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1 | INTRODUCTION

SARS-CoV-2, a novel coronavirus first reported in December 2019,
rapidly developed into a global pandemic, with more than 1.8 million
cases and 100 000 deaths reported worldwide.! Clinical manifesta-
tions of COVID-19, the disease caused by SARS-CoV-2, range from
asymptomatic infection to mild upper respiratory tract symptoms or
viral pneumonia. The most severe cases of COVID-19 can lead to
respiratory failure, multiorgan system failure, and death.?® Mortality
rates between 2% and 3% have been reported in the general popu-
lation.* Death is more common in those with preexisting conditions,
including hypertension, diabetes, and cardiovascular disease.*

Due to chronic immunosuppression, transplant recipients are
at increased risk both of acquiring infections and developing more
severe clinical disease. Additionally, there is a high burden of co-
morbid disease in the transplant population. Several case reports
and single-center series have described COVID-19 in transplant
patients, with most series describing kidney transplant patients
who were sick enough to require hospitalization.> To date, there
have been no reports of COVID-19 in pancreas transplant (PT) re-
cipients. We report here our experience with COVID-19 in four PT
recipients in New York, the epicenter of the outbreak in the United
States.

Abbreviations: ACE2, angiotensin-converting enzyme 2; COVID-19, coronavirus disease
2019; ESRD, end-stage renal disease; PT, pancreas transplant; SARS-CoV-2, severe acute
respiratory syndrome coronavirus 2; SPK, simultaneous pancreas-kidney.

| Kasi R. McCune?

| P.Rodrigo Sandoval?® |

Coronavirus disease 2019 (COVID-19) has become a pandemic since first being de-
scribed in January 2020. Clinical manifestations in non-transplant patients range
from asymptomatic infection to severe pneumonia with acute respiratory distress
syndrome, multiorgan system failure, and death. Limited reports in kidney transplant
recipients suggest similar characteristics in that population. We report here the first

case series of COVID-19 infection occurring in pancreas transplant recipients.

coronavirus, COVID-19, pancreas transplant, SARS-CoV-2

2 | CASES

Four simultaneous pancreas-kidney (SPK) transplant recipients, rep-
resenting 4.3% of all patients with functioning PT followed by our
program, were diagnosed with COVID-19 between March 22, 2020,
and April 11, 2020. Three patients tested positive by nasopharyngeal
swab for SARS-CoV-2after presenting to the hospital for evaluation.
The fourth patient received a clinical diagnosis of COVID-19 based
on symptoms; due to a critical shortage of testing supplies during the
epidemic, outpatient confirmatory testing was not able to be offered.
Cases are described below and summarized in Table 1; case 4 was also
included in a large multicenter cohort that was previously reported
but did not include patient-level data.” This study was approved by

the Columbia University Medical Center Institutional Review Board.

21 | Casel

A 53-year-old man end-stage renal disease (ESRD) secondary to type
1 diabetes presented to an outside hospital for evaluation 107 months
after receiving his second SPK. His immunosuppression regimen was
tacrolimus monotherapy. Presenting symptoms included fever and
cough. Creatinine on presentation was 0.9 mg/dL; other laboratory
results are not available. He tested positive for SARS-CoV-2. Due
to normal oxygen saturation, he was discharged home with outpa-
tient monitoring. His tacrolimus was held for two days, and he was

prescribed azithromycin. He did not develop dyspnea at home, and
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TABLE 1 Patient demographics and laboratory parameters

Case number
Age,y

Sex

Race

Comorbidities

Duration of diabetes pre-
transplant, years

Time from transplant, months

Inductionimmunosuppression

Maintenance
immunosuppression

SARS-CoV-2 PCR

Hospitalized

Baseline Laboratories
Hemoglobin Alc (%)
Creatinine (mg/dL)
Lipase (U/L)

Laboratories on Presentation
Creatinine (mg/dL)
Lipase (U/L)

Lactate dehydrogenase
(U/L; reference range
135-214)

