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ABSTRACT

Background & Aims: The incidence and outcomes oboavirus disease 2019 (Covid-

19) in immunocompromised patients are a matteebhtk.

Methods: Prospective nationwide study includinggasecutive cohort of liver
transplant patients with Covid-19 recruited durihg Spanish outbreak from February
28" to April 7", 2020. The primary outcome was severe Covid-1fipel® as the need
for mechanical ventilation, intensive care, andieath. Age- and gender-standardized
incidence and mortality ratios (SIR and SMR) wealewlated using data from the
Ministry of Health and the Spanish liver transplesdistry. Independent predictors of
severe Covid-19 among hospitalized patients weaéyaed using multivariate Cox

regression.

Results: A total of 111 liver transplant patientsrevdiagnosed with Covid-19
(SIR=191.2 [95%CI 190.3-192.2]). The epidemiologmave and geographic
distribution overlapped widely between liver tralasp and general populations. After a
median follow-up of 23 days, 96 patients (86.5%jeredmitted to hospital and 22
patients (19.8%) required respiratory support. Teeglatients were admitted to the ICU
(10.8%). The mortality rate was 18%, being lowenpared to the matched general
population (SMR=95.5 [95%CI 94.2-96.8]). Thirty-\patients (31.5%) met criteria of
severe Covid-19. Baseline immunosuppression cantgamycophenolate was an
independent predictor of severe Covid-19 (RR=39%42,Cl 1.59-9.74; p=0.003),
particularly at doses higher than 1,000 mg/day (@p&8). This deleterious effect was
not observed with calcineurin inhibitors or evemalis and complete

iImmunosuppression withdrawal showed no benefit.



Conclusions: Being chronically immunosuppresse®y ltransplant patients have an
increased risk of acquiring Covid-19 but their nabty rates are lower than matched
general population. Upon hospital admission, myeoplhate dose reduction or
withdrawal could help in preventing severe Covid-d®wever, complete

immunosuppression withdrawal should be discouraged.

LAY SUMMARY: In liver transplant patients, chronic immunosuppi@s increases
the risk of acquiring Covid-19 but it could redutisease severity. Complete
immunosuppression withdrawal may not be justiflddwever, mycophenolate
withdrawal or temporary conversion to calcineunhibitors or everolimus until disease

resolution could be beneficial in hospitalized eats.

Abbreviations;

- Covid-19: coronavirus disease 2019

- Cl: confidence interval

- ICU: intensive care unit

- IQR: interquartile range

- LT: liver transplantation

- PCR: real-time reverse transcriptase polymerhagaeaction assay.

- RR: relative risk

- SETH: Spanish liver transplant sociedgciedad Esparfiola de Trasplante Hepatico



INTRODUCTION

Spain has registered the fastest spread of comusagisease 2019 (Covid-19) in
Europe with 210,773 cases detected by Aprif!, 2020, and case-fatality rate of
11.3%[1], being much higher than those observedhima, the origin of the
pandemic[2]. The liver transplantation (LT) netwamkSpain is composed by 25
institutions in which more than 13,000 alive LTipats are surveilled. Transplant
recipients are considered by some authors as arisigsub-population for Covid-19 as

they receive lifelong immunosuppressive therapy.

According to data on previous coronaviruses (MER®/@nd SARS-CoV), it has been
hypothesized that Covid-19 has an earlier phas@alfreplication and a later phase
characterized by viral clearance due to immuneaesp. This second phase may
eventually trigger a deregulation of CD4+ T cedistivation of CD8+ T cells and
macrophages, and a cytokine storm[3, 4], ultimgbebducing the most severe forms of
Covid-19. Immunomodulatory agents could ameliothi® harmful immune

response[4] but this could lead to an increaseéral boad and delayed disease recovery.
Interestingly, the most frequently used immunosapgive agents in LT recipients,
namely calcineurin inhibitors[5], have shown intriigg capacities to inhibit the
replication of coronaviruses[6]. Therefore, baseimmunomodulation could protect

LT patients against the most severe clinical foo€ovid-19[7].

In this prospective nationwide study, we aimedrtalgze the epidemiological pattern,
clinical features and outcomes of LT patients desgad with Covid-19 as compared

with those observed in the general Spanish poulati
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PATIENTSAND METHODS

This is a prospective nationwide study promotedhgySpanish Society of Liver
Transplantation (SETH), which was launched afterdutbreak of Covid-19 in Spain
on February 28, 2020. The study was performed according to tivejples of the
declaration of Helsinki and the European Union faion 2016/679. The study was
approved by the research ethics committee of thepithd Clinic Barcelona (HCB
2020/0384) and the research protocol was registdrétinicalTrials.gov
(NCT04361591). Oral informed consent to participatthe study was obtained from

all patients/relatives, and written informed coriseas retrieved after viral clearance.
Identification and characterization of LT patientswith Covid-19.

