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Abstract

Aims

The aim of this study was to assess the clinicalrs® and outcomes of all heart transplant
recipients affected by COVID-19 who were followetthe leading heart transplant centers of
Northern lItaly.

Method and Results

Since February 2020, we enrolled all 47 cases (#@3€) in a first cohort of patients, with a mean
age of 61.8 £ 14.5 years, who tested positive fARS-CoV-2, out of 2676 heart transplant
recipients alive before the onset of the COVID-1&ngemic at 7 heart transplant centers in
Northern ltaly. To date, 38 patients required hidzation while 9 remained self-home
guarantined and 14 died. Compared to the genemllation, prevalence (18 vs 7 cases per 1000)
and related case fatality rate (29.7 vs 15.4%) iearh transplant recipients were
doubled. Univariable analysis showed older ag®@382), diabetes mellitus (p=0.040),
extracardiac arteriopathy (p=0.040), previous R&H0(040), CAV score (p=0.039), lower GFR
(p=0.004), and higher NYHA classes (p=0.023) wdfesignificantly associated with in-hospital
mortality. During the follow-up two patients dieddha third patient has prolonged viral-shedding
alternating positive and negative swabs.

Since f' July 2020, we had 6 new patients who tested pesitor SARS-CoV-2, 5 patients
asymptomatic were self-quarantined, while 1 i$ Bobkpitalized for pneumonia. A standard therapy
was maintained for all, except for the hospitalipatient.

Conclusion

The prevalence and mortality of SARS-CoV-2 shouydrsclinicians to immediately refer heart
transplant recipients suspected as having SARS-Gofé2tion to centers specializing in the care
of this vulnerable population.

Keywords

COVID-19 and Heart Transplant Recipients; Heart n$pdantation; SARS-CoV-2;
Immunosuppressive Therapy

Abbreviations

ALT Alanine aminotransferase

ARDS Acute respiratory distress syndrome
AST Aspartate aminotransferase

BMI Body mass index

CAV Cardiac allograft vasculopathy

COPD Chronic obstructive pulmonary disease
COVID-19 Coronavirus Disease 19

CRP C-reactive Protein

ECLS Extracorporeal life support

GFR Glomerular filtration rate

ICU Intensive Care Unit

iLVEDV Indexed left ventricular end-diastolic volume
LVEF Left ventricular ejection fraction

NYHA New York Heart Association

PCI Percutaneous coronary intervention
PCT Procalcitonin



RT-PCR Reverse transcriptase-polymerase chain reaction

SARS-CoV-2 Severe Acute Respiratory Syndrome-Coronavirus-2
sPAP Systolic pulmonary artery pressure

TAPSE Tricuspid annular plane systolic excursion

WBC White blood cells



Introduction

The worldwide SARS-CoV-2 pandemic has created wsatented challenges for public health,

demanding exceptional efforts for the successfuhagament and treatment of affected patients.
Northern Italy was the first region in Western Eugdo experience a large outbreak of COVID-19
which has since rapidly spread throughout the wadof the end of June 2020, more than 70% of
the total amount of positive patients nationallg atmost 80% of deaths occurred in this area (1).

In this context, information on the incidence adihical characteristics of COVID-19 in heart
transplant recipients are still limited (2, 3). @G&ages remain in fully characterizing SARS-CoV-2
infection in this population given the scant litewa available on the prevalence, clinical
presentation, outcomes, and relationship betweenuimosuppressive therapy and severe forms of

the disease.

Chronically immunosuppressed patients may haveeategr viral burden, resulting in heightened
infectivity and eventual worse prognosis. On theéheot hand, the interaction between
immunomodulators and severe infection pathogerissssill not fully understood. An abnormal
immune response to the infection consisting of ales cytokine production and perpetuation of a
systemic inflammatory state may play a crucial rolethe course of COVID-19 infection (4).
Additionally, the lung damage observed in the sevierms of the disease may be related to
hyperactivation of the immune response rather ttien viral infection itself. Heart transplant
patients represent a unique cohort of chronicafipnunosuppressed subjects in which SARS-CoV-
2 may stimulate an unpredictable clinical coursendéction. Scientific literature is still lacking

organized and multi-institutional reports on thépecially vulnerable population (2,3,5).

To date, this study provides the most compreherdat@ on SARS-CoV-2 infection prevalence and
clinical characteristics in heart transplant remips. Here, we sought to identify clinical variable
and therapeutic strategies associated with a wotdeome, focusing on immunosuppressive
therapy modulation and its possible interactionthvainti-inflammatory medication and antiviral

drugs.

Methods

Sudy oversight



It is declared that every reasonable effort wasertadbbtain informed consent to participate in this
study. Notably, the use of data for scientific aedearch purposes is already included in the
informed consent agreements used at the partiogpatenters. The local ethics committees
approved of the study design, consent processieaielv and analysis of the data.

We also guarantee the respect of anonymity aneégsanal secrecy and use the collected data and
the statistical analysis solely for the scientgiorposes granted in accordance with the law ineforc
(GDPR).

