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Introduction

Coronavirus disease in 2019(COVID-19) is caused by SARS-
CoV-2 infection, first reported from Wuhan, China in early 
December 2019 [1]. It spreads quickly with a reproductive number 
R0 between 2.2 [2] and 5.7 [3]. It has been declared a pandemic with 
over 200 countries affected [4]. More than 4 million patients have 
been infected, resulting in over 250,000 deaths (6.93% case-fatality 
rate) as of May 10, 2020 [5]. However, there is no definite effective 
treatment and vaccine against COVID-19. SARS-CoV-2 is a positive-
sense single-stranded RNA virus with a diameter of 60-140nm [6]. It 
is a beta-coronavirus which includes MERS-CoV and SARS-CoV. It 
is believed to be zoonotic in origin, with close genetic linkage to bat 
coronavirus. The incubation period is 1-14 days, transmitted through 
droplets and close contacts [7]. Lopinavir and ritonavir (LPV/r) are 
protease inhibitors for treating HIV infection. Lopinavir is used in 
fix-dosage combination with ritonavir to increase bioavailability. 
LPV/r has been used in the treatment of SARS-CoV and MERS-CoV 
infection, with effective outcomes [8]. Preliminary research supported 
the use of LPV/r in COVID-19. It has been recommended by the 
Chinese Centre for Disease Control and Prevention (CDC) since 
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their third amendment of guidelines [7]. Previously, an inconclusive 
rapid review was published [9]. Since then more studies have been 
performed on efficacy of LPV/r for COVID-19 from other Asian [10-
14] and European countries [15]. This prompts a more comprehensive 
review. In this review, we included a summary review of thirteen 
studies on the usage of LPV/r for treatment of COVID-19, exploring 
its clinical efficacy, adverse events, and usage in special populations. 
The strengths and limitations of these studies will be discussed. 

Methods

Search Strategy and Selection Criteria

The target reports of this review were peer-reviewed English 
articles that are accessible on the three electronic databases (PubMed, 
Embase, Medline). We limited the search period between 2019 and 
2020. All patients included in the studies had COVID-19 infection 
confirmed by PCR testing. A systematic review protocol was written 
on the basis of PRISMA 2009 guidelines. The search keywords were 
lopinavir, COVID-19 and SARS-CoV-2. All existing literature with 
therapeutic data on the use of LPV/r for COVID-19 were included. 
Database outputs were combined to address the key issues: 

Abstract

Background: SARS-CoV-2 is the pathogenic agent of COVID-19, which has affected more than 200 countries; infected over 4 million people and declared 
a global pandemic. At the time of writing, no approved definitive therapeutic treatment for COVID-19 is available. Many studies are still on-going. 
Lopinavir-ritonavir (LPV/r), or its combination has been advocated as a potential treatment. This study reviews the evidence of LPV/r usage in the 
treatment of SARS-CoV-2 infection.

Methods: A systematic review protocol was written based on the PRISMA Statement Article for review selected from electronic databases (PubMed, 
Embase and Medline). Inclusion criteria were: full English articles published between 2019 and 2020, accessible and peer-reviewed. The search keywords 
were: Lopinavir, COVID, and SARS-CoV-2. Studies fulfilling the inclusion criteria were included, regardless of study designs. Data were extracted from 
published reports. 

Findings: As of 9 May 2020, 243 manuscripts were identified. Thirteen studies were included with a total of 494 patients. These consisted of clinical trials 
(n=2), case reports (n=5), case series (n=3), and retrospective cohort studies (n=3). In the thirteen studies, the use of LPV/r shortened the PCR negative-
conversion time for SARS-CoV-2, the earliest as being 5 days (Range: 5 to 28 days), and clinical improvement was expected as early as 2 days (Range: 2 
to 28 days). 

Interpretation: Our review shows that the use of LPV/r may be an effective treatment for non-severe COVID-19 patients, while only limited benefits 
were observed in severe COVID-19 patients.
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1.	 The documentation of LPV/r for COVID-19 patients in 
clinical practice, regardless of patient characteristics, countries 
of residence, clinical settings and outcome measures.

2.	 Clinical outcomes of the treatment (recovery, mortality) and 
side effects, especially for special populations.

Study Selection and Validity Assessment

All papers fitting the inclusion criteria were selected and analysed. 
The inclusion criteria were:

1.	 Peer-reviewed English article with therapeutic data.

2.	 Accessible on the databases. (PubMed, Embase and Medline)

3.	 Published between 2019 and May 9 2020. 

The titles, abstracts and full articles were independently screened 
by the authors. Following the PRISMA guidelines in PRISMA flow 
diagram, the study profile is shown in Figure 1. Duplicate articles were 
removed, and reasons for exclusions are documented in the table in 
Appendix. Quality assessments were assessed by CASP appraisal on 
each study (if appropriate). Bias or quality issues were minimized by 
cross-checking of quality assessments by the authors. 

Data Extraction and Bias Assessment

Data extraction was performed by Zhipeng Yan and Ching-Lung 
Lai with specific focus on: study design, population demographics, 

therapeutic outcomes, adverse events and other key findings (if 
appropriate). The principal source of potential bias was the lack of 
standardization of outcome measures: viral loads were measured after 
different days of treatment with LPV/r, usually without continuous 
monitoring. This review used a time-interval approach, with 5-days 
units, to assess the time for patients to become negative for PCR test 
for SARS-CoV-2. Patient recovery was classified into six different 
groups: 1-5 days, 6-10 days, 11-15 days, 16-20 days, 21-25 days and 
26-30 days. Assessment was based on the reported data; without 
authors for extra or missing information. 

Data Analysis

The following were analysed to assess the efficacy of LPV/r in 
COVID-19 patients: the time to obtain a negative-conversion of PCR 
test for SARS-CoV-2 and the number of adverse events affecting 
different systems. All analyses were conducted using Microsoft Excel 
2013. 

