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ABSTRACT

Objectives: We aimed to compare the antiviral effect of hydroxychloroquine (HCQ) and lopinavir/ritonavir
(LPV/r) in patients with COVID-19.

Methods: Nationwide retrospective case-control study was conducted to compare the effect of HCQ and
LPV/r on viral shedding duration among patients with mild-to-moderate COVID-19 using the
reimbursement data of National Health Insurance Service. After propensity score matching (PSM),

Keywords: multivariate analysis was conducted to determine statistically significant risk factors associated with
g/c\)l\{/;]-)c_;?/-z prolonged viral shedding.
Hydroxychloroguine Results: Overall, 4197 patients with mild-to-moderate COVID-19 were included. Patients were
Lopinavir categorized into three groups: LPV/r (n = 1268), HCQ (n = 801), and standard care without HCQ or
Ritonavir LPV/r (controls, n = 2128). The median viral shedding duration was 23 (IQR 17-32), 23 (IQR 16-32), and 18
(IQR 12-25) days in the LPV/r, HCQ, and control groups, respectively. Even after PSM, the viral shedding
duration was not significantly different between LPV/r and HCQ groups: 23 (IQR, 17-32) days versus 23
(IQR, 16-32) days. On multivariate analysis, old age, malignancy, steroid use, and concomitant
pneumonia were statistically significant risk factors for prolonged viral shedding.
Conclusion: The viral shedding duration was similar between HCQ and LPV/r treatment groups. There was
no benefit in improving viral clearance compared to the control group.
© 2020 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-
nd/4.0/).
Introduction development, but they are likely 1-2 years away. It is thus very

important to minimize person-to-person transmission.

Since the first emerging in December 2019, severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) has spread
rapidly around the world, infecting over 38 million people globally
and resulting in 1,089,047 deaths as of October 15, 2020 (WHO,
2020). To bring an end to this health crisis, vaccines are under
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Antiviral agents are commonly used for improving clinical
symptoms or ameliorating disease severity. Furthermore, they
have an important clinical implication to suppress disease
transmission by reducing the viral shedding duration, as shown
from the effect of oseltamivir for influenza (Beigel et al., 2020;
Meschi et al., 2011). Owing to the highly transmissible property of
SARS-CoV-2, even asymptomatic and presymptomatic patients
have transmitted the virus to their family members and colleagues
(Bai et al., 2020; Gandhi et al., 2020). Moreover, as the pandemic
has progressed, the number of deaths in high-risk groups has
increased dramatically. Therefore, the treatment strategy for
COVID-19 needs to be approached in two ways: reduction of
mortality through combined antiviral therapy for severe patients
and blockage of transmission through early antiviral treatment for
patients with mild-to-moderate cases.
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In the early pandemic periods, the most hopeful antiviral
candidates were hydroxychloroquine (HCQ) and lopinavir/ritona-
vir (LPV/r), which had already been on the market for decades with
other indications (Kim et al., 2020; Sanders et al,, 2019. Both
candidates were expected to interfere viral replication theoreti-
cally (Kim et al., 2020; Sanders et al., 2019), and showed good in
vitro activity against SARS-CoV-2 (Huang et al., 2020; Ul Qamar
et al.,, 2020). Under urgent needs, many clinical trials using either
candidate have been conducted, but there are still insufficient data
to recommend HCQ or LPV/r use. Furthermore, most studies
mainly focused on patients with moderate-to-severe COVID-19,
and antiviral agents were administered at more than 7 days later
from symptom onset (Borba et al., 2020; Cao et al.,, 2020; Hung
et al., 2020; Tang et al., 2020). It is necessary to comparatively
evaluate the effect of viral suppression when the antiviral agent is
administered in the early stage of symptom development. If
effective for viral suppression, it has a very important meaning in
terms of infection control and treatment (Gautret et al., 2020; Li
et al., 2020).

This study aimed to compare the effect of HCQ and LPV/r on the
viral shedding duration among patients with mild-to-moderate
COVID-19 cases using South Korea’s National Health Insurance
Service (NHIS) database.

Methods
Data source

This study used reimbursement data from the National Health
Insurance Service (NHIS) of South Korea for the period from
January 12, 2020 to May 15, 2020. The NHIS covers 97-98% of the
population (51 million people). Data included age, sex, dates of
admission and discharge, diagnoses coded according to the
International Classification of Disease and Related Health Prob-
lems, 10th edition (ICD-10), and prescription of medications
covered by NHIS.