Patients receiving a LT in Spain undergo lifelongveillance by the transplant team
and they are instructed to contact for any heatated issue. All LT recipients with
known Covid-19 were prospectively enrolled in tegistry up to April ¥ 2020, when
the national authorities informed that the epidéagical curve had reached a plateau.
There were no exclusion criteria. LT patients v@ibvid-19 were declared to the SETH
registry using an anonymized online platform. Tia@splant institution was responsible
for declaring cases as soon as they were awaleof.tNurse transplant coordinators

actively searched for Covid-19 patients by teleghocontact.

Covid-19 was confirmed by a real-time reverse trapsase polymerase chain reaction
assay (PCR) of nasal and pharyngeal swab speci@jelsBpain, patients admitted to
the hospital were tested onsite within the firsh®4dirs, while outpatients with mild
symptoms were tested at home or at “drive-thrutingssites within the next 72 hours
after contacting a dedicated phone number. Afiicdil information was extracted by

experienced transplant physicians from reliabletedaic medical data sources.
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Demographic data, comorbidities (Charlson comotypididex[9]), clinical features,
laboratory parameters and transplant-related irdtion including baseline
immunosuppression (drugs and trough concentratiwwas} recorded. Chest X-rays
were reported by a single member of the radiolcgpadtment at each center.
Modifications of immunosuppression therapy wereasteged as well as specific drugs

prescribed for Covid-19.

Management protocols for Covid-19 were broadly Einmwithin the national territory
according to the SETH and the Ministry of Healtba@mmendations. Patients were
admitted to hospital if they had hypoxemia (arfesdaygen partial pressure <70 mmHg)
and/or radiological chest X-ray abnormalities. &ats with significant co-morbidities

or over the age of 60 were also admitted at thereli®n of the responsible clinician
even if they did not fulfill the above referredteria. Patients could be treated with oral
hydroxychloroquine and/or azithromycin for 5-7 dalyspatients with moderate-severe
Covid-19, antiviral therapy with lopinavir/ritonaver remdesivir was allowed as
compassionate use. Patients with acute distreggats’y syndrome could receive
boluses of steroids and/or tocilizumab. Regardmgnunosuppression, Covid-19
protocols encouraged clinicians to reduce, butm@tithdraw immunosuppression in
LT patients. Patients were followed until April®22020, thereby ensuring a minimum

of 2 weeks of follow-up for clinical outcomes.
Study definitions and outcomes.

The main outcome evaluated was severe Covid-1&hwkas a composite endpoint
including need for mechanical ventilation, admisdio the intensive care unit (ICU),
and/or death. This endpoint was used in a prestudy describing the clinical features
of Covid-19 in China[2]. Secondary outcomes weespiratory insufficiency (arterial

oxygen partial pressure <60 mmHg), need for mecia&nentilation, admission to the
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ICU and liver allograft dysfunction (conventionadgfined as raising bilirubin >4 times
from baseline values or international normalizeitbrel .4). Patients were considered
cured of Covid-19 when discharged from the hosjpitafter two consecutive PCR-

negative results separated by more than 48 hotishever occurred first.

Data sour ces, calculation of standardized ratios and statistical analysis.

Data regarding populations at risk were obtainedhfthe National Statistics Institute
(general population) and from the Spanish Livem§pant Registry (LT population),
both updated in 2019. The incidence and outcorh€®wd-19 epidemics in the

general Spanish population were retrieved fronoffieial publication of the Ministry

of Health, which is updated on a daily basis (hitpsvw.mscbs.gob.es/To obtain the

cumulative incidence of Covid-19, data was accessetl' April, 2020, whereas
mortality data were obtained on®2pril 2020, aligning with the periods of
recruitment and surveillance respectively of LTigutls. Relative risks of Covid-19
(incidence and mortality) in LT patients as compangth the general population were
expressed as standardized incidence and mortatiosr which result from the ratio of
the observed to the expected events. Expectedeimogdand outcomes in LT patients
were obtained from the numbers observed in thergepepulation, after balancing for
age and gender. Ninety-five percent confidencevate (95%CI) were calculated

under the assumption that the number of caseswaab@rllowed a Poisson distribution.