C-reactive protein (mg/L;
reference range 0-10)

Ferritin (ng/mL; reference
range 13-150)

D-dimer (ng/mL; reference
range < 0.8)

COVID-19 treatments

Immunosuppression change

Duration of symptoms, days

1

53
Male
White

Hypertension, atrial fibrillation,
coronary artery disease

26

107

Thymoglobulin, rapid steroid
withdrawal

Tacrolimus

Positive
No

52
0.9
39

0.9

Azithromycin

Tacrolimus held x 2 d

18

2

40

Male
Hispanic

Hypertension

21

20

Thymoglobulin,
rapid steroid
withdrawal

Tacrolimus,
mycophenolate

Not performed
No

4.8
1.14
28

None

Mycophenolate held
15

3
60

Female
White

Hypertension,
coronary artery
disease

57

8

Thymoglobulin, rapid
steroid withdrawal

Tacrolimus,
mycophenolate

Positive
Yes

5.4
1.05
18

0.96

276

8.8

1118

1.4

Hydroxychloroquine,
azithromycin

Mycophenolate held

Not resolved

4

36
Female
Asian

Hypertension

23

g

Thymoglobulin, rapid
steroid withdrawal

Tacrolimus,
mycophenolate

Positive

yes

4.9
1.8
351

1.9
351
440

9.56

4492

0.56

Hydroxychloroquine,

azithromycin

Mycophenolate held
18

his symptoms gradually resolved over 18 days. He monitored his
fingerstick glucose intermittently at home and never developed hy-
perglycemia. Five weeks after initial symptom resolution, he remains
asymptomatic with normal fingersticks. Outpatient laboratories have

not been rechecked due to his desire to avoid healthcare settings.

2.2 | Case2

A 40-year-old man with ESRD secondary to type 1 diabetes pre-
sented for telehealth evaluation 20 months after receiving an
SPK. His immunosuppression regimen was tacrolimus and my-

cophenolate. Post-transplant course was notable for uncontrolled

hypertension, for which he had undergone angioplasty of the trans-
plant renal artery three weeks earlier, during the first week of the
COVID-19 outbreak in New York. Presenting symptoms included
fever, headache, anosmia, chest pain, diarrhea, and myalgias. A clini-
cal diagnosis of COVID-19 was made. Due to the absence of respira-
tory symptoms, he was not referred to the emergency department
and did not receive confirmatory testing for SARS-CoV-2 infection.
Mycophenolate was discontinued, and he was monitored at home
with daily telehealth check-ins. Outpatient laboratories were not
checked during this period. His fevers persisted at home for 15 days
before his symptoms resolved completely. He did not monitor his
fingerstick glucose during his illness but reported no symptoms of

hyperglycemia. His mycophenolate was resumed five days after
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symptom resolution. Five weeks later, he remains asymptomatic,
with normal glucose readings. His creatinine is 1.24 and lipase 42
U/L.

2.3 | Case3

A 60-year-old woman with ESRD secondary to type 1 diabetes pre-
sented for telehealth evaluation 8 months after receiving an SPK.
Her immunosuppression regimen was tacrolimus and mycopheno-
late. Presenting symptoms included fever, cough, dyspnea, head-
ache, anosmia, and diarrhea. Her mycophenolate was discontinued,
and she was monitored at home with frequent check-ins. Glucose
readings over the next 10 days were 120-130, similar to her baseline.
Due to worsening dyspnea and the development of hypoxia 10 days
after symptom onset, she was referred to her local hospital. Her
room air oxygen saturation was 89%, and she was started on sup-
plemental oxygen. She tested positive for SARS-CoV-2. Admission
laboratories were notable for white blood cells 1.3 x 10°, absolute
lymphocyte count 200, creatinine 0.96 mg/dL, and random glucose
118 mg/dL; pancreas enzymes were not checked. Other values are
shown in Table 1. Chest X-ray showed bilateral infiltrates. She was
treated with hydroxychloroquine, azithromycin, and methylpredni-
solone. Glucose while on methylprednisolone ranged from 71 to 206.
She had hypoxic respiratory failure 22 days after symptom onset and
died 3 days later. Creatinine was 0.6 prior to the respiratory arrest.

