials.gov number, 
NCT04315298).

Management decisions were made.

 S A R S- CoV-2 Infec tion a f ter 
Solid - Org a n Tr a nspl a n tation

Dr. Jay A. Fishman: This 66-year-old man who had 
undergone orthotopic liver transplantation had 
several risk factors for severe Covid-19, including 
diabetes, obesity, chronic renal insufficiency, 
and immunosuppression.1-4

Initial presentations of Covid-19 vary in both 
normal and immunocompromised hosts.5,6 The 
heterogeneous progression of SARS-CoV-2 infec-
tion in the context of solid-organ transplantation 
emphasizes the role of the immune response as 
a driver of clinical progression (Fig. 2). Clinical 
symptoms at presentation include combinations 
of fever, dry cough, shortness of breath, myal-
gias, nausea, vomiting, diarrhea, anosmia, head-
ache, and sputum production (Fig. 3).1,3,4,8,9 Some 
patients have had syncope or stroke.2,8 Initial 
chest radiographs may appear normal, although 
bilateral peripheral patchy consolidative or ground-
glass opacities, which develop in most patients, 
are best seen on computed tomographic (CT) 
imaging of the chest.2

Pulmonary coinfection at the time of presen-
tation is uncommon; however, other community-
acquired respiratory viruses, cytomegalovirus, 
and pneumocystis, pseudomonas, and aspergil-
lus species have been identified in patients with 
Covid-19.10,11 Many solid-organ transplant recipi-
ents with mild Covid-19–related symptoms re-
cover at home and are followed remotely, with-
out the need for hospitalization. However, the 
clinical manifestations of Covid-19 in transplant 
recipients may occur as a biphasic process be-
fore recovery (Fig. 2).12

In the first phase of illness in a solid-organ 
transplant recipient, symptoms are typically mild, 
and the patient’s condition remains relatively 
stable. However, in some transplant recipients, 
such as this patient, abrupt clinical deterioration 
occurs, and of the patients who are hospitalized, 
more than half receive intensive care.13

The second phase of illness appears to be 
driven by the development of innate and adaptive 
immune responses to viral infection, accompa-
nied by a concurrent exuberant inflammatory 
response to infection that amplifies the viral 

Figure 1. Chest Radiographs.

A portable anteroposterior chest radiograph that was 
obtained on admission (Panel A) shows low lung vol‑
umes with bilateral airspace opacities in the mid‑to‑
lower lung zones that are more prominent on the left 
side than on the right side, with peripheral predomi‑
nance (arrows). No radiographically significant pleural 
effusions are seen. Surgical clips related to the previ‑
ous liver transplantation are visible in the right upper 
abdomen (arrowhead). A portable anteroposterior 
chest radiograph that was obtained on hospital day 5 
(Panel B) shows persistent low lung volumes with in‑
creased bilateral consolidative airspace opacities, which 
are now diffuse (arrows). No radiographically signifi‑
cant pleural effusions are seen.

A
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cytopathic lung injury.14,15 It is not known wheth-
er the period of initial stability (the first phase) 
is related to exogenous immunosuppression and 
whether empirical reduction in immunosuppres-
sion contributes to the pathogenesis of the in-
flammatory processes of the second phase, as 
well as to graft rejection. Mortality is high 
among symptomatic solid-organ transplant re-
cipients (10 to 28%) and intubated solid-organ 
transplant recipients (52 to 75%).9,16,17 This may 
reflect immunosuppression and the preponder-
ance of coexisting risk factors — including older 
age, obesity, diabetes, cardiovascular disease, 
and renal dysfunction — for poor outcomes 

among transplant recipients.18 The dispropor-
tionate burden of severe Covid-19 among Black 
and Hispanic populations persists among trans-
plant recipients.

