Aprotinin - a New Drug Candidate for The Prevention of SARS-CoV-2
(COVID-19)
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1. ABSTRACT
The efficacy of Aprotinin as prophylactic treatment of Covid-19 was studied in the
hamster model of SARS-CoV-2 and in the health care personnel working with Covid-19 patients
in hospital. High efficacy of Aprotinin in pre- and post-exposure prophylaxis of SARS-CoV-2

was demonstrated.

Keywords: Aprotinin, prevention, SARS-CoV-2, COVID-19



INTRODUCTION

The emergence of the new SARS-CoV-2 virus and the COVID-19 infection caused by it
has posed a number of challenges for the world community. There is an intensive search for
therapeutic agents around the world to prevent SARS-CoV-2 and/or treat COVID-19.

One of the important tasks is to create effective means of prophylaxis in people at high risk
of infection. First of all, these are health care professionals, service, education and military
personnel.

Despite active attempts to create vaccines, the majority of viable variants are expected in
2021. Note, that the world's first SARS-CoV-2 vaccine was registered in Russia on August 11,
2020 [1]. However, it takes time to evaluate the efficacy of the vaccine in preventing SARS-
CoV-2 without aggravating the infection, the so-called ADE phenomenon, antibody-dependent
enhancement of the infection, which was observed with SARS-CoV infection in 2003. All this
makes the development of effective specific preventive agents extremely urgent.

The development of preventive agents for pre- or post-exposure prophylaxis of SARS-
CoV-2 is equally important. Several agents have been or are being investigated in clinical trials,
including lopinavir/ritonavir, emtricitabine/tenofovir alafenamide or tenofovir disoproxil
fumarate, chloroquine, hydroxychloroquine, nitazoxanide, and supplements such as zinc, vitamin
C, super B-complex, and vitamin D. Trials of anti-SARS-CoV-2 monoclonal antibodies and
convalescent plasma are also under development. However, currently, no known agent can
prevent SARS-CoV-2 infection [2].

In several studies it was shown that Aprotinin efficiently inhibits SARS-CoV-2 replication
in Caco-2 (human colorectal cancer cells, [3]) and Calu-3 (human airway epithelial cells, [4])
cells in vitro. Aprotinin is a natural proteinase inhibitor obtained from bovine lung and has a
long history of clinical use since 1960s. It has a broad action on proteolytic enzymes such as
plasmin, trypsin, and kallikrein. Recently it was demonstrated that it inhibits also the
transmembrane serine protease 2 (TMPRSS2) — the host cell protease responsible for cleavage
and activation of SARS-CoV-2 S-protein [5]. TMPRSS2 is widely expressed in epithelial cells
of the respiratory, gastrointestinal and urogenital tract [6, 7] and was shown to activate the
fusion proteins of a number of respiratory viruses including human metapneumovirus, human
parainfluenza viruses as well as SARS-CoV and Middle East respiratory syndrome (MERS)-
CoV invitro [7, 8].

In clinical use Aprotinin is used to reduce blood loss during surgery and for pancreatitis [9,

10]. Aprotinin inhibits pro-inflammatory cytokine release and maintains glycoprotein



homeostasis. In platelets, Aprotinin reduces glycoprotein loss (e.g., Gplb, Gpllb/Illa), while in
granulocytes it prevents the expression of pro-inflammatory adhesive glycoproteins (e.g.,
CD11b). Through its inhibition of multiple mediators [e.g., kallikrein, plasmin] effect of
Aprotinin results in the attenuation of inflammatory responses, fibrinolysis, and thrombin
generation [11]. Also Aprotinin was previously investigated against influenza viruses [12-16]
and is approved for the treatment of influenza as aerosol in Russia.

All together these data demonstrates that Aprotinin has antiviral and anti-inflammatory
activity. It makes Aprotinin an attractive candidate for prophylactic treatment of SARS-CoV-2
infection. To support this hypothesis we tested Aprotinin in SARS-CoV-2 hamster model. Also
its potential for prophylactic treatment in human was estimated on health care personnel of

Covid-hospital during 6 weeks of treatment in prospective study.

METHODS
Drugs

Gordox® (Aprotinin) 10 000 KIU/ml was used in the studies.
Animals

The study was performed in the State Research Center of Virology and Biotechnology
VECTOR, Koltsovo, Novosibirsk Oblast, Russia. The SARS-CoV-2 strain
nCov/Victoria/1/2020 was used in the hamster model.
SARS-CoV-2 hamster model

Wild-type male Syrian hamsters were purchased from Krollnfor Ltd and were housed with
ad libitum access to food and water. Housing conditions and experimental procedures were
approved by the ethical committee of animal experimentation.

