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EXPERIMENTAL AND CLINICAL EVALUATION OF MEFLOQUINE EFFECTIVENESS AGAINST THE
INFECTION CAUSED BY SARS-COV-2
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The efficacy of mefloquine has not been studied in the in vivo experiments and clinical trials involving COVID-19 patients. The study was aimed to assess the effects
of mefloquine on the SARS-CoV-2 accumulation in the lungs of infected animals and to study the efficacy and safety of mefloquine compared to hydroxychloroquine
in patients with COVID-19. During the experiment, a total of 96 Syrian hamsters were infected with SARS-CoV-2. Accumulation of the virus in lungs was compared
in the groups of animals treated with mefloquine and ribavirin - and in the control group. During the clinical trial, the mefloquine and hydroxychloroquine safety and
efficacy in patients with mild and moderate COVID-19 (172 individuals) was assessed based on the symptom changes over time and the computed tomography
results. The experiment showed that the SARS-CoV-2 accumulation in the lungs of Syrian hamsters 6 days after infection and mefloquine treatment was 2.2 +
0.18 Ig PFU/g, which was lower (p < 0.05) than in the control group (3.5 + 0.21 Ig PFU/g) and ribavirin group (5.2 + 0.05 Ig PFU/g). During the clinical trial, it was
found that 50.0% of patients in the mefloquine group and 32.4% in the hydroxychloroguine group (o < 0.05) developed a mild disease, and the completely resolved
respiratory failure was registered in 76.5% and 44.6%, respectively (p < 0.001). Adverse events were observed in 86.7 % and 77% of patients in the mefloquine
and hydroxychloroquine groups, respectively (p > 0.05). Thus, during the experiment, mefloquine contributed to the faster virus titer reduction in the lungs. During
the clinical trial, the mefloquine efficacy was non-inferiority or, based on a number of indicators, higher compared to hydroxychloroquine, with comparable safety.
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OLEHKA 3®®EKTUBHOCTUN ME®JIOXVUHA B OTHOLLEHUN NH®EKLUN, BBISBAHHOW SARS-COV-2 B
KNMMHNYECKUX N SKCMNMEPUMEHTAJIbHbIX YCNOBUAX

K. H. ®unvn, B. . Magknx =, B. H. BeikoB
Hay4Ho-npor3BoACTBEHHDBIN LIeHTP «DPapm3aluTta» PefepanbHoro Meagmko-o1onormyeckoro areHTcTea, Xumkin, MockoBckast 0b1., Poccus

OPPHEKTNBHOCTb MEDNOXMHA B SKCMEPUMEHTAX N ViVO N KNMHUYECKNX MCcneaoBaHnax y naupeHtoB ¢ COVID-19 He ycTaHoBneHa. Llenbto nccnegosaqms 6bi1o
OUEHUTb BANSHWE MednoxmHa Ha HakonneHne SARS-CoV-2 B nerkux MHMUUMPOBaHHBIX XXUBOTHbBIX 1 M3y4iTb aheKTUBHOCTL 1 6e30MnacHOCTb MedioxmHa
B CPaBHEHUW C MMOPOKCUXIIOPOXMHOM MpKn nedeHnn naupeHTtoB ¢ COVID-19. B xome akcnepumeHTa 96 CUPUIACKNX XOMSAKOB MHMUMpoBann SARS-CoV-2.
OueHvBan HakoMeHVe BUPYCa B NIETKVIX B MPYMMax XMBOTHbIX, KOTOPbIM BBOLWIN MECIOXMH, MPenapar CpaBHEHNS PUOaBMPUH 1 KOHTPOSS. B xoae KIMHMHYeckoro
1cenenoBaHys 6e30MacHOCTb M 3dEKTUBHOCTb MeIOX1HA 1 MTMOPOKCUXIOPOXMHA B NedeHnn nauyeHTos ¢ COVID-19 ¢ nerknum 1 cpefHe-TskenbiM TeHeHEM
3aboneBaHns (172 ydacTHMKa) OLeHVBanM Mo AMHAMUKE CYMMTOMOB W pPe3ynkTaTtam KOMMbIoTEPHOM ToMorpadun. B pesynstaTte akcnepuMeHTa HakomnneHme
SARS-CoV-2 B nerkunx CUpUNCKNX XOMSIKOB Yepe3 6 CyTOK Mocne 3apakeHns 1 nedeHns mednoxvHom coctaswno 2,2 + 0,18 Ig BOE/r, 41O ObINo Hke
(o < 0,05), 4em B rpynne koHTpona (3,5 + 0,21 Ig BOE/r) 1 B rpynne pubasmpuHa (5,2 + 0,05 Ig BOE/T). B pesynstate knnHndeckoro ncenepgosarng 50,0%
nauveHToB B rpynne MednoxvHa n 32,4% B rpynne rmapokcuxiopoxvHa (o < 0,05) 4OCTUrM Nerkor CTeneHn TsxecTu 3abonesanvs, y 76,5% 1 44,6%
COOTBETCTBEHHO 3aperncTpypoBann NOIHOE pa3peLleHne ApixatenbHon HepocTatouHocT (o < 0,001). HexkenaTenbHble sBneHns Habnioganmcb y 86,7 1y
77% nauneHToB B rpynnax MednoxuHa 1 rmapoKCUXIopoxHa COOTBETCTBEHHO (0 > 0,05). Taknum 06pasdom, MedioxvH B aKCreprMeHTe cnocobcTeoBan bonee
ObICTPOMY CHUXKEHWIO TUTPA BMpYCa B IETKUX, a B XOAE KIMHUHYECKNX UCCNefoBaHmin apeKkTVBHOCTL MednoxmHa bbina He Xy>ke, a Mo HEKOTOPbLIM NoKa3aTensim

