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Abstract

In the context of COVID-19 pandemic, we aimed to analyze the epidemiology, clinical char-
acteristics, risk factors for mortality and impact of COVID-19 on outcomes of solid organ
transplant (SOT) recipients compared to a cohort of non transplant patients, evaluating if
transplantation could be considered a risk factor for mortality. From March to May 2020, 261
hospitalized patients with COVID-19 pneumonia were evaluated, including 41 SOT recipi-
ents. Of these, thirty-two were kidney recipients, 4 liver, 3 heart and 2 combined kidney-liver
transplants. Median time from transplantation to COVID-19 diagnosis was 6 years. Thirteen
SOT recipients (32%) required Intensive Care Unit (ICU) admission and 5 patients died
(12%). Using a propensity score match analysis, we found no significant differences
between SOT recipients and non-transplant patients. Older age (OR 1.142; 95% [CI 1.08—
1.197]) higher levels of C-reactive protein (OR 3.068; 95% [CI 1.22-7.71]) and levels of
serum creatinine on admission (OR 3.048 95% [Cl 1.22—7.57]) were associated with higher
mortality. The clinical outcomes of SARS-CoV-2 infection in our cohort of SOT recipients
appear to be similar to that observed in the non-transplant population. Older age, higher lev-
els of C-reactive protein and serum creatinine were associated with higher mortality,
whereas SOT was not associated with worse outcomes.
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Introduction

Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) emerged in December
2019 in China rapidly evolving to the Coronavirus Disease 2019 (COVID-19) pandemic [1].
Reported associated mortality is around 7%, mostly related to older age, obesity, hypertension
and chronic pulmonary disease [2].

Emerging data of the impact of COVID-19 in immunosupressed patients, including solid
organ transplant (SOT recipients) has recently become available [3-18]. SOT recipients may
be at a greater risk for worse outcomes due to the detrimental effect of the immunosuppressive
therapy, similar to other viral infections, however, while some studies reflected poorer out-
comes [6,9,16-18], other studies do not suggest worse prognosis compared to the non-trans-
plant population [3-5,7,8,15,19].

Furthermore, besides immunosuppressive regimens, transplant recipients usually present
more co-morbidities such as hypertension and diabetes, possibly influencing the outcome of
patients with COVID-19. On the other hand, a propensity score match analysis has not been
performed to assess mortality of solid organ recipients compared to non-solid organ trans-
plant patients before.

In this setting, we aimed to study the epidemiology, clinical characteristics and mortality
risk factors of SOT recipients that required hospitalization due to COVID-19 compared to a
cohort of non transplant patients hospitalized in the same period, using a propensity score
match analysis.

Material and methods
Patient selection

From 6™ of March to 24" of May, data regarding epidemiology, clinical and laboratory find-
ings and outcomes of patients admitted with respiratory symptoms and radiological evidence
of SARS-CoV-2 pneumonia to Hospital Clinic of Barcelona was prospectively recorded. We
included all hospitalized patients.

Clinical data and definitions

Laboratory diagnosis of SARS-CoV-2 infection was made by a positive reverse transcriptase-
polymerase chain reaction (RT-PCR) assay from a nasopharyngeal swab.

We used the World Health Organization clinical Ordinary Scale Determination (OSD) to
assess patient clinical status. This OSD was recorded at baseline and every day while hospitali-
zation. The ordinal scale categories are as follows: 0) Uninfected 1) Ambulatory patients with
no limitation of activities 2) Ambulatory patients with limitation of activities, 3) Patients
requiring hospitalization in a non-ICU ward not requiring supplemental oxygen, 4) Patients
requiring hospitalization in a non-ICU ward requiring supplemental oxygen, 5) Patients hos-
pitalized in ICU or non-ICU hospital ward, requiring non-invasive ventilation or high-flow
oxygen, 6) Patients hospitalized in ICU requiring intubation and mechanical ventilation, 7)
Patients hospitalized in ICU, requiring Extracorporeal membrane oxygenation (ECMO) or
mechanical ventilation and additional organ support (e.g. vasopressors, renal replacement
therapy) and 8) Death during hospitalization.

The following laboratory measurements were recorded: Total lymphocyte count (cell/mm),
serum C-reactive protein (mg/dL) (NR<O0, D- dimer (ng/mL) (NR<500), serum Lactate dehy-
drogenase (IU/mL) (NR<234), serum Creatinine, (mg/dL) (NR 0.3-1.3), serum Ferritin (ng
/mL) (NR 20-400), serum Troponin (ng /mL) (NR <42.2). For the purpose of statistical
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analysis, the highest value recorded during hospitalization was used. For the total lymphocyte
count the lowest laboratory value was selected for analysis purposes.

