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Abstract 1 

 2 

(Hydroxy)chloroquine ((H)CQ) is being investigated as treatment for COVID-19, but studies 3 

have so far demonstrated either no or a small benefit. However, these studies have been 4 

mostly performed in patients admitted to hospital and hence likely already (severely) affected. 5 

Another suggested approach employs prophylactic (H)CQ treatment aimed at preventing 6 

either SARS-CoV-2 infection or development of disease. A substantial number of clinical 7 

trials are planned or underway aimed at assessing the prophylactic benefit of (H)CQ. 8 

However, (H)CQ may lead to QT-prolongation and potentially induce life-threatening 9 

arrhythmias. This may be of particular relevance for patients with pre-existing cardiovascular 10 

disease and those taking other QT-prolonging drugs. In addition, it is known that a certain 11 

percentage of the population carries genetic variant(s) which reduces their repolarization 12 

reserve, predisposing them to (H)CQ-induced QT-prolongation, and this may be more 13 

relevant in females who already have a longer QT to start with. This review provides an 14 

overview of the current evidence on (H)CQ therapy in COVID-19 patients and discusses 15 

different strategies for prophylactic (H)CQ therapy (i.e. pre-infection, post-exposure, post-16 

infection). In particular, the potential cardiac effects, including QT-prolongation and 17 

arrhythmias will be addressed. Based on these insights, recommendations will be presented as 18 

to which preventive measures should be taken when giving (H)CQ prophylactically, including 19 

ECG monitoring.   20 

 21 

KEYWORDS: COVID-19, SARS-CoV-2, chloroquine, hydroxychloroquine, prophylaxis, 22 

ECG, QT, arrhythmia, torsades de pointes, recommendations 23 

 24 

  25 
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Introduction 26 

Since December 2019, the SARS-CoV-2 virus has infected over 7 million people worldwide 27 

as of June 8th 2020 (https://coronavirus.jhu.edu/map.html) with some individuals (particularly 28 

those of older age and/or with co-morbidities) developing COVID-19, a critical pulmonary 29 

illness requiring intensive treatment. In addition, COVID-19 patients are at increased risk for 30 

cardiovascular complications including myocardial ischemia, heart failure, myocarditis and 31 

arrhythmias.1 Generalized inflammation, cytokine storm, and systemic failure may 32 

furthermore compromise cardiac function in COVID-19 patients. Apart from supportive care 33 

and mechanical ventilation, specific therapeutic options are limited. Novel antiviral strategies 34 

such as remdesivir have shown some promising results,2 but such compounds may not be 35 

available for large-scale use in the near future. Similarly, a vaccine is not expected to be 36 

successfully developed within the next 6-12 months, necessitating the identification of 37 

efficacious prophylactic strategies. 38 

  The aminoquinoline (hydroxy)chloroquine ((H)CQ) has been heralded as a therapeutic 39 

candidate based on promising in vitro effects, but more recent larger-scale studies in COVID-40 

19 patients have shown little clinical benefit.3 While various reasons may underlie the 41 

observed lack of therapeutic efficacy of (H)CQ, the main question left unanswered is whether 42 

(H)CQ employed prophylactically and/or started in the very early stages of the disease may be 43 

more efficacious. (H)CQ has potential serious side effects, including cardiac arrhythmia, but 44 

these may be of particular relevance in patients clinically affected by COVID-19 but less so in 45 

asymptomatic healthy individuals. Indeed, prophylactic use of CQ is a commonly used anti-46 

malaria strategy (making CQ one of the most widely used drugs worldwide),4 and in this 47 

setting significant cardiac toxicity has not been widely reported. Similarly, patients with 48 

autoimmune disorders such as systemic lupus erythematosus (SLE) and rheumatoid arthritis 49 

