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Abstract. – OBJECTIVE: Lopinavir/ritonavir 
has been used for the treatment of Severe Acute 
Respiratory Syndrome (SARS) and Middle East 
Respiratory Syndrome (MERS) coronavirus in-
fections. It has been suggested that, based on 
this experience, this drug should also be stud-
ied in SARS-CoV2 infection. 

MATERIALS AND METHODS: We performed 
a systematic review of the literature regard-
ing the use of lopinavir/ritonavir for the treat-
ment of these three infections. We systematical-
ly searched the PubMed database from incep-
tion to April 30th, 2020, to identify in-vitro and 
animal studies and any reports of human use 
of lopinavir/ritonavir for the treatment of SARS, 
MERS and COVID-19. We also searched the Clin-
icatrial.gov to identify ongoing trials. 

RESULTS: Five in-vitro studies evaluated the 
effect of lopinavir/ritonavir in SARS. Three addi-
tional in-vitro studies reported the EC50 of the 
antiviral activity of lopinavir/ritonavir in MERS. 
We identified no in vitro studies evaluating the 
effect of lopinavir/ritonavir on the novel corona-
virus. Two retrospective matched-cohort stud-
ies reported the use of lopinavir/ritonavir in 
combination with ribavirin for SARS patients. 
Three case reports and one retrospective 
study described the use of lopinavir/ritona-
vir in MERS. Twenty-two papers describe the 
use of lopinavir/ritonavir in adult patients 
with COVID-19.

CONCLUSIONS: The existing literature does 
not suffice for assessing whether Lopinavir/
ritonavir has any benefit in SARS, MERS or 
COVID-19.
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Introduction

As of April 18th, 2020, the World Health Or-
ganization (WHO) reported more than 2 million 
confirmed cases of SARS coronavirus-2 and more 
than 150,000 deaths attributable to coronavirus 
disease 2019 (COVID-19)1. Pulmonary radiologi-
cal examination of patients with COVID-19 often 
reveals patchy infiltrates, and in some patients, 
the initial manifestation progresses to extensive 
bilateral ground-glass opacities2. Among those 
patients developing a critical illness, two-thirds 
develop a severe form of pulmonary disease that 
was initially thought to be acute respiratory dis-
tress syndrome (ARDS)3 but is now understood 
to be somewhat different in at least some of the 
patients3. The reported mortality of COVID-19 
disease among confirmed cases approximates 6% 
globally and may be even higher in Europe1. 

At this time, there is no proven treatment for 
COVID-19 disease and questions have arisen re-
garding the justification for administering specif-
ic antiviral therapies in infected patients. Severe 
acute respiratory syndrome (SARS), middle east 
respiratory syndrome (MERS) and COVID-19 
are infections caused by the same family of coro-
naviruses that causes COVID-19, all of which 
possess a positive-sense single-stranded RNA 
genome4. 

Lopinavir is an antiretroviral protease inhib-
itor widely used for the treatment of HIV5. Ri-
tonavir was the second protease inhibitor ap-
proved in 1996 for the treatment of HIV in the 
United States. Ritonavir was originally designed 
to inhibit HIV protease but its ability to inhibit 
cytochrome P450-3A4 is nowadays considered of 
greater value as it is more often used to increase 
the bioavailability of other antiretroviral drugs 
which it is co-administered with5. The combina-
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tion of Lopinavir/Ritonavir has been proposed 
for the treatment of coronaviruses because of its 
potential effect on viral replication at the cellular 
level. Therefore, we performed a systematic re-
view of the evidence regarding the use of Lopina-
vir/Ritonavir for SARS, MERS and COVID-19.

Materials and Methods

This systematic review was designed in accor-
dance with the Preferred Reporting Items for Sys-
tematic Reviews and Meta-analyses (PRISMA) 
reporting guidelines.

We systematically searched the PubMed data-
base from inception to 30 April 2020 to identify 
in-vitro and animal studies and any reports of 
human use of Lopinavir/Ritonavir for the treat-
ment of SARS, MERS and COVID-19. English 
language restrictions were imposed (see detailed 
search strategy in Supplementary Figure 1). 
We also searched the Clinicatrial.gov registry to 
identify ongoing trials. Two authors (MV, GS) 
independently screened the databases and the 
trial registries and extracted relevant information. 
Discrepancies and doubts regarding the relevance 
of the sources were solved by consensus or, when 
required, by the adjudication of a third author 
(SE). 

This review protocol has been registered in 
PROSPERO International Prospective Register of 
systematic reviews (www.crd.york.ac.uk/PROS-
PERO) (registration number: CRD42020180990). 

Overall, 39 studies were identified, one of 
which was a randomized controlled trial. See 
PRISMA flow chart for the inclusion-exclusion 
process (Supplementary Figure 1)

Data From Preclinical Studies on SARS, 
MERS and COVID-19

The assumption underlying the conduction of 
preclinical studies was that Lopinavir/Ritonavir 
may inhibit specific proteases involved in viral 
RNA replication (e.g., the enzyme 3-chymotryp-
sin-like protease)6. Table I presents the data from 
preclinical studies on lopinavir/ritonavir. 

Three computerized biochemical models have 
suggested a possible effect of Lopinavir/Ritona-
vir specifically on SARS CoV and SARS CoV2 
proteinase7-9.

Three in-vitro studies evaluated whether 
Lopinavir/Ritonavir affects the SARS coronavi-
rus10-12. One in-vitro study10 sought inhibition of 
the main proteinase of SARS-CoV by Lopinavir/

Ritonavir but found no such effect (see details in 
Table I). Two other in-vitro studies identified the 
EC50 (i.e., the drug concentration which induces 
a response halfway between the baseline and 
maximum after a specified exposure time; a mea-
sure of drug potency) of the antiviral activity of 
Lopinavir/Ritonavir in SARS11,12. One study iden-
tified the EC50 of Lopinavir/Ritonavir in suscep-
tible isolates to be 6 μg/ml11 and the second study 
showed it was 4 μg/ml12, more than 1000-fold less 
effective than the effect of this drug on HIV5. 

Three additional in-vitro studies reported the 
EC50 of the antiviral activity of lopinavir/ritonavir 
in MERS13-15. One study showed that an EC50 of 
8 μg/ml of Lopinavir/Ritonavir inhibited in-vi-
tro replication of MERS-CoV at low molecular 
range13. Another study showed that an EC50 of 
8.5 μg/ml had lower antiviral activities com-
pared with ribavirin and interferon-b14. The third 
study reported no cytopathic effect of Lopinavir/
Ritonavir on MERS-CoV but did not report the 
EC5015. Finally, two animal studies evaluated 
the use of Lopinavir/Ritonavir combined with 
interferon-β in MERS and noted both laboratory 
and clinical effects14,16. One study was conduct-
ed in a mice model of MERS and reported that 
prophylactic use of Lopinavir/Ritonavir slightly 
reduced viral loads without affecting lung func-
tion while therapeutic use of Lopinavir/Ritonavir 
improved pulmonary function but did not re-
duce virus replication or severe lung pathology14. 
The second study showed that marmosets treated 
with Lopinavir/Ritonavir had improved clinical 
scores, fewer pulmonary infiltrates and broncho-
interstitial pneumonia and had lower mean viral 
loads in necropsied lung and extrapulmonary 
tissues16.

