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1 | INTRODUCTION

We report the nationwide experience with solid organ transplant (SOT) and hemat-
opoietic stem cell transplant (HSCT) recipients diagnosed with coronavirus disease
2019 (COVID-19) in Spain until 13 July 2020. We compiled information for 778 (423
kidney, 113 HSCT, 110 liver, 69 heart, 54 lung, 8 pancreas, 1 multivisceral) recipients.
Median age at diagnosis was 61 years (interquartile range [IQR]: 52-70), and 66% were
male. The incidence of COVID-19 in SOT recipients was two-fold higher compared
to the Spanish general population. The median interval from transplantation was
59 months (IQR: 18-131). Infection was hospital-acquired in 13% of cases. No donor-
derived COVID-19 was suspected. Most patients (89%) were admitted to the hospital.
Therapies included hydroxychloroquine (84%), azithromycin (53%), protease inhibitors
(37%), and interferon-f (5%), whereas immunomodulation was based on corticoster-
oids (41%) and tocilizumab (21%). Adjustment of immunosuppression was performed
in 85% of patients. At the time of analysis, complete follow-up was available from 652
patients. Acute respiratory distress syndrome occurred in 35% of patients. Ultimately,
174 (27%) patients died. In univariate analysis, risk factors for death were lung trans-
plantation (odds ratio [OR]: 2.5; 95% Cl: 1.4-4.6), age >60 years (OR: 3.7; 95% Cl: 2.5-
5.5), and hospital-acquired COVID-19 (OR: 3.0; 95% Cl: 1.9-4.9).

KEYWORDS
clinical research/practice, infectious disease, infection and infectious agents - viral, antibiotic:
antiviral, clinical decision-making, complication: infectious

human coronaviruses among immunocompromised hosts?*2°

and

Since first described in Wuhan, China, severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2), the causal agent of coronavi-
rus disease 2019 (COVID-19), has rapidly become an international
pandemic.t™* The body of knowledge about the natural history of
the disease and risk factors for poor outcomes is progressively in-
creasing.s'6 However, there is limited information on the incidence
of COVID-19, the course of the infection and its prognostic factors
among transplant patients. Since the outbreak of the pandemic, a

712 and case series'®2 have been published,

number of case reports
suggesting a higher rate of complications in this particular patient
population. The more aggressive course of posttransplant COVID-

19 would be supported by the poor outcomes reported for endemic

solid organ transplant (SOT) recipients.%'27 On the other hand, it
has been proposed that the long-term use of immunosuppression
could mitigate the hyperinflammatory status secondary to the cy-
tokine storm syndrome triggered by SARS-CoV-2 that leads to most
COVID-19-attributable deaths.

The risk of transmission of COVID-19 through transplantation
remains theoretical, although no case of donor-derived infection has
been reported to date. This has led to apply the principle of max-
imum precaution in international guidance on the evaluation and
screening of donors for SARS-CoV-2 infection.?87%0

Spain is one of the countries most affected by the COVID-
19 pandemic in terms of absolute number of cases, incidence per
1,000 inhabitants, and number of COVID-19-attributable deaths.®
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On 13 March 2020, the Spanish Government declared a national
state of alarm, comprising nationwide lock-down, social confine-
ment and restricted mobility to control the spread of the infection.
The country as a whole entered into epidemiological scenarios 3
(sustained community transmission) and 4 (intensive care capacity
saturated and healthcare system overwhelmed), as described by
the European Centre for Disease Control and Prevention.’! On
April 29, 2020, a national de-escalation plan was put in place, in
coincidence with a decreasing number of new cases and a relieved
healthcare system. The state of alarm ended by the end of June
2020.

In the above-described scenario, the Spanish Organizacion
Nacional de Trasplantes (ONT) promoted a centralized data collection
on SOT and hematopoietic stem cells transplant (HSCT) recipients di-
agnosed with COVID-19. The aim of this initiative was to investigate
the impact of the SARS-CoV-2 infection in the transplant population.
In particular, we aimed at evaluating the incidence of COVID-19 in
transplant recipients, characterizing clinical features and patient man-
agement in terms of antiviral and immunomodulatory therapies as well
as adjustment of baseline immunosuppression, describing clinical out-
comes, and exploring factors predictive of death. The Spanish Society
of Nephrology (SEN) had initiated in parallel a similar data collection
on patients under renal replacement therapy, including kidney trans-
plant recipients.®? Intending to increase the comprehensiveness of the
national data collection, both ONT and SEN joined efforts to better
assess the previously mentioned objectives.

