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Abstract

The purpose of this study was to compare the effectiveness of Atazanavir/Ritonavir/
Dolutegravir/Hydroxychloroquine and Lopinavir/Ritonavir/Hydroxychloroquine
treatment regimens in COVID-19 patients based on clinical and laboratory para-
meters. We prospectively evaluated the clinical and laboratory outcomes of 62
moderate to severe COVID-19 patients during a 10-day treatment plan. Patients
were randomly assigned to either KH (receiving Lopinavir/Ritonavir [Kaletra] plus
Hydroxychloroquine) or ADH (receiving Atazanavir/Ritonavir, Dolutegravir, and
Hydroxychloroquine) groups. During this period, clinical and laboratory parameters
and outcomes such as intensive care unit (ICU) admission or mortality rate were
recorded. Compared to the KH group, after the treatment period, patients in the
ADH group had higher activated partial thromboplastin time (aPTT) (12, [95% con-
fidence interval [Cl]: 6.97, 17.06), p = <0.01), international normalized ratio (INR)
(0.17, [95% CI: 0.07, 0.27), p = <0.01) and lower C-reactive protein (CRP) (-14.29,
(95% CI. -26.87, -1.71), p=0.03) and potassium (-0.53, (95% Cl: -1.03, -0.03),
p = 0.04) values. Moreover, a higher number of patients in the KH group needed
invasive ventilation (6 (20%) vs. 1 (3.1%), p = 0.05) and antibiotic administration (27
(90%) vs. 21(65.6), p = 0.02) during hospitalization while patients in the ADH group
needed more corticosteroid administration (9 (28.1%) vs. 2 (6.7%), p = 0.03). There
was no difference in mortality rate, ICU admission rate, and hospitalization period
between the study groups. Our results suggest that the Atazanavir/Dolutegravir
treatment regimen may result in a less severe disease course compared to the Lo-
pinavir/Ritonavir treatment regimen and can be considered as an alternative treat-
ment option beside standard care. However, to confirm our results, larger-scale

studies are recommended.
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1 | INTRODUCTION

More than a year after its emergence, the COVID-19 pandemic is still
raging around the world and shows no signs of stopping. The disease
that first emerged from Wuhan, China in December 2019, has now
infected more than 100 million people and caused more than two
million deaths.?

Based on the disease characteristics and virus lineage, the first
worldwide line of treatment was considered to be the drugs that had
shown positive outcomes in the treatment of similar conditions like
severe acute respiratory syndrome (SARS) and the Middle East re-
spiratory syndrome (MERS); drugs such as Ribavirin, Interferon, Lo-
pinavir/Ritonavir, and Arbidol.>”” Unfortunately, these drugs were
not quite successful in lowering the mortality rate of COVID-19, thus
genomic characterization of the virus initiated an international effort
to find a cure for the disease.’

The virus responsible for the disease, first named 2019-nCOV
and later officially designated as severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), is a member of Coronaviridae family of
viruses. SARS-CoV-2 is the seventh coronavirus strain that has been
associated with human diseases including common cold (HCoV-229E,
HCoV-HKU1, and HCoV-0OC43), respiratory tract infections and
bronchitis (HCoV-NL63), SARS (SARS-CoV), and MERS (MERS-
CoV).” "3

SARS-CoV-2 contains four different structural proteins: Envel-
ope (E) protein that facilitates virus assembly and budding, Mem-
brane (M) that is associated with maturity and the final form of the
virus, Nucleocapsid (N) which is involved in virus assembly by binding
to RNA and Spike (S) that is responsible for virus entry to the host cell
via the angiotensin-converting enzyme 2 (ACE2) receptor and is vital
to its infectivity.'* 1 After cell entry, the viral genome will be
translated into two major polypeptide chains and subsequently
truncated into 16 nonstructural proteins (nsp1-nsp16) by viral pro-
teases such as coronaviral principal protease (3CLpro) and papain-like
protease (PLpro). These proteins are responsible for virus production
and assembly.*’~*7