Currently, the NHIS aggregates datasets for real-time reverse
transcriptase polymerase chain reaction (rRT-PCR)-confirmed
COVID-19 cases from information provided by the epidemiological

<Study flow chart>

Korean NHIS claim data
(Jan. 18, 2020 — May 15, 2020)

Patients with COVID-19
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investigation of Korea Centers for Disease Control and Prevention
(KCDC) (2020). All subjects with KCD-7 codes for COVID-19 were
classified into the 5 categories according to the Centers for Disease
Control and Prevention (CDC) (2020) interim guidance: critical
(extracorporeal membrane oxygenation, death), severe (mechani-
cal ventilator), moderate grade 2 (high flow oxygen therapy),
moderate grade 1 (oxygen therapy), and mild (remaining
laboratory confirmed subjects) (Supplementary Table 1).

Study design

This nationwide retrospective study included patients with
laboratory-confirmed COVID-19 diagnoses who were discharged
during the study period from January 12, 2020 to May 15, 2020.
Among these, only mild-to-moderate grade 1 patients were
included in the analysis, and the effect of LPV/r or HCQ use on
viral shedding duration was evaluated (Figure 1). We strictly
included patients with mild or moderate grade 1 COVID-19,
excluding severe patients for the following reasons: in severe
cases, anti-viral agents might have been administered following
late aggravation after initial supportive standard care and hospital
stay may have been extended due to complications, although
SARS-CoV-2 rRT-PCR test converted to be negative. Furthermore,
the following two inclusion criteria should be met: (i) adults aged
>19 years and (ii) hospitalization within 1 week after laboratory
diagnosis for COVID-19. The criteria of <1 week from diagnosis to
hospitalization is needed to assess the effect of early antiviral
treatment. Exclusion criteria were as follows: (i) concomitant LPV/
r and HCQ treatment; (ii) patients on LPV/r or HCQ medication
prior to diagnosis; or (iii) those who received other antiviral agents
thought to be effective against COVID-19 (ciclesonide, camostat,
nafamostat, remdesivir, ribavirin, or interferon). For patients with
multiple episodes of hospitalization, the first admission was only
included for the analysis.

All included patients were categorized according to LPV/r or
HCQ exposure: LPV/r-group, HCQ-group, and control group
(supportive standard care only). LPV/r or HCQ use was defined
as at least one prescription being recorded in the claim data. Data
on the prescription of LPV/r, HCQ, or other drugs were extracted

<Analysis contents>

- Severity distribution according to age
- Time trends of antiviral use

Mild-to-moderate grade 1
hospitalized patients

Exclusion criteria :

® >1 week from diagnosis to hospitalization

® LPV/r or HCQ user before diagnosis

» Concomitant antivirals (LPV/r and HCQ)

® Patients on other antiviral drugs thought
to be effective against COVID-19:
ciclesonide, camostat, nafamostat,
remdesivir, ribavirin, interferon

® COVID-19 RT-PCR has never been done
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Figure 1. Study flow chart.
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using drug codes based on the Anatomical Therapeutic Chemical
Classification in the claim data of the study periods. Comorbidities
were identified using ICD-10 codes entered within 1 year prior to
COVID-19 diagnosis (Supplementary Table 2). Charlson Comorbid-
ity Index (CCI) was also calculated to assess the general health
status of study subjects (Supplementary Table 3). A subgroup
analysis was conducted for mild cases only, moderate grade 1 cases
only, and patients with pneumonia (defined as ICD-10 codes).

We defined patient’s length of hospitalization as viral shedding
duration, which was assessed using rRT-PCR. This is reasonable,
because all COVID-19 patients in South Korea required undetect-
able RNA from two consecutive nasopharyngeal swab specimens
(24 h apart) to be discharged, according to the regulation of KCDC
(Choi et al., 2020Db).

This study protocol was exempted for review by the Institu-
tional Review Board of the Korea University Guro Hospital
according to the exemption criteria (IRB No. 2020GR0260).

Statistical analysis

The data are presented using descriptive statistics for continu-
ous and categorical variables. Differences between groups were
analyzed with an analysis of variance (ANOVA) for continuous
variables and chi-square tests for categorical variables.