Results

As of 9 May, 2020, 243 articles were identified initially. Using 
the PRISMA guidelines, the reasons for inclusion and exclusion are 
presented in a PRISMA flow diagram (Figure 1).

Thirteen studies were finally included (Table 1): randomised 
clinical trial (n=2), case reports (n=5), retrospective cohort study 
(n=3), and case series (n=3). Ten out of the thirteen (76.9%) studies 

 
Figure 1: Study profile (PRISMA Flow Diagram).
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Name of the study City and 
country

Sample 
size

Age 
(mean) Gender Type of study Therapeutic 

treatment
Type/Number 
of patients & % Outcomes (recovery/mortality) Quality assessment 

(applicable/inapplicable)

1

Cao, B., Wang, Y., 
Wen, D., et al. A Trial 
of Lopinavir-Ritonavir 
in Adults Hospitalized 
with Severe Covid-19. 
N Engl J Med 2020. 
May 7. DOI:10.1056/
NEJMoa2001282

Wuhan, 
China 199

58 Y 120 M

79 F

Randomized

controlled trial
LPV/r

LPV/r:

99 patients, 
(49.7%)

Standard Care: 

100 patients, 
(50.3%)

-No benefit was observed with LPV/r 
treatment beyond standard care in 
severe COVID-19 patients.

-19 patients on intervention arm died.

-3 premature deaths in LPV/r group 
within 24 hours after randomization

-A focused issue 
addressed.

-Randomization 
performed with 
intention-to-treat 
analysis.

-Population were 
properly accounted their 
inclusion

-Not blinded.

-Baseline demographics 
was similar in both 
groups. 

-Primary outcome clearly 
specified.

-Showed little benefits 
without statistical 
significance.

-Total 5 patients dropped 
out: 3 premature death, 
2 failed prescriptions of 
LPV/r by physician.

2

Hung IFN LK, Tso 
EYK, et al. Triple 
combination of 
interferon beta-1b, 
lopinavir–ritonavir, 
and ribavirin in the 
treatment of patients 
admitted to hospital 
with COVID-19: 
an open-label, 
randomised, phase 
2 trial. Lancet. 2020. 
May 8.

DOI:10.1016/S0140-
6736(20)31042-4

Hong Kong,

China
127 52 Y

68 M

59 F
Randomised 
controlled trial

LPV/r +

IFN-ß* + ribavirin

LPV/r + IFN-ß 
+ ribavirin:

86 patients,

(67.7%)

LPV/r control 
group:

41 patients

(32.2%)

-Triple therapy group had a 
significantly shorter median time 
for negative-conversion PCR test for 
SARS-CoV-2:

Triple therapy group

(7 days, [IQR 5-11]) vs. control group

(12 days [IQR 8-15]); hazard ratio 4.37 

[95% CI 1.86-10.24], p=0.0010

-Triple therapy group achieved a 
significantly shorter median time 
to National Early Warning Score 2 
(NEWS2) of 0:

Triple therapy group 

(4 days, [IQR 3-8]) vs. control group

(8 days, [IQR 7-9]), p<0.0001.

-Triple therapy achieved a significantly 
shorter median time to Sequential 
Organ Failure Assessment (SOFA) 
score to reach zero:

Triple therapy group

(3.0 days, [IQR 1.0-8.0]) vs. 

control group 

(8.0 days, [IQR 6.5-9.0])

-Shorter median duration of stay in 
triple therapy group:

triple therapy group

(9 days; [IQR 7-13]) vs. control group 
(14.5 days, [IQR 9.3-16.0])

-No patient died.

-A focused issue 
addressed.

-Randomization 
performed. 

-Population were 
properly accounted their 
inclusion.

-Not blinded.

-Baseline demographics 
was similar in both 
groups. 

-Primary outcome clearly 
specified.

-Secondary outcome 
clearly specified.

-1 patient in control 
group dropped out due to 
biochemical hepatitis.

Table 1: Summary of the thirteen selected studies.
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3

Righi, G., & Del 
Popolo, G. COVID-19 
tsunami: the first case 
of a spinal cord injury 
patient in Italy. Spinal 
Cord Ser Cases 2020, 
6: 22. 

Firenze,

Italy
1 56 Y 1 M Case report LPV/r, and HCQ†

LPV/r and 
HCQ:

1 patient 

(100%)

-Fever subsided 2 days after treated 
with LPV/r and HCQ.

-Low-dose oxygen therapy was not 
required 3 days after treated with 
LPV/r and HCQ.

-Use of combination 
treatment that masked 
the real therapeutic 
outcome of LPV/r.
-In contrast to the spinal 
cord injury-induced 
immune depression 
syndrome, the patient 
was discharged with 
complete healing within 
2 weeks.
-Reported that absence of 
cough as the presenting 
symptoms in spinal cord 
injury.
-Only one case.
-Side effects of 
medication not reported.

4

Lim, J., Jeon, S., 
Shin, H. Y., et al. 
Case of the Index 
Patient Who Caused 
Tertiary Transmission 
of COVID-19 
Infection in Korea: 
the Application of 
Lopinavir/Ritonavir 
for the Treatment of 
COVID-19 Infected 
Pneumonia Monitored 
by Quantitative RT-
PCR. J Korean Med Sci 
2020, 35: e79. 

Goyang,

South Korea
1 54 Y 1 M Case report LPV/r

LPV/r:

 1 patient

(100%)

-Fever subsided 5 days after treatment 
with LPV/r.

-Undetectable viral load since the 
second day after taking LPV/r.

-Difficult to determine 
whether recovery was due 
to natural cause or use 
of LPV/r, due to the late 
administration of drugs.

-Only one case. 

5

Fernandez-Ruiz, M., 
Andres, A., Loinaz, 
C., et al. COVID-19 in 
solid organ transplant 
recipients: a single-
center case series from 
Spain. Am J Transplant 
2020. Apr 16.