In immunocompromised hosts, laboratory 
data — notably biomarkers associated with in-
flammation and Covid-19 — have less intrinsic 
value in predicting a patient’s clinical course 
than do trends.1-4,8,9 This patient, like most solid-
organ transplant recipients, presented with pul-
monary infiltrates, an elevated lactate dehydro-
genase level, lymphopenia (lymphocyte count, 
<1000 per microliter), and high levels of inflam-
matory markers (Table 1). In transplant recipi-

Figure 2. SARS-CoV-2 Infection in Organ Transplant Recipients.

After infection with severe acute respiratory syndrome coronavirus 2 (SARS‑CoV‑2), viral replication ensues in the respiratory epithelium, 
followed by viremia and systemic spread to organs by means of the angiotensin‑converting–enzyme 2 receptor. Symptoms develop 3 to 
5 days after exposure, with initiation of the innate immune response (first clinical phase). Elaboration of inflammatory cytokines and 
chemokines precedes the development of adaptive immunity (antibodies and T‑lymphocyte activation). Lung injury results from systemic 
inflammation, viral cytopathic effects, and immune responses to virally infected cells, including type II pneumocytes (second clinical 
phase). Fibrosis and acute respiratory distress syndrome (ARDS) may result; superinfection of injured lung tissue may occur, notably 
among patients receiving mechanical ventilation. Recovery among patients who receive mechanical ventilation is often protracted (third 
clinical phase). Research regarding the appropriate adjustment of exogenous immunosuppression for transplant patients, the timely 
start of antiviral therapies, and the deployment of antiinflammatory and immunomodulatory therapies in Covid‑19 is in progress.
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ents, an elevation in the C-reactive protein level 
predicts the need for intensive care. Procalcito-
nin levels generally remain low (<0.5 to 0.8 ng 
per milliliter) for the first 7 to 10 days of SARS-
CoV-2 infection and may subsequently rise, even 
in the absence of superinfection.19

This patient had progressive elevations in pro-
calcitonin and ferritin levels and in the erythro-
cyte sedimentation rate later in his hospitaliza-
tion that were concurrent with the subsequent 
development of ventilator-associated pneumonia 
with Pseudomonas aeruginosa. He had moderate 
renal dysfunction, which is common among 

solid-organ transplant recipients, particularly 
those who have undergone kidney transplanta-
tion or who have preexisting renal dysfunction. 
Renal dysfunction may reflect the effects of calci-
neurin inhibitors, hypotension, or graft rejection 
after a reduction in immunosuppression; the 
roles of viral cytopathic effects, endotheliitis, 
and immune responses to viral antigens in the 
kidney remain to be clarified.20,21 In one report, 
acute renal failure occurred in 27% of otherwise 
healthy persons with Covid-19 in China.22 Graft 
rejection and toxic effects from calcineurin 
inhibitors may be difficult to distinguish from 

Figure 3. Signs and Symptoms of SARS-CoV-2 Infection.

The varied presentation of SARS‑CoV‑2 infection reflects diversity in host immune responses, notably in immunosuppressed transplant 
recipients. Studies of viral strains and receptors are in progress. Acral lesions, which are purpuric macules, papules, vesicles, or pustules, 
may be described as “Covid toes” or “pseudo‑chilblains,” among other terms.7 ARDS denotes acute respiratory distress syndrome, and 
CNS central nervous system.
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viral-mediated effects, complement deposition, 
or thrombotic microangiopathy; microvascular 
thrombosis has been seen in some patients with 
d-dimer levels above 2500 ng per milliliter and 
low platelet counts.23,24 Small-vessel thrombosis 
may affect multiple organs, including the small 
bowel, lungs, heart, and kidneys.

Trials of immunomodulatory therapies are in 
progress. This patient was enrolled in a random-
ized, placebo-controlled trial of the interleu-
kin-6 receptor antagonist sarilumab. In general, 
the use of antiinflammatory therapies after the 
development of severe pneumonia may not ame-
liorate progression; once a patient undergoes 
intubation or receives extracorporeal membrane 
oxygenation, recovery is slow (clinical phase 3, 
Fig. 2).