2 | PATIENTS AND METHODS

2.1 | Study design and patient management
Data collection comprised all SOT and HSCT (either autologous or
allogeneic) recipients who had been diagnosed with COVID-19 in
Spain until 13 July 2020. Centers across the Spanish territory were
requested to provide information on every COVID-19 case con-
firmed by reverse transcription polymerase chain reaction (RT-PCR)
in a respiratory tract sample, although patients with a highly sug-
gestive clinical and radiological picture could be also included. The
study was approved by the National Transplant Committee of the
Inter-Regional Council of the Spanish National Health-Care System.
At the beginning of the outbreak, ONT published guidance for the
evaluation and testing of potential deceased and living donors, which
entailed universal screening for SARS-CoV-2 by RT-PCR in respiratory
tract samples obtained within 24 hours prior to organ recovery.?’ ONT
also recommended screening of SARS-CoV-2 by RT-PCR of transplant
candidates immediately before transplantation. Donation and trans-
plantation would not proceed in case of a positive RT-PCR result or
high clinical suspicion of COVID-19. National scientific societies re-
leased recommendations on the treatment and management of immu-
nosuppression in SOT and HSCT recipients with COVID-19, based on
the limited evidence available at the time and aligned with the guide-

lines issued by the Spanish Ministry of Health.33-> In general terms,

AJT

recipients diagnosed with COVID-19 were admitted to the hospital in
case of pneumonia and/or clinical instability. However, definitive deci-
sions about hospital and intensive care unit (ICU) admission, as well as
intubation and initiation of invasive mechanical ventilation (IMV), were
ultimately made by treating teams on the basis of perceived life expec-
tancy and available resources. Patients with mild-to-moderate disease
could be treated with hydroxychloroquine, either alone or in combi-
nation with azithromycin. In the presence of more severe forms of the
disease, co-formulated lopinavir/ritonavir or remdesivir were adminis-
tered as compassionate care. The off-label use of tocilizumab and/or
corticosteroids was also considered as immunomodulatory therapy in
recipients with elevated inflammatory markers (ie, C-reactive protein

or interleukin-6 [IL-6]) and progressive respiratory failure.

2.2 | Datacollection
For each SOT and HSCT recipient diagnosed with COVID-19, a no-
tification form was completed by the treating team including demo-
graphics, baseline clinical characteristics, date of transplantation,
date of diagnosis of COVID-19, and information on whether the in-
fection had been acquired in the hospital or in the community and
on whether the case was suspected to be donor-derived. In case
of a suspected donor-derived COVID-19, the Disease Transmission
Advisory Committee (DTAC) tool was used to assess the likelihood
that the SARS-CoV-2 infection derived from the donor.>

An additional follow-up form was filled in with details on inter-
mediate outcomes (hospital admission, ICU admission, IMV, acute
distress respiratory syndrome [ARDS] defined according to the
Berlin criteria,%” septic shock, or multiorgan failure), therapeutic ap-
proaches, and outcomes (resolution of the infection [ie, clinical im-
provement with or without virologic evidence of clearance] or death
[including whether death was potentially attributable to COVID-19]).

To provide more accurate information on the incidence of
COVID-19 among kidney transplant recipients, we additionally iden-
tified cases reported to the SEN that had not been notified to ONT.
To exclude duplicates, the following variables were used: reporting
center, date of transplantation, date of birth, and gender. Due to the
lack of certain key variables in the SEN registry (eg, occurrence of
ARDS), these additional cases were not taken into account for the

remaining descriptive analysis contained in this paper.