Continuous variables were reported as mean andatudeviations or as median and
interquartile range (IQR), as appropriate. Categbrariables were summarized as

counts and percentages. Among hospitalized patietspendent predictors of severe
Covid-19 were identified using Cox regression asiglyPatients were censored when

discharged or on April 21 Variables available at Covid-19 onset showing@.80 in
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the univariate analysis entered the initial multizee model. Non-significant co-variates
were removed from the model in a backward steppiiseess, commencing by those
with the highest p value. All possible interactiavere tested. A confounding factor
was confirmed when its removal from the model maitd >15% variation in the
remainingp coefficients. The statistical analysis was perfedmsing SPSS version
22.0 (IBM Corp, Armonk, NY). Every hypothesis tabtgas two-tailed and considered

significant if p <0.05.

RESULTS
Standardized incidence of Covid-19in LT patients.

Epidemiological curves in general and LT populasiarere broadly similar (figure 1).
Peaks of new cases occurred between Marraa8 April £, with subsequent
stabilization, and incipient decline at databassute. The geographical distribution of
Covid-19 in the general population and in LT reeigs overlapped widely (figure 2).
The autonomous regions with the highest absolutetien of confirmed cases were
Madrid and Catalonia, both in the general poputasind in the LT population. Within
the study period, 146,690 persons were diagnostd@uavid-19 in Spain (cumulative
incidence 311.93 casesPlifabitants). Cumulative incidence was increasesldar

people, particularly beyond 60 years @dpplementary table 1). On the other hand, the
alive LT population in Spain comprises 13,255 paseamong whom there were 111
confirmed cases of Covid-19 (cumulative inciden8@.81 cases/f(atients) After
adjusting for age and gender, the number of obderases almost doubled the expected

number of cases (suppl. table 1) thus resultirgstandardized incidence ratio of
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191.22 (95%CI 190.28-192.16). In the subset ofgpdsi older than 60, the standardized

incidence ratio was even higher (206.48; 95%CI| 20207.52).

Clinical characteristics and outcomesof LT patientswith Covid-19.

A total of 111 LT patients with Covid-19 were indkd (table 1). The mean age was
65.341£10.96 and there was a male predominance%jl1The median interval from
transplantation was 105 months (IQR 35-168). Ndrtbepatients had been infected
by the liver donor. The most frequent comorbidigsMypertension (57.7%). The vast
majority of patients (n=109; 98.2%) were receivaigonic immunosuppression:
Calcineurin inhibitors were the predominant immurressants, either alone (n=34;
30.6%), or in combination with mycophenolate (h=28;1%) or everolimus (n=9;
8.1%). The remaining 37 patients (33.3%) receiadieurin inhibitors-free
immunosuppression, based on mycophenolate and¢oolewvus (table 1). Covid-19
was symptomatic in 93% of patients. The most fragsgmptoms were fever (74.8%)
and cough (70.3%). Asymptomatic patients (n=7) vieséed for Covid-19 because of
incidental radiological findings (n=2) or after glrisk contact (n=5). Regarding
laboratory parameters, the absolute lymphocyte toeas 670ul (IQR 430-1,040) and
D dimer was 600 ng/mL (IQR 345-1,630). The chest)Xshowed abnormalities in

78.4% of patients, with a bilateral diffuse pattar®8.6% of patients.

The median follow-up after the diagnosis of Covitlvias 23 days, with a minimum of
15 days for the last included patient. Ninety-satignts (86.5%) were admitted to
hospital according to the following criteria: 1&ipats (18.8%) had hypoxemia, 81
patients (84.4%) had radiological chest abnorneslitv 7 patients (80.2%) were older
than 60 years, and 51 patients (53.1%) had sigmficomorbidities (Charlson >3).
Most of admitted patients met more than one caterll patients (11.5%) met 2

criteria, 32 patients (33.3%) met 3 criteria andpd€ents (37.5%) met 4 criteria. Only 6
15



patients did not meet any of the recommendatiossrded above and the reason for
hospital admission was the presence of severealisymptoms. There was a
significant elevation of transaminases (doubledmau 16 patients (14.7%). Three
patients developed liver graft dysfunction (2.7%) bone of them had graft loss.
Respiratory insufficiency occurred in 44 patier#8.6%). Twenty-two patients (19.8%)
required respiratory support after a median of (S sd#QR 1.75-9.5) after hospital
admission, being non-invasive in 13 patients andsive 9 patients. Twelve patients
were admitted to the ICU (10.8%). The mortalityeratas 18% with a median interval
from hospital admission of 7 days (IQR 5-9.75) database closure, 81 patients (73%)
had been discharged or remained asymptomatic a¢ hamd 10 patients (9%) were still
in-hospital. After a median of 17 days (IQR 13-327&6PCR-negative result for Covid-

19 was confirmed in 18 patients.