Streptococcus pneumoniae co-infection was considered if cultures from respiratory tract
samples or urinary antigen were positive together with a chest X-ray or CT-scan suggestive of
bacterial pneumonia.

All patients are prescribed prophylactic anticoagulation with enoxaparin 40 mg/24h unless
contraindicated. Patients with overweight (>80Kg), D-dimer >3000 ng/mL, or with additional
risk factors (cancer, history of thrombosis, recent surgery, etc) are prescribed enoxaparin 60
mg/24h unless contraindicated. In patients with clinical suspicion of pulmonary embolism a
chest-CT is performed.

Cryptogenic Organizing pneumonia (COP) was defined on chest CT by multifocal ground
glass opacities and/or consolidation.

Biopsy proven acute rejection episodes were recorded in the 3 months prior to admission.

All patients were followed-up after discharge for 2 months.

Treatment protocol

Our hospital protocol consisted of lopinavir/ritonavir 400/100 mg BID for 7-14 days plus
hydroxychloroquine 400 mg/12h on the first day, followed by 200 mg/12h for the next 4 days.
Patients with major drug interactions did not receive lopinavir/ritonavir. From the 18" of
March, azithromycin 500 mg the first day and 250 mg/24h for 4 additional days was added to
the regimen. All patients received prophylactic doses of heparin. The local indication of anti-
cytokine therapy was for patients with pneumonia, progressive respiratory failure (increasing
fraction of inspired Oxygen) and C-reactive protein (CRP) > 8 mg/dL or ferritin >800 ng/mL
or lymphocyte count < 800 cells/mm”.

Choice of anti-cytokine therapy was at the discretion of the attending physician. Available
anti-cytokine therapy in our center included: tocilizumab, anakinra and barticinib. Remdesi-
vir therapy was prescribed if patients presented with: a) 7 days of symptoms or less, b)room
air oxygen saturation of < 94%, c) glomerular filtration >30 (mL/min), and d) liver function
tests < 5 times the upper normal limit according to Spanish Protocol from AEMS (Spanish
Agency of Drugs and Heath Products) in addition to the standard of care. Hepatitis B serolo-
gies (hepatitis B surface antigen) and QuantiFERON-TB® were performed prior to anti-
cytokine prescription and prophylaxis with entecavir and isoniazid were prescribed if
applicable.

Immunosuppressive protocol

At baseline transplant patients could either be in a: a) calcineurin inhibitors based regimen
(including tacrolimus or cyclosporine plus a cycle cell inhibitor and prednisone) or b)
mTOR based regimen (including everolimus or sirolimus plus cycle cell inhibitor and
prednisone).

According to center policy, due to the potential severity of SARS-CoV-2 infection, myco-
phenolate and mTOR inhibitor (mTORi) (Sirolimus or everolimus) were initially withdrawn
in all admitted SOT recipients with COVID-19. Furthermore, in those patients starting treat-
ment with lopinavir/ritonavir, the calcineurin inhibitor (CNI) (tacrolimus or cyclosporine)
was also temporary discontinued due to the strong significant increase of CNI levels. Mainte-
nance immunosuppression consisted of prednisone monotherapy (10-20 mg/day) until
COVID-19 resolution, at which time tacrolimus was reinitiated at reduced doses (through
blood levels around 5 ng/mL).
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Statistical analysis

In the comparative analysis, we used the chi-square test with Yate’s correction for categorical
variables. Depending on their homogeneity, continuous variables were compared using the ¢
test or Mann-Whitney test. Statistically significant variables in the univariate analysis includ-
ing median age and sex were entered into a multivariate model using logistic regression analy-
sis, and the odds ratios (OR) and 95% confidence intervals (CI) were calculated.

Propensity score matching was calculated using the following parameters: age, sex, hyper-
tension, lung disease, use of anti-cytokine therapies, baseline OSD and OSD during
hospitalization.

The analysis was performed using the stepwise logistic regression model of the SPSS soft-
ware package (SPSS version 23.0, SPSS Inc., Chicago, Illinois, USA). All statistical tests were
2-tailed, and the threshold of statistical significance was set at p < 0.05.