2.3 | Statistical analysis

Quantitative variables are presented as the mean and standard de-
viation or the median and interquartile range (IQR), depending on
the distribution of the sample. Qualitative variables are described as
absolute numbers and percentages (of cases with available informa-
tion). Kaplan-Meier curves were used to analyze patient survival from
diagnosis of infection, with the log-rank test for comparisons. To as-
sess patient- and infection-related factors associated with COVID-19-

attributable mortality, the Xz test was used, with the Fischer correction
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where applicable. Univariate associations are expressed as unadjusted
odds ratios (OR) with 95% confidence intervals (Cl). In addition, an ex-
ploratory analysis on the association between specific therapeutic ap-
proaches and mortality was performed. Given the descriptive nature
of the present research and the level of detail of data, which do not
allow for adequately controlling for potential confounders influenc-
ing the choice of therapy, no multivariate modeling was attempted.
Nevertheless, univariate analyses were stratified by the development
of ARDS as a proxy to disease severity. The statistical analysis was per-
formed with SPSS version 25.0 (IBM Corp., Armonk, NY).

3 | RESULTS

3.1 | Study population and baseline characteristics
A total of 778 SOT and HSCT recipients diagnosed with COVID-19
between 20 February and 13 July 2020 in Spain were reported to
ONT by 61 centers. The diagnosis was confirmed by RT-PCR in 93%
of cases. Cases notified included 423 kidney (54%), 113 HSCT (15%),
110 liver (14%), 69 heart (9%), 54 lung (7%), 8 pancreas (1%), and
1 multivisceral (0.1%) transplant patients. Within the HSCT group,
42 and 71 patients had received autologous and allogenic grafts, re-
spectively. The number of reported cases according to the date of
presentation reached its maximum in the second fortnight of March,
to progressively decrease thereafter (Figure 1).

Considering the number of patients with a functioning graft in
Spain as of 1 January 2020 (based on data derived from National
Transplant Registries) and adding those cases of kidney transplant
recipients who had been reported to SEN, but not to ONT (N = 198),
the cumulative incidence of COVID-19 among SOT recipients was
11.9/1,000 persons at risk (17.7/1,000 for kidney, 8.3/1,000 for liver,
19.1/1,000 for heart, 22.5/1,000 for lung, 5.5/1,000 for pancreas,
and 13.7/1,000 for small bowel recipients). The cumulative incidence

of COVID-19 in the Spanish general population was 5.5/1,000 per-
sons at risk by 13 July 2020.

Baseline characteristics of SOT and HSCT recipients with
COVID-19 are shown in Table 1.

Ninety-nine patients (13%) were considered to have acquired
COVID-19 in the hospital. The median interval between transplanta-
tion and diagnosis for this group of recipients was 20 months (IQR:
1-123), whereas the median interval for community-acquired cases
was 65 months (IQR: 23-133). In detail, 19 out of 99 patients with
hospital-acquired SARS-CoV-2 infection were in the first posttrans-
plant month.

Only 25 patients (3%) acquired SARS-CoV-2 infection in the im-
mediate posttransplant period (ie, first month after transplantation),
20 of them being SOT recipients. These 20 cases represent 1.5% of
the 1,300 SOT procedures performed in the country between 20
February and 13 July 2020. There were only two notified SOT re-
cipients with COVID-19 who had received the transplant after the
declaration of the national state of alarm.

At the time of this analysis, no suspected cases of donor-derived
COVID-19 have been reported.

3.2 | Therapeutic management

Information on the management of COVID-19 was available from
657 (84%) cases at the time of submission of this paper. A de-
scription of the antiviral and immunomodulatory therapies used
is shown in Table 1, globally and according to the type of trans-
plant. No specific antiviral therapy was administered in 80 (12%)
patients, of whom 50% were managed as outpatients. The agent
with presumed antiviral activity most commonly used was hy-
droxychloroquine, which was administered in 555 (84%) patients.
A protease inhibitor-containing regimen was used in 246 (37%)
patients. Of note, available agents were used in a great variety

800
----- New cases
= Cumulative number of cases
600
400
200
0
12.02.20 26.02.20 11.03.20 25.03.20 08.04.20 22.04.20 06.05.20 17.06.2C

Presentation date

FIGURE 1 Evolution of notified cases of COVID-19 in solid organ and hematopoietic stem cell transplant recipients according to

presenting date
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FIGURE 2 Adjustment of baseline immunosuppression in solid organ transplant recipients with COVID-19. mTOR inh, mammalian target
of rapamycin inhibitors [Color figure can be viewed at wileyonlinelibrary.com]

of combinations, being hydroxychloroquine alone or in combina-
tion with azithromycin (316 patients [48%]) the most common
regimen. Immunomodulatory therapy was administered in 48% of
patients, mainly consisting on boluses or increased baseline dose
of corticosteroids, whereas tocilizumab was used in 138 (21%)
recipients.