DOI:10.1111/ajt.15929

Madrid,

Spain
18 71 Y

14 M

4 F

Single centre 
retrospective

case series

LPV/r

HCQ

IFN-ß

IVIg‡ 

Tocilizumab

No antivirals

LPV/r:

1/18 (5.56%)

LPV/r + HCQ:

6/18 (33.3%)

LPV/r + HCQ 
+ IFN-ß:

2/18 (11.1%)

HCQ:

5/18 (27.8%)

HCQ + IVIg:

1/18 (5.56%)

HCQ + IFN-ß:

1/18 (5.56%)

no anti-viral:

2/18 (11.1%)

-A total of 5 deaths: 4 receiving LPV/r 
died, and 1 receiving standard care 
without anti-viral agent died.

-For patients on HCQ, 2 showed 
clinical improvements, 1 showed mild 
ARDS, 1 showed persistent respiratory 
failure and 1 died.

-For patients on LPV/r together with 
HCQ, 2 showed clinical improvement 
and discharged. The other 3 showed 
persistent respiratory failure, mild 
ARDS and death respectively.

-The patient on HCQ and IVIg was 
discharged.

-The patients on LPV/r, HCQ and 
IFN-ß were discharged home.

-Patients received no antivirals 
resulted in 1 death and 1 low-grade 
fever till the end of study.

-Small sample size.

-No numerical data 
provided to tell the 
efficacy of drugs by 
measurement of viral 
load change during the 
study.

-Single centre.

-Only 2 patients 
performed cytokine 
study. 

-Side effect of drugs not 
reported. 

6

Tang, B., Li, S., 
Xiong, Y., et al. 
Coronavirus Disease 
2019 (COVID-19) 
Pneumonia in a 
Hemodialysis Patient. 
Kidney Med 2020. Mar 
12. DOI::10.1016/j.
xkme.2020.03.001

Zhongshan,

China
1

50 Y
1 M Case report

LPV/r and 
moxifloxacin

LPV/r:

1 patient

(100%)

-Nucleic acid test of SARS-CoV-2 
turned negative in throat swab after 8 
days of treatment.

-No observable side effects of LPV/r. 

-Only one case. 

-Use of moxifloxacin 
might masked the real 
therapeutic effect of 
LPV/r.

7

Ye, X. T., Luo, Y.L.,
Xia, S. C., et al.
Clinical
efficacy of
lopinavir/ritonavir 
in the treatment of 
Coronavirus disease 
2019. Eur Rev Med 
Pharmacol Sci 2020, 
24, 3390-3396. 

Rui’an,
China

47

9 under 
30 Y
38 over 
30 Y

22 M
25 F

Single centre 
retrospective 
cohort study 

LPV/r
Adjuvant drugs§ 

LPV/r:
42/47 (89.4%)
Adjuvant drugs:
5/47 (10.6%)

-Fever subsided earlier in test group.
(test group 4.8 1.94 days
vs
control group 7.3 , 
p=0.0364)
-Shorter SARS-nCoV-2 RNA negative 
conversion time in test group.
(test group 7.8
vs
control group
12.0 0.82 days, p=0.0219)
-No observed liver toxicity.

-Single centre study.
-Unbalanced treatment 
arm and control arm. 
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8

Wang, Z., Chen, X.,

Lu, Y., Chen, F., and 
Zhang, W. 

Clinical characteristics

and therapeutic

procedure for four

cases with 2019 novel

coronavirus

pneumonia receiving

combined Chinese

and Western medicine

treatment. Biosci

Trends 2020, 14:64-68.

Shanghai,

China
4 44.3 Y

3 M

1 F

Single centre

retrospective

observational 
case series

LPV/r

Arbidol

SFJDC¶

 

All received 
LPV/r, arbidol 
or SFJDC; or a 
combination of 
them. Detailed 
distribution was 
not provided.

-2 patients discharged with confirmed 
negative PCR on 2 consecutive throat 
swab 2019-nCoV test.

-1 patient was negative on the first 
virus testing of 2019-nCoV.

-All patients showed chest radiography 
improvement after 5-15 days of taking 

anti-viral agents.

-Side effects of medication were not 
observed.

-Failed to mention exact 
regime for each patient.

-Small sample size 
to assess the effect of 
combined Chinese 
and western medicine 
treatment for COVID-19.

9

Liu, F., Xu, A., Zhang, 
Y., et al. Patients of 
COVID-19 may 
benefit from sustained 
lopinavir-combined 
regimen and the 
increase of eosinophil 
may predict the 
outcome of COVID-19 
progression. Int J 
Infect Dis 2020. Mar 
12. DOI:10.1016/j.
ijid.2020.03.013

Hangzhou

China
10 42 Y

4 M

6 F

Single centre 
retrospective

observational 
case series

LPV/r

IFN-ß:

LPV/r + IFN-ß:

9/10 (90%)

LPV/r:

1/10 (10%)

-The patient on LPV/r alone was 
discharged after 3 days of treatment.

-3 patients on LPV/r + IFN-ß 
developed serious complications, 
persistent SARS-CoV-2 RNA PCR test 
positive and were transferred to more 
specialised unit, all presented with low 
eosinophil counts.

-5 patients on “LPV/r + IFN-ß” 
developed severe O2 desaturation 
<93%.

-No reported acute myocardial injury 
nor acute kidney injury.

-Small sample size in a 
single centre. 

-Failed to provide the 
treatment details and 
subsequent clinical 
progress of the 3 
transferred patients.

10

Han, W., Quan, 
B., Guo, Y., et al. 
The course of 
clinical diagnosis 
and treatment of a 
case infected with 
coronavirus disease 
2019. J Med Virol 2020, 
92: 461-463. 

Wuwei,

China
1 47 Y 1 M Case report

LPV/r

Steroid

IFN- ||

Ambroxol

Moxifloxacin

LPV/r:

1 patient

(100%)

-PCR tests for

SARS-CoV-2 were persistently 
negative on day 6 and 7.

-Discharged on day 10 with no 
reported complications during 
treatment period.