The Institutional Ethics Committee of the Hospital Clinic of Barcelona, approved the study
and due to the nature of retrospective chart review, waived the need for inform consent from
individual patients (Comité Etic d’Investigacié Clinica; HCB/2020/0273). All patients signed
an informed consent for therapies off-label use.

Results

Two hundred and sixty-one patients were included in our study. Forty-one of them were SOT
recipients, including 32 kidney recipients (78%), 4 liver recipients (10%), 3 heart recipients
(7%) and 2 combined liver-kidney recipients (5%). Median follow-up was 68 days (IQR 57-
75). Table 1 shows SOT recipients baseline characteristics. Median years from transplantation
to COVID-19 diagnosis were 6 (range, 1-21). Fever was found in 95% (39) of the patients fol-
lowed by cough in 68% (28) and dyspnoea in 32% (13). Two patients presented Streptococcus
pneumoniae co-infection.

Table 2 shows the clinical characteristics and laboratory findings of transplant and non-
transplant patients with COVID-19. We compared baseline characteristics of both groups.
Hypertension was more frequent in transplanted patients compared to the non-transplant
group (81% vs 45%, p<0.001), whereas diabetes mellitus was more frequent in the non-trans-
plant group (32% vs 16%, p = 0.01). Transplant recipients had significantly more chronic kid-
ney disease than non-transplant patients (34% vs 5% p <0.001). Dyspnoea and cough on
admission were more frequent in the non-transplant group (57% vs 32%, p = 0.003; 82% vs
68%, p = 0.032). Median ferritin levels on admission were higher in the non-transplant group
than in SOT recipients (776 vs 321, p = 0.03). Transplant patients had higher serum creatinine
levels on admission than the non-transplant group (p<0.001). Regarding COVID-19 specific
treatment, 23 transplant recipients received at least one anti-cytokine therapy (57%) that
included tocilizumab, anakinra or baricitinib, compared to 125 (57%) of the non-transplant
group (p = 0.932).

We found several differences in the complications during hospitalization; acute kidney
injury was more frequent in the transplant group (49% vs. 16%, p<0.001). Persistent lympho-
penia was more frequent in the transplant cohort compared to the non-transplant group
(p =0.001). Four cases of cryptogenetic organizing pneumonia were registered in the SOT
group (10%) compared to 42 (19%) in the non-transplant group (p = 0.1). None of the SOT
recipients was diagnosed with pulmonary embolism whereas it was diagnosed in 21 patients of
the non-transplant group (0% vs 10%, p = 0.04). Transplant patients had longer hospital stay
compared to the non-transplant group, almost reaching statistical significance (17 days vs 12,
p = 0.054). There were no differences in terms of mortality between both groups (15% vs 12%,
p = 0.64). Respiratory failure due to COVID-19 was the main cause of death in all patients
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Table 1. Baseline characteristics of SOT recipients with COVID-19.

Variables n =41 (%)

Median age, years, IQR 58 (33-86)

Male sex 27 (66)

Transplanted OFGAN | b
Kidney .32(78)

I T e 4(10)

B SN I 3T
Combined liver-kidney transplant 2(5)

e O

S SR 3EH

. Diabetesmellitts | oo 3483)

. Cardiovascular disease 0@y

QOB 8GO)
Chronic kidney disease 14 (34)

Years from transplant to diagnosis, median (IQR) 6 (1-21)

Immunosupressiveregimen b
Calcineurin inhibitors based therapy 26 (63)
mTOR based therapy 15 (37)

Previous episodes of acute rejection (3 months, only biopsy proven) 0

COVID-19 adjuvant treatment

Lopinavir/ritonavir b 3L(76)

_Hydroxychloroquine b 4008)

L Remdesivir O
Tocilizumab 19 (46)

Interferon 3(7)

*COPD: Chronic obstructive pulmonary disease.

https://doi.org/10.1371/journal.pone.0247251.t001

with the exception of a patient that died of complications of infective endocarditis. Fig 1 shows
the Kaplan-Meier curve.

Table 3 shows clinical Ordinary Scale Determination on admission and during hospitaliza-
tion by transplantation.

In terms of outcomes, 14 patients in the transplant group required ICU admission, of them
7 patients required mechanical ventilation (50%) and 5 died (12%). Ninety patients of the non-
transplant group required ICU admission. Of them, 43 (20%) required mechanical ventilation
and 33 died (15%).