We identified no in-vitro studies evaluating the 
effect of Lopinavir/Ritonavir on SARS corona-
virus-2.

Data from Clinical Studies on 
SARS and MERS

Table II summarizes the data from clinical 
studies regarding the effect of Lopinavir/Ri-
tonavir on SARS and MERS. Two retrospec-
tive matched-cohort studies reported the use of 
Lopinavir/Ritonavir in combination with riba-
virin for SARS patients17,12. One study includ-
ed overall 152 patients infected with SARS (41 
treated patients vs. 111 historical controls) and 
reported a much lower unadjusted incidence of 
the composite outcome as ARDS or death (2.4% 
vs. 28.8% respectively) at day 21 after symptom 
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Table I. Preclinical studies evaluating the role of lopinavir/ritonavir in SARS, MERS. And COVID-19. MERS: Middle East Respiratory Syndrome, SARS: Severe Acute Respiratory 
Syndrome.

Biochemical modelling studies

			   Antiviral activity
	 References	 Disease	 (EC50)	 Aim of the study	 Results

Nukoolkan et al7	 SARS	 -	 Biochemical modeling of potential 	 The results show that flap closing was clearly observed when
			   inhibition of main	 the inhibitors bind to the active site of SARS-CoV
			   SARS-CoV-proteinase (3CLpro)	 3CL(pro). The binding affinities of LPV and RTV to
				    SARS-CoV 3CL(pro) do not show any significant
				    difference. In addition, six hy-drogen bonds were detected in 
				    the SARS-LPV system, while seven hydrogen bonds were 
				    found in SARS-RTV complex.
Zhang et al8	 SARS	 -	 Biochemical modeling of potential 	 The binding analysis of SARS-CoV main proteinase with HIV,
			   inhibition of main 	 psychotic and para-site drugs (lopinavir, ritonavir,
			   SARS-CoV-proteinase (3CLpro)	 niclosamide and promazine) suggests that these ex-isting drugs 
				    can be used as starting points for designing SARS-CoV 
				    proteinase in-hibitors.
Nutho et al9	 COVID-19	 -	 Biochemical modeling of potentia	 The binding pattern and susceptibility of lopinavir and ritonavir in
			   inhibition of main	 complex with SARS-CoV-2 3CLpro were pro fully revealed by all-atom
			   inhibitor and SARS-CoV-2 3CLpro	 MD simulations, binding free energy estimation, and PIEDA based
				    on the MM/PB(GB)SA and FMO-MP2/PCM/6-31G* calculations.
In-vitro studies
Yamamoto et al10	 SARS	 -	 Activity of compounds against 	 Lopinavir did not affect the replication of SARS-CoV
			   SARS associated coronavirus in	
			   Vero cell cultures	
Chen et al11	 SARS	 6 μg/ml	 In-vitro antiviral susceptibility of 	 Lopinavir has detectable antiviral activities on the Vero cell lines
			   10 isolates of SARS coronavirus to	
			   commercially available antiviral agents 	
Chu et al12	 SARS	 4 μg/ml + 	 In-vitro antiviral activity against	 In-vitro antiviral activity against SARS associated coronavirus
		  50 μg/ml ribavirin	 SARS associated coronavirus	 was demonstrated for lopinavir and ribavirin at concentrations of
				    4 micro g/ml and 50 micro g/ml, respectively, only at 48 hours.
De Wilde et al13	 MERS	 8.0 μM	 Inhibition of MERS replication	 Lopinavir inhibits the in vitro replication of MERS-CoV at low-micromolar
				    range (50% effective concentrations [EC(50)s], 3 to 8 μM)
Sheahan et al14	 MERS	 8.5 μM	 In-vitro antiviral activity against	 Ritonavir does not significantly enhance the in-vitro antiviral activity
			   MERS-CoV 	 of lopinavir. Lopinavir/ritonavir less antiviral activities compared 
				    with ribavirin and interferon-b.
Chan et al15	 MERS	 -	 Cytopathic effect inhibition	 Lopinavir was not found to be active on MERS-CoV CPE inhibition essay

Table continued
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Table I (Continued). Preclinical studies evaluating the role of lopinavir/ritonavir in SARS, MERS. And COVID-19. MERS: Middle East Respiratory Syndrome, SARS: Severe 
Acute Respiratory Syndrome.

Animal studies

	 Reference	 Disease 	 Drugs studied	 Aim of the study	 Results

Sheahan et al14	 MERS	 Lopinavir/ritonavir +	 Prophylactic and therapeutic use of	 Prophylactic Lopinavir/ritonavir + interferon-β slightly reduces viral loads
		  interferon-β	 lopinavir/ritonavir combine	 without affecting lung function.
			   with interferon-β in a mice model	 Therapeutic lopinavir/ritonavir + interferon-β improves pulmonary function
				    but does not reduce virus replication or severe lung pathology

Chan et al16	 MERS	 Lopinavir/ritonavir + 	 Use of lopinavir/ritonavir alone or in	 The lopinavir/ritonavir-treated and interferon-β1b-treated animals had
		  interferon-β1b	 combination with	 better out-come than the untreated animals, with improved clinical
			   interferon β1b in one marmoset	 (mean clinical scores ↓50.9%-95.0% and ↓weight loss than the untreated 
				    animals), radiological (minimal pulmonary infiltrates), and pathological
				    (mild bronchointerstitial pneumonia) find-ings, and lower mean viral 
				    loads in necropsied lung (↓0.59-1.06 log10 cop-ies/glyceraldehyde
				    3-phosphate dehydrogenase; p < .050) and extrapulmonary (↓0.11-1.29 log10
				     copies/GAPDH; p < .050 in kidney) tissues
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onset12. The second study included 75 patients 
treated with Lopinavir/Ritonavir. Among these, 
44 patients received Lopinavir/Ritonavir as ini-
tial treatment and were compared to 634 controls, 
and 31 received Lopinavir/Ritonavir as rescue 
therapy and were compared to 343 controls. All 
controls were matched for age, sex, comorbidity, 
and the initial LDH level within 5 days of onset 
of symptoms. Only early (rather than rescue) use 
of Lopinavir/Ritonavir with ribavirin was asso-
ciated with lower intubation (0% vs. 11%) and 
mortality (2.3% vs. 15.6%) rates17.

Three case reports and one retrospective 
study described the use of Lopinavir/Ritonavir 
in MERS patients18-20. Lopinavir/Ritonavir was 
used in combination with ribavirin and interfer-
on in two case reports; one patient died and two 
survived18-20. One retrospective matched-cohort 

study evaluated the use of Lopinavir/Ritonavir 
as post-exposure prophylaxis in 43 healthcare 
workers at a high risk of MERS exposure21. 
Post-exposure prophylaxis was associated with 
a 40% reduction in the risk of infection21. One 
retrospective study used Lopinavir/Ritonavir as 
treatment in 120 out of 138 patients and 24 of the 
120 patients died22. At this time a randomized 
controlled trial is ongoing regarding the use of 
lopinavir/ritonavir in MERS (ClinicalTrials.gov, 
NCT02845843. Registered on July 27th, 2016)23.