Failed to address whether 
the clinical improvement 
was due to LPV/r or 
other drugs. 

11

Zhu, Z., Lu, Z., Xu, T.,

et al. Arbidol

monotherapy is

superior to

lopinavir/ritonavir in

treating COVID-19. J

Infect 2020. Apr 10.

DOI: 10.1016/j.
jinf.2020.03.060

Changzhou

and Wuhu,

China

50 36.0 Y
26 M

24 F
Retrospective 
cohort study

LPV/r

Arbidol

LPV/r:

34/50 (68%)

Arbidol:

16/50 (32%)

-None developed severe pneumonia 
or ARDS.

-On day 7 after treatment, higher 
percentage of patients with 
undetectable viral load in Arbidol 
group (50%) vs. LPV/r group (23.5%).

-On day 14 after treatment, all patients 
were with undetectable viral load in 
Arbidol group (100%) vs. LPV/r group 
(55.9%).

-Patients with arbidol had a shorter 
duration of RNA positive period. 
(p<0.01)

Unbalanced treatment 
arm and control arm.

12

Deng, L., Li, C., Zeng,

Q., et al. Arbidol 
combined with LPV/r 
versus LPV/r alone 
against Corona Virus 
Disease 2019: A 
retrospective cohort 
study. J Infect 2020. 
Mar 11. DOI:10.1016/j.
jinf.200.03.002

Zhuhai

China
33 44.6 Y

17 M

16 F
Retrospective 
cohort study

LPV/r

LPV/r + arbidol

LPV/r:

17/33 (51.5%)

LPV/r + 
arbidol:

16/33 (48,.5%)

-On day 7, more patients were tested 
PCR negative for SARS-CoV-2 in 
respiratory sample in combination 
group [12/16 (75%) patients] than 
monotherapy group [6/17 (35%) 
patients].

-On day 14, more patients were tested 
PCR negative for SARS-CoV-2 in 
respiratory sample in combination 
group [15/16 (94%) patients] than 
monotherapy group [9/17 (53%) 
patients]

-Small sample size.

-Non-randomized study.

-Selection and 
unmeasured confounding 
bias. 
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 13

Wang L, Xu X, Ruan J,

Lin S, Jiang J, Ye H. 

Quadruple therapy for 

asymptomatic 
COVID-

19 infection patients. 

Expert Rev Anti Infect 

Ther. 2020. May 3.

DOI:10.1080/1478721
0.2020.1758066

Fujian

China
2 54.5 Y

1 M

1 F
Case report

LPV/r + arbidol + 
Lianhuaqingwen 
+

IFN-α2b

(quadruple 
therapy)

Quadruple 
therapy:

2

(100%)

-The Male and female patient had a 
negative PCR-test for SARS-CoV-2 
after 7 days and 17 days respectively. 

-After receiving quadruple therapy, 
CT improvement was obtained after 
10 days in male patient, and 8 days in 
female patient.

-Only two cases.

-No control group to 
show the relative efficacy 
of quadruple therapy.

 Abbreviation: 
*IFN-ß: interferon-beta
†HCQ: hydroxychloroquine
 ‡IVIg: Intravenous Immunoglobulins
§ adjuvant drugs: interferon, arbidol, asmeton, eucalyptol limonene and penene enteric soft capsules and moxifloxacin.
¶SFJDC: Shufeng Jiedu Capsule
|| IFN-α2b: Interferon-alpha-2b.

were conducted in China including Hong Kong, and one each from 
Italy, South Korea and Spain. A total of 494 patients were reported 
in the studies. The mean age was 52.8 years (excluding the seventh 
study in Table 1 because data on age were not complete). The outcome 
measures included time to clinical improvements, days to achieve 
negative-conversion in PCR detection for SARS-CoV-2 and mortality 
(Tables 1 and 2).

Studies with LPV/r in treatment regimen were classified as 
LPV/r-based treatment (N=364), whether as monotherapy or in 
combination with other agent(s). Non-LPV/r based treatment 
(N=130) included standard care only (N=99), hydroxychloroquine 
(N=9), arbidol (N=21). Standard care comprised of supplemental 
oxygen, non-invasive and invasive ventilation, antibiotics, 
vasopressor support, renal replacement therapy and extracorporeal 

membrane oxygenation (ECMO). Among the thirteen studies, four 
studies had non LPV/r-based treatment (Cao et al, Fernandez et 
al, Ye et al. and Zhu et al). Cao et al. included standard care only; 
Fernandez et al. included hydroxychloroquine, Ye et al. and Zhu et 
al. included arbidol.

Figure 2 shows the number of patients with PCR negative-
conversion for SARS-CoV-2 at different time intervals.

Figure 3 shows the number of adverse events in LPV/r-based 
treatment group and non-LPV/r based treatment group in the thirteen 
studies.

The distribution of adverse events in each system in respective 
treatment groups are as shown in Figures 4 and 5 respectively.

Figure 2: Number of days after LPV/r-based treatment and number of patients with negative conversion of PCR test for SARS-CoV-2 in eleven studies. 

*The study by Fernandez et al. is excluded: authors did not provide data on negative conversion of PCR test for SARS-CoV-2.

†The study by Hung et al. is excluded: the data were in median and inter-quartile range (IQR).
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Author PCR finding of change of viral load after LPV/r-based 
treatment

Time to clinical improvement after LPV/r-
based treatment Adverse events (percentage of patients)

Cao et al. (2020) [20]

Percentage of patients with undetectable level SARS-
CoV-2 by PCR in both arm was similar:

(Treatment arm vs. control arm)

Day 5: 34.5% vs. 32.9%

Day 10: 50.0% vs. 48.6%

Day 14: 55.2% vs. 57.1%

Day 21: 58.6% vs. 58.6%

Day 28: 60.3% vs. 58.6%

p-value not reported.

1. No significant difference when assessed by 
improvement in National Early Warning Score 
2 (NEWS2) in intention-to-treat analysis.