Thirty-five patients (31.5%) met criteria of sevé&evid-19 (table 1). These patients
were characterized by older age (p=0.038), moufrat dyspnea (p<0.001) and a
reduced PaO2/FiO2 ratio (p=0.044) on admissionirigunospital stay, severe Covid-
19 patients presented reduced lymphocyte coun& @t8), increased D dimer
(p=0.032) and increased serum ferritin (p=0.00€gdkding management, severe
Covid-19 patients received more frequently tocitab (p<0.001) and boluses of
corticosteroids (p=0.007). Patients receiving mymomlate or attempting a complete
withdrawal of immunosuppression were more prevalethe severe Covid-19 group
(p=0.014, and p=0.016 respectively). Conversebrolanus-containing
immunosuppression was more frequent in the nonreévevid-19 group, although

without statistical significance (p=0.113).
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Risk factors of severe Covid-19 among hospitalized patients.

Baseline risk factors of severe Covid-19 among halksped patients (n=96) were
screened using Cox regression analysis (tablerH®) niultivariate analysis identified
the following independent predictors: Charlson cdoitbty index (relative risk
[RR]=1.28 (95%CI 1.05-1.56), male gender (RR=298%Cl 1.14-5.41), dyspnea at
diagnosis (RR=7.25; 95%CI 2.95-17.82), and baséhmeunosuppression containing
mycophenolate (RR=3.94; 95%CI 1.59-9.74). Agenestied glomerular filtration rate
and complete withdrawal of immunosuppression upmspltal admission were not
significant, but they were kept in the analysi®éocontrolled as potential confounding
factors. Kaplan-Meier curves illustrate the negagivognostic impact of
mycophenolate, particularly at doses higher th@0@ mg/day (figure 3). Among
patients receiving full-dose of mycophenolate adtiae (ie. 2,000 mg/day), complete
drug withdrawal had a trend towards reduced se@exad-19 (41.7% vs 69.2%;
p=0.16). Interestingly, baseline therapy with aateirin inhibitors, mTOR inhibitors
(everolimus), and maintenance corticosteroids,peddently of their trough
concentrations/doses, were not associated witleased risk of severe Covid-19.
Therapy with hydroxychloroquine and/or azithromyatrhospital admission did not

decrease the risk of severe Covid-19 (p=0.64 a4 respectively).
Standar dized mortality ratio of Covid-19in LT patients.

In the general population, a total of 21,717 deatéee registered by April 21 Overall
mortality rates were 14.8%, but were as high a8%7n patients older than 60 years
(supplementary table 22Among the LT population, 20 patients with Covid-died
during the study period (mortality rate 18%). Aféeljusting for age and gender, the
number of observed deaths among LT patients wagistlilower than the expected

number of deaths (suppl. table 2), thus resulting standardized mortality ratio of
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95.55 (95%CI 94.25-96.85). When evaluating subgsageording to age strata, no
death was registered among LT patients younger@haAdjusted mortality rates in
patients older than 60 were similar in LT recipgeahd in the general population

(standardized mortality ratio=100.29; 95%CI| 98.93-56).

DISCUSSION

This is the first nationwide study evaluating theidence and outcomes of Covid-19 in
immunosuppressed patients as compared with aggearter-matched counterparts
from the general population. Despite a similar emablogical pattern, LT patients had
almost doubled standardized incidence rates of @91 Chronic exposure to
Immunosuppressive agents did not increase stazdardiortality rates but our findings
suggest that mycophenolate, particularly at doggsehthan 1,000 mg/day, could
increase the risk of severe Covid-19 among hospetaIL T patients. Since other
immunosuppressants such as calcineurin inhibitacsdlimus and cyclosporine) and
MTOR inhibitors (everolimus) did not show this agation, the present study provides
key evidence to modulate immunosuppression in dadenprove outcomes in LT

patients with Covid-19.

