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Letter to Editors

Use of hydroxychloroquine and interferon alpha-2b for the prophylaxis of COVID-19

A B S T R A C T

The ongoing pandemic of COVID-19 infection demands efforts to reduce spread. In order to eradicate an infectious disease, a method of prevention with low social
cost is the most effective way. While we wait for new therapies and a vaccine, we are proposing a solution based on the existing knowledge in biomedical sciences.
Here we propose to use low doses of hydroxychloroquine (50–100 mg daily orally) and intranasal interferon alpha-2b (IFN α-2b) spray (0.5 × 106 IU twice daily) for
the prophylaxis of COVID-19. Although there are ongoing clinical trials to test the efficacy of hydroxychloroquine for prophylaxis, there has not been any proposal to
test the efficacy of IFN α-2b together with hydroxychloroquine to increase protection against COVID-19. Since the two act on two different mechanisms, we strongly
believe that the two could have additive effects in prophylaxis against COVID-19. We recommend using a randomized control study to prove efficacy and safety.

Dear Editor:

Background

SARS-CoV-2 is an enveloped positive stranded RNA coronavirus and
is genetically related to SARS-CoV, which was responsible for the SARS
outbreak in 2002–3. The receptor-binding domain of the S1 subunit has
high affinity for angiotensin-converting enzyme 2 (ACE-2) receptor [2].
ACE2 protein is primarily expressed in the epithelia of human lung and
small intestine but is also expressed in heart, kidneys, and brain [3].

SARS-CoV2 enters the host cell through the endocytosis [2]. Both
SARS-CoV and SARS-CoV2 have been implicated to hijack the endocytic
pathway to gain entry into host cells [4]. After receptor binding and
endocytosis of the virus, in the acidic environment of the endocytic
vesicle, proteolytic cleavage of S allows the virus to fuse with the
membrane of the endosome, dumping viral nucleocapsid into the cy-
tosol of the cell [4,5]. Taken together, targeting the endocytic-lyso-
somal pathway could be beneficial in the prevention of SARS-CoV2
from entry into the host cell.

Chloroquine is a well-known drug that has been used for the pre-
vention or treatment of malaria and treatment of rheumatoid arthritis
and lupus. In addition, the drug has been known to have anti-viral
properties against viruses such as HIV [7] and SARS-CoV [8]. The
mechanism of chloroquine is well-known: it inhibits the acidification of
endosome, thus inhibiting the entry of the virus into the cytosol. It is
also reported that chloroquine can inhibit the glycosylation of S1 pro-
tein preventing the entry into the host cell [8].

Interferon alpha-2b (IFN α-2b) is an antiviral cytokine produced
from leukocytes and other cells that are infected by a virus and is
currently used to treat viral hepatitis C and hepatitis B. While the an-
tiviral mechanisms of IFN α-2b are incompletely known, IFN α inhibits
viral replication through prevention of protein translation [9]. Since
chloroquine and IFN α have two different mechanisms of action, we
predict that the two therapies would have additive effects in the pro-
phylaxis of COVID-19.

Studies involving chloroquine and IFN α

In vitro, chloroquine is reported to have antiviral activity against

many types of RNA viruses as reviewed by Devaux [6]. Chloroquine has
been studied in vitro using cell lines and found to be effective in pre-
venting the entry of the virus into the cells [11].

The prophylactic properties of IFN α-2b have been tested against a
variety of viruses including coronavirus [1] in human. In the study
involving cold caused by coronavirus, volunteers used nasal spray of
IFN α-2b or placebo before inoculation of coronavirus 229E. Nasal
spray of IFN α reduced cold symptoms significantly compared to pla-
cebo, although the rate of viral infection was the same [1].

Proposed use of chloroquine and IFN α as prophylactic treatment

Given the effectiveness of prophylactic chloroquine in vitro and
demonstrated ability of IFN α-2b to reduce symptoms of coronavirus in
human, we are proposing to use chloroquine together with IFN α-2b as
a prophylactic measure in human, most likely first line hospital workers
and high-risk patients in the hospital and nursing home. The efficacy of
this method can be tested in a randomized controlled study clinically. In
the high risk group of patients, individuals with the prophylaxis can be
compared with the individuals without prophylaxis. Ideally there
would be three experimental groups: placebo, hydroxychloroquine
alone, and hydroxychloroquine with IFN α-2b. Rate of infection and
severity of symptoms can be compared between all three groups. Due to
the low side effect profile of chloroquine and IFN α-2b, the benefit to
risk ratio of using chloroquine and IFN α-2b to prevent the spread of
SARS-CoV2 and COVID-19 could be enormous.