Pr e v ious Coronav irus Ou tbr e a k s

Dr. Deepali Kumar: Transplant recipients are unique-
ly susceptible to the complications of both com-
munity and novel coronaviruses. In this popula-
tion, community coronaviruses often cause both 
upper and lower respiratory tract illness. In a 
study involving 26 patients who had previously 
undergone stem-cell transplantation and had 
lower respiratory disease resulting from commu-
nity coronaviruses, the 90-day mortality from re-
spiratory causes was 35%.25 A follow-up analysis 
of this cohort showed prolonged viral shedding.26

SARS-CoV

In 2003, a novel coronavirus, SARS-CoV, affected 
various parts of the world, including China, 
Hong Kong, and Canada. Unlike in the current 
Covid-19 pandemic, testing for SARS-CoV was 
not widely available, and the virus was not iden-
tified until several hundred persons had become 
infected. Clinical presentations were mostly se-
vere with acute pneumonia, and most affected 
persons were hospitalized. The rate of asymp-
tomatic infection was low, with one meta-analy-
sis showing an overall seropositivity rate of only 
0.1% among asymptomatic at-risk persons.27 
The incubation period was similar to that of 
Covid-19, with a median of 4.6 days,28 but viral 
loads and infectivity tended to peak later in the 
course of disease, when patients were hospital-
ized; this feature may have been a contributing 
factor to the marked susceptibility of health care 

workers to infection.29 From a virologic per-
spective, SARS-CoV and SARS-CoV-2 share 79% 
genomic homology30; both use the angiotensin-
converting–enzyme 2 (ACE2) receptor for host-
cell entry, and both have been isolated from 
stool and urine. Although no randomized trials 
were conducted to evaluate treatments for SARS-
CoV infection, observational cohort studies were 
unable to show clinically significant benefits of 
ribavirin, lopinavir in combination with ritona-
vir, pulse glucocorticoids, interferon, or conva-
lescent plasma. SARS-CoV ultimately infected 
8098 persons and was associated with a mortal-
ity of 9.6%. The outbreak was controlled with 
the use of strict infection-control measures, case 
identification, and contact tracing.

SARS developed in 3 patients who had under-
gone organ transplantation through a transplan-
tation program in Toronto. Two cases were fatal. 
One of the patients who died was a liver trans-
plant recipient whose infection may have been 
associated with a “super spreader” event in which 
more than 70 persons were exposed and 10 per-
sons subsequently had illness compatible with 
SARS.31 The second patient who died was a lung 
transplant recipient who had infected a health 
care worker during a bronchoscopy. The SARS-
CoV tissue viral loads were measured at autopsy 
and were 4 log copies per milliliter greater than, 
or 10,000 times, the viral loads seen in a cohort 
of immunocompetent persons who had died 
from SARS.32 The third patient was a kidney 
transplant recipient who had been hospitalized 
and had recovered.

Middle East Respiratory Syndrome 
Coronavirus

Middle East respiratory syndrome coronavirus 
(MERS-CoV), which was described in 2012, has 
affected approximately 2500 persons, with a mor-
tality of 34.4%. MERS-CoV shares 50% genomic 
homology with SARS-CoV-230 and uses the dipep-
tidyl peptidase 4 receptor to gain entry into the 
host cell, a feature that probably leads to differ-
ences in infectivity and clinical presentation. 
Two solid-organ (kidney) transplant recipients 
with MERS have been described.33 The first pre-
sented with pneumonia and acute kidney injury 
and was found to have MERS-CoV in both naso-
pharyngeal and blood specimens. The patient 
received pegylated interferon alfa-2a with ribavi-
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rin but eventually died. The second patient had 
a milder presentation but also had acute kidney 
injury; immunosuppression was reduced, and he 
recovered without specific antiviral therapy.

