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ARTICLE INFO ABSTRACT

Handling Editor: Patricia Schlagenhauf Objectives: In this study we evaluate the efficacy and safety of a treatment protocol with standard dose of
hydroxychloroquine plus azithromycin in patients hospitalized with COVID-19 infection.
Keywords: Methods: We conducted a retrospective analysis to compare the 28-day mortality rate in 352 patients treated with
COVID-19 hydroxychloroquine with or without azithromycin (HCQ-group) in our hospital with a contemporary control
'Srfisn-:::t-z group of 3533 patients receiving standard of care from the Belgian Collaborative Group on COVID-19 Hospital
. Surveillance.
Hydroxychloroquine . 3 X A 3 .
Azithromycin Results: All patients who received at least one dose of treatment were included in the analysis. A statistically
significant reduction in crude mortality rate at 28 days was observed in the HCQ-group compared to standard of
care (16.8% vs 25.9%,p = 0.001).
Patients in the treatment group were on average younger (69,7 vs73,1 years, p = 0,0002), were less likely to
smoke or to have malignancy and more likely to be male. Patients in the treatment group were more likely to be
obese, immunocompromised or to have arterial hypertension, liver disease and lung disease.
After adjustment for these variables the OR for mortality was 0.635 (95%CI 0.464-0.875). Patients who did not
receive HCQ had a 57% higher risk of mortality. A survival benefit in the treatment group was consistent across
all age groups. 13 patients discontinued treatment due to side effects (4 with QTc-prolongation>60msec (1.1%)
and 9 because of gastro-intestinal symptoms (2.55%)). No episodes of ventricular arrhythmia or torsade de
pointes were recorded during treatment.
Conclusion: Treatment of COVID-19 using a combination of hydroxychloroquine plus azithromycin was safe and
was associated with a statistically significant mortality benefit in the treatment of COVID-19 infection in hos-
pitalized patients. Our findings do not support the current negative recommendations regarding this treatment.

1. Introduction hydroxychloroquine was recommended in China [5]. Gautret reported a
synergistic effect on viral clearance when azithromycin was added to

In March 2020, the pandemic outbreak with SARS-CoV-2 started an hydroxychloroquine [6-8].
unprecedented global health crisis. Following encouraging in vitro data Pending results of clinical trials, off-label administration of low-dose
[1-4] and preliminary clinical results, treatment with HCQ was accepted as a treatment option for hospitalized COVID-19
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patients in Belgium [9]. However, following safety concerns [10] and a
lack of benefit in the preliminary results of the RECOVERY trial [11], the
authorisation for use of hydroxychloroquine or azithromycin was
rescinded from June 10, 2020 onwards [9].

Intriguingly, a national retrospective cohort study of 8075 hospi-
talized patients later found a significant 32% mortality reduction in
patients receiving monotherapy with low-dose hydroxychloroquine
versus standard of care [12].

Our hospital adopted a strategy of combination treatment with
hydroxychloroquine plus azithromycin for all patients. These patients
were not included in the aforementioned analysis. Our patient cohort
therefore provides an opportunity to verify these results in a different set
of patients. s.

In this article we compare the safety and efficacy outcomes of a
single centre cohort of 352 consecutive patients with COVID-19 treated
with this combination with the contemporary control group of 3533
patients from the national cohort study receiving standard of care.

2. Materials and methods
2.1. Patients and study design

The study was conducted in AZ Groeninge Hospital in Kortrijk,
Belgium. Treatment was proposed for all individuals >18 years who
were admitted with positive real-time PCR for SARS-CoV-2 RNA or CT-
findings with high probability for COVID-19-infection [13-15]. Data
were prospectively collected from March 16 until May 20, 2020 and
were analyzed retrospectively.

2.1.1. Hydroxychloroquine treatment group

Diagnosis was based on a positive nasopharyngeal PCR or abnor-
malities with high probability of COVID-19-infection (Table 1).