One of the more common treatment regimens for COVID-19 is
Lopinavir/Ritonavir that is generally used in human im-
munodeficiency virus (HIV) treatment. Lopinavir is an aspartate
protease inhibitor for HIV-1 and has the ability to inhibit 3CLpro
activity, a major enzyme in viral replication, and Ritonavir is re-
sponsible for extending Lopinavir half-life in plasma via inhibiting
cytochrome p450.2°2% There is also evidence regarding their effec-
tiveness against SARS-CoV and MERS-CoV.*?? Using Ritonavir/Lo-
pinavir for COVID-19 has resulted in contradicting outcomes in
different studies,”®> ?° thus like many other treatment options, Lopi-
navir/Ritonavir cannot be considered as a definitive treatment for
COVID-19.

Atazanavir is another HIV/AIDS targeting drug that is seeing
more and more use as a COVID-19 treatment option. It is one of the
10 Food and Drug Administration-approved protease inhibitors of
HIV and can effectively reduce HIV viral load to undetectable
levels.?® Bioinformatics studies show that this drug might be able to

inhibit vital SARS-CoV-2 enzymes such as helicase and 3CLpro®”-?¢
thus making it a viable treatment candidate for COVID-19.

Dolutegravir, like previously mentioned drugs, is primarily used in
HIV treatment. This relatively new drug is an integrase strand
transfer inhibitor (INSTI) and is able to prevent the integration pro-
cess of viral DNA into the host genome.?’ Recent findings suggest
that Dolutegravir is capable of inhibiting SARS-CoV-2's 3CLpro pro-
tease by binding to the enzyme active sites.?’

Additionally, there are studies suggesting that people with HIV
that also contracted COVID-19, may have favorable outcomes® or
suffer from less severe hypoxemia®! compared to the general po-
pulation. These results in addition to in silico and in vitro effects of
anti-retroviral drugs such as atazanavir or dolutegravir suggest that
these drugs might have the ability to manage or treat the COVID-19
infection.

Thus, as current treatment options are clearly not efficient in
lowering the COVID-19 mortality rate, to examine these new treat-
ment candidates, in this study we compared the effects of the na-
tional treatment regimen (Lopinavir/Ritonavir plus
hydroxychloroquine) with a treatment regimen consisting of Ataza-

navir/Ritonavir/Dolutegravir plus hydroxychloroquine.

2 | MATERIALS AND METHODS

2.1 | Ethics statement

This study was reviewed and approved by scientific advisory and
ethical committees of the Iran University of medical sciences (Re-
gistration number: IRIUMS.REC.1399.1149) and before signing
written informed consent forms, all patients were given a complete

explanation about the study procedures and protocol.

2.2 | Study population

All the subjects for this study were selected among patients who
were referred to the Rasool-e-Akram general teaching hospital with
COVID-19 symptoms between January 30 and February 14, 2021.
Selected patients had confirmed moderate to severe COVID-19 in-
fection and needed hospitalization.

COVID-19 disease confirmation was in accordance with pub-
lished national guidelines with criteria consisting of three or more of
the following conditions: (1) cough, (2) weakness, (3) fever of
>38.5°C, (4) intense fatigue, (5) myalgia, (6) sore throat, (7) dyspnea,
(8) low appetite/Diarrhea/nausea, and (9) decreased awareness. Ad-
ditionally, COVID-19 would also be confirmed if the patient had one
or more of the following disease characteristics: (1) oxygen saturation
value of less than 93%, (2) disease confirmation based on chest
imaging results, and (3) a respiratory rate greater than 24 breaths per
minute.

