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ABSTRACT

Introduction: The impact of remdesivir on
mortality in patients with COVID-19 is still con-
troversial. We aimed to identify clinical pheno-
type clusters of COVID-19 hospitalized patients
with highest benefit from remdesivir use and
validate these findings in an external cohort.
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Methods: We included consecutive patients
hospitalized between February 2020 and Febru-
ary 2021 for COVID-19. The derivation cohort
comprised subjects admitted to Hospital Clinic
of Barcelona. The validation cohort included
patients from Hospital Universitari Mutua de
Terrassa (Terrassa) and Hospital Universitari La
Fe (Valencia), all tertiary centers in Spain. We
employed K-means clustering to group patients
according to reverse transcription polymerase
chain reaction (rRT-PCR) cycle threshold (Ct)
values and lymphocyte counts at diagnosis, and
pre-test symptom duration. The impact of rem-
desivir on 60-day mortality in each cluster was
assessed.
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Results: A total of 1160 patients (median
age 66, interquartile range (IQR) 55-78) were
included. We identified five clusters, with mor-
tality rates ranging from O to 36.7%. High-
est mortality rate was observed in the cluster
including patients with shorter pre-test symp-
tom duration, lower lymphocyte counts, and
lower Ct values at diagnosis. The absence of
remdesivir administration was associated with
worse outcome in the high-mortality cluster
(10.5% vs. 36.7%; p<0.001), comprising sub-
jects with higher viral loads. These results were
validated in an external multicenter cohort of
981 patients.

Conclusions: Patients with COVID-19 exhibit
varying mortality rates across different clinical
phenotypes. K-means clustering aids in identi-
tying patients who derive the greatest mortality
benefit from remdesivir use.

Keywords: COVID-19;  Antiviral
Clustering; Artificial intelligence

agents;

Patients with COVID-19 show varying mor-
tality rates among different clinical pheno-

types.

Multiple randomized studies have evaluated
the efficacy of different antiviral strategies
but the results are disparate and difficult to
interpret.

Clustering K-means method identified dif-
ferent clinical phenotype of patients with
COVID-19 and varying risk of mortality and
response to remdesivir.

Higher mortality occurred in patients with
lower rRT-PCR Ct at COVID-19 diagnosis.

For those patients, the absence of remdesivir
is associated with worse outcomes.

INTRODUCTION

Severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) is the coronavirus responsi-
ble for COVID-19. This virus has caused one of
the most significant pandemics of this century,
accounting for more than seven million deaths
[1]. SARS-CoV-2 remains a global health threat
to date, and multiple questions about treating
and managing patients infected with the virus
remain unresolved.

Understanding the impact on mortality
associated with the use or not of antivirals in
different phenotypes of hospitalized patients
with COVID-19 is currently one of the most
significant challenges. Remdesivir was the first
antiviral treatment approved for this infection.
Multiple randomized studies were conducted
in record time to test the utility of this drug.
However, the different clinical trials described
disparate results. Whilst some analyses showed
that remdesivir improved the outcomes of
patients with COVID-19 [2-6], other studies
doubted this benefit [7-10]. A plausible expla-
nation may be that clinical phenotypes differ
for patients with COVID-19, and the impact
of different treatments could be more or less
important [11-13]. As a result of these con-
troversial findings [14], despite the benefits of
remdesivir in different outcomes being clear
for some physicians, other colleagues have
expressed their concern about the usefulness
of this antiviral in terms of mortality. Conse-
quently, during various pandemic waves cer-
tain medical societies did not advocate for
or against remdesivir administration in their
COVID-19 treatment guidelines [15, 16].

Our hypothesis is that cluster analysis using
relatively large amounts of data can help to
identify groups of patients who share similar
viral status. Those with higher viral load would
have worse outcomes, as previously reported
[12, 17-20], and will be those who more benefit
from the remdesivir administration in terms of
reduced mortality. We use non-supervised clus-
tering techniques (K-means) to identify clini-
cal phenotypes of patients with different viral
involvement and define the impact of remde-
sivir on mortality in each clinical cluster. We
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validate these results in a separate multicenter
cohort.