Sudy population

We designed a retrospective, observational, multezestudy across 7 leading heart transplant
centers of Northern Italy: Milan, Padua, Bergamalogna, Turin, Verona, Udine. All heart
transplant recipients with positive nasopharyndg€BIPCR tests for SARS-CoV-2 at these centers

were included in this study.

Data sources

We obtained medical records and compiled data @mpitalized patients and outpatients with
laboratory-proven COVID-19 infection. We extractddta on recent exposure history, clinical
symptoms or signs, and laboratory findings on adimis from electronic medical records. All
laboratory testing and radiologic assessments werformed according to standard of care.
Pertinent information was compiled into a uniqueéadat and forwarded to the data-processing
coordination center at the University of Padua.eAm of experienced heart transplant clinicians
abstracted and reviewed all data. If the core desti@@ missing, requests for clarification were sent

back to each group’s Principal Investigator for pdgtion.

Sudy outcomes
Primary outcomes were COVID-19 infection prevaleacel case fatality rate in heart transplant
patients. Secondary outcomes were rate of hosatain, ICU admissions, and hospital length of

stay.

Satistical analysis

Continuous variables were presented as mean tathm®viation (SD). The Student’s t-test for
unpaired data or the Mann-Whitney U test were usedompare parametric and non-parametric
continuous variables respectively (normal distitnutwas assessed by the Kolmogorov-Smirnov

test). Categorical variables were presented asiveland absolute frequency?2 analysis or the



Fisher exact test were used to compare categoras@ébles where appropriate. A two-sided p-

value of less than 0.05 was considered significant.

All statistical analyses were performed using SR88Bware version 20 (IBM Corp., Armonk,
NY,). Data are updated to July,22020.

Results

Out of 2676 heart transplant recipients alive beetbe onset of the COVID-19 pandemic at the end
of February 2020, 47 patients were included in #nalysis as part of a first cohort of patients.
Among them, 2 patients had received combined Headmey transplants and 1 patient had
undergone re-transplantation. This preliminary eserreports baseline patient characteristics,

features of COVID-19 onset and hospital coursepriatiory results, and outcomes (Table 1).

Cohort 1 Analysis

Baseline and Risk Factors

All collected data are presented in Table 1. Meg@ &was 61.8 + 14.5 years and mean time from
heart transplantation was 10.5 + 8.7 years; 79%atients were male. The most frequent risk
factors were arterial hypertension (64%) and dyd#imia (47%). Mean BMI was 25.27 = 5.80
kg/m? with 17% meeting the BMI criteria for obesity. paired renal function was present in the
majority of subjects, with a mean eGFR of 48.172£18 ml/min (calculated with CKD-EPI) and
13% of patients had end-stage kidney disease requiemodialysis; 91% of cases were in NYHA
class I-1l. The most common immunosuppressive regigonsisted of cyclosporine combined with
mycophenolate mofetil. Almost 50% of patients reedi corticosteroids. Heart allograft function,

assessed by last available echocardiogram, wasrpegkin all subjects.

COVID-19 Onset

All heart transplant recipients enrolled had a posiRT-PCR nasopharyngeal swab test for SARS-
CoV-2 with 93% of being symptomatic. The most frequsymptom was fever (87%), followed by
cough (70%) and shortness of breath (70%). Meaatidur of symptoms was 9.80 + 7.31 days. In
febrile patients, the mean fever peak was 38.5%®and fever lasted for a mean of 7.5 + 3.8 days.
In 72% of cases, radiographic signs of pneumonieevpeesent. These data are summarized in
Table 2.



In Hospital stay

Pertinent data are summarized in Tables 2-3. Giubjects 38 (81%) required hospitalization, with
a mean length of stay of 17.79 + 10.70 days; 4)(P&ients required intensive care unit stay.
Mean Q saturation at admission was 92 + 6%. Thirteen (2f&tients developed ARDS. Non-
invasive and invasive ventilation were required(32%) and 2 (4%) patients, respectively. Only
1 patient required a tracheostomy for failure odwiag from ventilatory support, and 1 patient was
treated with nitric oxide. Pronation therapy wasf@rened for 3 patients. Vasopressor support with
noradrenaline was required in 3 patients due ttisspock; ECLS was never used. Major adverse
events observed were superimposed bacterial infeotiquiring targeted antibiotic treatment (11%)
and sepsis (9%). During hospitalization, allogréfhction was assessed by laboratory and
echocardiographic monitoring which did not showdevice of myocardial dysfunction or injury
(Table 2). For this analysis we report the lowestogardiographic LVEF and the peak troponin |
levels. Mean LVEF during hospitalization was 59.6.2% and comparable to that measured in the
last pre-COVID-19 echocardiogram (p=0.201). No ichily significant allograft rejections were

observed.

Of the 38 hospitalized patients, 14 (37%) died 264d63%) have been discharged ho@ause of
death for the deceased patients was respiratdydain all cases with the exception of one who

died due to multi-organ failure.