Considering the significant differences in baseline character-
istics among study groups, propensity score matching (PSM) was
taken between two groups to be compared. To compare the viral
shedding duration, we created propensity scores for the LPV/r-
group, HCQ-group, and control group. All sets of propensity scores
were estimated via multinomial logistic regression using baseline
covariates including age, sex, comorbidities, disease severity, and
concomitant pneumonia. To compare the viral shedding duration,
three data sets were made (LPV/r-group vs. HCQ-group; LPV/r-
group vs. control group; HCQ-group vs. control group), and each of
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the sets were propensity score matched in 1:1 proportion. Age and
sex were perfectly matched, and Greedy nearest neighbor
matching was used for other covariates on the logit of the
propensity score.

After PSM, multiple linear regression was used to determine
statistically significant factors associated with viral shedding
duration. Variables included in the models were age, sex,
comorbidities, disease severity, concomitant pneumonia, concom-
itant use of steroid, azithromycin or oseltamivir, and elapsed days
from laboratory diagnosis to hospitalization.

All tests were two tailed, and results were considered
statistically significant at p-value <0.05. SAS version 9.4 (SAS
Institute Inc, Cary, NC) was used for the analyses.

Results

During study periods, a total of 5720 COVID-19 patients were
discharged (or death occurred) in South Korea. Most cases (>95%)
were hospitalized within a day from laboratory diagnosis, and
more than 98% were hospitalized within 7 days. Regarding disease
severity, children and adolescents were milder in severity: 99.1%
(214/216) were mild, 1.4% (2/216) were moderate grade 1, and none
were moderate grade 2 or severe (Supplementary Table 4).
Similarly, mild cases accounted for the large portion in adults
aged 19-64 year (91.7%, 4037/4402). However, in the elderly, less
than two-thirds of cases (59.5%, 656/1102) were mild, while the
rest required oxygen therapy; one-third of cases on oxygen therapy
required high flow oxygen supply or mechanical ventilation. Since
the first emergence of COVID-19 in South Korea, the prescription
trend of LPV/r and HCQ is shown in Supplementary Figure 1.
Overall, LPV/r and HCQ prescription tended to decrease, and
preference appeared to change significantly depending on the
literature published at that time. Sequentially, LPV/r was replaced
by HCQ and supportive standard care.

Table 1
Baseline characteristics after propensity score matching between the two groups.
LPV/r-group Control p-Value  HCQ-group Control p-Value  LPV/r-group HCQ-group p-Value
(n =1047) (n =1047) (n=701) (n=701) (n=735) (n=735)
Age, years, mean (SD) 4595 (15.64) 45.95(15.64) 1 48.73 (16.33) 48.73(16.33) 1 50.72 (16.78) 50.72 (16.78) 1
Age, groups 1 1 1

19-49 years 565 (53.96%) 565 (53.96%) -
50-64 years 367 (35.05%) 367 (35.05%) -
>65 years 115 (10.98%) 115 (10.98%) -

Male, no (%) 404 (38.59%) 404 (38.59%) -

From diagnosis to admission, days 0.09 (0.63) 0.07 (0.57) 0.4895
CCI (SD) 1.15 (1.47) 1.07 (1.34) 0.1925
Comorbidities 578 (49.15%) 598 (50.85%)  0.3784
Diabetes 159 (15.19%) 139 (13.28%) 0.2109
Thyroid disease 69 (6.59%) 68 (6.49%) 0.9296
Cardiac disease 62 (5.92%) 75 (7.16%) 0.2506
Chronic respiratory disease 305 (29.13%) 331 (31.61%) 0.2166
Renal disease 20 (1.91%) 22 (2.10%) 0.7552
Chronic liver disease 134 (12.8%) 107 (10.22%) 0.0645
Chronic neurologic disease 97 (9.26%) 81 (7.74%) 0.2099
Malignancy 45 (4.30%) 53 (5.06%) 0.4078
Rheumatologic disease 29 (2.77%) 28 (2.67%) 0.8932
Anemia 78 (7.45%) 95 (9.07%) 0.1772
Hematologic disease 18 (1.72%) 12 (1.15%) 0.2699
Mental and behavioral disorder 184 (17.57%) 173 (16.52%) 0.5227
HIV 1 (0.10%) 1 (0.10%) 1
Disease severity <0.0001
Mild 911 (87.01%) 1012 (96.66%) -
Moderate, grade 1 136 (12.99%) 35 (3.34%) -
Pneumonia, no (%) 602 (57.50%) 129 (12.32%) <0.0001
Steroid use, no (%) 33 (3.15%) 13 (1.24%) 0.0029
Azithromycin use, no (%) 211 (20.15%) 12 (1.15%) <0.0001
Oseltamivir use, no (%) 5(0.48%) 1(0.1%) 0.2181