The outbreak of SARS-CoV-2 shares many 
features with the previous coronavirus outbreaks 
in transplant recipients. As was the case with 
SARS and MERS, a substantial proportion of 
transplant recipients with Covid-19 have lower 
respiratory disease and are hospitalized, with 
frequent need of intensive care. Extrapulmonary 
manifestations such as renal, neurologic, or gas-
trointestinal disease were not well described with 
SARS or MERS; however, coronaviruses can 
cause multisystem disease. Autopsy findings in 
the case of a lung transplant recipient with SARS 
showed SARS-CoV in almost every tissue exam-
ined, with the greatest level of virus in the lungs 
and small intestine.32 One important aspect of 
the Covid-19 pandemic is the finding that more 
transplant recipients are asymptomatic or mildly 
symptomatic than in the other coronavirus out-
breaks, and the treatment of those patients has 
been successfully managed on an outpatient basis.

V irol o gic a nd Immunol o gic 
Fe at ur es of S A R S- CoV-2

Dr. Hans H. Hirsch: On the basis of the virologic 
features of SARS-CoV-2, a novel species of the 
Coronaviridae family, ample opportunities are pre-
dicted for antiviral drug targets.34 SARS-CoV-2 
has the highest genetic homology with bat coro-
naviruses, suggesting a zoonotic origin.4,30,35 The 
most striking feature of SARS-CoV-2 is its effi-
cient human-to-human transmission, which is 
similar to that of annually circulating human 
coronaviruses that affect transplant recipients36; 
it has a reproductive number of 2 to 4, indicating 
a high level of infectivity, which is responsible 
for the current pandemic. The reservoir and in-
termediate hosts of SARS-CoV-2 are still elusive. 
A review of the transmission dynamics suggests 
that the spread of the virus occurred months 
before the initial clusters of Covid-19–related 
pneumonia were detected, after synchronized 
transmissions during preparations for the Lunar 
New Year.37

The great speed of pandemic spread is consis-
tent with a short viral incubation period of 3 to 
5 days, after which high SARS-CoV-2 loads (sev-

eral million copies) become detectable in respi-
ratory secretions38,39; this often occurs before 
symptoms are noted,40,41 although chest CT may 
already reveal bilateral peripheral patchy ground-
glass opacities.42 These findings suggest that 
there is little preexisting or cross-reactive virus-
specific adaptive immunity in the human popula-
tion during the Covid-19 pandemic,39 in contrast 
with the 2009 pandemic influenza A (H1N1) 
outbreak, in which older populations appeared 
to be protected from severe outcomes.43 The ab-
sence of protective neutralizing immunity to 
coronaviruses is notable.

The mutation rate during viral replication44 is 
substantially lower with SARS-CoV than with 
other RNA viruses (e.g., human immunodefi-
ciency virus or influenza virus), owing to the 3′ to 
5′ exonuclease proofreading function, which 
slows antigenic evolution in the absence of ho-
mologous genome recombination. SARS-CoV mu-
tations allow construction of clades and the 
monitoring of changes over time, as well as at-
tribution to geographic regions, but overall mu-
tation rates are low.45 The 12-nucleotide inser-
tion encoding the novel furin target is in the 
viral spike protein and probably required com-
plex genetic events, even among coinfected bats. 
The acquisition of the novel furin target se-
quence is reminiscent of genetic changes seen in 
the shift from low pathogenic to highly patho-
genic avian influenza.44 Thus, SARS-CoV-2 may 
have acquired key virulence properties for hu-
man infection before the first spillover into the 
human population.

