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a b s t r a c t 

Hydroxychloroquine (HCQ) has been largely used and investigated as therapy for COVID-19 across var- 

ious settings at a total dose usually ranging from 2400 mg to 9600 mg. In Belgium, off-label use of 

low-dose HCQ (total 2400 mg over 5 days) was recommended for hospitalised patients with COVID-19. 

We conducted a retrospective analysis of in-hospital mortality in the Belgian national COVID-19 hospital 

surveillance data. Patients treated either with HCQ monotherapy and supportive care (HCQ group) were 

compared with patients treated with supportive care only (no-HCQ group) using a competing risks pro- 

portional hazards regression with discharge alive as competing risk, adjusted for demographic and clini- 

cal features with robust standard errors. Of 8075 patients with complete discharge data on 24 May 2020 

and diagnosed before 1 May 2020, 4542 received HCQ in monotherapy and 3533 were in the no-HCQ 

group. Death was reported in 804/4542 (17.7%) and 957/3533 (27.1%), respectively. In the multivariable 

analysis, mortality was lower in the HCQ group compared with the no-HCQ group [adjusted hazard ratio 

(aHR) = 0.684, 95% confidence interval (CI) 0.617–0.758]. Compared with the no-HCQ group, mortality 

in the HCQ group was reduced both in patients diagnosed ≤5 days ( n = 3975) and > 5 days ( n = 3487) 

after symptom onset [aHR = 0.701 (95% CI 0.617–0.796) and aHR = 0.647 (95% CI 0.525–0.797), respec- 

tively]. Compared with supportive care only, low-dose HCQ monotherapy was independently associated 

with lower mortality in hospitalised patients with COVID-19 diagnosed and treated early or later after 

symptom onset. 

© 2020 Elsevier Ltd and International Society of Antimicrobial Chemotherapy. All rights reserved. 
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. Introduction 

There is currently no robust antiviral or immunomodulatory

reatment for infection with severe acute respiratory syndrome

oronavirus 2 (SARS-CoV-2), the causative agent of coronavirus dis-

ase 2019 (COVID-19). Chloroquine (CQ), an antimalarial drug, has
ne Nachtergal, Séverine Noirhomme, Denis Piérard, Camelia Rossi, Carole Schirvel, 

rica Sermijn, Frank Staelens, Filip Triest, Nina Van Goethem, Jens Van Praet, Anke 

anhoenacker, Roeland Verstraete and Elise Willems. 
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been shown to have in vitro antiviral properties both against SARS-

CoV and SARS-CoV-2 by different mechanisms [1–4] . It has also

been hypothesised that CQ could have a positive impact on COVID-

19 outcome through immunomodulatory properties [5 , 6] . Hydrox-

ychloroquine (HCQ), a derivative of CQ, has a long clinical track

record as a treatment for malaria and inflammatory diseases such

as systemic lupus erythematous and rheumatoid arthritis, with a

favourable safety profile in acute and chronic use [7] . Both CQ and

HCQ were selected by the World Health Organization (WHO) for

potential repurposing for COVID-19. Early during the amplification

phase of the epidemic in Belgium, and pending results of clinical

trials, off-label administration of a ‘low-dose’ regimen of HCQ sul-

phate in monotherapy (400 mg twice on Day 1, followed by 200

mg twice a day from Days 2 to 5, i.e. a total dose of 2400 mg)

was recommended as an acceptable immediate treatment option

for hospitalised COVID-19 patients [8] . This guidance, officially re-

leased on 13 March 2020, was based on the following considera-

tions: (i) HCQ was the only drug with demonstrated in vitro effect

against SARS-CoV-2 available in Belgium at that time; (ii) HCQ ex-

hibited a superior in vitro antiviral effect in comparison with CQ,

likely explained by the higher accumulated intracellular drug con-

centrations [9] ; (iii) limited pharmacokinetic data suggested that

the selected dosage should have sufficient antiviral activity [10] ;

(iv) chronic administration of HCQ for rheumatological disorders

has not been associated with major safety signals over decades

of use; (v) restricting HCQ use to well-selected COVID-19 patients

monitored at hospitals appeared as a reasonable risk/benefit com-

promise considering the well-known dose-dependent cardiotoxic-

ity of the drug; and (vi) it was advised to Belgian hospitals to

administer this off-label regimen whenever possible within clini-

cal studies. Of note, azithromycin (AZM) and systemic use of cor-

ticosteroids were not recommended in the guidance [8] . Simulta-

neously, Sciensano, the Belgian Scientific Institute of Public Health,

initiated a national surveillance of COVID-19 hospitalised patients

that included treatments and outcomes among its variables, en-

abling the clinical surveillance of drug use and outcome. 