Among SOT recipients, some adjustment of the baseline im-
munosuppressive regimen was performed in 85% cases. Although
variable depending on the transplant type, this modification gen-
erally consisted of the withdrawal or dose reduction of calcineurin
inhibitors, antimetabolites and mammalian target of rapamycin
(mTOR) inhibitors, as well as the initiation or increase of cortico-
steroid dose (Figure 2). Sixty-four out of the 113 HSCT patients
were receiving immunosuppressive treatment at the time of diag-
nosis of COVID-19, consisting of one drug in 34 patients and two
or more drugs in 30 patients. Immunosuppression was modified
in 31 and continued without changes in the remaining 33 HSCT
recipients.

3.3 | Clinical outcomes

Patient outcomes are displayed in Table 2. Complete follow-up in-
formation was available for 652 (84%) of the reported cases at the
time of submitting. The median interval between the diagnosis of
COVID-19 and the resolution of infection or death was 16 (IQR: 10-
25) and 13 (IQR: 7-20) days, respectively. Among patients admitted
to the hospital, the median duration of hospital stay was 12 days
(IQR: 7-21).

Overall, 174 patients died, accounting for a case-fatality rate of
27%. Death was considered to be attributable to COVID-19 in 93%
of cases. The probability of survival at 10 and 20 days following the
diagnosis of COVID-19 was 89% and 80%, respectively.

There were no significant differences between recipients with
laboratory-confirmed SARS-CoV-2 infection and those in which
the diagnosis was only based on clinical and radiological features in
terms of case-fatality rate (26% versus 30%, respectively; P-value =
0.579). On the other hand, the rates of ICU admission (14% versus
6%; P-value = 0.128) and ARDS (36% versus 27%; P-value = 0.195)
were numerically higher among patients with RT-PCR-confirmed
COVID-19, who were in turn less likely to be managed as outpatients
(10% versus 18%; P-value = 0.100).

3.4 | Analysis of mortality

Table 3 details mortality rates in patients with complete follow-
up according to baseline features and intermediate outcome vari-
ables. Mortality significantly differed across transplant types, the
probability of death being significantly higher for lung transplant
versus other transplant recipients (OR: 2.5 [95% Cl: 1.4-4.6]). The
risk of death increased with age (OR for recipients >60 years: 3.7
[95% ClI: 2.5-5.5]). Mortality was higher among patients with hos-
pital-acquired SARS-CoV-2 infection (OR: 3.0 [95% Cl: 1.9-4.9]).
No significant differences in mortality were observed in terms
of gender or type of baseline immunosuppression. Mortality was
higher among recipients who had received the graft within the
previous year, although the difference did not reach statistical sig-
nificance (OR: 1.5 [95% Cl: 0.9-2.3]). As expected, mortality was
more frequent among recipients who were admitted to the hos-
pital (OR: 4.4 [95% Cl: 1.9-10.4]) and to the ICU (OR: 5.2 [95% ClI:
3.2-8.4]), as well as in those who required IMV (OR: 6.9 [95% Cl:
3.9-12.4]). The mortality rate within the subgroup of patients who
developed ARDS was 64% (OR: 28.9 [95% Cl: 17.6-47.4]). Most
patients who developed septic shock [OR: 12.2 [95% Cl: 5.9-25.4])
or multiorgan failure (OR: 30.3 [95% CI: 14.0-65.4]) died. Similar
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Table 3 (Continued)

Number %

N of deaths  deaths  p-value
Invasive mechanical <.001
ventilation
Yes 58 38 66%
No 521 112 22%
ARDS <.001
Yes 224 143 64%
No 417 24 6%
Septic shock <.001
Yes 44 34 77%
No 593 129 22%
Multiorgan failure <.001
Yes 64 56 88%
No 575 108 19%

Abbreviations: ARDS, acute respiratory distress syndrome; ICU,
intensive care unit; mTOR, mammalian target of rapamycin; SARS-
CoV-2, severe acute respiratory syndrome coronavirus 2.

results were obtained when HSCT recipients were excluded from
the analysis (Table S1 in Data S1). Figure 3 represents the Kaplan-
Meier survival curves according to the type of transplantation, age
at diagnosis, hospital- versus community-acquired SARS-CoV-2 in-
fection, and development of ARDS.

