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*

COVID-19 is caused by a new coronavirus, SARSCoV-2. Patients after kidney transplantation are a
high-risk group for severe COVID-19, with frequent
need for hospitalization (32%-78%) and mortality
rates ranging from 18% to 30% in most studies,
which, however, included mainly hospitalized
patients.1-5 International transplant societies have
not yet published comprehensive recommendations
for the treatment of COVID-19, nor have
randomized trials been performed in the organ
transplant
population.
Therefore,
the
recommendations of the CSN and CTS are based on

updated guidelines for the general population with
specifications
for
patients
after
kidney
transplantation, if relevant.6,7 Recommendations
regarding ventilatory support and hemodynamics go
beyond those of the CSN and CTS, and we refer to
the consensus of international groups.7,8 Most
treatment recommendations are related to the
severity of the course of COVID-19. The basic
definitions of asymptomatic, mild, moderate, severe,
and critical COVID-19 disease are shown in Table
1.6,7

Table 1: Clinical severity of COVID-19 in adults
Asymptomatic infection
Mild disease






Moderate disease
Severe illness

Critical illness














Positive virological evidence of SARS-CoV-2 (PCR, Ag test)
Absence of clinical symptoms compatible with COVID-19
Presence of various COVID-19 symptoms (e.g., temperature,
cough, sore throat, cephalea, fatigue, myalgia, nausea, vomiting,
diarrhea, loss of smell or taste)
Absence of new-onset shortness of breath or reduced oxygen
saturation
Absence of pathological findings on CT or lung X-ray
Evidence of lower respiratory tract disease by clinic and imaging
and/or significant physical exhaustion with febrile illness >38°C
Oxygen saturation (SpO2) 94% in air at rest
Pulmonary infiltrates >50%
Reduced oxygen saturation (SpO2) < 94% on air at rest
Breathing rate 30/min
Ratio of arterial partial pressure of oxygen to inspired oxygen
fraction (PaO2/FiO2) <300
Respiratory failure (PaO2/FiO2 <200, ARDS), including patients
with deterioration despite advanced forms of ventilatory support
(non-invasive ventilation, high-flow nasal oxygen therapy
/HFNC/) and patients requiring artificial lung ventilation
Septic shock
Disorder of consciousness
Multiorgan failure

1. Antiviral treatment
1.1 Remdesivir


We recommend remdesivir to hospitalized patients with moderate or severe
disease requiring oxygen therapy but not mechanical ventilation.



There are insufficient data to prefer 5- or 10-day treatment with remdesivir.



We recommend considering remdesivir therapy in hospitalized patients with a
moderate course without the need for oxygen therapy.



We recommend monitoring liver and renal function during treatment with
remdesivir.

Remdesivir is an adenosine analogue that inhibits
SARS-CoV-2 replication after binding to viral RNA
polymerase. It is likely to reduce the risk of death in
hospitalized patients with moderate or severe
COVID-19 requiring oxygen therapy but without the
need for noninvasive or invasive pulmonary
ventilation. Evidence is based on 4 randomized
trials.9-12 In the ACTT-1 trial, there was a 70%
reduction in the risk of death in the first 28 days in
the remdesivir-treated group compared with placebo
in patients initially treated with oxygen (without the
need for high-flow therapy or ventilation).9
Remdesivir also led to a reduction in the time
required for recovery by several days and improved
clinical
status.9,11
The
WHO-organized
SOLIDARITY trial did not confirm a mortality
benefit of remdesivir.12 However, its results are
limited by its open-label design and reporting of a
number of clinically relevant endpoints without
stratification according to
initial disease
severity.6,7,12 There is no evidence for remdesivir
monotherapy in patients requiring high-flow oxygen
therapy;
however,
in
combination
with
dexamethasone, the potential benefit of reducing
viral load while controlling the exaggerated
inflammatory response probably outweighs the
potential benefit.6,7 In post-transplant patients with
problematic viral load control and an initially
delayed anti-SARS-CoV-2 immune response, the
benefit of remdesivir may be more pronounced.13-15
The results of remdesivir treatment in patients
hospitalized for moderate COVID-19 without the