Data from Clinical Studies on COVID-19
Table III summarizes the data from clini-

cal studies regarding the effect of Lopinavir/
Ritonavir on COVID-19. Six case reports de-
scribed the use of 400/100 mg twice daily of 
Lopinavir/Ritonavir for 9-10 days and all of 

Table II. Characteristics of clinical studies evaluating lopinavir/ritonavir for the treatment of SARS and MERS. 

			   Number of			 
		  Virus	 patients 	 Type of	 Lopinavir/ritonavir	
	Reference	 studied	 (study/controls)*	 study	 dose	 Outcome

Chan et al17	 SARS	 1052 (75/977)	 Retrospective matched	 Given as treatment or as	 Overall mortality: 5/75 
			   cohort study	 salvage therapy.	 in treatment group and
				    Study group: 400 mg/100 mg, 	 147/977 in control
				    orally twice a day for	 group with early
				    10 to 14 days, and 	 treatment mortality
				    ribavirin 1.2 g three	 2.3% vs. 15.6% and
				    time daily for 	 in intubation rate
				    10-14 days	 0% vs. 11%. 
Chu et al12	 SARS	 152 (41/111)	 Retrospective matched 	 Given as treatment.	 Rate of death or ARDS  
			   cohort study	 Study group: 400 mg/100 mg, 	 by day 21: 0/41 in
				    orally twice a day for	 treatment group and
				    14 days, and ribavirin 1.2 g	 7/111 in control group
				    three time daily for 14 days	  
Meyer et al18	 MERS	 1 (1/0)	 Case report	 Given as treatment. 	 Patient survived with
				    Dose not reported	 complete clinical 
					     recovery
Kim et al19	 MERS	 1 (1/0)	 Case report	 Given as treatment. 	 Patient survived
				    400 mg/100 mg, orally	
				    twice a day for 7 days	
Spanakis	 MERS	 1 (1/0)	 Case report	 Given as treatment.	 Patient died
et al20				    400 mg/100 mg, orally	
				    twice a day, for 10 days	
Park et al21	 MERS	 43 (22/43)	 Retrospective matched 	 Given as prophylaxis.	 40% decrease in the
			   cohort study	 400 mg/100 mg, orally 	 risk of infection
				    twice a day, for 11 to 	
				    13 days	
Choi et al22	 MERS	 138 (120/138)	 Retrospective study	 Given as treatment in	 24/120 died
				    120 patients. 	
				    Dose not reported	

*Number of treated patients/total number of patients included in the antiviral treatments. ARDS: Acute Respiratory Distress 
Syndrome, MERS: Middle East Respiratory Syndrome, SARS: Severe Acute Respiratory Syndrome.
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Table III. Characteristics of included studies evaluating the use of Lopinavir/Ritonavir in patients with COVID-19. NR: information not reported. 

			   N patients who				    Duration	
			   received	 N patients			   of	
		  Study	 Lopinavir/Ritonavir	 in control			   treatment	
	 Author	 design	 in intervention group	 group	 Intervention/s 	 Drug dosage/s	 (days)	 Outcome

Kim et al24	 Case report	 1	 0	 1 patient received 	 Lopinavir/Ritonavir	 10	 Discharged alive
				    Lopinavir/Ritonavir	 400/100 mg twice daily	
Lim et al25	 Case report	 1	 0	 1 patient received 	 Lopinavir/Ritonavir	   9	 Discharged alive
				    Lopinavir/Ritonavir	 400/100 mg twice daily 		
Guillen et al26	 Case report	 1	 0	 1 patient received	 Lopinavir/Ritonavir	 10	 After 10 days of supportive and anti-viral
	 of patient			   Lopinavir/Ritonavir	 400/100 mg twice daily		  treatment, the patient presented a worsening
	 with kidney						      in respiratory symptoms, with hypoxia in
	 transplantation						      spite of the use of high-flux nasal oxygen
							       delivery, and a progression to diffuse
							       bilateral infiltrates on chest X-ray.
							       Interferon Beta was initiated at this moment
Bartiromo et al27	 Case report	 1	 0	 1 patient received	 Lopinavir/Ritonavir 	 NR	 Lopinavir/ritonavir was suspended after
	 of kidney 			   Lopinavir/Ritonavir	 400/100 mg twice daily		  2 days and replaced by darunavir/cobicistat
	 transplanted						      due to the onset of nausea and diarrhea
	 patient with						    
	 Senior-Loken						    
	 syndrome						    
Ghiasvand et al28	 Case report	 1		  1 patient received 	 Lopinavir/Ritonavir	 NR	 Discharged alive
				    Lopinavir/Ritonavir	 400/100 mg twice daily,	
					     oseltamivir 75 mg twice	
					     daily, hydroxychloroquine	
					      400 mg daily	
Zhang et al29	 Case report 	 1	 0	 1 patient received	 NR	 14	 Discharged alive
	 of patient 			   Lopinavir/Ritonavir			 
	 with lung						    
	 cancer						    
Wang et al30	 Case series	 4	 0	 4 patients received 	 Lopinavir/Ritonavir	 6-16	 2 patients were discharged alive while
				    Lopinavir/Ritonavir	 400/100 mg twice a daily		  2 patients were still hospitalized
Liu et al31	 Case series	 5+4+1/10	 0	 5 patients received 	 Lopinavir/Ritonavir	 NR	 3/10 transferred
				    Lopinavir/Ritonavir +	 400/100 mg twice daily,		  7/10 discharged
				    immunoglobulin + 	 interferon-2b 5 million U		  Three patients stopped lopinavir because
				    interferon 2b, 	 twice daily,		  of adverse effects, two of them
				    4 patients received 	 immunoglobulin 20 g		  deteriorated, one was hospitalized longer
				    Lopinavir/Ritonavir +	 every day		  than others who with sustained
				    interferon 2b, 			   lopinavir use
				    1 patient received			 
				    Lopinavir/Ritonavir 			 
				    alone			 

Table continued
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Table III (Continued). Characteristics of included studies evaluating the use of Lopinavir/Ritonavir in patients with COVID-19. NR: information not reported. 