315 (44.94%)
290 (41.37%)
96 (13.69%)

246 (35.09%)

315 (44.94%) -
290 (41.37%) -
96 (13.69%) -
246 (35.09%) 1

301 (40.95%)
298 (40.54%)
136 (18.50%)
246 (33.47%)

301 (40.95%)
208 (40.54%) -
136 (18.50%)
246 (3347%) 1

0.03(027)  0.02(029) 08497 014 (0.84) 0.20 (0.26)  0.0003
1.35 (1.62) 1.2 (1.49) 0.0594 138 (1.63) 1.39 (1.61) 0.8341
412 (58.77%) 406 (57.92%) 0.7451 458 (62.31%) 449 (61.09%) 0.6292
127 (18.12%) 132 (18.83%) 07308 126 (17.14%) 139 (18.91%) 03778
75 (10.70%) 76 (10.84%) 09313 47 (6.39%) 79 (10.75%)  0.0029
65 (9.27%) 59 (8.42%) 05725 61 (8.30%) 68 (9.25%) 0.5187
185 (26.39%) 176 (25.11%) 0.5825 253 (34.42%) 199 (27.07%) 0.0023
16 (2.28%) 15 (2.14%) 0.8559 28 (3.81%) 16 (2.18%) 0.0662
109 (15.55%) 94 (13.41%) 02549 96 (13.06%) 118 (16.05%) 0.1037
108 (15.41%) 106 (15.12%) 0.8819 88 (11.97%) 130 (17.69%) 0.0021
40 (5.71%) 38 (5.42%) 0.8157 36 (4.90%) 39 (5.31%) 0.7221
22 (3.14%) 14 (2.00%) 01768 2 (2.99%) 22 (2.99%) 1
69 (9.84%) 60 (8.56%) 0.4056 73 (9.93%) 70 (9.52%) 0.7917
4 (0.57%) 1 (0.14%) 03741 19 (2.59%) 7 (0.95%) 0.0176
147 (20.97%) 163 (23.25%) 03032 129 (17.55%) 167 (22.72%) 0.0135
1(0.14%) 1 (0.14%) 1 1(0.07%) 1 (0.07%) 1
0.0025 <0.0001
645 (92.01%) 672 (95.86%) - 600 (81.63%) 680 (92.52%) -
56 (7.99%) 29 (4.14%) - 135 (18.37%) 55 (7.48%) -
305 (43.51%) 108 (15.41%) <0.0001 501 (68.16%) 313 (42.59%) <0.0001
20 (2.85%) 10 (1.43%) 0.065 24 (3.27%) 18 (2.45%) 0.3476
222 (31.67%) 10 (1.43%) <0.0001 82 (1116%) 212 (28.84%) <0.0001
2 (0.29%) 1 (0.14%) 1 5 (0.68%) 2 (0.27%) 0.452

LPV/r = lopinavir/ritonavir; HCQ = hydroxychloroquine; SD = standard deviation; CCI = Charlson Comorbidity Index.
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Baseline characteristics of patients with mild-to-moderate grade 1
COVID-19

A total of 4197 patients with mild-to-moderate grade 1 COVID-
19 were included in this study. Patients were categorized into three
different groups: those treated with LPV/r (LPV/r-group, n = 1268),
those treated with HCQ (HCQ-group, n = 801), and those with
supportive standard care without HCQ or LPV/r (control group, n =
2128) (Supplementary Table 5). There were some significant
differences among the three groups in the baseline characteristics.
Compared to LPV/r or HCQ-groups, the control group was
significantly younger, had fewer comorbidities, and included more
males. The oseltamivir combination rate was less than 0.5% in all
groups.

The median time of viral RNA shedding was 23 (IQR 17-32) days
in the LPV/r-group, 23 (IQR 16-32) days in the HCQ-group, and 18
(IQR 12-25) days in the control group. There was no significant
difference between the LPV/r-group and the HCQ-group, but the
viral shedding duration was estimated to be significantly longer in
both treatment groups compared to the control group.

