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Of Chloroquine and COVID-19

Keywords: SARS-CoV-2, COVID-19, 2019-nCoV, Chloroquine, antiviral

Recent publications have brought attention to the possible benefit of chloroquine, a broadly used antimalarial drug, in the treatment of patients infected by the novel emerged coronavirus (SARS-CoV-2). The scientific community should consider this information in light of previous experiments with chloroquine in the field of antiviral research.

Recent publications have brought attention to the possible benefit of chloroquine, a broadly used antimalarial drug, in the treatment of patients infected by the novel emerged coronavirus (SARS-CoV-2) [START_REF] Colson | Chloroquine for the 2019 novel coronavirus SARS-CoV-2[END_REF][START_REF] Gao | Breakthrough: Chloroquine phosphate has shown apparent efficacy in treatment of COVID-19 associated pneumonia in clinical studies[END_REF]. The scientific community should consider this information in light of previous experiments with chloroquine in the field of antiviral research.

The sulfate and phosphate salts of chloroquine have both been commercialised as antimalarial drugs. Hydroxychloroquine has also been used as an antimalarial, but in addition is now broadly used in autoimmune diseases such as lupus and rheumatoid arthritis. Of note, chloroquine and hydroxychloroquine are considered to be safe and side-effects are generally mild and transitory. However, the margin between the therapeutic and toxic dose is narrow and chloroquine poisoning has been associated with cardiovascular disorders that can be lifethreatening [START_REF] Frisk-Holmberg | Chloroquine intoxication [letter[END_REF]. Chloroquine and hydroxychloroquine use should therefore be subject to strict rules, and self-treatment is not recommended.

The in vitro antiviral activity of chloroquine has been identified since the late 1960's [START_REF] Inglot | Comparison of the antiviral activity in vitro of some non-steroidal antiinflammatory drugs[END_REF][START_REF] Miller | Antihistaminics, local anesthetics, and other amines as antiviral agents[END_REF][START_REF] Shimizu | Effect of chloroquine on the growth of animal viruses[END_REF] and the growth of many different viruses can be inhibited in cell culture by both chloroquine and hydroxychloroquine, including the SARS coronavirus [START_REF] Keyaerts | In vitro inhibition of severe acute respiratory syndrome coronavirus by chloroquine[END_REF]. Some evidence for activity in mice has been found for a variety of viruses, including human coronavirus OC43 [START_REF] Keyaerts | Antiviral activity of chloroquine against human coronavirus OC43 infection in newborn mice[END_REF], enterovirus EV-A71 [START_REF] Tan | An evaluation of Chloroquine as a broadacting antiviral against Hand, Foot and Mouth Disease[END_REF], Zika virus [START_REF] Li | Chloroquine, a FDA-approved Drug, Prevents Zika Virus Infection and its Associated Congenital Microcephaly in Mice[END_REF] and influenza A H5N1 [START_REF] Yan | Anti-malaria drug chloroquine is highly effective in treating avian influenza A H5N1 virus infection in an animal model[END_REF]. However, chloroquine did not prevent influenza infection in a randomized, double-blind, placebo-controlled clinical trial [START_REF] Paton | Chloroquine for influenza prevention: a randomised, doubleblind, placebo controlled trial[END_REF], and had no effect on dengue-infecteds patient in a randomized controlled trial in Vietnam [START_REF] Tricou | A randomized controlled trial of chloroquine for the treatment of dengue in Vietnamese adults[END_REF]. Chloroquine was also active ex vivo but not in vivo in the case of ebolavirus in mice [START_REF] Dowall | Chloroquine inhibited Ebola virus replication in vitro but failed to protect against infection and disease in the in vivo guinea pig model[END_REF][START_REF] Falzarano | Lack of protection against ebola virus from chloroquine in mice and hamsters[END_REF], Nipah [START_REF] Pallister | Chloroquine Administration Does Not Prevent Nipah Virus Infection and Disease in Ferrets[END_REF] and influenza virus [START_REF] Vigerust | Chloroquine is effective against influenza A virus in vitro but not in vivo[END_REF] in ferrets.