(RA) use HCQ (a less toxic derivative of CQ) during prolonged periods of time, mostly 50 
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without serious side-effects.5 However, it is known that a certain percentage of the general 51 

population carries genetic variant(s) which may predispose them to (H)CQ-induced pro-52 

arrhythmia. We here explore the potential prophylactic use of (H)CQ in SARS-CoV-2 53 

infection, the expected side-effects and toxicity in the population to be targeted, and the 54 

recommended safety measures to prevent life-threatening arrhythmias. 55 

 56 

Antiviral effects of (H)CQ and mechanism of action 57 

Both CQ and HCQ are efficiently absorbed, reach peak serum concentrations within hours, 58 

and have a half-life of up to one month. Therapeutic doses of (H)CQ typically result in 59 

plasma concentrations of 2–5 μM, but accumulation in plasma and tissues occurs after chronic 60 

use, which is more pronounced for CQ than HCQ. Both CQ and HCQ accumulate in 61 

lysosomes, destabilizing lysosomal membranes, altering lysosomal and endosomal pH, and 62 

interfering with lysosomal activity and autophagosome function.6 Both compounds may 63 

furthermore reduce antigen presentation, inhibit cytokine production (IL-1, IFNα, TNF), and 64 

affect in Toll-like receptor signalling and cyclic GMP-AMP (cGAMP) synthase (cGAS) 65 

activity.6 These immunomodulatory and anti-inflammatory effects of (H)CQ have proven 66 

beneficial in the chronic treatment of patients with SLE and RA. In addition, their 67 

lysosomotropic action is also thought to account for their antimalarial activity. 68 

Like SARS-CoV, SARS-CoV-2 infects cells by binding to the ACE2 receptor through 69 

its spike domain, whereas MERS uses human CD26 or DPP4 receptors for cell entry. SARS-70 

CoV-2 entry into the cell depends on pH-dependent internalization and fusion with 71 

intracellular organelles such as endosomes and lysosomes. In addition to elevating the pH of 72 

acidic endosomes and disrupting the intracellular transport of the virus, (H)CQ may affect 73 

glycosylation of angiotensin-converting enzyme 2 (ACE-2) potentially reducing SARS-CoV-74 

2 binding to ACE-2 and preventing entry of the virus into the cell. Wang et al. tested the in 75 
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vitro antiviral efficiency of a number of drugs in African green monkey kidney Vero E6 cells 76 

(ATCC-1586) cells inoculated with SARS-CoV-2, and found that CQ potently blocked virus 77 

infection.7 Importantly, CQ was shown to decrease virus yield by 80% when cells pre-treated 78 

with the drug for one hour prior to viral infection, and still by 50-60% when it was added to 79 

the cells 2 hours post-infection, indicating that the drug functioned at both entry and post-80 

entry stages of infection.7 Similarly, previous studies had also demonstrated antiviral activity 81 

of CQ in Vero E6 cells inoculated with SARS-CoV, when administered both at the time of 82 

inoculation or post-infection.8,9 Anti-SARS-CoV-2 activity was subsequently also 83 

demonstrated for HCQ in Vero E6 cells in two different studies.10,11 However, both an 84 

apparent lower potency of HCQ compared to CQ,10 and a higher anti-viral activity for HCQ 85 

than CQ was demonstrated.11 Similar to CQ, administration of HCQ was found to inhibit both 86 

entry and post-entry stages of SARS-CoV-2 infection.10 87 

In addition to its direct effects on SARS-CoV-2 virus replication, (H)CQ may also 88 

modulate the innate and adaptive immune response. As previously discussed,12 HCQ may on 89 

the one hand dampen the overactive immune response during the inflammatory phase of the 90 

infection and modulate IFNγ production, but on the other hand weaken the innate immune 91 

response to the virus and impair adaptive immune responses. Importantly, these various 92 

effects of (H)CQ may differ depending on dosing and disease stage and severity; however, 93 

such effects on immune modulation in COVID-19 patients are as yet unknown.  94 

 95 

Limited therapeutic efficacy of (H)CQ in symptomatic COVID-19 patients 96 

Various studies have looked at the therapeutic potential of (H)CQ in symptomatic, 97 

hospitalized COVID-19 patients. Initial studies reported (H)CQ to be effective in reducing 98 

viral replication13,14 or in reducing time to clinical recovery.15 However, these studies 99 

contained small sample sizes (<100), various methodological flaws (non-randomized, non-100 
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blinded) and were underpowered for primary endpoints such as mortality.16 Meanwhile, more 101 

recent larger studies have not been able to confirm the beneficial effects for (H)CQ.17–20 These 102 

studies found that in hospitalized COVID-19 patients, HCQ therapy was not associated with a 103 

reduction in ICU admission or death,17 a reduction in intubation or death18 or in death alone.19 104 