need for oxygen therapy are inconsistent.9,11,12
Remdesivir may be considered for patients at high
risk of progression to a severe course.6 These
patients include post-transplant patients, especially
the elderly (>65 years) and early (<6 months) posttransplant patients.16
Remdesivir is administered intravenously at an
initial dose of 200mg, 100mg on subsequent days for
a total of 5-10 days. There are probably no
significant differences between 5- and 10-day
treatment, although some studies show a benefit of
5-day treatment.11,17 Insurance companies in the
Czech Republic cover 5-day treatment. The
maximum effect of remdesivir treatment can be
achieved when administered early in the infection to
reduce viral load and prevent a subsequent massive
inflammatory response.1 In post-transplant patients
with prolonged replication, it is not possible to
determine a cut-off time from symptom onset when
it is still appropriate to administer remdesivir. In
cases of prolonged symptom duration (>10 days),
determination of viral load, e.g. by Ct (cycle
treshold) for PCR detection or by quantification of
SARS-CoV-2 Ag in serum by ELISA, may aid the
decision.14,18 Remdesivir contains renally excreted
sodium sulfobutyl ether-beta-cyclodextrin and is
therefore not recommended in patients with reduced
renal function (eGFR <30ml/min) who have been
excluded from the initial studies. However, later
studies did not report an increased incidence of
adverse events in patients with advanced renal
dysfunction.19-21

1.2 Lopinavir-ritonavir


We do not recommend lopinavir-ritonavir for the treatment of COVID-19.

Randomised trials have not shown a benefit of the
HIV protease inhibitor lopinavir-ritonavir compared
with standard treatment. Most of the data come from
the RECOVERY and WHO SOLIDARITY trials,
which included patients with moderate, severe, and
critical disease.12,22 In addition, interactions with

immunosuppressive agents must be considered in
post-transplant patients. Lopinavir-ritonavir is a
potent cytochrome P450 3A4 inhibitor that leads to
increased levels of calcineurin and mTOR inhibitors
with
subsequent
toxicity
and
excessive
immunosuppression.23

1.3 Experimental antiviral treatment


We do not recommend favipiravir, chloroquine, hydroxychloroquine,
azithromycin, or ivermectin for the treatment of COVID-19.

None of the above agents has been shown to have a
significant benefit in the treatment of COVID-19.6,7
Favipiravir has been tested without apparent effect
in several randomized trials.7,24 The risk of toxicity,
especially QTc interval prolongation and ventricular
arrhythmias, is predominant with chloroquine and

hydroxychloroquine. In a large randomized trial,
hydroxychloroquine treatment was associated with
an increased risk of progression of COVID-19 to the
need for mechanical ventilation and a numerically
higher risk of death.25

2. Anti-SARS-CoV-2 antibody products
2.1 Convalescent plasma


We do not recommend routine administration of convalescent plasma for the
treatment of COVID-19.

Plasma from donors cured of COVID-19 may
contain antibodies to SARS-CoV-2, which have the
potential to reduce viral load and subsequent
inflation.6 However, a pooled analysis of 9
randomized trials did not demonstrate the efficacy of
convalescent plasma in the treatment of COVID-19
compared with standard care.7 In the largest
RECOVERY trial using high-titre convalescent
plasma with high antibody titres, there was no
difference in 28-day mortality in patients with mild
to moderate COVID-19, nor was there a difference
when analysed in detail in different patient groups

according to COVID-19 severity.26 There are only
case-control data in post-transplant patients.1,27 In
the absence of controlled studies, a beneficial effect
of administering plasma with very high antibody
titres early after symptom onset cannot be excluded
in immunocompromised patients.6 On the other
hand, known adverse effects of treatment must be
considered. These include allergic reactions,
transmission of infections, transfusion-associated
acute lung injury (TRALI) or circulatory overload
(TACO) and others.6

2.2 Anti-SARS-CoV-2 monoclonal antibodies


We recommend treating patients with mild to moderate COVID-19 with a
combination of monoclonal antibodies: casirivimab (1200mg) + imdevimab
(1200mg) (REGN-COV2).



Treatment should be given as soon as possible after SARS-CoV-2 confirmation
and within 10 days of the onset of clinical symptoms.



We do not recommend administering monoclonal antibodies to patients
hospitalized for COVID-19. Treatment may be considered in patients hospitalized
for causes other than COVID-19.