			   N patients who				    Duration	
			   received	 N patients			   of	
		  Study	 Lopinavir/Ritonavir	 in control			   treatment	
	 Author	 design	 in intervention group	 group	 Intervention/s 	 Drug dosage/s	 (days)	 Outcome

Young et al32	 Case series	 5/18	 0	 5 patients received	 NR	 14	 0/5 died
				    Lopinavir/Ritonavir			   3/5 improved
				    alone			   2/5 developed
							       Progressive respiratory failure
							       4/5 patients developed nausea, vomiting,
							       and/or diarrhea
							       3-7 developed abnormal liver function test
							       results, only 1 completed the full 
							       14-day treatment
Cheng et al33	 Case series	 2/5	 3	 2 patients received	 Lopinavir/Ritonavir	 6-8	 Lopinavir/ritonavir did not shorten the
				    Lopinavir/Ritonavir 	 400/100 mg twice daily		  duration of SARS CoV-2 viral shedding
				    alone			   in patients with mild pneumonia.
Fernandez-Ruiz 	 Case series	 9/18	 0	 9 patients received	 Lopinavir/Ritonavir	 14	 4/9 died
et al34	 of patients 			   Lopinavir/Ritonavir	 200/100 mg twice daily		  Lopinavir/ritonavir was prematurely 
	 after solid 			   alone	 and/or hydroxychlo-roquine		  discontinued in two patients due to the 
	 organ 				    200 mg twice daily		  impossibility to reach the target tacrolimus  
	 transplantation						      levels and severe gastrointestinal symptoms
Xu et al35	 Retrospective	 25+21/62	 0	 25 patients received	 Lopinavir/Ritonavir	 NR	 1 patient was discharged
	 case series			   Lopinavir/Ritonavir	 400/200 mg twice daily,		  1 patient was still hospitalized
				    21 patients received 	 arbidol 200 mg three		
				    Lopinavir/Ritonavir + 	 time daily		
				    arbidol			 
Ye et al36	 Retrospective 	 42/47	 5	 42 patients received	 Lopinavir/Ritonavir	 10	 Compared with controls, patients treated
	 Case control			   Lopinavir/Ritonavir	 400/200 mg twice daily.		  with Lopinavir/Ritonavir had:
				    alone 	 Interferon 5 million U		  - More rapid decrease in body temperature
				    5 patients received 	 daily, arbidol 200 mg		  - Less abnormal alanine aminotransferase
				    arbidol and interferon 	 three time daily		     and aspartate aminotransferase.
							       - Decrease in the number of days to 
							          negative nCoV-RNA testing 
Chen et al37	 Retrospective	 75/99	 0	 75 patients received	 Lopinavir/Ritonavir	 3-14	 11/99 died
	  cohort study			   Lopinavir/Ritonavir +	 400/100 mg twice daily,		  31/99 discharged
				    oseltamivir +	 oseltamivir 75 mg twice		  57/99 still hospitalized
				    ganciclovir	 daily, ganciclovir 250 mg		
					     twice daily		
Wan et al38	 Retrospective 	 135	 0	 135 patients received	 NR	 NR	 1/135 died
	 cohort study			   Lopinavir/Ritonavir + 			 
				    interferon			 

Table continued
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Table III (Continued). Characteristics of included studies evaluating the use of Lopinavir/Ritonavir in patients with COVID-19. NR: information not reported. 

			   N patients who				    Duration	
			   received	 N patients			   of	
		  Study	 Lopinavir/Ritonavir	 in control			   treatment	
	 Author	 design	 in intervention group	 group	 Intervention/s 	 Drug dosage/s	 (days)	 Outcome

Deng et al39	 Retrospective 	 33	 0	 16 patients received	 NR	 5-21	 SARS-CoV-2 not detected in the
	 cohort study			   Lopinavir/Ritonavir +			   nasopharyngeal specimens: 
				    arbidol			   After 7 days – in 75% of patients (12/16) 
				    17 patients received			   with combination treatment vs. 35% (6/17)
				    Lopinavir/Ritonavi			   with monotherapy (p < 0·05).
				    alone			   After 14 days – in 94% (15/16) vs. 52·9%
							       (9/17) (p < 0·05).  
							       Chest CT scans were improving:
							       After 7 days  – in 69% (11/16) vs. 29% 
							       (5/17) (p < 0·05)
Zhou et al40	 Retrospective,	 41/191	 0	 41 patients received 	 NR	 NR	 12/41 died
	 multicenter			   Lopinavir/Ritonavir			   Among 29 patients who received lopinavir/
	 cohort study						      ritonavir and were discharged, the median
							       time from illness onset to initiation of
							       antiviral treatment was 14.0 days
							       (IQR 10.0-17.0) and the median duration of 
							       viral shedding was 22.0 days (18.0-24.0).
							       The median duration of viral shedding was
							       19.0 days (17.0-22.0) in patients with severe
							       disease status and 24.0 days (22.0-30.0) in
							       patients with critical disease status.
Zhu et al41	 Retrospective	 34/50	 16 patients	 34 patients received	 Lopinavir/Ritonavir	 7	 All comparisons unadjusted.
	 study		  received 	 Lopinavir/Ritonavir	 400/100 mg twice daily		  Fever duration similar in the two groups
			   arbidol 		  Arbidol 200 md three 		  (p = 0.61).
					     time daily		  On post-admission day 14:
							       - Viral load undetectable in arbidol group 
							       but still found in 44.1% (15/34) of
							       Lopinavir/Ritonavir group.
							       - Patients in the arbidol group had a shorter
							       duration of positive RNA test compared to
							       those in the lopinavir/ritonavir group
							       (p < 0.01). 
							       No side effects apparent found in either group

Table continued
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Table III (Continued). Characteristics of included studies evaluating the use of Lopinavir/Ritonavir in patients with COVID-19. NR: information not reported. 

			   N patients who				    Duration	
			   received	 N patients			   of	
		  Study	 Lopinavir/Ritonavir	 in control			   treatment	
	 Author	 design	 in intervention group	 group	 Intervention/s 	 Drug dosage/s	 (days)	 Outcome

Sun et al42	 Retrospective	 165/217	 54	 165 patients received	 NR	 NR	 76 adverse drug reactions and 16 severe
	 study			   Lopinavir/Ritonavir 			   adverse drug reactions were found in
				    and umifenovir			   antiviral group. 18 adverse drug reactions 
							       and 1 severe adverse drug reaction was
							       found in the other group treated with
							       chloroquine or antibacterial drugs.
Zhou et al43	 Observational 	 26/26	 0	 26 asymptomatic	 NR	 NR	 3 patients developed clinical symptoms of
	 study			   patients received 			   COVID-19
				    1 patient received			 
				    Lopinavir/Ritonavir			    
Cai et al44	 Open label non	 45/80	 35 patients	 45 patients received	 Lopinavir/Ritonavir	 1-14	 Shorter viral clearance [4 (2.5-9) vs. 11
	 randomized 		  received	 Lopinavir/Ritonavir +	 400/100 mg twice daily,		  (8-13) days] and more rapid resolution of
	 control study		  favipiravir +	 interferon- alpha, 	 favipiravir 1600 mg		  chest imaging abnormalities (91.43% vs. 
			   interferon-alpha 	  	 twice daily, 		  62.22%) with faviripavir compared with
					     interferon-alpha 		  Lopinavir/Ritonavir
					     5 million U twice daily		
Cao et al45	 Randomized, 	 99/199	 100 patients	 99 patients received	 Lopinavir/Ritonavir	 14	 14/99 died in Lopinavir/Ritonavir group vs. 
	 controlled, 		  received,	 Lopinavir/Ritonavir	 400 /100 mg twice daily		  25/100 in control group.
	 open-label 		  standard care				    Lopinavir/ritonavir not associated with a
	 trial		  comprised 				    statistically significant difference in time to
			   as necessary,				    clinical improvement
			   supplemental 				  
			   oxygen, 				  
			   noninvasive				  
 			   and invasive 				  
			   ventilation, 				  
			   antibiotic 				  
			   agents,				  
			   vasopressor 				  
			   support, 				  
			   renal-replacement 			 
			   therapy, and 				  
			   extracorporeal 				  
			   membrane 				  
			   oxygenation				  
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the patients described in these reports were 
discharged alive24-29. Six case series reported 
the use of Lopinavir/Ritonavir, either alone or 
in combination30-34. In three case series where 
Lopinavir/Ritonavir was used alone, none of the 
patients died29,30,32,33. Lopinavir/Ritonavir was 
used alone in nine COVID-19 patients after solid 
organ transplantation and four patients died34. In 
the one case series where Lopinavir/Ritonavir 
was used in combination with interferon, no 
patients died31.

