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Summary
Background Kidney transplant recipients (KTR) are
a group of patients with heterogeneous risks for ad-
verse outcomes with COVID-19, but risk stratification
tools in this patient group are lacking.
Methods and participants This retrospective observa-
tional, hypothesis-generating study included 49 hos-
pitalized adult KTR patients with COVID-19at the Uni-
versity Hospital of Split (August 2020 to October 2021)
and evaluated the performance of novel risk score
CROW-65 (age, Charlson Comorbidity Index [CCI] lac-
tate dehydrogenase to white blood cell [LDH:WBC]
ratio, and respiratory rate oxygenation [ROX index]).
The primary outcome of the study was 30-day post-
discharge all-cause mortality.
Results A total of 8 fatal events (16.3%) occurred dur-
ing the study follow-up. When comparing CROW-65
by survival status, it was significantly increased in pa-
tients with fatal event (P<0.001). Using the Cox pro-
portional hazards regression analysis, the CROW-65
risk score showed statistically significant association
with mortality (HR 1.11, 95% CI 1.01–1.23, P= 0.027),
while receiving operator characteristics (ROC) showed
significant discrimination of all-cause mortality with
an AUC of 0.85 (95% CI 0.72–0.94, P< 0.001), and sat-
isfactory calibration (χ2 4.91, P= 0.555 and Harrell’s C
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0.835). Finally, survival Kaplan-Meier analysis con-
firmed significantly higher cumulative incidence of
mortality with increasing risk score tertiles and curve
separation after 13 days (P= 0.009).
Conclusion A novel risk score CROW-65 showed sig-
nificant association with all-cause mortality in KTR
yielding important hypothesis-generating findings.
Further powered studies should reassess the perfor-
mance of CROW-65 risk score in this population,
including predictability, calibration and discrimina-
tion.
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PCR Polymerase chain reaction
RBC Red blood cells
ROC Receiver operating characteristic
ROX index The ratio of oxygen saturation and a frac-

tion of inspired oxygen
KTR Kidney transplant recipient
SPSS Statistical Package for the Social Sciences
WBC White blood cells

Introduction

Novel SARS-CoV-2 disease (COVID-19) is a tremen-
dous global health burden leading to substantial mor-
bidity and mortality, especially among patients with
established chronic diseases [1, 2]. Chronic kidney
disease (CKD) is one of the important risk factors for
adverse outcomes associated with COVID-19, but its
heterogeneity and specific settings still impede from
drawing strong conclusions [2–4].

In the light of the COVID-19 pandemic, numerous
studies have investigated the interaction of COVID-19
and CKD and its subpopulations such as kidney trans-
plant recipients (KTR) [3, 5–12]. The latter population
is particularly of interest due to frailty and predispo-
sition to worse outcomes, and previous studies have
suggested highmortality rates associated with COVID-
19 ranging from 18.6% to 44.3% [6, 11]. Adverse out-
comes in KTR could be attributed to a few pathophys-
iological mechanisms. Firstly, due to the chronic im-
munosuppressive therapy and ensuing suppression of
cellular immunity, this population is at higher risk
of viral infections [5]. Secondly, chronic immuno-
suppressive therapy has various immunomodulatory
effects and could impair with the immunologic re-
sponse during COVID-19 [5, 13–15]. Furthermore,
frailty and susceptibility for recurrent kidney impair-
ments during any infection portends these patients to
adverse events. Increased cardiovascular risk, anemia,
fluid imbalance, electrolyte disorders, and other com-
panions of CKD could additionally impact the prog-
nosis of these patients [14].