NydLle, Yem y rMapOKCUXIIOPOXMHA, MPW CPaBHUMOK 6€30MacHOCTU.
KntoyeBble cnosa: rmapokcnxiopoxmH, SARS-CoV-2, MednoxmnH, MpoTUBOBMUPYCHas akTuBHOCTb, COVID-19
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Quinoline derivatives, hydroxychloroquine and chloroquine,
are the antimalarials that have proven effective in treatment
of infections, caused by coronaviruses [1]. The drugs have
a similar chemical structure and pharmacological activity,
however, hydroxychloroquine is less toxic [2]. It has been
shown that EC_ of hydroxychloroquine against SARS-CoV-2
in vitro in case of adding the drug 1 h before infection is
4.51-12.96 pM, and the cytotoxic dose is 100 times higher [2].
In case of adding hydroxychloroquine to the culture medium 2 h
after infection with SARS-CoV-2, EC,is 0.72-6.14 uM [3]. The
above mentioned concentrations can be achieved in vivo after
receiving the 400 mg therapeutic dose of the drug, given that
the drug levels in lungs are 6 times higher than plasma levels.

Mefloquine is one more antimalarial that have proven
effective against SARS-CoV-2 in vitro [4, 5]. The activity of
mefloquine against causative agents of a number of dangerous
viral infections [6, 7], including coronaviruses [8-10], has
been established. It has been shown that mefloquine inhibits
cytopathic effects of the coronavirus in cell culture and prevents
the virus from replication at a concentration not exceeding
10 uM (4 pg/L) [9]. Clarification of the dosing ranges has
established that in vitro suppression of SARS-CoV-2 replication
is achieved by adding mefloquine to the Vero C1008 cell
culture at a concentration exceeding 1.25 uM (0.5 pg/mL).
Furthermore, the concentration of mefloquine sufficient for
SARS-CoV-2 elimination could be achieved 2-3 days after
starting taking the drug at a dose equivalent to therapeutic
dose [5, 10, 11].

Based on the positive results obtained in experimental
studies and clinical trials [12, 13], hydroxychloroquine was
included in the treatment regimen for patients with COVID-19
in many countries of the world, including Russia [14]. Antiviral
activity of mefloquine against SARS-CoV-2, revealed during
the experiment, contributed to mefloquine inclusion in the
guidelines for treatment of patients with COVID-19, issued by
the Ministry of Health of the Russian Federation in 2020 [14].

Regardless of the fact, that mefloquine has been approved
as a treatment for patients with COVID-19, to date, no in vivo
experimental studies of mefloquine effects on the course of the
disease, as well as clinical trials of mefloquine efficacy against
the novel coronavirus infection, have been carried out. This has
defined the relevance of the study.

The study was aimed to assess the effects of mefloquine on
the SARS-CoV-2 accumulation in the lungs of infected animals
and to study the efficacy and safety of mefloquine compared to
hydroxychloroquine in patients with COVID-19.

OPUIMMHAJIBHOE NCCJIEQQOBAHNE | ®APMAKOJIOIMNA

METHODS
Experimental procedure

The study involved male Syrian hamsters with body weight of
50-70 g (RMC “Home of Pharmacy»; Russia). The animals were
kept under standard housing conditions, with free access to
water and 12 h/12 h day/night cycle. The drug was suspended
in the 1% starch solution, and the animals received the oral
gavage of 100 pL daily for six days according to the following
scheme: days 1 and 2 — 8.8 mg/kg; days 3-6 — 3.3 mg/kg. The
controls received the 1% starch solution according to the same
scheme. Ribavirin (Dragon Hwa ChemPharm Co. Ltd; China),
administered by the intramuscular route at a dose of 14.3 mg/kg
once a day for six days, was used as a reference substance.
Each group included 10 animals.

