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a b s t r a c t 

The severity of COVID-19 has resulted in a global rush to find the right antiviral treatment to conquer 

the pandemic and to treat patients. This requires reliable studies to support treatment. In a recently 

published study by Gautret et al. the authors concluded that hydroxychloroquine monotherapy and hy- 

droxychloroquine in combination with azithromycin reduced viral load. However, this trial has several 

major methodological issues, including the design, outcome measure and the statistical analyses. In this 

paper we discuss the background, clinical evidence, pharmacology and methodological issues related to 

this clinical trial. We understand the rush to release results, however in case conclusions are far reaching 

the evidence needs to be robust. 

© 2020 Elsevier B.V. and International Society of Chemotherapy. All rights reserved. 
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. Introduction 

The severity of COVID-19 has resulted in a global rush to find

he right antiviral treatment that reduces the risk of complications

nd improves patient outcome [1] . This requires reliable stud-

es to support treatment recommendations and improve clinical

are with as little toxicity as possible. Despite the sense of ur-

ency, we need to restrain ourselves from publishing premature

esults as this may cause more harm than good. An example of

 study with considerable concerns about scientific rigor was a

ecent publication on the treatment with hydroxychloroquine and

zithromycin by Gautret et al. [2] The authors concluded that their

tudy showed that ‘hydroxychloroquine treatment is significantly

ssociated with viral load reduction/disappearance in COVID-19 pa-

ients and its effect is reinforced by azithromycin.’. There is a ratio-

ale for studying these compounds, and they deserve clinical eval-

ation for COVID-19, but there are important methodological is-

ues related to this study and potential risks in the choice for this

rug combination. Several critical reviews have been published in

esponse to Gautret et al. [3,4] In this paper we review method-
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✩✩ All authors contributed equally to this paper. 

∗ Corresponding author 

E-mail address: Heiman.wertheim@radboudumc.nl (H.F.L. Wertheim). 

a  

I  

v  

a  

c  

s  

ttps://doi.org/10.1016/j.ijantimicag.2020.106056 

924-8579/© 2020 Elsevier B.V. and International Society of Chemotherapy. All rights rese

Please cite this article as: J.D. Machiels, C.P. Bleeker-Rovers and R. ter

and azithromycin for COVID-19: what is the evidence and what are 

//doi.org/10.1016/j.ijantimicag.2020.106056 
logical issues related to this clinical trial and we provide a dis-

ussion on the background of the potential antiviral activity of (hy-

roxy)chloroquine and azithromycin, clinical evidence and phar-

acology We advocate adequately powered, well-designed stud-

es with clinically relevant outcome measures to support treatment

trategies for COVID-19. 

. (Hydroxy)chloroquine and azithromycin antiviral activity 

Despite the strong claim by Gautret et al., no solid clinical

ata were reported that demonstrated a relevant clinical effect of

hydroxy)chloroquine. The authors refer to an expert opinion on

hloroquine, claiming that an early clinical trial in China showed

 significant effect of chloroquine on clinical outcome and viral

learance without reporting the data itself [5,6] . In vitro antiviral

ffects of (hydroxy)chloroquine make this agent a logical choice

o investigate as a treatment for COVID-19, with hydroxychloro-

uine appearing to be the most potent of the two [7] . Broad in

itro antiviral activity of chloroquine has been known for decades

nd gained recent attention due to the COVID-19 pandemic [8,9] .

nhibition of in vitro growth of several different corona and other

iruses by (hydroxy)chloroquine is thought to be related to inter-

ction of the drug with several steps of the viral replication cy-

le among which modifying the endosomal acidity and the sub-

equent effects on virus entry and exit [10–14] . For COVID-19, an
rved. 
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additional mechanism has been identified by interaction with the

binding of the spike protein with the Angiotensin converting en-

zyme 2 receptor [15] . Furthermore, it has been postulated that

(hydroxy)chloroquine exerts antiviral effects by activating the in-

nate immune system [16] . However, despite the encouraging re-

sults of the antiviral potential of (hydroxy)chloroquine for different

viruses in vitro , this so far is not supported by in vivo data [17–20] .

The antiviral effects of the macrolide antibiotic azithromycin are

questionable. Although preclinical models suggest activity against

Zika and Ebola virus, no in vivo activity has yet been demonstrated

against these viruses [21,22] . Furthermore, a study in patients in-

fected with MERS-CoV showed that macrolide therapy was not as-

sociated with a reduction in mortality or viral clearance [23] . The

study by Gautret et al. does not provide the much-needed high

quality data on the efficacy of hydroxychloroquine alone or in com-

bination with azithromycin against COVID-19. 