METHODS

Study Design and Population

The derivation cohort comprised patients admit-
ted to the Hospital Clinic of Barcelona, a 700-bed
university center providing medical, surgical,
and intensive care for a population of 500,000
adults. We included all consecutive patients
hospitalized for SARS-CoV-2 infection between
February 2020 and February 2021 and who met
all of these criteria: (1) hospital admission for
more than 48 h; (2) real-time reverse transcrip-
tion polymerase chain reaction (tRT-PCR) test-
ing performed on nasal and oropharyngeal swab
specimens confirming COVID-19 diagnoses and
providing information on cycle threshold (Ct)
values; (3) recorded data from pre-test dura-
tion of symptoms; (4) at least one determina-
tion of lymphocytes count within the first 48 h
of hospital admission. Concerning remdesivir
administration, patients eligible for antiviral
treatment were those with pneumonia requiring
supplemental oxygen, according to the recom-
mendation of the European Medicines Agency
(EMA) and the Agencia Espafiola de Medica-
mentos y Productos Sanitarios (AEMPS). The
recommended dose was 200 mg on the first day
administered by intravenous infusion, followed
by a daily dose of 100 mg by intravenous infu-
sion, with the total treatment duration being
S days. The validation cohort included patients
with identical inclusion criteria from Hospital
Universitari Mutua de Terrassa (Terrassa) and
Hospital Universitario La Fe (Valencia), both
tertiary centers in Spain. Only the information
necessary to perform the clustering algorithm
and the evaluation of the efficacy of remdesivir
was obtained.

High-quality anonymized data on demo-
graphic characteristics, clinical signs, labora-
tory tests, microbiologic results, treatments,
and outcomes were collected directly from elec-
tronic health records (EHR) as described else-
where [21]. The quality of data was assessed by a

multidisciplinary team including physicians and
data scientists. The methodology of this study
strictly adheres to the Transparent Reporting of
a Multivariable Prediction Model for Individual
Prognosis or Diagnosis (TRIPOD) standards [22].

The Institutional Ethics Committee of the
Hospital Clinic of Barcelona approved the study
and, as a result of the nature of the retrospective
data review, waived the need for informed con-
sent from individual patients (HCB/2020/0273).

Statistics

Categorical variables were described using the
absolute number and percentage, whilst contin-
uous variables were presented using the median
and interquartile range (IQR). Categorical vari-
ables were compared with either a chi-squared
(x?) test or Fisher’s exact test when appropriate,
and quantitative variables with the Mann-Whit-
ney U test. Statistical significance was defined as
P<0.05. We created different clusters of patient
phenotypes using three variables directly related
to the virus load: Ct of rRT-PCR and total lym-
phocyte count at COVID-19 diagnosis, and data
from pre-test duration of symptoms. The cluster-
ing algorithm selected was K-means. This is a
multidimensional type of learning methodology
capable of integrating multiple characteristics
of patients to create various clusters with simi-
larities. With this technique, cluster centers are
initially generated pseudo-randomly. After that,
each patient is integrated into the cluster with
the nearest cluster center. The cluster centers are
then recomputed with the means of the selected
variables belonging to that cluster. Following
that, patients are reclassified with the new clus-
ter centers. This process is repeated until con-
vergence, and patients stop switching clusters
and cluster centers stop moving. To determine
the optimal number of cluster centers, we used
the elbow method. Afterwards, the impact of the
use of remdesivir on 60-day mortality of patients
included in each cluster was analyzed using a
x? test. The supplementary material contains a
more detailed explanation of the K-means clus-
tering method and the elbow method. The algo-
rithm was validated in a multicenter external
cohort. The threshold for statistical significance
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was defined as a two-tailed p<0.05. Analyses
were performed with Python, version 3.10.8,
R-software, version 4.2.2 and Microsoft SPSS-
PC+, version 22.0 (SPSS, Chicago, IL, USA).

RESULTS

During the study period, we assessed 1160 con-
secutive adults in the derivation cohort who
met the inclusion criteria. Table 1 summarizes
the main epidemiologic and clinical charac-
teristics of these patients. The median age was
66 (IQR 55-78) years, and 59.4% of the cohort
were male. The median pre-test duration of
symptoms was 6 days (3-8); the median Ct of
rRT-PCR at COVID-19 diagnosis was 26.5 (IQR
22-30.6); and the median lymphocyte count
at onset was 0.8 x 10°/L (IQR 0.6-1.1). Table 1a
in the supplementary material shows patients’
baseline characteristics in each cluster. The over-
all 60-day mortality was 14.22%. As detailed in
Fig. 1, higher mortality was observed in patients
with the shortest days from pre-test duration of
symptoms, and lower lymphocyte count and Ct
value of rRT-PCR at COVID-19 diagnosis.