Pharmacological Treatment

More than 80% of patients received hydroxychloraguiwhile antiretroviral therapy with
ritonavir/lopinavir was used 50% of the subjectgPylaxis with broad spectrum antibiotics was
administered in 83% of cases, mainly in the fornbetia-lactamases and macrolides (Table 1). One
patient received a monoclonal antibody against ({te@ilizumab). A corticosteroid administration

as bolus medication was performed in 10 patierit%o)2

Doses of immunosuppressive drugs were reduced lin3&l (100%) hospitalized patients.
Mycophenolate mofetil dose was decreased in 57@aténts, everolimus in 25%, cyclosporine in
18% tacrolimus in 5%, and azathioprine in all pagereceiving this drug. Thirteen (28%) patients
received anticoagulation with low molecular weigheparin. Laboratory findings during

hospitalization are shown in Table 3.

Non-hospitalized SARS-CoV-2 positive heart transplant recipients:



Nine patients in our cohort were either asymptomattinad mild symptoms. These patients did not
require hospitalization, but were instructed td-gelarantine at home according to a protocol which
included frequent telephone monitoring by the cgponding heart transplant team. Compared to
reminder of the population, the non-hospitalizetigmés exhibited significant differences in mean
age (p=0.002), eGFR (p<0.001), and prednisone ps@.q33) (Table 1). Cyclosporine and
mycophenolate mofetil were the most common immuppsession regimen, and 67% of patients
in this group also received corticosteroids. At QDM9 onset, 5 (71%) recipients were
symptomatic, presenting mostly with fever (78%) aodigh (67%); median oxygen saturation at
onset was 98 + 1%. Hydroxychloroquine was admiresteo 3 (33%) patients, ritonavir/lopinavir
to 2 (22%), and antibiotic prophylaxis to 4 (44%hlike hospitalized patients, 4 (44%) home self-
guarantined patients continued their immunosuppressegimen without adjustment. In the
remainder of the non-hospitalized subgroup, mycoplade mofetil was reduced in 50% of the
patients, everolimus in 50%, while the only patiemteiving tacrolimus had his dosage halved.
Cyclosporine and prednisone doses were unchangidpafients had a rapid resolution of

symptoms and did not require further treatment.

Univariable survival analysis:

Univariable analysis (Table 1) of baseline chamsties showed older age (p=0,002), diabetes
mellitus (p=0.040), peripheral vascular diseaseQ(@40), previous PCI (p=0.040), CAV score
(p=0.039), lower eGFR (p=0.004) and higher NYHA ssla(p=0.023) were all significantly
associated with in-hospital mortality. Chronic immaguppressive therapy was similar in survivors
and non-survivors. Symptoms at COVID-19 onset vgam@lar with the exception of shortness of
breath (p=0.004). In the subgroup of deceasedratieadiographic signs of pneumonia (p=0.005)
and ARDS (p<0.001) were more frequent with a lo@ersaturation at admission (p<0.001) and
lowest value during hospitalization (p<0.001). Dgrihospitalization, non-survivors required non-
invasive ventilation at higher rates (p<0.001). lomosuppressive therapy adjustment and use of
anti-inflammatory and antiretroviral drugs were i&m between survivors and patients who
succumbed to COVID-19. We observed a significaffeince in length of hospital stay (23.2+8.9

vs 8.5+6.2 days, p<0.001) between survivors andsummivors.

Early-Mid Term follow up analysis:
During the follow-up two patients died and a thiatient has prolonged viral-shedding alternating
positive and negative swabs in absence of symptants not requiring hospitalization. An

asymptomatic patient previously self-home quaraatinwvith no therapy modifications and



negativized swab test, died due to CMV pneumontae $econd patient, who was treated by
reducing the immunosuppressive regimen and disedangme with standard therapy, two months
later was re-hospitalized due to cardiogenic shdok suspected allograft rejection. No
endomyocardial biopsy was performed. He was treatigtdl thymoglobulin infusion but he was
complicated with pneumonia and cholecystitis aneddilue to septic shock. He had negative
nasopharyngeal swab test for SARS-CoV-2. All theeptpatients are doing well and are strictly

monitored.

Cohort 2 Analysis

From ' July 2020, we had 6 new patients with a positest for SARS-CoV-2 . Five patients are
self-quarantined, 1 is still hospitalized for pnema. Patients at home maintained
immunosuppressive therapy unchanged and antibiotiapy was not administered if they were
afebrile. The hospitalized patient had fever anthtéial interstitial pneumonia for which
immunosuppressive therapy was reduced and progltyttibiotic therapy was added along with
supplemental oxygen therapy. Neither antiviral dramgr hydroxychloroquine were administered
(Table 4).

Discussion

We present the largest retrospective and firstatlamulticenter case series of heart transplant
patients with COVID-19. We enrolled totally p&tients with documented SARS-CoV-2 infection
amongst 2676 heart transplant recipients alivéa@tnset of COVID-19 pandemic from 7 leading
heart transplant centers in Northern ltaly. Theseloollaboration between the participating centers
enabled the collection of data from a unique cobbitteart transplant recipients experiencing the
infection early in the SARS-CoV-2 pandemic. Theitighof infection permits to analyze unique
aspects of the clinical course and outcomes ofdlsisase. Furthermore, by assessing the clinical
conditions at admission, chronic immunosuppresdiverapy and its modulation, supportive
measures during hospitalization and specific COY@{reatments, we were able to identify

baseline characteristics and medical interventibascould impact patients’ prognosis.