After clinical confirmation, nasopharyngeal swab samples were

collected and SARS-CoV-2 specific reverse-transcriptase polymerase
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TAB LF 1 Baseline Fhéracteristics, KH ADH vl
comorbidities, and admission symptoms of
patients Age, mean = SD 58.77 £19.49 57.00+17.10 0.70
Gender (male), n (%) 12 (40) 16 (50) 0.43
Days with symptom before admission, mean £+ SD  6.90 + 3.58 6.72+4.74 0.87
Vital signs, mean + SD
Temperature 37.00+0.68 37.08 £0.68 0.68
Heart rate 94.96 £9.99 89.89 +£9.35 0.06
Respiratory rate 28.36 +24.98 20.50+2.94 0.12
Bp-S 117.67 £ 15.6- 119.67 +26.1- 0.72
9 6
Bp-D 71.67 +11.09 71.77 +8.97 0.97
SpO, 89.03+6.59 89.31+6.38 0.87
GCS 17.00 + 14.40 14.47 £1.32 0.33
Admission criteria, n (%)
Fever (238.5°C) 16 (55.2) 18 (60) 0.71
Cough 26 (86.7) 27 (87.1) 0.96
Dyspnea/tachypnea 25 (83.3) 20 (69) 0.19
ARI possibility 0 (0) 4 (14.8) 0.05
History of diseases, n (%)
Chronic cardiac disease 6 (21.4) 6 (19.4) 0.84
Hypertension 7 (24.1) 11 (34.4) 0.38
Chronic pulmonary disease 1(3.4) 2 (6.5) 1
Asthma 3(10.3) 1(3.2) 0.35
Chronic kidney disease 0 (0) 2 (6.5) 0.49
Chronic liver disease 0 (0) 1(3.2) 1
Diabetes 11 (37.9) 9(28.1) 0.41
Chronic neurological disorder 3(10.3) 1(3.2) 0.35
Hypothyroid 0 (0) 1(3.3) 1
History of drugs, n (%)
ACE inhibitors 2 (6.9) 4 (12.5) 0.67
ARBs 0 (0) 2 (6.5) 0.49
NSAIDs 0 (0) 3(9.7) 0.24
Symptoms during hospitalization, n (%)
Fever 18 (62.1) 19 (59.4) 0.83
Cough with sputum 5(17.2) 4 (13.3) 0.73
Cough with hemoptysis 2 (6.9) 2 (6.7) 0.73
Sore throat 1(3.4) 4 (12.5) 0.36
Chest pain 1(3.4) 2 (6.3) 1
Muscle aches 18 (62.1) 22 (68.8) 0.58
Fatigue/Malaise 17 (58.6) 22 (68.8) 0.41
Inability to walk 6(20.7) 6(18.8) 1

(Continues)
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TABLE 1 (Continued)

Headache

Altered consciousness

Vomiting/Nausea

Conjunctivitis

KH ADH p value
5(17.9) 5(15.6) 1

6 (16.7) 5(15.6) 0.82

7 (25) 8 (25) 1
1(3.6) 1(3.1) 1

Abbreviations: ACE, angiotensin-converting enzyme; ARBs, angiotensin |l receptor blockers;
ARI, acute respiratory infection; Bp-S, blood pressure-systolic; Bp-D, blood pressure-diastolic;
GCS, Glasgow Coma Scale; NSAIDs, nonsteroidal anti-inflammatory drugs; SpO,, oxygen saturation.

chain reaction (RT-PCR) tests were performed for all patients. Pa-
tients with negative RT-PCR test results were excluded from the
study. The discharge criteria during the study were: (1) general im-
provement in signs and symptoms, (2) SpO, greater than 93%, and (3)
being consistently afebrile for 48 h without the use of antipyretics.

2.3 | Drug administration

Patients were randomly assigned to two treatment groups and re-
ceived the designated medications for a period of 10 days: (1) KH
group received Kaletra (Lopinavir 400 mg/Ritonavir 100 mg tablets
twice a day) and Hydroxychloroquine (400 mg BD on the first day
and then 200mg BD) and (2) ADH group received Atazanavir
300 mg/Ritonavir 100 mg tablet once a day, Dolutegravir 500 mg
tablet once a day and Hydroxychloroquine 400 mg BD on the first
day and then 200 mg BD).