So far, the impact of HCQ on the outcome of SARS-CoV-2 in-

fection in humans remains undetermined. An increasing number

of single-centre and multicentre retrospective studies using var-

ious HCQ dosages are being published with conflicting results

[11–19] . Recently, the UK-based RECOVERY and WHO-led SOLIDAR-

ITY trials communicated that HCQ at the study dosage of 9200–

9600 mg over 10 days provided no benefit in hospitalised patients

with COVID-19 [20] . 

In the present study, we retrospectively assessed the association

between HCQ monotherapy and in-hospital mortality in a nation-

wide registry of 8075 COVID-19 patients. Next, the impact of HCQ

treatment on mortality was investigated according to the time be-

tween symptom onset and COVID-19 diagnosis. 

2. Methods 

2.1. Data collection 

Sciensano’s data collection of patients hospitalised with

confirmed COVID-19 was initiated on 14 March 2020, 2 weeks af-

ter the first symptomatic case was reported in Belgium, and sys-

tematic registering was strongly encouraged by health authori-

ties. Two independent online secured questionnaires in LimeSurvey

(LimeSurvey GmbH, Hamburg, Germany) were made available: one

with information after admission and the second after discharge.

Information collected at admission included sociodemographic

characteristics, clinical presentation, co-morbidities, chronic treat-

ment with renin–angiotensin–aldosterone system inhibitors and

diagnostic workup. Data collected at discharge included COVID-19

treatment details (antiviral and immunomodulatory drugs, includ-
ng date of initiation and termination, mode of administration),

linical and laboratory markers of disease severity during hospital

tay, admission to the intensive care unit (ICU) and final outcome

t hospital discharge (dead or discharged alive). 

.2. Hydroxychloroquine treatment 

On 13 March 2020, a task force (ND, SVI and EB, affiliated

o the national reference institutions for emerging infections), co-

rdinated by Sciensano, published a guidance for the manage-

ent of patients hospitalised with COVID-19. Based on the above-

escribed rationale, the ‘low-dose’ HCQ regimen (2400 mg in total

ver 5 days) was recommended as a reasonable emergency thera-

eutic option for hospitalised patients and was centrally provided

or free [8] . A set of warnings were provided on its use, includ-

ng corrected QT (QTc) determination in all admitted patients and

lose cardiac monitoring in case of baseline QTc exceeding 450 ms

nd in all conditions that could favour arrhythmia (underlying car-

iopathy, congenital or acquired QTc prolongation, electrolytic dis-

urbances, or use of other drugs prolonging the QTc interval) [8] .

reatment initiation was advised as soon as a diagnosis was made,

ith information to the patient about the off-label use. The final

reatment decision was, however, left to the discretion of the treat-

ng physician. 

.3. Inclusion and exclusion criteria 

We analysed all COVID-19 cases for whom both admission and

ischarge questionnaires were reported up to 24 May 2020. The

nalysis was restricted to those confirmed before 1 May 2020 by

everse transcription PCR (RT-PCR) and/or rapid antigen test on

espiratory samples, with exclusion of those diagnosed by pul-

onary computed tomography (CT) scan only. The SARS-CoV-2

apid antigen test used in Belgium has a specificity of 99.5% com-

ared with RT-PCR in respiratory samples [21] . Children aged < 16

ears, pregnant and post-partum women as well as patients who

ere discharged (either alive or dead) within 24 h after hos-

ital admission or before diagnosis confirmation were excluded.

n addition, we removed from this analysis all patients having

tarted any COVID-19-related treatment before symptom onset, in-

luding for other clinical indications, as well as those having a

issing date of diagnosis. To compare patients treated with HCQ

onotherapy and supportive care with those receiving only sup-

ortive care, any patients treated with another COVID-19-related

reatment (macrolides, tocilizumab, lopinavir/ritonavir, remdesivir,

tazanavir or anakinra), whether prescribed with or without HCQ,

ere also excluded. 

.4. Statistical analyses 

Participants meeting the inclusion criteria were divided into

wo groups: (i) COVID-19 patients treated with HCQ monother-

py in addition to supportive care (HCQ group); and (ii) those re-

eiving supportive care alone (no-HCQ group). Demographic char-

cteristics, pre-existing conditions, laboratory parameters, clinical

eatures and outcome were described first by discharge status

survivors versus non-survivors) and second by treatment group

HCQ versus no-HCQ). The χ2 test for categorical variables and the

ilcoxon test for continuous variables were used to assess differ-

nces between groups. We considered a P -value of < 0.05 to be

tatistically significant. 

