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Background/Aims: The efficacies of lopinavir-ritonavir or hydroxychloroquine 
remain to be determined in patients with coronavirus disease 2019 (COVID-19). 
To compare the virological and clinical responses to lopinavir-ritonavir and hy-
droxychloroquine treatment in COVID-19 patients.
Methods: This retrospective cohort study included patients with COVID-19 treat-
ed with lopinavir-ritonavir or hydroxychloroquine at a single center in Korea 
from February 17 to March 31, 2020. Patients treated with lopinavir-ritonavir and 
hydroxychloroquine concurrently and those treated with lopinavir-ritonavir or 
hydroxychloroquine for less than 7 days were excluded. Time to negative conver-
sion of viral RNA, time to clinical improvement, and safety outcomes were as-
sessed after 6 weeks of follow-up.
Results: Of 65 patients (mean age, 64.3 years; 25 men [38.5%]), 31 were treated with 
lopinavir-ritonavir and 34 were treated with hydroxychloroquine. The median 
duration of symptoms before treatment was 7 days and 26 patients (40%) required 
oxygen support at baseline. Patients treated with lopinavir-ritonavir had a signifi-
cantly shorter time to negative conversion of viral RNA than those treated with 
hydroxychloroquine (median, 21 days vs. 28 days). Treatment with lopinavir-ri-
tonavir (adjusted hazard ratio [aHR], 2.28; 95% confidence interval [CI], 1.24 to 4.21) 
and younger age (aHR, 2.64; 95% CI 1.43 to 4.87) was associated with negative con-
version of viral RNA. There was no significant difference in time to clinical im-
provement between lopinavir-ritonavir- and hydroxychloroquine-treated patients 
(median, 18 days vs. 21 days). Lymphopenia and hyperbilirubinemia were more 
frequent in lopinavir-ritonavir-treated patients compared with hydroxychloro-
quine-treated patients.
Conclusions: Lopinavir-ritonavir was associated with more rapid viral clearance 
than hydroxychloroquine in mild to moderate COVID-19, despite comparable 
clinical responses. These findings should be confirmed in randomized, con-
trolled trials. 
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INTRODUCTION

Since a novel coronavirus disease 2019 (COVID-19) 
emerged in Wuhan, China in December, 2019, it has 
spread worldwide resulting in the COVID-19 pandem-
ic. The causative virus of COVID-19 was identified and 
named severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2). SARS-CoV-2 causes upper and lower 
respiratory tract infections in humans and the clinical 
course can be fatal if the illness progresses to an acute 
respiratory distress syndrome (ARDS) [1-3]. More than 3 
million cases with more than 200,000 deaths had been 
confirmed worldwide as of late April, 2020 [4]. Howev-
er, effective antiviral agents targeting SARS-CoV-2 have 
not yet been developed. Lopinavir-ritonavir and chloro-
quine are each considered to have potential therapeu-
tic benefits in SARS-CoV-2 infection based on previous 
preclinical and clinical data from SARS-CoV-1 and Mid-
dle East respiratory syndrome coronavirus (MERS-CoV).

Lopinavir-ritonavir was approved for treatment of hu-
man immunodeficiency virus (HIV) infection in 2000. 
Lopinavir is a HIV-1 protease inhibitor and a combina-
tion with another protease inhibitor, ritonavir, increases 
serum concentrations of lopinavir through cytochrome 
P450 inhibition. In vitro assays found that lopinavir had 
inhibitory activity against SARS-CoV-1 [5,6] and MERS-
CoV [7]. Patients with SARS-CoV-1 infections who were 
treated with lopinavir-ritonavir exhibited favorable 
clinical outcomes compared with historical controls 
who did not receive lopinavir-ritonavir [5]. Case reports 
or series have suggested a possible therapeutic effect 
of lopinavir-ritonavir against SARS-CoV-2 [8,9]. A ran-
domized, controlled, open-label trial conducted in Chi-
nese patients with severe COVID-19 found no benefit 
of lopinavir-ritonavir with respect to time to clinical 
improvement compared with standard care [10]. How-
ever, that clinical trial included COVID-19 patients with 
relatively severe respiratory illness. Data on the efficacy 
of lopinavir-ritonavir in patients with mild to moderate 
COVID-19 are needed.