Eight retrospective cohort studies reported 
the use of Lopinavir/Ritonavir, either alone or 
in combination with other drugs35-42. In two ret-
rospective studies, 36 patients received Lopina-
vir/Ritonavir in combination with arbidol. No 
deaths were reported among patients receiving 
Lopinavir/Ritonavir with or without arbidol35,39. 
The authors also reported improved resolution 
in lung computed tomography, assessed by the 
degree of involvement of different lobes, in the 
lopinavir/ritonavir plus arbidol group35,39. The 
third retrospective study described the use of 
Lopinavir/Ritonavir concomitantly with osel-
tamivir and ganciclovir in 75 of 99 patients (no 
control group). The outcomes of patients receiv-
ing antiviral therapy were described together 
with those who received none and at the time of 
publication, the majority of patients were still 
being treated37. In the fourth retrospective study, 
42 patients who received Lopinavir/ritonavir 
plus arbidol and interferon were compared to 5 
patients treated only with arbidol and interferon. 
The time to normalization of systemic tempera-
tures, lymphocyte count and C-reactive protein 
was briefer in patients receiving Lopinavir/ri-
tonavir and viral RNA became undetectable 
earlier36. In the fifth retrospective study, 135 
patients received Lopinavir/ritonavir in conjunc-
tion with interferon and 1/125 patients died38. 
In the sixth retrospective study, 41/191 patients 
were noted to have been treated with Lopinavir/
Ritonavir but the report was unclear as whether 
these patients were also treated with steroids or 
intravenous immune globulin. However, 12/41 
patients died and 29/41 were discharged40. In the 
seventh retrospective study, 34 patients who re-
ceived Lopinavir/Ritonavir were retrospectively 
compared to 16 patients who received arbidol. 
No difference was observed in the clinical pa-
rameters sought but viral shedding was briefer 
with arbidol41. The eighth retrospective study 
aimed to identify adverse drug reactions in pa-
tients with COVID-19. The prevalence of such 

reactions was 37.8% (most commonly gastroin-
testinal and liver system disorders) and 63.8% 
of these were attributed to the use of Lopinavir/
Ritonavir42. 

An observational study described prophylactic 
use of Lopinavir/Ritonavir in 26 asymptomatic 
participants at high-risk of COVID-19 infection 
and noted that three patients developed clinical 
symptoms nonetheless43.

Finally, one open-label non-randomized study 
compared treatment with Lopinavir/Ritonavir to 
alternative treatment options. This study com-
pared patient outcomes following 14 days of treat-
ment with either Lopinavir/Ritonavir (400/100 
twice daily, n=45 patients) or favipiravir (1600 
mg twice daily, n= 35 patients)44. A shorter du-
ration of time to viral clearance and more rapid 
resolution of lung computed tomography findings 
were observed with favipiravir44. One open-label 
randomized controlled trial evaluated the use of 
Lopinavir/Ritonavir (400 mg/100 mg orally twice 
a day for 14 days) in 99 patients compared to 100 
patients treated with standard care45. No differ-
ences were observed between the groups in the 
rates of clinical improvement, hospital discharge 
or 28-day viral clearance45. However, 48% of the 
patients randomized to Lopinavir/Ritonavir had 
an adverse event and gastrointestinal symptoms 
were more common in the Lopinavir/Ritonavir 
group45. 

Ongoing Studies
We identified 16 registered clinical trials that 

intend to evaluate the effectiveness and the safety 
of Lopinavir/Ritonavir alone or in combination 
for treating COVID-19 (Table IV). 

Discussion

The recent interim guidance from the Amer-
ican Thoracic Society made no suggestion ei-
ther for or against treatment with lopinavir-ri-
tonavir for patients with COVID-19 and pneu-
monia46. This the first systematic review of 
the existing literature regarding treatment with 
lopinavir/ritonavir in coronavirus infections, 
including COVID-19 disease. In human case 
reports, series and studies of SARS, MERS or 
Covid-19, Lopinavir/ritonavir was most com-
monly used at a dose of 400 mg/100 mg twice 
daily for a period of 7-14 days. Data synthesis 
was not possible due to the poor quality of the 
studies identified.
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Lopinavir/ritonavir has been evaluated as a po-
tential treatment for SARS and MERS. Clinical 
studies performed on patients with SARS showed 
an association between treatment and reduced 
mortality and intubation rates. But these were 
retrospective, observational studies which did not 
enable inference of causation12,17. A systematic 
review of lopinavir/ritonavir for the treatment 

of SARS and MERS also found that the studies 
available do not suffice to draw meaningful con-
clusions47. 

Strikingly, more than 750 patients have al-
ready been treated with Ritonavir-lopinavir and 
still there is limited evidence regarding the use 
of lopinavir/ritonavir in COVID-19 disease. Our 
systematic review identified only one randomized 

Table IV. Ongoing trials evaluating antiviral drugs against COVID-19 that include Lopanivir/Ritonavir in one of their treatment 
arms. https://clinicaltrials.gov.

			   Clinical trials	 N participants
	 Drug 	 Mechanisms of action	 (n°)	 planned/Randomized

Lopinavir-Ritonavir	 •  Lopinavir/ritonavir – protease	 NCT04295551	 80/?
	     inhibitors for HIV/AIDS 	 NCT04286503	 520/yes
		  NCT04255017	 400/yes
		  NCT04321174	 1220/yes

ASC09/Ritonavir, 	 •  ASC09 – HIV-1 protease inhibitor;	 NCT04261907	 160/yes
Lopinavir/Ritonavir,	 •  Ritonavir and lopinavir/ritonavir-	 NCT04350684	 40/yes
and/or Umifenovir	     protease Inhibitors for HIV/AIDS;	
	 •  Umifenovir – entry inhibitor	
	     against influenza	

ASC09/Oseltamivir, 	 •  Oseltamivir – asialidase	 NCT04261270	 60/yes
Ritonavir/Oseltamivir,	     inhibitor for influenza		
Oseltamivir			 

Darunavir/Cobicistat 	 •  Darunavir and cobicistat – an	 NCT04252274	 30/yes
alone or with 	     HIV-1 protease inhibitor and	
Lopinavir/Ritonavir	     inhibitor of cytochrome P450 (CYP)3A	
and Thymosin α1	     enzyme, approved as a combination	
	     against HIV-1/AIDS	
	 •  Thymosin α1 – immune 	
	     response boosting agent	  	