In fact, Magagnoli et al. reported an increased risk of mortality for HCQ, although this may 105 

have been be biased due to baseline differences between the control and intervention group.20 106 

In addition, various studies have also looked at the potential benefit of adding a macrolide, 107 

such as azithromycin or clarithromycin, to (H)CQ. However, again no benefit was observed in 108 

any of the studies.19,20 109 

A variety of reasons could underlie the fact that the abovementioned studies were 110 

unsuccessful in finding a positive effect of (H)CQ therapy. All studies investigated the effects 111 

of (H)CQ in hospitalized COVID-19 patients, meaning that treatment was initiated at a 112 

relatively advanced stage of the disease. As described above, in vitro studies demonstrated 113 

that part of the antiviral effects of (H)CQ is mediated by inhibition of receptor binding and 114 

membrane fusion of SARS-CoV-2, i.e. during early stages of virus infection. In contrast, 115 

hospitalized COVID-19 patients are likely already advanced beyond the early disease stage, 116 

and hence it is possible that treatment with (H)CQ simply started too late in these studies. In 117 

addition, the deleterious immune modulatory effects of (H)CQ (on the innate and adaptive 118 

immune responses) may in fact have mitigated some of its beneficial effects. Finally, it must 119 

not be overseen that discordances between in vitro and in vivo observations of (H)CQ may 120 

also occur in SARS-CoV-2, as has been the case for other viruses.21  121 

 122 

Increased vulnerability to (H)CQ-induced QTc-prolongation in COVID-19 patients?  123 

Another interesting possibility could be that COVID-19 patients are more vulnerable for drug-124 

induced QTc prolongation and accompanying potentially lethal side effects, thereby (partly) 125 
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masking a potential benefit of (H)CQ treatment. (H)CQ is a moderate inhibitor of the human 126 

ether-à-go-go related gene (hERG) encoding the potassium channel responsible for the 127 

delayed rectifier current (IKr).
22 The drug furthermore inhibits the inward-rectifier potassium 128 

channel Kir2.1. (H)CQ-induced block of cardiac potassium currents impairs ventricular 129 

repolarisation and consequently leads to action potential and QT-interval prolongation, 130 

thereby increasing the risk for malignant arrhythmias (torsades de pointes, TdP). In general, 131 

the risk for drug-induced QT-prolongation and TdP is increased by concomitant use of other 132 

QT-prolonging drugs, electrolyte disturbances, and cardiac disease. Crucially, from the 133 

available ECG data in studies published so far, it appears that COVID-19 patients already 134 

have a prolonged QTc-interval, even without (H)CQ use: the baseline mean QTc interval in 135 

COVID-19 patients as presented in previous studies23–26 is much longer (in the 425-455 ms 136 

range) than that reported in healthy volunteers (±400 ms) (Fig. 1).27,28 137 

Several mechanisms may underlie the high baseline QTc in COVID-19 patients. First, 138 

COVID-19 patients are frequently burdened with various comorbidities, such as diabetes, 139 

obesity and cardiovascular diseases (coronary artery disease, heart failure or cardiac 140 

arrhythmias). These comorbidities can cause QTc prolongation as such,29 but also through the 141 

medication subscribed for these comorbidities.30 Second, specific components of the COVID-142 

19 pathophysiological process may play a role. COVID-19 patients display an excessive 143 

immune response, leading to a cytokine storm with high plasma levels of  IL-1, IL- 6 and 144 

TNFα, which can all prolong the action potential and consequently QTc.31 In addition, 145 

electrolyte disturbances (i.e. hypokalemia or magnesemia) and hypoxia, often seen among 146 