Overall, 409 patients were hospitalized because of COVID-19-
infection. A total of 370 patients tested PCR-positive, while 39 were
PCR-negative, but showed abnormalities with high probability for
COVID-19 on CT-scan. 57 patients were excluded from the analysis
because they were transferred from another hospital and had first
treatment there, or because they didn’t receive treatment according to
protocol. Eventually 352 patients were included in the analysis (Fig. 1).

2.2. Control group receiving standard of care without hydroxychloroquine

The control group is based on data collection by the Belgian
Collaborative Group on COVID-19 Hospital Surveillance (Sciensano) of
hospitalized patients with PCR-confirmed COVID-19, initiated on March
14, 2020 and reported up to May 24, 2020, who received standard of
care without hydroxychloroquine. The control group consisted of 3533
patients and was described extensively elsewhere [12].

2.3. Clinical, biological and radiological data and follow-up

Demographics (age, sex), chronic conditions (diabetes mellitus,
chronic heart disease, hypertension, chronic respiratory disease, (he-
matological) malignancy, immunocompromised state, cognitive deficit,
neurological disease, liver disease, kidney failure, obesity and active

Table 1
Treatment protocol depending on PCR test and CT examination.
PCR Test
PENDING POSITIVE NEGATIVE
CT
- High probability HCQ + AZ HCQ + AZ HCQ + AZ
- Intermediate probability Wait HCQ No treatment
- Low probability Wait HCQ No treatment

- Not compatible Wait HCQ No treatment
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smoker) and concomitant use of ACE-inhibitors and Angiotensin II-
receptor blockers were documented.

Patients aged >65 years or with at least one of the conditions
described above were defined as patient with risk factors.

CRP, Ferritin, D-dimers, LDH, PaO,, oxygen saturation (<93%) were
documented at admission. A low-dose chest CT exam was performed
upon admission in 94.65% (n = 336) of patients.

2.4. Management

Treatment initially consisted of hydroxychloroquine (2 x 400 mg
day 1, 2 x 200mg day 2-5) as a single agent, but was later modified to
include azithromycin (500 mg 5 days: <75 years, >75 years: 500 mg on
day 1 followed by 250 mg daily for four days) (Table 2).

All patients without contraindications received treatment. All pa-
tients underwent an electrocardiogram (ECG) with QT measurement
(Bazett’s formula) before treatment and after 24 h. ECG’s with abnor-
malities were referred to a cardiologist for further assessment. If QTc
(BAZ) was >480 m s, patients were monitored during treatment. If a QTc
(BAZ) > 500 m s was present, no HCQ/AZ was started without approval
by a cardiologist.

Amoxicillin-clavulanic acid or ceftriaxone were administered when
bacterial pneumonia was suspected. The indication for antibiotic treat-
ment was reassessed after 72 h, based on the result of sputum cultures.

Oxygen supplementation was administered as required. Antith-
rombotic prophylaxis with low molecular weight heparin was admin-
istered to patients not on chronic anticoagulation. Patients on chronic
anticoagulation were switched to therapeutic dose of low molecular
weight heparin. Use of steroids, immunomodulatory treatment or anti-
viral medication was reserved for critically ill patients in the intensive
care unit.

The primary outcome was mortality at 28 days after diagnosis of
COVID-19.

2.5. Statistical methods

Demographic characteristics, pre-existing (baseline) conditions at
hospital admission, laboratory parameters and outcome were described
by treatment group (HCQ versus no-HCQ). Continuous variables are
presented with mean and standard deviation or with median and
interquartile range (IQR), depending on normality of the data. Cate-
gorical variables are presented as percentages. Comparisons between
groups are done with the Wilcoxon rank sum test for continuous vari-
ables and the chi-square test or Fisher’s exact test for categorical vari-
ables. We performed a stratified Cochran-Mantel-Haenszel (CMH) chi-
square test for the possible association between treatment and mortal-
ity, controlling for age-subgroups [16]. A multiple imputation (PROC
MI) was used to handle missing data (Multivariate Normal (MVN) for
continuous variables and Fully Conditional Specification 5 F CS) for
categorical variables (for details, see supplement 2) [17].