Finally, Table 4 displays an exploratory analysis of mortality
according to the different antiviral and immunomodulatory thera-
pies administered. Data are presented in the overall cohort of SOT
and HSCT recipients and stratified by the development of ARDS,
in order to account for the severity of COVID-19. Similarly, mortal-
ity rates according to the management of immunosuppression are
shown in Table 5. The mortality of patients with ARDS was lower
among those who received hydroxychloroquine (either alone or as-
sociated with azithromycin) as compared to other regimens or no an-
tiviral treatment, as well as among those in whom the antimetabolite
agent (mainly mycophenolate) was discontinued. This set of analyses
was also repeated in the specific group of SOT recipients (Tables S2
and S3in Data S1).

4 | DISCUSSION

To the best of our knowledge, this is the largest series published on
SOT and HSCT recipients with a diagnosis of COVID-19, providing a
nationwide picture of the disease burden and the natural history of
SARS-CoV-2 infection in the Spanish transplant population.

In our experience, transplant patients presented a higher non-
adjusted incidence of COVID-19 than that reported for the general
population in Spain. There are different potential explanations for
this finding. Transplant recipients may be at a higher risk of infec-
tion by SARS-CoV-2 due to the baseline use of immunosuppression,

underlying comorbidities, and frequent contact with healthcare

systems. On the other hand, they may be more likely of being diag-
nosed when they present symptoms, either because of a more overt
symptomatology than immunocompetent individuals, or because of
a closer follow-up at the transplant center.

As in other studies on posttransplant COVID-19, recipients in
our series were usually in their sixth decade of life, predominantly
males, and with a long history of transplantation prior to the diag-
nosis.13:17-20.22.23 Although the majority of cases were acquired in
the community, there was a relevant proportion of hospital-acquired
infections, with 3% of patients developing COVID-19 in the immedi-
ate posttransplant period, similarly to what was reported by Pereira
et al.Y” When analyzing cases with early posttransplant COVID-19
in further detail, donor-derived COVID-19 was not suspected in any
of the patients. None of the donors exhibited a clinical picture com-
patible with COVID-19 and all had tested negative for SARS-CoV-2
by RT-PCR in respiratory tract samples prior to organ recovery, in
alignment with national recommendations.?’ Of note, none of these
infected recipients shared the same donor. Most importantly, pro-
fessionals in charge considered that the infection had more likely re-
sulted from a cross-contamination within the hospital. Based on the
algorithm developed by DTAC, these findings made a donor-derived
infection unlikely. These results reveal either the appropriateness
of current guidelines for donor testing, or the decreased likelihood
that the infection is transmitted through transplantation. Indeed, no
cases of donor-derived transmission of SARS-CoV-2 or other epi-
demic coronaviruses have been reported to date in the literature.

Recipients who acquired COVID-19 during the immediate
posttransplant period were infected within the first weeks of the
outbreak, presumably in coincidence with the saturation of hospi-
tals and ICU capacities. The transplantation activity subsequently
decreased with a selected number of procedures being undertaken
and priority given to urgent and critically ill patients, as well as to
highly sensitized recipients provided an appropriate organ became
available during the epidemic.?’ Similar decisions have been made
in other countries, always prevailing the best interests of patients
on the waiting list. The negligible proportion of COVID-19 cases di-
agnosed during the immediate posttransplant period following the
declaration of the national state of alarm might be explained by the
efforts to ensure “clean” healthcare circuits in hospitals.