The virus used was variant B of SARS-nCoV (48th Central
Research Institute, Federal State Budgetary Institution under
the Ministry of Defense of the Russian Federation). The
infecting preparation was prepared using the Vero C1008 cell
culture; multiplicity of infection was 1 PFU (plague-forming unit)
per cell. The viral activity in the reference culture was 7.4 Ig
PFU/mL, and the cytopathic effect (CPE) was 6.5 CPE50/mL.
The animals were infected orally at a dose of 3 x 10° PFU and
followed up for 7 days. Virus accumulation (lg PFU/g) in lungs
was assessed in animals, receiving mefloquine, compared to
the control animals and animals, receiving ribavirin, on days
1, 2, 4 and 6 after infection. In addition, inhibitory quotient and
the decrease in the virus accumulation in lungs were calculated.

Clinical trial

The open-label randomized multicenter comparative study of
the efficacy and safety of mefloquine and hydroxychloroquine
off-label use in treatment of patients with novel coronavirus
infection, caused by SARS-CoV-2, was carried out in accordance
with paragraph 3 of the Decree of the Government of the
Russian Federation Ne 441 of 03.04.2020 from April 7, 2020
to July 21, 2020.

Inclusion criteria: male and female patients over 18 years of
age with mild or moderate novel coronavirus infection, confirmed
by PCR test for identification of viral RNA; hospitalization
of the patient; submitted informed consent to participation
(a total of 172 individuals). The patients with moderate course
of the disease accounted for over 95%. The recommended
classification was used to define the disease severity [14].

Table 1. Results of assessing the infectious SARS-CoV-2 titre in the lungs of Syrian hamsters

Day after infection
Drug Parameters
1 2 4 6

Control Virus accumulation, Ig PFU/g, M + ¢ 6.0 = 0.21 6.0 + 0.38 6.3 + 0.04 3.5+0.21"
Virus accumulation, Ig PFU/g, M + ¢ 6.8 + 0.07 5.8 +0.07 6.2 + 0.04 22+0.18

Mefloquine Decrease in virus accumulation, Alg no 0.28 0.03 1.34

Inhibitory quotient, % no 47.5 7.4 95.5
Virus accumulation, Ig PFU/g, M + ¢ 6.2 + 0.04 5.0 +0.06 6.4 + 0.03 5.2 + 0.05*

Ribavirin Decrease in virus accumulation, Alg no 0,08 no no

Inhibitory quotient, % no 171 no no

Note: * — the differences from the mefloquine group are considered significant when p < 0.05.
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Table 2. Comparative evaluation of mefloquine and hydroxychloroquine efficacy based on primary efficacy endpoints

Number of patients having reached the point, n (%) Average time for achieving the endpoint (SD), days
Indicator
Mefloquine Hydroxychloroquine Mefloquine Hydroxychloroquine
Developing mild disease 49/98° 24/74 1.3 100
ping (50.0%) (32.4%) (6.08) (10.34)
. . 33/74 6.5 4.4
0
Resolved respiratory failure 75/98# (76.5 %) (44.6 %) (6.40) (5.68)

Note: * — significant differences from the comparison group, p < 0.05; # — significant differences from the comparison group, p < 0.001.

Exclusion criteria: severe and critical COVID-19; neurological
and mental disorders; history of mental disorder; seizures or
low seizure threshold, epilepsy; cardiomyopathy, retinopathy;
pregnancy and lactation; liver failure or exacerbation of chronic
liver disease; active cancer; severe uncontrolled cardiovascular
disease; other disorders and conditions that prevented the
patients from the study participation.

The average age of the patients was 52.5 years, the ratio of
men to women was 45/55. The patients were randomized and
divided into two groups: the patients of group 1 (98 individuals)
were prescribed mefloquine. and the patients of group 2
(74 individuals) were prescribed hydroxychloroquine. The drug
were prescribed in accordance with the schemes, recommended
by the Ministry of Health of Russian Federation [14].

The average duration of the disease prior to screening
(M + SD) was 8.4 + 5.35 days in the mefloquine group, and
7.9 £ 4.66 in the hydroxychloroquine group. The main
symptoms of the disease were as follows: body temperature
exceeding 38.5 °C, nonproductive cough, fatique and chest
congestion. According to computed tomography (CT), the lung
involvement matched CT-2-CT-3 grade.

Both groups received the drugs for 7 days. The clinical
status of the patient was registered 11 days after starting
taking the drug. In case of clinical recovery, the patient was
discharged from the hospital. In case of the need for longer
hospital stay, the follow-up was continued.

The following indicators of clinical improvement were
used as the primary efficacy endpoints: development of mild
coronavirus infection, resolved respiratory failure.