Propensity score matched comparison of the antiviral effect on viral
shedding duration — LPV/r versus HCQ treatment

As the baseline characteristics showed significant difference
across the three groups, we computed propensity scores for LPV/r
use and HCQ use based on age and sex. After PSM, most of the
baseline characteristics were similar, including comorbidities.
However, the disease severity and proportion of accompanying
pneumonia were still significantly higher in the LPV/r and HCQ-
group, especially in the LPV/r-group (Table 1).

Total dosage of LPV/r was 3884/971 mg on average, which was
considered to have been administered for about 5 days when
calculated based on 800/200 mg/day as recommended by the
guidelines (Kim et al., 2020). HCQ was used on average of 2376 mg,
which was equivalent to dosage for 5-6 days, calculated based on
400 mg/day recommended by the guideline.

The median time of viral RNA shedding was not significantly
different between the LPV/r and HCQ-group: 23 (IQR, 17-32) days
versus 23 (IQR, 16-32) days (Table 2). Neither agent shortened the
viral shedding duration compared to the control group.

Subgroup and multivariate analyses for the viral shedding duration

On multivariate analysis using propensity score-matched data
sets comparing each antiviral group versus control group, LPV/r or
HCQ still showed a significantly longer viral shedding duration
compared to the control group. However, the significance due to
the use of antiviral agents disappeared in the subgroup analysis
which includes only moderate cases or pneumonia cases
(Supplementary Tables 6 and 7).

On multivariate analysis using dataset comparing LPV/r and
HCQ groups, neither of the agents showed a significant difference
in terms of the viral shedding duration. The factors that
significantly influence the viral shedding duration were age,
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malignancy, steroid use, and concomitant pneumonia (Table 3). As
the elapsed time from diagnosis to hospitalization is longer, in-
hospital shedding duration was much shorter. In the subgroup
analysis for patients with moderate grade 1 severity or concomi-
tant pneumonia, cardiac disease was identified as a factor that
significantly increased the viral shedding duration.

Discussion

Currently, no specific antiviral agent is available for the
prevention or treatment of COVID-19, so drug repurposing has
been considered as a promising approach to rapidly identify an
effective therapy. HCQ and LPV/r are the candidates at the forefront
of drug repurposing. This nationwide retrospective study was
conducted to evaluate the antiviral effect of HCQ and LPV/r in the
treatment of patients with mild COVID-19 using the NHIS
reimbursement dataset. In this study, the viral shedding duration
of SARS-CoV-2 was similar between HCQ and LPV/r treatment
groups. When analyzing the effect of antiviral agents, the timing of
antiviral therapy is an important issue to be considered. Early
(within 7 days from symptom onset) initiation of antiviral therapy
may be critical in reducing SARS-CoV-2 viral load, as previously
noted (Fu et al., 2020; Keyaerts et al., 2004; Yan et al., 2020). Due to
the limitation of our database, it was difficult to know the initiation
timing of antiviral treatment in each individual patient; however,
the government of South Korea had launched a series of aggressive
measures to perform tight contact tracing and mass screening
tests, which enabled early diagnosis within 3-5 days from
symptom onset (Ryu et al., 2020). Based on the expert’s guideline,
most patients were treated within 7 days after symptom
development (Kim et al., 2020). As shown in this study, >95%
were hospitalized within a day from laboratory diagnosis. It took
more than 1 week to be hospitalized in only a small number of
patients, and those were excluded in this study considering the
timing issue.

HCQ or LPV/r monotherapy showed no benefit for improving
viral clearance compared to the control group. The viral shedding
duration seemed to be rather prolonged in the treatment groups
(median viral shedding duration, 22-23 days in the antiviral
treatment groups vs. 18 days in the control group). However, it
would be possible that the viral shedding duration in the control
group was estimated to be shorter than it really is because of the
following reasons. First, community treatment centers (CTC),
which were introduced in Korea as a measure to efficiently
distribute limited medical resources during the declared epidemic
starting in early March 2020, could make a bias in the claim
database. Some patients with mild symptoms were transferred
from the hospital to CTCs if they were medically stable but needed
to maintain isolation (Choi et al., 2020b). Although supportive care
is maintained in CTCs, some CTCs might not claim reimbursement
due to neglectable medical costs and complex process, potentially
contributing to the shortened length of hospitalization in the
control group. Second, during the earlier period of the COVID-19
pandemic in South Korea, many mild COVID-19 patients diagnosed
at the airport quarantine received supportive care without