Chloroquine, initially developed as an antimalarial 
agent, has antiviral activity against a broad range of vi-
ruses including HIV and coronaviruses [11]. Due to its 
inhibitory effect on viral replication and immune ac-
tivation, chloroquine has gained interest as a weapon 
against coronavirus outbreaks associated with severe re-

spiratory illness. As in SARS-CoV-1 [12-14], chloroquine 
was found to potently inhibit SARS-CoV-2 infection 
in in vitro assays [15]. Hydroxychloroquine has similar 
therapeutic activity but less toxicity than chloroquine, 
properties that have enabled its long-term usage in au-
toimmune diseases. Yao et al. [16] found that hydroxy-
chloroquine was a potent inhibitor of SARS-CoV-2 in 
vitro. A few clinical studies conducted in patients with 
COVID-19 support the usage of hydroxychloroquine, 
although the results need to be interpreted with cau-
tion due to the small sample size, non-randomized or 
non-controlled design, short follow-up period, and dif-
ferent dosing regimens used in these studies [17-20].

Clinical data regarding the efficacy of lopinavir-ri-
tonavir or hydroxychloroquine on COVID-19 patients 
are currently lacking. Previous studies in COVID-19 pa-
tients investigated the efficacy of lopinavir-ritonavir or 
hydroxychloroquine compared with standard care. How-
ever, to date, there have been no published data compar-
ing the efficacy of lopinavir-ritonavir and hydroxychlo-
roquine in patients with COVID-19. Lopinavir-ritonavir 
and hydroxychloroquine have been available prior to 
the development of specific COVID-19 treatments. It is 
therefore important to determine which drug has supe-
rior viral and clinical effects to guide treatment choice 
during the COVID-19 pandemic. We compared the vi-
rological and clinical responses of COVID-19 patients 
treated with lopinavir-ritonavir or hydroxychloroquine 
and attempted to identify independent factors associat-
ed with negative conversion of SARS-CoV-2 RNA using 
real-world data with a follow-up period of 6 weeks.

METHODS

Patients
All hospitalized patients with COVID-19 who were 
treated with lopinavir-ritonavir or hydroxychloroquine 
at Daegu Catholic University Medical Center in South 
Korea from February 17 to March 31, 2020 were eligible 
for this retrospective cohort study. Infection was con-
firmed if SARS-CoV-2 viral RNA was detected (positive 
real-time reverse transcriptase-polymerase chain reac-
tion [RT-PCR]) from nasopharyngeal and oropharyngeal 
swabs and/or sputum. Patients who were treated with 
lopinavir-ritonavir and hydroxychloroquine concur-
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rently and those who received lopinavir-ritonavir or 
hydroxychloroquine for less than 7 days were excluded. 
Lopinavir-ritonavir (400 and 100 mg, respectively) was 
administered twice daily and hydroxychloroquine 400 
mg was administered once daily. The study protocols 
were approved by the Institutional Review Board of Dae-
gu Catholic University Medical Center (CR-20-110) and 
informed consent was waived due to the retrospective 
study design.

Outcome measures
The primary outcome was time to negative conversion 
of viral RNA in nasopharyngeal and oropharyngeal 
swabs since the start of lopinavir-ritonavir or hydroxy-
chloroquine therapy. Negative conversion was defined 
as two consecutive negative RT-PCR results at least 24 
hours apart. The secondary outcome was time to clinical 
improvement (cessation of oxygen support or resolution 
of respiratory symptoms such as cough and/or sputum 
and normalization of body temperature below 37.5°C) 
since the start of the therapy. The safety outcomes as-
sessed were adverse events and serious adverse events 
occurring after the initiation of treatment. Adverse 
events were assessed and graded according to the Com-
mon Terminology Criteria for Adverse Events (version 
5.0) published by the US National Cancer Institute of the 
National Institutes of Health.

