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In the last twenty years, betacoronaviruses have caused three global health-threatening
diseases, including Severe Acute Respiratory Syndrome (SARS) in 2002, Middle-East
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Respiratory Syndrome (MERS) in 2012 and recently, a novel coronavirus-induced
pneumonia, which was named coronavirus disease 2019 (COVID-19) by the World Health
Organization (WHO) in February, 2020. A serious outcome of COVID-19 in some patients is
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Acute Respiratory Distress Syndrome (ARDS) that may be fatal1, 2. Given the severity of
COVID-19, a desperate global research effort is underway to identify effective antiviral
therapies.
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Chloroquine, that was discovered in 1934, and its derivative hydroxychloroquine, are
attracting considerable attention as potential therapies for COVID-19. They are in widespread
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clinical use as generic medications for the treatment and prevention of malaria, as well as for
auto-immune diseases such as rheumatoid arthritis and systemic lupus erythematosus3. In

ce

recent months, they have become popular as potential therapies for COVID-19. Their use is
based on in vitro data showing that they exert a broad-spectrum antiviral activity against a
wide range of viruses, including coronavirus4. Despite the lack of robust clinical evidence of
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antiviral efficacy, they are widely advocated for the treatment of COVID-19, as well as in
prophylactic regimens in healthy individuals to prevent coronavirus transmission5,6. As will
be discussed in this commentary, their safety and effectiveness may be compromised by their
interference with the body’s normal salutary immune response.
The innate immune system is an intrinsic defense mechanism against invading

pathogens and acts as the first line of defense to prevent viral invasion and subsequent
replication. It is equipped with receptors, commonly termed pattern recognition receptors
(PRRs) that are capable of recognizing microbial pathogens due to the presence of pathogenPharmaceutical Sciences (Indexed in ISI and Scopus)
https://ps.tbzmed.ac.ir/

associated molecular patterns (PAMPs). PAMPs include various microbial molecules such as
viral nucleic acid and viral envelop proteins. One of the largest and best-studied families of
PRRs in detecting PAMPs of viruses and other pathogens are Toll-like Receptors (TLRs)7, 8,
9

. To date, 13 murine and 10 human subtypes of TLRs have been identified10. TLRs can be

divided into two main groups: 1) plasma membrane TLRs (TLR1, 2, 5, 6 and 10-11) which
are expressed on the extracellular surface of cells and recognize PAMPs on the surface of
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invading microbes, and 2) intracellular TLRs, often termed nucleic acid sensors (TLR3, 7, 8
and 9), that are expressed on the membrane of intracellular vesicles. TLR4 can be expressed
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on both cellular and endosomal membranes11.

Endosomal TLRs (TLR3, 7, 8 and 9) identify viral nucleic acids and, along with
TLR4, are critical in the recognition of viral genetic materials and for the initiation of
antiviral responses9. Of these, TLR3 binds to viral double-stranded RNA (dsRNA) whereas
TLR7 and 8 bind to viral single-stranded RNA (ssRNA)8. The spike (s) protein and single-
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strand RNA (ssRNA) have been proposed as key PAMPs in SARS-CoV. It's important to
note that coronaviruses are enveloped viruses that contain a positive-sense single-stranded
RNA genome1 and their recognition in the endosome by endosomal TLRs is dependent on
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acidification of the endosomal vesicles8, 12. When a TLR recognizes a PAMP, the host rapidly
activates an innate immune response which triggers the release of interferons (IFNs) and
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inflammatory cytokines and chemokines in order to inhibit virus replication and eliminate the
invading pathogen8. While the proper functioning of the immune system protects the body
from pathogens, overexpression and exhaustion of the adaptive immune system, rather than
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the innate immune response, is mainly responsible for the cytokine storm associated with the
severe manifestations of COVID-19. When the body is exposed to the virus, the innate
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immune system limits viral spread within the host and therefore plays a protective role during
the initiation of the infection or in mild COVID-19 disease, although, under conditions of

high viral load, the innate immune response can also provoke immune-related pathology
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resulting in severe pneumonia.
Several studies have reported protective and therapeutic effects of activators of TLRs

in viral diseases. TLR3 agonists exert protective effects against several viruses9. The TLR7
agonist, imiquimod, is approved for the treatment of genital warts caused by human

papillomavirus infection. In addition, ANA-773, a prodrug of isatoribine and a TLR7 agonist,
has been developed for the treatment of HCV-infected patients and its efficacy is
demonstrable in hepatitis C patients8, 13.
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An important requirement for the antiviral effectiveness of TLR activation is the
acidic environment of endosomes. However, both chloroquine and hydroxychloroquine are
weak bases and one of their antiviral mechanisms is attributed to an elevation of pH of acidic
intracellular organelles, such as endosomes and lysosomes3. Thus, it is possible that the
alkalization of these compartments by chloroquine or hydroxychloroquine may limit TLR
signaling, thereby impairing the effectiveness of the body’s natural defense mechanisms.
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Indeed, in agreement with this hypothesis, the prophylactic use of chloroquine exacerbates
acute Chikungunya virus infection in a non-human primate model14.

us
cr

In summary, TLRs function as key components of the innate immune system require
the acidic environment of endosomes to produce their antiviral effects. In contrast, the
antiviral actions of chloroquine are partially attributed to an increment in pH of endosomes
that may limit the beneficial actions of TLR activation. Therefore, we propose that the use of
chloroquine as a prophylaxis approach to reduce COVID-19 transmission, particularly in
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immunosuppressed individuals, may actually be detrimental and facilitate the initiation and
development of COVID-19. Clinical studies will be required to clarify this important issue.
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