Missing data among important prognostic baseline covariates

ere assumed to be missing at random, i.e. independent of the un-

erlying missing values given the observed data. This was handled

y ten-fold multiple imputation performed in R software through
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he MICE package v.3.8.0 [22] . A competing risks proportional haz-

rds regression with robust standard errors allowing for clustering

ithin hospitals (R package SURVIVAL v.3.1-12) was then used to

nalyse in-hospital death competing with alive discharge from hos-

ital. Hazards of this in-hospital death thus dropped to zero post

ischarge alive. Cause-specific hazards of treatment effect were ad-

usted for the baseline covariates age, sex, co-morbidities (cardio-

ascular disease, arterial hypertension, diabetes mellitus, chronic

enal, liver and lung diseases, neurological and cognitive disorders,

mmunosuppressive conditions, malignancies, obesity and smoking

tatus), clinical features [pneumonia diagnosis, acute respiratory

istress syndrome (ARDS), admission to ICU within the 24 h fol-

owing admission and time from symptom onset to diagnosis] and

aseline laboratory parameters of disease severity consisting of lac-

ate dehydrogenase (LDH) ≥ 350 IU/L, C-reactive protein (CRP) ≥
50 mg/L and partial pressure of oxygen (paO 2 ) < 60 mmHg. As

CQ prescription decreased over time, the calendar time of diag-

osis was also included in the model. 

The propensity of HCQ treatment was estimated from those

ame baseline covariates (R package IPW v.1.0-11 [23] ). An in-

erse propensity-weighted standardised cumulative incidence of

n-hospital death for each treatment was derived using R pack-

ge RISCA v.0.8.2 [24] . The competing risks analysis was repeated

or patients treated within or beyond 5 days of onset of symp-

oms. Sensitivity analyses were performed (Supplementary mate-

ial): they considered additional adjustments in the model, miss-

ng data impact and possible immortal time bias associated with

elayed treatment receipt. Analyses were performed in SAS Enter-

rise Guide 7.1 and in R 3.6.3. 

.5. Ethical and privacy considerations 

The hospital data collection is being performed by Sciensano,

he Belgian Scientific Institute of Public Health, legally entitled

or surveillance of infectious diseases in Belgium (Royal Decree of

1/03/2018). This COVID-19 hospital surveillance was authorised

y an independent administrative authority protecting privacy and

ersonal data and was approved by the ethical committee of Ghent

niversity Hospital. 

. Results 

As recorded on 24 May 2020, the Sciensano database contained

 total of 15 544 case records of COVID-19 patients ( Fig. 1 ), orig-

nating from 109 Belgian hospitals. Among those, both admission

nd discharge report forms were received for 10 920 patients [3311

21.3%) discharge forms were missing for patients with admission

ata and 1313 (8.4%) admission forms were missing for patients

ith discharge data]. After having excluding patients not meeting

he inclusion criteria ( Fig. 1 ), 8910 cases were included for the de-

criptive analysis. 

Approximately 60% of the hospitalised COVID-19 patients were

ged ≥65 years ( Table 1 ). In general, participants were severely

ll with more than 80% having radiological pneumonia, large

roportions presenting with laboratory parameters of severity, in-

luding pronounced hypoxaemia, and 5.5% requiring immediate

dmission to the ICU. The median time from symptom onset to

OVID-19 diagnosis was 5 days. Patients with incomplete discharge

ata ( n = 2332) were similar to the study population in terms of

ge and sex distribution as well as the frequency of pre-existing

onditions, except for the proportion of active smokers (Supple-

entary Table S1). In the univariate analysis, compared with sur-

ivors, non-survivors were older and were more likely to be male

nd to suffer from pre-existing conditions ( Table 1 ). In addition,

on-survivors presented more often with laboratory markers of

isease severity such as high levels of LDH ( ≥350 IU/L) and CRP
 ≥150 mg/L) and severe hypoxaemia (paO 2 < 60 mmHg). Time

rom symptom onset to diagnosis was shorter in non-survivors

median 3 days vs. 6 days in survivors; P < 0.0 0 01). Length of hos-

ital stay was similar in both groups. 

After further exclusion of patients who received alternative

OVID-19 treatments either with ( n = 818; including macrolides,

 = 761) or without HCQ ( n = 17), the comparative analysis was

estricted to 8075 subjects: 4542 in the HCQ group and 3533 in the

o-HCQ group ( Fig. 1 ). Of the HCQ-treated patients, 78.2% initiated

he treatment within 24 h after diagnosis. 

As shown in Table 2 , COVID-19 patients in the HCQ group were

ounger and male sex was predominant. Several co-morbidities

ere significantly less frequent in the HCQ group, including cardio-

ascular diseases, arterial hypertension, chronic renal disease, neu-

ological and cognitive disorders, solid cancer and obesity, as well

s the proportion of active smokers. On the other hand, at admis-

ion, patients in the HCQ group appeared to be sicker as reflected

y a higher frequency of radiological pneumonia, ARDS, ICU trans-

er within the 24 h after admission and invasive ventilation sup-

ort as well as a higher frequency of elevated LDH and CRP lev-

ls. The case fatality rate of the study population was 21.8% (1761

eaths/8075 patients) but was lower in the HCQ group (804/4542;

7.7%) than in the no-HCQ group (957/3533; 27.1%) ( P < 0.001).

ncidental use of steroids was very low in both groups, although

t was slightly higher in the HCQ group (8.1% vs. 5.9%). On a side

ote, mortality in the 761 participants who received HCQ and AZM

as 18.9%. 