Therefore, identification of KTR patients with
COVID-19 who are particularly prone to worse out-
comes in this at risk population could improve the
focus and quality of care. Previous studies have
mainly evaluated the management and outcomes of
these patients, but risk scores for objective assess-
ment and stratification of this heterogenic population
are rare. Only one recently developed web-based risk
calculator has been studied for prediction of COVID-
19-associated mortality in KTR [16]. Similarly, our au-
thor group newly developed a novel risk score CROW-
65 (age, Charlson comorbidity index [CCI], lactate
dehydrogenase to white blood cell [LDH:WBC ratio],
and respiratory rate oxygenation [ROX index]) with
the respectable prediction of in-hospital mortality
among hospitalized COVID-19 patients treated with
high-flow nasal oxygen (HFNO) [17]; however, fur-

ther validation of this risk score in different patient
populations with COVID-19 is warranted.

This study, therefore, aimed to examine the associ-
ation of the novel risk score CROW-65 with all-cause
mortality of these patients within 30 days of discharge.
In addition, the aim was to provide exploratory find-
ings about baseline differences between risk score ter-
tiles, including the association of individual compo-
nents of the aforementioned risk score with mortality.

Methods

Rationale for the study

Despite the growing pandemic, risk scoring system for
assessment of KTR patients with COVID-19 are gener-
ally lacking [16]. With that incentive, authors aimed to
evaluate a novel, recently constructed CROW-65 risk
score in this patient population. This risk score was
primarily computed on the non-transplant patients
with COVID-19 treated with HFNO; however, having
in mind the importance of individual components of
the CROW-65 risk score in this population (age, co-
morbidities, i.e. CCI and ROX index), it is hypothe-
sized that it could have accuracy in this population as
well. Due to a limited sample size, retrospective de-
sign, small number of events and selected KTR popu-
lation, this study has hypothesis-generating purpose.

Ethical and institutional considerations

All the proceedings and clinical research were per-
formed according to the ethical standards and amend-
ments of the Declaration of Helsinki. The study pro-
tocol was approved by the Ethics Committee of the
University Hospital of Split, Croatia (No. 2181-147-
01/06). All the collected data were stored and kept
confidential.

Study design and patients

This single-center observational retrospective study
included 49 eligible adult KTR who developed COVID-
19 and were treated at the University Hospital of Split
from August 2020 to October 2021. Analysis included
in-hospital and 30-day postdischarge period. Active
COVID-19 was diagnosed and confirmed in all pa-
tients with the specific 3-sequence (E-gen; ORF 1ab-
gen; N-gen) reverse transcription-polymerase chain
reaction (RT-PCR) test (Liferiver Novel Coronavirus
[Shanghai ZJ Bio-Tech Co, Shanghai, China] RT-PCR
Kit/MIC qPCR cycler). Patients of both sexes were in-
cluded in the study. Exclusion criteria were incom-
plete medical documentation and active malignant
disease. The initial patient screening included a to-
tal of 51 patients, but study eligibility was confirmed
in 49 patients who were finally included in the anal-
ysis (per protocol population). The flow diagram of
the study is shown in Supplementary Fig. 1. Due
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to routine ambulatory follow-up within the kidney
transplant database, there was no loss to follow-up.
Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) checklist for observational
studies is reported in Appendix A.

Data sources

Relevant medical data were obtained from the hospi-
tal’s electronic medical records, therapeutic lists, and
paper documentation.

Clinical, laboratory and radiologic assessment

All enrolled patients underwent detailed clinical, lab-
oratory and radiologic assessment. Baseline clinical
characteristics included age, sex, vital parameters,
comorbidities, transplant-related data (transplant
duration, chronic medication therapy), COVID-19-
related data (symptoms, symptom duration, medical
findings, active hospital treatment, chronic medica-
tion dose modification), and vaccination status. The
following laboratory parameters were collected (ad-
mission values, if not specified otherwise): WBC, red
blood cells (RBC), hemoglobin, platelets, C-reactive
protein (CRP), blood urea nitrogen (BUN), creatinine,
D-dimers, and LDH. The estimated glomerular fil-
tration rate (eGFR) was calculated using a CKD-EPI
formula [18]. The comorbidity burden was deter-
mined using CCI [19]. The ROX index was calculated
using the ratio of oxygen saturation/fraction of in-
spired oxygen (derived from oxygen flow rate and
application method), and respiratory rate.