Several potential therapeutic targets based on the replica-
tive cycle of SARS-CoV-2 have dictated treatment approaches for
COVID-19 in the absence of robust supporting evidence.®® In view of

39-42

their presumed in vitro activity, hydroxychloroquine and ritona-

vir/lopinavir*®

were commonly administered during the early phase
of the pandemic, as illustrated by our experience. Nevertheless, the
use of protease inhibitors poses significant challenges due to drug-
drug interactions with immunosuppressive agents.>* Remdesivir has
been recently granted conditional marketing authorization by the
European Medicines Agency.44 Access to this antiviral agent in our
country has been largely limited to ongoing clinical trials, and its use
in the present cohort was anecdotal (only 6 patients). Preliminary
results suggesting a potential benefit from immunomodulatory

4546

therapy with dexamethasone or anti-IL-6 agents?’ for the
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FIGURE 3 Kaplan-Meier survival curves in solid organ and hematopoietic stem cell transplant recipients with COVID-19: according to the
transplant type (a), recipient age (b), hospital-acquired SARS-CoV-2 infection (c),and development of acute respiratory distress syndrome (d)
(log-rank test for comparisons) [Color figure can be viewed at wileyonlinelibrary.com]

TABLE 4 Mortality of solid organ and hematopoietic stem cell transplant recipients with COVID-19 according to therapeutic approaches,

overall and by the development of ARDS

Overall
Deaths,
N n (%) p-value
Antiviral therapy <.001
None 74 17 (23)
HCQ alone or with AZT 307 55(18)
Protease inhibitor? 239 85 (36)
Other 16 6(38)
Immunomodulatory therapy .001
None 327 63 (19)
Corticosteroids alone® 171 46 (27)
Tocilizumab 125 49 (39)
Anakinra 13 5(39)

With ARDS Without ARDS
Deaths, Deaths,

N n (%) p-value N n (%) p-value
.003 .758

13 12(92) 61 5(8)

86 44 (51) 221 11(5)

117 79 (68) 122 6(5)

5 5(100) 11 1(9)
.384 .148

70 48 (69) 257 15 (6)

56 38 (68) 115 8(7)

86 49 (57) 39 0(0)

9 5 (56) 4 0(0)

Abbreviations: ARDS, acute respiratory distress syndrome; AZT, azithromycin; HCQ, hydroxychloroquine.

2Protease inhibitors in any combination.

bDefined as the administration of bolus of corticosteroids, initiation of corticosteroids, or increase of baseline doses.

SARS-CoV-2-triggered cytokine storm seem to have been rapidly
extrapolated in clinical practice to the transplant setting, despite the
paucity of data for this specific population. Indeed, corticosteroids
(either as boluses or by increasing baseline doses) and tocilizumab
were administered in 41% and 21% of patients, respectively. Overall,

the therapeutic strategies described in our cohort, as well as the
management of immunosuppression, were similar to those reported
in other series of transplant patients with COVID-19.131416-19.22

It has been suggested that long-term immunosuppression could

potentially protect SOT recipients from developing the exacerbated
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TABLE 5 Mortality of solid organ and hematopoietic stem cell transplant recipients with COVID-19 according to the management of

immunosuppression, overall and by development of ARDS

Overall With ARDS Without ARDS
Deaths, Deaths,
N n (%) p-value N n (%) p-value N Deaths, n (%) p-value
Adjustment of calcineurin inhibitors <.001 109 124
No adjustment 174 33(19) 33 22 (67) 141 11 (8)
Dose reduction 135 20 (15) 38 18 (47) 97 2(2)
Withdrawal 183 73 (40) 100 66 (66) 83 7(8)
Adjustment of antimetabolites 171 .033 .381
No adjustment 89 23 (26) 23 19 (83) 66 4 (6)
Dose reduction 21 9 (43) 8 7 (88) 13 2 (15)
Withdrawal 268 65 (24) 98 57 (58) 170 8(5)
Adjustment of mTOR inhibitors .092 485 .624
No adjustment 49 8(16) 13 7 (54) 36 1(3)
Dose reduction 13 1(8) 1 1(100) 12 0(0)
Withdrawal 69 22(32) 33 22 (67) 36 0(0)

Abbreviations: ARDS, acute respiratory distress syndrome; mTOR, mammalian target of rapamycin.