Independent predictors of in-hospital mortality are shown in

ig. 2 . Age, male sex, cardiovascular disease, diabetes mellitus,

hronic renal, liver and lung diseases, neurological disorders, im-

unosuppressive conditions, smoking status as well as radiologi-

al pneumonia, ARDS and immediate admission to the ICU were

ll associated with a higher risk of in-hospital death. It was also

he case for the measured laboratory parameters of disease sever-

ty at baseline. Treatment with HCQ alone was in contrast inde-

endently associated with a decreased risk of in-hospital mortality

adjusted hazard ratio (aHR) = 0.684, 95% confidence interval (CI)

.617–0.758] compared with the no-HCQ group. Fig. 3 shows the

nverse propensity-weighted standardised cumulative incidence of 

n-hospital death for each treatment with multiple imputations.

rom this model, estimated direct-adjusted mortality at 40 days

as 19.1% with HCQ alone and 26.5% with supportive care only. 

Next we compared the association between HCQ treatment and

n-hospital mortality in patients diagnosed and treated within 5

ays after onset of symptoms (early diagnosis, n = 3975) with

hose diagnosed > 5 days later (late diagnosis, n = 3487). Com-

ared with the no-HCQ group, administration of HCQ appears to

e associated to a lower risk of death both in the early diagno-

is group (aHR = 0.701, 95% CI 0.617–0.796) and the late diagnosis

roup (aHR = 0.647, 95% CI 0.525–0.797). 

. Discussion 

In this large analysis of patients admitted for COVID-19 in Bel-

ium, HCQ monotherapy administered at a dosage of 2400 mg over

 days was independently associated with a lower in-hospital mor-

ality rate compared with patients treated with supportive care

nly, even after adjustment for age, major co-morbidities and dis-

ase severity at admission. Importantly, mortality was reduced re-

ardless of the time from symptom onset to diagnosis and HCQ

reatment initiation. 

Our study has several limitations and strengths. It is an obser-

ational study of data collected using standardised report forms

uring the most critical phase of the epidemic in Belgium. The

ohort was established within an ongoing surveillance that aims

t monitoring the epidemic and identifying risk factors for severe
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Fig. 1. Data flow for coronavirus disease 2019 (COVID-19) patient selection for the observational cohort study. CT, computed tomography; HCQ, hydroxychloroquine. 

Fig. 2. Independent predictors of in-hospital mortality among 8075 patients with coronavirus disease 2019 (COVID-19). Competing risks proportional hazards regression 

with robust standard errors analysing in-hospital death competing with alive discharge from hospital. HCQ, hydroxychloroquine; LDH, lactate dehydrogenase; CRP, C-reactive 

protein; paO 2 , partial pressure of oxygen. 
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COVID-19 and unfavourable outcome. The evaluation of HCQ effi-

cacy in this population was therefore not the primary objective of

the data collection itself. Also, the actual HCQ dosage was not sys-

tematically checked, but qualitative surveys pointed out that the

‘low-dose’ recommendation was very well adhered to, since the

risk of dose-dependent cardiotoxicity and the necessary precau-

tions for use in patients at risk were particularly stressed in the

treatment guidance [8] . Not surprisingly, HCQ has been less admin-

istered in several groups of patients with pre-existing conditions

or co-medications that correspond to contra-indications of its use

(cardiac and renal diseases). The implementation of this surveil-
ance during the initial phase of the epidemic when hospitals were

nder pressure and its non-mandatory nature resulted in missing

dmission or discharge report forms for a sizeable proportion of

atients. The absence of difference in baseline characteristics and

n outcome for subgroups with missing data and the study pop-

lation is somehow reassuring, although some hidden sources of

ias cannot be fully excluded. Strengths of this study include the

ery large sample size obtained in a timely manner, the strict com-

arison between groups exposed to HCQ in monotherapy and to

upportive care only (with no other COVID-19 treatments as con-

ounders), the multicentric design covering the vast majority of
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Table 1 

Characteristics of coronavirus disease 2019 (COVID-19) patients by survival or non-survival status during hospitalisation 

Characteristic No./total no. (%) P-value 

Total (n = 8910) Survivors (n = 6981) Non-survivors (n = 1929) 

Demographic characteristics 

Age (years) 

16–30 149/8906 (1.7) 149/6979 (2.1) 0/1927 (0.0) < 0.0001 ∗

31–44 607/8906 (6.8) 596/6979 (8.5) 11/1927 (0.6) 