2.4 | Laboratory analysis

Multiple biochemical parameters were measured both at the time of
the admission and discharge using routine methods and commercial
kits. These parameters include complete blood count (CBC), creati-
nine, sodium, potassium, activated partial thromboplastin time (aPTT),
prothrombin time (PT), INR, alanine aminotransferase (ALT), aspartate
aminotransaminase (AST), creatine kinase, total bilirubin, urea (BUN),
lactate dehydrogenase (LDH), C-reactive protein (CRP), erythrocyte
sedimentation rate (ESR).

2.5 | Data collection

All demographics, clinical presentations, comorbidities, and drug
history were collected from patients. Clinical and laboratory
parameters were recorded both at the time of admission and dis-
charge. During hospitalization, additional necessary administered
drugs and procedures were also recorded. If patients were stable
enough to be discharged before the completion of the 10-day
treatment period, their well-being and drug consumption were
monitored daily.

2.6 | Statistical analysis

The descriptive statistics such as mean * standard deviation and
simple proportion were used to present continuous and categorical
variables respectively. To compare baseline characteristics the Stu-
dent t test or Mann-Whitney U test (in non-parametric distribution)
and the x2 (fisher exact test) test was used for continuous and ca-
tegorical variables respectively. The pair t test or Wilcoxon test was
used to assess the treatment effects on different laboratory para-
meters within groups. To compare treatment efficacy between the
two groups by adjusting baseline effects, the analysis of covariance
(ANCOVA) test was used. The a=0.05 was considered as a statisti-
cally significant level. All statistical analysis was performed using the
SPSS 20.0 software (SPSS).

3 | RESULTS

3.1 | Patients and baseline analysis

From January 3 and February 14, 2021, suspected COVID-19 pa-
tients referred to Rasool-e-Akram General-Teaching hospital were
consecutively screened and eligible patients with laboratory-
confirmed COVID-19 were included in this study. Overall, 62 pa-
tients entered the study. The mean age+SD of all patients was
57.85+18.17 and the frequency of females was slightly higher than
males (34 (55%) vs. 28 (45%)). One or more comorbidities were
present in 37 (59.7%) of patients at the time of admission. During the
study, patients were randomly assigned to either KH or ADH treat-
ment groups. As shown in Table 1, baseline characteristics such as
age, gender, vital signs, admission symptomes, history of drugs, history
of pre-existing conditions, and also symptoms during the hospitali-

zation period, were not significantly different between study groups.

3.2 | Effect of antiviral therapy on laboratory
parameters within each group

Comparison between admission and discharge laboratory data revealed
that KH treatment resulted in decreased LDH (455.91+123.2 vs.
711.09 £15542, p=<0.01) and ESR (25.9+26.17 vs. 54.8+21.06,
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TABLE 2 Comparison between admission and discharge laboratory results within treatment groups

KH (admission)

KH (discharge)

Hb 12.72+1.91 12.46+2.30
WBC 7.79 +4.06 7.93+3.58
Hematocrit 37.15+6.02 37.32+5.85
Platelets 195.78 +59.88 227.57 +120.4-
8
APTT 40.95+24.10 31.90+8.79
PT 14.59 +1.46 14.53+2.06
INR 1.18+0.171 1.11+0.14
ALT 29.33+£15.19 44.25+33.01
Total bilirubin 0.72+0.38 0.66+0.46
AST 37.25+8.45 40.33+28.78
Urea 22.69 +21.70 26.46+28.93
Creatinine 1.32+0.57 1.31+0.84
Sodium 138.11+4.09 138.14+4.81
Potassium 4.49 +0.68 4.51+0.79
CRP 44.73 £10.85 31.64 +19.37
LDH 711.09 + 155.4- 455.91 +123.2-
2 0
CK 169.50 + 143.6- 127.00 + 147.5-
5 9
ESR 54.80+21.06 25.90+£26.17
SpO, 88.26 +6.48 94.04 +6.29