Secondary efficacy endpoints: patient's condition improvement
based on CT; achieved CT grade 1 or lower; resolved
pneumonia; achieved grade 1 respiratory failure; being provided
oxygen support.

The frequency of adverse events (AEs) and serious adverse
events (SAEs) was analyzed, and the conditions, which served
as basis for the studied drug withdrawal, were registered in
order to assess the drug safety.

Statistical analysis was performed using the SAS version
9.3 software package (SAS Institute Inc.; USA). Comparative
analysis of parametric data was carried out using the two-way
ANOVA for parametric indicators, as well as the comparison of
the results using the contingency table approach (chi-square
test or Fisher's exact test). The data were tested for normality
with the Shapiro-Wilk test. The groups were compared

using the Student's t-test (for normal distribution) or the
Mann-Whitney U test. The differences between groups were
considered significant when p < 0.05.

RESULTS

Experimental assessment of mefloquine effects on the
virus accumilation in lung tissue of Syrian hamsters
infected with SARS-CoV-2

The results of assessing the infectious SARS-CoV-2 titre in
the lung tissue of Syrian hamsters are presented in Table 1.
In addition, the decrease in the virus accumulation and the
inhibitory quotient are provided for the mefloquine and ribavirin
groups, calculated in relation to the controls.

On day 2 after the infection, the decrease in the viral
load was observed in animals, which received mefloquine
and ribavirin. However, there were no significant differences
from the control group. On day 4 after the infection, the
increased viral load was observed in all groups. On day 6,
the virus titre in the mefloquine group was significantly lower
(p < 0.05) compared to both controls and ribavirin group.
The decrease in SARS-CoV-2 accumulation compared
to controls was 1.34 Ig, and the inhibitory quotient was
95.5%.

Comparative evaluation of mefloquine and
hydroxychloroquine efficacy in patients with novel
coronavirus infection

The results of the primary efficacy endpoint analysis are
presented in Table 2.

The proportion of patients having developed the mild
disease was significantly higher (p = 0.021) in the mefloquine
group compared to the hydroxychloroquine group. Regardless
of the fact that this endpoint was reached faster after receiving
hydroxychloroquine, there were no significant differences
between groups (p > 0.05).

The proportion of patients with completely resolved
respiratory failure (RF) was higher (p < 0.001) in the
mefloquine group compared to the hydroxychloroquine group.
Regardless of the fact that RF resolved faster after receiving
hydroxychloroquine, there were no significant differences
between groups according to this indicator.

Table 3. Comparative evaluation of mefloquine and hydroxychloroquine efficacy based on secondary efficacy endpoints

. Number of patients having reached the point, n (%) Average time for achieving the endpoint (SD), days
Indicator Mefloquine Hydroxychloroquine Mefloquine Hydroxychloroquine
Improvement based on CT 50 (51.0%) 32 (43.2%) 9.4 (4.48) 9.0 (4.56)
Score CT-1 or lower 54 (55.1%) 36 (48.6%) 2.5 (5.62) 1.1 (4.24)
Resolved pneumonia 15 (15.3%) 9 (12.2%) 7.3(8.37) 4.4 (5.15)
Achieved grade 1 77 (78.6%) 54 (73.0%) 1.5 (3.26) 1.0 (3.02)
respiratory failure
O, support provided 30 (30.6%) 18 (24.3%) 3.8 (1.93) 4.1(3.42)
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Table 4. Adverse events registered during the study

OPUIMMHAJIBHOE NCCJIEQQOBAHNE | ®APMAKOJIOIMNA

ndicator Number of subjects, n (%) Number of events, n (Fishef;;vg(:?:t test)
Mefloquine Hydroxychloroquine Mefloquine Hydroxychloroquine
Laboratory and instrumental assessment data
Any AE 54 (55.1%) 29 (39.2%) 54 29 0.046
Elevated transaminase levels 48 (49.0%) 29 (39,2%) 48 29 0.218
Decreased O2 saturation 5 (5.1%) 0 (0.0%) 5 0 0.071
Vascular dysfunction
Any AE 37 (37.8%) 24 (32.4%) 37 24 0.521
Blood pressure fluctuations 37 (37.8%) 24 (32.4%) 37 24 0.521
Nervous system disorders
Any AE 30 (30.6%) 23 (31.1%) 34 28 0.99
Headache 17 (17.4%) 19 (25.7%) 17 19 0.192
Vertigo 17 (17.4%) 9 (12.2%) 17 9 0.396
Gastrointestinal disorders
Any AE 20 (20.4%) 18 (24.3%) 25 19 0.581
Diarrhea 9(9.2%) 14 (18.9%) 9 14 0.073
Nausea 11 (11.2%) 4 (5.4%) 11 4 0.275
Vomiting 4 (4.1%) 0 (0.0%) 4 0 0.135
Abdominal pain 1 (1%) 1(1.4%) 1 1 0.99

The results of the primary efficacy endpoint analysis,
obtained during the clinical trial, are presented in Table 3.