CROW-65 risk score

The recently developed risk score CROW-65 repre-
sents a promising simple tool for the stratification
of patients with COVID-19 [17]. It has been primar-
ily constructed using data on hospitalized COVID-
19 patients who were treated with HFNO. It showed
satisfactory discrimination of in-hospital mortality
(AUC 0.925, 95% CI 0.870–0.981). Using the prede-
fined weighting, CROW-65 is calculated from age, CCI,
LDH:WBC ratio, and ROX index. A total score ranges
between a minimum value of 3 and maximum value
of 41. In the original study, higher score values were
associated with worse outcomes [17].

Outcomes

A primary outcome was the association of the CROW-
65 risk score and 30-day postdischarge all-cause mor-
tality. Secondary exploratory analyses included the
comparison of baseline characteristics across risk
score tertiles, and association of each individual
component of the CROW-65 risk score and 30-day
postdischarge all-cause mortality.

Statistical analysis

Continuous data were presented as median (IQR)
and analyzed using the Kruskal Wallis test, while
categorical variables were expressed as numbers (per-
centages) and analyzed using the χ2-test. Patients
were stratified based on CROW-65 risk score tertiles
(≤6.33, 6.33–8.67, ≥8.67) only to evaluate exploratory
differences in baseline characteristics between tertile
groups. All the remaining analyses were conducted
using CROW-65 as a continuous variable in order to
improve accuracy of the models.

Univariate Cox proportional hazard regression
analysis was conducted to assess the association
of selected variables with all-cause mortality and
described as hazard ratio (HR) and 95% confidence
intervals (95% CI). The following variables were in-
vestigated: CROW-65, age, CCI, LDH:WBC ratio and
ROX index. Furthermore, the performance of CROW-
65 and each component of the score in discriminating
all-cause mortality was tested using receiver operating
characteristic (ROC), with a calculation of area under
the curve (AUC). Calibration/goodness-of-fit was as-
sessed by the Hosmer-Lemeshow goodness-of-fit test,
Harrell’s C concordance index and visually by cali-
bration plots [20, 21]. Between-AUC comparison was
tested using an algorithm based on the methodology
of Hanley and McNeil [22]. Additionally, survival anal-
ysis was estimated using the Kaplan-Meier approach,
and significance was assessed using the Mantel-Cox
log-rank test.

The aforementioned statistical methods were used
to 1) account for standard approach for survival data
analysis (hazard ratios and Kaplan-Meier approach);
2) detect prognostic performance of risk score. A two-
sided P-value of <0.05 was considered significant. P-
values were not adjusted for multiple tests and should
be interpreted as exploratory only. Statistical data
analysis was carried out using a Statistical Package
for the Social Sciences (SPSS) software (IBM Corp, Ar-
monk, NY, USA; version 20) and Stata software (Stat-
aCorp, College Station, TX, USA; version 17).

Results

Prior to the analysis, 2 patients were excluded due
to incomplete medical documentation (both patients
survived to discharge). A total of 49 adult patients of
both sexes were finally included in the analysis. In the
exploratory analysis, there was no statistically signifi-
cant difference in baseline characteristics between the
study groups according to CROW-65 risk score tertiles
(P>0.05), except for age (1st tertile: 56.5 IQR 50.5–64.0
years vs. 2nd tertile: 62.0 IQR 50.5–71.5 years vs. 3rd
tertile: 67.0 IQR 61.0–72.8 years, P= 0.013) and trans-
plant duration (1st tertile: 4.5 IQR 2.0–8.8 vs. 2nd
tertile: 6.0 IQR 2.5–10.5 vs. 3rd tertile: 10.0 IQR
6.0–17.0 years, P= 0.023) (Table 1). When comparing
laboratory results between study groups, there was
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Table 1 Comparison of baseline characteristics in the study groups (explorative analysis)
CROW-65 risk score tertilesVariables

1st tertile
(n= 16)

2nd tertile
(n= 17)

3rd tertile
(n= 16)

