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Abstract
Owing to the coronavirus disease 2019 (COVID-19) pandemic, there is a shortage of hospital wards to accommodate the increasing number of patients,
especially in intensive care units. Healthcare systems are collapsing in many countries. Therefore, it is necessary to reduce isolation time. We examined the
effect of lopinavir/ritonavir administration in patients with SARS-CoV-2. To assess the viral load, duration and clearance of viable virus; cell culture and RT-
PCR were performed in parallel. No viable SARS-CoV-2 could be detected after administration of lopinavir/ritonavir with median time of viable viral clearance
being one day after administration. The mean viral load in both upper and lower respiratory tract samples of lopinavir/ritonavir administered group was
signi�cantly lower than the group who were not treated with any antiviral agent. The duration of viable viral shedding was shorter in patients with
lopinavir/ritonavir treatment compared with those without treatment. This study suggests that lopinavir/ritonavir treatment offers a possible method to reduce
isolation time of patients infected with the SARS-CoV-2.

Introduction
The Coronavirus Study Group of the International Committee on Taxonomy of Viruses designated the novel coronavirus 19 as the severe acute respiratory
syndrome-coronavirus-2 (SARS-CoV-2).1 Some variants, including the G614 polymorphism, B.1.1.7 variant, and B.1.351 lineage, have much higher
transmissibility than others.2 Due to this pandemic, there is a shortage of hospital wards, especially in intensive care units, to accommodate the increasing
number of patients; healthcare systems have been collapsing in many countries.

Non-test-based and test-based strategies are used to determine the duration for which patients with COVID-19 must take the necessary precautions and isolate
themselves.3,4 The test-based strategy asserts that individuals may discontinue isolation if they test negative in two successive SARS-CoV-2 molecular viral
assays (using respiratory specimens) performed at least 24 h apart. However, the greater the age of the patient and the severity of infection, the greater the
viral RNA shedding. This viral RNA can, on average, be detected for up to 18 days after symptom onset and in some cases, it may be detected in the
respiratory tract several months after a person is infected.5 Since detectable viral RNA does not indicate an infectious virus, the test-based strategy may not
effectively reduce the duration of the isolation period.

SARS-CoV-2 has the highest transmissibility in the early period of infection, immediately before the onset of symptoms. A Taiwanese study reported that
secondary infection usually occurs up to 5 days after symptom onset. 6 Based on these �ndings, the Center for Disease Control and Prevention (CDC)
proposed a non-test-based strategy in which mild to moderate COVID-19 patients may discontinue infection control precautions if their temperature is normal
for 24 h without the use of antipyretics and their symptoms, such as cough and shortness of breath, abate after at least 10 days from onset.3

However, there are insu�cient data to determine whether all patients with mild to moderate COVID-19 require 10 days of precautions and isolation after
symptom onset and whether isolation may be discontinued earlier. No study has investigated the duration of viral shedding in immunocompetent COVID-19
patients who have taken antiviral agents such as lopinavir-ritonavir (Kaletra). Therefore, the present prospective observational study aimed to investigate this
relationship between the shedding of the virus cultured from patients administered lopinavir/ritonavir.

Methods
Seven patients were admitted to a government-approved, nationally designated quarantine ward in Chosun University Hospital between February 2020 and
April 2020 and were tested using PCR, viral culture, and immuno�uorescence assay (IFA).

The patients were con�rmed to be positive using real-time reverse transcription-polymerase chain reaction (RT-PCR) targeting at least two or more genes or
who showed > four-fold increase or seroconversion in the antibody titers against SARS-CoV-2.

Sampling And Rna Extraction
Nasopharyngeal and oropharynx swabs and sputum samples were collected using commercial UTM™ kits containing 1 mL of viral transport media (Noble Bio,
Korea) and used for RNA extraction. The viral RNA was extracted using a fully automated instrument (PCL South Korea) and Real-prep viral DNA/RNA Kit
(Biosewoom, South Korea). RT-PCR was performed to target the NP, E, and RdRp genes, along with a positive reference gene, using distilled water as a negative
control. For the NP gene, the primers and probes were designed in-house, whereas for the E and RdRp target genes, Kogene kit (Kogene Biotech Seoul, South
Korea) was used; manufacturers’ speci�cations were used for the reaction conditions and ampli�cations.