24 | Case4d

A 36-year-old woman with ESRD secondary to type 2 diabetes pre-
sented to our hospital three months after receiving an SPK. Her
immunosuppression regimen was tacrolimus and mycophenolate.
Presenting symptoms included fever, cough, and myalgias. She
tested positive for SARS-CoV-2. Admission laboratories were nota-
ble for white blood cells 6.24 x 10°, absolute lymphocyte count 310,
creatinine 1.9 mg/dL, random glucose 114 mg/dL, and lipase 351
U/L. Other values are shown in Table 1. Chest x-ray showed bilateral
hazy opacities in the lower lung fields. Her room air oxygen satura-
tion was 94%-100%, and she did not require supplemental oxygen
during her 7-day hospital stay. Her fevers resolved after 1 week and
her cough was slowly resolving after 2 weeks. During her admission,
her creatinine ranged from 1.9 to 2.2 mg/dL, her glucose ranged
from 71 to 114 mg/dL, and her lipase ranged from 248 to 351 I/L.
She was restarted on mycophenolate 1 week after her last fever.
Five weeks later, she remains asymptomatic, with fingersticks 95-
110, creatinine 1.34, lipase 211 U/L, and hemoglobin Alc 5.3%.

3 | DISCUSSION

We present here the first four cases of COVID-19 reported in PT

recipients, with one case being a presumptive diagnosis based on

WILEY--2

suggestive symptoms and known nosocomial exposure in the ab-
sence of confirmatory PCR testing for SARS-CoV-2. Our cases show
several notable findings and raise several key management ques-
tions. First, the main presenting symptoms in our PT recipients
(fever in 100%, cough in 75%) were similar to what is reported in
the non-transplant population.2’3 Diarrhea is reported in <5% of
non-transplant patients, but was found in two of our patients, in-
cluding one without respiratory symptoms. Diarrhea may be more
commonly reported in transplant patients with COVID-19 than in
the general population.” Whether this finding is due to the concur-
rent use of transplant medications known to cause diarrhea or other
factors is unclear. Second, similar to the non-transplant population,
PT recipients presented with a spectrum of disease severity rang-
ing from mild illness managed at home to more severe disease re-
quiring hospitalization and need for supplemental oxygen.* Three of
our four patients had mild-moderate disease, characterized by no
pneumonia or mild pneumonia, which is similar to the 74% rate of
mild-moderate disease reported in solid organ transplant recipients
and the 80% rate of mild disease reported in the non-transplant
population.*? One patient initially had mild disease but developed
respiratory failure 10 days after initial symptom onset and expired.
This symptom progression is similar to the biphasic disease course
described in non-transplant patients, in whom worsening respira-
tory status can develop around 7-10 days after symptom onset. 101!
Third, in patients for whom glucose levels were available, there was
no change in glycemic control compared with their premorbid glu-
cose control. Finally, the duration of symptoms in the three cases
that have resolved was 14-18 days.

The clinical deterioration of patient 3 after 10 days highlights the
importance of close monitoring of suspected or confirmed COVID-
19 in PT recipients followed in the outpatient setting until complete
symptom resolution. As the pandemic worsened in New York, most
patients without dyspnea or hypoxia were not admitted due to the
surge in hospitalized patients. Ambulatory clinics were reduced due
to staff redeployment and transition to telemedicine to support so-
cial distancing policies, making follow-up challenging. We managed
our outpatient COVID-19 PT recipients with frequent check-ins to
discuss symptom progression and review vital signs, including pulse
oximetry when available. Patients with worsening dyspnea or hy-
poxia were referred to the emergency department for inpatient
management.