P-valuea

Age (years) 56.5 (50.5, 64.0) 62.0 (50.5, 71.5) 67.0 (61.0, 72.8) 0.013

Female gender 2 (12.5%) 6 (35.3%) 6 (37.5%) 0.220

Systolic blood pressure (mmHg) 137.5 (130.0, 150.0) 130.0 (120.0, 140.0) 130.0 (121.3, 143.8) 0.338

Diastolic blood pressure (mmHg) 80.0 (75.0, 88.8) 75.0 (70.0, 90.0) 80.0 (70.0, 85.0) 0.454

Heart rate (/min) 88.0 (80.0, 90.0) 80.0 (69.5, 86.0) 80.5 (71.3, 91.0) 0.225

SpO2 (%) 96.0 (95.0, 96.2) 96.0 (95.0, 96.5) 96.0 (88.2, 96.0) 0.153

Allgower index (shock index) 0.62 (0.54, 0.68) 0.70 (0.53, 0.76) 0.58 (0.51, 0.77) 0.925

Transplant duration (years) 4.5 (2.0, 8.8) 6.0 (2.5, 10.5) 10.0 (6.0, 17.0) 0.023

Single dose Pfizer-BioNTech COVID-19 vaccination 1 (6.3%) 2 (11.8%) 0 (0.0%) 0.371

Double dose Pfizer-BioNTech COVID-19 vaccination 2 (12.5%) 1 (5.9%) 1 (6.3%) 0.742

Symptom duration upon hospital admission (days) 5.0 (2.0, 10.0) 5.0 (2.5–9.5) 6.0 (3.0, 9.0) 0.817

Follow-up (days) 40.5 (37.3, 46.0) 39.0 (35.5, 46.0) 37.0 (23.0, 40.0) 0.021

Comorbidities

Arterial hypertension 15 (93.8%) 15 (88.2%) 12 (75.0%) 0.296

Diabetes mellitus 3 (18.8%) 2 (11.8%) 7 (43.8%) 0.083

Chronic heart failure 1 (6.3%) 0 (0.0%) 1 (6.3%) 0.575

Active smoking 0 (0.0%) 1 (5.9%) 2 (12.5%) 0.337

Atrial fibrillation 4 (25.0%) 2 (11.8%) 1 (6.3%) 0.296

Prior AMI 2 (12.5%) 2 (11.8%) 1 (6.3%) 0.815

Prior CVI 1 (6.3%) 2 (11.8%) 2 (12.5%) 0.815

PAD 2 (12.5%) 4 (23.5%) 2 (12.5%) 0.610

COPD/asthma 2 (12.5%) 0 (0.0%) 1 (6.3%) 0.326

Laboratory parameters

WBC (× 109/L) 6.8 (5.7, 8.5) 7.2 (3.9, 10.4) 5.4 (4.3, 7.4) 0.244

RBC (× 1012/L) 4.9 (4.6, 5.4) 4.4 (4.1, 4.7) 4.5 (3.9, 5.0) 0.039

Hgb (g/L) 138.0 (129.6, 160.0) 127.0 (119.0, 139.0) 130.5 (109.8, 149.8) 0.077

Platelets (× 103/L) 211.8 (178.5, 255.0) 196.0 (142.0, 236.0) 214.5 (168.3, 246.3) 0.602

CRP (mmol/L; maximum values) 72.6 (60.8, 121.2) 72.4 (16.5, 72.6) 72.8 (57.3, 117.8) 0.063