COVID-19 patients, can also prolong QTc.32 Moreover, COVID-19 patients may use other 147 

antiviral QT prolonging drugs, such as for instance azithromycin. Overall, these factors may 148 

reduce repolarization reserve, leading to a prolonged baseline QTc in COVID-19 patients as 149 

well as a more pronounced QTc-prolongation following (H)CQ therapy. Indeed, recent 150 
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studies have reported average increases in QTc of around 28-35 ms following (H)CQ 151 

treatment in hospitalized COVID-19 patients,23–25 and these results are in line with other 152 

published data summarized in a recent review.33 Crucially, up to 20% of patients developed 153 

QTc prolongation into the range ≥500 ms, which is generally considered the cut-off value for 154 

discontinuing treatment. Although TdP arrhythmias appeared to occur infrequently, this has 155 

been reported34 and it is clear that hospitalized, (severely) ill COVID-19 patients may be more 156 

susceptible to (H)CQ induced cardiotoxicity. However, the question remains whether 157 

preventive treatment started early in the disease course is of clinical benefit.  158 

 159 

Prophylactic use of (H)CQ in COVID-19: potential strategies and initial findings 160 

Based on the in vitro findings, early use of (H)CQ may prevent virus infection and/or reduce 161 

disease severity, similar to its previous use as anti-malaria therapy. As such, early treatment 162 

with (H)CQ in COVID-19 as a prophylactic therapy is conceivable. Various strategies can be 163 

considered, depending on whether therapy is given pre-infection or post-infection, e.g. 164 

targeted versus mass prophylaxis. Pre-infection relates to either individuals who are ‘pre-165 

exposed’, such as health care workers (HCW) or high-risk patient groups, or to individuals 166 

‘post-exposed’ to confirmed cases. Post-infection prophylaxis is aimed at recently infected, 167 

non-hospitalized SARS-CoV-2 positive individuals who are still asymptomatic or only mildly 168 

affected. Currently, 60 studies listed on clinicaltrials.gov are using such a prophylactic 169 

approach, enlisting a cumulative estimated sample size of 175,000 individuals (Fig. 2). Of 170 

these, 36 (sub)studies start therapy in pre-exposed-, 13 in confirmed post-exposed- and 17 in 171 

post-infected individuals. Depending on the proposed strategy, different dosing strategies and 172 

duration of (H)CQ use will be employed, varying from days to months. So far, results from 173 

only two studies asserting the effect of HCQ on post-exposure confirmed SARS-CoV-2 cases 174 

have been published. One small non-randomized, non-controlled study administered HCQ in 175 



9 
 

211 SARS-CoV-2 negative individuals, who were all exposed to one index patient, and found 176 

that none of these cases had a positive PCR test after 14 days of quarantine.35 However, this 177 

study is severely limited by the lack of a control group and the fact that almost none of the 178 

exposed individuals fell in the high-risk exposure group. More recently, the first randomized 179 

controlled trial testing (H)CQ as prophylaxis has been published.36 In this study, 821 post-180 

exposed individuals, who were recruited via social media, were treated with HCQ or placebo 181 

within 4 days of exposure. The incidence of developing COVID-19, which was defined 182 

through clinical evaluation in the vast majority of cases (~80%) due to a limited access to 183 

diagnostic tests, was relatively low and not different between the groups (i.e. 12-14%). 184 

However, the study was limited by the fact that PCR diagnosis was not performed in most 185 

participants, and follow-up data collection was through self-reporting. Overall, the study 186 

design may not have been optimal to identify a beneficial, preventive effect of HCQ in mildly 187 

affected patients. In addition, whether (H)CQ is effective in pre-exposed individuals remains 188 

unknown, and it will be interesting to see the results of other ongoing RCTs on this topic. 189 

 190 

(H)CQ prophylaxis for COVID-19: cardiac considerations and recommendations 191 

When considering potential large-scale (H)CQ prophylaxis, the potential off-target effects 192 

should be taken into account. Cardiac rhythm disorders such as sinus bradycardia or 193 

conduction disorders (AV-block, bundle branch blocks) have been reported in (H)CQ users.37 194 

As discussed above, (H)CQ may furthermore lead to potentially dangerous QTc-prolongation 195 

in COVID-19 patients, although this may be less problematic in healthy individuals given 196 