MEDICAL VIROLOGY

_WILEY—**

p value ADH (admission) ADH (discharge) p value
0.32 12.58+1.35 12.87+1.73 0.70
0.88 8.06 +4.37 8.88+4.77 0.26
0.87 36.30+6.48 38.28+5.03 0.12
0.18 224.08 +95.12 290.08 £113.03 0.01
0.08 38.78+17.19 42.86+20.16 0.47
0.84 14.94+4.13 14.06 £ 3.50 0.58
0.12 1.24+0.69 1.16 £0.25 0.73
0.16 32.73+17.94 45.63+29.70 0.18
0.26 1.07 £0.54 1.65+1.16 0.06
0.75 37.46+13.76 35.46 +15.58 0.58
0.22 22.54+26.41 30.02 +£32.64 0.01
0.07 1.28+0.90 1.25+0.72 0.43
0.98 137.44+3.15 138.35+2.72 0.32
0.94 4.33+0.61 4.02+0.97 0.30
0.07 43.88 £9.50 16.88 +14.27 <0.01
<0.01 709.13 +£337.71 418.13+137.21 <0.01
0.33 175.12+178.95 64.23 £46.97 <0.01
0.01 54.41+27.57 39.82+28.64 0.03
<0.01 89.06 +6.33 93.10+6.32 <0.01

Abbreviations: aPTT, activated partial thromboplastin time; ALT, alanine Transaminase; AST, aspartate aminotransferase; CK, creatine kinase;
CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; Hb, hemoglobin; INR, international normalized ratio; LDH, lactate dehydrogenase;

PT, prothrombin time; SpO,, oxygen saturation; WBC, white blood cells.

p=0.01) and ADH treatment resulted in increased platelet count
(290.08 +113.03 vs. 224.08+95.12, p=0.01), urea (30.02 +32.64 vs.
22.54+2641, p=0.01) and decreased CRP (16.88+14.27 vs.
43.88+9.50, p<0.01), LDH (418.13+137.21 vs. 709.13+337.71,
p < 0.01), creatine kinase (64.23 +46.97 vs. 175.12+178.95, p = <0.01)
and ESR (39.82 +28.64 vs. 54.41 +27.57, p =0.03) (Table 2).

Furthermore, O, saturation on discharge was significantly
improved in both KH and ADH groups compared to values at ad-
mission date (94.05 vs. 88.26, p < 0.01 and 93.1 vs. 89.06, p < 0.01)
although ANCOVA analysis showed no differences between the
treatment groups (-1.489, (95% Cl: -3.92, 0.941) p=0.22)
(Table 3).

3.3 | Laboratory parameter differences between
study groups

ANCOVA analysis of the admission and discharge laboratory data
(Table 3) revealed that compared to KH treatment, ADH treatment

resulted in a slightly elevated aPTT (mean difference: 12 [95% ClI,
6.97,17.06], p = <0.01) and INR (mean difference: 0.17 [95% ClI, 0.07,
0.27], p < 0.01) values and decreased CRP (mean difference: -14.29
[95% Cl, -26.87, -1.71], p =0.03) and potassium (mean difference:
-0.53 [95% Cl, -1.03, -0.03], p = 0.04) values.

Additionally, compared to the KH group, we observed that ADH
treated patients generally had higher platelets count (mean differ-
ence: 59.80 [95% Cl, -3.10, 122.70], p = 0.06) and lower creatine
kinase values (mean difference: -64.46 [95% CI, -132.18, 3.25],
p =0.06), although these differences did not reach statistical

significance.

3.4 | Outcome and supplementary treatment
differences between study groups

During the hospitalization period, additional required treatment and
procedures were recorded. Comparing the data from both treatment

groups showed that a higher number of patients in the KH group



6562
—I—Wl LEY-

KALANTARI ET AL.