Analysis of secondary efficacy endpoints revealed no
significant differences in any of the studied parameters
between the groups of patients, who received mefloquine and
hydroxychloroquine.

When assessing safety, a total of 165 adverse events (AEs)
were registered in 85 patients (86.73%) of the mefloquine group
and 112 AEs were registered in 57 patients (77.03%) of the
hydroxychloroquine group (no significant differences between
groups, p = 0.108). The total number of serious adverse events
(SAEs) was 5 in four patients (86.7%) of the mefloquine group
and 1 in one patient (1.35%) of the hydroxychloroquine group.
Characteristics of the adverse events are presented in Table 4.

Other AEs, including mental disorders (associated with
the main risk of mefloquine treatment), were observed in
a few cases. Moreover, such AEs as delirium and acute
psychosis were registered in only one patient after mefloquine
administration.

Mild AEs were registered in the majority of the patients
enrolled: 81 (82.7%) patients (160 events) after mefloquine
administration and 56 (75.7%) patients (111 events) after
hydroxychloroquine administration (o = 0.339). Moderate
AEs were registered in one (1.02%) patient (1 event — acute
psychosis) after mefloquine administration and in 0 (0.0%)
patients after hydroxychloroquine administration (p = 0.99).
Severe AEs were registered in four (4.08%) patients (5 events)
after mefloquine administration and in one (1.35%) patient
(1 event) after hydroxychloroquine administration (p = 0.392):

— mefloquine group: reduced oxygen saturation level in four
patients (4.08%), and delirium in one (1.02%) patient;

— comparison group: acute coronary syndrome in one
patient (1.35%).

The development of delirium required drug treatment
(administration of antipsychotic medication), in other cases
SAEs resolved after the drug withdrawal.

Association of AE with the studied drug was regarded as
“possible” in one case and as “probable” in one case after
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mefloquine administration. The associations for other AEs were
questionable or have not been established both for mefloquine
and hydroxychloroquine.

DISCUSSION

When performing systematic review of the studies related
to the use of hydroxychloroquine in patients with novel
coronavirus infection, it was concluded that the drug reduces
the rate of disease progression and accelerates the regression
of clinical symptoms [15], however, the drug has no effect
on the SARS-CoV-2 PCR negative conversion [16], hospital
stay length, mortality and the need for mechanical ventilation
[17]. Meta-analysis of clinical trials has shown that the use
of hydroxychloroquine is associated with excess mortality in
patients with COVID-19 [18]. However, this type of effect could
be due to the fact that the drug dose used for treatment of the
novel coronavirus infection often exceeds the safe dose [19].

Our study has showed that the efficacy of mefloquine
prescribed to patients with novel coronavirus infection, which
was assessed based on the reduction of symptom severity
and dynamic changes of computed tomography imaging,
was non-inferiorityl or, based on a number of indicators,
higher compared to hydroxychloroquine. Mefloquine and
hydroxychloroquine used in patients with novel coronavirus
infection had comparable safety.

Currently, antimalarial medications have been excluded
from the guidelines for treatment of COVID-19 patients due
to unproven efficacy and the risk of side effects. However,
the study results indicate that the effects of mefloquine on
SARS-CoV2 in the in vivo experiments could be achieved by
administration of the drug doses, 3-10 times lower compared
to the single dose recommended for humans developing
COVID-19 based on the interspecific transfer results [20].
Therefore, it can be assumed that confirmation of the lower-
dose mefloquine antiviral activity would make it possible to
reconsider the perspectives on using mefloquine in patients
with COVID-19 and other viral infections.
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CONCLUSIONS

1. In case of the course mefloquine administration at a dose of
75-150 mg in Syrian hamsters infected with SARS-CoV-2 at a
dose of 5 x 10° PFU, the significantly decreased accumulation
of the virus in lung tissue was observed compared to the control
animals, receiving no treatment, and the group, receiving ribavirin.
2. When prescribed to patients with mild or moderate COVID-19,

References

7. Chan KW, Wong VT, Tang SCW. COVID-19: An Update on the
Epidemiological, Clinical, Preventive and Therapeutic Evidence
and Guidelines of Integrative Chinese-Western Medicine for the
Management of 2019 Novel Coronavirus Disease. Am J Chin Med.
2020; 48 (3): 737-762. DOI: 10.1142/S0192415X20500378.

2. Liu J, Cao R, Xu M, Wang X, Zhang H, Hu H, et al
Hydroxychloroquine, a less toxic derivative of chloroquine, is
effective in inhibiting SARS-CoV-2 infection in vitro. Cell Discov.
2020 Mar 18; 6: 16. DOI: 10.1038/s41421-020-0156-0.