BUN (mmol/L) 7.1 (5.3, 9.2) 9.4 (7.9, 13.3) 10.3 (6.1, 17.8) 0.067

Creatinine (μmol/L) 118.5 (108.3, 159.8) 147.0 (115.5, 187.0) 131.0 (90.8, 213.0) 0.502

eGFR (ml/min/1.73m2) 54.7 (35.6, 69.2) 36.2 (31.5, 60.0) 42.2 (29.3, 65.9) 0.208

D-dimers (mmol/L) 0.6 (0.4, 0.8) 0.8 (0.5, 1.1) 0.9 (0.8, 1.6) 0.011

LDH:WBC ratio 36.3 (28.4, 39.7) 44.9 (24.0, 52.6) 58.1 (48.3, 73.5) <0.001

Risk scores

ROX index 30.5 (30.0, 30.5) 30.5 (21.7, 30.6) 20.8 (5.2, 30.5) 0.064

CCI 3.0 (3.0, 5.0) 4.0 (3.0, 6.0) 6.0 (5.0, 6.8) 0.002

Chronic immunosuppressive therapy

Mycophenolate mofetil 16 (100.0%) 16 (94.1%) 13 (81.3%) 0.140

Azathioprine 0 (0.0%) 0 (0.0%) 1 (6.3%) 0.349

Cyclosporine 2 (12.5%) 6 (35.3%) 6 (37.5%) 0.220

Tacrolimus 12 (75.0%) 11 (64.7%) 6 (37.5%) 0.083

Everolimus 1 (6.3%) 1 (5.9%) 4 (25.0%) 0.165

Sirolimus 1 (6.3%) 0 (0.0%) 0 (0.0%) 0.349

Prednisone 16 (100.0%) 17 (100.0%) 16 (100.0%) /

Data are expressed as number (%) or median (interquartile range)
AMI acute myocardial infarction, BUN blood urea nitrogen, CCI Charlson Comorbidity Index, COPD chronic obstructive pulmonary disease, CROW-65 risk score
composed of age, ROX index, LDH:WBC ratio, and CCI score, CRP C-reactive peptide, CVI cerebrovascular incident, eGFR estimated glomerular filtration rate,
Hgb hemoglobin, LDH lactate dehydrogenase, PAD peripheral arterial disease, RBC red blood cells, ROX the ratio of oxygen saturation and a fraction of inspired
oxygen, WBC white blood cells
aFisher test, χ2-test and Kruskal Wallis test were used as appropriate
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Table 2 Comparison of active COVID-19 related therapy
and all-cause mortality (explorative analysis)

CROW-65 risk score tertilesVariables

1st tertile
(n= 16)

2nd tertile
(n= 17)

3rd tertile
(n= 16)

P-valuea

Oxygen therapy 4 (25.0%) 5 (29.4%) 9 (56.3%) 0.138

Remdesivir 10 (62.5%) 13 (76.5%) 11 (68.8%) 0.683

Antibody therapy n/ab n/ab n/ab –

HFNO 2 1 2 0.767

Corticosteroid dose
increase

12 (75.0%) 16 (94.1%) 13 (81.3%) 0.315

Calcineurin dose modification

Dose reduction 7 (43.8%) 8 (47.1%) 3 (18.8%)

Drug removal 0 (0.0%) 1 (5.9%) 1 (6.3%)

0.378

Antimetabolite dose modification

Dose reduction 7 (43.8%) 6 (35.3%) 3 (18.8%)

Drug removal 8 (50.0%) 9 (52.9%) 11 (68.8%)

0.640

All-cause mortality 0 (0.0%) 2 (11.8%) 6 (37.5%) 0.013

Data are expressed as number (percent)
CROW-65 risk score composed of age, ROX index, LDH:WBC ratio, and CCI
score, HFNO high-flow nasal oxygen therapy
aFisher test and χ2-test were used as appropriate
bAntibody therapy was not available at the study institution during the study
period