8-10 weeks old hamsters were randomized to two groups — Control and Aprotinin groups,
8 animals per group. Hamsters were anesthetized with ether and treated intranasally with sodium
saline (control, 50 ul/nostril) or Aprotinin (50 ul=500 KIU/nostril, 1000 KIU/animal). 1 hour
after drug treatment animals were inoculated with 1000xCPEsy/animal of SARS-CoV-2. The
treatment of animals was performed TID and was continued during 2 days. 2-3 hours after
morning treatment on the day 3, following tissues were collected for analysis: nasal washes and
lung tissues. SARS-CoV-2 RNA was measured using real-time PCR (Ct=40 at low limit of
quantitation). Weight changes in body weight of hamsters were determined at 3 day p.i.
Human study

The efficacy study of the preventive action of Aprotinin was investigated in the

prospective study “Prophylaxis and prevention of Covid-infection progression” (study protocol



Ne(09-20 from 05.05.2020, approved by Local Ethics Committee of the .M. Sechenov First
Moscow State Medical University 07.05.2020). It was carried out in 32 health care professionals
of COVID hospital of the I.M. Sechenov First Moscow State Medical University (Sechenov
University) including medical and nursing staff who were constantly working in the "red zone"
during three months of observation. Among them: 5 intensivists, 2 surgeons who performed
tracheostomy and pleural punctures, 15 physicians and 10 nurses.

At the beginning of the study, pharmacological prevention of SARS-CoV-2 (COVID-19)
in adults recommended by the Ministry of Health of the Russian Federation was used [17].
However, after the first week of administration of hydroxychloroquine as a preventive agent,
health care professionals of the COVID hospital group were forced to discontinue the drug due
to significant side effects. 3 weeks after the opening of the COVID hospital, employees
from the COVID hospital group started Aprotinin nasal spray twice daily: in the morning, before
entering the red zone and in the evening, after leaving the red zone, 400 KIU b.i.d., totally, 800
KIU daily. As a supportive therapy, the COVID hospital staff was administered Galavit, an
immunomodulatory agent, 2 tablets x 25 mg, twice daily sublingually, and Kipferon®, an
inducer of recombinant human interferon-a2, 1 suppository twice daily.

All study subjects were tested weekly for SARS-CoV-2 using the polymerase chain
reaction (PCR) method. At Week 6, all employees were tested for specific IgG.

RESULTS

Intranasal administration of Aprotinin significantly reduced the SARS-CoV-2 RNA titer 3
days p.i. in nasal washes compared to the Control group (Figure 1B). The SARS-CoV-2 RNA
was absent in lung tissues of 5 animals from Aprotinin group and significantly reduced in 3 other
hamsters compared to the Control group (Figure 1A). It means that prophylactic treatment with
Aprotinin prevented SARS-CoV-2 reproduction and distribution to the lungs. Some difference in
the body weight of hamsters (Figure 1C) is not statistically significant and most likely is not
related to the influence of Aprotinin.

The prospective study of Aprotinin prophylactic treatment in health care personnel from
MSMU demonstrated that only 2 out of 30 workers (6.7%) were infected with SARS-CoV-2.
The disease progression was asymptomatic and was determined at the week 6 only using IgG

analysis.



DISCUSSION

Preventive IN administration of Aprotinin to the hamsters 1 hour before SARS-CoV-2
infection prevented its distribution to the lungs and significantly reduced SARS-CoV-2 RNA
titer in nasal washes and lung tissues (Figure 1). This is in good agreement with results of
Aprotinin administration to health care professionals in the Covid hospital of MSMU — only 2
(6.7 %) people out of 30 were infected and had mild severity of or no symptoms. At the same
time, the average infection rate of health care professionals can reach 29% [14].

No adverse events were recorded in volunteers taking Aprotinin during the prospective
study in the Covid hospital of MSMU. All these data give grounds for further study and
authorization of Aprotinin as the product for pharmacological prevention of SARS-CoV-2

(COVID-19).
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Figure 1
Prophylactic efficacy of aprotinin on morbidity of SARS-CoV-2 virus-infected hamsters.

Hamsters (n=8/group) were lightly anesthetized with ether, and aprotinin (1000 KIU/animal)
was administered intranasally twice daily for three days. The control (untreated) animals
received sodium saline on the same schedule. One hour after the first aprotinin dose, each
hamster was inoculated with 10° CPEsy of SARS-CoV-2 (100 pl/animal). Virus replication from
samples obtained from lung tissues (A) and nasal washes (B) of hamsters at 3 day p.i. was
determined by qRT-PCR (limit of detection, Ct=40). Weight changes in body weight of hamsters
were determined at 3 day p.i. (C). *P<0.05 relative to control group (t-test).
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