3. Yao X, YeF, Zhang M, et al. In Vitro Antiviral Activity and Projection
of Optimized Dosing Design of Hydroxychloroquine for the
Treatment of Severe Acute Respiratory Syndrome Coronavirus 2
(SARS-CoV-2). Clin Infect Dis. 2020 Jul 28; 71 (15): 732-9. DOI:
10.1093/cid/ciaa237.

4. Sweeney TR. The present status of malaria chemotherapy:
Mefloquine, a novel antimalarial. Medicinal Research Reviews.
1981; 1 (3): 281-301. DOI: 10.1002/med.2610010304.

5. Karbwang J, Na-Bangchang K. Clinical application of mefloquine
pharmacokinetics in the treatment of P falciparum malaria.
Fundam Clin Pharmacol. 1994; 8 (6): 491-502. DOI: 10.1111/
j.1472-8206.1994.tb00830.x.

6.  SunW, He S, Martinez-Romero C, et al. Synergistic drug combination
effectively blocks Ebola virus infection. Antiviral Research. 2017 Jan;
137:165-72. DOI: 10.1016/j.antiviral.2016.11.017.

7. Balasubramanian A, Teramoto T, Kulkarni AA, Bhattacharjee AK,
Padmanabhan R. Antiviral activities of selected antimalarials
against dengue virus type 2 and Zika virus. Antiviral Research.
2017; 137: 141-50. DOI: 10.1016/j.antiviral.2016.11.015.

8. McDonagh P, Sheehy PA, Fawcett A, Norris JM. Antiviral effect of
mefloquine on feline calicivirus in vitro. Vet Microbiol. 2015 Apr 17;
176 (3-4): 370-7. DOI: 10.1016/j.vetmic.2015.02.007.

9. Fan HH, Wang LQ, Liu WL, et al. Repurposing of clinically
approved drugs for treatment of coronavirus disease 2019 in a
2019-novel coronavirus (2019-nCoV) related coronavirus model.
Chin Med J (Engl). 2020 May 5; 133 (9): 1051-6. DOI: 10.1097/
CM9.0000000000000797.

10. Filin KN, Berzin IA, Bykov VN, Gladkih VD, Loginova SYa,
Savenko SV, Shhukina VN. Jeksperimental'naja ocenka aktivnosti
preparata meflohin v otnoshenii koronavirusa SARS-Cov-2.
Medicina jekstremal'nyh situacij. 2020; 3: 13-18. DOI: 10.47183/
mes.2020.006. Russian.

11. Ferreira MVD, Vieira JLF, Aimeida ED, et al. Pharmacokinetics of
mefloquine administered with artesunate in patients with uncomplicated
falciparum malaria from the Brazilian Amazon basin. Malar J. 2018 Jul

JNutepatypa

1. Chan KW, Wong VT, Tang SCW. COVID-19: An Update on the
Epidemiological, Clinical, Preventive and Therapeutic Evidence
and Guidelines of Integrative Chinese-Western Medicine for the
Management of 2019 Novel Coronavirus Disease. Am J Chin Med.
2020; 48 (3): 737-762. DOI: 10.1142/S0192415X20500378.

2. Liu J, Cao R, Xu M, Wang X, Zhang H, Hu H, et al
Hydroxychloroquine, a less toxic derivative of chloroquine, is
effective in inhibiting SARS-CoV-2 infection in vitro. Cell Discov.
2020 Mar 18; 6: 16. DOI: 10.1038/s41421-020-0156-0.

3. Yao X, YeF, Zhang M, et al. In Vitro Antiviral Activity and Projection

confirmed by PCR test for identification of viral RNA, the efficacy
of mefloquine was non-inferiority or, based on a number of
indicators, significantly higher compared to hydroxychloroquine.
3. Safety assessment results show the comparable safety
profiles of mefloquine and hydroxychloroquine when used
for treatment of patients with COVID-19 (mild and moderate
course). Moreover, all registered adverse events are specified in
the instruction leaflet for medical use of the medicinal product.

16; 17 (1): 268. DOI: 10.1186/s12936-018-2416-0.

12. Gautret P, Lagier JC, Parola P, Hoang VT, Meddeb L, Sevestre J,
et al. Clinical and microbiological effect of a combination of
hydroxychloroquine and azithromycin in 80 COVID 19 patients
with at least a six-day follow up: A pilot observational study. Travel
Med Infect Dis. 2020 Mar-Apr; 34: 101663. DOI: 10.1016/j.
tmaid.2020.101663.

13. Cortegiani A, Ingoglia G, Ippolito M, Giarratano A, Einav S. A
systematic review on the efficacy and safety of chloroquine for the
treatment of COVID-19. J Crit Care. 2020 Jun; 57: 279-83. DOI:
10.1016/j.jcrc.2020.03.005.

