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Abstract

One of the serious problems of modern Health care is a new coronavirus infection — COVID-19, which has been declared
a global pandemic by the World Health Organization and has covered more than 190 countries. Despite the measures
has been taken to limit contacts between people and isolate patients with suspected coronavirus infection, the number

of cases grows exponentially every day. Leading laboratories are working on a vaccine, but according to some optimistic
forecasts, it may be available no earlier than 11-12 months. According to published data on attempts using various drug
regimens in clinical trials, methodological manuals and clinical guidelines for patient management are constantly being
developed and updated depending on the severity of the condition. The appointment of a number of drug combinations
should be carried out taking into account the definition of an individual assessment of the benefits and risks, because
there is ample evidence of serious side effects.

More serious lung tissue lesions are characteristic of patients of an older age group (over 60 years old) with the
presence of concomitant diseases, such as cardiovascular, cerebrovascular, diabetes mellitus and obesity, diseases of
the bronchopulmonary system and kidneys, which implies taking basic therapy in a constant mode. The appointment
of a number of drug combinations should be carried out taking into account the definition of an individual assessment
of the benefits and risks, because there is enough evidence of serious side effects, such as the QT interval prolongation,
hepatotoxicity, adverse events from the central nervous system. It is necessary to evaluate the interaction of drugs used
to treat infections caused by the COVID-19 virus with drugs used in outpatient practice.
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ACEI — angiotensin converting enzyme inhibitors, AKI — acute kidney injury, ALT — alanine aminotransferase, ARBs —
angiotensin II receptor blockers, BMI — body mass index, CTs — clinical trials, GCSs — glucocorticosteroids, CKD —
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HIT — heparin-induced thrombocytopenia, HIV — human immunodeficiency virus, IL-6 — interleukin-6, LMWH —
low-molecular-weight heparin, NSAIDs — nonsteroidal anti-inflammatory drugs, RNA — ribonucleic acid, TdP —
torsade de pointes, UNL — upper normal limit
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The most pressing challenge facing medicine in
the world today is combating coronavirus disease
(COVID-19). This disease is caused by the novel
coronavirus strain — SARS-CoV-2 (severe acute
respiratory syndrome coronavirus 2).

The biggest challenge in managing COVID-
19 patients is the lack of drugs with proven effi-
cacy and established treatment regimens based on
clinical trials (CTs). Everywhere, there are ongoing
attempts to use drugs with expected effectiveness.
CTs are being conducted. Data on the first CT
results and experience of using different drugs are
being analyzed on the fly; clinical guidelines are
being developed and continuously updated.

The following drugs are the most frequently used
for managing COVID-19 patients, taking into
account, among other things, the experience of
previous outbreaks of coronavirus infections (severe
acute respiratory syndrome, Middle East respira-
tory syndrome): aminoquinoline derivatives (chlo-
roquine, hydroxychloroquine) [1], antiviral drugs,
in particular, with effects against human immuno-
deficiency virus (lopinavir/ritonavir [2], darunavir
[3]), anti-influenza antiviral drugs (oseltamivir [4],
favipiravir [5]), other antiviral drugs (ribavirin [6],
remdesivir [7]), macrolide antibiotics [8] (azithro-
mycin), interferons (recombinant interferon beta-
1b [9] and others), and monoclonal antibodies [10].
There are data on the use of other drugs: nafamo-
stat [11], camostat [12], niclosamide [13], barici-
tinib [14], danoprevir [15], nitazoxanide [16], and
teicoplanin [17].

There is extensive debate over the use of remdesivir
as an antiviral drug for treating SARS-CoV-2 infec-
tion. This drug provides the most effective and
highly selective inhibition of viral RNA synthesis
in low micromolar concentrations. However, this
drug is still at the clinical trial stage and is not avail-
able for real-life clinical use [18].

The following medications are recommended in
the Russian Federation: mefloquine, chloroquine,
hydroxychloroquine, lopinavir/ritonavir, daruna-
vir, azithromycin, recombinant interferon beta-1b,
tocilizumab, sarilumab, baricitinib [19-21]. At the
moment, all of the above drugs are “off-label”.
They can be prescribed only by a medical board
provided that their potential benefit outweighs pos-
sible risks for the patient. It should be remembered
that all drugs have side effects that can develop or

intensify when used together or in combinations
that were previously not widely used, for example,
in intensive care. This particularly applies to elderly
patients who are at higher risk of contracting coro-
navirus disease.

We analyzed possible side effects mentioned in lit-
erature, as well as interactions between drugs used
to treat COVID-19 and possible concomitant treat-
ment; this can help in choosing a personalized and
safest treatment regimen for each patient, taking
into account concomitant pathologies and treat-
ment. Results of the analysis of interactions are
presented in Tables 1-4. Most side effects of drugs
used against COVID-19 appear during their long-
term use for main indications. The clinical signifi-
cance of their short-term use is hard to assess at
the moment. However, these side effects should
be considered when choosing treatment regimens
(Table 1).

COVID-19 Treatment
and Risk of Heart
Rhythm Disorders

One of the serious side effects that are typical of
some groups of drugs (Table 2) used in COVID-
19 patients is QT prolongation and the risk of tor-
sade de pointes (TdP), which requires attention
and mandatory monitoring of electrocardiography
(ECG) results.

Risk factors for TdP caused by drug toxicity
include: elderly age, the female sex, acute myo-
cardial infarction, heart failure with reduced ejec-
tion fraction, hypokalemia, hypomagnesemia,
hypocalcemia, bradycardia, loop diuretics, sepsis,
and genetic predispositions [22]. The QT prolon-
gation risk assessment scale can help to assess risks
(Table 3) [23, 24].