A similar epidemiological curve and geographicatibution of Covid-19 were
observed between LT recipients and the generallpopa. Despite routine
recommendations given to LT patients regardingadalistancing, they had almost
doubled risk of developing Covid-19 as comparedhage and gender-matched general
population. The most plausible explanations aremlerimmunosuppression and
increased comorbidities, which would make them nvaitaerable. Precautions should

be intensified within a context of epidemy to pnetvgansmission. Regarding
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outcomes, patients had a minimum of 2 weeks ofegllemce to ensure that the need for
intensive care and mortality were adequately captLais previous studies reported that
these outcomes may occur earlier[2]. The curreitieene of Covid-19 in solid organ
transplant recipients is based on short and unaitedrcase-series with contradictory
conclusions. Whereas some studies report aggreSswie-19 with fatal outcomes[10,
11], other authors suggest that severe respirdisgase may be anecdotical[12]. Since
transplant patients have more comorbidities thargdgmeral population[13], the
expected severity of Covid-19 would be increasdthough standardized rates of
severe Covid-19 could not be calculated (due teliable data from the general
population), we demonstrated that standardizedatityrtates were actually lower in

LT patients as compared with the general populafitie clinical features associated
with severe Covid-19 were similar to those previpusported[2]: older age, male
gender, increased co-morbidities, raised D dimexyma ferritin and decreased absolute
lymphocyte count. PaFiO2 and dyspnea at admissese @lso associated with an
increased risk of severe Covid-19, but only thietatariable was included in the final
multivariate model due to missing PaFiO2 informatio 22 patients. Noteworthy, the
interval from LT until SARS-CoV-2 infection had mopact on the risk of evolving to
severe Covid-19. However, the number of patierdgribsed of Covid-19 within the
first year after LT was limited (n=15) and furttetudies are required to confirm this

finding.

The relationship of immunosuppression and Coviaxdi@omes is frequently referred
to as a double-edged sword[14]. Too much immuna®gspon could result in
increased viral load and delayed recovery whereasrgpetent immune system could
be responsible for the most severe forms of theadig[15]In the transplant setting,

many authors advocate the potential benefit of imosuppression in Covid-19 based
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on personal experiences or on uncontrolled clirotslervations[12, 16-19In the
present study, the vast majority of patients weoeiving calcineurin inhibitors
(tacrolimus or cyclosporine), mTOR inhibitors (ed@nus), and/or mycophenolate.
Whereas calcineurin and mTOR inhibitors were nebesited with worse outcomes, at
least not with their usual trough concentrationgcophenolate therapy at baseline was
an independent predictor of severe Covid-19 inseeitependent manner. This
interesting observation may be explained by thiediht mechanisms of action.
Mycophenolate produces a cytostatic effect on atgny lymphocytes[20]. In Covid-19,
the virus SARS-CoV-2 has a direct cytotoxic effectlymphocytes, particularly
CD8+[3, 21], thereby explaining the associatioassn lymphopenia and worse
outcomes|2]. Therefore, mycophenolate and SARS-CakWay exert a synergic and
deleterious effect on depleting peripheral lymphesywhich would be responsible for
an aberrant immune reconstitution as demonstratiidother viruses[22]. In contrast,
MTOR inhibitors increase the quality and functislyadf memory T cells and reduce
the replication of a myriad of viruses includingamyegalovirus, herpes virus-8,
Epstein-Barr, and human immunodeficiency virus[E3garding calcineurin inhibitors,
some studies have shown antiviral effentsitro against coronaviruses[6] and they
could also ameliorate the cytokine storm[15]. Adamized controlled trial with
calcineurin inhibitors and/or mTOR inhibitors innminocompetent individuals could
be of great interest. An algorithm proposal to mptaseline immunosuppression in
LT patients diagnosed with Covid-19 according ® $kudy findings is presented in

figure 4.

Given the lack of solid scientific evidence, thertipeutic approach against Covid-19
varied among participating institutions and usuadfuded a combination of

hydroxychloroquine, azithromyzin, antivirals, codsteroids, and/or monoclonal
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antibodies in a stepwise process. In the only ramzed trial published hitherto,
antiviral therapy with lopinavir/ritonavir faile@treduce mortality in patients with
severe Covid-19[24]. In our cohort, hydroxychorloguand/or azithromyzin were
started early after diagnosis but we did not olesarelear benefit. Antivirals
(lopinavir/ritonavir, remdesivir, and interferompluses of corticosteroids, and
monoclonal antibodies (tocilizumab) were prescribenly in unresponsive cases in
the present cohort and it is hard to extract vabidclusions. Caution should be taken in

the absence of well-designed randomized trials[25].

Some limitations of the present study should bélggted. Underdiagnosing of Covid-
19 could be an issue given the suboptimal sensitfiPCR of nasal and pharyngeal
swab specimens and the limited access to diagrestis at some timepoints during the
Covid-19 epidemy in Spain. The true cumulativedecice of Covid-19 may have been
underestimated, although in a similar proportiohThpatients and in the general
population, thus making standardized incidence rqually reliable. Under-reporting

is another potential limitation in prospective stges but we believe it had a limited
impact in the present study because LT patienggivel are tightly connected by phone
with the nurse transplant coordinator at each ceateeport any intercurrent health
issue. The limited sample size may have weaken®@ smalyses and results
marginally not significant should be carefully irgeeted as some could be clinically
meaningful. Finally, the present study was neittesigned nor powered to evaluate the
effect of specific therapies against Covid-19 aodalid conclusion may be derived in

this regard.