Assessment and monitoring of virological and clini-
cal parameters 
The follow-up period for all patients was 6 weeks, ex-
cept where the patients were discharged or transferred, 
or died prior to completion of follow-up. Serial naso-
pharyngeal and oropharyngeal swab specimens were 
obtained every 3 to 4 days after the start of therapy. If 
the PCR result was negative and the patient was in a sta-
ble clinical status, the next sample was obtained 24 to 
48 hours later to determine whether the patient was a 
candidate for de-isolation. To assess the viral load of the 
swab specimens, RNA was extracted from the specimens 
and RT-PCR targeting the SARS-CoV-2 envelope (E) and 
RNA-dependent RNA polymerase (RdRp) genes was per-
formed. The detection limit was a cycle threshold (Ct) 
value of 35. Serial PCR results were reported as positive, 
inconclusive, or negative: a positive result indicated 
both E and RdRp genes were detected; an inconclusive 

result indicated only one gene was detected; a negative 
result indicated neither gene was detected. 

Symptoms such as cough, sputum, dyspnea, and diar-
rhea were assessed daily by two physicians (H.L.H. and 
C.Y.J.). Oxygen saturation and vital signs including body 
temperature were monitored daily. The degree of oxy-
gen support at baseline and during therapy was assessed 
according to a seven-category ordinal scale as follows: 
(1) not hospitalized with resumption of normal activi-
ties; (2) not hospitalized, but unable to resume normal 
activities; (3) hospitalized, not requiring supplemental 
oxygen; (4) hospitalized, requiring supplemental oxy-
gen; (5) hospitalized, requiring high-flow nasal oxygen 
therapy or noninvasive mechanical ventilation, or both; 
(6) hospitalized, requiring extracorporeal membrane ox-
ygenation or invasive ventilation, or both; and (7) death 
[10]. Data regarding the aforementioned parameters, as 
well as concomitant antibiotic, glucocorticoid, or intra-
venous immunoglobulin (IVIG) administration, chest 
computed tomography (CT) scans, laboratory values, 
and coexisting conditions, were collected through med-
ical chart review. 

Statistical analyses
Numerical variables for the two groups were compared 
using an unpaired t test or Mann-Whitney U test, as 
appropriate. Comparison of categorical variables was 
conducted using chi-square test or Fisher’s exact test. 
Kaplan-Meier curves were depicted and log-rank tests 
were performed to compare the virological and clinical 
responses between the lopinavir-ritonavir and hydroxy-
chloroquine treatment groups. Transfer or death before 
negative conversion of viral RNA (or clinical improve-
ment) was censored. Cox proportional hazards regres-
sion was performed to identify independent factors as-
sociated with negative conversion of viral RNA. Factors 
significant in the univariable analyses (p < 0.05) were 
included in a multivariable analysis. All statistical anal-
yses were conducted using R language version 4.0.0 (R 
Foundation for Statistical Computing, Vienna, Austria). 

RESULTS

Patients
Among 123 COVID-19 patients hospitalized during the 
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study period, 96 patients were treated with lopinavir-ri-
tonavir or hydroxychloroquine (Fig. 1). Excluding pa-
tients who received concurrent treatment with lopina-
vir-ritonavir and hydroxychloroquine (n = 27), those who 
received lopinavir-ritonavir for less than 7 days (n = 2), 
and those who received hydroxychloroquine for less 
than 7 days (n = 2), 65 patients were eligible for the study. 
Of these 65 patients, 31 received lopinavir-ritonavir over 
a median duration of 11 days (interquartile range [IQR], 
10 to 14) and 34 received hydroxychloroquine over a me-
dian duration of 10 days (IQR, 10 to 13).

The characteristics of the patients at baseline are 
described in Table 1. The mean age was 64.3 years and 
25 patients (38.5%) were men. The median duration of 
symptoms before initiation of treatment with lopina-
vir-ritonavir or hydroxychloroquine was 7 days (IQR, 4 to 
12). A total of 26 patients (40%) required oxygen support 
at baseline, including two patients (3.1%) who required 
high-flow oxygen. Age, sex, duration of symptoms be-
fore treatment, concomitant treatment with antibiotic, 
glucocorticoid, or IVIG, and coexisting conditions did 
not differ between patients who received lopinavir-ri-
tonavir and those who received hydroxychloroquine. 
Patients treated with lopinavir-ritonavir tended to have 
more frequent bilateral multifocal ground-glass opac-
ities (GGOs) and/or consolidations on their chest CT 
scans and required more common oxygen support at 
baseline and day 7 than those treated with hydroxychlo-

roquine. Of the patients treated with hydroxychloro-
quine, nine patients (26.5%) received concurrent azith-
romycin treatment.