Table 2
Comparison of viral shedding duration based on antiviral treatment groups among patients with mild-to-moderate grade 1 COVID-19.
LPV/r-group HCQ-group Control p-Value
Duration of viral shedding Before PSM, days (IQR) 23 (17-32)* 23 (16-32)* 18 (12-25)° <0.0001
After PSM, days (IQR) 22 (17-32) 18 (12-26) <0.0001
22 (16-31) 18 (11-27) <0.0001
23 (17-32) 22 (16-32) 0.1527

LPV/r = lopinavir/ritonavir; HCQ = hydroxychloroquine; PSM = propensity score matching; IQR = interquartile range.
The same superscript letters indicate non-significant differences between groups based on post-hoc analysis.
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Table 3
Multivariate analysis for the viral shedding duration among antiviral users (LPV/r or HCQ) for COVID-19.
LPV/r-group compared to HCQ-group Estimate p-Value
All cases (n = 1470) Univariate analysis Intercept 25.29 <0.0001
LPV/r-group 1.01 0.1527
HCQ-group 0
Multivariate analysis (significant factors) LPV/r-group 0.59 0.4408
Elapsed days from diagnosis to admission -1.24 0.0249
Age 0.09 0.0004
Pneumonia 2.48 0.0008
Steroid use 11.79 <0.0001
Malignancy 3.46 0.0295
Mild (n = 1280) Univariate analysis Intercept 25.0 <0.0001
LPV/r-group 0.49 0.4914
HCQ-group 0
Multivariate analysis LPV/r-group 0.4764 0.5331
Age 0.085 0.0005
Pneumonia 2.14 0.004
Steroid use 15.56 <0.0001
Chronic neurologic disease 2.86 0.0179
Malignancy 4 0.0173
Moderate, grade 1 (n = 190) Univariate analysis Intercept 289 <0.0001
LPV/r-group 0.99 0.7221
HCQ-group 0
Multivariate analysis LPV/r-group 0.42 0.89
Cardiac disease 9.32 0.0075
Hematologic disease 18.78 0.0417
Concomitant pneumonia (n = 814) Univariate analysis Intercept 26.71 <0.0001
LPV/r-group 111 0.2557
HCQ-group 0
Multivariate analysis LPV/r-group 1.41 0.1721
Age 0.095 0.0056
Steroid use 9.7 0.0002
Cardiac disease 1.74 0.0002

LPV/r = lopinavir/ritonavir; HCQ = hydroxychloroquine.

antiviral treatment at the CTC. Actually, a majority of them had
symptoms for more than a week before traveling, so the viral
shedding duration might have been estimated shorter. In the
previous studies including mild COVID-19 patients in CTCs, the
mean viral shedding duration from symptom onset was 21-24.5
days, which is longer than the results of our control group (Lee
et al, 2020; Noh et al., 2020). When we compared the viral
shedding duration between the HCQ or LPV/r-groups and the
control group in subgroup analyses including only moderate cases
or those with concomitant pneumonia, there was no significant
difference, which reflected the selection bias of mild cases who
were mainly included in the control groups.

One of the most effective treatment strategies would be to stop
the viral replication at the beginning, thereby minimizing the peak
viral load and shedding duration (Chu et al., 2004; Kim et al., 2020).
It is unclear why HCQ or LPV/r did not show favorable antiviral
effect in this study. One possible reason is that a higher dose is
required to successfully suppress SARS-CoV-2 in patients as shown
in vitro cytotoxicity test (Cao et al., 2020; Keyaerts et al., 2004;
Wang et al., 2020). In particular, the in vitro antiviral activity of HCQ
at concentrations commonly used in humans was reported
minimal (Kang et al, 2020). Insufficient data are available
regarding the optimal dose to ensure the safety and efficacy of
both drugs for COVID-19. Another possible reason is the inade-
quate target tissue concentration of those antiviral agents. LPV/r is
an anti-HIV drug, innovated to get high plasma and lymphatic
tissue concentration, not lung tissue (Freeling et al., 2014). There
are no pharmacokinetic data on respiratory tract concentration of
LPV/r. Although pharmacokinetic data indicate HCQ exhibits
extensive tissue distribution, the tissue concentration of the
respiratory tract might be variable depending on intestinal
resorption and hepatic first-pass metabolism (Klimke et al.,
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2020; Maharaj et al., 2020). In comparison, there are several
encouraging reports of HCQ on reducing mortality (Arshad et al.,
2020; Catteau et al., 2020; COVID-19 RISK and Treatments (CORIST)
Collaboration, 2020; Mikami et al., 2020). The inverse association
of HCQ with mortality was more evident in elderly, in patients who
experienced more severe manifestation or especially having
elevated C-reactive protein. Furthermore, the beneficial impact
was observed even in the late treatment groups, suggesting that
the anti-inflammatory and anti-thrombotic potential of HCQ may
have had more important role rather than its antiviral properties.