inflammatory response triggered by SARS-CoV-2.1>4847 However, our
experience suggests a particularly severe course in transplant patients
with respect to the overall nontransplant population.>*° The 27%
mortality rate in this cohort is similar to that reported in the largest
COVID-19 transplant series published so far.”**2%2223 The more ag-
gressive course of infection after transplantation may be due to the
effects of chronic immunosuppression, but also to demographics and
baseline comorbidities (eg, cardiovascular risk factors) of this group
of patients compared to the general population. In fact, when we ad-
justed the COVID-19 case-fatality rate after transplantation to match
the age and gender of the Spanish general population, it decreased to
15.8% (data not shown). Therefore, such a high crude mortality rate
seems to be mainly influenced by the demographic profile—and co-
morbidity burden—of transplant recipients rather than by the direct
impact of transplantation or associated immunosuppression. One im-
portant aspect of our experience is that, despite the severe course
of the infection (as reflected by the frequent development of ARDS),
only a limited number of patients were subject to ICU admission (13%)
and IMV (10%), accounting for rates substantially lower than those re-
ported from the US and Italy.**2° Similar inter-regional differences
in the access to intensive care have been reported for cancer patients
with COVID-19.% Although therapeutic approaches could largely dif-
fer across participating centers according to locally available resources
at the different stages of the pandemic, this finding would suggest that
decisions of limiting life-sustaining therapies were common among
transplant patients perceived to have a poor baseline prognosis and a
reduced likelihood of survival. However, it is unlikely that the mortality
rate would have been lower should more patients had been subject to
critical care. Indeed, 58% of COVID-19 transplant patients admitted to
the ICU eventually died, in line with previous studies.?”*’

The course of the infection, in terms of development of ARDS

and death, was more aggressive in lung transplant recipients, and less

severe in liver transplant patients. The poorer outcomes observed in
the lung transplant group may be related to a lower respiratory re-
serve and the use of more potent immunosuppression. Other authors
have described a relatively benign evolution for liver recipients with
COVID-19, with age- and gender-adjusted mortality rates even lower
than in the general population.?® As reported in nontransplant pa-
tients,>>>3 the risk of death increased with recipient age, but we did
not find any apparent impact of gender. Recipients reported to have
acquired SARS-CoV-2 infection during hospitalization for different
causes were found to experience worse outcomes than outpatients;
it may be hypothesized that this subgroup was more likely to have
higher comorbidity burden and poorer graft function at the time of
infection. Of note, the proportion of patients receiving mTOR inhibi-

tors (21%) was relatively high as compared to US series,”1?

although
no outcome differences were found according to the type of baseline
immunosuppression. Finally, the analysis of mortality rates accord-
ing to antiviral and immunomodulatory agents administered and the
management of baseline immunosuppression should be considered as
merely exploratory, due to potential confounding by indication and
the lack of adjustment for clinical covariates.

Despite its strengths in terms of large sample size and compre-
hensiveness, which provide a nationwide picture of the incidence,
clinical management and natural history of posttransplant COVID-
19 in Spain, this study has a number of limitations. First, it is likely
that hospitalized patients with severe clinical pictures have been
reported more frequently than patients with less severe symptoms.
The granularity of available data was limited, since no information on
underlying comorbidities (eg, diabetes or hypertension), clinical and
radiological presentation, severity indexes, laboratory parameters
or timing of treatments administered was collected. This prevented
us from testing the prognostic factors identified at the multivariate

level. Finally, differences in clinical practices across participating
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centers might have led to some heterogeneity in the reporting of
major complications or the management of immunosuppression.
The scientific community is immersed in a rapidly evolving re-
search on COVID-19. The healthcare effects of this pandemic, with
no recent precedent, makes the knowledge on the course of the dis-
ease and clinical and therapeutic determinants of outcome imper-
ative, particularly for immunocompromised hosts such as SOT and
HSCT recipients. The value of this study lies is the large volume of
cases captured that allows to provide valuable information on gen-
eral aspects of the disease in the transplant setting. Therefore, this
experience may serve as a reference to better understand the nat-
ural history of SARS-CoV-2 infection in transplant patients and to

support further research in the field.
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