To date, in the Italian regions considered (LompaMeneto, Emilia-Romagna, Piedmont, and
Friuli Venezia Giulia), the prevalence of the ds®an the overall population accounts for 7 cases
per 1000 people (1). The median age of all Itapasitive cases with COVID-19 is 61 years and
54% of those affected are female (1). Among dedllesinedian age was 82 (0-109) years and 57%



were male. Arterial hypertension (66%), diabetedlitug (30%) and ischemic heart disease (28%)
were the most common pre-existing conditions. Mtran 60% of the deaths had 3 or more
diseases at the time of infection. Fever (75%)n@lwith dyspnoea (73%) and cough (38%), was

the most common presenting symptom (1).

In our cohort of heart transplant recipients, wesastded a two-fold prevalence of infection,
approximately 17 cases per 1000 individuals. Algiowsolid organ transplant recipients are
typically more aware of infection prevention andeusf personal protective equipment, the
prevalence of COVID-19 in this population was higtiean in the general population. This higher
prevalence is likely the result of the higher spsibdity of heart transplant recipients to infearts
due to their chronic immunosuppressed state. Irthgan Italy, the case-fatality rate of the overall
population is 15.4%, whereas that of our heartsptant patients was 29.7%. The Italian population
older than 70 years accounts for 85% of all COVID+&lated deaths with a case fatality rate
greater than 26% (1). The case fatality rate oftite@nsplant recipients with COVID-19 are similar
to the 25% mortality reported by Latif et al. (8)their cohort. A recent meta-analysis of COVID-
19 cases showed a greater risk of developing seratdethal disease in males, especially if they
are older than 65 years and active smokers. Conlitds such as hypertension, diabetes and
cardiovascular and respiratory disease can aldoemde prognosis (6). Our findings confirm these
observations. According to our univariable analysige, higher NYHA class, diabetes, chronic
kidney disease, peripheral vascular disease, CAM@mer oxygen saturation at admission (related
to severe pulmonary involvement and delay in haspiferral), may account for the observed
higher case-fatality rate. In the non-surviving plagpion, diabetes-related cardiovascular effeas ar
exemplified by the higher rate of extracardiac raofmthy and previous PCI as well as a lower
mean eGFR. As reported in a meta-analysis by Laletdiabetes mellitus was two-fold more
frequent in ICU/severe cases than in non-diabetitviduals (7). Diabetes mellitus itself can also
be with an abnormal immune response characterizedntreased cytokine production and
inhibition of macrophages and T-cell activation,iethleads to higher susceptibility to infection
(8). Impaired glycemic control is also associateth\an increased risk of bacterial co-infection and

pneumonia (9).
Differences in age, eGFR and prednisone use weseredd between hospitalized and non-

hospitalized patients, but the relevance of thes#irfgs remains unknown due to the small sample

size of this study.
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The majority (81%) of patients in this case sewes admitted to the hospital because of fever and
hypoxemic respiratory failure. Of the individualglwsevere primary pulmonary involvement, 32%
only needed non-invasive ventilation whereas onB6 4equired mechanical ventilation.
Nevertheless mortality rate was much higher (30%r) patients with primarily pulmonary
presentation and, in fact, respiratory failure wasr leading cause of death. These poor outcomes
may be related to the rapidity with which the panaespread in Northern Italy, leading to a critical
shortage of ICU beds over a period of only a fewsd#n these circumstances, heroic efforts were
made to manage very ill patients in non-acute saténgs. It is plausible that lack of healthcare
resources in the midst of an overwhelming emergenay have contributed to the high mortality

rate of our patients’ cohort.

Elimination of immunosuppressive therapy has begonted in few cases of solid organ transplant
patients infected with the SARS-CoV-2 virus (10)owéver, we hypothesized that suspension
could lead to allograft failure due to rebound \aipn of immunological memory, potentially
exacerbated by the hyperinflammatory state. Instdasl center participating in this prospective
observational study elected to reduce immunosupmegherapy in markedly lymphopenic and
febrile patients so that the components of acquineshiune could be recruited against the viral
infection. While we are aware of the ongoing cowdrgies surrounding the use of
hydroxychloroquine, this drug was used in mostguasi based on its anti-inflammatory activity
(11). Despite the lack of agreement in the scientdmmunity and awareness of drug interactions
with calcineurin and mTOR inhibitors (12) antiretial therapy with ritonavir/lopinavir was used
in nearly 50% of the patients. In only one caseused tocilizumab, a monoclonal antibody against
IL-6. Tocilizumab is currently used in some fornfscgtokine-release-syndromes and is currently
under investigation for treatment of COVID-19, thbuclear benefits have not yet been
demonstrated (13).