2. Slightly shorter median time to obtain clinical 
improvement in treatment arm. Treatment arm 
requires 15 days and standard care requires 16 
days (hazard ratio, 1.39; 95% CI, 1.00 to 1.91). 
But this was without statistical significance.

Lymphopenia (8.0%)

Respiratory failure (6.0%)

Nausea (4.5%)

Leukopenia (3.0%)

Thrombocytopenia (3.0%)

Abdominal discomfort (4.0%)

Diarrhoea (2.0%)

Stomach ache (2.0%)

Neutropenia (2.0%)

Increased total bilirubin (1.5%)

Severe anaemia (1.5%)

Acute kidney injury (1.5%)

Increased creatinine (1.0%)

Anaemia (1.0%)

Rash (1.0%)

Decreased appetite (1.0%)

Shock (1.0%)

Acute gastritis (1.0%)

Haemorrhage of lower digestive tract (1.0%)

Hypoalbuminemia (0.5%)

Unconsciousness (0.5%)

Prolonged QT interval (0.5%)

Facial flushing (0.5%)

Sleep disorders (0.5%)

Secondary infection (0.5%)

Disseminated intravascular coagulation (0.5%)

Pneumothorax (0%)

Sepsis (0%)

Acute heart failure (0%)

Hung et al. 

(2020) [27]

Earlier PCR test negative-conversion for SARS-CoV-2 
in triple therapy group in all specimens (nasopharyngeal 
swab, posterior oropharyngeal swab saliva, throat swab 
and stool):

[Triple therapy group]

Median time is 8 days, 

IQR: 6-12 days

[Control group]

Median time is 13 days, 

IQR: 8-15 days

The reported p-value is 0.0010.

1. Earlier achievement of NEWS2 of 0 in triple 
therapy group (median is 4 days, IQR= 3 - 8 
days) relative to control group (median is 8 days, 

IQR: 7 - 9 days). The p-value is <0.0001. 

2. Earlier achievement of sequential organ 
failure assessment (SOFA) score of 0 in triple 
therapy group (median is 3.0 days; IQR: 1.0-8.0 
days) relative to control group (median is 8.0, 
IQR: 6.5 to 9.0 days). The p-value is 0.041. 

Nausea (33.9%)

Diarrhoea (40.9%)

Rise of ALT (14.2%)

Hyperbilirubinemia (5.51%)

Sinus bradycardia (3.15%)

Righi et al. (2020) 
[15]

PCR nasopharyngeal swab turned negative on 
day 6 after treatment with LPV/r associated with 
hydroxychloroquine.

Fever ceased 2 days after LPV/r associated with 
hydroxychloroquine therapy. No data. 

Lim et al. (2020) [10] PCR turned negative after 8 days treatment with LPV/r. Fever ceased 6 days after treatment. Psychiatric symptoms such as depression, insomnia, and 
suicidal thoughts (100%)

Fernandez-Ruiz 

et al. (2020) [26]
No numerical data. 

6 patients were discharged between 8 to 23 days 
with adjustment of immunosuppressant dosage.

2 asymptomatic patients were on outpatient 
follow-up without any complication during 
treatment period.

No data.

Tang et al. (2020) [11]
PCR turned negative after 8 days treatment with LPV/r. CT and laboratory test results showed 

improvements after 8 days of LPV/r. Not observable. 

Table 2: Change of viral load, time to clinical improvement and reported side effects in thirteen studies.
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Ye et al. (2020) [12] PCR test turned negative in LPV/r group earlier. 

(test group: 7.8 ± 3.09 days vs. control group: 12.0 ± 0.82 
days, p=0.0219)

1. Earlier return to normal body temperature in 
test group. 

(test group: 4.8 ± 1.94 days vs. control group: 7.3 
± 1.53 days, p=0.0364)

2. Lower abnormal proportion of White blood 
cells, lymphocytes, 

C-reactive protein (CRP) and platelets in test 
group. 

3. Lymphocytes, haemoglobin, granulocytes 
and CRP gradually decreased throughout the 
tests.

Liver biochemistry derangement.

First measurement of liver biochemistry after treatment: 

[Treatment group]

Rise of ALT (9.5%)

Rise of AST (19%)

[Control group]

Rise of ALT (25%)

Rise of AST (25%)

Conclusion: Liver biochemistry derangement was not 
associated with side effects of medications. 

Wang et al. (2020) 
[13]

4 patients were reported, their time taken to turn PCR 
negative were 9, 7, 12 days and unreported in the 4th 
patient who was severely ill.

1. Time taken to obtain CT improvement was 9 
days, 9 days, 6 days and 11 days. 

2. 2 patients obtained improvement of arterial 
blood gas (ABG) parameter after 5 days and 11 
days of treatment. 1 patient was with normal 
ABG throughout and the days taken for the 
4th patient to obtain ABG improvement was 
unreported.

No data.

Liu et al. (2020) [14]

In the 7 discharged patients, viral load decreased 
continuously during day 3 to 14. Negative conversion 
of PCR was demonstrated 3 days after treatment in 1 
patient, and 7-14 days in the remaining 6 patients. 

(Average=11.7 days, 

range=7-18 days)

3 remaining patients were with respiratory complications 
and transferred to other hospital. Their PCR remained 
positive before they were transferred, despite they were 
receiving LPV/r. 

1. In the 7 discharged patients, radiograph 
improved continuously between day 6 and day 
8.

2. Fever subsided after 4 days of treatment in the 
7 discharged patients.

Hypokalaemia (70%)

Digestive upsets (50%)

Acute myocardial injury (0%)

Acute kidney injury (0%)

Han et al. (2020) [57] The patient obtained PCR test negative-conversion for 
SARS-CoV-2 on day 6 after treatment.

CT improvement shown since day 6 and 
discharged on day 7. No data.

Zhu et al. (2020) [29]

On day 7, higher proportion of patients with 
undetectable viral load in arbidol group (50%) than 
LPV/r monotherapy group (23.5%).