Monoclonal antibodies currently in clinical use
include bamlanivimab, etesivimab, casirivimab and
imdevimab, all of which bind in different parts of the
receptor-binding domain (RBD) S of the SARSCoV-2 protein.6 In phase 2/3 trials in outpatients
with mild to moderate COVID-19, the combination
of bamlanivimab + etesivimab or casirivimab +
imdevimab resulted in a faster decline in viral load
compared with placebo; the difference was not
statistically
significant
with
bamlanivimab
monotherapy.28,29 Previously unpublished results
from phase 3 trials (summarized in Ref. 6)
demonstrated a 70% reduction in the risk of
hospitalization or death with both antibody
combinations.
Treatment
with
monoclonal
antibodies has been approved for patients at high risk
of progression to severe disease, which includes
patients after kidney transplantation. Treatment must
be initiated early, due to the production of self
antibodies around day 10 of clinical symptoms.30
Experience in patients after kidney transplantation is
limited. In a small uncontrolled study, treatment with
casirivimab + imdevimab was well tolerated and
none of the 25 treated patients progressed to severe
COVID-19.31 The combination of bamlanivimab
(700mg) + etesivimab (1400mg) is not yet available
in the Czech Republic.

Bamlanivimab monotherapy has reduced efficacy in
some new SARS-CoV-2 variants (e.g. B.1.351 South African variant) compared to antibody
combination32 and is therefore not the preferred
treatment, but can be used when other agents are not
available. Treatment with monoclonal antibodies is
not effective in patients with severe COVID-19 and
may even be associated with a worse course in
patients requiring mechanical ventilation or highflow oxygen therapy.33,34
In patients treated with monoclonal antibodies,
vaccination
against
COVID-19
(including
administration of the second dose) should be delayed
for at least 3 months due to possible interference with
the immune response after vaccination. No data are
available on the efficacy of monoclonal antibody
treatment in patients after vaccination. It should be
considered in patients after kidney transplantation,
given that the post-vaccination antibody response is
lower in this population and is achieved in 38-54%
of cases after completion of mRNA vaccines.35-37
Optimally, the indication should be supported by
negative anti-SARS-CoV-2 IgG after vaccination.

3. Immunomodulatory treatment
3.1 Dexamethasone



We recommend treatment with intravenous or oral dexamethasone at a dose of
6mg daily for up to 10 days in patients requiring oxygen therapy including
mechanical ventilation.
We do not recommend routine use of dexamethasone in patients without a need
for oxygen therapy.

Excessive systemic inflation in patients with severe
COVID-19 can lead to lung injury and fatal
consequences. Therefore, the potent antiinflammatory effect of corticosteroids has the
potential to influence the adverse course of COVID-

19. A pooled analysis of randomized trials
demonstrates a reduction in mortality with
dexamethasone treatment in patients with severe and
critical COVID-19; in patients requiring oxygen
therapy without mechanical ventilation, the

composite endpoint of need for mechanical
ventilation and death is reduced, in addition to
significantly reducing the length of hospital stay. 7
The greater benefit of corticosteroid therapy is in
patients requiring higher doses of oxygen. In
contrast, patients with moderate COVID-19 without
the need for oxygen therapy tend to have increased
mortality. When indications are met, concurrent
treatment with remdesivir is assumed. The main
evidence comes from the multicenter RECOVERY
trial with a relative reduction in 28-day mortality of
17%; in the artificial lung ventilation group, the
reduction was 36%.38

Consistent with the mechanism of action of
corticosteroids, the beneficial effect appears to be
only in patients at least 7 days after the onset of
symptoms.39
During corticosteroid treatment,
potential side effects (hyperglycemia, secondary
infections, avascular necrosis, etc.) should be
monitored and treated. Although most of the positive
results are based on studies using dexamethasone,
equivalent doses of other corticosteroids
(prednisone, hydrocortisone, methylprednisolone)
may be used as an alternative. 6,7

3.2 Tocilizumab


We recommend considering tocilizumab (in combination with dexamethasone) in
a defined group of hospitalized patients with rapidly progressive respiratory
decompensation.