In conclusion, being chronically immunosuppressadiaith increased co-morbidities,
LT patients are more likely to develop Covid-19hitan outbreak scenario and

therefore social distancing and other preventatieasures should be enhanced in these
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patients. Mortality rates were lower than thoseeobsd in age- and gender-matched
general population, thereby suggesting that chrommcunosuppression could exert a
certain protective effect against the most sevena$ of Covid-19. A complete
immunosuppression withdrawal after the diagnosiSmfid-19 may not be justified.
However, in patients receiving mycophenolate, dedection or temporary conversion
to calcineurin inhibitors or everolimus may be ddesed until complete recovery from

Covid-19.
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TABLES

Table 1. Clinical characteristics of 111 liver transpla@tipients with coronavirus-19
disease (Covid-19) included in the Spanish So@étyver Transplantation (SETH)
registry. Severe Covid-19 was defined as need mhanical ventilation, admission to
intensive care unit and/or death.

38

VARIABLE Covid-19 SETH Non-severe Severe Covid-19 p
registry Covid-19 N=35
N=111 N=76
Age 65.34 + 10.96 63.88 + 11.94 68.51+7.70 0.0
Gender (Women); % (n) 28.8% (32) 25% (19) 37.1% (13 | 0.189
Previous medical history
Diabetes; % (n) 47.7% (53) 43.4% (33) 57.1% (20) 0.179
Hypertension; % (n) 57.7% (64) 59.2% (45) 54.3% (19) 0.626
ACE inhibitors; % (n) 29.7% (33) 31.6% (24) 25.7% (9) 0.530
Cardiomyopathy; % (n) 19.8% (22) 17.1% (13) 25.7% (9) 0.290
Bronchopulmonary; % (n) 11.7% (13) 11.8% (9) 11.4% (4) 0.850
Charlson comorbidity index; median (IQR 4 (2-6) (24.7) 5 (4-7) 0.002
Interval since transplantation
Months; median (IQR) 105 (35-168) 97.5 (30-160) 127 (57-208) 0.197
<12 months; % (n) 13.5% (15) 11.8% (9) 17.1% (6) 0.448
Aetiology of liver disease
Alcohol; % (n) 30.6% (34) 28.9% (22) 35.3% (12) 0.571
Hepatitis C; % (n) 28.8% (32) 30.3% (23) 25.7% (9) 0.623
Hepatitis B; % (n) 10.8% (12) 11.8% (9) 8.6% (3) 0.750
Autoimmune; % (n) 8.1% (9) 6.6% (5) 11.4% (4) 0.459
Clinical presentation of Covid-19
Fever; % (n) 74.8% (83) 75% (57) 74.3% (26) 0.936
Dyspnea; % (n) 41.4% (46) 25% (19) 77.1% (27) <0.001
Cough; % (n) 70.3% (78) 67.1% (51) 77.1% (27) 0.282
Gastrointestinal; % (n) 34.2% (38) 36.8% (28) 28.6% (10) 0.394
Asymptomatic; % (n) 6.3% (7) 9.2% (7) 0% (0) 0.095
Laboratory parameters in hospitalized
patients (n=96); median (IQR)
PaO2/FiO2 ratio (onset)* 400 (309-436) 403 (333-444) 328 (279-420) 0.044
Lymphocyte (onset)-count/ul 670 (430-1,040) 715 (415-1,000) 600 (430-1,200) | 0.449
Lymphocyte count (min)-count/pl 455 (275-755) 500 (380-840) 310 (200-500) 0.013
D dimer (onset)-ng/mL 600 (345-1,630) 540 (340-1,010) | 1,100 (450-2,796)| 0.127
D dimer (max)-ng/mL 1,050 (517-3,299) | 800 (390-2,543) | 2,229 (809-4,290)| 0.032
Ferritin (max)-ng/mL 847 (376-1975) 511 (256-1,663) | 1,459 (770-2,264)| 0.004
Estimated glomerular filtration rate - 62.5 (41.3-79.7) 63.2 (43.5-82.5) 53.3 (39-74) 0.396
ml/min**
Chest X-ray abnormalities
Normal; % (n) 21.6% (24) 31.6% (24) 0% (0) 0.002