Chloroquine has a long half-life of 150–290 h [12]. For this reason,
in the prevention of malaria, the patient is asked to take the drug once a
week for the period of traveling to malaria-infected region. Chloroquine
has a large volume of distribution and can penetrate almost all tissues
including the liver, spleen, brain, kidney, lungs, and spleen [10]. Due to
the long half-life and large volume of distribution of chloroquine,
chloroquine can potentially prevent SARS-CoV2 from entry into host
cell in all different organs.

Perhaps the most appealing aspect of using chloroquine as a pro-
phylactic treatment is the low side effect profile. There have been few
reports of severe side effect for the long-term use of chloroquine, but
there are some reports on cardiomyopathy as a severe adverse effect
caused by chloroquine [13]. Bernstein analyzed all published cases and
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Food and Drug Administration reports of retinopathy induced by hy-
droxychloroquine. He concluded that there is no evidence of permanent
visual-field scotomas occurring when the daily dose did not exceed
6.5 mg/kg body weight for maintenance therapy [14]. The dosage we
are proposing is 12.5% to 25% of the dosage used in the long term
treatment. Thus, the rate of side effects should be significantly lower,
especially in short period of use.

Intranasal IFN α given as prophylaxis intranasally also had a mild
side effect profile. Side effects mainly were nose bleeds [1].

We propose to test 50–100 mg of chloroquine daily for the pro-
phylaxis of COVID-19. At this lower concentration, the side effect of
chloroquine will be minimized so that the general public can use for a
period of time until COVID-19 is under control. The concentration in
plasma would be expected to be 0.16–0.8 µM, well below the threshold
for side effects at 1.25 µM. Whole blood concentrations of chloroquine
are 5–10 times higher than plasma [10], and tissue concentrations are
200–700 times higher than plasma [15]. Thus, at a dose of 50–100 mg
daily, the concentrations of chloroquine in tissue should be high enough
to have prophylactic effect, according to the concentrations of chlor-
oquine used in vitro without minimal risk of adverse events [8].

Several forms of chloroquine have been approved for use in the
clinic. Hydroxychloroquine is an analog of chloroquine with less drug-
drug interactions and has been found to be more potent [16]. Thus,
hydroxychloroquine may be the most appropriate form of chloroquine
to give for prophylaxis.

In the study involving prophylaxis of cold caused by coronavirus in
healthy individuals, dose of 0.5 × 106 IU twice a day of intranasal IFN
α-2b decreased symptoms of cold caused by coronavirus [1]. Since we
hypothesize that the prophylactic effects of IFN α-2b and chloroquine
would be additive, we recommend using a low intranasal dose of
0.5 × 106 IU twice a day to minimize adverse effects of IFN α-2b
treatment.

Note: After the submission of the manuscript, Dr. Jinping Xu and Dr.
Youcheng Liu of Wayne State University School of Medicine decided to
collaborate with the authors to initiate a clinical trial to test the hy-
pothesis.

Funding

This work was supported by the National Institute of Diabetes and
Digestive and Kidney Disease (NIDDK) grants F30-DK116529 (A.Y.)

Author contributions

B.Y. and C.Y. conceived of the presented idea. All authors con-
tributed to the writing and editing of the manuscript.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influ-
ence the work reported in this paper.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.mehy.2020.109802.

References

[1] Turner RB, et al. Prevention of experimental coronavirus colds with intranasal
alpha-2b interferon. J Infect Dis 1986;154(3):443–7.

[2] Anderson KG, Rambaut A, Lipkin WI. The proximal origin of SARS-CoV-2. Nat Med
2020.

[3] Baig AM, et al. Evidence of the COVID-19 virus targeting the CNS: tissue distribu-
tion, host-virus interaction, and proposed neurotropic mechanisms. ACS Chem
Neurosci 2020.

[4] Naidi Y, Han-Ming S. Targeting the endocytic pathway and autophagy process as a
novel therapeutic strategy in COVID-19. Int J Biol Sci 2020;16(10):1724–31.

[5] Burkard C, et al. Coronavirus cell entry occurs through the endo-/lysosomal
pathway in a proteolysis-dependent manner. PLoS Pathog 2014;10(11):e1004502.

[6] Devaux CA, et al. New insights on the antiviral effects of chloroquine against cor-
onavirus: what to expect for COVID-19? Int J Antimicrob Agents 2020:105938.

[7] Boelaert JR, Piette J, Sperber K. The potential place of chloroquine in the treatment
of HIV-1-infected patients. J Clin Virol 2001;20(3):137–40.

[8] Vincent MJ, et al. Chloroquine is a potent inhibitor of SARS coronavirus infection
and spread. Virol J 2005;2:69.

[9] Guo JT, et al. Mechanism of the interferon alpha response against hepatitis C virus
replicons. Virology 2004;325(1):71–81.