Tocilizumab is a monoclonal antibody inhibiting the
IL-6 receptor and is administered intravenously in a
single dose (8mg/kg, maximum 800mg). In the
general population, a beneficial effect was observed
in patients with a short ( 3 days) hospitalization
before admission to the intensive care unit for
mechanical ventilation, non-invasive ventilation or
high-flow nasal oxygen therapy and with evidence of
significant systemic inflation (elevation of CRP, IL6). In 2 randomized trials (RECOVERY and
RAMAP-CAP), a modest mortality benefit and
lower risk of needing mechanical ventilation were
demonstrated in the above population.40,41

It is not clear whether this treatment is beneficial in
patients who have had a kidney transplant. However,
limited data show a decrease in inflammatory
parameters
after
tocilizumab
treatment.42
Tocilizumab is not associated with a higher risk of
infectious complications.43
Currently, there is insufficient evidence in the
general population to recommend treatment with
other immunomodulatory drugs such as JAK
inhibitors (baricitinib), IL-1 inhibitors (anakinra),
and a number of others.6,7 The safety of such
treatment in post-transplant patients is unproven.

4. Prophylaxis of venous thromboembolic disease



We recommend treatment with prophylactic doses of anticoagulation (preferably
low molecular weight heparin) in patients with moderate, severe and critical
COVID-19.
There is insufficient evidence for the routine use of prophylactic anticoagulation
in mild COVID-19.

COVID-19 is associated with inflammation and a
prothrombotic state with an increase in a number of
laboratory markers (fibrin, fibrin degradation
products, fibrinogen, D-dimers).44 The incidence of
venous thromboembolic disease is very high,
especially in hospitalized patients.45 Therefore,
prophylactic anticoagulation is recommended for all

patients with moderate, severe, or critical COVID19, except for individuals at high risk of
bleeding.6,7,46 Increasing the dose from prophylactic
to intermediate or full therapeutic does not lead to
improved clinical outcomes even in patients with
critical disease.7

Although thromboembolic complications may occur
at a lower rate even with mild outpatient COVID-19
treatment, there is no evidence for the routine use of
pharmacological
prophylaxis.
Nevertheless,
bleeding risk should be considered and prophylactic
anticoagulation may be used in patients at high risk

of thromboembolic disease.47 This includes renal
transplant patients who have a significantly
increased risk of thromboembolic disease compared
with the general population, especially in the first
year after transplantation.48

5. Monitoring and adjustment of immunosuppressive therapy


We recommend monitoring calcineurin inhibitor levels in hospitalized patients.



Drugs with strong interactions with immunosuppressive agents (e.g. macrolide
antibiotics except azithromycin, azole antifungals) are not recommended unless
there is no other alternative and frequent monitoring of immunosuppressive levels
is possible at the same time.



We suggest to reduce immunosuppressive therapy in patients with moderate,
severe, and critical COVID-19 with a preference for withdrawal or reduction of
antimetabolite.



There is insufficient evidence for or against recommending a change in
immunosuppressive therapy in asymptomatic patients or mild COVID-19.

Despite the absence of interacting medication, a
significant proportion of patients hospitalized for
COVID-19 had documented rising tacrolimus levels,
and significantly elevated levels were associated
with a risk of death.49 Data on the effect of COVID19 on cyclosporine or mTOR inhibitor levels have
not yet been published. Reasons for the increase in
tacrolimus levels are speculative and include
gastrointestinal symptoms with COVID-19 and a
pro-inflammatory state with elevation of IL-6, which
inhibits cytochrome P450 3A4 activity.50
Overexposure to tacrolimus can lead to secondary
infections and direct toxic effects (e.g.,
nephrotoxicity, gastrointestinal adverse events, and
neurotoxicity). Patients should be treated at a
transplant centre or other healthcare facilities with
the capacity to determine immunosuppressant levels
and
staff
experienced
in
treating
immunocompromised patients.
Commonly used antibiotics in the treatment of
presumed concomitant bacterial pneumonia, such as
macrolides (e.g. clarithromycin) or prophylactic or
therapeutic use of azole antifungals in the later phase
of the disease, interact strongly with the metabolism
of tacrolimus, cyclosporine and mTOR inhibitors.51
These drugs should only be used in the absence of an
effective alternative under conditions of frequent
monitoring of immunosuppression levels. In patients