Virological response
After 6 weeks of follow-up, 27 patients (87.1%) treated 
with lopinavir-ritonavir and 21 patients (61.8%) treated 
with hydroxychloroquine had negative conversion of 
viral RNA. Two patients were censored in the lopina-
vir-ritonavir group: one died and one was transferred to 
regional isolated living facilities for special care. Five pa-
tients were censored in the hydroxychloroquine group: 
one died and four were transferred to regional isolated 
living facilities for special care. Time to negative conver-
sion of viral RNA was shorter in the lopinavir-ritonavir 
group than the hydroxychloroquine group (median, 21 
days vs. 28 days; log-rank, p = 0.029) (Fig. 2).

Next, we investigated factors associated with neg-
ative conversion of viral RNA in the total study popu-
lation (Table 2). The results of the univariable analyses 
indicated younger patients (≤ 65 years) and those who 
were treated with lopinavir-ritonavir were more likely 
to have negative conversion during the follow-up pe-
riod (p <0.05). Other variables, such as sex, duration of 
symptoms, oxygen support, concomitant therapy, chest 
CT findings, lymphopenia, elevated C-reactive protein 
(CRP), elevated aspartate aminotransferase (AST) or ala-
nine aminotransferase (ALT), or the presence of diabe-
tes, hypertension, cardiovascular disease, chronic lung 
disease, or chronic kidney disease, were not associated 
with negative conversion of viral RNA. In the multivari-
able analysis, use of lopinavir-ritonavir was an indepen-
dent factor associated with negative conversion of viral 
RNA (adjusted hazard ratio [HR], 2.28; 95% confidence 
interval [CI], 1.24 to 4.21) along with younger age (adjust-
ed HR, 2.64; 95% CI 1.43 to 4.87). 

Clinical response
Two patients in the hydroxychloroquine group were ex-
cluded from the clinical response analyses: one showed 
clinical improvement before initiation of treatment and 
the other could not express symptoms due to cogni-
tive dysfunction. After 6 weeks of follow-up, 30 patients 
(96.8%) treated with lopinavir-ritonavir and 29 patients 
(90.6%) treated with hydroxychloroquine showed clin-
ical improvement. Time to clinical improvement was 

Figure 1. Flow chart of the study population.

123 Participants hospitalized
from Feb 17 to Mar 31, 2020

96 Participants were treated 
with lopinavir-ritonavir or 

hydroxychloroquine

65 Participants eligible for the study

31 Received lopinavir-ritonavir 34 Received hydroxychloroquine

31 Were excluded
27 Received concurrent lopinavir-ritonavir and 
     hydroxychloroquine
  2 Received lopinavir-ritonavir for less than 7 days
  2 Received hydroxychloroquine for less than 7 days
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Table 1. Characteristics of the study population

Characteristic
Total  

(n = 65)
Lopinavir-ritonavir  

(n = 31)
Hydroxychloroquine  

(n = 34)
p value

Age, yr 64.3 ± 15.4 64.3 ± 14.6  64.3 ±  16.3 1.000

Male sex 25 (38.5) 11 (35.5) 14 (41.2) 0.829

Median duration of symptoms 
 before therapy, day

7 (4–12) 6 (3.5–11) 9 (4–12) 0.214

Symptoms

Cough 57 (87.7) 28 (90.3) 29 (85.3) 0.812

Sputum 45 (69.2) 22 (71.0) 23 (67.6) 0.983

Fever 43 (66.2) 23 (74.2) 20 (58.8) 0.296

Dyspnea 40 (61.5) 24 (77.4) 16 (47.1) 0.024

Diarrhea 22 (33.8) 11 (35.5) 11 (32.4) 0.997

Headache 21 (32.3) 10 (32.3) 11 (32.4) 1.000

Sore throat 18 (27.7) 8 (25.8) 10 (29.4) 0.963

Myalgia 14 (21.5) 9 (29.0) 5 (14.7) 0.271

Chest pain 9 (13.8) 4 (12.9) 5 (14.7) 1.000

Rhinorrhea 8 (12.3) 5 (16.1) 3 (8.8) 0.605

Seven-category scale at baseline

3: Hospitalization, not requiring 
 supplemental oxygen

39 (60.0) 12 (38.7) 27 (79.4) 0.003

4: Hospitalization, requiring 
 supplemental oxygen

24 (36.9) 18 (58.1) 6 (17.6)