We observed no COVID-19 related myocarditis. Althlowendomyocardial biopsies have not been
performed due to the enormously strained healthoeseurces, persistently normal LVEF, only
slight changes in myocardial biomarkers and lackrefjuirement for mechanical circulatory
support, are consistent with the belief that COMD-myocarditis did not occur in our heart

transplant recipients.

Broad spectrum prophylactic antibiotics were use@void superimposed bacterial infection, the

risk of which was heightened by lymphocytopenia panotracted hospitalization. Beta-lactamases
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and macrolides were predominantly used and a sdomnaf targeted antibiotic therapy was used
when a specific pathogen was identified. The fiaat of five patients with confirmed superimposed
bacterial infections four developed sepsis and tiem, confirms the wisdom of our approach

which may have averted more deaths related to supesed bacterial infections.

In patients with severe disease, we used therapdoses of low molecular weight heparin to
prevent venous thromboembolic risk. Coagulopathyh wmicrocirculation thrombophilia in severe

forms is related to hyperinflammatory state duthtinfection itself and correlates with the pobres
outcomes (14). Tests of aggregometry and thrombtmgjeaphy were not performed due to the

urgency of the situation and the scarcity of resesir

During the follow-up, unfortunately, we observee thccurrence of two new deaths and a second

wave of infections involving 6 new patients.

Regarding the two deaths, the first patient wad-cgedrantined and his immunosuppressive
regimen was left unchanged. He died due to CMVtedlapulmonary infection. It can be

hypothesized that an alteration in the immunosiwggive state has favored the CMV replication.
The second patient, in whom immunosuppressive plyenas previously reduced, was discharged
home with standard therapy. Probably, this was ginda trigger a rejection that proved itself later,
with cardiogenic shock. The death then occurrednflaomplications following hospitalization.

Immunosuppressant plasma levels should be stnetigitored after therapy modifications during

the disease and follow-up.

As for the new infections we registered, in 5 cabesng asymptomatic, as in the previous cases
described, we did not modify the immunosupprestiiagapy, we did not add antiviral drugs and
we treated the patients with careful home monitprin one case, where pulmonary involvement
was more important, the patient was hospitalized taeated as discussed above by reducing
immunosuppressive therapy and adding antibioticavimd opportunistic infections. The clinical

characteristics of the patients self-quarantineteveemparable regardless the cohort considered.

The data presented here highlights that heartglantsrecipients are extremely vulnerable to the
unfavorable consequences of the COVID-19 infectibhe fact that some patients have been
successfully treated during self-quarantine at hdoes not warrant lowering the attention of care,

and indeed underlines the importance of early raffex infected heart transplant recipients tothei

12



respective programs. In fact, there is a risk, e¥e¢he cases observed are few in our experience,
that on the one hand we go towards a state of sxeesnmunosuppression with the evidence of
opportunistic infections, on the other towards atestof under-immunosuppression with the

possibility of rejection.

The high mortality we observed seems to be unmbladeallograft dysfunction or rejection. The

reduction of immunosuppression in severe formsisgase is crucial for two fundamental aspects:
first, promoting the immune response against \viméction, and secondly, reducing the risk of
superinfections related to hospitalization. Foufathospitalized heart transplant recipients with
COVID-19, our strategy will consist in reductioniofmunosuppression and antibiotic prophylaxis,
along with the best supportive care available. Wadiebe that in the asymptomatic forms,

immunosuppressive therapy may remain unchanged thetifirst symptoms emerge. One of the
main findings, in the light of this experience,ti@t there is always a careful monitoring of the
patient, because at any moment he can take diff@ahs. Furthermore, targeted SARS-CoV-2

antiviral drugs seem to be closer, hoping that thilysoon be available for the physician.

Study limitation

We acknowledge the several limitations of this gtugrstly, in the absence of a control group,
despite enrolling the largest series to date ofthemnsplant recipients with COVID-19, the study i
observational in nature. The cohort presented nmyepresent the heart transplant population at
large, because of its geographic restriction totiNan Italy and their diagnosis early in the course
of the pandemic. The prevalence of SARS-CoV-2dind@ may have been underestimated because
asymptomatic heart transplant recipients were astetl. As mounting evidences are emerging
about the absence of benefits of using anti-inflatamy or antiviral therapies (11), some of the
treatments proposed for our patients may seem tmatd@ihese limitations should be viewed in the
context of a rapidly spreading infection that ovieelmed the Northern Italian Health System,

despite the heroic efforts of its healthcare prexsd

Conclusion

Heart transplant recipients are especially vulnerad infection with SARS-CoV-2 infection and
experienced a twofold higher mortality comparedhe general population. Specific risk factors
have been identified for severe disease and higioetality. The wisdom of reducing the intensity

of immunosuppression and of using anti-inflammaiamng antibiotic prophylaxis requires study in

13



larger populations. The severity of COVID-19 disgeasheart transplant recipients underscores the
critical importance of early and timely referral $pecialized heart transplant centers. Despite the
acknowledged limitations, this study evaluated Irgest population of heart transplant recipients

infected with SARS-CoV-2 to date.