(H)CQ prophylactically. In healthy volunteers, 600 mg CQ increased the QTc interval on 197 

average by 16 ms.27 Widespread use of CQ for anti-malarial prophylaxis has not been 198 

associated with increased risk of ventricular arrhythmias such as TdP or significant QTc-199 

prolongation.4,38 Here, potential confounding effects of high fever and/or its defervescence on 200 
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cardiac repolarization may also be of relevance but are as yet incompletely understood.39 In 201 

85 patients with SLE or other connective tissue diseases treated with HCQ for more than 1 202 

year, the average QTc interval was 410 ms (range 349-464 ms) and no other significant 203 

effects on ECG parameters were observed.5 In another study of 409 SLE patients treated 204 

chronically with (H)CQ, a prolonged QTc-interval (according to the Minnesota criteria) was 205 

reported in only 3 patients (0.7%).40 Moreover, in 76,822 adverse-drug-reaction cases from 206 

the World Health Organization pharmacovigilance database (VigiBase®), only 53 cases of 207 

QT-prolongation (0.07%) and 83 cases of ventricular tachycardia including TdP (0,11%) were 208 

recently reported,41 whereas no safety signal for TdP/QT was observed for (H)CQ in an 209 

analysis of the U.S. Food and Drug Administration’s Adverse Event Reporting System 210 

(FAERS).42 It must be noted, however, that the latter two databases likely underestimate the 211 

true cardiac toxicity as a result of potential under reporting of adverse events. In general, 212 

specificity and sensitivity of the reported incidence of cardiac adverse events varies 213 

significantly depending on the type of study involved (spontaneous reporting, observational 214 

studies, randomized control trials, or hospital meta data) as well as sample size.43 These are 215 

important considerations when considering the apparent conflicting results reported in relation 216 

to COVID-19.  217 

Despite the seemingly low prevalence of serious side-effects associated with (H)CQ 218 

use, particularly in healthy individuals and when used for a short period of time, certain 219 

individuals may be at increased risk for potentially life-threatening side-effects. CQ and HCQ 220 

are both metabolised by cytochrome P450 (CYP3A4), and hence plasma levels may be 221 

increased during concomitant use of CYP3A4-inhibiting drugs. (H)CQ metabolism is also 222 

compromised in individuals with inherited glucose-6-phosphate dehydrogenase deficiency.44 223 

A certain percentage of the population furthermore carries genetic variant(s) which reduces 224 

their repolarization reserve, predisposing them to drug-induced QT-prolongation. Such 225 
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genetic factors that predispose to QTc prolongation in response to certain drugs include the 226 

KCNE2 variant D85N, which is present in ±2% of the general population and importantly 227 

enriched in cohorts with drug-induced adverse events.45 Additionally, almost 10% of African 228 

American individuals carry the SCN5A allele 1103Y, which is also associated with a strong 229 

predisposition for excessive QTc prolongation.46 Even considering the lowest estimation of 230 

2% of the population carrying QT-prolonging alleles, this would mean that of the 175,000 231 

individuals being enrolled in the various (H)CQ prophylactic studies, 1750 of them are at 232 

increased risk for (H)CQ-induced excessive QTc-prolongation and potentially life-threatening 233 

arrhythmias (assuming 1-1 randomization).47 The functional impact of such genetic variants 234 

may be more relevant in females who already have a longer QT to start with. 235 

Despite these considerations, only 12 of the 60 studies into (H)CQ prophylaxis listed 236 

on clinicaltrials.gov explicitly state that baseline ECGs will be collected, and only five 237 

mention also follow-up ECG(s). The vast majority does not list QTc prolongation as an 238 

exclusion criterium or only exclude individuals with known QTc prolongation, a positive 239 

family history for long QT syndrome, TdP or sudden death, or those using other QTc 240 

prolonging drugs. Six studies mention specific QTc cut-offs in their exclusion criteria, but do 241 

not specify whether this relates to previously available ECGs or whether an ECG will be 242 

performed in each included individual. Based on the considerations discussed above, we 243 

recommend that the prophylactic use of (H)CQ for COVID-19 should include some form of 244 