[10] Ducharme J, Farinotti R. Clinical pharmacokinetics and metabolism of chloroquine.
Focus on recent advancements. Clin Pharmacokinet 1996;31(4):257–74.

[11] Wang M, et al. Remdesivir and chloroquine effectively inhibit the recently emerged
novel coronavirus (2019-nCoV) in vitro. Cell Res 2020;30(3):269–71.

[12] Gustafsson LL, et al. Disposition of chloroquine in man after single intravenous and
oral doses. Br J Clin Pharmacol 1983;15(4):471–9.

[13] Ratliff NB, et al. Diagnosis of chloroquine cardiomyopathy by endomyocardial
biopsy. N Engl J Med 1987;316(4):191–3.

[14] Bernstein HN. Ocular safety of hydroxychloroquine. Ann Ophthalmol
1991;23(8):292–6.

[15] Popert AJ. Chloroquine: a review. Rheumatol Rehabil 1976;15(3):235–8.
[16] Yao X, et al. In vitro antiviral activity and projection of optimized dosing design of

hydroxychloroquine for the treatment of severe acute respiratory syndrome cor-
onavirus 2 (SARS-CoV-2). Clin Infect Dis 2020.

Alexander Yanga, Charlotte Yangb, Bing Yangc,⁎
a Center for Molecular Medicine and Genetics, Wayne State University

School of Medicine, Detroit, MI 48202, USA
b Charlotte Yang MD PLC, 4817 W Professional Drive, Bay City, MI 48706,

USA
cDepartment of Biology, Saginaw Valley State University, 7100 Bay Road,

University Center, MI 48701, USA
E-mail address: byang@svsu.edu (B. Yang).

⁎ Corresponding author.

Letter to Editors Medical Hypotheses 144 (2020) 109802

2

https://doi.org/10.1016/j.mehy.2020.109802
https://doi.org/10.1016/j.mehy.2020.109802
http://refhub.elsevier.com/S0306-9877(20)30709-X/h0005
http://refhub.elsevier.com/S0306-9877(20)30709-X/h0005
http://refhub.elsevier.com/S0306-9877(20)30709-X/h0010
http://refhub.elsevier.com/S0306-9877(20)30709-X/h0010
http://refhub.elsevier.com/S0306-9877(20)30709-X/h0015
http://refhub.elsevier.com/S0306-9877(20)30709-X/h0015
http://refhub.elsevier.com/S0306-9877(20)30709-X/h0015
http://refhub.elsevier.com/S0306-9877(20)30709-X/h0020
http://refhub.elsevier.com/S0306-9877(20)30709-X/h0020
http://refhub.elsevier.com/S0306-9877(20)30709-X/h0025
http://refhub.elsevier.com/S0306-9877(20)30709-X/h0025
http://refhub.elsevier.com/S0306-9877(20)30709-X/h0030
http://refhub.elsevier.com/S0306-9877(20)30709-X/h0030
http://refhub.elsevier.com/S0306-9877(20)30709-X/h0035
http://refhub.elsevier.com/S0306-9877(20)30709-X/h0035
http://refhub.elsevier.com/S0306-9877(20)30709-X/h0040
http://refhub.elsevier.com/S0306-9877(20)30709-X/h0040
http://refhub.elsevier.com/S0306-9877(20)30709-X/h0045
http://refhub.elsevier.com/S0306-9877(20)30709-X/h0045
http://refhub.elsevier.com/S0306-9877(20)30709-X/h0050
http://refhub.elsevier.com/S0306-9877(20)30709-X/h0050
http://refhub.elsevier.com/S0306-9877(20)30709-X/h0055
http://refhub.elsevier.com/S0306-9877(20)30709-X/h0055
http://refhub.elsevier.com/S0306-9877(20)30709-X/h0065
http://refhub.elsevier.com/S0306-9877(20)30709-X/h0065
http://refhub.elsevier.com/S0306-9877(20)30709-X/h0080
http://refhub.elsevier.com/S0306-9877(20)30709-X/h0080
http://refhub.elsevier.com/S0306-9877(20)30709-X/h0085
http://refhub.elsevier.com/S0306-9877(20)30709-X/h0085
http://refhub.elsevier.com/S0306-9877(20)30709-X/h0095
http://refhub.elsevier.com/S0306-9877(20)30709-X/h0100
http://refhub.elsevier.com/S0306-9877(20)30709-X/h0100
http://refhub.elsevier.com/S0306-9877(20)30709-X/h0100
mailto:byang@svsu.edu

	Use of hydroxychloroquine and interferon alpha-2b for the prophylaxis of COVID-19
	Background
	Studies involving chloroquine and IFN α
	Proposed use of chloroquine and IFN α as prophylactic treatment
	Funding
	Author contributions
	Declaration of Competing Interest
	Supplementary data
	References