23



Unilateral; % (n)
Bilateral; % (n)

19.8% (22)
58.6% (65)

18.4% (14)
50% (38)

22.8% (8)
77.1% (27)

Covid-19 specific therapy in hospitalized
patients (n=96)

Azithromycin; % (n) 62.5% (60) 63.9% (39) 60% (21) 0.702
Hydroxychloroquine; % (n) 91.7% (88) 90.2% (55) 94.3% (33) 0.482
Lopinavir/ritonavir; % (n) 41.7% (40) 36.1% (22) 51.4% (18) 0.142
Remdesivir; % (n) 1% (1) 0% (0) 2.9% (1) 0.365
Interferon beta; % (n) 3.1% (3) 1.6% (1) 5.7% (2) 0.552
Tocilizumab; % (n) 15.6% (15) 4.9% (3) 34.3% (12) <0.001
Boluses of corticosteroids; % (n) 12.5% (12) 4.9% (3) 25.7% (9) 0.007
Immunosuppression at baseline (drugs)
Tacrolimus; % (n) 59.5% (66) 64.5% (49) 48.6% (17) 0.113
Cyclosporine; % (n) 5.4% (6) 5.3% (4) 5.7% (2) 0.922
Mycophenolate; % (n) 51.4% (57) 43.4% (33) 68.6% (24) 0.014
Everolimus; % (n) 20.7% (23) 22.4% (17) 17.1% (6) 0.528
Corticosteroids (maintenance); % (n) 21.8% (24) 18.7% (14) 28.6% (15) 0.241
Immunosupression (combinations); % (n
CNI 30.6% (34) 32.9% (25) 25.7% (9) 0.374
CNI + mycophenolate 26.1% (29) 27.6% (21) 22.9% (8)
CNI + everolimus 8.1% (9) 9.2% (7) 5.7% (2)
Mycophenolate +/- everolimus 33.3% (37) 27.6% (21) 45.7% (16)
None 1.8% (2) 2.6% (2) 0% (0)
Immunosuppression baseline (dose- mg)
Tacrolimus (n=66); median (IQR) 2.5(1.5-5) 2.5(1.7-5) 2 (1-4.25) 0.986
Cyclosporine (n=6); median (IQR) 75 (50-150) 125 (62.5-150) 125 (75-150) 0.400
Mycophenolate (n=57); median (IQR) | 1,000 (1,000-2,000) 1,000 (1000-1,500) 1,500 (1,000-2,000) 0.056
Everolimus (n=23); median (IQR) 2 (1-2.1) 2(1.1-2.4) 2 (0.87-2.25) 1
Corticosteroids (maintenance) (n=24); 10 (5-20) 5(4.7-16.2) 10 (8.7-30) 0.673
median (IQR)
Immunosuppression (trough concentrations
onset- ng/mL)
Tacrolimus (n=66); median (IQR) 4.95 (3.32-6.92) 5 (4-6.7) 4.2 (2.7-6.9) 0.772
Cyclosporine (n=6); median (IQR) 99 (51.5-148.6) 99 (88.5-125) 85.1 (25-145.2) 1
Everolimus (n=23); median (IQR) 3.5(2.9-5.5) 3.5(2.9-5.4) 3.5(1.6-6.4) 1

* Pa02/FiO2 was not available in 22 patients. *tilBated glomerular filtration rate calculated
by the Modification of Diet in Renal Disease-4 (MDHR); IQR: interquartile range.
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Table 2. Clinical predictors of severe Covid-19 among paseadmitted into the
hospital (n=96). Severe Covid-19 was defined agirement of respiratory support,
admission in intensive care unit and/or death. &mate and multivariate Cox’s
regression analyses were used.