On multivariate analysis, old age, malignancy, steroid use, and
concomitant pneumonia were identified as risk factors for
prolonged viral shedding in this study, consistent with previous
studies (Fu et al., 2020; Yan et al., 2020; Zhou et al., 2020). Old age,
comorbidities, and steroid use might blunt the host immune
response, thereby promoting viral replication. In the subgroup
analyses, chronic neurologic diseases were also associated with
increased risk of prolonged viral shedding in the cases with mild
COVID-19, while cardiovascular disease was identified as a risk
factor in the moderate cases or cases with concomitant pneumo-
nia. Since ACE2, the SARS-CoV-2 binding receptors, is widely
expressed in the various organ including the lungs, heart, and
vessels, it is possible that greater number of ACE2 receptors—along
with blunted host response encountered in many comorbid
conditions—might promote viral replication, resulting in pro-
longed viral shedding. Recent studies suggested that the negative
outcomes in patients with underlying cerebrovascular disease
might be due to elevated expression of ACE2 (Choi et al., 2020a).
Besides prolonged viral shedding, pre-existing cardiovascular
diseases were associated with worse outcomes of COVID-19 (Fu
et al., 2020). Although unclear, COVID-19 might trigger acute
coronary syndrome, arrhythmia, or acute exacerbation of heart
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failure, similar to influenza viral infection (Madjid et al., 2020).
SARS-CoV-2 itself might induce new cardiac pathology or
exacerbation of underlying cardiovascular diseases under the
systemic and/or localized inflammatory host response, resulting in
cytokine storm in some severe cases (Madjid et al., 2020).
Furthermore, although HCQ is known to be less toxic than
chloroquine, HCQ-related cardiotoxicity might be considered (Di
Girolamo et al., 2018; Nord et al, 2004). In this study,
cardiovascular disease was a significant risk factor for longer
hospitalization only in the analyses including the HCQ-group.
Although generally safe when used for approved indications,
including autoimmune inflammatory rheumatic diseases or
malaria, the safety and benefit of HCQ treatment are poorly
evaluated in COVID-19, and potential safety hazards have been
announced recently, especially among severe patients and/or high-
dose users (Borba et al., 2020; Mehra et al., 2020).

This study has some limitations. First, this was a retrospective
cohort study. Although large number of cases were included, with
propensity score matched for relevant variables, we could not rule
out residual confounders. Second, we did not compare the viability
of SARS-CoV-2 with the duration of infectivity. This study focused
on the comparison of rRT-PCR-based viral clearance between LPV/r
and HCQ. Third, this study did not include cases with severe
COVID-19, having a limitation in evaluating the potential anti-
inflammatory impact of HCQ or LPV/r in the prevention of
complications and fatality. Fourth, environmental factors were
not considered in this study. Environmental factors such as
temperature, humidity and food might influence transmission,
severity and mortality of COVID-19 (Eslami and Jalili, 2020;
Roviello and Roviello, 2020). As the severity of COVID-19 and the
effect of antiviral treatment may vary by region with different
environments, further studies from various countries or regions
would be required. Fifth, there was significant differences in
baseline characteristics between HCQ and LPV/r groups. To
overcome the differences, this study used PSM and subgroup/
multivariate analyses. Finally, because of the limitation of study
design using claim database, data on drug concentration and
related metabolic factors were not available.

In conclusion, we compared the antiviral effect of LPV/r and
HCQ in patients with mild-to-moderate COVID-19 using a large
sample size health insurance database. The viral shedding duration
was similar between HCQ and LPV/r groups. Neither HCQ nor LPV/r
monotherapy showed benefits in improving viral clearance
compared to the control group. Given such a limited effectiveness
of HCQ or LPV/r monotherapy, a combination strategy needs to be
considered. In fact, studies have shown beneficial effects when
combining ribavirin and interferon rather than LPV/r alone (34),
and several combination therapies have been tried.
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