Clustering of Patients According to Viral
Phenotype

Using data on Ct value of rRT-PCR, total lym-
phocyte counts at COVID-19 diagnosis, and pre-
test duration of symptoms, we created groups
of similar patients according to viral phenotype
by the K-means technique. The elbow method
determined the best maximum at five clusters.
Figure 2 and video 1 in the supplementary mate-
rial show the distribution in three dimensions
of patients in the five K-means clinical clusters
according to their viral phenotype measured
by pre-test duration of symptoms, lymphocyte
count, and Ct value of rRT-PCR at COVID-19
diagnosis.

Table 2 details the main characteristics of
patients selected in each cluster. Rates for 60-day
mortality per cluster were 2%, 11%, 8.2%,
10.4%, and 29.7%, respectively.

Impact of Remdesivir on Mortality for Each
Patient Cluster Per Viral Phenotype in the
Derivation Cohort and External Algorithm
Validation

Significantly higher 60-day mortality was doc-
umented in those patients not receiving rem-
desivir in cluster 5 (10.5% vs 36.7%; p<0.001).
This cluster included 286 (24.7%) patients
from the derivation cohort. These patients had
the highest mortality rates, lowest lymphocyte
count, and the shortest median days of pre-
test duration of symptoms, mainly associated
with lower Ct of rRT-PCR at COVID-19 diag-
nosis. Figure 3 details the 60-day mortality in
each cluster for those patients receiving rem-
desivir compared with those patients who did
not receive the drug in the derivation cohort.
The utilization of remdesivir was observed
across all clusters. In cluster 5, it is noted that
mortality is particularly high in the absence
of remdesivir.

An external validation cohort was used to
verify the utility of the algorithm (Table 2). A
total of 902 patients included in the validation
cohort were assigned to a cluster, using the clus-
ter centers computed via K-means, with the ini-
tial cohort (patients were assigned to the cluster
whose center was nearest to them). Results were
consistent, and patients not receiving remdesi-
vir in cluster 5 had significantly higher 60-day
mortality (11.1% vs 25.6%; p<0.044).

DISCUSSION

Our study undertook an innovative approach
using a clustering algorithm to identify different
clinical phenotypes of patients hospitalized with
COVID-19 with varying infection viral load to
assess the role of remdesivir use in terms of mor-
tality. We documented significant differences in
this important outcome amongst clusters. These
results are of great importance as they confirm
that those patients with higher viral load ben-
efitted more, even in terms of reduced mortality,
from remdesivir use. Moreover, our results high-
light the potential use of computers, especially
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Table 1 Main epidemiologic and clinical characteristics of patients in the derivation cohort

Patients (N =1160)

Patient characteristics
Age-median (IQR), in years
Sex male, 7 (%)
Comorbidities, 72 (%)
Hypertension
Chronic heart disease
Chronic lung disease
Diabetes mellitus
Solid neoplasm
Hematological malignancies
Chronic liver diseases
Vital signs at admission, median (IQR)
Temperature (°C)
Respiratory rate (rpm)
Oxygen saturation (%)
Laboratory values at admission, median (IQR)
Ferritin (ng/mL)
CRP (mg/dL)
D-dimer (ng/mL)
LDH (U/L)
Lymphocyte count (x 10°/L)
Median (IQR) cycle threshold (Ct) at COVID-19 diagnosis
Ct<20,7 (%)
Ct berween 21 and 25, # (%)
Ct>25,72 (%)
Median (IQR) days of pre-test duration of symptoms

Intensive care unit admission, 7 (%)

60-day mortality, 7 (%)

66 (55-78)
688 (59.4)

37.3 (36.6-38)
20 (18-24)
95 (93-97)

580 (274-1088)
7.9 (3.8-14.2)
700 (400-1300)
315 (251-400)
0.8 (0.6-1.1)
265 (22.0-30.1)
173 (14.9)

297 (25.6)

690 (59.5)
6(3-8)

244 (21.0)
165 (14.2)

CRP C-reactive protein, LDH lactate dehydrogenase

with their ability to cluster patients, to improve
the decision-making process in relation to anti-
viral use.