Cell Culture
The African green monkey kidney Vero E6 cell line was purchased from the Korean Cell Line Bank (KCLB no. 21587) and maintained in Dulbecco’s modi�ed
Eagle’s medium (DMEM, Gibco, Thermo Fisher Scienti�c, USA) supplemented with 10% fetal bovine serum (FBS, Gibco, Thermo Fisher Scienti�c, USA) and 1X
penicillin/streptomycin (PC/SM) at 37°C in a humidi�ed atmosphere of 5% CO2.

Virus Isolation From Clinical Specimens
To isolate SARS-CoV-2 from COVID-19 clinical specimens, samples were prepared by mixing 500 µL of sputum with 200 µL of 100x penicillin/streptomycin
(PC/SM) and then incubated at 4°C with a vortex interval of 15 min. After 1 h, the samples were centrifuged at 1,600 × g for 20 min, and the supernatant was
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collected, to be added to Vero E6 cells.

Vero E6 cells were cultured in 24-well cell culture plates at a density of 2.5 × 105 cells per well for 24 h. The cells were washed with sterile phosphate-buffered
saline.

Subsequently, 200 µL of the collected supernatant was added to Vero E6 cells in 500 µL DMEM with 2% FBS and 1X PC/SM and incubated at 37°C for 3–5
days.

The infected Vero E6 cells were checked daily for cytopathic effects (CPE) following the procedures used to detect SARS-CoV and MERS-CoV in previous
studies.20,21 CPE was identi�ed when cell rounding, or detachment was observed under a microscope. The cells were scraped from the wells, and 200 µL of
cell suspension was transferred to a new 24-well plate with Vero E6 cells in 500 µL medium and incubated at 37°C for 3–5 days (passage 1). According to the
protocol described above, the virus isolate underwent two passages. After two passages at intervals of 3–5 days, real-time RT-PCR was performed regardless
of the presence or absence of CPE for further quanti�cation of the viral RNA in the scraped cells.

All cell culture infection experiments were performed in a biosafety level-3 laboratory at the Health and Environment Research Institute of Gwangju City.

The whole-genome sequence of SARS-CoV-2 isolates was sequenced using a MiSeq next-generation sequencer with 150PE (Illumina, San Diego, CA, USA),
and sequence assembly was performed using Bowtie v.1.1.2 and samtools-mpileup (samtools v.1.9). The whole-genome sequences of the cultured isolates
were registered in the Global Initiative for Sharing All In�uenza Data (GISAID).

Viral Rna Extraction And Real-time Rt-pcr
Viral RNA extraction and real-time RT-PCR
The virus isolate was con�rmed using real-time RT-PCR. Viral RNA was extracted from 200 µL of the cell suspension using a viral DNA/RNA extraction kit (cat
no. ZP02201, Taiwan) in an automated nucleic acid puri�cation system (ZiXpress-32) according to the manufacturer’s instructions. RNA was eluted in 100 µL
RNase-free water. SARS-CoV-2 was detected using the Bioneer Exicycler 96 Real-time PCR kit (Bioneer Inc., Korea).

Indirect Ifa
To perform the indirect IFA, SARS-CoV-2 samples obtained from the Korea Centers for Disease Control and Prevention were used to infect Vero E6 cells. To
prepare the SARS-CoV-2 antigen slide, cells infected for 3 days were cultured on Te�on-coated well slides overnight at 37°C in a 5% CO2 environment and �xed
with 80% acetone the next day. The patient serum was diluted using a two-fold serial dilution from 1:16 and then reacted with SARS-CoV-2 antigens in a moist
chamber for 30 min at 37°C. After washing, the slides were further incubated with 1:400 diluted secondary antibody (�uorescein isothiocyanate-conjugated
anti-human IgM and IgG; MP Biomedicals, OH, USA). The slides were examined using a �uorescence microscope (Olympus IX73, magni�cation: 400×) after
dispensing the mounting solution (Vector Laboratories). An IgG antibody titer of ≥ 1:32 was established as the cut-off using IFA on clinical samples from 15
health-screened individuals.