45–64 2685/8906 (30.2) 2503/6979 (35.9) 182/1927 (9.4) 

65–79 2655/8906 (29.8) 2017/6979 (28.9) 638/1927 (33.1) 

≥80 2810/8906 (31.6) 1714/6979 (24.6) 1096/1927 (56.9) 

Median (IQR) age (years) 71 (57–82) 66 (54–79) 82 (73–87) 

Male sex 4807/8819 (54.5) 3711/6919 (53.6) 1096/1900 (57.7) 0.0017 ±

Pre-existing conditions 

Cardiovascular disease 3084/8910 (34.6) 2093/6981 (30.0) 991/1929 (51.4) < 0.0001 ±

Arterial hypertension 3622/8910 (40.7) 2641/6981 (37.8) 981/1929 (50.9) < 0.0001 ±

Diabetes mellitus 1985/8910 (22.3) 1442/6981 (20.7) 543/1929 (28.1) < 0.0001 ±

Chronic renal disease 1166/8910 (13.1) 733/6981 (10.5) 433/1929 (22.4) < 0.0001 ±

Chronic liver disease 237/8910 (2.7) 160/6981 (2.3) 77/1929 (4.0) < 0.0001 ±

Chronic lung disease 1353/8910 (15.2) 976/6981 (14.0) 377/1929 (19.5) < 0.0001 ±

Neurological disorders 832/8910 (9.3) 555/6981 (8.0) 277/1929 (14.4) < 0.0001 ±

Cognitive disorders a 1001/8338 (12.0) 627/6539 (9.6) 374/1799 (20.8) < 0.0001 ±

Immunosuppressive conditions 248/8910 (2.7) 191/6981 (2.7) 57/1929 (3.0) 0.6049 ±

Malignancy 

Solid 730/8910 (8.2) 507/6981 (7.3) 223/1929 (11.6) < 0.0001 ±

Haematological 174 /8910 (2.0) 118/6981 (1.7) 56/1929 (2.9) 0.0007 ±

Obesity a 545/5457 (10.0) 450/4313 (10.4) 95/1144 (8.3) 0.0327 ±

Current smoker 407/4757 (8.6) 312/3793 (8.2) 95/964 (9.9) 0.1064 ±

Medications 

ACE inhibitor 1368/8907 (15.3) 1030/6979 (14.8) 338/1928 (17.5) 0.0028 ±

Angiotensin receptor blocker 806/8907 (9.0) 604/6979 (8.7) 202/1928 (10.5) 0.0135 ±

COVID-19 treatments 

Supportive care only 3533/8910 (39.6) 2576/6981 (36.9) 957/1929 (49.6) < 0.0001 ±

HCQ 4542/8910 (51.0) 3738/6981 (53.5) 804/1929 (41.7) < 0.0001 ±

HCQ + macrolides 761/8910 (8.5) 617/6981 (8.5) 144/1929 (7.5) 0.0561 ±

Lopinavir/ritonavir 12/8910 (0.1) 7/6981 (0.1) 5/1929 (0.3) 0.2358 ±

HCQ + lopinavir/ritonavir 18/8910 (0.2) 10/6981 (0.1) 8 /1929 (0.4) 0.0504 ±

HCQ + tocilizumab 17/8910 (0.2) 12/6981 (0.2) 5/1929 (0.3) 0.4367 ±

HCQ + tocilizumab + macrolides 7/8910 (0.1) 5/6981 (0.1) 2/1929 (0.1) 0.6565 ±

HCQ + remdesivir 4/8910 (0.0) 2/6981 (0.0) 2/1929 (0.1) 0.1685 ±

Others 16/8910 (0.2) 14/6981 (0.2) 2/1929 (0.1) 0.3738 ±

Laboratory parameters 

LDH (IU/L) (median (IQR) [no.]) 343 (258–477) [7385] 329 (251–459) [5909] 394 (288–548) [1476] < 0.0001 ∗

LDH ≥ 350 IU/L 3563/7385 (48.2) 2663/5909 (45.1) 900/1476 (61.0) < 0.0001 ±

CRP (mg/L) (median (IQR) [no.]) 62 (26–118) [8624] 55.9 (21.8–108.2) [6802] 91.2 (44.4–162) [1822] < 0.0001 ∗

CRP ≥ 150 mg/L 1487/8624 (17.2) 973/6802 (14.3) 514/1822 (28.2) < 0.0001 ±

paO 2 (mmHg) (median (IQR) [no.]) 66 (57–76) [6013] 67 (70–77) [4713] 61 (52–73) [1300] < 0.0001 ∗

paO 2 < 60 mmHg 1834/6013 (30.5) 1221/4713 (25.9) 613/1300 (47.2) < 0.0001 ±

Clinical features 

Pneumonia b 7184/8567 (83.9) 5545/6710 (82.6) 1639/1857 (88.2) < 0.0001 ±

ARDS 1197/8423 (14.2) 601/6710 (9.0) 596/1713 (34.8) < 0.0001 ±

Invasive ventilation support 736/8691 (8.5) 367/6810 (5.4) 369/1881 (19.6) < 0.0001 ±