Interferon alfa-2b alone	 •  Interferon alfa-2b –	 NCT04254874	 100/yes
or in combination with	     recombinant cytokine	 NCT04276688	 70/yes
Lopinavir/Ritonavir 	     with antiviral properties;	 NCT04291729	 50/no
and/or Ribavirin	 •  Ribavirin – guanine derivative  	 NCT04275388	 348/yes
		  NCT00578825	 340/yes
		  NCT04251871	 150/yes
		  NCT04350671	 40/yes

Arbidol and/or 	 •  Ardidole – immunomodulating agent	 NCT04252885	 125/yes
Lopinavir/Ritonavir		

Chloroquine and/or 	 •  Cloroquine – antimalarial drug	 NCT04330690	 400/yes
Lopinavir/Ritonavir		  NCT04346147	 165/yes
 and/or remdesivir		  NCT04328285	 1200/yes
		  NCT04359095	 1600/yes
		  NCT04331470	 30/yes
		  NCT04328012	 4000/yes
		  NCT04364022	 400/yes
		  NCT04321993	 1000/no
		  NCT04351724	 500/yes
		  NCT04365582	 640/yes
		  NCT04343768	 60/yes
		  NCT04315948	 3100/yes
		  NCT04366245	 72/yes
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controlled trial. This randomized controlled trial 
which included 199 patients did not find that the 
use of lopinavir/ritonavir conferred any clinical 
or laboratory advantage when compared with 
standard care but did raise some concern regard-
ing potential side effects45. 

Although at this time no single therapy has 
been proven unarguably effective for treating 
COVID-1929, the variety of combination drug 
therapies further confound analysis. The timing 
of Lopinavir/Ritonavir has also been proposed to 
be an important determinant of effectivity as this 
drug combination may only be effective when 
administered in the early phase of peak viral rep-
lication (initial 7-10 days)16,18. The ever-growing 
number of clinical trials launched to investigate 
potential therapies for COVID-19 highlights both 
the urgency and the need to produce high-qual-
ity evidence on the topic48. Several randomized 
clinical trials have been registered regarding treat-
ment with Lopinavir/Ritonavir in patients with 
COVID-19 disease and their estimated completion 
dates range between March 2020 and March 2022. 
Until more data is forthcoming, we encourage the 
use of Lopinavir/ritonavir alone or in combination 
for COVID-19 only within the framework of reg-
istered clinical studies and with concomitant data 
collection regarding adverse events. 

Conclusions

The existing literature does not suffice for as-
sessing whether Lopinavir/ritonavir has any ben-
efit in SARS, MERS and COVID-19. Additional 
RCTs which are expected to yield more data on 
the use of lopinavir/ritonavir are ongoing for both 
MERS infection and COVID-19. 

Conflict of Interest
The Authors declare that they have no conflict of interests.

Funding
This research did not receive any specific grant from funding 
agencies in the public, commercial, or not-for-profit sectors.

References

  1)	 Coronavirus disease 2019 (COVID-19) Situation Report 
– 40. https://www.who.int/docs/default-source/
coronaviruse/situation-reports/20200229-si-
trep-40-covid-19.pdf

  2)	 Zhang J, Zhou L, Yang Y Peng W, Wang W, Chen X. 
Therapeutic and triage strategies for 2019 novel 
coronavirus disease in fever clinics. Lancet Resp 
Med 2020; 8: e11-e12.

  3)	 Gattinoni L, Chiumello D, Rossi S. COVID-19 pneu-
monia: ARDS or not? Crit Care 2020; 24: 154.

  4)	 Cortegiani A, Ingoglia G, Ippolito M Giarratano A, 
Einav S.et al. A systematic review on the effica-
cy and safety of chloroquine for the treatment of 
COVID-19. J Crit Care 2020; 57: 279-283.

  5)	 Chandwani A, Shuter J. Lopinavir/ritonavir in the 
treatment of HIV-1 infection: a review. Ther Clin 
Risk Manag 2008; 4: 1023‐1033.

  6)	 Anand K, Ziebuhr J, Wadhwani P, Mesters JR, Hilgen-
feld R. Coronavirus main proteinase (3CLpro) 
structure: basis for design of anti-SARS drugs. 
Science 2003; 300: 1763‐1767.

  7)	 Nukoolkarn V, Lee VS, Malaisree M, Aruksakulwong 
O. Molecular dynamic simulations analysis of ri-
tonavir and lopinavir as SARS‐CoV 3CL(pro) in-
hibitors. J Theor Biol 2008; 254: 861‐867.

  8)	 Zhang XW, Yap YL. Old drugs as lead compounds 
for a new disease? Binding analysis of SARS 
coronavirus main proteinase with HIV, psychotic 
and parasite drugs. Bioorg Med Chem 2004; 12: 
2517‐2521

  9)	 Nutho B, Mahalapbutr P, Hengphasatporn K, Patta-
ranggoon NC, Simanon N, Shigeta Y, Hannongbua S, 
Rungrotmongkol T. Why are Lopinavir and Ritona-
vir effective against the newly emerged Corona-
virus 2019? Atomistic insights into the inhibitory 
mechanisms. Biochemistry 2020; 59: 1769-1779. 

10)	 Yamamoto N, Yang R, Yoshinaka Y, Amari S, Nakano 
T, Cinatl J, Rabenau H, Doerr HW, Hunsmann G, 
Otaka A, Tamamura H, Fujii N, Yamamoto N. HIV 
protease inhibitor nelfinavir inhibits replication of 
SARS‐associated coronavirus. Biochem Biophys 
Res Commun 2004; 318: 719‐725.

11)	 Chen F, Chan KH, Jiang Y, Kao RY, Lu HT, Fan KW, 
Cheng VC, Tsui WH, Hung IF, Lee TS, Guan Y, Pei-
ris JS, Yuen KY. In vitro susceptibility of 10 clinical 
isolates of SARS coronavirus to selected antiviral 
compounds. J Clin Virol 2004; 31: 69‐75.

12)	 Chu CM, Cheng VC, Hung IF, Wong MM, Chan KH, 
Chan KS, Kao RY, Poon LL, Wong CL, Guan Y, Peiris 
JS, Yuen KY; HKU/UCH SARS Study Group. Role of 
lopinavir/ ritonavir in the treatment of SARS: initial 
virological and clinical findings. Thorax 2004; 59: 
252‐256.

13)	 de Wilde AH, Jochmans D, Posthuma CC, Zeven-
hoven-Dobbe JC, van Nieuwkoop S, Bestebroer TM, 
van den Hoogen BG, Neyts J, Snijder EJ. Screening 
of an FDA approved compound library identifies 
four small‐molecule inhibitors of Middle East re-
spiratory syndrome coronavirus replication in cell 
culture. Antimicrob Agents Chemother 2014; 58: 
4875‐4884.

14)	 Sheahan TP, Sims AC, Leist SR, Schäfer A, Won J, 
Brown AJ, Montgomery SA, Hogg A, Babusis D, 
Clarke MO, Spahn JE, Bauer L, Sellers S, Porter D, 
Feng JY, Cihlar T, Jordan R, Denison MR, Baric RS. 