with a severe course, monitoring for the
development of secondary opportunistic infections,
especially reactivation of herpes viruses and mycotic
superinfection, is necessary.
It is unclear how to optimally tailor
immunosuppressive therapy in patients with
COVID-19 after kidney transplantation.1,39,52 Unlike
other viral diseases with a severe course (e.g.,
cytomegalovirus, influenza), where reduction of
immunosuppression (antimetabolite interruption,
reduction of calcineurin inhibitor levels) to restore
antiviral immunity is a generally accepted approach,
COVID-19, with its biphasic course, poses a more
complex problem.1,52 After an initial phase with viral
symptoms, a proportion of patients with a severe
course progress to a phase characterized by intense
inflammasome with immune response imbalance
with reduced interferon expression and, conversely,
high production of proinflammatory cytokines.1,52
Immunosuppressive therapy with cellular immunity
inhibition may theoretically be beneficial and
dampen the inflammatory response. The course of
COVID-19 and mortality does not correlate with the
intensity of immunosuppression at the time of
diagnosis.3,53,54
Registries and cohort studies show that
antimetabolite therapy (mycophenolate mofetil,
mycophenolate sodium) is most often reduced or

discontinued, as lymphopenia induced by it may
predict an adverse course of COVID-19.52,55
Conversely,
complete
withdrawal
of
immunosuppression is not recommended, and
calcineurin inhibitors (often with reduced target
levels) are given during COVID-19.39,52,55-57
Analyses from the European Registry of Liver

Transplant Patients suggest a lower risk of death in
patients treated with tacrolimus.57 However, further
studies are needed to demonstrate the benefit of
tacrolimus. Discontinuation of calcineurin inhibitors
should be approached on an individual basis, e.g. in
the situation of critical COVID-19 with proven
severe bacterial, fungal or viral superinfections.

6. Supplements and associated medication


There is not enough data for or against the use of vitamin D, vitamin C or zinc to
treat COVID-19.



We recommend not to interrupt chronically administered medication with
angiotensin converting enzyme inhibitors (ACEi) or angiotensin receptor blockers
(ARBs) except when the clinical condition requires their discontinuation.

Vitamin or mineral supplements are not currently
recommended for routine use in the treatment of
COVID-19.6
Vitamin D is most commonly
discussed, given its receptor expression on immune
cells and its potential to modulate both natural and
specific immune responses.58 In COVID-19, vitamin
D treatment was tested in a double-blind randomized
trial in patients with moderate or severe course with
no evidence of difference in mortality and a number
of other parameters.59
Since ACE2 is the surface receptor for SARS-CoV2, there has been speculation about the possible
effect of ACEi or ARB treatment on viral

replication.60 However, later studies have not
demonstrated an effect of ACEi/ARB on the course
of COVID-19.61
Similarly, the benefit of
discontinuing chronic ACEi/ARB treatment in
patients with mild or moderate COVID-19 was not
demonstrated in a randomized trial; on the contrary,
in the group of patients requiring oxygen therapy, it
was preferable not to discontinue treatment.62 For
these reasons, it is not recommended to routinely
discontinue ACEi/ARB therapy.6,63 The same
recommendation applies to other drugs commonly
used after kidney transplantation, such as statins,
proton pump inhibitors, or inhaled steroids.6

Appendix
*

Except for the 1st author, the other authors are listed alphabetically.

Approved by the CSN Committee composed of Romana Ryšavá (Chairman), Ondřej Viklický (1st ViceChairman), Vladimír Tesař (2nd Vice-Chairman), František Švára (Scientific Secretary), Vladimíra Bednářová
(treasurer), Martin Havrda, Eva Jančová, Alena Paříková, Tomáš Reischig, Ivan Rychlík, Sylvie Dusilová Sulková,
Barbora Szonowská, Petr Táborský
Approved by the CTS Committee composed of Vladislav Třeška (Chairman), Petr Bachleda (Vice-Chairman
and Financial Secretary), Tomáš Reischig (Scientific Secretary), Igor Guňka, Pavel Havránek, Jana Janečková,
Petr Němec, Soňa Štěpánková, Štefan Vítko