One of the most frequently prescribed anti-
COVID-19 treatment regimens that stands out
is the combination of hydroxychloroquine and
azithromycin, as well as other possible combina-
tions of aminoquinoline derivatives and mac-
rolides, since both groups of drugs can prolong
the QT interval. Besides the QT interval, lopina-
vir/ritonavir can prolong the PQ interval. More-
over, patients may already take drugs that prolong
QT, for example, amiodarone, alfuzosin, amitripty-
line, fluoroquinolones and others. When choosing
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Table 1. Features of the use of drugs against COVID-19 in patients with risk factors *

The risk of
Dose adjustment for renal Dose adjustment for liver |lengthening
failure failure the QT
interval
Mefloquine Not required No data — use with caution Yes
% d ducti ith . .
Chloroquine 50% dose reduc aeabb ce No data — use with caution Yes
<10 ml/min
Hydroxychloroquine No data — use with caution No data — use with caution Yes
Lopinavir/ritonavir No data — use with caution No data — use with caution Yes
Not required, for severe violations
Darunavir Not required of liver function no data — use No
with caution
. .. With CC <50 ml/min is Contraindicated in severe liver
Ribavirin S . No
contraindicated failure
Interferon-p 1b Not re‘quired, wi‘th severe renal Not requ.ired, use upder control No
failure — with caution of hepatic transaminase levels
Not required for mild renal
e impairment; patients with moderate . .
Tocilizumab . . No data — use with caution No
to severe renal impairment no
data — use with caution
Baricitinib Required for CC <60 ml / min, with Not required, for severe violations No
CC <30 ml/min is contraindicated  of liver function use with caution
Sarilumab No data — use with caution No data — use with caution No

Note: CC — creatinine clearance

* Risk factors: a medical history of heart thythm disturbance, a presence of renal and / or liver failure, taking nephro-, hepato-, cardiotoxic drugs

a treatment regimen, especially if no ECG or lab-
oratory control can be performed, for example,
when providing medical care at home or at a dis-
tance, possible risks of life-threatening arrhyth-
mias should be carefully assessed before choosing
the treatment regimen.

Aminoquinoline Derivatives

Neurological and psychiatric side effects of ami-
noquinoline derivatives require the special atten-
tion of medical staff; they can appear as headaches,
anxiety, confusion, insomnia, dizziness, personal-
ity disorders, memory impairment, hallucinations,
speech impairment, visual impairment, depression,
suicidal thoughts, hearing loss, psychoses, convul-
sions, polyneuropathy, and paresthesias. There are
various mechanisms of neurotoxicity [25]. It should
be noted that the half-life of drugs is quite long
(from 2 to 8 weeks); hence, side effects can appear
after drug withdrawal. Attention should also be
paid to the risk of interaction of aminoquinoline
derivatives and drugs used in neurology and psy-
chiatry (Tables 4).

Eye lesions when using aminoquinoline deriva-
tives are a serious side effect as they can lead to irre-
versible loss of vision, especially in elderly patients
and in patients with known retinal lesions. This
phenomenon arises from the binding of the drugs
to retinal melanin, which leads to the dystrophy
of the pigmented layer. Symptoms of retinopathy
can appear in the form of diminished clarity and
partial loss of central or peripheral vision, flash-
ing and halos, impaired color perception, difficulty
in reading, gross pigmentation changes with so-
called “bull’s eye” effect. However, the initial stages
are asymptomatic [26]. Symptoms usually appear
when treatment lasts for more than five years
[27]. However, there are clinical observations that
show the appearance of typical retinal injuries two
months after the beginning of hydroxychloroquine
therapy. This can be explained by a genetic pre-
disposition [28, 29] or by excessive concentration
in the blood caused by doses higher than recom-
mended ones, impaired renal or hepatic function,
co-administration with drugs that affect hydroxy-
chloroquine metabolism at the level of cytochrome

P450 (CYP2D6) [30, 31].
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Another rare but typical aminoquinoline side
effect is methemoglobinemia, and as a result,
impaired oxygen delivery to tissues, which can
lead to deterioration in patients with viral pneu-
monia. Risk factors for this serious complication
include: age below 3 months, elderly age, con-
genital enzymopathies (cytochrome b5 reduc-
tase deficiency), congenital hemoglobinopathies,
combination of drugs that can trigger methemo-
globinemia (benzocaine, prilocaine, paracetamol,
fentanyl, etc.), severe concomitant pathologies
(cardiovascular, renal, respiratory failure, hema-
tological diseases) [32].

There are clinical observations that describe the
risk of hypoglycemia when taking chloroquine
and hydroxychloroquine. This can be explained
not only by the manifestation of an underlying
disease (malaria) but also other factors (decreased
insulin clearance, increased sensitivity of periph-
eral tissues to insulin and stimulation of insulin
secretion by pancreatic beta cells) [33, 34].

Azithromycin

A rare but serious side effect of azithromycin is
drug-induced liver injury that is characterized
by a sharp increase of alanine aminotransferase
(ALT) with short courses of treatment (3-4 days)
[35, 36].

Although it is generally accepted that azithromy-
cin has the lowest cardiotoxicity among macro-
lides [37], there is still a small risk of sudden death
related to a five-day course in patients at high car-
diovascular risk [38].

Lopinavir/Ritonavir

It was reported that the administration of lopi-
navir/ritonavir can be an independent risk factor
for kidney damage that can present as acute
kidney injury (AKI), chronic kidney disease, acute
and chronic interstitial nephritis, nephrolithiasis,
asymptomatic crystalluria, papillary necrosis in
HIV-positive patients, with long-term use, both
with the history of impaired renal function, and
with a normal baseline function [39-42]. A case
of AKI was reported in a patient without con-
firmed HIV infection who took lopinavir/rito—
navir for post-exposure prophylaxis for less than

Table 3. Risk assessment of QT interval
prolongation

Risk factor | Points
Age >68 years 1
Female 1
Receiving loop diuretics 1
Blood potassium level <3.5 mmol / L 2
Original QTc 2450 ms 2
Acute myocardial infarction 2
Heart failure 3
Sepsis 3
Taking one QT extension drug 3
Co-administration of 2 or more drugs 3
that prolong QT *
Maximum points 21

Risk assessment:

Low risk (15%) <7
Medium risk (37%) 710
High risk (73%) >11

Note: * — when taking 2 or more drugs, it is worth summing up
the points for taking one drug and the combined intake of 2 or more
drugs that extend QT

seven days, with regression of symptoms after
drug withdrawal [43]. One of the causes of AKI
related to lopinavir/ritonavir may be interaction
with drugs of other groups at the level of cyto-
chrome P450 since ritonavir is a CYP3A4 inhibi-
tor. Their interaction with statins raises blood
concentration and the risk of rhabdomyolysis
and AKI [44]. Interaction with nifedipine also
increases its blood concentration. There was a
report on the development of severe hypotension
and AKI related to its combined use with lopina-
vir/ritonavir [45].