Results
Seven patients were enrolled during the study period. Four patients had mild symptoms and did not require oxygen therapy, one had pneumonia and required
oxygen therapy, and two had severe symptoms and required a mechanical ventilator during hospital admission. A total of 103 samples were tested using a
real-time reverse transcription-polymerase chain reaction (RT-PCR) assay; 60 of these were cultured for SARS-CoV-2 infectiveness. The presence or absence of
viable SARS-CoV-2 at various times from onset of symptoms and cycle threshold (Ct) values in all serial respiratory samples are shown in Fig. 1. SARS-CoV-2
was isolated from 21 of 60 cultured samples (35%). The viable virus was observed only in samples with Ct values ≤ 32.95 (Fig. 1), with a median Ct value of
21.97 for the N-gene. The mean viral load of culture-positive samples was signi�cantly higher than that of negative samples (7.53 log10 RNA copies versus
5.64 log10 RNA copies, p = < 0.0001) (Figure S1).

To determine whether lopinavir/ritonavir inhibits SARS-CoV-2 replication, we compared the antiviral activity, viral viability, and clearance in a group of patients
who received lopinavir/ritonavir (n = 4) with those of patients who did not (n = 3). A total of 47 samples from patients who were administered antiviral agents
were tested via RT-PCR, and 15 were cultured for SARS-CoV-2. Viable viruses were found in only three of the 15 cultured samples (20%) (Figure S1). Noticeably,
no viable SARS-CoV-2 could be detected in immunocompetent severe COVID-19 patients administered lopinavir/ritonavir; the median time of viral clearance in
cell culture was 1 day post-administration or hospitalization (Fig. 1b). For patients with mild symptoms who were not administered antiviral agents, 56
samples were tested via RT-PCR, and 46 were cultured for SARS-CoV-2. The virus was isolated from 18 of the 45 cultured samples (40%). SARS-CoV-2 was
continuously cultivated for up to 8 days after symptom onset; the median time of viral clearance in cell culture was 7 days after symptom onset (Fig. 1c),
indicating prolonged shedding of viable SARS-CoV-2 in the absence of lopinavir/ritonavir treatment.

Although some samples from the lopinavir/ritonavir-treated group showed high viral loads (> 6 log10 RNA copies), viable SARS-CoV-2 could not be isolated in
cell culture (Figure S1). Overall, the mean viral load in both upper (4.12 versus 5.24 log10RNA copies; p = 0.0006) and lower respiratory tract (5.74 versus 6.59
log10RNA copies; p = 0.0226) of all RT-PCR tested samples of lopinavir/ritonavir administered group were signi�cantly lower than the group who were not
treated with any antiviral agent. In both groups, the mean viral loads with respect to the days post hospital admission are shown in Fig. 2. We further
evaluated the regression coe�cient for the viral load and the percentage of cell culture positivity and observed a signi�cant correlation between viral load and
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cell culture positivity rate in patients who were not treated with any antiviral agent (p = 0.01). However, no signi�cant correlation was observed for the
lopinavir/ritonavir-treated group (p = 0.12) (Figure S2).

Patients 1–3 were isolated after being identi�ed through contact tracing. They showed upper respiratory infection symptoms without pneumonia and were
isolated without being given any antiviral treatment. They underwent nasopharynx, oropharynx, and sputum culture tests. The virus was continuously detected
in the samples up to 8 days after symptom onset or hospital admission (Table 1).
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Table 1
Clinical information and real-time PCR and culture results of patients with COVID-19.

Age/sex

Underlying
diseases

Status

/

PSI score

Date HD

(SD)

Antiviral
Agent

Respiratory tract specimens

Nasopharynx Oropharynx Sputum

PCR culture PCR culture PCR cultu

N E RdRP   N E RdRP   N E RdRP  

#1

30/M

HTN

No
pneumonia

(No O2
requirement)

/ 30

2/20 #0

(0)

- 18.8 18.0 18.0 +         20.8 20.2 20.2 -

2/21 #1

(1)

  17.9 17.7 17.9 + 36.5 34.4 34.6 - 25.8 25.8 26.3 -

2/22 #2

(2)

                  18.6 18.5 18.7 +

2/23 #3

(3)

                  32.1 33.7 32.1 -

2/24 #4

(4)

  27.5 27.5 27.7 - 27.6       30.5 30.6 30.5 -

2/25 #5

(5)

  31.4 31.8 31.9 +                

2/26 #6

(6)