Reference
1.
Danziger-Isakov L, Blumberg EA, Manuel O, Sester M. Impact of COVID-19 in solid organ transplant
recipients. Am J Transplant 2021;21:925-37.
2.
Husain SA, Dube G, Morris H, et al. Early Outcomes of Outpatient Management of Kidney Transplant
Recipients with Coronavirus Disease 2019. Clinical journal of the American Society of Nephrology : CJASN
2020;15:1174-8.
3.
Kates OS, Haydel BM, Florman SS, et al. COVID-19 in solid organ transplantation: A multi-center
cohort study. Clin Infect Dis 2020.
4.
Ravanan R, Callaghan CJ, Mumford L, et al. SARS-CoV-2 infection and early mortality of waitlisted
and solid organ transplant recipients in England: A national cohort study. Am J Transplant 2020;20:3008-18.
5.
Jager KJ, Kramer A, Chesnaye NC, et al. Results from the ERA-EDTA Registry indicate a high
mortality due to COVID-19 in dialysis patients and kidney transplant recipients across Europe. Kidney Int
2020;98:1540-8.
6.
NIH COVID-19 Treatment Guidelines. https://www.covid19treatmentguidelines.nih.gov/therapeuticmanagement/. (Accessed May 17, 2021)
7.
Australian guidelines for the clinical care of people with COVID-19.
https://app.magicapp.org/#/guideline/L4Q5An/section/L0OPkj. (Accessed May 17, 2021)
8.
Alhazzani W, Evans L, Alshamsi F, et al. Surviving Sepsis Campaign Guidelines on the Management of
Adults With Coronavirus Disease 2019 (COVID-19) in the ICU: First Update. Critical care medicine
2021;49:e219-e34.
9.
Beigel JH, Tomashek KM, Dodd LE, et al. Remdesivir for the Treatment of Covid-19 - Final Report. N
Engl J Med 2020;383:1813-26.
10.
Wang Y, Zhang D, Du G, et al. Remdesivir in adults with severe COVID-19: a randomized, doubleblind, placebo-controlled, multicentre trial. Lancet 2020;395:1569-78.
11.
Spinner CD, Gottlieb RL, Criner GJ, et al. Effect of Remdesivir vs Standard Care on Clinical Status at
11 Days in Patients With Moderate COVID-19: A Randomized Clinical Trial. Jama 2020;324:1048-57.
12.
Pan H, Peto R, Henao-Restrepo AM, et al. Repurposed Antiviral Drugs for Covid-19 - Interim WHO
Solidarity Trial Results. N Engl J Med 2021;384:497-511.
13.
Theodore DA, Greendyke WG, Miko B, et al. Cycle Thresholds Among Solid Organ Transplant
Recipients Testing Positive for SARS-CoV-2. Transplantation 2021.
14.
Benotmane I, Gautier-Vargas G, Wendling MJ, et al. In-depth virological assessment of kidney
transplant recipients with COVID-19. Am J Transplant 2020;20:3162-72.
15.
Fava A, Donadeu L, Sabe N, et al. SARS-CoV-2-specific serological and functional T cell immune
responses during acute and early COVID-19 convalescence in solid organ transplant patients. Am J Transplant
2021.
16.
Villanego F, Mazuecos A, Perez-Flores IM, et al. Predictors of severe COVID-19 in kidney transplant
recipients in the different epidemic waves: Analysis of the Spanish Registry. Am J Transplant 2021.
17.
Goldman JD, Lye DCB, Hui DS, et al. Remdesivir for 5 or 10 Days in Patients with Severe Covid-19. N
Engl J Med 2020;383:1827-37.
18.
Ogata AF, Maley AM, Wu C, et al. Ultra-sensitive Serial Profiling of SARS-CoV-2 Antigens and
Antibodies in Plasma to Understand Disease Progression in COVID-19 Patients with Severe Disease. Clinical
Chemistry 2020.
19.
Ackley TW, McManus D, Topal JE, Cicali B, Shah S. A Valid Warning or Clinical Lore: an Evaluation
of Safety Outcomes of Remdesivir in Patients with Impaired Renal Function from a Multicenter Matched
Cohort. Antimicrob Agents Chemother 2021;65.
20.
Aiswarya D, Arumugam V, Dineshkumar T, et al. Use of Remdesivir in Patients With COVID-19 on
Hemodialysis: A Study of Safety and Tolerance. Kidney international reports 2021;6:586-93.
21.
Gregorova J, Murínová I, Linhartová A. Pharmacotherapy COVID-19 - version 13.
https://www.coskf.cz/media/files/covid-19-farmakoterapie-v_13-31012021.pdf. 2021. (Accessed May 17, 2021 )
22.
Lopinavir-ritonavir in patients admitted to hospital with COVID-19 (RECOVERY): a randomised,
controlled, open-label, platform trial. Lancet 2020.
23.
Xia T, Wang Y. Coronavirus disease 2019 and transplantation: the combination of lopinavir/ritonavir
and hydroxychloroquine is responsible for excessive tacrolimus trough level and unfavorable outcome. Am J
Transplant 2020;20:2630-1.
24.
Lou Y, Liu L, Yao H, et al. Clinical Outcomes and Plasma Concentrations of Baloxavir Marboxil and
Favipiravir in COVID-19 Patients: An Exploratory Randomized, Controlled Trial. European journal of
pharmaceutical sciences : official journal of the European Federation for Pharmaceutical Sciences
2021;157:105631.