2.6. Ethical considerations

Patients were informed of the off-label character of the prescription
of HCQ and AZ prior to receiving treatment. Data were collected
retrospectively using the electronic health record. This non-
interventional retrospective study was approved by our institutional
review board committee (B3962020000025, AZGS2020071). HCQ for
COVID-19 treatment was approved off-label for hospital delivery only.
Data from the control group receiving standard of care was used thanks
to the kind permission of the Belgian Collaborative Group on COVID-19
Hospital Surveillance (Sciensano).
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‘ 409 patients hospitalised in infectious disease units |

370 PCR positive for SARS-COV2 RNA |

| 39 CT suggestivefor COVID-19 |

l

57 patients excluded

352 patientsincluded

Hydroxychloroquine (n=53)

Hydroxychloroquine + azithromycine
(1 day 500mg, 4 days 250mg) (n=130)

Hydroxychloroquine + azithromycine
(5 days 500mg) (n=169)

Fig. 1. Inclusion and exclusion flowchart of the treatment group.

Table 2
Baseline characteristics of the patients according to treatment.

ALL Therapy 5 days Therapy <5 days HCQ HCQ/AZ (1D 500.4D 250) HCQ/AZ (5D 500)
n =352 n = 309 n =43 n=>53 n =130 n =169
n % n % n % n % n % n %
Age
- Age 0-64 years 138 39.20 129 41.75 9 20.93 14 26.42 12 9.23 112 66.27
- Age 65-74 years 58 16.48 54 17.48 4 9.30 5 9.43 4 3.08 49 28.99
- Age >75 years 156 44.32 126 40.78 30 69.77 34 64.15 114 87.69 8 4.73
Chronic conditions
- min. 1 chronic condition or >65 y 288 81.82 248 80.26 40 93.02 48 90.57 124 95.38 116 68.64
DNR code
Oorl 249 70.74 234 75.73 15 34.88 36 67.92 61 46.92 152 89.94
2o0r3 103 29.26 75 24.27 28 65.12 17 32.08 69 53.08 17 10.06
3. Results the treatment group.

3.1. Patient characteristics

In the treatment group, age was over 65 years in 214 patients
(60.79%). At least one chronic condition or age over 65 years was pre-
sent in 288 patients (81.82%) (Table 2). Patients in the treatment group
were younger on average (69.7 vs 73.1 years, p = 0.0002) and were less
likely to smoke (1.7 vs 10.2%, p < 0.0001). Patients in the treatment
arm were more likely to be male (53.6 vs 47.9%, p = 0.0457) and had
more arterial hypertension, liver disease and lung disease (Table 3) (see
Table 4).

3.2. Disease severity

Markers for disease severity at baseline were higher in the treatment
group, with a higher proportion of patients with PaOy <60 mmHg (43.0
vs 28.4%, p < 0.0001), lower median PaO; (65.6 vs 71.3 mmHg, p =
0.0002) and higher average CRP (56.0 vs 50.6 mg/L, p = 0.0339)
(Table 3).

3.3. Treatment-related characteristics

Combination treatment with HCQ plus AZ was administered in 299
patients (84.94%), while 53 (15.06%) were treated with HCQ alone
(Table 2). The administered (age-dependent) dose was azithromycin
500 mg at day 1 and 4 days azithromycin 250 mg in 130 patients
(43.48%) and azithromycin 500 mg a day for five days in 169 patients
(56.52%).

309 patients (=87.78%) received five days of treatment, whereas 43
patients (=12.22%) received a shorter course at the discretion of the
attending physician. Main reasons for treatment interruption were
intolerance, ECG changes and conversion to palliative management. All
patients receiving at least one dose of HCQ were included for analysis of

Adverse events were observed in 197 patients. Adverse events were
mild and were mostly gastrointestinal in nature. One patient had hal-
lucinations. Two patients developed a skin rash.