Table 3 Association of selected variables with 30-day
post-discharge mortality

Univariate Cox proportional hazard regression analysisVariables

HR (95% CI)a P-value

CROW-65 1.11 (1.01, 1.23) 0.027

Age 1.12 (0.89, 1.41) 0.353

CCI 1.88 (0.72, 4.93) 0.201

LDH:WBC ratio 1.02 (1.00, 1.04) 0.034

ROX index 0.84 (0.68, 1.03) 0.092

95% CI 95% confidence interval, CCI Charlson Comorbidity Index, CROW-
65 risk score composed of age, ROX index, LDH:WBC ratio, and CCI score,
HR hazard ratio, ROX the ratio of oxygen saturation and a fraction of inspired
oxygen, LDH lactate dehydrogenase,WBC white blood cells
aHR value corresponds to each 1-unit increase/decrease on a continuous
scale

a statistically significant difference only in RBC (1st
tertile: 4.9 IQR 4.6–5.4 vs. 2nd tertile: 4.4 IQR 4.1–4.7
vs. 3rd tertile: 4.5 IQR 3.9–5.0× 1012/L, P= 0.039),
hemoglobin (1st tertile: 138.0 IQR 129.6–160.0 vs. 2nd
tertile: 127.0 IQR 119.0–139.0 vs. 3rd tertile: 130.5 IQR
109.8–149.8g/L, P= 0.077), and D-dimers (1st tertile:
0.6 IQR 0.4–0.8 vs. 2nd tertile: 0.8 IQR 0.5–1.1 vs. 3rd
tertile: 0.9 IQR 0.8–1.6mmol/L, P=0.011) (Table 1).
When comparing chronic immunosuppression ther-
apy between the study groups, there was no difference
in the baseline therapy nor in the therapy modifica-
tion during the index hospitalization (P>0.05) (Ta-
ble 1 and 2). There was no difference in vaccination
status between the study groups (P>0.05) (Table 1).
Importantly, there was no significant difference in
the need for oxygen supplementation, utilization of
remdesivir, and corticosteroid therapy (P> 0.05) (Ta-
ble 2). The only statistically significant difference

Table 4 ROC curve analysis of the CROW-65 risk score
and its components
Variables C-statistic (95% CI) Youden

index
Sensitivity/
specificity

P-value

CROW-65 0.85 (0.72–0.94) 0.61 99.0/61.0 <0.001

Age 0.81 (0.67–0.91) 0.58 62.5/95.1 <0.001

CCI 0.80 (0.66–0.90) 0.46 75.0/70.7 <0.001

LDH:WBC ratio 0.64 (0.49–0.77) 0.33 37.5/95.1 0.281

ROX index 0.88 (0.75–0.95) 0.70 75.0/95.1 <0.001

Data are expressed as C-statistic (95% confidence interval). ROC values
were estimated using the logistic regression model
95% CI 95% confidence interval, CCI Charlson Comorbidity Index, CROW-
65 risk score composed of age, ROX index, LDH:WBC ratio, and CCI score,
ROC receiver operator characteristics, ROX the ratio of oxygen saturation and
a fraction of inspired oxygen, LDH lactate dehydrogenase,WBC white blood
cells

between the groups in terms of the clinical picture
was the higher presence of X-ray-confirmed pneumo-
nia in 2nd and 3rd CROW-65 tertiles (13, 76.5% and
13, 81.3%, respectively), compared to 1st tertile (7,
43.8%, P= 0.047) (Supplementary Table 1).

A total of 8 fatal events (16.3%) occurred during the
study follow-up. When comparing CROW-65 by sur-
vival status, it was significantly increased in patients
with fatal event (P<0.001) (Fig. 1). Using the univari-
ate Cox proportional hazard regression analysis, the
CROW-65 risk score proved to be a statistically sig-
nificantly associated with all-cause mortality (HR 1.11
95% CI 1.01–1.23, P= 0.027) (Table 3).

In addition, the risk score model CROW-65 showed
significant discrimination of all-cause mortality, with
an AUC of 0.85 (95% CI 0.72–0.94, P<0.001) (Ta-
ble 4 and Fig. 2b). When evaluating individual risk
score components, all of them showed statistically
significant discrimination of all-cause mortality, ex-
cept LDH:WBC ratio (P=0.281) (Table 4 and Fig. 2a).
Comparison of different ROC curves revealed that