Remdesivir received definitive approval by
health authorities as COVID-19 treatment in
October 2020. However, two trials assessing
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Lymphocyte count (x10%L)

Fig.1 60-day mortality density on 1160 consecu-
tive patients hospitalized with COVID-19 in the deri-
vation cohort depending on the pre-test symptom
duration (days), Ct of rRT-PCR, and lymphocyte
count (x10°/L) at COVID-19 diagnosis. Deceased
patients are represented by dots. In areas with a high den-
sity of dots, bubbles with different intensities are gener-
ated to optimize the visualization. Lymphocyte count is
expressed as cells/mm?; duration of symptoms is expressed
in days. Higher mortality was observed in those patients
with lower pre-test duration of symptoms, Ct less than 25,
and a lower number of lymphocytes at diagnosis

the impact of remdesivir use on outcomes
in patients with COVID-19 did not find any
benefits in clinical improvement or mortality.
Amongst the 237 randomized patients in the
first study, the median time from symptom
onset to remdesivir use was 11 days; 19% of
patients had undetectable viral RNA in rRT-PCR
at trial inclusion; and 32% of patients had a
lymphocyte count of more than 1000 when
remdesivir was started [7]. The second study
had no data reporting patient characteristics
in relation to any of these variables [8]. Data
on Ct values in rRT-PCR at COVID-19 diagnosis
were lacking in both studies.

Conversely, other trials demonstrated clini-
cal benefits from the use of remdesivir [2, 5, 7,
8, 11, 12]. This benefit was more pronounced
in patients who had shorter pre-admission
duration of symptoms. Data on lymphocyte
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Fig.2 Distribution of K-means clusters of patients accord-
ing to their clinical phenotype in three dimensions. Clus-
ters are represented by dots of the same colors. Lymphocyte
count is expressed as cells/ mm?; duration of symptoms is
expressed in days

count or Ct in rRT-PCR at diagnosis were not
reported.

In our study the clustering K-means method
optimally classifies patients depending on the
viral load and a worse response to viral infec-
tion—as defined by lower Ct of tRT-PCR and
lymphocyte count at COVID-19 diagnosis and
shorter pre-test duration of symptoms—and it
helps to draw a clear clinical picture of differ-
ent mortality rates. These findings are consistent
with those previously reported in clinical stud-
ies [17, 23-25] and strengthen the link between
viral load and mortality. Furthermore, these
observations reinforce the idea that administer-
ing early antiviral treatment should be impoz-
tant in improving mortality of specific patients
hospitalized with COVID-19.

Studies on the impact of new antiviral strat-
egies in patients with COVID-19 have been
recently conducted. All these therapeutic
approaches have mainly been tested on patients
within the initial days following a COVID-19
diagnosis; results are encouraging [26-30]. Our
study shows that controversial results may
be explained by the heterogeneity of patient
characteristics at inclusion. Thus, researchers
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Table 2 Main characteristics of five clusters of patients selected by K-means, according to their viral phenotype in the deriva-

tion and validation cohorts

K-means
cluster

Median Ct
(IQR)

Median days
of pre-test
duration of
symptoms

(IQR)

Median
lymphocyte
count (IQR)
(x10%/L)

60-day
mortality

(%)

60-day 60-day mor-

mortality/pts tality/pts who
receiving rem-  did not receive
desivir (%) remdesivir (%)

p value

Cluster 1

Derivation
cohort
7=100

Validation
cohort

n=167
Cluster 2

Derivation
cohort

n=273

Validation
cohort
n=292

Cluster 3

Derivation
cohort

n=183

Validation
cohort
n=121
Cluster 4
Derivation

cohort
n=318

Validation
cohort

n=156
Cluster S

Derivation
cohort

n=286

26 (23-30)

25 (22-29)

24 (22-26)

21 (18-25)

31 (29-34)

30 (26-32)

31(29-33)

31(29-33)

21 (17-23)

11 (10-13)

12 (10-14)

5 (4-7)

5(3-7)

1.7 (1.5-2)

1.8 (1.6-2.2)

0.8 (0.6-1)

0.9 (0.7-1.1)

0.8 (0.6-1.1)

1.1 (0.8-1.5)

0.8 (0.6-1)

0.9 (0.7-1.2)

0.7 (0.5-0.9)

6.6

11

7.2

8.2

7.4

10.4

12.8

29.7

0.54

0 7.2 0.28

0 11.3 0.35

32 7.7 0.37

NA 8.2 N/A

N/A

29 11.3 0.13

13.8 12.6 0.86

10.5 36.7 <0.001
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Table 2 continued