25.
Horby P, Mafham M, Linsell L, et al. Effect of Hydroxychloroquine in Hospitalized Patients with
Covid-19. N Engl J Med 2020;383:2030-40.
26.
Convalescent plasma in patients admitted to hospital with COVID-19 (RECOVERY): a randomised
controlled, open-label, platform trial. Lancet 2021.
27.
Rahman F, Liu STH, Taimur S, et al. Treatment with convalescent plasma in solid organ transplant
recipients with COVID-19: Experience at large transplant center in New York City. Clin Transplant
2020;34:e14089.
28.
Gottlieb RL, Nirula A, Chen P, et al. Effect of Bamlanivimab as Monotherapy or in Combination With
Etesevimab on Viral Load in Patients With Mild to Moderate COVID-19: A Randomized Clinical Trial. Jama
2021;325:632-44.
29.
Weinreich DM, Sivapalasingam S, Norton T, et al. REGN-COV2, a Neutralizing Antibody Cocktail, in
Outpatients with Covid-19. N Engl J Med 2021;384:238-51.
30.
Wang Y, Zhang L, Sang L, et al. Kinetics of viral load and antibody response in relation to COVID-19
severity. J Clin Invest 2020;130:5235-44.
31.
Dhand A, Lobo SA, Wolfe K, et al. Casirivimab-Imdevimab for Treatment of COVID-19 in Solid
Organ Transplant Recipients: an Early Experience. Transplantation 2021.
32.
Wang P, Nair MS, Liu L, et al. Antibody resistance of SARS-CoV-2 variants B.1.351 and B.1.1.7.
Nature 2021;593:130-5.
33.
Food and Drug Administration. Fact sheet for healthcare providers: emergency use authorization (EUA)
of REGEN-COV (casirivimab and imdevimab). https://www.fda.gov/media/145611/download. (Accessed May
17, 2021 )
34.
Lundgren JD, Grund B, Barkauskas CE, et al. A Neutralizing Monoclonal Antibody for Hospitalized
Patients with Covid-19. N Engl J Med 2021;384:905-14.
35.
Benotmane I, Gautier-Vargas G, Cognard N, et al. Low immunization rates among kidney transplant
recipients who received 2 doses of the mRNA-1273 SARS-CoV-2 vaccine. Kidney Int 2021.
36.
Grupper A, Rabinowich L, Schwartz D, et al. Reduced humoral response to mRNA SARS-CoV-2
BNT162b2 vaccine in kidney transplant recipients without prior exposure to the virus. Am J Transplant 2021.
37.
Boyarsky BJ, Werbel WA, Avery RK, et al. Antibody Response to 2-Dose SARS-CoV-2 mRNA
Vaccine Series in Solid Organ Transplant Recipients. Jama 2021.
38.
Horby P, Lim WS, Emberson JR, et al. Dexamethasone in Hospitalized Patients with Covid-19.N Engl J
Med 2021;384:693-704.
39.
C4 article: Implications of COVID-19 in transplantation. Am J Transplant 2021;21:1801-15.
40.
Tocilizumab in patients admitted to hospital with COVID-19 (RECOVERY): a randomised, controlled,
open-label, platform trial. Lancet 2021;397:1637-45.
41.
Gordon AC, Mouncey PR, Al-Beidh F, et al. Interleukin-6 Receptor Antagonists in Critically Ill
Patients with Covid-19. N Engl J Med 2021;384:1491-502.
42.
Perez-Saez MJ, Blasco M, Redondo-Pachon D, et al. Use of tocilizumab in kidney transplant recipients
with COVID-19. Am J Transplant 2020;20:3182-90.
43.
Sethi S, Peng A, Najjar R, Vo A, Jordan SC, Huang E. Infectious Complications in TocilizumabTreated Kidney Transplant Recipients. Transplantation 2021.
44.
Han H, Yang L, Liu R, et al. Prominent changes in blood coagulation of patients with SARS-CoV-2
infection. Clinical chemistry and laboratory medicine 2020;58:1116-20.
45.
Nopp S, Moik F, Jilma B, Pabinger I, Ay C. Risk of venous thromboembolism in patients with COVID19: A systematic review and meta-analysis. Research and practice in thrombosis and haemostasis 2020.
46.
Cuker A, Tseng EK, Nieuwlaat R, et al. American Society of Hematology 2021 guidelines on the use of
anticoagulation for thromboprophylaxis in patients with COVID-19. Blood advances 2021;5:872-88.
47.
Bikdeli B, Madhavan MV, Jimenez D, et al. COVID-19 and Thrombotic or Thromboembolic Disease:
Implications for Prevention, Antithrombotic Therapy, and Follow-Up: a JACC State-of-the-Art Review. Journal
of the American College of Cardiology 2020;75:2950-73.
48.
Verhave JC, Tagalakis V, Suissa S, Madore F, Hebert MJ, Cardinal H. The risk of thromboembolic
events in renal transplant patients. Kidney Int 2014;85:1454-60.
49.
Salerno DM, Kovac D, Corbo H, et al. SARS-CoV-2 infection increases tacrolimus concentrations in
solid-organ transplant recipients. Clin Transplant 2021;35:e14193.
50.
Simon F, Garcia J, Guyot L, et al. Impact of Interleukin-6 on Drug-Metabolizing Enzymes and
Transporters in Intestinal Cells. The AAPS journal 2019;22:16.
51.
Degraeve AL, Moudio S, Haufroid V, et al. Predictors of tacrolimus pharmacokinetic variability:
current evidence and future perspectives. Expert opinion on drug metabolism & toxicology 2020;16:769-82.
52.
Avery RK. COVID-19 Therapeutics for Solid Organ Transplant Recipients; 6 Months Into the
Pandemic: Where Are We Now? Transplantation 2021;105:56-60.