Patients were monitored for electrolyte disorders and potential
medication interactions.

QTc prolongation (>60 m s) was observed in 15 (4.14%) patients,
including 2 patients treated with HCQ alone, and 13 patients treated
with HCQ-AZ.

Treatment was discontinued because of side effects in 13 patients:
four for QTc prolongation (>60 m s), 9 for gastro-intestinal discomfort.
One patient developed nonfatal ventricular tachycardia after treatment
was completed. No torsade de pointes or sudden death were observed
during treatment (Table 5).

Twenty-six (6.7%) patients had a proven bacterial infection but 260
patients (67.53%) received antibiotics upon admission.

3.4. Primary outcome

The average age of death was 84 years. Twenty-three patients
(41.38%) died in the Intensive Care Unit. A ‘do not reanimate’-order to
withhold mechanical ventilation or to discontinue treatment was in ef-
fect in 43 deceased patients (72.88%) (Table 6).

In the treatment group, 59 patients died within 28 days (16.76%). In
the control group, 916 of 3533 patients died within 28 days (25.93%).
For treated patients, there was a statistically significant crude mortality
reduction of 0.6464 (95% CI 0.5089-0.8213).

The adjusted common relative risk for mortality after controlling for
age was 0.7597 (95% CI 0.6053-0.9534, p = 0.0097). Treatment with
hydroxychloroquine plus azithromycin was associated with a reduction
in mortality in all age groups. There were no fatalities in patients
younger than 45 in the treatment group. (Fig. 2).

After multivariable adjustment for comorbid conditions and for CRP
and LDH as markers for severity of disease, mortality reduction
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Table 3
Overview of baseline patient characteristics (a) and comorbidities (b) for control
group and treatment group.

Control group Treatment P-value
group
no-HCQ HCQ
(n = 3533) (n = 352)
(a) Demographics
Age
o Mean. Y+SD 731y +16.3 69.7 y + 15.2 0.0002**
o Median. Y (IQR) 77 y (63-85) 72y (59-82) <0.0001**
o Age categories. n (%) n (%)
-16y-30y 72 (2.0) 3(0.9)
-31y-44y 175 (5.0) 15 (4.3)
-45y-64y 695 (19.7) 120 (34.1)
-65y-79y 1015 (28.8) 96 (27.3)
->80y 1573 (44.6) 118 (33.5)
Gender
o Male 47.9% 53.6% 0.0457
(b) Comorbidities
Cardiovascular condition 40.9% 43.8% 0.3068
Hypertension 42.8% 56.3% <0.0001**
Diabetes 22.5% 26.7%
GFR<45 ml/min/1.73m? 16.6% 17.1%
Liver disease 2.8% 5.7%
Lung disease 14.6% 20.2%
Neurological disease 12.7% 14.5%
Cognitive deficit 17.8% 17.7%
Immunocompromised state 2.2% 11.1% <0.0001%*
Malignancy 9.8% 5.4% 0.0054**
Hematological malignancy 2.0% 3.7% 0.0496*
BMI>30 kg/m? 8.1% 24.5% <0.0001**
Active smoker 10.2% 1.7% <0.0001**
Use of ACE-inhibitor 17.5% 17.7% 0.941
Use of angiotensin II-receptor ~ 9.8% 11.2% 0.395
blocker
pO2
o0 pO2 <60 mmHg at 28.4 43.0 <0.0001**
admission (%)
o mean pO2 at admission 71.3 +£26.9 65.6 + 23.4 0.0002*
(mmHg)
o median pO2 (mmHg) 68.0 (IQR: 63.2 (IQR: <0.0001%**
58.0-80.0) 55.0-71.6)
LDH (unit/1) 314 (239-442) 314 (257-404) 0.9031
CRP (mg/1) 50.6 56.0 0.0339*
(16.0-105.2) (27.5-107)

*p < 0.05. **p < 0.001.