Together, viral factors and the lack of preex-
isting SARS-CoV-2–specific immune memory are 
likely to account for the high viral loads and 
rapid progression to the lower respiratory tract. 
Activation of innate immune responses, includ-
ing resident and invading macrophages, results 
in increasing levels of cytokines such as interleu-
kin-6 and inducing acute-phase responses in the 
liver and rising C-reactive protein levels, as de-
scribed in this patient. Early radiologic changes 
evolve with progressive inflammation and ede-
ma.46 In approximately 5 to 15% of clinically 
severe cases of Covid-19, the SARS-CoV-2 ge-
nome is detected in blood (RNAemia),8 correlat-
ing with higher interleukin-6 levels47 and systemic 
spread with endotheliitis, coagulation, and com-
plement activation. Stimulation of virus-specific 
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T-cell responses and neutralizing antibodies in 
immunocompetent hosts within 2 to 3 weeks 
after infection can eliminate virus-producing 
cells and prevent new infection, thus reducing 
inflammation and promoting recovery (Fig. 2).48 
The low infection rates among young children 
and the benign clinical course of SARS-CoV-2 
infection among younger adults may be related 
to ACE2 receptor levels,49 whereas the roles of 
competing respiratory viral infections in chil-
dren39 and heterologous immunity, complement 
activation, and distorted immune repertoires of 
immunosenescence among the elderly warrant 
further study.

Given these pathophysiological considerations, 
therapeutic strategies include interrupting viral 
damage, reducing innate inflammation, and pro-
moting virus-specific immunity (Fig. 2). Experi-
ence with antiviral treatment for uncomplicated 
influenza among immunocompetent adults sug-
gests that the clinical benefit is greatest when 
potent antiviral agents are administered less 
than 48 hours after symptoms start.50 Convales-
cent plasma and antiinflammatory treatments, 
which dampen macrophages but spare lympho-
cyte function, may be considered early in the 
course of clinical progression, although data are 
limited and further study is needed. Interleu-
kin-6 inhibition may be preferred over glucocor-
ticoid treatment to spare the functional lympho-
cyte count, since adaptive immune responses are 
sufficiently triggered by innate inflammation. In 
transplant recipients, reduced immunosuppres-
sion may exacerbate inflammatory responses.

Dr. Kathy M. Tran (Medicine): Dr. Maggiore, 
would you tell us how you would manage this 
patient’s immunosuppressive regimen?

M a nagemen t of 
Immunosuppr essi v e Ther a py

Dr. Umberto Maggiore: A major challenge in the 
treatment of SARS-CoV-2 infection in patients who 
have undergone solid-organ transplantation is the 
management of maintenance immunosuppres-
sion — a topic that remains controversial. Various 
approaches have been used, ranging from no 
change or a minimal reduction in immunosup-
pressive treatment to stopping all immunosup-
pressive drugs except for glucocorticoids, which 
are usually continued at an increased dose.17,21,51-53

Most current immunosuppressive drugs target 

T cells, the main component of the immune 
system that is responsible for viral clearance 
(Table 2). The potential benefit of reducing im-
munosuppression in a patient such as this one 
is associated with augmenting the antiviral re-
sponse. It has been shown that a suboptimal 
T-cell response contributes to the pathological 
changes observed in SARS.61 Among convales-
cent patients with Covid-19, neutralizing anti-
body titers correlate with the numbers of virus-
specific T cells.48 Finally, SARS-CoV-2–reactive 
CD4+ T cells are found in 40 to 60% of unex-
posed persons, suggesting some cross-reactive 
T-cell recognition between circulating “common 
cold” coronaviruses and SARS-CoV-2.62 However, 
the pathophysiological processes of SARS-CoV-2 
infection involve the initiation of an uncontrolled 
inflammatory response, which contributes to the 
development of acute respiratory distress syn-
drome, thrombotic complications, and eventually 
pulmonary fibrosis (Fig. 2). Therefore, the use of 
immunosuppressive agents may provide benefit 
by reducing inflammation and associated injury. 
Such drugs may also exert direct antiviral effects; 
in vitro evidence suggests that calcineurin inhibi-
tors may have activity against SARS-CoV-2.63 In 
addition, calcineurin inhibitors are the only im-
munosuppressive drugs that could be safely used 
as monotherapy to prevent graft rejection.64,65