Multivariate analysis of risk factors for mortality was performed and is depicted in Table 4.
Older age (OR 1.142; 95% [CI 1.08-1.197]) higher levels of serum C-reactive protein (OR
3.068; 95% [CI 1.22-7.71]) and higher levels of serum creatinine on admission (OR 3.048 95%
[CI 1.22-7.57]) were associated with mortality.

We performed a propensity score matching (PSM) including 36 patients in each group
(Table 5).

Patients were matched one-to-one using PSM to eliminate confounding factors. Clinical
variables entered into the PSM analysis were age, gender, comorbidities, biological therapy,
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Table 2. Clinical characteristics and laboratory findings of transplant and non-transplant patients with COVID-19.

Variables Transplanted n = 41 (%) Non-transplanted n = 220 (%) P

Age in years, median (IQR) 58 (33-86) 63 (51-72) 0.175
Male sex 27 (66) 144 (66) 0.961
Underlying conditions -
_____ HYPertension b 308D I8 UAB) L 50000
. Digbetesmellitus e 34(16) 13G2) 0.013
_____ Cardiovascular disease b 202 203 0085
_____ QOB b 8200 8y L0730

Chronic kidney disease 14 (34) 11 (5) < 0.001
Symptoms at admission
_____ BT b 0390959) L 2een L 0417
L Ddarthea @) 82y 0985
LDyspmOea 13G2) 126(57) ol 0.003

Cough 27 (68) 181 (82) 0.032
Median days from symptoms to diagnosis (IQR) 5(2-9) 6 (4-8) 0.276

Laboratory values on admission, median (IQR)

11.2 (5.1-20.5)

205 (93)

. Hydroxychloroquine i A0O8) CRIO8) i 9390
CAZRIOMYCIN e ALA00) 220(100) i 0932 .
L TOcHZUMAb e 1946) b 125G7) i 0216 .
AR e 7AD) Q) <0001 ...
_____ Baricitinb b BB O 0020
Remdesivir 0 29 (13) 0.005
Anti-cytokine therapy 23 (56) 125 (57) 0.932
Clinical OUECOMES oo oo e
_____ Intensive care unitadmission Lo 14GY 0 0317
...amoninvasiveventilation TA7D) laey 0928 ..
« mechanical ventilation 7 (17) 43 (19) 0.325
COmPUCAtONS | oo e e
JAcutelddney Infury e 2O 3506) 0.001
..... Otherinfection b SO RO 042
_____ Septic shock b BB BE@B) 010
_____ Organizing pneumonia b O A2 L 050
Pulmonary embolism 0 21(10) 0.04

Higher/lower* laboratory values during admission, median (IQR)

Ferritin (ng /mL) 888 (442-1515) 1135 (648-1934) 0.161
(Continued)
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Table 2. (Continued)

Variables Transplanted n = 41 (%) Non-transplanted n = 220 (%) P
Troponin (ng/mL) 15.2 (7.1-52.0) 13.7 (6.3-31.2) 0.860
Median days of hospitalization (IQR) 17 (12-24) 12 (8-20) 0.054
Median days in ICU, median (IQR) 11 (7-22) 9 (5-15) 0.303
Mortality 5(12.2) 33 (15) 0.640

* In case of C-reactive protein, D-dimer, lactate dehydrogenase, ferritin and troponin we selected the highest laboratory value during hospitalization. And in case of

lymphocyte count we select the lowest laboratory value.

https://doi.org/10.1371/journal.pone.0247251.t1002

categorical ordinal scale and mortality. There were no significant differences between matched
groups in terms of mortality (14% vs 17%).

Discussion

In our study comparing a cohort of hospitalized SOT recipients with cohort of non-transplant
recipients using a propensity score analysis we found no differences in mortality between the
two groups. Therefore, in our cohort of patients with COVID-19, SOT cannot be considered a
risk factor for mortality.

In our cohort of COVID-19 hospitalized patients, we found no differences in clinical pre-
sentation between SOT and non-transplant patients. However, the true incidence of COVID-
19 infection and symptom development in SOT vs. general population remains to be estab-
lished, due to the lack of universal testing in asymptomatic recipients. Ongoing seroprevalence
studies may provide information on true infection incidence.

We did find differences in the use of COVID-19 specific therapy that was considered stan-
dard of care at the time of the study in the two groups. Transplant patients received signifi-
cantly less lopinavir/ritonavir, and more anakinra compared to non-transplant patients. The
important drug-drug interactions of lopinavir/ritonavir with immunosuppressant medications
could have influenced physicians prescribing this drug [20]. Remdesivir which has been

10
LH Non-transplant
“] — Transplant

08 ]T

08

Percent survival

04

00

Days of hospitalization
Fig 1. Kaplan-Meier analysis by transplant.
https://doi.org/10.1371/journal.pone.0247251.9001
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Table 3. Ordinal Scale Determination at baseline, during hospitalization and at end of follow up by transplant.