On day 14, higher proportion of patients with 
undetectable viral load in arbidol group (100%) than 
LPV/r monotherapy group (55.9%). 

Shorter duration of positive RNA test in arbidol group 
patients compared with LPV/r group (p<0.01).

Higher percentage of patients with fever 
subsided within 7 days in arbidol group (88.2%) 
vs. LPV/r monotherapy group (81.3%). 

Rise of ALT (17.6%)

Leukopenia (8.8%)

Deng et al. (2020) 
[25]

On day 7, higher proportion of patients obtained PCR 
test negative-conversion for SARS-CoV-2 in “LPV/r 
+ Arbidol” combination group (75%) than LPV/r 
monotherapy group (35%), p<0.05.

On day 14, higher proportion of patients obtained 
PCR test negative-conversion for SARS-CoV-2 in 
“LPV/r + Arbidol” combination group (94%) vs. LPV/r 
monotherapy group. (53%), p<0.05.

Fewer patients showed PCR positive for stool SARS-
CoV-2 in combination group (1 patient) vs. monotherapy 
group (3 patients). 

On day 7, more patients gained CT improvement 
in combination group (69%) than monotherapy 
group (29%), p<0.05.

Elevated bilirubin (68.7%)

Digestive upsets (43.7%)

Depression (0%)

Acute confusion (0%)

Wang 

et al. 

(2020) [58]

On day 7, the male patient obtained a negative conversion 
of PCR test for SARS-CoV-2.

On day 17, the female patient obtained a negative 
conversion of PCR test for SARS-CoV-2.

1. Patients were asymptomatic throughout the 
treatment period.

2. The male patient showed CT improvement 10 
days after treatment.

3. The female patient showed CT improvement 
8 days after treatment.

Reported no adverse events
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Figure 3: Total number of adverse events in different systems A) LPV/r-based treatment group reported in thirteen studies (N=364). B) non-LPV/r based treatment group in thirteen studies 
(N=130). 

Discussion

This is the first comprehensive review on the use of LPV/r in 
COVID-19 patients. The 13 eligible articles include two randomised 
clinical trials; others were case reports, retrospective cohort studies 
or case series. LPV/r and its combination with other medications 
have been reported, including arbidol, interferons, ribavirin, 
hydroxychloroquine/chloroquine, intravenous immunoglobulins, 
antibiotics, corticosteroid and Chinese medicine. Quality assessment 
was applied to the thirteen articles. However, evidence was insufficient 
to conduct a meta-analysis. Most articles are of low quality; the study 
designs were not consistent. The studies also showed discordance in 
conclusions. In spite of these limitations, this review provides updated 
information on the therapeutic effects of LPV/r in COVID-19 
patients. LPV/r had been regarded as the key therapeutic for treatment 

of COVID-19 patients. Its effectiveness was first proven in in vitro 
experiment, and included in the third amendment of the Chinese CDC 
treatment guidelines for severe novel coronavirus infection. De wilde 
et al. (2014) reported that with mean EC50 of lopinavir ranging from 
6.6 to 17.1 μM, lopinavir showed effective anti-viral outcome against 
SARS-CoV, MERS-CoV and hCoV-229E in vitro [16]. However, this 
was not observed with ritonavir. Previously Chu et al. (2004) reported 
that a lower rate of development into acute respiratory distress or death 
was observed in SARS patients receiving LPV/r, when compared with 
the control group treated with ribavirin and corticosteroids [17]. Since 
SARS-CoV-2, SARS-CoV and MERS-CoV are all beta-coronaviruses, 
it has been hypothesized that LPV/r may be effective to combat SARS-
CoV-2. Choy et al. (2020) reported that lopinavir (EC50 at 26.1 μM) 
reduces viral RNA copy of SARS-CoV-2 in vitro, but not with ritonavir 
alone [18]. This is consistent with the finding of De wilde et al. (2014) 
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Figure 4: Distribution of adverse events in different systems in LPV/r-based treatment group in thirteen studies. (N=364).

on the effect of LPV/r on SARS-CoV. However, ritonavir is used with 
lopinavir in 1:4 ratio because it increases lopinavir bioavailability in 
vivo, as seen in HIV patients [19]. In the thirteen selected studies 
(Figure 2), most supported the use of LPV/r as a viable anti-viral 
agent for SARS-CoV-2. Patients were responsive to treatment with 
negative-conversions of PCR testing for SARS-CoV-2 after 5 to 28 
days of treatment, and clinical improvement was observable as early as 
2 days as reported by Lim et al. [10]. For those responsive to treatment, 
the majority of them had a SARS-CoV-2 negative-conversion time 
between 6 days to 10 days. 

However, there are discordances concerning the efficacy of LPV/r 
for COVID-19. Liu et al. reported three severe patients receiving 
LPV/r who showed no obvious clinical improvement; their clinical 
conditions worsened and were transferred to specialised care hospital 

[14]. In the randomised, controlled, open-label trial involving 199 
severe COVID-19 patients with median National Early Warning Score 
2 (NEWS2) of 5 reported by Cao et al. , the intention-to-treat analysis 
showed median time to clinical improvement was only shortened by 
1 day compared to the control group with standard care [20]. (hazard 
ratio, 1.39, 95% CI, 1.00 to 1.91). There was a better outcome of 28-
day mortality (treatment group:19.2% vs standard care group: 25%; 
difference: -5.8%; 95% CI, -17.3 to 5.7), shorter median days of stay in 
Intensive Care Units (treatment group:6 days vs standard care group:11 
days; difference: -5 days; 95% CI, -9 to 0) and higher percentage of 
patients with clinical improvement at day 14 (treatment group: 45.5% 
vs standard care group:30.0%; difference: 15.5 percentage points; 95% 
CI, 2.2. to 28.8) [20]. But none of these reached statistical significance. 
It was concluded that LPV/r added to standard supportive care was 
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not associated with clinical improvement or mortality in severe 
COVID-19 patients. However, Hung et al. showed that LPV/r-based 
triple therapy is effective in a study of 127 non-severe COVID-19 
patients with median NEWS2 of 2, by shortening the PCR negative-
conversion time to within a week in more than half of the patients. 
Most of the other studies with promising effects of LPV/r recruited 
patients with non-severe SARS-CoV-2 infection.