Acknowledgments

We thank Giuseppe Toscano, MD and Angela FraiesB, (@spedale di Padova, Padova),
Francesco Serafini, MD (Ospedale dell’Angelo, Medtenezia), Angela Ribola, MD (Ospedale di
Cremona, Cremona) and Attilio Lanzini, MD (Ospedail&anerbio, Manerbio) for support in data

collection.

14



Clinical perspectives

Data on heart transplanted patients in the COVIDel8 are still very limited. This is a
retrospective, observational, and multicentric gtud/hich have included the leading heart
transplant Centers of Northern Italy, where the SARV-2 pandemia has been more devasting.
We included all heart transplanted patients pasitiy SARS-CoV-2 at these Centers. Thus, this
article is the study with largest comprehensiveagdamong those already published, on the SARS-

CoV-2 infection prevalence and clinical presentatio

The risk of SARS-CoV-2 infection in patients tretey immunosuppressive agents is double in
comparison with general population. Even the mitytaksulted doubled in the heart transplant
population. The reduction of immunosuppressiveapgr associated to hydroxychloroquine and
broad-spectrum antibiotics administration, has bdencommon strategy, and it accounted for a

mortality of 30%.

Trandational outlook

The dataset created for the pandemic emergenaypspective, and we are collecting data relating
to new cases, as well as the clinical evolutiothoke already recognized as infected.

Future studies will concern the effects of the wdidun of immunosuppressive therapy, and the
systemic effects of the Covid-19 virus by contradlithe immune response elicited by the virus

itself in each patient.
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Tablel

Home self-
Hospitalize
Survivors(n = Non Survivors (n = quarantine
All (n=47) p d patients p
33) 14) d patients
(n=38)
(n=9)
Demographics
61,84+14,5 0,00 48,64+17,3 | 64,97+12,0
Age (years) 57,67+14,87 71,67+7,24 0,002
1 2 4 2
0,70
Sex (male) 37(79%) 25(76%) 12(86%) 6(67%) 31(82%) 0,377
0
Time from Htx 0,24
10,46+8,70 9,46+8,61 12,7548,75 6,55+9,81 11,29+8,35 0,164
(years) 2
Risk Factors
BMI 0,91
25,27+4,80 25,32+4,21 25,15+6,13 25,82+4,10| 25,13+4,99 0,70
(kg/m2) 5
0,67
Obesity 8(17%) 5 (15%) 3 (21%) 1(11%) 7(18%) 0,600
9
Arterial 0,74
30(64%) 22(67%) 8(57%) 5(56%) 25(66%0) 0,704
Hypertension 1
Dyslipidemi 0,52
22(47%) 14(42%) 8(57%) 4(44%) 18(47%) 0,874
a 4
Diabetes 0,04
8(17%) 3(9%) 5(36%) 1(11%) 7(18%) 0,600
Mellitus 0
Former 0,83
11(23%) 8(24%) 3(21%) 3(33%) 8(21%) 0,419
smoker 5
Peripheral 0,04
8(17%) 3(9%) 5(36%) 0(0%) 8(21%) 0,323
vascular disease 0
0,89
COPD 3(6%) 2(6%) 1(7%) 0(0%) 3(8%) 0,384
0
0,29
Stroke 1(2%) 0(0%) 1(7%) 0(0%) 1(2%) 0,623
8
0,62
Malignancy 5(11%) 3(9%) 2(14%) 2(22%) 3(8%) 0,240
7
0,83
Dialysis 6(13%) 4(12%) 2(14%) 0(0%) 6(16%) 0,579
9




GFR 48,17+32,1 0,00 82,90+35,3 | 39,72+25,2| <0,00
55,00+33,93 30,82+18,72
(ml/min) 4 4 0 9 1
0,04
Previous PClI 11(23%) 5(15%) 6(36%) 0(0%) 11(29%) 0,092
0
0,40
CMR 7(15%) 4(12%) 3(21%) 1(11%) 6(16%) 0,771
4
0,29
AMR 1(2%) 0(0%) 1(7%) 0(0%) 1(3%) 0,633
5
0,03
CAV Score 0,41+0,89 0,17+0,59 1,00+1,21 0,14+0,38 0,46+0,95 0,394
9
0,02
NYHA class 0,218
3
[ 35(74%) 28(85%) 7(50%) 8(100%) 27(71%)
I 8(17%) 3(9%) 5(36%) 0(0%) 8(21%)
I 3(6%) 1(3%) 2(14%) 0(0%) 3(8%)
v 0(0%) 0(0%) 0(0%) 0(0%) 0(0%)
54,48+10,3 0,08 54,00+10,7
LVEF (%) 56,72+9,04 48,71+12,05 56,40+9,48 0,654
8 3 7
Immunosoppre
ssive Therapy
0,07
Cyclosporine 34(81%) 21(64%) 13(93%) 6(67%) 28(74%) 0,939
3
0,07
Tacrolimus 12(26%) 11(33%) 1(7%) 2(22%) 10(26%) 0,939
3
0,74
Prednisone 19(40%) 14(42%) 5(36%) 6(67%) 13(34%) 0,033
9
Mycophenol 0,95
26(55%) 18(55%) 8(57%) 5(56%) 22(58%) 0,707
ate 5
0,80
Everolimus 12(26%) 8(24%) 4(29%) 2(22%) 10(26%) 0,939
0
0,21
Azathioprine 3(6%) 1(3%) 2(14%) 0(0%) 3(8%) 0,411
6
Anticoagulant 0,78
4(9%) 3(9%) 1(7%) 0(0%) 4(11%) 0,330
Therapy 2
Laboratory
Results at last FU
WBC count 6,91+2,75 6,67+2,82 7,59+2,63 0,44 5,56+2,54 7,30£2,74| 0,17