A small study including HIV-negative healthy vol-
unteers demonstrated that five days after taking
lopinavir/ritonavir, levels of triglycerides and free
fatty acids increase, and signs of insulin resistance
appear [46].

Tocilizumab and Sarilumab

The development of infections is a serious side
effect of using tocilizumab and sarilumab; it is
caused by the primary pharmacological effect
of these drugs, i.e., inhibition of interleukin-6
(IL-6) that is involved in the immune response
to bacterial, viral and fungal pathogens [47-50].
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Risk factors for infections related to tocilizumab
include: age (over 50 years), obesity (body mass
index (BMI) more than 30 kg/m?), history of
immunosuppressive  treatment, concomitant
immunosuppressive treatment (including gluco-
corticosteroids — GCSs), administration of high
doses of the drug, chronic lung diseases and dia-
betes mellitus [51]. For tocilizumab and sarilumab,
transient dose-dependent neutropenia is a typical
side effect that does not increase the risk of severe
infections [52, 53]. Studies involving patients with
rheumatoid arthritis demonstrated that the risk of
the following infections usually increases: infec-
tions of the upper and lower respiratory tract, uri-
nary tract, skin and soft tissues [54, 55]. A higher
risk of fungal, viral infections, and tuberculosis
should also be noted [56-58]. The risk of severe
infections related to the short-term use of tocili-
zumab and sarilumab is not fully understood.
However, it should be considered as a possible risk
factor for bacterial and fungal complications in
patients with severe viral pneumonia in combina-
tion with other factors.

Hepatotoxicity is a typical side effect of tocilizumab
and sarilumab, which manifests as an increase in
hepatic transaminases. The mechanism is not clear;
it may be the result of inhibition of IL-6, which
plays an important role in liver regeneration. There
have been reports of acute liver failure related to
tocilizumab, which required liver transplantation.
There are no major hepatic complications related
to sarilumab [59]. Drugs should be prescribed while
monitoring hepatic enzymes. Co-administration
with other hepatotoxic drugs should be avoided;
they should be used with caution in patients with
impaired liver function. There have been reports of
acute pancreatitis related to tocilizumab. This fact
should be considered when starting treatment [60].
The risk of perforation and bleeding from the gas-
trointestinal tract (GIT) related to IL-6 inhibitors
[61] should be noted since their use can be indi-
cated for patients in intensive care units who are
already at a high risk of stress ulcers [62]. Risk fac-
tors for GIT complications include elderly age,
oral administration of GCSs, nonsteroidal anti-
inflammatory drugs (NSAIDs) and a history of
diverticulitis [63]. There is an observation describ-
ing the development of inflammatory foci in GIT
after the first administration of tocilizumab and the

development of multiple perforations and bleed-
ing eight days after its repeated administration
in a 15-year-old patient [64]. The mechanism of
damage is not fully understood, but it may be asso-
ciated with the suppression of immune response
and the effect on the vascular endothelial growth
factor [65].

Interferon Beta-1b

A common side effect of interferon beta-1b is an
influenza-like syndrome that manifests as fever,
chills, and headache and can be mistakenly inter-
preted as deterioration during treatment of acute
viral infection [66].

Possible side effects of interferon beta-1b may
be mental disorders (onset or exacerbation of
depression, suicidal thoughts, psychosis), but they
typically appear when treatment lasts at least two
months [67].

Liver injury that manifests as a transient increase in
hepatic transaminases to 3—5 upper normal limits
(UNL) is quite common, unlike severe injuries that
are less common [68].

Baricitinib

Taking into account the primary mechanism of
action of baricitinib — selective inhibition of type
1 and 2 Janus kinases — that results in immuno-
suppressive action, its administration can raise the
risk of infectious complications. Studies conducted
in a group of patients with rheumatoid arthritis
showed a high risk of upper respiratory tract and
urinary tract infections, and Herpes Zoster reac-
tivation. Among the risk factors were the admin-
istration of corticosteroids, a history of biological
drug treatment, insufficient or excessive BMI, and
elderly age [69].

There was a slight increase in the blood creatinine
level two weeks after starting barcitinib therapy,
which may be associated with the inhibition of
tubular creatinine secretion by the drug. There was
also a transient — without clinical signs — increase
in phosphocreatine kinase to 5 UNL and hepatic
transaminases to 3-5 UNL [70].
Anti-inflammatory drug ketorolac and antihy-
pertensive drug valsartan (angiotensin II recep-
tor antagonist) increase baricitinib concentration,
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which increases the risk of adverse reactions.
Therefore, their combined use should be avoided.
The combined use of baricitinib and tocilizumab
may increase the risk of infectious complications by
intensifying the immunosuppressive effect.

Low-Molecular-Weight
Heparin

Anticoagulant treatment or prevention with
low-molecular-weight heparin (LMWH) is rec-
ommended for all hospitalized patients without
contraindications since it was noted that hyper-
coagulation syndrome is typical for COVID-
19 patients [19, 71].