5: Hospitalization, requiring HFNC 
 or noninvasive mechanical ventilation

2 (3.1) 1 (3.2) 1 (2.9)

Seven-category scale at day 7

3: Hospitalization, not requiring 
 supplemental oxygen

32 (49.2) 8 (25.8) 24 (70.6) 0.001

4: Hospitalization, requiring 
 supplemental oxygen

31 (47.7) 22 (71.0) 9 (26.5)

5: Hospitalization, requiring HFNC 
 or noninvasive mechanical ventilation

2 (3.1) 1 (3.2) 1 (2.9)

Concurrent treatment

Antibiotic agent 60 (92.3) 31 (100) 29 (85.3) 0.079

Glucocorticoid 4 (6.2) 2 (6.5) 2 (5.9) 1.000

IV immunoglobulin 3 (4.6) 3 (9.7) 0 (0) 0.206

Nonenhanced chest CT imaging at 
 baseline

No active lung lesion 10 (15.4) 2 (6.5) 8 (23.5) 0.078

Unilateral multifocal GGOs and/or 
 consolidations

7 (10.8) 2 (6.5) 5 (14.7)

Bilateral multifocal GGOs and/or 
 consolidations

47 (72.3) 27 (87.1) 20 (58.8)

Laboratory values at baseline

White blood cell count, /μL 5,200 (4,500–6,400) 6,100 (4,700–7,250) 5,050 (4,100–5,800) 0.037
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not significantly different between patients receiving 
lopinavir-ritonavir and those receiving hydroxychloro-
quine (median, 18 days vs. 21 days; log-rank, p = 0.216) 
(Fig. 3). We investigated whether lopinavir-ritonavir 
treatment, as well as age, sex, duration of symptoms, ox-

ygen support, concomitant therapy, chest CT findings, 
lymphopenia, elevated CRP, elevated AST or ALT, and 
coexisting conditions were associated with clinical im-
provement in the study population, but none of the vari-
ables were associated with clinical improvement (data 
not shown). 

Safety
Adverse events tended to occur more frequently in the 
lopinavir-ritonavir group than in the hydroxychloro-
quine group, but this trend was not statistically signifi-
cant (Table 3). Lymphopenia and increased total bilirubin 
(of any grade of severity) were more frequently detected 
in patients treated with lopinavir-ritonavir. One serious 
adverse event (ARDS) occurred in one patient treated 
with lopinavir-ritonavir, and two serious adverse events 
(one event of ARDS and one event of shock) occurred in 
patients treated with hydroxychloroquine. 

DISCUSSION

To our knowledge, this retrospective cohort study is 

Characteristic
Total  

(n = 65)
Lopinavir-ritonavir  

(n = 31)
Hydroxychloroquine  

(n = 34)
p value

Lymphocyte count, /μL 1,108 (804–1,436) 927 (738–1,119) 1,284 (1,086–1,596) 0.001