ECG monitoring. In accordance with our previous recommendations,48 an ECG prior to the 245 

start of treatment is advised in patients with a known history of congenital or acquired Long 246 

QT syndrome, structural heart disease, bradycardia or use of other QT prolonging drugs, and 247 

in these patients (H)CQ should not be started when the baseline ECG shows QTc≥500 ms. In 248 

case the QTc<500 ms an ECG shortly after the start of treatment is advised in addition to a 249 

repeated ECG after a few days. Long term use would require a follow-up ECG after a few 250 
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weeks, since (H)CQ plasma accumulation may occur. An ECG showing QTc ≥500 ms or an 251 

increase of 60 ms is an indication to discontinue therapy. In all other individuals receiving 252 

(H)CQ prophylaxis, we do not consider a pre-treatment ECG necessary but do recommend at 253 

least one ECG 12-24 hours following the first dose, in order to identify those at increased risk 254 

for (H)CQ-induced excessive QT-prolongation and TdP. If the QTc exceeds 500 ms, (H)CQ 255 

should be discontinued; if QTc is ≥480 ms, a second follow-up ECG is advised within 1-2 256 

days. Again, when QTc exceeds 500 ms or is increased by 60 ms, therapy should be stopped. 257 

No follow-up ECG is necessary if the QTc is <480 ms. However, these individuals should be 258 

educated on possible arrhythmic symptoms (e.g. dizziness, syncope and palpitations) and 259 

reassessment of their arrhythmogenic risk is prompted when such symptoms are experienced. 260 

During treatment, all patients should be informed on other potential QT-prolonging risk 261 

factors, such as other QT-prolonging drugs and hypokalaemia secondary to e.g. chronic 262 

diarrhoea. Naturally, in case of COVID-19 related illness, appropriate measures should be 263 

taken when necessary, including careful electrolyte monitoring. A schematic overview of 264 

these recommendations is presented in Fig. 3. 265 

 266 

Conclusions 267 

While (H)CQ treatment has so far not shown therapeutic benefit in COVID-19 patients, 268 

(H)CQ prophylaxis may prove beneficial and a large number of clinical studies are planned 269 

and underway to address this issue. Given the known QT-prolonging effects of (H)CQ, its 270 

prophylactic use may potentially induce life-threatening arrhythmias, particularly in patients 271 

with pre-existing cardiovascular disease and those taking other QT-prolonging drugs. In 272 

addition, a certain percentage of the population carries genetic variant(s) which reduces their 273 

repolarization reserve, and this may be more relevant in females. Based on these insights, 274 

ECG monitoring following (H)CQ is recommended.  275 
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Figures: 287 

 288 

 289 

 290 

Figure 1: Baseline QTc-interval in the COVID-19 population compared to control 291 

population. Manually measured QTc values were used, unless unavailable or unspecified; the 292 

latter are indicated by a red outline.24–26 Error bars indicate standard deviations of each 293 

separate study (not available for two studies23,49). The fill colours of the symbols (circles, 294 

squares) represent the sample size of the studies (see inset colour scale). The horizontal black 295 

line indicates the overall mean value of all the studies for each group. 296 

297 
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 298 

Figure 2: Overview of prophylactic (sub)trials. Overview of (sub)trials listed on 299 

clinicaltrials.gov assessing the prophylactic use of (H)CQ in SARS-CoV-2. Trials are listed 300 

by estimated sample size and prophylaxis strategy. Trials not conducting any ECG are 301 

depicted in grey, trials conduction a baseline ECG in red and trials conducting a baseline and 302 

follow-up ECG in green. 303 

  304 
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 305 

 306 

Figure 3: Schematic diagram of the recommendations for ECG monitoring during (H)CQ 307 

prophylaxis. *Individuals at risk are defined as those with a known history of congenital or 308 

acquired Long QT syndrome, structural heart disease, bradycardia, the use of other QT 309 

prolonging drugs and conditions with increased risk for electrolyte disorders (such as chronic 310 

diarrhoea or chronic kidney disease). #Symptom education for patients, ensuring awareness of 311 

potential arrhythmic symptoms (e.g. dizziness, syncope, palpitations). 312 

  313 
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