The main side effect of LMWH, as well as of other
anticoagulants, is bleeding of various severity,
which requires the monitoring of anti-Xa activity
and renal function. The combined use of enoxapa-
rin and dalteparin with antibacterial drugs such as
macrolides (azithromycin, erythromycin), certain
cephalosporins (cefazolin, cefoxitin, cefuroxime,
ceftriaxone), piperacillin, and sulfamethoxazole
can increase the risk of bleeding.

Decreased platelet count related to heparin and less
commonly LMWH may be a sign heparin-induced
thrombocytopenia (HIT), which is a contraindica-
tion for the use of heparin drugs. There are two
types of HIT: type 1 is due to the direct effect of
the drug on platelets, it usually manifests in the first
three days of use, disappears spontaneously, does
not increase the risk of thrombosis; type 2 is due to
immune response, usually manifests up to 14 days
from the beginning of treatment, increases the risk
of thrombosis [72, 73]. Type 2 HIT is of high clini-
cal significance: platelet level decreases by more
than 50% from the baseline; manifests in arterial
and venous thromboses of different localization.
Risk factors for HIT include high (therapeutic)
doses of unfractionated heparin, use after surgery
or injury, female sex [74, 75]. If HIT is suspected
or confirmed, it is required to switch to alternative
drugs, for example, fondaparinux sodium.

Oral Anticoagulants

Oral anticoagulants are not recommended for
the prevention of thromboembolic complications
in COVID-19 patients, but their continued use is

allowed for patients who take these drugs accord-
ing to other indications if the disease is mild [19].
However, it is worth remembering possible interac-
tions with other drugs that are recommended for
the treatment of coronavirus infection since they
can significantly increase the blood concentration
of anticoagulants and cause bleeding [76].

Angiotensin-Converting
Enzyme Inhibitors and
Angiotensin II Receptor
Blockers

There is an intense debate over the role of angio-
tensin-converting enzyme inhibitors (ACE inhibi-
tors) and angiotensin II receptor blockers (ARBs)
in the development and evaluation of the sever-
ity of novel coronavirus infection. This is due to
the ability of the virus to bind to the extracellular
domain of type 2 transmembrane angiotensin-
converting enzyme receptor (ACE2), which leads
to the infection of target cells. It was established
that the ACE2 expression level is highest in the
small intestines, kidneys, heart, thyroid gland,
and adipose tissue; average — in the lungs, large
intestines, liver, bladder, and adrenal glands; and
lowest — in the spleen, bone marrow, brain, blood
vessels, and muscles [77]. In animal models, there
was an increase in ACE2 expression during the
administration of ACEI and ARB. There are cur-
rently no reliable data on changes in this expres-
sion in humans [78].

Due to fears of a more severe course of novel
coronavirus disease when taking ACE inhibi-
tors and ARBs, several authors recommended
to stop taking these drugs, which are crucial in
the complex treatment of many chronic diseases.
In response, professional associations such as
the American Heart Association, American Col-
lege of Cardiology, the Heart Failure Society of
America, European Society of Cardiology, and
the Russian Society of Cardiology recommend
continuing treatment with the above drugs due
to the lack of convincing clinical and experi-
mental data on the deterioration of the course of
COVID-19. In addition, the refusal of treatment
significantly increases the risk of cardiovascular
events, which complicates the course of coronavi-
rus disease. Hence, it is also not recommended to
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start treatment with ACEI/ARB in patients with-
out clinical indications (hypertension, heart fail-
ure, and diabetes mellitus) [79].

A pilot study using recombinant human ACE2
(APNO1) in patients with COVID-19 is underway.
The administration of APNO1 rapidly lowers the
levels of angiotensin II and IL-6 in blood plasma,
and can also potentially reduce viral load [80].
Therefore, the side effects of drugs that are cur-
rently used against COVID-19 infection vary and
are potentially significant. However, they can be
significantly minimized by taking into account
the risks of their development and possible adverse
interactions.

Author Contribution:

All the authors contributed significantly to the study and
the article, read and approved the final version of the
article before publication.

Samoylov A.S. (ORCID ID: https://orcid.org/0000-
0002-9241-7238): principal creation of review idea
(plan, structure, issues of discussing concerns), final
manuscript approval

Levitova D.G. (ORCID ID: https://orcid.org/0000-
0002-7107-0140): collection and analysis of manuscript
materials, writing of the text, text editing, final manuscript
approval

Gracheva S.A. (ORCID ID: https://orcid.org/0000-
0003-2847-8711): collection and analysis of manuscript
materials, writing of the text, text editing, final manuscript
approval

Praskurnichiy E.A. (ORCID ID: https://orcid.org/0000-
0002-9523-5966): concept and design of the article,
text editing, final manuscript approval

Udalov U.D (ORCID ID: https://orcid.org/0000-0002-
9739-8478): concept and design of the article, text
editing, final manuscript approval

Parinov O.V. (ORCID ID: https://orcid.org/0000-
0003-2370-170X): concept and design of the article,
text editing, final manuscript approval

Cnucok nutepartypsbl / References:

1. Colson P, Rolain J.M., Lagier ].C. et al. Chloroquine
and hydroxychloroquine as available weapons to fight
COVID-19. Int ] Antimicrob Agents. 2020;55(4):105932.
doi: 10.1016/j.ijantimicag.2020.105932.

2. Dayer M.R., Taleb-Gassabi S., Dayer M.S. Lopinavir;
A Potent Drug against Coronavirus Infection: Insight
from Molecular Docking Study. Arch Clin Infect Dis.
2017;12(4):¢13823. doi: 10.5812/archcid.13823.

10.

1.

12.

13.

14.

De Meyer S., Bojkova D., Cinatl J. et al. Lack of Antivi-
ral Activity of Darunavir against SARS-CoV-2. 2020.
08 Apr. Preprint from medRxiv. doi: 10.1101/2020.04.0
3.20052548.

Muralidharan N., Sakthivel R., Velmurugan D. et al.
Computational studies of drug repurposing and syn-
ergism of lopinavir, oseltamivir and ritonavir binding
with SARS-CoV-2 Protease against COVID-19. ] Biomol
Struct Dyn. 2020. Apr 06. Preprint. doi: 10.1080/07391
102.2020.1752802.