(cells per 1079/L) 1

Lymphocyte 0,23
1,71+1,05 1,57+0,97 2,13+1,22 1,24+0,69 1,85+1,10 0,211
(cells per 10M9/L) 4

Baseline characteristics of heart transplant pajulavith COVID-19. Abbreviations: BMI, body
mass index; COPD chronic obstructive pulmonaryatiee GFR, glomerular filtration rate; PCI,
percutaneous coronary intervention; NYHA, New Yét&art Association; FU, follow up; LVEF,

left ventricular ejection fraction; WBC, white bloeells.



Table?2

All (n=47) Survivors(n =33) | Non Survivors (n = 14) p
COVID-19 onset
Presenting symptoms 44(93%) 30(91%) 14(100%) 0,544
Fever 41(87%) 27(82%) 14(100%) 0,159
Cough 33(70%) 21(64%) 12(86%) 0,175
Shortness of breath 33(70%) 19(58%) 14(100%) 0,004
Myalgia 21(45%) 15(45%) 6(43%) 0,870
Headache 9(19%) 5(15%) 4(29%) 0,419
Anosmia 7(15%) 7(21%) 0(0%) 0,166
Sinusitis 3(6%) 3(9%) 0(0%) 0,548
Gastrointestinal 10(21%) 9(27%) 1(7%) 0,242
Nasopharyngeal swab test positive 47(100%) 33(100%) 14(100%) 1,004
X-ray Pneumonia 34(72%) 20(61%) 14(100%) 0,005
Fever peak (°C) 38,16+0,56 38,02+0,55 38,40+0,53 0,04
Duration of fever (days) 7,46£3,79 6,58+2,90 9,08+4,75 0,141
Duration of symptoms (days) 9,80+7,31 10,05+7,82 9,0045,93 0,764
Hospitalization 38(81%) 24(73%) 14(100%) 0,030
SpO2 at admission (%) 91,9045,92 93,93+5,04 86,55+4,68 <0,00
Worst SpO2 during hositalization (%) 87,8148,95 91,30+47,49 79,2746,13 <0,00
Acute Respiratory Distress Syndromg 13(28%) 2(6%) 11(79%) <0,00]
Laboratory Results at Admission
WBC count (cells per 10"9/L) 5,57+3,03 5,06+2,70 7,47+3,63 0,061
Hb (g/dl) 11,00+2,27 11,17+2,42 10,57+1,85 0,48
Platelets (cells per 1079/L) 180,82+69,79 184,71+72,52 155,50+60,10 0,60
Lymphocyte (cells per 10"9/L) 1,61+2,17 1,73+2,28 0,70+0,53 0,544
Eosinophilis (cells per 10"9/L) 0,15+0,35 0,16+0,36 0,18+0,41 0,939
CRP (mg/dl) 31,58+42,45 26,22+32,53 50,70+67,33 0,38
PCT (ng/ml) 1,14+2 53 0,51+1,12 4,56+6,07 0,514
Serum creatinine (mg/dl) 3,28+3,98 3,26+4,54 3,34+2,26 0,144
Serum Creatinine in hospital peak
3,12+2,36 2,70+2,31 4,14+2,27 0,034
(mg/dl)
AST (U/L) 25,69+15,85 21,01+11,19 46,00£19,29 0,00




ALT (U/L) 20,88+15,57 17,0849,21 32,25+25,91 0,09

Tnl in hospital peak 41,85+88,18 13,07+6,67 99,40+144,58 0,25

COVID-19 onset characteristics among heart tramsgapulation. Abbreviations: SpO2, oxygen
saturation; WBC, white blood cells; Hb, haemoglol@RRP, c-reactive protein; PCT, procalcitonin;

AST, aspartate aminotransferase; ALT, alanine &namsase; Tnl, troponin |.