3. Methodological considerations 

In addition to the chosen outcome measure, described in de-

tail in section 5, there are several methodological concerns with

the reported study by Gautret et al. [2–4] Controls comprised of

patients who refused treatment and an unknown number of pa-

tients from a different hospital that may differ in diagnostic guide-

lines, performance and treatment policies. The fact that quantita-

tive PCR (qPCR) was used to estimate viral clearance was recorded

differently among patients is concerning. Whilst all patients on ex-

perimental treatment had a semi-quantitative assessment of viral

load (i.e. a CT-value), 8/16 controls had only a qualitative outcome

and 2/16 even had no qPCR result available at baseline. With ini-

tial viral load and day since symptom onset being strong deter-

minants of the kinetics of viremia, this is a clear concern [24] .

Variation in viral load also complicates comparisons between hy-

droxychloroquine and hydroxychloroquine/azithromycin since CT-

values appear lower (and thus viral load appears higher) in hydrox-

ychloroquine -treated individuals (median 26, IQR 22-29.8) com-

pared to hydroxychloroquine/azithromycin (median 27.5, IQR 24.8-

28.8). Given the uncertainties in the interpretation of CT-values as

viral load, it is impossible to determine whether this reflects a rel-

evant difference in viral load, but this may have contributed to a

shorter time to qPCR negativity in this arm. Control patients were

also younger (median 34, IQR 14.5-64.3) than patients undergoing

treatment (median 51.5, IQR 41.5-59.3). Whilst age is an obvious

determinant of clinical outcome of COVID-19 infection and older

age is associated with higher peak viral load, the effect of age on

clearance of viremia is currently unknown [25] . The fact that the

difference in age between intervention and control populations did

not reach statistical significance reflects the small study popula-

tion – markedly smaller than the 48 individuals proposed in sam-

ple size calculations – and does not mean that age may not have

been a relevant determinant of the kinetics of viremia. 

The large proportion of individuals who were lost to follow-up

in the experimental arm (6/26, 23%) is another red flag for the

interpretation of study findings, especially since for some of the

dropouts the inability to complete six days of follow-up was plau-

sibly associated with treatment outcome (four transferred to in-

tensive care, one died) or tolerability of medication (one stopped

because of nausea) and one patient decided to leave the hospital.

Lastly, reanalysis of the data with more appropriate statistical tech-

niques showed that hydroxychloroquine treatment resulted in no

to only modest effect [26,27] . 

4. Pharmacological considerations 

After oral dosing, the bioavailability of hydroxychloroquine is

high. It has a very high volume of distribution due to accumulation
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n tissue and red blood cells and a terminal half-life of approx-

mately 40 days [28] . Hydroxychloroquine is partly cleared from

he body by metabolization to desethyl-hydroxychloroquine, which

s also likely to exert antiviral activity, and partly by renal excre-

ion [29,30] . The clearance may be prolonged by strong inhibitors

f hepatic metabolism and renal dysfunction, but considering the

eneral short treatment period for COVID-19, this may be of lim-

ted relevance [31] . Azithromycin is considered a relatively weak

nhibitor of cytochrome P450 isoenzyme 3A and the pharmacoki-

etic interaction of azithromycin with hydroxychloroquine is not

onsidered clinically relevant [32] . A substantial part of the hos-

italized patients with COVID-19 become critically ill [33] . In the

atter population, oral hydroxychloroquine absorption may be im-

aired and distribution may be altered [34] . There are no pharma-

okinetic data of hydroxychloroquine in COVID-19 patients yet and

t remains unknown whether effective exposure can be reached. 

One of the pivotal studies suggesting hydroxychloroquine as a

otential treatment of COVID-19 concluded that, based on in silico

harmacokinetic explorations, clinically feasible doses of hydroxy-

hloroquine yield drug concentrations above the half-maximal an-

iviral concentration as obtained from in vitro experiments [7] .

owever, this bench-to-bedside translation should be interpreted

ith caution. It is unknown whether the pharmacologically active

plasma protein unbound) concentrations in the in vitro experi-

ents are comparable to those observed in humans. The in vitro

xperiments were performed in a medium of a different constitu-

ion than that of human blood. Furthermore, hydroxychloroquine

s administered as a racemic mixture of R- and S- hydroxychloro-

uine sulfate, and plasma protein binding and clearance are stere-

specific. This complicates the extrapolation from the static in vitro

xperiments to the dynamic situation in vivo [35–37] . 

. Clinical considerations 

Importantly, a study reporting on the clearance of viremia alone

s surrogate endpoint is insufficient to justify the use of hydroxy-

hloroquine and azithromycin as COVID-19 treatment. The clinical

fficacy of hydroxychloroquine is difficult to determine in the study

y Gautret et al. Only 22% of the small number of patients included

ad a lower respiratory tract infection and 17% were even asymp-

omatic – a population not representative of the average hospital-

zed patient with COVID-19. A subsequent study of 80 patients re-

eiving the combination of hydroxychloroquine and azithromycin

y the same research group also does not allow a conclusion on ef-

ectiveness [38] . Whilst the initial study had a small control group,

maller than justified by power calculations, the follow-up study

issed a control group and again mainly consisted of moderately

ll patients with a high chance of spontaneous recovery. Huang

t al. found similar results in a small randomized study with 22

atients. Ten patients were treated with chloroquine, the controls

n = 12) were treated with lopinavir/ritonavir. Endpoints were vi-

al clearance by qPCR and improvement on CT scan, but no sig-

ificant differences were shown up to 14 days. On day 14, 100%

f the patients receiving chloroquine were discharged from the

ospital, compared to only 50% in the lopinavir/ritonavir group

risk ratio 2 (CI 1.33-4.00) and rate ratio 2.21 (CI 0.81-6.22) [39] .