M. Vargas, G. Servillo, S. Einav

8604

Comparative therapeutic efficacy of remdesivir 
and combination lopinavir, ritonavir, and interfer-
on beta against MERS‐CoV. Nat Commun 2020; 
11: 222.

15)	 Chan JF, Chan KH, Kao RY, To KK, Zheng BJ, Li CP, 
Li PT, Dai J, Mok FK, Chen H, Hayden FG, Yuen KY. 
Broad‐spectrum antivirals for the emerging Mid-
dle East respiratory syndrome coronavirus. J In-
fect. 2013; 67: 606‐616.

16)	 Chan JF, Yao Y, Yeung ML, Deng W, Bao L, Jia L, 
Li F, Xiao C, Gao H, Yu P, Cai JP, Chu H, Zhou J, 
Chen H, Qin C, Yuen KY. Treatment with lopinavir/
ritonavir or interferon‐beta1b improves outcome 
of MERS‐CoV infection in a nonhuman primate 
model of common marmoset. J Infect Dis 2015; 
212: 1904‐1913.

17)	 Chan KS, Lai ST, Chu CM, Tsui E, Tam CY, Wong MM, 
Tse MW, Que TL, Peiris JS, Sung J, Wong VC, Yuen 
KY. Treatment of severe acute respiratory syn-
drome with lopinavir/ritonavir: a multicentre retro-
spective matched cohort study. Hong Kong Med 
J 2003; 9: 399‐406.

18)	M eyer B, Basra A, Aberle S, Aberle J, Robibaro B, We-
nisch C. MERS-COV disease associated ARDS – 
a case report. Crit Care Med 2015; 43: 308.

19)	 Kim UJ, Won EJ, Kee SJ, Jung SI, Jang HC. Com-
bination therapy with lopinavir/ritonavir, ribavirin 
and interferon‐alpha for Middle East respiratory 
syndrome. Antivir Ther 2016; 21: 455‐459.

20)	 Spanakis N, Tsiodras S, Haagmans BL, Raj VS, Pon-
tikis K, Koutsoukou A, Koulouris NG, Osterhaus AD, 
Koopmans MP, Tsakris A. Virological and serological 
analysis of a recent Middle East respiratory syn-
drome coronavirus infection case on a triple com-
bination antiviral regimen. Int J Antimicrob Agents 
2014; 44: 528‐532.

21)	 Park SY, Lee JS, Son JS, Ko JH, Peck KR, Jung Y, Woo 
HJ, Joo YS, Eom JS, Shi H. Post‐exposure prophylaxis 
for Middle East respiratory syndrome in healthcare 
workers. J Hosp Infect 2019; 101: 42‐46.

22)	 Choi WS, Kang CI, Kim Y, Choi JP, Joh JS, Shin HS, 
Kim G, Peck KR, Chung DR, Kim HO, Song SH, Kim 
YR, Sohn KM, Jung Y, Bang JH, Kim NJ, Lee KS, 
Jeong HW, Rhee JY, Kim ES, Woo H, Oh WS, Huh 
K, Lee YH, Song JY, Lee J, Lee CS, Kim BN, Choi YH, 
Jeong SJ, Lee JS, Yoon JH, Wi YM, Joung MK, Park 
SY, Lee SH, Jung SI, Kim SW, Lee JH, Lee H, Ki HK, 
Kim YS; Korean Society of Infectious Diseases. Clini-
cal presentation and outcomes of middle east re-
spiratory syndrome in the Republic of Korea. In-
fect Chemother 2016; 48: 118-126.

23)	 Arabi YM, Asiri AY, Assiri AM, Aziz Jokhdar HA, Alo-
thman A, Balkhy HH, AlJohani S, Al Harbi S, Ko-
jan S, Al Jeraisy M, Deeb AM, Memish ZA, Ghazal S, 
Al Faraj S, Al-Hameed F, AlSaedi A, Mandourah Y, 
Al Mekhlafi GA, Sherbeeni NM, Elzein FE, Almotai-
ri A, Al Bshabshe A, Kharaba A, Jose J, Al Harthy A, 
Al Sulaiman M, Mady A, Fowler RA, Hayden FG, Al-
Dawood A, Abdelzaher M, Bajhmom W, Hussein MA; 
and the Saudi Critical Care Trials group. Treatment of 
Middle East respiratory syndrome with a combi-
nation of lopinavir/ritonavir and interferon‐beta1b 

(MIRACLE trial): statistical analysis plan for a re-
cursive two‐stage group sequential randomized 
controlled trial. Trial 2020; 21: 8.

24)	 Kim JY, Choe PG, Oh Y, Oh KJ, Kim J, Park SJ, Park JH, 
Na HK, Oh MD. The first case of 2019 novel corona-
virus pneumonia imported into Korea from Wuhan, 
China: implication for infection prevention and con-
trol measures. J Korean Med Sci 2020; 35: e61.

25)	 Lim J, Jeon S, Shin HY, Kim MJ, Seong YM, Lee WJ, 
Choe KW, Kang YM, Lee B, Park SJ. 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 in-
fected pneumonia monitored by quantitative RT-
PCR. J Korean Med Sci 2020; 35: e79.

26)	 Guillen E, Pineiro GJ, Revuelta I, Rodriguez D, Bodro 
M, Moreno A, Campistol JM, Diekmann F, Ventu-
ra-Aguiar P. Case report of COVID-19 in a kidney 
transplant recipient: does immunosuppression al-
ter the clinical presentation? Am J Transplant 
2020:10.1111/ajt.15874.

27)	 Bartiromo M, Borchi B, Botta A, Bagalà A, Lugli G, 
Tilli M, Cavallo A, Xhaferi B, Cutruzzulà R, Vaglio A, 
Bresci S, Larti A, Bartoloni A, Cirami C. Threatening 
drug-drug interaction in a kidney transplant pa-
tient with Coronavirus Disease 2019 (COVID-19) 
Transpl Infect Dis 2020 Apr 12. doi: 10.1111/
tid.13286. Epub ahead of print

28)	 Ghiasvand F, Miandoab SZ, Harandi H, Golestan FS, 
Alinaghi SAS. A patient with COVID-19 disease in 
a referral hospital in Iran: a typical case typical 
case. Infect Disord Drug Targets 2020 doi: 10.217
4/1871526520666200429115535

29)	 Zhang H, Xie C, Huang Y. Treatment and outcome 
of a patient with lung cancer infected with se-
vere acute respiratory syndrome Coronavirus-2. 
J Thorac Oncol 2020; 15: e63‐e64.

30)	 Wang Z, Chen X, Lu Y, Chen F, Zhang W. Clinical 
characteristics and therapeutic procedure for four 
cases with 2019 novel coronavirus pneumonia re-
ceiving combined Chinese and Western medicine 
treatment. Biosci Trends 2020; 14: 64-68.

31)	 Liu F, Xu A, Zhang Y, Xuan W, Yan T, Pan K, Yu W, 
Zhang J. 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; 
95: 183-191.