K-means Median Ct Median days ~ Median 60-day 60-day 60-day mor-  p value
cluster (IQR) of pre-test lymphocyte  mortality mortality/pts tality/pts who
duration of count (IQR) (%) receiving rem-  did not receive
symptoms (x10°/L) desivir (%) remdesivir (%)
(IQR)
Validation 19 (16-22) 3 (2-4) 0.8(0.6-1.0) 217 11.1 256 0.044
cohort
n=166
N/A: not applicable
25 25 25
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Fig.3 60-day mortality in patients receiving remdesivir
and those who did not receive remdesivir by clusters in the
derivation cohort. Clusters 1 to 5 are consecutively repre-
sented in each three-dimensional diagram (clockwise from
top-left). Dots represent patients, with different colors

evaluating the impact of treatments on COVID-
19 prognosis should describe those phenotypes
more precisely to better explain why those
treatments are beneficial in some cases while
not in others. In this context, providing clus-
tering methods that assist physicians with

identifying remdesivir treatment and mortality outcome.
“L” stands for lymphocyte count, expressed as cells/mm?;
“d” stands for duration of symptoms in days; Ct stands for
Ct of rRT-PCR at diagnosis

objectively classifying patients and/or analyz-
ing a large number of variables will be break-
through in medicine. This methodology makes
it possible to have objective, reproducible clas-
sifications, available with a small, 24/7 computer
support tool for all physicians, irrespective of
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their expertise. The use of clustering algorithms
in medical research remains scarce, and some
authors have expressed concern about the black
box that some algorithms or clustering per-
formed by a computer may represent [21]. How-
ever, studies such as ours, in which computers
perform clustering of patients based on variables
determined by our team, and confirm results in
an external validation cohort, strengthen our
confidence in these techniques. To our knowl-
edge, this is the first study that demonstrated
the impact of a specific antiviral treatment in
patients classified with an unsupervised cluster-
ing algorithm and confirmed the results using
an external validation cohort.

The main limitations of our study include
the following. First, we did not have any infor-
mation on the specific SARS-CoV-2 variants
in our patients. The most frequent circulating
variants throughout the study period included
SARS-CoV-2 Wuhan-1 and B.1.1.7 (alpha). Fur-
ther studies are necessary to analyze whether
our results could be extrapolated to other new
viral variants, as susceptibility of SARS-CoV-2 to
the antiviral may potentially change according
to the appearance of mutations in the antivi-
ral target. Second, we have no information on
patients’ vaccine status. As a result of the study
period, most patients in this cohort were not
vaccinated. The results in the vaccinated popu-
lation might be different. Indeed, in our study,
viral load and the potential host response to
SARS-CoV-2 were analyzed directly by Ct of
rRT-PCR and indirectly by lymphocyte count
and pre-test duration of symptoms. It would
be plausible to consider modifications in these
variables due to vaccination and SARS-CoV-2
new variants’ susceptibility to current vaccina-
tion regimen. That stated, there is a need for
future studies to investigate the impact of these
values, particularly among vaccinated patients,
on the relationship between prognosis and the
use of remdesivir. Finally, we focus on mortal-
ity, and other potential benefits of remdesivir in
outcomes are not analyzed. Another important
aspect to be further investigated in the future
is the evolution of the clinical phenotype of
COVID-19 during pandemic waves. Examin-
ing the evolution of viral phenotypes through-
out the pandemic, as well as their relationship

with secondary inflammation due to COVID-
19, would be of interest. This knowledge could
guide us in understanding the importance of
antiviral strategies compared to other COVID-
19 treatments, with a more focused approach on
controlling inflammation.

CONCLUSION

Our clustering algorithm identified that among
hospitalized patients with COVID-19, those
with lower Ct value of rRT-PCR and lymphocyte
count at diagnosis, and shorter pre-test duration
of symptoms had higher mortality. For those
patients, the absence of remdesivir administra-
tion was associated with higher mortality. These
results were confirmed in an external validation
cohort. Clustering algorithms may help phy-
sicians in decision-making processes to objec-
tively personalize medicine. Finally, we created
a clustering algorithm to classify patients with
different viral loads. This algorithm can be used
to reanalyze information obtained in trials or
design future studies evaluating personalized
antiviral strategies.
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