Li G., De Clercq E. Therapeutic options for the

2019 novel coronavirus (2019-nCoV). Nature

reviews drug discovery. 2020;19(3):149-150.
doi:10.1038/d41573-020-00016-0.

Zhang C., Huang S., Zheng F. et al. Controversial treat-
ments: An updated understanding of the coronavirus
disease 2019. ] Med Virol. 2020 Mar 26:10.1002/
jmv.25788. doi: 10.1002/jmv.25788. Epub ahead of
print.

Ko W.C., Rolain J.M., Lee N.Y. et.al. Arguments in favor
of remdesivir for treating SARS-CoV-2 infections. Int J
Antimicrob Agents. 2020;55(4):105933. doi: 10.1016/j.
ijantimicag.2020.105933.

Gautret P., Lagier J.C., Parola P. et al. Hydroxychloro-
quine and azithromycin as a treatment of COVID-19:
results of an open-label non-randomized clinical trial.
Int ] Antimicrob Agents. 2020;105949. doi: 10.1016/.
ijantimicag.2020.105949.

Sheahan T.P,, Sims A.C,, Leist S.R. et al. Compara-

tive therapeutic efficacy of remdesivir and com-
bination lopinavir, ritonavir, and interferon beta
against MERS-CoV. Nat Commun. 2020;11(1):222.

doi: 10.1038/541467-019-13940-6.

Zhang C., Wu Z., Li JW. et al. The cytokine release
syndrome (CRS) of severe COVID-19 and Interleukin-6
receptor (IL-6R) antagonist Tocilizumab may be the
key to reduce the mortality. Int ] Antimicrob Agents.
2020;105954. doi: 10.1016/j.ijantimicag.2020.105954.
Yamamoto M, Matsuyama S, Li X, et al. Identification
of Nafamostat as a Potent Inhibitor of Middle East
Respiratory Syndrome Coronavirus S Protein-Mediated
Membrane Fusion Using the Split-Protein-Based
Cell-Cell Fusion Assay. Antimicrob Agents Chemother.
2016;60(11):6532-9. doi:10.1128/AAC.01043-16.
Hoffmann M., Kleine-Weber H., Schroeder S. et al.
SARS-CoV-2 Cell Entry Depends on ACE2 and TMPRSS2
and Is Blocked by a Clinically Proven Protease Inhibitor.
Cell. 2020. 16;181(2):271-280.e8. doi: 10.1016/j.
cell.2020.02.052.

Xu J., Shi PY., Li H. et al. Broad-Spectrum Antiviral Agent
Niclosamide and Its Therapeutic Potential. ACS Infect
Dis. 2020;6(5):909-15.doi: 10.1021/acsinfecdis.0c00052.
Richardson P., Griffin I., Tucker C. et al. Baricitinib as
potential treatment for 2019-nCoV acute respiratory
disease. Lancet. 2020;395(10223):e30-e31.

doi: 10.1016/50140-6736(20)30304-4.




Apxusb BHyTpeHHei MeAnumHbl ® No 3 o 2020

OB3OPHBIE CTATbHU

15. H. Chen, Z. Zhang, L. Wang. First Clinical
Study Using HCV Protease Inhibitor
Danoprevir to Treat Naive and Experienced
COVID-19 Patients. 2020;03.22.20034041.
doi: 10.1101/2020.03.22.20034041.

16. Liu, Y,; Chan, W.; Wang, Z. et al. Ontological
and Bioinformatic Analysis of Anti-Coronavirus
Drugs and Their Implication for Drug Repurposing
against COVID-19. Preprints 2020, 2020030413.
doi: 10.20944/preprints202003.0413.v1.

17. Zhang J., Ma X,, Yu F. et al. Teicoplanin potently
blocks the cell entry of 2019-nCoV. bioRxiv
2020.02.05.935387; doi: 10.1101/2020.02.05.935387.

18. Grein J., Ohmagari N., Shin D. et al. Compassionate
Use of Remdesivir for Patients with Severe
Covid-19. [published online ahead of print,

2020 Apr 10]. N Engl ) Med. 2020;NEJM0a2007016.
doi: 10.1056/NEJM0a2007016.

19. BpeMeHHble MeTOAMYECKME pEKOMEHAAL NN,
MNpodunakTuKa, AMarHoCTUKa N 1e4eHne HOBOW
KopOHaBwupycHoit Hdekuum (COVID-19). Bepcus 6.
MWHMCTepPCTBO 34 paBooxpaHeHmna Poccuiickoi
bepepaumu. [dnekTpoHHsIii pecypc]. URL: https://
static-1.rosminzdrav.ru/system/attachments/
attaches/000/050/122/original/28042020_MR_
COVID-19_v6.pdf (aata obpawerus: 17.04.2020)
Ministry of Health of the Russian Federation.
Temporary guidelines «Prevention, diagnosis and
treatment of new coronavirus infection (COVID-19)»,
version 6 (28.04.20). [Electronic resource]. URL:
https: //static-1.rosminzdrav.ru/system/attachments/
attaches/000/050/122/original/28042020_MR_
COVID-19_v6.pdf (date of the application: 17.04.2020).
[in Russian].

20. BpeMeHHble peKOMeHAaL MKW No NPoPUNaKTUKe,
AVMArHOCTUKE U IeYeHWI0 KOPOHABUPYCHOM
MHdeKumm, BbizBaHHOM SARS-CoV-2 lenaptaMeHTa
34paBoOXpaHeHmA r. Mocksbl, 2020 T. [9N1eKTPOHHBIiA
pecypc]. URL: https://mosgorzdrav.ru/ru-
RU/professional/scientific-activity/methodical.html.
(maTa obpateHus: 17.04.2020)

Temporary recommendations for the prevention,
diagnosis and treatment of coronavirus infection caused
by SARS-CoV-2 of the Moscow Department of Health,
2020. [Electronic resource]. URL: https://mosgorzdrav.
ru/ru-RU/professional/scientific-activity/methodical.
html. (date of the application: 17.04.2020).