53.
Softeland JM, Friman G, von Zur-Muhlen B, et al. COVID-19 in solid organ transplant recipients: A
national cohort study from Sweden. Am J Transplant 2021.
54.
Santeusanio AD, Menon MC, Liu C, et al. Influence of patient characteristics and immunosuppressant
management on mortality in kidney transplant recipients hospitalized with coronavirus disease 2019 (COVID19). Clin Transplant 2021;35:e14221.
55.
Pearson MM, Limaye AP, Biggins SW. Tacrolimus: Unlikely Harmful and Possibly Helpful in Liver
Transplant Recipients with COVID-19.Gastroenterology 2021;160:1012-3.
56.
Karruli A, Spiezia S, Boccia F, et al. Effect of immunosuppression maintenance in solid organ
transplant recipients with COVID-19: Systematic review and meta-analysis. Transpl Infect Dis 2021:e13595.
57.
Belli LS, Fondevila C, Cortesi PA, et al. Protective Role of Tacrolimus, Deleterious Role of Age and
Comorbidities in Liver Transplant Recipients With Covid-19: Results From the ELITA/ELTR Multi-center
European Study. Gastroenterology 2021;160:1151-63 e3.
58.
Aranow C. Vitamin D and the immune system. Journal of investigative medicine : the official
publication of the American Federation for Clinical Research 2011;59:881-6.
59.
Murai IH, Fernandes AL, Sales LP, et al. Effect of a Single High Dose of Vitamin D3 on Hospital
Length of Stay in Patients With Moderate to Severe COVID-19: A Randomized Clinical Trial. Jama
2021;325:1053-60.
60.
Patel AB, Verma A. COVID-19 and Angiotensin-Converting Enzyme Inhibitors and Angiotensin
Receptor Blockers: What Is the Evidence? Jama 2020;323:1769-70.
61.
Flacco ME, Acuti Martellucci C, Bravi F, et al. Treatment with ACE inhibitors or ARBs and risk of
severe/lethal COVID-19: a meta-analysis. Heart 2020;106:1519-24.
62.
Lopes RD, Macedo AVS, de Barros ESPGM, et al. Effect of Discontinuing vs Continuing AngiotensinConverting Enzyme Inhibitors and Angiotensin II Receptor Blockers on Days Alive and Out of the Hospital in
Patients Admitted With COVID-19: A Randomized Clinical Trial. Jama 2021;325:254-64.
63.
Bozkurt B, Kovacs R, Harrington B. Joint HFSA/ACC/AHA Statement Addresses Concerns Re: Using
RAAS Antagonists in COVID-19.Journal of cardiac failure 2020;26:370.