Admission to ICU within 24 h after admission 488/8900 (5.5) 298/6974 (4.3) 190/1926 (9.9) < 0.0001 ±

Time from symptom onset to diagnosis (days) (median (IQR) [no.]) 5 (2–9) [8097] 6 (2–9) [6393] 3 (1–7) [1704] < 0.0001 ∗

Length of hospital stay (days) (median (IQR) [no.]) 9 (5–15) [8894] 9 (5–15) [6970] 9 (5–16) [1924] 0.9320 ∗

IQR, interquartile range; ACE, angiotensin-converting enzyme; HCQ, hydroxychloroquine; LDH, lactate dehydrogenase; CRP, C-reactive protein; paO 2 , partial pressure of oxy- 

gen; ARDS, acute respiratory distress syndrome; ICU, intensive care unit. 

NOTE: All of the pre-existing conditions and COVID-19 features were reported as assessed by the clinician. 
a Missingness is due to later onset of data collection. 
b Diagnosis by imaging [chest radiography and/or computed tomography (CT) scan]. 
∗ Wilcoxon test. 
± χ2 test. 
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elgian hospitals, and the real-life representativeness of the data.

ndeed, this hospital-based surveillance captured complete admis-

ion and discharge information for 64.0% (10 920/17 052) of all ag-

regated COVID-19 patients admitted across the country until 24

ay 2020 [25] . Finally, rigorous sensitivity analysis taking into ac-

ount censored data and immortal bias all confirmed the positive

mpact of HCQ on in-hospital mortality. 

This nationwide observational study provides a robust descrip-

ion of the COVID-19 patients admitted in Belgian hospitals. The

emographic and clinical characteristics were similar to hospital

ohorts reported in other countries, with a large proportion of

atients with well-established risk factors for COVID-19 compli-

ations. The observed in-hospital mortality rate (~21.8%) was in
ine with that of previous observational studies and ongoing trials

26–28] . Risk factors for death were comparable with previous

linical experience. Notably, we found that biological markers pre-

iously related to disease severity and mortality in univariate anal-

sis (increased CRP and LDH) [29] were independently associated

ith mortality in our study. Other well-established predictors of

ortality such as lymphopenia and increased levels of D-dimer

ere not recorded in our data set. High D-dimer levels have been

eanwhile associated with increased risk of thrombotic events, a

ajor cause of death in hospitalised COVID-19 patients [ 30 , 31 ]. 

Interestingly, we observed that patients who died in hospital

ad on average a shorter duration of symptoms before admission,

uggesting that abrupt clinical deterioration is associated with a



6 L. Catteau, N. Dauby and M. Montourcy et al. / International Journal of Antimicrobial Agents 56 (2020) 106144 

Table 2 

Characteristics of coronavirus disease 2019 (COVID-19) patients ( n = 8075) by treatment group. 

Characteristic No./total No. (%) P-value 

HCQ (n = 4542) No-HCQ (n = 3533) 

Demographic characteristics 

Age (years) 

16–30 62/4541 (1.4) 72/3530 (2.0) < 0.0001 ∗

31–44 372/4541 (8.2) 175/3530 (5.0) 

45–64 1656/4541 (36.5) 695/3530 (19.7) 

65–79 1395/4541 (30.7) 1015/3530 (28.8) 

≥80 1056/4541 (23.3) 1573/3530 (44.6) 

Median (IQR) age (years) 66 (54–78) 77 (63–85) 