Fig. 1 Distribution of CROW-65 by survival status. CROW-
65 risk score composed of age, ROX index, LDH:WBC ratio,
and CCI score. CCI Charlson Comorbidity Index, LDH lac-
tate dehydrogenase, ROC receiver operating characteristics,
ROX the ratio of oxygen saturation and a fraction of inspired
oxygen, WBC white blood cells
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Fig. 2 Receiver operating characteristics of the: a Individ-
ual components of the CROW-65 risk score; b CROW-65 risk
score. CROW-65 risk score composed of age, ROX index,
LDH-to-WBC ratio, and CCI score. CCI Charlson Comorbid-

ity Index, LDH lactate dehydrogenase, ROC receiver operating
characteristics, ROX the ratio of oxygen saturation and a frac-
tion of inspired oxygen, WBC white blood cells

Fig. 3 Survival analysis (Kaplan Meier) in different patient
groups based on CROW-65 risk score tertiles. CROW-65 risk
score composed of age, ROX index, LDH:WBC ratio, and CCI
score

there was no statistically significant difference in ROC
curves between CROW-65 and individual risk score
components (age, CCI, and ROX), except between
CROW-65 and LDH:WBC ratio (difference between
areas 0.22, P= 0.042) (Supplementary Table 2). The
Hosmer-Lemeshow test and Harrell’s C concordance

index proved adequate calibration of the models,
specifically CROW-65 (χ2 4.91, P=0.555 and C 0.835),
CCI (χ2 0.93, P= 0.920 and C 0.804), LDH-to-WBC ratio
(χ2 6.91, P=0.546 and C 0.637), ROX (χ2 2.75, P=0.840
and C 0.879), and age (χ2 9.18, P= 0.328 and C 0.762).
Model calibration was additionally assessed visually
as depicted in Supplementary Fig. 2.

Finally, when looking at the survival Kaplan-Meier
analysis, the cumulative incidence of all-causemortal-
ity was significantly different between risk score ter-
tiles, with separation of curves after 13 days, and the
3rd CROW-65 tertile having the highest all-cause mor-
tality (P=0.009) (Fig. 3).

Discussion

This is the first study to evaluate the performance
of a novel risk score CROW-65 in the KTR popula-
tion with COVID-19. Having in mind the lack of risk
stratification tools in this fragile patient population,
this study could add novel evidence to the existing
literature regarding these patients. There are several
important findings of this study. Firstly, KTR patient
population has substantial mortality associated with
COVID-19. Secondly, CROW-65 showed significant as-
sociation with all-cause mortality in this population.
Finally, due to a limited sample size, retrospective
design, and selected KTR population, these findings
have only hypothesis-generating purpose.

The global health burden associated with COVID-
19 forced the scientific community to develop differ-
ent risk prognostic scores; however, most of them are
validated in the general population, and their appli-
cation in specific patient groups such as KTR is ques-
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tionable. One of them, the VACO index, predicts 30-
day mortality based on demographic characteristics
and comorbidities, without taking into account clini-
cal presentation and laboratory parameters [23]. Fur-
thermore, Knight et al. developed the 4C Mortality
Score which, in addition to demographic data and co-
morbidities, includes clinical and laboratory parame-
ters for prediction of in-hospital mortality [24]. An-
other interesting risk score was recently developed
and showed an excellent discrimination of all-cause
mortality in KTR with COVID-19 [16]. As previously
mentioned, the CROW-65 risk score was also recently
developed for the prediction of in-hospital mortality
in COVID-19 patients treated with HFNO [17]. As op-
posed to the abovementioned risk scores, CROW-65
includes both clinical factors (ROX index) and lab-
oratory factors (LDH:WBC ratio) in addition to pa-
tient characteristics and comorbidity burden; how-
ever, clinical application of this score in specific set-
tings such as the KTR population warrants validation
and further research.