MEDICAL VIROLOGY
Mean difference (ADH-KH)-CI 95% F p value
Hb 0.26 (95% Cl: -0.57, 1.1) 0.48 0.50
WBC 0.77 (95% CI: -0.99, 2.54) 0.77 0.38
Hematocrit 1.27 (95% Cl: -1.43, 4.01) 0.87 0.35
Platelets 59.80 (95% Cl: -3.10, 122.70) 6.97 0.06
aPTT 12 (95% Cl: 6.97, 17.06) 30.1- <0.01
5
PT -0.14 (95% CI: -2.01, 1.73) 0.02 0.88
INR 0.17 (95% Cl: 0.07, 0.27) 12.6- <0.01
4
ALT -0.02 (95% Cl: -21.62, 21.57) 0.00- 1
0
Total bilirubin ~ 0.64 (95% CI: -0.1, 1.39) 3.2 0.09
AST -4.88 (95% Cl: -19.63, 9.87) 0.45 0.51
Urea 3.70 (95% Cl: -8.97, 16.36) 0.34 0.56
Creatinine -0.02 (95% ClI: -0.34, 0.30) 0.02 0.90
Sodium -10.28 (95% Cl: -24.86, 4.30) 2.00 0.16
Potassium -0.53 (95% Cl: -1.03, -0.03) 4.54 0.04
CRP -14.29 (95% Cl: -26.87, -1.71) 5.47 0.03
LDH -37.70 (95% Cl: -138.36, 62.95) 0.58 0.45
CK -64.46 (95% Cl: -132.18, 3.25) 3.9 0.06
ESR 14.10 (95% Cl: -5.80, 34.00) 2.10 0.16
SpO, -1.489 (95% Cl: -3.92, 0.941) 1.51 0.22

TABLE 3 ANCOVA analysis of
treatment efficacy between ADH and KH
treatment groups regarding the laboratory
parameters from before and after the
treatment period

Partial eta squared
0.04
0.01
0.02
0.63

0.79

0.001

0.36

0.001

0.12
0.01
0.01
.0001
0.04
0.09
0.18
0.02
0.15
0.07
0.03

Abbreviations: ALT, alanine transaminase; ANOVA, analysis of variance; aPTT, activated partial
thromboplastin time; AST, aspartate aminotransferase; CK, creatine kinase; CRP, C-reactive protein;
ESR, erythrocyte sedimentation rate; Hb, hemoglobin; INR, international normalized ratio,

LDH, lactate dehydrogenase; PT, prothrombin time; SpO,, oxygen saturation; WBC, white blood cells.

required invasive ventilation (6 (20%) vs. 1 (3.1%), p = 0.05) and an-
tibiotic administration (27 (90%) vs. 21 (65.6), p = 0.02), while more
patients in the ADH group required corticosteroid administration (9
(28.1%) vs. 2 (6.7%), p = 0.03). However, the mortality rate (6 (20%)
vs. 3 (9.4%) for KH and ADH groups respectively, p = 0.20), ICU ad-
mission rate (9 (30%) vs. 4 (12.5%), p=0.09), and hospitalization
period (7.1+6.44 vs. 7.19+4.63, p=0.95) were not significantly
different between the two treatment groups (Table 4).

4 | DISCUSSION
As the infection rate of COVID-19 shows no signs of slowing down
and due to its substantial transmission potential, it is quickly be-
coming one of the deadliest pandemics in modern history with a
death toll of more than two million globally.?

In the present study, we compared the efficacy of two treatment
regimens, Lopinavir/Ritonavir (Kaletra) plus Hydroxychloroquine and
Hydroxychloroquine, in

Atazanavir/Ritonavir/Dolutegravir  plus

Covid-19 patients. Our results showed that Atazanavir/Dolutegravir
treatment regimen may have a significant advantage over the more
common Lopinavir/Ritonavir regimen in the treatment of COVID-19
as patients in the ADH group required less aggressive or supple-
mentary treatments and had more favorable laboratory test results at
discharge date.

From the beginning of the pandemic, several drugs have been in
the center of attention as a possible cure for COVID-19 including,
Hydroxychloroquine, Remdesivir, Lopinavir/Ritonavir, Ribavirin, In-
travenous immunoglobulin (IVIG), Interferon, ete.®? Unfortunately,
despite the efforts, no definitive cure has been identified to date.