14.  Vremennye metodicheskie rekomendacii. Profilaktika, diagnostika
i lechenie novoj koronavirusnoj infekcii (COVID-19). Versija 5
(08.04.20). Moskva: Ministerstvo zdravoohranenija Rossijskoj
Federacii. Available from: https://static-1.rosminzdrav.ru/system/
attachments/attaches/000/049/951/0riginal/09042020_MR_
COVID-19_v5.pdf. Russian.

15. Sarma P, Kaur H, Kumar H, Mahendru D, Avti P, Bhattacharyya A,
et al. Virological and clinical cure in COVID-19 patients treated
with hydroxychloroquine: A systematic review and meta-analysis.
J Med Virol. 2020 Jul; 92 (7): 776-85. DOI: 10.1002/jmv.25898.

16. Tang W, Cao Z, Han M, Wang Z, Chen J, Sun W, et al.
Hydroxychloroquine in patients with mainly mild to moderate
coronavirus disease 2019: open label, randomised controlled trial.
BMJ. 2020 May 14; 369: m1849. DOI: 10.1136/bmj.m1849.

17. WHO Solidarity Trial Consortium, Pan H, Peto R, Henao-
Restrepo AM, Preziosi MP, Sathiyamoorthy V, Abdool Karim Q,
et al. Repurposed Antiviral Drugs for Covid-19 — Interim WHO
Solidarity Trial Results. N Engl J Med. 2021; 384 (6): 497-511.
DOI: 10.1056/NEJM0a2023184.

18. Axfors C, Schmitt AM, Janiaud P, Vant Hooft J, Abd-Elsaim S,
Abdo EF, et al. Mortality outcomes with hydroxychloroquine and
chloroquine in COVID-19 from an international collaborative meta-
analysis of randomized trials. Nat Commun. 2021. 12 (1): 2349.
DOI: 10.1038/s41467-021-22446-z.

719. Li R, Yin K, Zhang K, Wang YY, Wu QP, Tang SB, Cheng JD.
Application Prospects of Virtual Autopsy in Forensic Pathological
Investigations on COVID-19. Fa Yi Xue Za Zhi. 2020 Apr; 36 (2):
149-56. DOI: 10.12116/j.issn.1004-5619.2020.02.001.

20. Filin KN, Bykov VN, Gladkikh VD, Lugovik IA, Grebenyuk AN.
Evaluation of toxicity and effectiveness of the anti-malaria
preparation mefloquine with respect to SARS-CoV-2 in
experiments on animals. Toxicological Review. 2021; (3): 44-49.
DOI: 10.36946/0869-7922-2021-29-3-44-49. Russian.

of Optimized Dosing Design of Hydroxychloroquine for the
Treatment of Severe Acute Respiratory Syndrome Coronavirus 2
(SARS-CoV-2). Clin Infect Dis. 2020 Jul 28; 71 (15): 732-9. DOI:
10.1093/cid/ciaa237.

4. Sweeney TR. The present status of malaria chemotherapy:
Mefloquine, a novel antimalarial. Medicinal Research Reviews.
1981; 1 (3): 281-301. DOI: 10.1002/med.2610010304.

5. Karbwang J, Na-Bangchang K. Clinical application of mefloquine
pharmacokinetics in the treatment of P falciparum malaria.
Fundam Clin Pharmacol. 1994; 8 (6): 491-502. DOI: 10.1111/

EXTREME MEDICINE | 3, 23, 2021 | MES.FMBA.PRESS



OPUIMMHAJIBHOE NCCJIEQQOBAHNE | ®APMAKOJIOIMNA

10.

11.

12.

13.

MEANLIHA SKCTPEMAJIbHBIX CUTYALIMA | 3, 23, 2021 | MES.FMBA.PRESS

j.1472-8206.1994.tb00830.x.

Sun'W, He S, Martinez-Romero C, et al. Synergistic drug combination
effectively blocks Ebola virus infection. Antiviral Research. 2017 Jan;
137: 165-72. DOI: 10.1016/j.antiviral.2016.11.017.
Balasubramanian A, Teramoto T, Kulkarni AA, Bhattacharjee AK,
Padmanabhan R. Antiviral activities of selected antimalarials
against dengue virus type 2 and Zika virus. Antiviral Research.
2017; 137: 141-50. DOI: 10.1016/j.antiviral.2016.11.015.
McDonagh P, Sheehy PA, Fawcett A, Norris JM. Antiviral effect of
mefloquine on feline calicivirus in vitro. Vet Microbiol. 2015 Apr 17;
176 (3-4): 370-7. DOI: 10.1016/j.vetmic.2015.02.007.