[in Russian].

21. AkageMusa nocTAMNAOMHoro obpasosaHus OIbY
®HKL|, ®MBA Poccun. HoBas kopoHaBupycHas
nHdekuns (COVID-19): aTmonorus, aNMgeMnonorus,
KJMHWKA, ANarHoCTUKa, NedeHre u npoduaakTuka
YyebHo-MeToaMYecKoe nocobue. 2020.
[3nekTpoHHbIi pecypc]. URL: http://www.medprofedu.
ru/upload-files/koronoviruc20.pdf. (aata obpawerus:
17.04.2020)

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Academy of Postgraduate Education FSBI FNCs FMBA
of Russia. New coronavirus infection (COVID-19):
etiology, epidemiology, clinic, diagnosis, treatment
and prevention Training manual. 2020. [Electronic
resource]. URL: http://www.medprofedu.ru/upload-
files/koronoviruc20.pdf. (date of the application:
17.04.2020). [in Russian].

Tisdale J.E., Jaynes H.A., Kingery J.R., et al.
Development and validation of a risk score to predict
QT interval prolongation in hospitalized patients.

Circ Cardiovasc Qual Outcomes. 2013;6(4):479-87.
doi: 10.1161/circoutcomes.113.000152.

Tomaselli Muensterman E., Tisdale J.E. Predictive
Analytics for Identification of Patients at Risk

for QT Interval Prolongation: A Systematic

Review. Pharmacotherapy. 2018;38(8):813-21.

doi: 10.1002/phar.2146.

Tisdale J.E., Jaynes H.A,, Kingery J.R. et al. Effectiveness
of a clinical decision support system for reducing the
risk of QT interval prolongation in hospitalized patients.
Circ Cardiovasc Qual Outcomes. 2014;7(3):381-90.
doi: 10.1161/circoutcomes.113.000651.

Bitta M.A., Kariuki S.M.0, Mwita C. Antimalarial
drugs and the prevalence of mental and neurological
manifestations: A systematic review and meta-
analysis. Wellcome Open Res. 2017; 2:13.

doi: 10.12688/wellcomeopenres.10658.2.

Marmor M.F, Kellner U., Lai T.Y. et al.
Recommendations on screening for chloroquine and
hydroxychloroquine retinopathy (2016 revision).
Ophthalmology. 2016;123(6):1386-94. doi: 10.1016/].
ophtha.2016.01.058.

Melles R.B., Marmor M.F. The risk of toxic retinopathy
in patients on long-term hydroxychloroquine therapy.
JAMA Ophthalmol. 2014;132(12):1453-60. doi:
10.1001/jamaophthalmol.2014.3459.

Shroyer N.F., Lewis R.A., Lupski J.R. Analysis of

the ABCR (ABCA4) gene in 4-aminoquinoline
retinopathy: Is retinal toxicity by chloroquine and
hydroxychloroquine related to Stargardt disease? Am |
Ophthalmol. 2001;131(6):761-6. doi: 10.1016/s0002-
9394(01)00838-8.

Lee Y., Vinayagamoorthy N., Han. K. et al.
Association of Polymorphisms of Cytochrome

P450 2D6 With Blood Hydroxychloroquine Levels

in Patients With Systemic Lupus Erythematosus.
Arthritis & Rheumatology. 2016;68(1):184-90.

doi: 10.1002/art.39402.

Pasaoglu I., Onmez F.E. Macular toxicity after short-
term hydroxychloroquine therapy. Indian | Ophthalmol.
2019;67(2):289-92. doi:10.4103/ijo.|JO_732_18.
Hernandez Bel L., Monferrer Adsuara C., Hernandez
Garfella M. et al. Cervera Taulet E. Early macular
toxicity following 2 months of hydroxychloroquine
therapy. Arc Soc Esp Oftalmol. 201893(3):e20-1.

doi: 10.1016/j.0ftal.2017.12.004.

185



186

REVIEW ARTICLES

The Russian Archives of Internal Medicine @ Ne 3 e 2020

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Alanazi M.Q. Drugs may be induced
methemoglobinemia. ] Hematol Thrombo Dis.
2017;5(3):1-5. doi: 10.4172/2329- 8790.1000270.
El-Solia A., Al-Otaibi K., Ai-Hwiesh A K.
Hydroxychloroquine-induced hypoglycaemia in non-
diabetic renal patient on peritoneal dialysis. BMJ Case
Rep. 2018;2018:bcr2017223639. doi: 10.1136/bcr-2017-
223639.

Uniibol M., Ayhan M., Guney E. Hypoglycemia induced
by hydroxychloroquine in a patient treated for
rheumatoid arthritis. ] Clin Rheumatol. 2011;17(1):46-7.
doi: 10.1097/RHU.0b013e3182098¢1f.

Moseley R.H. Macrolide antibiotics. Hepatotoxicity of
antimicrobials and antifungal agents. In Drug-induced
Liver Disease. 3rd ed. Amsterdam: Elsevier. 2013;

pp. 466-7.

Longo G., Valenti C., Gandini G. et al. Azithromycin-
induced intrahepatic cholestasis. Am ] Med.
1997;102(2):217-8.

Owens R.C. Jr., Nolin T.D. Antimicrobial-associated QT
interval prolongation: pointes of interest. Clin Infect
Dis. 2006;43(12):1603-11. doi: 10.1086/508873.

Ray W.A., Murray K.T., Hall K. et al. Azithromycin

and the Risk of Cardiovascular Death. New England
Journal of Medicine. 2012;366(20):1881-90.
doi:10.1056/nejmoal003833.