One of the more common treatment options is Lopinavir/Rito-
navir (Kaletra), a well-known protease inhibitor that is primarily used
in HIV treatment. Computerized models revealed that Lopinavir/Ri-
tonavir is able to effectively inhibit the SARS-CoV-1 and SARS-CoV-2
protease (3CLpro).>*>** Translating these computerized models into
in-vitro and in-vivo studies showed that Lopinavir/Ritonavir is able to
inhibit SARS-CoV-1 and MERS-CoV replication and cytopathic ef-
fects in fRhK4, Vero-E6, and Huh7 cells?>*> and improved the
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TABLE 4 Comparing outcome and supplementary treatment
procedures between two groups

KH ADH p value

Intravenous fluids 24 (82.8) 23 (74.2) 0.42
ACE inhibitors 1(3.4) 6 (20.7) 0.10
IVIG 3(10.3) 3(10.3) 1

ICU admission 9 (30) 4 (12.5) 0.09
Oxygen therapy 23 (79.3) 27 (84.4) 0.61
Noninvasive ventilation 5(17.2) 1(3.1) 0.09
Invasive ventilation 6 (20) 1(3.1) 0.05
Inotropes or vasopressors 24 (82.8) 23 (74.2) 0.42
ECMO 2(6.7) 0 (0) 0.23
Prone position 1 (3.3) 0 (0) 0.48
Additional antiviral drugs 1(3.3) 2(6.3) 1

Antibiotic 27 (90) 21 (65.6) 0.02
Corticosteroid 2(6.7) 9 (28.1) 0.03
Plasma freeze 2 (6.7) 0 (0) 0.23
Actemra (Tocilizumab) 0 (0) 2 (6.3) 0.49
Hospitalization period (days) 710+ 6.4- 7.19 £4.6- 0.95

4 8
Death 6 (20) 3(9.4) 0.29

Abbreviations: ACE, angiotensin-converting enzyme;
ECMO, extracorporeal membrane oxygenation; IVIG, intravenous
Immunoglobulin.

clinical, radiological and pathological findings in an animal (common
marmoset) model of MERS-CoV infection.?? Based on these results,
Lopinavir/Ritonavir was considered as a treatment option in SARS
and MERS disease outbreaks and a 400/100 mg dose for a period of
10-14 days proved to be effective in reducing the mortality, in-
tubation, and ARDS development rates in SARS patients and showed
a 40% decrease in the infection rates of healthcare workers exposed
to patients with severe MERS-CoV infection.>*>¢

Reproducing these relatively successful results in the COVID-19
pandemic has proven to be much more challenging as contradicting re-
sults are being reported. A case-control study consisting of a treatment
group receiving a dose of Lopinavir/Ritonavir (400/200 mg twice daily)
and a control group receiving Arbidol and Interferon, reported that Lo-
pinavir/Ritonavir use results in a much more rapid normalization of body
temperature and can significantly reduce the number of days required to
achieve a negative nCoV-RNA test result.”

Another study suggested that Lopinavir/Ritonavir may work
better in a combination treatment regimen than monotherapy. The
study, compared Lopinavir/Ritonavir monotherapy (400/200 mg
twice daily) with Lopinavir/Ritonavir plus Arbidol (200 mg every 8 h)
combination treatment and reported that the combination treatment

resulted in a higher rate of improvements in chest CT scans after 7
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days (69% vs. 29%) and also higher negative RT-PCR results at 7 and
14 days after treatment.*®

Other studies reported better results from other drugs in com-
parison to Lopinavir/Ritonavir. Arbidol monotherapy for 7 days
(200 mg three times a day) in comparison to Lopinavir/Ritonavir
(400/100 mg twice daily) resulted in a much better viral load resolve
(0% vs. 44.1%) and a shorter duration of positive RNA test.>” Also,
Favipiravir (1600 mg twice daily) plus interferon-a (5 million U twice
daily) compared to Lopinavir/Ritonavir (400/100 mg twice daily) plus
interferon-a (5 million U twice daily) showed a better viral clearance
(4 (2.5-9) days vs. 11 (8-13) days) and higher resolution in chest
abnormalities (91.43% vs. 64.22%).°

Another study comparing Lopinavir/Ritonavir (400/100 mg twice
daily) with standard care (with no antiviral therapeutic agents) for a
duration of 14 days reported that treatment with Lopinavir/Ritonavir
had no significant advantages regarding the clinical improvement,
mortality rate, and viral RNA clearance of patients.”®

These results suggest that although Lopinavir/Ritonavir treat-
ment may prove effective in some cases, it cannot be regarded as a
reliable or definitive treatment option for COVID-19.