Table3

All (n=47) Survivors(n=33) | Non Survivors(n = 14) p
Treatment and outcome
Hydroxychloroguine 38(81%) 24(73%) 14(100%) 0,155
Lopinavir/Ritonavir 21(45%) 13(39%) 8(57%) 0,526
Tocilizumab 1(2%) 1(3%) 0(0%) 0,482
Iperimmune Plasma 0(0%) 0(0%) 0(0%) 1,000
Corticosteroid bolus therapy 10(21%) 8(24%) 2(14%) 0,361
Management of Immunosoppressive
Therapy?
Reduction Cyclosporine dose (n=34) 6(18%) 3(14%) 3(30%) 0,653
Reduction Tacrolimus dose (n=12) 5(42%) 5(45%) 0(0%) 0,377
Reduction Mycophenolate dose (n=30) 17(57%) 13(62%) 4(44%) 0,623
Reduction Everolimus dose (n=12) 3(25%) 2(25%) 1(25%) 1,000
Reduction Azathioprine dose (n=3) 3(100%) 1(100%) 2(100%) 1,000
Antibiotics prophylaxis 39(83%) 26(79%) 13(93%) 0,735
Anticoagulant Therapy 13(28%) 11(33%) 2(14%) 0,282
ICU stay 4(9%) 2(6%) 2(14%) 0,616
NIV 15(32%) 4(12%) 11(79%) <0,00]
Invasive Ventilation 2(4%) 0(0%) 2(14%) 0,129
Pronation 3(6%) 2(6%) 1(7%) 0,896
CVVH 0(0%) 0(0%) 1(7%) 0,368
ECMO support 0(0%) 0(0%) 0(0%) 1,000
Inotropic Support 3(6%) 0(0%) 3(21%) 0,043
Nitric Oxide 1(2%) 0(0%) 1(7%) 0,310
Complications
Neurological 1(2%) 0(0%) 1(7%) 0,333
Gastrointestinal 1(2%) 1(3%) 0(0%) 0,464
Infective
Bacterial co-infection 5(11%) 2(%6) 3(21%) 0,307
Fungal co-infection 0(0%) 0(0%) 0(0%) 1,000
Viral co-infection 0(0%) 0(0%) 0(0%) 1,000
Sepsis 4(9%) 2(6%) 2(14%) 0,307
In Hospital length of stay (days) 17,79+10,70 23,2148,91 8,5046,17 <0,00




Treatment and outcome of heart transplant populatiacth COVID-19. Abbreviations: ICU,
intensive care unit; NIV, non-invasive ventilatid®dyYVH, continuous veno-venous hemofiltration;

ECMO, Extracorporeal membrane oxygenation.

& percentage of patients with a reduction in immuppsessant dosage.



Table4

All (n=6)

Demographics

Age (years)

59,0(48,3-73,5

Sex (male)

4(67%)

Time from Htx (years)

7.8(3,7-18,3

Risk Factors

BMI (kg/m2) 26,9(22,7-29,9)
Obesity 2(33%)
Arterial Hypertension 4(67%)
Dyslipidemia 2(33%)
Diabetes Mellitus 2(33%)
Former smoker 0(0%)
Peripheral vascular disease 0(0%)
COPD 1(17%)
Stroke 0(0%)
Malignancy 2(33%)
Dialysis 0(0%)

GFR (ml/min) 43,5(39,0-73,5)
Previous PCI 1(17%)
CMR 1(17%)
AMR 0(0%)




CAV Score 0(0-3)
NYHA class

| 4(66%)

I 2(33%)

11l 0

v 0
LVEF (%) 58,5(55,8-62,8)

Immunosoppressive Therapy

Cyclosporine 3(50%)
Tacrolimus 1(17%)
Prednisone 3(50%)
Mycophenolate 4(67%)
Everolimus 1(17%)
Azathioprine 0(0%)
Anticoagulant Therapy 0(0%)

Laboratory Results at last FU

WBC count (cells per 10M9/L)

5,48(5,11-6,66

Lymphocyte (cells per 1079/L) 1,22(0,92-1,77
COVID-19 onset
Presenting symptoms 4(66%)
Fever 4(66%)
Cough 2(33%)

Shortness of breath

2(33%)




Myalgia 2(33%)
Headache 1(17%)
Anosmia 0(0%)
Sinusitis 0(0%)
Gastrointestinal 0(0%)
Nasopharyngeal swab test positive 6(100%)
X-ray Pneumonia 1(17%)
Fever peak (°C) 38,1(37,7-38,4
Duration of fever (days) 4,8(4,5-5,0)
Duration of symptoms (days) 6,0(4,8-7,0)
Hospitalization 1(17%)
Modification of Immunosoppressive Therapy  1(17%)
Antibiotics prophylaxis 4(67%)
Death 0(0%)

Characteristics of Cohort 2 SARS-CoV-2 positiverh&r@ansplant population. Abbreviations: BMI,
body mass index; COPD chronic obstructive pulmortisgase; GFR, glomerular filtration rate;
PCI, percutaneous coronary intervention; NYHA, N¥ark Heart Association; FU, follow up;

LVEF, left ventricular ejection fraction; WBC, wkiblood cells.



SARS-CoV-2 in Heart Transplant Recipients:
A Multi-Center Analysis in the Northern Italy

1st Cohort (21 Feb — 30 Jun)
47 Heart Transplant Recipients with COVID-19

|
v v v

o 9 Self-home
38 Hospitalized 14 Deaths

2nd Cohort (1 Jul — 30 Aug)
6 Heart Transplant Recipients with COVID-19

|
\ v v

1 Hospitalized AR 0 Deaths
Compared to general population:
doubled prevalence and case-fatality rate
High mortality unrelated to
allograft disfunction or rejection