Severe COVID patients are defined with the following 
characteristics by the Chinese CDC in their Seventh Amendment of 
COVID-19 guideline [21]:

1.	 Dyspnea and tachypnea ≥ 30 breaths per minute 

2.	 Blood oxygen saturation ≤ 93% when not in exertion

3.	 PaO2/FiO2 ≤ 300 mmHg.

1.	 Signs of respiratory failure, shock, multi-organ failure or need 
of mechanical ventilation and ICU admission. 

In view of the insufficient clinical data to date, additional larger 
scale double-blinded randomized controlled trials, with classification 
of patient’s clinical status into severe and non-severe type, should be 
carried out before LPV/r can be adopted in international guidelines. 
Currently, it is advisable for physicians to classify the severity of 
COVID-19 patients. It is likely that LPV/r may be effective in reducing 
viral load in non-severe COVID-19 patients, but its benefits remain 
questionable in severe patients. Severe COVID-19 is associated with 
immunopathological damages such as diffuse alveolar damage with 
hyaline membrane formation [22]. This may be caused by cytokine 
storms or inflammatory processes [23]. Since 19% of patients have the 
severe form [24], patients should be classified soon after admission. 

Figure 5: Distribution of adverse events in different systems in non-LPV/r based treatment group in thirteen studies (N=130).
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Once recognised, they should be treated to minimize the cytokine 
storm. Steroid was used as adjuvant therapy in some studies [12,14,25-
27]. This is debatable because Auyeung et al. (2005) showed that 
use of steroid was associated with adverse outcomes in SARS [28]. 
Combining LPV/r with other drugs seems to be an effective modality 
of treatment. Zhu et al. reported that arbidol monotherapy achieved 
better reduction of viral load to an undetectable level than LPV/r 
monotherapy on day 7 (arbidol: 50% vs LPV/r: 23.5%) and on day 
14 (arbidol: 100% vs 54.9%) [29]. Deng et al. reported that an even 
higher proportion of negative-conversion of PCR test for SARS-
CoV-2 could be achieved with “arbidol and LPV/r” combination 
therapy (Day 7: 75%, Day 14: 94%) than LPV/r monotherapy (Day 
7:35%, Day 14: 53%) [25]. Hung et al. showed that an earlier PCR 
negative-conversion was also obtained in LPV/r-based triple therapy 
(median=8 days, IQR=6-12 days) than control group (median=13 
days, IQR=8-15 days), p-value=0.0010. Combinations with 
remdesivir and hydroxychloroquine should also be studied together 
with LPV/r to explore the more effective combinations, they being 
inhibitors of SARS-CoV-2 through mediation of viral polymerase 
and the proofreading exoribonuclease [30,31]. Clinical usage of LPV/r 
requires extra care in special populations. Fernandez et al. reported 18 
post-organ transplant patients on immunosuppressants. Therapeutic 
regimens and dosages were adjusted when LPV/r was initiated [26]. 
Calcineurin and mammalian target of rapamycin (mTOR) inhibitors 
were stopped, and prednisolone was reduced by 50% in these patients. 
The serum trough concentrations of LPV/r were obtained after 48-72 
hours, with close monitoring for adjustment of dosage. The dosage 
of mycophenolate mofetil/mycophenolic acid (MMF/MPA) was 
decreased in patients receiving LPV/r. Similarly in the studies by Fan et 
al. and Zhang et al. on renal transplant recipients, patients were given 
reduced dosage of immunosuppressants and methylprednisolone 
[32,33]. When patients developed severe graft rejection, consideration 
of alternative antiviral and continuation of corticosteroid at reduced 
dose has been suggested [34]. Another group for special consideration 
are cancer patients due to drug interaction with CYP3A4, a common 
pathway for chemotherapeutic agents. Liang et al. showed that cancer 
patients with COVID-19 were associated with higher risks of severe 
events compared to patients without cancers [35]. This might be due to 
the leukopenia and lymphopenia commonly found among COVID-19 
patients [36], leading to a higher risk of super-infections. In addition, 
the dosage of some chemotherapeutic agents may require readjustment 

[37] such as docetaxel [38] and erlotinib [39]. Therefore, in managing 
drug interactions between chemotherapeutic and antiviral agents, it is 
advised to consider the following [35]:

1.	 Intentional postponing of adjuvant chemotherapy or elective 
surgery for stable cancer;

2.	 Strong personal protection provisions for cancer patients and 
survivors;

3.	 More intensive surveillance or treatment when cancer patients 
are infected with SARS-CoV-2, especially in older patients 
and those with comorbidities. 

Another patient group with immunocompromised state are 
patients on hemodialysis. Hemodialysis predisposes to chronic 