The case of chikungunya virus (CHIKV) is of specific interest: chloroquine showed promising antiviral activity in vitro [START_REF] Coombs | Effects of chloroquine and cytochalasin B on the infection of cells by Sindbis virus and vesicular stomatitis virus[END_REF][START_REF] Delogu | Chikungunya disease and chloroquine treatment[END_REF], but was shown to enhance alphavirus replication in various animal models [START_REF] Maheshwari | Chloroquine enhances replication of Semliki Forest virus and encephalomyocarditis virus in mice[END_REF][START_REF] Roques | Paradoxical Effect of Chloroquine Treatment in Enhancing Chikungunya Virus Infection[END_REF][START_REF] Seth | Acceleration of viral replication and upregulation of cytokine levels by antimalarials: implications in malaria-endemic areas[END_REF], most probably because of the immune modulation and anti-inflammatory properties of chloroquine in vivo [START_REF] Connolly | Alteration of interleukin-1 activity and the acute phase response in adjuvant arthritic rats treated with disease modifying antirheumatic drugs[END_REF][START_REF] Katz | Re-evaluation of antimalarials in treating rheumatic diseases: re-appreciation and insights into new mechanisms of action[END_REF][START_REF] Savarino | Effects of chloroquine on viral infections: an old drug against today's diseases[END_REF]. In a nonhuman primate model of CHIKV infection, chloroquine treatment was shown to exacerbate acute fever and delay the cellular immune response, leading to an incomplete viral clearance [START_REF] Roques | Paradoxical Effect of Chloroquine Treatment in Enhancing Chikungunya Virus Infection[END_REF]. A clinical trial conducted during the chikungunya outbreak in 2006 in Réunion Island showed that oral chloroquine treatment did not improve the course of the acute disease [START_REF] De Lamballerie | On chikungunya acute infection and chloroquine treatment[END_REF] and that chronic arthralgia on day 300 post-illness was more frequent in treated patients than in the control group [START_REF] Roques | Paradoxical Effect of Chloroquine Treatment in Enhancing Chikungunya Virus Infection[END_REF]. Altogether, the assessment of previous trials indicates that, to date, no acute virus infection has been successfully treated by chloroquine in humans.

Chloroquine has also been tested in chronic viral diseases. Its use in the treatment of HIV-infected patients has been considered inconclusive [START_REF] Chauhan | The enigma of the clandestine association between chloroquine and HIV-1 infection[END_REF] and the drug has not been included in the panel recommended for HIV treatment. The only modest effect of chloroquine in the therapy of human virus infection was found for chronic hepatitis C: an increase of the early virological response to pegylated interferon plus ribavirin [START_REF] Helal | Hydroxychloroquine augments early virological response to pegylated interferon plus ribavirin in genotype-4 chronic hepatitis C patients[END_REF] and, in a small sample size pilot trial in non-responder HCV patients, a transient viral load reduction [START_REF] Peymani | New use of an old drug: chloroquine reduces viral and ALT levels in HCV non-responders (a randomized, triple-blind, placebo-controlled pilot trial)[END_REF] were observed. This was not enough to include chloroquine in the standardised therapeutic protocols for hepatitis C patients.

Recently, Wang and colleagues [START_REF] Wang | Remdesivir and chloroquine effectively inhibit the recently emerged novel coronavirus (2019-nCoV) in vitro[END_REF] evaluated in vitro five FDAapproved drugs and two broad spectrum antivirals against a clinical isolate of SARS-CoV-2.

One of their conclusions was that "chloroquine (is) highly effective in the control of 2019-nCoV infection in vitro" and that its "safety track record suggests that it should be assessed in human patients suffering from the novel coronavirus disease". At least 16 different trials for SARS-CoV-2 already registered in the Chinese Clinical Trial Registry (ChiCTR2000029939, ChiCTR2000029935, ChiCTR2000029899, ChiCTR2000029898, ChiCTR2000029868, ChiCTR2000029837, ChiCTR2000029826, ChiCTR2000029803, ChiCTR2000029762, ChiCTR2000029761, ChiCTR2000029760, ChiCTR2000029741, ChiCTR2000029740, ChiCTR2000029609, ChiCTR2000029559, ChiCTR2000029542) propose to use chloroquine or hydroxychloroquine in the treatment of COVID-19 ("Chinese Clinical Trial Register" (ChiCTR)). In a recent publication [START_REF] Gao | Breakthrough: Chloroquine phosphate has shown apparent efficacy in treatment of COVID-19 associated pneumonia in clinical studies[END_REF], Gao and colleagues indicate that, "according to the news briefing", "results from more than 100 patients have demonstrated that chloroquine phosphate is superior to the control treatment in inhibiting the exacerbation of pneumonia, improving lung imaging findings, promoting a virus negative conversion, and shortening the disease course". This would represent the first successful use of chloroquine in humans for the treatment of an acute viral disease, and is undoubtedly excellent news, since this drug is cheap and widely available. However, it should be considered carefully before drawing definitive conclusions, since no data has been provided yet to support this announcement. Results were produced in ten different hospitals and possibly from a number of different clinical protocols among those listed above, which include various designs for control groups (none, different antivirals, placebo, etc.) and various outcome primary indicators. The final interpretation is therefore technically demanding, and in the absence of published data, it is difficult to reach any firm conclusion. It will be of the utmost importance to know if the observed efficacy is associated specifically with chloroquine phosphate, or if this includes other salts (e.g., sulfate) of chloroquine, and hydroxychloroquine. It is also necessary to determine if the benefit of chloroquine therapy depends on the age class, the clinical presentation or the stage of the disease.

In conclusion, the option of using chloroquine in the treatment of SARS-CoV-2 should be examined with attention in light of the recent promising announcements, but also of the potential detrimental effect of the drug observed in previous attempts to treat acute viral diseases. We urge Chinese scientists to report the interim trial results currently running in China as soon as they are available. This should be preferentially done in a peer-reviewed publication with detailed information to allow the international scientific community to analyse the results, to confirm in prospective trials the efficacy of the proposed treatment and to guide future clinical practice.