Ryom L., Mocroft A., Kirk O. et al. Association
between antiretroviral exposure and renal impairment
among HIV-positive persons with normal baseline
renal function: the D:A:D study. ] Infect Dis.
2013;207(9):1359-69. doi: 10.1093/infdis/jit043.
Mocroft A., Lundgren ].D., Ross M. et al. Cumulative
and current exposure to potentially nephrotoxic
antiretrovirals and development of chronic kidney
disease in HIV-positive individuals with a normal
baseline estimated glomerular filtration rate:

a prospective international cohort study. The Lancet
HIV. 2016;3(1):e23-32. doi:10.1016/52352-
3018(15)00211-8.

Shafi T., Choi M.J., Racusen L.C. et al. Ritonavir-induced
acute kidney injury: kidney biopsy findings and review
of literature. Clin Nephrol. 2011;75(Suppl 1):60-4.

doi: 10.5414/cn106469.

|zzedine H., Harris M., Perazella M.A. The

nephrotoxic effects of HAART. Nat Rev Nephrol.
2009;5(10):563-73. doi: 10.1038/nrneph.2009.142.
Chughlay M.F,, Njuguna C., Cohen K. et al. Acute
interstitial nephritis caused by lopinavir/ritonavir

in a surgeon receiving antiretroviral postexposure
prophylaxis. AIDS. 2015; 29(4):503-4.

doi: 10.1097/QAD.0000000000000563.
Fichtenbaum C.J., Gerber J.G., Rosenkranz S.L. et

al. Pharmacokinetic interactions between protease
inhibitors and statins in HIV seronegative volunteers:
ACTG Study A5047. AIDS. 2002; 16(4):569-77.

doi: 10.1097/00002030-200203080-00008.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Baeza M.T., Merino E., Boix V. et al. Nifedipine-
lopinavir/ritonavir severe interaction:

a case report. AIDS. 2007;21(1):119-20.
doi10.1097/qad.0b013e3280117f6f.

Noor M.A., Parker R.A., O'Mar E. et al. The effects

of HIV protease inhibitors atazanavir and lopinavir/
ritonavir on insulin sensitivity in HIV-seronegative
healthy adults. AIDS. 2004; 18(16):2137-44.
doi:10.1097/00002030-200411050-00005.

Rose-John S., Winthrop K., Calabrese L. The role of
IL-6 in host defence against infections: immunobiology
and clinical implications. Nat Rev Rheumatol.
2017;13(7):399-409. doi: 10.1038/nrrheum.2017.83.
Hunter C., Jones S. IL-6 as a keystone cytokine in
health and disease. Nat Immunol. 2015; 16(5):448-57.
doi: 10.1038/ni.3153.

Campbell L., Chen C., Bhagat S.S., et al. Risk

of adverse events including serious infections

in rheumatoid arthritis patients treated with
tocilizumab: a systematic literature review and
meta-analysis of randomized controlled trials.
Rheumatology (Oxford). 2011;50(3):552-62.
doi:10.1093/rheumatology/keq343.

McCarty D., Robinson A. Efficacy and safety of
sarilumab in patients with active rheumatoid

arthritis. Ther Adv Musculoskelet Dis. 2018;10(3):61-7.
doi: 10.1177/1759720X17752037.

Schiff M.H., Kremer J.M., Jahreis A. et al. Integrated
safety in tocilizumab clinical trials. Arthritis Research &
Therapy. 2011;13(5):R141. doi:10.1186/ar3455.

Pardeo M., Wang J., Ruperto N. et al. Neutropenia
During Tocilizumab Treatment Is Not Associated

With Infection Risk in Systemic or Polyarticular-
Course Juvenile Idiopathic Arthritis. | Rheumatol.
2019;46(9):1117-26. d0i:10.3899/jrheum.180795.
Emery P, Rondon J, Parrino J, et al. Safety and
tolerability of subcutaneous sarilumab and intravenous
tocilizumab in patients with rheumatoid arthritis.
Rheumatology (Oxford). 2019;58(5):849-58.
doi:10.1093/rheumatology/key361.

Pawar A., Desai, R.J., Solomon D.H. et al. Risk of serious
infections in tocilizumab versus other biologic drugs

in patients with rheumatoid arthritis: a multidatabase
cohort study. Ann Rheum Dis. 2019;78(4):456-64.

doi: 10.1136/annrheumdis-2018-214367.

Boyce, E.G., Rogan, E.L.,, Vyas D. et al. Sarilumab:
Review of a Second IL-6 Receptor Antagonist

Indicated for the Treatment of Rheumatoid

Arthritis. Ann Pharmacother. 2018;52(8): 780-91.

doi: 10.1177/1060028018761599.

Vallabhaneni S., Chiller T.M. Fungal Infections and New
Biologic Therapies. Curr Rheumatol Rep. 2016;18(5):29.
doi: 10.1007/511926-016-0572-1.

Schiff M.H., Kremer J.M., Jahreis A. et al. Integrated
safety in tocilizumab clinical trials. Arthritis Res Ther.
2011;13(5):R141. doi:10.1186/ar3455.




Apxusb BHyTpeHHei MeAnumHbl ® No 3 o 2020

OB3OPHBIE CTATbHU

58. Winthrop K.L., Mariette X., Silva J.T. et al. ESCMID
Study Group for Infections in Compromised Hosts
(ESGICH) Consensus Document on the safety of
targeted and biological therapies: an infectious diseases
perspective (Soluble immune effector molecules [I1]:
agents targeting interleukins, immunoglobulins and
complement factors). Clin Microbiol Infect. 2018;
24(Suppl 2):521-40. doi: 10.1016/j.cmi.2018.02.002.

59. National Institute of Diabetes and Digestive and Kidney
Diseases. LiverTox: clinical and research information on
drug-induced liver injury. 2012. [Electronic resource].
URL: https://pubmed.ncbi.nlm.nih.gov/31643176/

60. Flaig T., Douros A., Bronder E. et al. Tocilizumab-
induced pancreatitis: case report and review of data
from the FDA Adverse Event Reporting System. ] Clin
Pharm Ther. 2016; 41(6):718-21. doi: 10.1111/jcpt.12456.