Fan HH, Wang LQ, Liu WL, et al. Repurposing of clinically
approved drugs for treatment of coronavirus disease 2019 in a
2019-novel coronavirus (2019-nCoV) related coronavirus model.
Chin Med J (Engl). 2020 May 5; 133 (9): 1051-6. DOI: 10.1097/
CM9.0000000000000797.

OunnH K. H., Bepaun V. A., BeikoB B. H., Magknx B. 1.,
JNorvHosa C. 4, Caeerko C. B., LLyknHa B. H. OxcnepuimveHTansHas
OLleHKa aKkTUBHOCTW npenapata MeMnoXMH B OTHOLUEHUU
KopoHaBupyca SARS-Cov-2. MeguunHa aKcTpemMasbHbIX
cutyaumin. 2020; 3: 13-18. DOI: 10.47183/mes.2020.006.
Ferreira MVD, Vieira JLF, Almeida ED, et al. Pharmacokinetics
of mefloquine administered with artesunate in patients with
uncomplicated falciparum malaria from the Brazilian Amazon
basin. Malar J. 2018 Jul 16; 17 (1): 268. DOI: 10.1186/
512936-018-2416-0.

Gautret P, Lagier JC, Parola P, Hoang VT, Meddeb L, Sevestre J,
et al. Clinical and microbiological effect of a combination of
hydroxychloroquine and azithromycin in 80 COVID 19 patients
with at least a six-day follow up: A pilot observational study. Travel
Med Infect Dis. 2020 Mar-Apr; 34: 101663. DOI: 10.1016/j.
tmaid.2020.101663.

Cortegiani A, Ingoglia G, Ippolito M, Giarratano A, Einav S. A
systematic review on the efficacy and safety of chloroquine for the
treatment of COVID-19. J Crit Care. 2020 Jun; 57: 279-83. DOI:

14.

15.

16.

17.

18.

19.

20.

10.1016/j.jcrc.2020.03.005.

BpemeHHble mMeToanyeckre pekomengaumu. lMpodunaxkTmka,
OVarHOCTUKa N NeYeHne HOBOWM KOPOHAaBMPYCHOM MHMEKLMM
(COVID-19). Bepcua 5 (08.04.20). Mocksa: MuUHMCTEPCTBO
3apaBooxpaHeHnst Poccuinckon ®enepaumn. https://static-1.
rosminzdrav.ru/system/attachments/attaches/000/049/951/
original/09042020_MP_COVID-19_v5.pdf.

Sarma P, Kaur H, Kumar H, Mahendru D, Avti P, Bhattacharyya A,
et al. Virological and clinical cure in COVID-19 patients treated
with hydroxychloroquine: A systematic review and meta-analysis.
J Med Virol. 2020 Jul; 92 (7): 776-85. DOI: 10.1002/jmv.25898.
Tang W, Cao Z, Han M, Wang Z, Chen J, Sun W, et al.
Hydroxychloroquine in patients with mainly mild to moderate
coronavirus disease 2019: open label, randomised controlled trial.
BMJ. 2020 May 14; 369: m1849. DOI: 10.1136/bmj.m1849.
WHO Solidarity Trial Consortium, Pan H, Peto R, Henao-
Restrepo AM, Preziosi MP, Sathiyamoorthy V, Abdool Karim Q,
et al. Repurposed Antiviral Drugs for Covid-19 — Interim WHO
Solidarity Trial Results. N Engl J Med. 2021; 384 (6): 497-511.
DOI: 10.1056/NEJM0a2023184.

Axfors C, Schmitt AM, Janiaud P, Vant Hooft J, Abd-Elsalm S,
Abdo EF, et al. Mortality outcomes with hydroxychlorogquine and
chloroquine in COVID-19 from an international collaborative meta-
analysis of randomized trials. Nat Commun. 2021. 12 (1): 2349.
DOI: 10.1038/s41467-021-22446-z.

Li R, Yin K, Zhang K, Wang YY, Wu QP, Tang SB, Cheng JD.
Application Prospects of Virtual Autopsy in Forensic Pathological
Investigations on COVID-19. Fa Yi Xue Za Zhi. 2020 Apr; 36 (2):
149-56. DOI: 10.12116/j.issn.1004-5619.2020.02.001.

OunnH K. H., BeikoB B. H., Magknx B. ., Jlyrosuk U. A.,
[pebentok A. H.. OueHka TOKCUYHOCTU 1N 3D MEKTUBHOCTU
MPOTVBOMASIAPUIAHONO Mpenapara MenoxvH B OTHOLLEHUN SARS-
CoV-2 B aKCnepuUMeHTax Ha >XMBOTHbIX. TOKCUKONOMMHYECKMIA
BecTHUK. 2021; 3: 44-49. DOI: 10.36946/0869-7922-2021-29-
3-44-49.