In the present study, although patients in the KH group had a
high mortality rate (20%), this might be due to the fact that only
moderate and severe COVID-19 patients were included in the study.
The remaining patients were all discharged from the hospital and
were clinically stable, had obvious signs of disease resolve, and
showed improvement in their chest CT scan results. Due to the study
design and in the absence of a control group with no antiviral
treatment, we cannot confirm or deny the advantages of the Lopi-
navir/Ritonavir treatment regimen compared to standard care.

Dolutegravir is a relatively new INSTI drug that is also used in
treating AIDS. Like the other treatment options, Dolutegravir has
also been shown to be a potent inhibitor of SARS-CoV-2
3CLpro.?” Further bioinformatic approaches revealed that Do-
lutegravir can also inhibit the SARS-CoV-2's 2'-O-ribose me-
thyltransferase (2'-O-MTase) (nsp-16), an enzyme responsible for
viral messenger RNA methylation that prevents the host immune
system from recognizing and responding to these viral ele-
ments.** To the best of our knowledge, this is the first time that
Dolutegravir has been used as a treatment option in COVID-19
patients.

Atazanavir, another drug that's used primarily in HIV patients
also shows potential as a candidate for COVID-19 treatment. Studies
revealed that Atazanavir may be able to inhibit different SARS-CoV-2
proteins such as 3CLpro,27 Helicase,”® and these results have since
been confirmed in an in-vitro study showcasing the inhibition of
SARS-CoV-2 replication and ameliorating the induced interleukin-6
and tumor necrosis factor-a production in both Vero cells and human
pulmonary epithelial cell line.*? An study evaluating the Atazanavir/
Ritonavir (300/100 mg daily) plus Hydroxychloroquine (400 mg BD
on the first day and then 200 mg BD) combination treatment for 7
days in moderate and severe COVID-19 patients concluded that al-
though this treatment regimen may be effective in patients with
moderate disease, it is not beneficial in patients with SpO, lower than
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90% and the SpO, was the only predictor of outcome in the study
population.*®

Studies regarding the therapeutic effect of Atazanavir in COVID-
19 are scarce, thus the exact efficacy of Atazanavir as a treatment
option has not been confirmed. In the present study, patients in the
ADH group showed significant improvements in oxygen saturation
and clinical and paraclinical characteristics. However, this fact should
be considered that these results might have been due to a synergetic
effect with Dolutegravir or even Dolutegravir alone.

The following limitations were present in our study and should
be taken into consideration before interpretation of our findings. In
the current study, we could not determine the efficiency of either of
the treatment regimens compared to standard care as we did not
have a control group. Our study population was relatively small and
our results showed an advantage in the Atazanavir/Dolutegravir
group compared to Lopinavir/Ritonavir group, and to precisely de-
termine the efficiency of the Atazanavir/Dolutegravir regimen a more
comprehensive study with a larger study population is recommended.
Some laboratory tests required for determining the efficiency of
treatment regimens were not repeated at discharge date for a

number of patients.

5 | CONCLUSION

Based on our results, Atazanavir/Ritonavir/Dolutegravir plus Hy-
droxychloroquine shows noticeable advantages compared to Lopi-
navir/Ritonavir plus Hydroxychloroquine in treating COVID-19
patients. Due to the small size of the study population and until a
more comprehensive study reports a definitive advantage of the
Atazanavir/Ritonavir/Dolutegravir regimen, we can only suggest this
combination treatment as an alternative option to be used alongside

the standard care procedures.
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