In all three of our PT patients who have recovered from COVID-
19 infection, symptoms lasted for at least 2 weeks. Despite per-
sistence of symptoms, none of these patients experienced worsening
respiratory status. Transplant providers caring for PT recipients with
COVID-19 should be aware that a prolonged disease course in these
patients does not imply that a clinical deterioration is inevitable. Due
to uncertainty regarding the duration of viral shedding and infec-
tivity in recovered transplant patients, to avoid exposing COVID-
negative patients and staff in our transplant center to the virus, we
have limited follow-up for our COVID-19 PT recipients to either
video visits or in-person visits scheduled for hours that our trans-

plant center has dedicated specifically to follow-up for COVID-19
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patients. Unfortunately, due to limited availability of testing, we
were unable to perform serial SARS-CoV-2 RNA tests to document
time to resolution of viral shedding. We have reached out to the
three surviving patients to arrange for testing for the development
of anti-SARS-CoV-2 antibodies.

Management of immunosuppression in the setting of COVID-19
infection remains challenging. Immunosuppression is usually de-
creased in the setting of other systemic infections, typically with
dose reduction or elimination of the antimetabolite. When our pa-
tients informed us of symptoms consistent with COVID-19 infection,
we held mycophenolate in three of our patients and temporarily held
tacrolimus in one patient on monotherapy, a strategy similar to that
employed in other solid organ transplant recipients at our center.
The effect of commonly used antirejection medications on SARS-
CoV-2 is unknown, although both tacrolimus and mycophenolate
have been shown to inhibit the growth of other coronaviruses.>**
Mycophenolate, in combination with interferon-B, was shown to
limit viral replication in vivo but was associated with higher levels
of viral shedding in vivo.1*15 It is unknown whether reduction of im-
munosuppression at disease onset will affect the likelihood of de-
veloping cytokine storm syndrome nor is it known when it is safe
to reintroduce immunosuppression in patients who recover from
COVID-19 infection. We restarted mycophenolate in two patients
5-7 days after resolution of fevers, without any recurrence of symp-
toms over the next 5 weeks.

At the time these cases were diagnosed, there were limited
data on the efficacy of various antiviral therapies against SARS-
CoV-2, including hydroxychloroquine and azithromycin, both of
which had been used as adjunctive therapy in COVID-19 infec-
tion.'? Three of our patients treated with hydroxychloroquine
and/or azithromycin. Two of these patients were treated at hospi-
tals away from our center, and decisions as to whether and which
adjunctive agent to use were made based on institution-specific
protocols in place at the time of presentation. Subsequent studies
have suggested an absence of benefits of these adjunctive agents
against SARS-CoV-2, and we have stopped using these agents in
our PT and other solid organ transplant recipients."'16 Whether
there is a role for other potential therapies, such as remdesivir or
convalescent plasma, in the treatment of SARS-CoV-2, remains un-
known. Ongoing studies of these therapies are being conducted at
our hospital, and we have enrolled solid organ transplant recipi-
ents when eligible.

ACE2, the receptor which SARS-CoV-2 uses to enter cells, is ex-
pressed in the small intestine, pancreas, and kidney, and autopsies
from non-transplant patients with SARS-CoV-2 have found virus
particles in the kidney.'”? It is not known whether the virus may
also be found in the donor duodenum or pancreas of PT recipients.
Although glucose and laboratory monitoring were not uniform in our
patients, we did not observe any change in either glycemic control
or pancreas enzymes during their infection or on follow-up, suggest-
ing stable allograft function in the short-term. To date, there have
been no reports of acute rejection in other solid organ transplant

recipients.

In conclusion, PT recipients with COVID-19 infection present
with symptoms and clinical courses similar to what is reported in
other solid organ transplant patients. Transient reduction in immu-
nosuppression was associated with a mild disease course in three
out of four patients, although the optimal management of antire-
jection medications remains uncertain. Longer follow-up of PT re-
cipients with COVID-19 infection is needed to determine if there
are long-term sequelae on allograft function.
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