Ordinal Scale Determination Transplant n = 41 Non-transplant
(%) n =220 (%)
Baseline | oo e
. Non-ICU” hospital ward, not requiring supplementaloxygen | 25(61) | . 63@9) _
. Non-ICU hospital ward requiring supplemental oxygen | 13G2) L 135061
ICU or non-ICU hospital ward requiring non-invasive ventilation 2 (5) 1(1)

or high-flow oxygen

. Non-ICU hospital ward, not requiring supplemental oxygen | 92 | -

...Non-ICU hospital ward requiring supplemental oxygen | 1844 L 130059
ICU or non-ICU hospital ward requiring non-invasive ventilation 7 (17) 47 (21)

orhigh-flow oxygen e

ICU, requiring intubation and mechanical ventilation or ECMO® | 77 L 4800

End of follow-up e

. Discharged from hospital 3608 | 189(86)
Death 5(12) 33 (15)

“ICU, intensive care unit;

"ECMO, Extracorporeal membrane oxygenation.

https://doi.org/10.1371/journal.pone.0247251.t1003

shown to reduce the time to clinical improvement, was not administered to SOT patients, pos-
sibly as a result of higher incidence of chronic kidney disease and acute kidney injury, that
contraindicate the use of this drug [21]. Randomized control trials with lopinavir/ritonavir
and azythromycin as adyuvant therapy for COVID-19 have shown no benefit, and some have
shown deleterious effects, and therefore they are no longer being used [22].

To the date, remdesivir and dexamethasone have shown to be beneficial in randomized
controlled trials in the treatment of patients with COVID-19 [23-27]. Preliminary studies
found promising results with the use of anakinra [28-32] and other anti-cytokine therapies
[33-35], however, randomized controlled trials analyzing the use of these therapies the SOT
population are lacking, with the special interest of development of opportunistic infections. In
terms of complications during hospitalization, we found that acute kidney failure was more
common in the transplant cohort, probably reflecting kidney function vulnerability of SOT
recipients, and use of calcineurin inhibitors. Transplant patients had lymphopenia for a signifi-
cantly longer time compared to non-transplant patients, possibly as a consequence of the use
of drugs that cause myelotoxicity such as maintenance immunosuppressive therapy and pro-
phylactic antibiotics. It is to be noted that despite having 25% patients with septic shock in the
SOT group, compared to 12% in the non-transplant group, this did not influence the mortality
significantly.

In the multivariate analysis of risk factors of mortality, solid organ transplantation was not
associated with death. Our mortality rate is similar to other transplant cohorts [3,4,15]. How-
ever, other cohort have reported much worse outcomes, with mortality ranging from 28 to
67% [10,12]. These differences might me explained by demographic differences, including lim-
ited heath resources in the context of an overstretched health system in the peak of the pan-
demic. There have been several discussions around the impact of immunosupression on
COVID-19 prognosis. It is reasonable to assume that during the viremic phase immunosup-
pressive therapy could potentially be deleterious, however, some studies have found that some
drugs such as cyclosporine, tacrolimus and mTOR inhibitors [36] have in vitro activity against
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Table 4. Univariate and multivariate analysis of risk factors associated with mortality.