C-reactive protein, mg/L 21.7 (5.5–60.9) 48.2 (21.5–78.8) 8.7 (2.0–26.3) < 0.001

Aspartate aminotransferase, U/L 25 (20–38) 28 (22–29) 24 (16–32) 0.008

Alanine aminotransferase, U/L 19 (14–32) 24 (15–54) 17 (11–25) 0.015

Serum creatinine, mg/dL 0.7 (0.6–0.9) 0.8 (0.7–0.9) 0.7 (0.6–0.9) 0.278

Coexisting conditions

Diabetes 14 (21.5) 7 (22.6) 7 (20.6) 1.000

Hypertension 12 (18.5) 8 (25.8) 4 (11.8) 0.255

Cardiovascular diseasea 15 (23.1) 7 (22.6) 8 (23.5) 1.000

Chronic lung diseaseb 13 (20.0) 7 (22.6) 6 (17.6) 0.852

Chronic kidney disease 4 (6.2) 3 (9.7) 1 (2.9) 0.540

Values are presented as mean ± SD, number (%), or interquartile range. 
HFNC, high-flow nasal cannula; IV, intravenous; CT, computed tomography; GGO, grand-glass opacity
aCardiovascular disease included ischemic heart disease, valvular heart disease, heart failure, arrhythmia, and cerebrovascular 
accident. 
bChronic lung disease included asthma, chronic obstructive lung disease, interstitial lung disease, tuberculosis-associated 
lung damage, and lung cancer. 

Table 1. Continued

Figure 2. Kaplan-Meier curves showing time to negative 
conversion of viral RNA in nasopharyngeal and oropharyn-
geal specimens.

Lopinavir-ritonavir

Hydroxychloroquine
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the first to compare the efficacy of lopinavir-ritonavir 
and hydroxychloroquine treatment in mild to moderate 
COVID-19 patients. Patients treated with lopinavir-ri-
tonavir had a shorter time to negative conversion of vi-
ral RNA than patients treated with hydroxychloroquine, 
although time to clinical improvement did not differ 
between the two groups. Use of lopinavir-ritonavir and 
younger age was associated with negative conversion of vi-
ral RNA. In clinical practice, most patients with COVID-19 
present with mild to moderate disease and their respi-
ratory symptoms and vital signs improve with standard 
care. However, viral shedding persists for a longer period 
in some patients, which delays de-isolation and prolongs 
hospital stay. Because lopinavir-ritonavir-treated patients 
achieved more rapid viral clearance compared with hy-
droxychloroquine-treated patients, lopinavir-ritonavir 

Table 2. Cox proportional hazards regression investigating factors associated with negative conversion of viral RNA

Variable
Univariable Multivariable

Unadjusted HR (95% CI) p value Adjusted HR (95% CI) p value

Age ≤ 65 yr 2.18 (1.22–3.91) 0.008 2.64 (1.43–4.87) 0.002

Male sex 1.33 (0.75–2.36) 0.335

Use of lopinavir-ritonavir 1.85 (1.04–3.30) 0.037 2.28 (1.24–4.21) 0.008

Duration of symptoms before therapy < 7 days 1.00 (0.56–1.78) 0.988

Oxygen support at baseline 0.99 (0.56–1.76) 0.979

Antibiotic agent 0.86 (0.31–2.39) 0.766

Glucocorticoid 0.57 (0.08–4.17) 0.583

IV immunoglobulin 3.00 (0.71–12.71) 0.135

Bilateral multifocal GGOs and/or consolidations on 
chest CT images

1.15 (0.61–2.18) 0.667

White blood cell count < 5,500/μL 1.03 (0.58–1.83) 0.928

Lymphocyte count < 1,000/μL 1.58 (0.89–2.81) 0.120

C-reactive protein > 20 mg/L 1.05 (0.59–1.85) 0.879

Aspartate aminotransferase > 35 U/L 0.93 (0.49–1.77) 0.832

Alanine aminotransferase > 40 U/L 0.80 (0.37–1.71) 0.565

Diabetes 0.58 (0.28–1.19) 0.138

Hypertension 1.45 (0.74–2.86) 0.284

Cardiovascular diseasea 0.51 (0.25–1.07) 0.074

Chronic lung diseaseb 0.93 (0.46–1.87) 0.835

Chronic kidney disease 1.19 (0.43–3.30) 0.746

HR, hazard ratio; CI, confidence interval; IV, intravenous; GGO, ground-glass opacity; CT, computed tomography.
aCardiovascular disease included ischemic heart disease, valvular heart disease, heart failure, arrhythmia, and cerebrovascular 
accident.
bChronic lung disease included asthma, chronic obstructive lung disease, interstitial lung disease, tuberculosis-associated 
lung damage, and lung cancer.

