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1. Introduction

A severe consequence of SARS-CoV-2 infection is acute respi-
ratory distress syndrome. In mid-March 2020 for lung transplant
recipients there were very little data on the clinical course and ther-
apeutic options to treat SARS-CoV-2 infection and its consequences.
Lopinavir/ritonavir was an option for patients with severe pneumo-
nia based on data from Sars-Cov-1 outbreaks [1]. Ritonavir is widely
used as a potentiator in combination with other protease inhibitors,
such with lopinavir. The metabolization of immunosuppressants
such as mTor and calcineurin inhibitors by cytochrome P450 3A4
(CYP3A4)is inhibited by lopinavir/ritonavir. The case reported here
illustrates the dangerous interaction between lopinavir/ritonavir
and immunosuppressants in a lung transplant recipient with
COVID-19 in a context of uncertainty in the choice of antiviral
regimen.

2. Case report

We report the case of a 69-year old caucasian-woman with
a history of single right lung transplantation in August 2008 for
pulmonary lymphangioleiomyomatosis complicated by pulmonary
hypertension. She received substitution therapy for hypothy-
roidism, citalopram for depression, azithromycin and montelukast
to prevent chronic lung allograft dysfunction and treatment for
hypertension. Her lung function has been stable (percent predicted
forced expiratory volume in 1 second -ppFEV1- was 37) since the
transplantation, without need for oxygen therapy. Her immuno-
suppressive regimen consisted of everolimus (1.25 mg twice a day),
tacrolimus ER (extended release) 1 mg daily and prednisone 5 mg
per day. The tacrolimus and everolimus target trough concentra-
tions were respectively 2-4 and 5-8 p.g/L.

Myalgia and headaches appeared on March 16, 2020 (day 0)
after contact with a SARS-CoV-2 carrier five days before. The SARS-
CoV-2 nasal PCR test was positive. She was directly admitted to
our intensive care unit on day 11 for febrile dyspnea requiring
8 L/min oxygen therapy. The chest X-ray showed major alveo-
lar syndrome in the transplanted right lung. The clinical course
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and biological data are reported in Fig. 1. On day 11, we initi-
ated lopinavir/ritonavir, and the dosage of immunosuppressants
was adapted. Citalopram and azithromycin were stopped because
of the risk of QT lengthening. On day 15, clinical symptoms
worsened and a chest X-ray revealed increased opacities in the
transplanted right lung. On day 13, she suffered severe vomiting
and from day 14 experienced tremor, vomiting and diarrhea. Those
symptoms were associated with tacrolimus and everolimus levels
three to seven times greater than the target trough concentrations
under antiviral treatment. Consequently, we prematurely stopped
lopinavir/ritonavir after 8 doses (5 days) and intravenously rehy-
drated the patient, leading to improvement in renal function, and
the disappearance of symptoms. Liver function remained stable
during her hospital stay. On day 18, the patient was discharged with
continued monitoring of liver and renal functions and the concen-
trations of immunosuppressives. Since discharge, the patient has
been in good health.

3. Discussion

In this case of COVID-19 in an immunocompromised lung trans-
plant recipient, given the insufficient scientific data about specific
treatments and in view of the potential benefits, we decided to
introduce lopinavir/ritonavir due to the patient’s critical state.
Reducing the SARS-CoV-2 viral load may reduce the severity of
symptoms, as has been shown for SARS-Cov-1 [1]. At this early stage
in the pandemic we decided to use lopinavir/ritonavir despite little
data on the efficacy and safety of the various therapeutics tested in
COVID-19 [1]. In 2004, Chu et al showed that lopinavir/ritonavir
decreased mortality and acute respiratory distress syndrome in
SARS-CoV-1 infected patients [1]. By March 18, 2020, Cao B. et al
had demonstrated in a large Chinese randomized clinical trial on
hospitalized patients with severe COVID-19 that the combination
of lopinavir/ritonavir was not associated with significant clinical
improvement, either in terms of lower mortality rates or of SARS-
CoV-2 RNA levels, when given at a late stage of COVID-19 following
standard care [2]. However, Wit E. et al had shown that the early
introduction of remdesivir was needed for efficiency in MERS-
CoV infected macaques [3]. Lopinavir might therefore have some
effectifintroduced early enough. Unfortunately, lopinavir/ritonavir
dramatically increases blood concentrations of calcineurin and m-
Tor inhibitors as it strongly inhibits CYP3A4 which metabolizes
immunosuppressants, leading to altered pharmacokinetics due to
drug interactions. This interaction has already been described in
liver transplant patients living with HIV [4] and more recently
in renal transplant recipients having COVID-19 and treated with
chloroquine and lopinavir/ritonavir [5]. The observed difference in
pharmacokinetics between tacrolimus and everolimus might be
explained by a difference in their half-lives. Therefore, they rec-
ommended decreasing the dose of tacrolimus by at least 50% one
day before starting lopinavir/ritonavir, and suspending tacrolimus
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Fig. 1. History of symptoms and blood parameters.

for the following days. This pharmacodynamic interaction has also
been reported in a SARS-CoV-2 infected kidney transplant patient
[6]. During this potentially fatal pandemic, resorting to unproven
therapies without waiting for clinical trial data is a dilemma for
physicians [7]. In the present case, we chose to introduce antiviral
treatment despite the risk of adverse events. Indeed, considering
the rapid deterioration in the patient’s health, it seemed urgent to
act. At that time, we had no strong evidence regarding their efficacy
but in our opinion it appeared to be the best choice.

4. Conclusion

This case reveals the dangerous interaction between
lopinavir/ritonavir and tacrolimus/everolimus despite close
monitoring of the drug trough concentrations. We do not rec-
ommend the use of lopinavir/ritonavir under these conditions.
However, we had to find a balance between waiting for strong
evidence regarding the treatment’s efficacy and acting quickly
in an emergency. Therefore, in solid organ transplant recipients
requiring COVID-19 treatment the rigorous management of
immunosuppressants (blood concentrations) is essential. Practi-
cians should be aware of the potential severe interaction between
immunosuppressants and antiviral drugs in these life-threatening
situations.
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