In recipients of a non-lifesaving organ who 
are at risk for the rapid development of severe 
respiratory impairment despite ongoing mainte-
nance immunosuppressive treatment, the dose 
of calcineurin inhibitors may be reduced until 
clinical improvement occurs, at which time the 
use of other antiinflammatory agents could be 
considered for controlling lung injury.56 Tempo-
rary discontinuation of calcineurin inhibitors 
should be considered if the patient is receiving 
additional antiinflammatory and immunosup-
pressive drugs, such as intravenous glucocorti-
coids, interleukin-6 receptor inhibitors (e.g., tociliz-
umab or sarilumab) with or without concomitant 
glucocorticoids, or signal transduction inhibi-
tors such as JAK-STAT (Janus-associated kinase–
signal transducer and activator of transcription) 
inhibitors.56 In contrast, continuation of calci-
neurin inhibitors, even at a reduced dose, is 
usually recommended in recipients of lifesaving 
organs (especially organs with the highest im-
munogenicity, such as the heart and lungs), irre-
spective of the degree of severity of the viral 
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disease and of any additional immunosuppres-
sive treatment, because of the potential life-
threatening consequences of acute rejection.

The most controversial issue regarding im-
munosuppressive treatment in patients with 
SARS-CoV-2 infection is the appropriate manage-
ment of glucocorticoids. Glucocorticoids should 
be continued if they are part of the maintenance 
immunosuppression regimen and may be intro-
duced in transplant recipients who are receiving 
glucocorticoid-free maintenance regimens.56 In 
the absence of viable alternatives, the early use 
of higher-dose glucocorticoids can be consid-
ered in transplant recipients receiving respiratory 
support.52,53,59,66 Treatment with mycophenolate, 
azathioprine, or mTOR (mammalian target of 
rapamycin) inhibitors (e.g., sirolimus or evero-
limus) may be stopped, or the dose reduced, 
initially because of their unfavorable side-effect 
profiles (Table 2). The effect of belatacept on 
SARS-CoV-2 infection is unknown. Atypical pre-
sentations of viral infections have been observed 
in solid-organ transplant recipients who were 
receiving belatacept.67 In patients in whom mod-
erate-to-severe SARS-CoV-2 infection develops, 
the administration of belatacept may be delayed 
until clinical improvement is observed; alterna-
tively, transient switches to low-dose calcineurin 
inhibitors may be considered.

Although the use of antiinflammatory drugs 
(e.g., high-dose glucocorticoids or interleukin-6 
receptor antagonists) in solid-organ transplant 
recipients may have the additional benefit of 
protecting against rejection among patients who 
are receiving tapering courses of the immuno-
suppressive agents, especially when calcineurin 
inhibitors are discontinued because of severe 
disease, their efficacy in the context of solid-
organ transplantation warrants testing in clini-
cal trials. Moreover, few of the largest case series 
published to date have reported on the incidence 

of rejection, as may have occurred in this patient, 
given the short follow-up period and the practi-
cal difficulties of assessing the cause of acute 
kidney injury in kidney transplant recipients. 
Therefore, the effects of various strategies on 
the risks of acute and chronic rejection are cur-
rently unknown.

Foll ow-up

Dr. Roberts: After prolonged intensive care man-
agement that included mechanical ventilatory 
support and that was complicated by P. aeruginosa 
ventilator-associated pneumonia, the patient’s 
trachea was extubated successfully on hospital 
day 24. On hospital day 26, the patient had ele-
vated results of liver-function tests, which aroused 
concern about allograft rejection. The liver-
function test abnormalities normalized after the 
dose of tacrolimus was increased and with the 
continued administration of prednisone and 
mycophenolate. The patient’s condition gradu-
ally improved, and he was discharged to an in-
patient rehabilitation facility on hospital day 34.

Fina l Di agnosis

Severe acute respiratory syndrome coronavirus 2 
infection.

This case was presented at the combined Medical–Surgical 
Grand Rounds.
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