Figure 3. Kaplan-Meier curves showing time to clinical im-
provement.
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might be the preferred drug in the treatment of mild to 
moderate COVID-19, especially due to the lack of spe-
cific antiviral agents currently available. Although some 
adverse events were more common in patients treated 
with lopinavir-ritonavir, the frequencies of grade 3 or 4 
adverse events and serious adverse events were compa-
rable between the two groups. 

Unlike a previous randomized, controlled, open-label 
trial of lopinavir-ritonavir (which enrolled patients with 
severe COVID-19) [10], our study population consisted 
of mild to moderate COVID-19 cases and their treat-
ment was initiated earlier in the disease process (me-
dian duration of symptoms before lopinavir-ritonavir 
treatment, 6 days vs. 13 days, respectively). These factors 
may have been associated with the superior results in 
lopinavir-ritonavir-treated patients in our study. Al-

though our study did not demonstrate that early treat-
ment was beneficial to achieve viral clearance compared 
with late treatment, previous data support the early use 
of lopinavir-ritonavir. In a clinical study of SARS-CoV-1 
infection, treatment with a combination of lopinavir-ri-
tonavir and ribavirin resulted in significantly less fre-
quent occurrence of ARDS or death, as well as marked 
reduction of viral loads, compared with ribavirin treat-
ment [5]. Notably, the benefit of lopinavir-ritonavir was 
evident only when it was used as an initial therapy, not 
as a rescue therapy [21]. Taken together, earlier use of 
lopinavir-ritonavir in a milder disease might result in 
better outcomes in the treatment of COVID-19, but fur-
ther research is required to confirm these findings.

Lopinavir-ritonavir and hydroxychloroquine have 
different mechanisms of action to inhibit SARS-CoV-2. 

Table 3. Summary of adverse events

Variable
Lopinavir-ritonavir Hydroxychloroquine

Any grade Grade 3 or 4 Any grade Grade 3 or 4

Any adverse event 29 (93.5) 4 (12.9) 26 (76.5) 4 (11.8)

Neutropenia 2 (6.5) 0 1 (2.9) 1 (2.9)

Lymphopenia 14 (45.2)a 4 (12.9) 3 (8.8)a 0

Anemia 16 (51.6) 1 (3.2) 15 (44.1) 1 (2.9)

Thrombocytopenia 3 (9.7) 0 4 (11.8) 0

Increased AST 9 (29.0) 1 (3.2) 7 (20.6) 1 (2.9)

Increased ALT 10 (32.3) 1 (3.2) 10 (29.4) 0

Increased total bilirubin 8 (25.8)b 1 (3.2) 1 (2.9)b 0

Increased creatinine 3 (9.7) 0 6 (17.6) 0

Nausea 6 (19.4) 0 2 (5.9) 0

Vomiting 3 (9.7) 0  0 (0) 0

Diarrhea 7 (22.6) 0 6 (17.6) 2 (5.9)

Abdominal discomfort 1 (3.2) 0  0 (0) 0

Loss of appetite 1 (3.2) 0 1 (2.9) 0

Skin rash 1 (3.2) 0  0 (0) 0

Dizziness 1 (3.2) 0 1 (2.9) 0

Delirium 5 (16.1) 0 2 (5.9) 0

Serious adverse event 1 (3.2) 1 (3.2) 2 (5.9) 2 (5.9)

Respiratory failure 1 (3.2) 1 (3.2) 1 (2.9) 1 (2.9)

Shock  0  0 1 (2.9) 1 (2.9)