  26.5 25.4 25.6 + 36.5 33.7 34.3          

2/28 #8

(8)

  29.3 28.4 28.8 + UD NA 39.1 -       -

2/29 #9

(9)

                  32.8 32.6 32.6  

3/02 #11

(11)

  31.8 31.6 32.0   UD NA NA   36.2 NA NA -

#2

30/M

None

No
pneumonia

(No O2
requirement)

/ 30

2/21 #0

(0)

- 20.7 21.3 21.5 + 36.3 37.1 NA -        

2/22 #1

(1)

                  17.2 13.8 14.2 +

2/23 #2

(2)

                  17.3 17.8 18.0 +

2/24 #3

(3)

  25.1 26.1 26.0 - 24.3 17.9 26.0 - 27.4 29.6 28.9 +

2/25 #4

(4)

  23.9 24.9 24.9 -                

2/26 #5

(5)

  23.3 24.5 24.7 + 23.7 17.8 24.9 -        

2/27 #6

(6)

                  20.3 23.9 21.9 +

2/28 #7

(7)

  23.7 24.6 24.4 - 32.8 17.8 33.4 - 23.7 24.8 25.3 -

cf HD: Hospital day, SD: Symptom onset to sampling day, BAL: Bronchoalveolar lavage, PCR: Polymerase chain reaction, IFA: Indirect immuno�uorescence as
severity index, Lop/r: lopinavir-ritonavir (Kaletra), HTN: Hypertension, DM: Diabetes mellitus, CAD: Coronary artery disease, UD: Undetermined, NA: Not applica



Page 6/11

2/29 #8

(8)

                  28.8 30.1 30.3 -

3/02 #10

(10)

          34.0 17.6 34.9 -        

3/04 #12

(12)

  31.7 33.0 33.4           27.4 29.1 29.7 -

3/05 #13

(13)

                  34.8 36.4 35.4 -

3/06 #14

(14)

  UD NA NA   UD 17.9 NA   33.6 36.6 37.2 -

#3

29/F

None

No
pneumonia

(No O2
requirement)

/ 19

2/23 #0

(1)

- 16.6 18.4 18.7 +         NA 22.3 27.1  

2/24 #1

(2)

  17.3 19.1 19.3 +         23.7 27.3 27.0 +

2/25 #2

(3)

  19.1 20.3 20.4 +                

2/26 #3

(4)

  22.3 24.2 24.4 + 31.7 33.8 34.8 - 21.1 22.8 23.3 -

2/28 #5

(6)

  32.3 34.3 35.0 + 25.0 26.9 27.2 -        

3/02 #8

(9)

  34.3 37.1 37.6   UD              

3/04 #10

(11)

  UD     - 37.3 NA NA   30.1 31.1 31.7 -

3/06 #12

(13)

  UD       31.6 34.8 35.2          

#4

46/M

HTN

Pneumonia

(No O2
requirement)

/ 56

2/06 #0

(-2)

Lop/r 22.0 21.0 21.3 + 30.6 30.1 30.3 - 27.6 27.2 28.1 +

2/07 #1

(-1)

Lop/r UD NA NA   UD 37.6 NA   30.2 27.8 28.5 -

2/08 #2

(0)

Lop/r 31.6 31.7 32.2 - 37.3 37.6 38.4   31.8 29.7 30.1 -

2/09 #3

(1)

Lop/r                 32.2 32.5 33.1 -

2/10 #4

(2)

Lop/r UD NA NA   UD NA NA   31.8 29.9 30.6 -

2/11 #5

(3)

Lop/r                 33.7 32.4 33.5 -

2/12 #6

(4)

Lop/r UD NA NA   30.1 NA NA   UD NA NA  

2/13 #7

(5)

Lop/r 37.4 NA NA - 35.2 NA NA   UD NA NA  

cf HD: Hospital day, SD: Symptom onset to sampling day, BAL: Bronchoalveolar lavage, PCR: Polymerase chain reaction, IFA: Indirect immuno�uorescence as
severity index, Lop/r: lopinavir-ritonavir (Kaletra), HTN: Hypertension, DM: Diabetes mellitus, CAD: Coronary artery disease, UD: Undetermined, NA: Not applica