Male sex 2646/4494 (58.9) 1671/3492 (47.8) < 0.0001 ±

Pre-existing conditions 

Cardiovascular disease 1392/4542 (30.7) 1444/3533 (40.9) < 0.0001 ±

Arterial hypertension 1757/4542 (38.7) 1513/3533 (42.8) 0.0002 ±

Diabetes mellitus 998/4542 (22.0) 796/3533 (22.5) 0.5498 ±

Chronic renal disease 508/4542 (11.2) 585/3533 (16.6) < 0.0001 ±

Chronic liver disease 122/4542 (2.7) 99/3533 (2.8) 0.7511 ±

Chronic lung disease 698/4542 (15.4) 517/3533 (14.6) 0.3599 ±

Neurological disorders 330/4542 (7.3) 450/3533 (12.7) < 0.0001 ±

Cognitive disorders a 331/4260 (7.8) 582/3266 (17.8) < 0.0001 ±

Immunosuppressive conditions 159/4542 (3.5) 78/3533 (2.2) 0.0006 ±

Malignancy 

Solid 314/4542 (6.9) 345/3533 (9.8) < 0.0001 ±

Haematological 90/4542 (2.0) 70/3533 (2.0) 0.9995 ±

Obesity a 297/2643 (11.2) 186/2284 (8.1) 0.0003 ±

Current smoker 183/2390 (7.7) 196/1916 (10.2) 0.0031 ±

Medications 

ACE inhibitor 669/4541 (14.7) 569/3531 (16.1) 0.0874 ±

Angiotensin receptor blocker 388/4541 (8.5) 318/3531 (9.0) 0.4665 ±

Laboratory parameters at admission 

LDH (U/L) (median (IQR) [no.]) 359 (270–497) [3890] 314 (239–442) [2764] < 0.0001 ∗

LDH ≥ 350 U/L 2036/3890 (52.3) 1146/2764 (41.5) < 0.0001 ±

CRP (mg/L) (median (IQR) [no.]) 68.9 (32.1–125.0) [4461] 50.6 (16.0–105.2) [3340] < 0.0001 ∗

CRP ≥150 mg/L 835/4461 (18.7) 471/3340 (14.1) < 0.0001 ±

paO 2 (mmHg) (median (IQR) [no.]) 66 (57–75) [3442] 68 (58–80) [1967] 0.0033 ∗

paO 2 < 60 mmHg 1046/3442 (30.4) 557/1967 (28.3) 0.1084 ±

Clinical features 

Pneumonia b 4055/4423 (91.7) 2329/3313 (70.3) < 0.0001 ±

ARDS 720/4306 (16.7) 299/3320 (9.0) < 0.0001 ±

Invasive ventilation support 503/4407 (11.4) 114/3457 (3.3) < 0.0001 ±

Admission to ICU within 24 h after admission 313/4539 (6.9) 96/3529 (2.7) < 0.0001 ±

Time from symptom onset to diagnosis (days) (median (IQR) [no.]) 6 (3–9) [4542] 4 (1–8) [3049] < 0.0001 ∗

Length of hospital stay (days) (median (IQR) [no.]) 9 (6–15) [3324] 9 (4–17) [3526] 0.2061 ∗

Outcome 

Time from diagnosis to death (days) (median (IQR) [no.]) 8 (5–13) [4542] 6 (4–12) [3533] < 0.0001 ∗

Death 804/4542 (17.7) 957/3533 (27.1) < 0.0001 ±

IQR, interquartile range; ACE, angiotensin-converting enzyme; LDH, lactate dehydrogenase; CRP, C-reactive protein; paO 2 , partial pressure of O 2 ; 

ARDS, acute respiratory distress syndrome; ICU, intensive care unit. 

NOTE: All of the pre-existing conditions and COVID-19 features were reported as assessed by the clinician. 
a Missingness is due to later onset of data collection. 
b Diagnosis by imaging [chest radiography and/or computed tomography (CT) scan]. 
∗ Wilcoxon test. 
± χ2 test. 
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worse prognosis. More research is required to clarify the pheno-

type of this subgroup of patients, to assess whether patients who

develop signs of severity very soon after the onset of symptoms re-

quire more intensive care earlier, and to investigate whether very

early predictors of subsequent severity and targeted (pre-hospital)

interventions could prevent admission due to acute complications. 

In the context of the COVID-19 pandemic, HCQ therapy has

been in the centre of debates, between hype and bashing, within

and beyond the scientific community. Uncertainty about treatment

efficacy relies mainly on the observational nature of the published

studies so far and the major risks of bias and confounders. Many

small single-centre retrospective studies did not find any impact

of HCQ treatment on outcome in hospitalised COVID-19 patients

[ 11 , 13–16 ], but were not powered to explore associations with

mortality endpoint through robust multivariate analysis. Recently,

larger observational studies found that the use of HCQ alone or in

combination with AZM was independently associated with lower
n-hospital mortality [17–19] , in line with our results. Some ther-

peutic differences, however, have to be highlighted that impede

ull comparison of these studies with our data. In the study by

agier et al. [17] , the HCQ dosage was 60 0 0 mg in total over 10

ays and the vast majority of participants were given AZM con-

omitantly. In the study by Mikami et al. [18] , the HCQ dosage was

ot reported, but most hospitalised patients were also exposed to

 combination of HCQ and AZM. Finally, Arshad et al. used the

ame HCQ dosage as in our study and reported specifically on the

ubgroup treated with HCQ, but a large proportion of participants

ere also given steroids, which might have been beneficial in se-

ere COVID-19 cases [ 19 , 32 ]. Of note, in our data set, corticosteroid

ptake was low in both groups. In Belgium, AZM was not recom-

ended owing to lack of robust information on viral efficacy at the

ime of writing the guidance. It has, however, been administered

n combination with HCQ in 761 patients in our real-life database

but excluded from this analysis). The combination treatment of
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Fig. 3. Cumulative incidence of in-hospital mortality. Inverse propensity-weighted standardised cumulative incidence of in-hospital death according to treatment received: 

hydroxychloroquine (HCQ) (blue line) versus no-HCQ (red line). 
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ZM + HCQ was associated with a decrease in mortality similar to

hat of HCQ alone (data not shown). 