Values are presented as number (%). 
AST, aspartate aminotransferase; ALT, alanine aminotransferase
ap < 0.01.
bp < 0.05.
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The SARS-CoV-2 genome encodes non-structural pro-
teins (e.g., 3-chymotrypsin-like protease [3CLpro], pa-
pain-like protease, helicase, and RdRp) and structural 
proteins (e.g., spike glycoprotein, envelope protein, and 
membrane protein) [22]. The enzyme 3CLpro, one of the 
key enzymes in the viral life cycle, cleaves polyproteins 
translated from viral RNA and thus mediates viral rep-
lication [23,24]. Lopinavir-ritonavir is known to inhibit 
the action of 3CLpro thereby interfering with coronavirus 
replication [25]. Hydroxychloroquine may have multiple 
mechanisms of action. Normal acidic conditions of en-
dosomes and lysosomes enable endocytosed coronavirus 
to be processed and released into the host cell cytoplasm 
[26]. Hydroxychloroquine increases the pH of endo-
somes and lysosomes, and disrupts protein degradation 
and release of the viral genome required for viral infec-
tion and replication [27]. Hydroxychloroquine can also 
block viral entry into the host cells by interfering with 
glycosylation of angiotensin converting enzyme 2 (ACE2) 
receptors [13]. SARS-CoV-2 spike proteins bind to ACE 
receptors on the cell membrane to enter the host cells 
[28]. However, it is not clear if these different mecha-
nisms of action were associated with the superior results 
achieved with lopinavir-ritonavir treatment in our study.

Both lopinavir-ritonavir-treated patients and hy-
droxyhloroquine-treated patients achieved clinical im-
provement at a similar timepoint, but viral clearance 
was achieved earlier in lopinavir-ritonavir-treated pa-
tients. Currently, guidelines do not recommend a spe-
cific drug as first choice in the treatment of COVID-19. 
Infectious Diseases Society of America Guidelines rec-
ommend hydroxychloroquine or lopinavir-ritonavir to 
treat COVID-19, only in the context of a clinical trial [29]. 
Randomized, controlled trials of lopinavir-ritonavir and 
hydroxychloroquine are ongoing in the USA, Canada, 
Europe, China, and Korea. Results from these clinical 
trials could support the findings of our study. 

Overall adverse events were comparable between the 
two drugs, except for lymphopenia and hyperbilirubin-
emia. Lymphopenia and hyperbilirubinemia were more 
frequently reported in patients treated with lopinavir-ri-
tonavir. These adverse events were mild and transient. 
The higher incidence of lymphopenia and hyperbiliru-
binemia in the lopinavir-ritonavir group might be due 
to more severe cases included in this treatment group [2].

The present study is unique in that viral shedding was 

monitored serially for 6 weeks after the start of lopina-
vir-ritonavir or hydroxychloroquine treatment. Given 
that the median duration of viral shedding was 20 days 
and duration of viral shedding ranged from 8 to 37 days 
in survivors of COVID-19 [3], we designed this study to 
observe the patients for a sufficient period of time. Most 
previous clinical studies had observation periods for 5 
to 7 days after initiation of treatment, and a few assessed 
patients through 28 days. Moreover, our study popula-
tion is unique because more than 50% of hospitalized 
patients with COVID-19 were treated with only one of 
either lopinavir-ritonavir or hydroxychloroquine. This 
enabled the researchers to directly compare the efficacy 
of the two drugs.

The present study has some limitations. First, it was 
a retrospective and single-center design. Multi-cen-
ter, randomized, controlled trials would be required to 
confirm our findings. Second, because this was a retro-
spective cohort study, the baseline characteristics of the 
patients were not perfectly balanced between those re-
ceiving lopinavir-ritonavir or hydroxychloroquine. Pa-
tients treated with lopinavir-ritonavir were more likely 
to have pneumonia confirmed on chest CT scans, and 
therefore required higher rates of oxygen support and 
more frequently complained of dyspnea. Despite the 
relatively more severe cases in the lopinavir-ritonavir 
group, the study outcomes suggest lopinavir-ritonavir 
may provide greater benefit than hydroxychloroquine.

In conclusion, we have compared virological and clin-
ical responses to lopinavir-ritonavir or hydroxychloro-
quine treatment in mild to moderate COVID-19 cases. 
Patients receiving lopinavir-ritonavir had more rapid vi-
ral clearance than those receiving hydroxychloroquine, 
but there was no significant benefit in terms of clinical 
responses. Use of lopinavir-ritonavir and age were in-
dependent factors associated with viral clearance. Our 
findings need to be confirmed in randomized, con-
trolled trials.

KEY MESSAGE

1. Use of lopinavir-ritonavir was associated with 
a better outcome in terms of viral clearance 
than use of hydroxychloroquine in patients 
with coronavirus disease 2019 (COVID-19).
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