Page 7/11

#5

74/M

HTN, DM,

CAD

Pneumonia

(O2 2L

requirement)

/ 74

3/02 #0

(7)

Lop/r UD NA NA   UD              

3/04 #2

(9)

Lop/r UD NA NA   UD       37.1 37.3 37.3 -

3/06 #4

(11)

          UD       UD NA NA  

3/09 #7

(14)

  UD NA NA   UD       UD NA NA  

3/16 #14

(21)

                  27.2 NA NA -

#6

79/F

HTN, DM

Pneumonia

(on
ventilator)

/ 89

2/28 #0

(1)

Lop/r 33.0 23.3 23.3 +         20.1 20.0 20.0  

2/29 #1

(2)

Lop/r 25.3 25.6 26.4   31.7 32.6 32.8   22.3 22.3 22.2 -

3/06 #7

(8)

Lop/r UD NA NA   37.4 NA 39.3   NA 32.5 31.0  

3/11 #12

(13)

  26.4 26.8 27.3   UD 36.5 37.1   29.2 28.0 27.9  

#7

79/M

HTN, DM,

Pneumonia

(on
ventilator)

/ 79

3/10 #0

(9)

Lop/r 24.8 28.8 29.2   29.2              

3/11 #1

(10)

Lop/r                 25.2 29.3 30.2 -

3/13 #3

(12)

Lop/r UD   NA NA 33.6       25.3 29.7 30.4  

3/16 #6

(15)

                         

cf HD: Hospital day, SD: Symptom onset to sampling day, BAL: Bronchoalveolar lavage, PCR: Polymerase chain reaction, IFA: Indirect immuno�uorescence as
severity index, Lop/r: lopinavir-ritonavir (Kaletra), HTN: Hypertension, DM: Diabetes mellitus, CAD: Coronary artery disease, UD: Undetermined, NA: Not applica

Patient 4 was also identi�ed through contact tracing. The patient presented with pneumonia con�rmed by a computed tomography scan performed upon
hospital admission. Nasopharyngeal and sputum specimen cultures were obtained on the same day, and viable SARS-CoV-2 was detected. The patient was
administered 520 mg lopinavir/125 mg ritonavir at 9 p.m. that day and tested negative in a culture test performed with sputum collected the next morning at 6
a.m. No virus was detected in any subsequent culture.

Patient 5 was administered lopinavir/ritonavir at another hospital 3 days before being transferred to Chosun University Hospital for oxygen therapy. No virus
was detected in cultures performed during hospital admission.

Patient 6 was in critical condition and was intubated upon arrival at Chosun University Hospital. The nasopharyngeal culture was performed immediately to
detect the virus. The patient was administered 520 mg lopinavir/125 mg ritonavir twice on the �rst day, and the virus was detected neither in the sputum on
the second day nor in the bronchoalveolar lavage (BAL) �uid cultures performed on the 12th day.

Patient 7 was administered lopinavir/ritonavir at another hospital 4 days before admission at Chosun University Hospital for acute respiratory disease
syndrome and immediately placed on a mechanical ventilator. The virus was not detected in cultures upon admission or in BAL �uid culture performed on the
third day after hospital admission (Table 1).

Discussion
False-negative PCR results may lead to inadequate isolation of infectious patients and consequently cause more infections.7 In contrast, false positives cause
panic among healthcare professionals and waste human and material resources due to unnecessary isolation and testing of contacts.8
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A Taiwanese study examining 2,500 close contacts of 100 COVID-19 patients reported that all 22 secondary cases had their �rst exposure to COVID-19 within
6 days of symptom onset in the index case, and none of the 850 contacts who were in contact thereafter were infected.6

A Chinese study reported that COVID-19 transmission may occur as early as 2.3 days before symptom onset and peak transmissibility is reached at 0.7 days
before symptom onset. The transmissibility gradually decreases thereafter.9

Furthermore, since the infectious virus is rarely isolated from immunocompetent patients 7–10 days after symptom onset, the CDC suggests discontinuing
precautions and isolation after 10 days.10 However, studies have detected replication-competent viruses in respiratory or fecal specimens from patients in
severe or critical conditions and immunocompromised COVID-19 patients for over 10 days after symptom onset.11,12

It has also been reported that asymptomatic or pre-symptomatic patients infected with SARS-CoV-2 can transmit the infection.13 In our study, the virus was
detected in Patient 4 in the pre-symptomatic stage. The virus was detected in patients with mild symptoms or those not administered antiviral agents in the
pre-symptomatic stage. The virus was detected for up to 8 days after symptom onset in patient 1.