Univariate analysis Multivariate analysis
Category | n | Mortality n (%) OR (95% CI) p value OR (95% CI) p value
Gender Male | 171 |~ 23(13.5) | L
Female 20 15 (16.7) 1.287 (0.634-2.611) 0.484
Age, years L83 BT AR L
> 63 124 34 (27.4) 12.561 (4.309-36.62) | <0.001 | 1.142(1.089-1.197) | <0.001
Hypertension | Yes | 1311 27.206) 1o
No 130 11 (8.5) 2.809 (1.328-5.939) 0.005
Cardiovascular disease | Yes | 39 | 14 G59) b
No 222 24 (10.8) 4.620 (2.119-10.073) | <0.001
Chronic respiratory disease | Yes | 46 | 13028.3)
No 215 25 (11.6) 2.994 (1.393-6.436) 0.004
Solid Organ Transplantation | Yes | 41 | 5O22)
No 220 33 (15) 0.787 (0.288-2.152) 0.640
serum C-reactive protein (mg/dL) Dayo | <82 130 U5 QLS)
>8.2 131 23(17.6) 1.633 (0.810-3.293) 0.168
serum C-reactive protein (mg/dL), maximum value LSI52 (180 8(62) L L
>15.2 131 30 (23) 4.530 (1.989-10.318) | <0.001 3.068 (1.22-7.71) 0.017
serum Creatinine (mg/dL) Dayo | <09 |12t | 10.(8:3) e
> 0.9 140 28 (20) 2.775 (1.287-5.983) 0.007 | 3.048 (1.226-7.575) 0.016
Lymphocytes (cell/mm3) Day 0 LLS700 1133 124(08) L
>700 128 14 (36.8) 0.558 (0.274-1.134) 0.104
Serum ferritin (ng/mL) Day 0 LS749 24 W (L3)
>749 137 24 (17.5) 1.669 (0.821-3.393) 0.154
D-dimer (ng/mL) Day 0 ..<800 | 140 13093
> 800 121 25(20.7) 2.544 (1.237-5.230) 0.009
Intensive care unit (ICU) admission | Yes | 101 21(208) |
No 160 17 (10.6) 2.208 (1.101-4.427) 0.023
Invasive mechanical ventilation | Yes | S3 L 12226) | b
No 208 26 (12.5) 2.049 (0.955-4.395) 0.062
Septicshock Yes | 56 125 b
No 203 23 (11.3) 2.609 (1.239-5.492) 0.010
Biological therapy | Yes | 148 18(474)
No 113 130 (58.3) 0.644 (0.323-1.284) 0.209
OSD% baseline
Conventional ward, not requiring supplemental oxygen | Yes | 88 | )
Conventional ward, requiring supplemental low-flow oxygen | Yes | 148 25(169) |
ICU", requiring supplemental high-flow supplemental oxygen | Yes | 3 12066.7)
ICU, requiring invasive mechanical ventilation/ECMO* Yes 22 6(27.3) 15.629 0.001

*0SD, ordinary scale determination;
PICU, intensive care unit.
‘ECMO, Extracorporeal membrane oxygenation.

https://doi.org/10.1371/journal.pone.0247251.t1004

other coronaviruses. Furthermore, immunosuppressive regimens might be beneficial prevent-
ing or in the event of a cytokine storm. Our cohorts median time from transplant was 6 years,
with no documented recent episodes of rejection; and therefore not in the maximum period of
immunosuppression.
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Table 5. Comparison of transplant and non-transplant population after applying a propensity score matching.

Variables Transplant n = 36 (%) Non-transplant n = 36 (%) p-value

Age in years, media (SD) 59.6 (13.2) 60.5 (12.7) 0.750

Male sex 11 (31) 13 (36%) 0.482

Underlying conditions |

. Hypertension 28(78) 29 BL) e 0693
Lung disease 8(22) 7 (19) 0.693

Anti-cytokine therapy 18 (50) 20 (56) 0.514

Mortality 5(14) 6 (17) 0.640

https://doi.org/10.1371/journal.pone.0247251.t005

Older age, maximum serum C-reactive protein and serum creatinine levels were associ-
ated with mortality. Older age has been related to worse prognosis in several studies [2,37-
39]. C-reactive protein, a protein whose expression is driven by IL-6, is a biomarker of severe
infection that has been associated with the inflammation cytokine storm related to COVID-
19 [40].

Similarly, acute kidney injury has been associated with an increased risk of death in criti-
cally ill patients with pneumonia [41,42]. The SOT cohort also had significantly higher rate of
chronic kidney disease, without having an impact on the overall mortality.

Our study has several strengths and limitations. We were able to analyze all consecutive
admissions during the study period, being one of the first studies comparing transplant
patients to non-transplant patients. However, there are several limitations; first of all, as itis a
single-centre study, our findings may be attributable to institution-specific variables and sec-
ondly, it may not reflect the epidemiology of different centers and/or geographical areas, thus
more extensive data are needed to confirm these results. In addition, given the small sample
size of our study; we cannot exclude a type 2 error.

To conclude, the clinical course of SARS-CoV-2 infection in SOT recipients appears to be
similar to that observed in the non-transplant population, even though COVID-19 specific
treatment was different between SOT recipients and non-transplant patients. Older age, serum
creatinine and C-reactive protein levels were associated with higher mortality. Solid organ
transplant recipients did not experience worse outcomes.
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