VARIABLES UNIVARIATE ANALYSIS MULTIVARIATE MULTIVARIATE
ANALYSIS ANALYSIS
(INITIAL MODEL) (FINAL MODEL)
RR (95% CI) P RR (95% CI) P RR (95% CI) P
Age 1.05 (1.01-1.10) 0.017 1.05 (0.98-1.13 0.166 .03710.98-1.09) 0.182
Gender (male) 1.56 (0.77-3.17 0.21] 7.66 (2.20-26.69) | 0.001 | 2.49(1.14-5.41) | 0.021
Diabetes 1.59 (0.80-3.17 0.18]1 0.26 (0.10-0.68) | 0.006
Hypertension 0.93 (0.47-1.84 0.83
ACE inhibitors 0.23 (0.34-1.56) 0.414
Charlson comorbidity 1.25(1.11-1.40 <0.0¢ 1.34(1.02-1.76) | 0.031| 1.28(1.05-1.56) | 0.015
Interval since liver
transplantation (>12 1(0.99-1) 0.466
months)
Dyspnea 4.19 (1.89-9.30 <0.001 15.91 (4.17-60.730.001| 7.25 (2.95-17.82 <0.00]
Cough 0.96 (0.43-2.15) 0.934
Fever 0.73 (0.34-1.58) 0.429
Gastrointestinal 0.72 (0.34-1.52) 0.392
symptoms
PaFiO2 0.99 (0.99-0.99 0.03§ 0.99 (0.99-0.99) D.(
Lymphocyte count 1(0.99-1) 0.418
D Dimer 1(1-1) 0.409
Estimated glomerular | 0.99 (0.98-1.01) 0.249| 1.01(0.99-1.04) | 0.171| 1.01(0.98-1.03) | 0.077
filtration rate
Tacrolimus* 0.54 (0.29-1.07) 0.079 0.19(0.05-0.68) | 0.011
Cyclosporine* 0.76 (0.18-3.22 0.708
Trough concentrationg 1.01 (0.93-1.10) 0.762
(tacrolimus)*
Trough concentrationg 1.04 (0.92-1.19) 0.485
(cyclosporine)*
Mycophenolate* 2.62 (1.25-5.49 0.011 5.32 (1.6B2Y 0.006 3.94 (1.59-9.74) 0.003
Everolimus* 0.77 (0.32-1.88) 0.575
Trough concentrations 0.86 (0.59-1.32) 0.490
(everolimus)*
Corticosteroids* 1.53 (0.72-3.22 0.262 1.77(0.59-5.27) | 0.303
Withdrawal of 2.03 (0.91-4.51) 0.083 0.34 (0.08-1.51) 0.1p5 Q®B34-1.40) 0.229
immunosuppression**
Hydroxychlorochine**| 0.64 (0.33-5.88) 0.64(Q
Azithromycin** 0.77 (0.38-1.53) 0.454

* These variables pertain to active immunosuppoestierapy at Covid-19 diagnosis;

** These therapies were started at Covid-19 diagn@ther therapies against Covid-19 were
not included as they were initiated selectivelymesponsive cases and would confound the

analysis.
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FIGURE LEGENDS

Figure 1. Epidemiological curve of Covid-19 in Spain frombFeary 28", 2020 until
the registry closure on Aprif"7 2020. Absolute number of cases are shown for the

whole Spanish population and for the liver transpfaopulation.

Figure 2. Geographical distribution of Covid-19 among autooos regions in Spain.
Absolute number of cases are shown for the whoéniSh population and for the liver

transplant population.

Figure 3. Kaplan Meier curves showing the impact of mycoph&iescontaining
immunosuppression (upper panel) and increased dlosesr panel) on the

development of severe Covid-19. P values are frogrank test.

Figure 4. Proposed algorithm to modify immunosuppressiolivier transplant patients
with Covid-19 according to the findings of the presstudy. The recommendations
should be adapted to each patient taking into addbe interval from liver

transplantation and the individualized risk of ogjen.
SUPPLEMMENTARY MATERIAL

Supplementary table 1. Calculation of standardized incidence ratio oot@virus-19
disease during the Spanish epidemics from Feb2@ryntil April 7, 2020. Cumulative
incidence of the general population was adjustedraing to age and gender to match

the liver transplant population.

Supplementary table 2. Calculation of standardized mortality ratio of @oavirus-19
disease during the Spanish epidemics from Feb@@ryntil April 7, 2020. Cumulative
incidence of the general population was adjustedraing to age and gender to match

the liver transplant population.
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Mycophenolate-free Mycophenolate-containing Mycophenolate

immunosuppresion immunosuppresion regimen monotherapy
Consider Mycophenolate withdrawal Consider conversion
NO_ changes_ Maintain remaining immunosuppressants to CNIs/mTOR.
or mild reduction unchanged or mild reduction inhibitors/steroids

Consider resuming baseline immunosuppression after
resolution of Covid-19

CNIs: caleineurin inhibitors; mTOR: mammalian Target of Rapamycin



HIGHLIGHTS

* Theincidence of Covid-19isincreased in liver transplant patients.
e Mortality rates are lower than those observed in matched general population.
e Immunosuppression withdrawal may not be justified.

* Mycophenolate may increase the risk of severe Covid-19 in a dose dependent-

manner.

¢ Cacineurin inhibitors and everolimus are not deleterious for Covid-19.