To the best of our knowledge, only one study val-
idated prognostic risk score in KTR patients with
COVID-19 [16]. It has been previously suggested that
some patient characteristics are particularly associ-
ated with adverse outcomes in COVID-19. Specifically,
older age was associated with higher COVID-19 asso-
ciated mortality in a recent meta-analysis comparing
the KTR survivors and non-survivors (weighted mean
difference 10.5, IQR 9.3–11.8, P< 0.001) [25]. The as-
sociation of older age and worse outcomes in KTR
patients is consistent with this and other studies
[2, 7, 12]. Comorbidity burden was shown to be
equally important in this at risk population, particu-
larly the presence of diabetes mellitus, cardiovascular
diseases, and active cancer (pooled odds ratios of
mortality: 1.80 (1.43, 2.26), P<0.001; 2.21 (1.60, 3.06),
P< 0.001; and 2.00 (1.05, 3.80), P= 0.034; respectively)
[25]. The clinical presentation also had a signifi-
cant prognostic impact with pneumonia (OR 10.64,
95% CI 3.37–33.56, P< 0.001), dyspnea (OR 5.68, 95%
CI 2.11–15.33, P< 0.001), and acute kidney injury (OR
3.24, 95% CI 1.36–7.70, P=0.008) carrying the worst
effects [25]. In addition, ROX index as a well-estab-
lished prognostic risk factor for invasive ventilation
previously showed a significant prediction of overall
mortality in immunocompromised patients [26]. Dif-
fering findings were previously reported for LDH:WBC
ratio in COVID-19 settings. A meta-analysis examin-
ing mortality risk factors in the KTR population with
COVID-19 showed that LDH and WBC do not ex-
hibit significant weighted mean differences between
the survivors and non-survivors (117.4, –13.2–248.0,
P< 0.08 and 1.61, –0.14–3.36, P= 0.07, respectively)
[25]. On the contrary, Vidal-Cevallos et al. have
shown that LDH is associated with worse prognosis
in COVID-19 [27]. There are several theoretical con-
cepts supporting the potential utility of LDH:WBC
ratio as a biomarker in severe COVID-19, including

the burden of unspecific cellular damage (leading
to increased LDH) and immune disorder (measured
as decreased WBC). This study revealed disagree-
ing findings about the association of LDH:WBC ratio
and all-cause mortality, which were mediated by
limited sample size and consequently small effect
size. Finally, there was no between-group differ-
ence in vaccination status, as well as in COVID-19-
related medical management, which strengthens the
association of increased CROW-65 values and worse
outcomes observed in this study.

Therefore, an important hypothesis-generating
findings of a significant association of CROW-65 with
all-cause mortality in this study are not surprising;
however, due to a limited sample size, retrospective
design, small number of events and selected KTR
population, clinical applicability of these findings is
not certain. Further powered studies should reassess
the characteristics of CROW-65 risk score, including
predictability, calibration and discrimination. Never-
theless, literature is lacking clinical studies and risk
scores for proper stratification of KTR populations
with COVID-19, outlining the importance of similar
studies to improve the quality of care of these fragile
and important patients.

As aforementioned, this study has several limita-
tions. Firstly, single-center data encompassing a rel-
atively small sample size with low number of events
could affect results and warrant additional studies.
Secondly, the observational retrospective design of
this study has inherent limitations, including poten-
tial selection bias. Thirdly, original derivation study
on CROW-65 risk score has similar limiting factors
(small sample size, retrospective design, single-cen-
ter analysis). The CROW-65 risk score was originally
designed on HFNO-treated population which could
affect its performance in the remaining KTR pop-
ulation. Similarly, the impact of different pandemic
phases and viral strains on CROW-65 risk score perfor-
mance is not clear. Also, the non-accountable effects
of unmeasured variables could not be eliminated. Fi-
nally, this study evaluated the performance of CROW-
65 on short-term outcomes (≤30-day postdischarge)
and does not apply to long-term outcomes.

In conclusion, a novel clinical risk score CROW-
65 showed significant association with all-cause mor-
tality in KTR patients with COVID-19. Further pow-
ered studies should investigate the clinical applicabil-
ity of CROW-65 risk score in KTR population, includ-
ing the evaluation of its predictability, calibration and
discrimination.
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