Although observational studies, even of large scale, do not pro-

ide final conclusions on treatment efficacy, their results are im-

ortant to consider in order to guide clinical trials. Well-designed

rospective studies combined with large, randomised control tri-

ls should provide definitive evidence about the clinical impact of

CQ in severe hospitalised and in mild ambulatory COVID-19 pa-

ients. Meanwhile, in a preprint publication at the time of writing,

he results of the RECOVERY trial did not show any clinical benefit

death or discharge) in the high-dose HCQ arm (9200 mg in total

ver 10 days) compared with usual care in hospitalised COVID-19

atients (median number of days from symptom onset to randomi-

ation, 9 days) [20] . Of note, the dose administered during the first

4 h (2400 mg) is equivalent to the dose administered over 5 days

n Belgium. The pharmacokinetic rationale for the high dosage re-

ains poorly described. Moreover, 10% of the patients included in

he HCQ arm had negative SARS-CoV-2 test and mortality was high

25%) in both groups, indicating advanced disease. 

Whilst both CQ and HCQ have in vitro antiviral activity against

ARS-CoV-2 [ 3 , 4 , 9 ], concerns about a real antiviral activity in vivo

ave emerged early in the pandemic based on previous experience

n other viral infections [33] . Antiviral efficacy of HCQ in humans

as been poorly studied so far with adequate methods. Questions

ave also been raised about whether safe HCQ dosages are suf-

cient to reach antiviral activity in target pulmonary cells [34] .

ranslating in vitro data into in vivo drug concentration in tis-

ue appears particularly challenging for HCQ, as plasma concen-

rations do not appear to be a reliable surrogate [35] . Preprint

tudies in animal models (non-humans primates and Syrian ham-

ters) also suggest that HCQ has no antiviral efficacy [ 36 , 37 ]. Clin-

cal efficacy might, however, be mediated through immunomodu-

atory mechanisms [7] , preventing the progression toward severe

isease with over-inflammatory responses by dampening the cy-

okine storm [38] . HCQ has indeed been shown to decrease the

roduction of pro-inflammatory cytokines, both ex vivo and in lung

xplant model [ 5 , 39 , 40 ]. In the same line, use of low-dose dex-

methasone (one of the RECOVERY arms) was recently reported

o significantly decrease mortality in COVID-19 patients requiring

xygen [28] . Also, HCQ has been suggested to have some antico-

gulant properties that may be beneficial in preventing thrombotic

vents in complement to low-molecular-weight heparin [41] . 
The potential detrimental effect of HCQ, mainly due to

ose-dependent cardiotoxicity, has become a major clinical con-

ern, especially following the publication of an article that reported

n association between HCQ therapy and increased in-hospital

ortality, but that was retracted shortly after [42] . A randomised

ontrolled trial evaluating high-dosage (12 0 0 0 mg over 10 days)

nd low-dosage CQ was halted prematurely due to serious toxicity

n the high-dose group [43] . However, many studies have mean-

hile reported on the safety of a short-term/low-dosage course of

CQ monotherapy [ 16 , 44 ]. Our study provides further support to

he claim that this regimen is not associated with increased short-

erm risk of cardiotoxicity and mortality in the hospital setting and

n well-selected COVID-19 patients. Accordingly, as of 17 June 2020,

he Federal Agency for Medicines and Health Products had regis-

ered in total eight reports of adverse reactions suspected to be as-

ociated with HCQ use for the treatment of COVID-19 in Belgium,

mong which were three cases of cardiac toxicity (all having re-

eived concomitant medication), and no reported deaths [45] . 

In conclusion, in this large nationwide observational study of

atients hospitalised with COVID-19, HCQ monotherapy adminis-

ered at a dosage of 2400 mg over 5 days was independently asso-

iated with a significant decrease in mortality compared with pa-

ients not treated with HCQ. This impact was observed both in the

arly and late treatment groups, suggesting that this benefit might

e mediated by immunomodulatory properties, a hypothesis worth

ddressing as evidence of an antiviral activity of HCQ on SARS-

oV-2 appears increasingly inconsistent. Considering the availabil-

ty and cheapness of HCQ, it seems worth further investigating the

linical effect of an optimised dosage of HCQ and designing add-

n studies in ongoing trials to monitor, beyond viral shedding and

nfectiousness, a relevant set of inflammatory markers during the

ourse of SARS-CoV-2 infection. 
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