61. Gout T, Ostor A.J., Nisar M.K. Lower gastrointestinal
perforation in rheumatoid arthritis patients treated
with conventional DMARDs or tocilizumab: a
systematic literature review. Clin Rheumatol.
2011;30(11):1471-4. doi: 10.1007/s10067-011-1827-x.

62. Peura D. Stress-related mucosal damage. Clin Ther.
1986; 8(A):14-23.

63. Curtis J.R,, Lanas A., John A. et al. Factors associated
with gastrointestinal perforation in a cohort of patients
with rheumatoid arthritis. Arthritis Care Res (Hoboken).
2012; 64(12):1819-28. doi: 10.1002/acr.21764.

64. Pfeil ., Grulich-Henn J., Wenning D. et al. Multiple
upper gastrointestinal perforations in a 15-year-old
patient treated with tocilizumab. Rheumatology.
2014;53(9):1713-4. doi: 10.1093/rheumatology/keu032.

65. Xie, F, Yun, H., Bernatsky, S. et al. Brief Report: Risk
of Gastrointestinal Perforation Among Rheumatoid
Arthritis Patients Receiving Tofacitinib, Tocilizumab, or
Other Biologic Treatments. Arthritis & Rheumatology,
2016;68(11):2612-7. doi: 10.1002/art.39761.

66. Kappos L., Polman C.H., Freedman M.S. et al. Treatment
with interferon beta-1b delays conversion to clinically
definite and McDonald MS in patients with clinically
isolated syndromes. Neurology. 2006;67(7):1242-9.
doi:10.1212/01.wnl.0000237641.33768.8d.

67. Manfredi G., Kotzalidis G.D., Sani G. et al. Persistent
interferon-B-1b-induced psychosis in a patient with
multiple sclerosis. Psychiatry and Clinical Neurosciences.
2010;64(5):584-6. doi:10.1111/j.1440-1819.2010.02122.x.

68. National Institute of Diabetes and Digestive and Kidney
Diseases. LiverTox: Clinical and Research Information
on Drug-Induced Liver Injury [Internet]. Bethesda (MD).
2012. Beta Interferon. [Updated 2018 May 4]. URL:
https://www.ncbi.nlm.nih.gov/books/NBK548080/.

69. Winthrop K., Genovese M., Harigai M. et al. Serious infec-
tion and associated risk factors in patients with moderate
to severe rheumatoid arthritis treated with baricitinib.
Oral Presentations. 2017. [Electronic resource]. URL:
https://www.ema.europa.eu/en/documents/product-
information/olumiant-epar-product-information_en.pdf

70.

71.

72.

73.

74.

75.

76.

7.

78.

79.

80.

National Institute of Diabetes and Digestive and
Kidney Diseases. LiverTox: Clinical and Research
Information on Drug-Induced Liver Injury. Bethesda
(MD): 2012. Baricitinib. [Updated 2018 Oct 20].
[Electronic resource]. URL: https://www.ema.europa.
eu/en/documents/product-information/olumiant-epar-
product-information_en.pdf.

Tang N., Bai H., Chen X. et al. Anticoagulant
treatment is associated with decreased mortality

in severe coronavirus disease 2019 patients with
coagulopathy. | Thromb Haemost. 2020; 18(5):1094-9.
doi: 10.1111/jth.14817.

Ahmed I., Majeed A., Powell R. Heparin induced
thrombocytopenia: diagnosis and management
update. Postgrad Med J. 2007;83(983):575-82.

doi: 10.1136/pgmj.2007.059188.

Lee G.M., Arepally G.M. Diagnosis and management of
heparin-induced thrombocytopenia. Hematol Oncol
Clin North Am. 2013;27(3):541-63. doi: 10.1016/j.
hoc.2013.02.001.

Lubenow N., Hinz P, Thomaschewski S. et al. The
severity of trauma determines the immune response
to PF4/heparin and the frequency of heparin-induced
thrombocytopenia. Blood. 2010; 115(9):1797-803.

doi: 10.1182/blood-2009-07-231506.

Prandoni P, Siragusa S., Girolami B.. et al. BELZONI
Investigators Group. The incidence of heparin-

induced thrombocytopenia in medical patients
treated with low-molecular-weight heparin: a
prospective cohort study. Blood 2005;106(9):3049-54.
doi: 10.1182/blood-2005-03-0912.

Testa S., Prandoni P, Paoletti O. et al. Direct oral
anticoagulant plasma levels’ striking increase in severe
COVID-19 respiratory syndrome patients treated

with antiviral agents: The Cremona experience.

J Thromb Haemost. 2020. Online ahead of print. doi:
10.1111/jth.14871.

Li MY, LiL., Zhang Y. et al. Expression of the
SARS-CoV-2 cell receptor gene ACE in a wide variety
of human tissues. Infect Dis Poverty. 2020;9(1):45.

doi: 10.1186/540249-020-00662-x.

Ferrario C.M., Jessup J., Chappell M.C. et al. Effect

of angiotensin-converting enzyme inhibition and
angiotensin Il receptor blockers on cardiac angiotensin-
converting enzyme 2. Circulation. 2005;111(20):2605-
2610. doi:10.1161/CIRCULATIONAHA.104.510461.
Bavishi C., Maddox T.M., Messerli F.H.

Coronavirus disease 2019 (COVID-19) infection

and renin angiotensin system blockers.

JAMA Cardiol. 2020. Online ahead of print.
doi:10.1001/jamacardio.2020.1282.

Zhang H., Penninger J.M., Li Y. et al. Angiotensin-
converting enzyme 2 (ACE2) as a SARS-CoV-2 receptor:
molecular mechanisms and potential therapeutic
target. Intensive Care Med. 2020; 46(4):586-90.

doi: 10.1007/s00134-020-05985-9.

187