owever, patients in the chloroquine group were younger (41.5 vs

3, p = 0,19) and started significantly earlier with treatment (2.5

s 6.5 days, p < 0.001) A recent controlled study among 181 pa-

ients showed no benefit of hydroxychloroquine [40] . In another

ontrolled study among 150 patients, treating with hydroxychloro-

uine did not improve outcome [41] . An uncontrolled observational

tudy among ten evaluable patients did not suggest hydroxychloro-

uine and azithromycin to impact rapid viral clearance or clinical

enefit [42] . The results of a non-peer-reviewed open-label ran-

omized trial of the effect of hydroxychloroquine in 62 moderately
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ll patients have recently been reported on a preprint server [43] .

ough and fever remission occurred on average one day earlier

n the intervention group. In addition, treated patients more of-

en had improved CT imaging on day 6 (81 versus 55%). Toxicity

eighs heavily with uncertain effectiveness. 

Recently, the results of several large studies have been pub-

ished. In the observational study by Geleris et al. including 1376

atients, the association between hydroxychloroquine use and in-

ubation or death was studied. During a median follow-up of 22.5

ays, 25.1% of the patients reached one end point. There was no

ignificant association between the use of hydroxychloroquine and

ne of the endpoints [44] . In a randomized controlled trial compar-

ng hydroxychloroquine and placebo as postexposure prophylaxis

n 821 patients, there was no difference in incidence of COVID-19

etween the two groups after high-risk or moderate-risk exposure

o COVID-19 [45] . A press release on the results of the RECOV-

RY trial (4674 patients) preceding publication also concluded that

here is no beneficial effect of hydroxychloroquine [46] . A system-

tic review by Hernandez et al. also concluded that evidence was

onflicting and insufficient regarding the effect of hydroxychloro-

uine on all-cause mortality, progression to severe disease, clinical

ymptoms, and upper respiratory virologic clearance with antigen

esting [47] . Another study published in the Lancet has been re-

racted. 

Both (hydroxy)chloroquine and azithromycin can lead to se-

ere cardiac disorders (e.g. increased QT length) and cardiotoxi-

ity that could lead to arrythmia and/or cardiac arrest. Further-

ore, azithromycin increases exposure to other cardiotoxic drugs

48] . Lane et al. recently published the results of a multinational,

etwork cohort and self-controlled case series study showing that

hort-term hydroxychloroquine treatment for other reasons than

OVID-19 is safe, but addition of azithromycin appeared to in-

uce conduction disorders and increased cardiovascular mortal-

ty (RR 2.19; 95% confidence interval 1.02-1.45), potentially due

o synergistic effects on QT length [49] . This effect is impor-

ant in patients with COVID-19 because of the high incidence of

cute cardiac injury, myocarditis and cardiac arrythmias [50] . In

act, in a recent study conducted by Chorin et al. in 84 COVID-

9 patients an increase in QT interval of greater dan 40ms was

ound in 30% and greater than 500ms in 11% [51] . The prelimi-

ary safety results of the PREPINT study (NCT04323527) showed

hat a higher dose of chloroquine for 10 days compared to a

ower dose of chloroquine for 5 days showed increased QT lengths

nd increased mortality [52] . A recent database study also found

hat (hydro)chloroquine, azithromycine and a combination all re-

ulted in increased QT interval, increased incidence of Torsades-

e-Pointes and increased mortality [53] . Even if a larger random-

zed controlled trial (RCT) showed that the combination of (hy-

roxy)chloroquine and azithromycin would be effective in patients

ith COVID-19, safety would still be an issue. 

. Conclusion 

To date, robust clinical evidence of the efficacy of (hy-

roxy)chloroquine is lacking, let alone the combination with

zithromycin. The paper by Gautret et al. raised a lot of attention

nd contributed to a demand for the drug without the appropriate

vidence of its benefit. The study by Gautret et al. showed impor-

ant methodological issues and does not provide a suggestion of

ffectiveness. A lack of COVID-19 study subjects and a strong mo-

ivation to find a treatment is not an issue, but good quality studies

re needed. The International Society of Antimicrobial Chemother-

py provided an official statement on the paper in their journal

hat it did not meet their standard [54] . They stated that ‘it is im-

ortant to help the scientific community by publishing new data
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ast, this cannot be at the cost of reducing scientific scrutiny and

est practices’. The authors of this paper fully agree. 
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