In South Korea, all COVID-19 patients are isolated in negative pressure rooms or community treatment centers regardless of whether they are symptomatic or
asymptomatic.14,15

When practicing test-based strategies, isolation is discontinued only if the patient tests negative in two real-time PCR tests performed at least 24 h apart.
However, prolonged viral RNA detection does not indicate prolonged transmissibility.16

The reported Ct of viable SARS-CoV-2 detection varies widely from < 24 to < 32.17,18 A study reported that the infectious virus was not detected when the viral
RNA load was < 106.16 However, previous studies did not consider the effects of antiviral agents. In this study, we observed that the virus was detected for up
to 8 days after symptom onset or hospital admission in patients with mild symptoms and without lopinavir/ritonavir administration. However, no viable virus
was detected in any of the specimens obtained from patients who were administered lopinavir/ritonavir.

An open-label randomized trial with patients hospitalized for COVID-19 reported that a 10-day course of lopinavir-ritonavir did not reduce 28-day mortality or
mechanical ventilation requirements.19 Analysis of tissue distributions of antiviral drugs to reduce viral loads in COVID-19 treatment revealed that drugs with
poor lung distributions, such as lopinavir/ritonavir, umifenovir, and remdesivir, were insu�cient to inhibit viral replication. Based on the distribution pro�le,
lopinavir/ritonavir might inhibit SARS-CoV-2 more e�ciently in the gastrointestinal tract.20 Therefore, lopinavir/ritonavir administration may not be appropriate
for therapeutic purposes.

Lopinavir/ritonavir showed signi�cant inhibitory effects on SARS-CoV-2 in vitro at its usual plasma concentration.21 Lopinavir is a proteinase inhibitor that
blocks a post-entry step in the Middle Eastern respiratory syndrome coronavirus replication cycle.22 This study suggests that respiratory specimens in patients
who were administered lopinavir/ritonavir may contain the drug that inhibits SARS-CoV-2.

To our knowledge, no previous study has explored the possibility of using lopinavir/ritonavir to reduce infectious viral shedding or control infections. The
results of this study suggest that immunocompetent patients administered lopinavir-ritonavir may discontinue infection control precautions within 10 days;
this would lead to more �exible operation of hospital wards and shorten the isolation period of patients, thereby combating healthcare system overload by
increasing the available number of intensive care unit beds.

Our study suggests that more research is needed on the effect and mechanism of action of lopinavir-ritonavir in COVID-19 transmissibility, along with research
on the capacity of short-term lopinavir-ritonavir administration to induce viral resistance as well as any subsequent side effects of the treatment. It would be
prudent to investigate the effect of other antiviral agents such as remdesivir on COVID-19 transmissibility.

A limitation of this study is that it was a single-institution study with a small sample size of seven patients. Only four patients who received treatment with
lopinavir/ritonavir underwent culture testing.

To the best of our knowledge, this study is the �rst to report that SARS-CoV-2 may be continuously detected in patients with mild symptoms who are not
administered antiviral agents for up to 8 days and that viable SARS-CoV-2 is not detected in immunocompetent COVID-19 patients after lopinavir/ritonavir
administration. This study suggests that lopinavir/ritonavir may have some effect on the transmissibility of COVID-19; therefore, its use may provide a
suitable option to reduce the isolation time of affected patients.
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Figure 1

Timing of presence or absence of viable SARS-CoV-2 on Vero E6 cells and cycle threshold values of (a) all 104 serial respiratory samples obtained from seven
patients diagnosed with COVID-19, (b) 47 serial respiratory samples obtained from four patients treated with lopinavir/ritonavir during their hospital stay, and
(c) 57 serial respiratory samples obtained from three patients not treated with any antiviral agent during the complete course of their hospital stay.
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Figure 2

Comparison of viral RNA loads (log10 RNA copies, N-gene) at days post-hospital admission in (a) upper and (b) lower respiratory tract samples from patients
treated with lopinavir/ritonavir or not treated with antiviral agents.
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