immunocompromised state due to disorders of B cell and T cell 
function [40,41]. T cells play a vital role for patients’ recovery from 
other beta-coronavirus infection [42-44]. But lymphopenia is 
commonly observed in hemodialysis patients [45]. No dose adjustment 
is deemed necessary in the treatment of hemodialysis patients with 
COVID-19, probably due to the liver clearance and the high protein-
binding capacity of LPV/r [26]. The effects of COVID-19 on pregnancy 
are noteworthy. Li et al. summarized the outcomes of 55 pregnant 
COVID-19 women and 46 neonates: vertical transmission to neonates 
was not observed [46,47]. This was further confirmed by Chen et 
al. [47]: 3 out of 4 infants tested negative for SARS-CoV-2 (consent 
was not obtained for the forth infant). Use of LPV/r in pregnancy is 
safe, as documented by a study of population-based surveillance in 
HIV-positive pregnancies. It found no increase in the risk of foetal 
anomalies, preterm birth nor low-birth weight infants [48]. This was 
further confirmed in pregnant mothers with COVID-19. However, it 
is advisable to have close surveillance of both the mothers and the 
neonates. In case of maternal hypoxia due to SARS-CoV-2 infection, 
there would be an increase of endothelin-1 and hypoxia-inducible 
factor, impairing placental perfusion to the fetus [49]. Therefore, 
at least one ultrasound after maternal recovery is recommended 
to monitor the potential intra-uterine growth retardation, which 
was observed in approximately 10% of COVID-19 pregnancies. 
However, SARS-CoV-2 infection during pregnancy was not found 
to be associated with an increased risk of spontaneous abortion and 
preterm birth [50]. Chen et al. did a study involving 118 pregnancy 
women and found that SARS-CoV-2 infection during pregnancy 
did not increase the risk of severe disease among pregnancy women. 
The risk is only half of that in the general population [51]. Pregnant 
women are at higher risks of hypercoagulability than the general 
population. Physicians should monitor possible thromboembolic 
events in severe COVID-19 pregnancy, because the incidence of 
venous thromboembolism is more than 30% in severe COVID-19 
patients [52]. The side effects of LPV/r need to be monitored. These 
include nausea, vomiting, gastrointestinal disturbances, pancreatitis, 
hepatotoxicity, QT interval prolongation, PR interval prolongation, 
and metabolic disturbances [51]. In the 13 studies (Figures 3 and 
4), of the 364 COVID-19 patients receiving LPV-r based treatment, 
145 patients (39.8%) had gastrointestinal adverse effects after LPV/r 
treatment. Hepatic injury was observed in 56 patients (15.4%). 12 
patients (3.30%) had respiratory failure. Prolongation of QT interval 
was only observed in 1 patient. Haematological alteration was observed 
in 39 patients (10.7%). Eight patients (2.20%) showed leukopenia. 
Granulocytes colony stimulating factor (GCSF) was prescribed which 
prevented complications in 3 patients [29]. Other side effects such 
as metabolic disturbances and PR interval prolongation have not 
been reported. Because of the possible side effects, patients should 
be closely monitored. In digestive tract adverse effects, hydration 
status and electrolytes should be monitored. With severe nausea 
and vomiting, use of anti-emetics or stopping medication may be 
possible choices. However, the use of 5-HT3 receptor antagonists and 
neurokinin-1 receptor antagonists shall be cautious due to their risk 
of QT prolongation and prolonged serum concentration [53]. Liver 
biochemistry derangement may be due to the following causes: LPV/r 
induced, SARS-CoV-2 related or immune-mediated inflammation 



J Pharmacol Pharm Res, Volume 3(2): 13–21, 2020	

Zhipeng Yan (2020) Lopinavir-ritonavir (LPV/r) for the Treatment of SARS-CoV-2 (COVID-19): A Systematic Review

such as cytokine storm. Liver biochemistry usually returns to normal 
without specific treatment in mild COVID-19 [54]. Ye et al. reported 
liver enzyme elevations in both LPV/r-based and non LPV/r-based 
treatment groups, and it was found to be unrelated to treatment. 
However, with extensive hepatic damage or pre-existing liver diseases, 
close monitoring of liver biochemistry should be considered [55]. In 
immune-mediated inflammation, the use of glucocorticoid is unclear.

Prolonged QT interval and ventricular arrhythmia are two serious 
adverse effects of LPV/r. The Canadian Heart Rhythm Society has 
published guidelines on minimizing the risk [56]: 

1.	 Discontinue unnecessary medications that prolong QT 
interval.

2.	 Identify low-risk outpatients who do not need further testing 
(no history of prolonged QT, unexplained syncope or family 
history of premature sudden cardiac death, no medications 
which may prolong the QT interval, and/or prior known 
normal QTc.

3.	 Performing baseline testing in hospitalized and high-risk 
patients. If the QTc is markedly prolonged, drugs which 
further prolong QTc should be avoided. Expert consultation 
may permit administration with mitigating precautions. 

Conclusion

With the evidence to date, the review shows that LPV/r may be 
effective for treating non-severe COVID-19 patients, while only 
limited benefits are observed in severe COVID-19 patients. Clinical 
classification and close monitoring of drug dosage and treatment 
progress are recommended for special populations. Further research 
on LPV/r, precluding in combination with other drugs, are required to 
confirm its use for COVID-19 patients.

Evidence before This Study

Published studies  on electronic databases such as Pubmed, 
Embase and Medline on the use of LPV/r in the treatment of 
COVID-19 patients are conflicting. Previously only an inconclusive 
rapid review was done. No systematic review nor meta-analysis have 
been performed to date to evaluate the results. The real therapeutic 
effect of LPV/r is debatable. A systematic search on the three electronic 
databases was done on 9 May, 2020 and outputs were gathered for a 
systematic review of the therapeutic outcome, adverse events and 
clinical management of special populations. Search terms used 
included: Lopinavir, SARS-CoV-2, COVID -19. Full peer-reviewed 
articles that are written in English, published between 2019 and 
2020, accessible on the three databases are included in this systematic 
review. Items without therapeutic data were eliminated.

Added Value of This Study

The review selected thirteen articles with primary therapeutic data 
to look at the therapeutic effect of LPV/r, number of adverse events, 
distribution of adverse events in different systems and the precautions 
in prescribing LPV/r in special populations with COVID-19. Most 
studies were of low evidence value, with potential experimental bias. 
Their outcome measures varied. It is likely that LPV/r is effective in 

treating non-severe COVID-19 patients, but only limited benefits 
are observed in severe COVID-19 patients. Clinical classification of 
patients according to the severity of COVID-19 infections should be 
carried out for a better treatment plan.

Implications of All the Available Evidence

LPV/r may be considered in non-severe COVID-19 patients. 
Further research of LPV/r, preferably in combination with other 
antiviral agents, in severe COVID-19 patients is required for more 
effective treatment.
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