32)	 Young BE, Ong SWX, Kalimuddin S Low JG, Tan 
SY, Loh J, Ng OT, Marimuthu K, Ang LW, Mak TM, 
Lau SK, Anderson DE, Chan KS, Tan TY, Ng TY, Cui 
L, Said Z, Kurupatham L, Chen MI, Chan M, Vasoo 
S, Wang LF, Tan BH, Lin RTP, Lee VJM, Leo YS, Lye 
DC; Singapore 2019 Novel Coronavirus Outbreak 
Research Team. Epidemiologic features and clinical 
course of patients infected with SARS-CoV-2 in 
Singapore. JAMA 2020; 323: 1488-1494.

33)	 Cheng CY, Lee YL, Chen CP, Lin YC, Liu CE, Liao CH, 
Cheng SH. Lopinavir/ritonavir did not shorten the 
duration of SARS CoV-2 shedding in patients with 
mild pneumonia in Taiwan. J Microbiol Immunol 
Infect 2020; S1684-1182(20)30092-X.



Lopinavir/ritonavir for the treatment of SARS, MERS and COVID-19: a systematic review

8605

34)	 Fernández-Ruiz M, Andrés A, Loinaz C, Delgado JF, 
López-Medrano F, San Juan R, González E, Polan-
co N, Folgueira MD, Lalueza A, Lumbreras C, Agua-
do JM. COVID-19 in solid organ transplant recipi-
ents: a single-center case series from Spain. Am 
J Transplant 2020 doi: 10.1111/ajt.15929.

35)	 Xu XW, Wu XX, Jiang XG, Xu KJ, Ying LJ, Ma CL, 
Li SB, Wang HY, Zhang S, Gao HN, Sheng JF, Cai 
HL, Qiu YQ, Li LJ. Clinical findings in a group of 
patients infected with the 2019 novel coronavirus 
(SARS-Cov-2) outside of Wuhan, China: retro-
spective case series. BMJ. 2020; 368: m606.

36)	 Ye XT, Luo YL, Xia SC, Sun QF, Ding JG, Zhou Y, 
Chen W, Wang XF, Zhang WW, Du WJ, Ruan ZW, 
Hong L. Clinical efficacy of lopinavir/ritonavir in 
the treatment of Coronavirus disease 2019. Eur 
Rev Med Pharmacol Sci 2020; 24: 3390-3396.

37)	 Chen N, Zhou M, Dong X, Qu J, Gong F, Han Y, Qiu 
Y, Wang J, Liu Y, Wei Y, Xia J, Yu T, Zhang X, Zhang 
L. Epidemiological and clinical characteristics of 
99 cases of 2019 novel coronavirus pneumonia in 
Wuhan, China: a descriptive study. Lancet 2020; 
39: 507-513.

38)	 Wan S, Xiang Y, Fang W, Zheng Y, Li B, Hu Y, Lang 
C, Huang D, Sun Q, Xiong Y, Huang X, Lv J, Luo 
Y, Shen L, Yang H, Huang G, Yang R. Clinical fea-
tures and treatment of COVID-19 patients in 
northeast Chongqing. J Med Virol 2020: 10.1002/
jmv.25783.

39)	 Deng L, Li C, Zeng Q, Liu X, Li X, Zhang H, Hong Z, 
Xia J. Arbidol combined with LPV/r versus LPV/r 
alone against Corona Virus Disease 2019: a ret-
rospective cohort study. J Infect 2020; S0163: 
30113-30114.

40)	 Zhou F, Ting Y, Ronghui Du Fan G, Liu Y, Liu Z, Xiang 
J, Wang Y, Song B, Gu X, Guan L, Wei Y, Li H, Wu X, 
Xu J, Tu S, Zhang Y, Chen H, Cao B. Clinical course 
and risk factors for mortality of adult inpatients 
with COVID-19 in Wuhan, China: a retrospective 
cohort study. Lancet 2020; 395: 1054-1062.

41)	 Zhu Z, Lu Z, Xu T, hen C, Yang G, Zha T, Lu J, Xue 
Y. Arbidol monotherapy is superior to lopina-
vir/ritonavir in treating COVID-19. J Infect 2020; 
S0163: 30188-30192.

42)	 Sun J, Deng X, Chen X, Huang J, Huang S, Li Y, Feng 
J, Liu J, He G. Incidence of adverse drug reactions 
in COVID-19 patients in China: an active moni-
toring study by Hospital Pharmacovigilance Sys-
tem. Clin Pharmacol Ther 2020 Apr 23:10.1002/
cpt.1866. doi: 10.1002/cpt.1866. Epub ahead of 
print. 

43)	 Zhou J, Tan Y, Li D, He X, Yuan T, Long Y. Obser-
vation and analysis of 26 cases of asymptomatic 
SARS-COV2 infection. J Infect 2020; 81: e69-e70.

44)	 Cai Q, Yang M, Liu D, Chen J, Shu D, Xia J, Li-
ao X, Gu Y, Cai Q, Yang Y, Shen C, Li X, Peng L, 
Huang D, Zhang J, Zhang S, Wang F, Liu J, Chen 
L, Chen S, Wang Z, Zhang Z, Cao R, Zhong W, Liu 
Y, Liu L. Experimental treatment with Favipiravir 
for COVID-19: an open-label control study. En-
gineering (Beijing) 2020 Mar 18. doi: 10.1016/j.
eng.2020.03.007. Epub ahead of print.

45)	 Cao B, Wang Y, Liu W Liu W, Wang J, Fan G, Ruan L, 
Song B, Cai Y, Wei M, Li X, Xia J, Chen N, Xiang J, Yu 
T, Bai T, Xie X, Zhang L, Li C, Yuan Y, Chen H, Li H, 
Huang H, Tu S, Gong F, Liu Y, Wei Y, Dong C, Zhou 
F, Gu X, Xu J, Liu Z, Zhang Y, Li H, Shang L, Wang 
K, Li K, Zhou X, Dong X, Qu Z, Lu S, Hu X, Ruan S, 
Luo S, Wu J, Peng L, Cheng F, Pan L, Zou J, Jia C, 
Wang J, Liu X, Wang S, Wu X, Ge Q, He J, Zhan H, 
Qiu F, Guo L, Huang C, Jaki T, Hayden FG, Horby 
PW, Zhang D, Wang C. A trial of Lopinavir-Ritona-
vir in adults hospitalized with severe Covid-19. N 
Engl J Med 2020; 382: 1787-1799.

46)	 COVID-19: Interim guidance on management pending 
empirical evidence. From an American Thoracic So-
ciety-led International Task Force. https://www.
thoracic.org/covid/covid-19-guidance.pdf

47)	 Yao TT, Qian JD, Zhu WY, Wang Y, Wang GQ. A 
systematic review of lopinavir therapy for SARS 
coronavirus and MERS coronavirus-A possible 
reference for coronavirus disease-19 treatment 
option. J Med Virol 2020; 92: 556-563.

48)	 Sanders JM, Monogue ML, Jodlowski TZ, Cutrell JB. 
Pharmacologic treatments for coronavirus dis-
ease 2019 (COVID-19): a review. JAMA 2020 Apr 
13. doi: 10.1001/jama.2020.6019. Epub ahead of 
print.