Table 4
Time of onset symptoms before admission and CT findings upon admission.
ALL
(n = 352)
n %
Symptoms
>5 days 183 51.99
< 5 days 139 39.49
unknown 30 8.52
CT thorax
No CT 19 5.40
No abnormalities 11 3.13
Atypical 27 7.67
Indeterminate 47 13.35
Typical 248 70.45

remained significant, with an adjusted OR of 0.619 (95% CI
0.424-0.904).

In both the complete case analysis and the MI model, the beneficial
effect of treatment was statistically significant (p = 0.0055 in the MI
model, p = 0.0046 in the complete case analysis). The odds ratio for
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Table 5
Special considerations during treatment.
n %
Potential risk for drug interaction with combined therapy 149 42.33
Hallucination 2 0.57
Skin rash 17 4.83
Gastro-intestal problems 99 28.13
Electrolyte disturbance (dyskalaemia. hyponatraemia) 46 279.17
QTc prolongation (>60 m s) 15 4.26
Ventricular tachycardia or arrhythmia 2 0.57
Cessation of treatment 41 11.65
Table 6
Stratification of clinical outcome in treatment group.
All HCQ HCQ/AZ HCQ/AZ
(a) (b)
(n = 352) (n=53) (n =130) (n =169)
Clinical outcome
- Death 59 10 38 11
(16.76%) (18.87%) (29.23%) (6.51%)
- Mean hospitalisation 13.00d 17.66 d 14.81d 12.77 d
stay (days)
- Hospitalisation >13 106 20 43 43
d (30.11%) (37.74%) (33.08%) (25.44%)
- Death and DNR 2.3 43 - - -
(72.88%)
(a)1D 500.4D 250. (b) 5D 500.
45
OHC
40 Q
Hno-HCQ
35
30
B2
]
o
® 20
15
10
; " Hﬂ‘
0
[16-30] [31-44] [45-64] [65-79] >80
Age subgroup (years)

Fig. 2. Association between group (HCQ vs no-HCQ) and mortality (status at
28 days), controlling for age. Treatment with hydroxychloroquine (HCQ) plus
azithromycin was associated with a reduction in mortality in all age groups. The
adjusted common relative risk for mortality after controlling for age was 0.7597
(95% CI 0.6053-0.9534. p = 0.0097).

treatment in the MI model is 0.635, (95% CI 0.464-0.875). Patients who
did not receive HCQ had a 57% higher risk of death at 28 days (Fig. 3).

To account for other treatment or hospital-related factors (staffing,
ICU availability), we compared our treatment group with the contem-
porary HCQ-treatment group in Catteau [12]. Mortality between treat-
ment groups was not significantly different for HCQ alone (16.76 vs
17.7%, p = 0.6557) or in combination with azithromycin (16.76 vs
18.9% (p = 0.3853).

4. Discussion
This study has two important findings. First, combination treatment

with hydroxychloroquine and azithromycin was safe and generally well-
tolerated. In view of safety concerns about cardiac toxicity [18,19], our
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HCQ ——

Age, 10 years —0—
Male sex —
Diabetes —_——
Cognitive disorders —
Chronic liver diseases ©
Chronic lung disease —
Neurological disorders —_——
Chronic renal disease ——
Solid cancer —_——
CRP, 100 units ——
LDH, 100 units L 4

0,25 0,50 0,75 1,00 1,25 1,50 1,75 2,00 2,25 2,50 2,75 3,00 3,25
Odds Ratio

Fig. 3. Risk factors associated with mortality. Figure based on the Multiple
imputation model. HCQ = Treatment with hydroxychloroquine.

data are reassuring. Cessation of treatment due to QTc-prolongation was
necessary in only 1,1% of patients. No episodes of torsade de pointes or
sudden cardiac death occurred during treatment. These findings are in
accordance with other studies that found no increase in severe cardiac
arrhythmias, even when higher doses of hydroxychloroquine were used
[20,21].

Previously hydroxychloroquine was shown to confer cardiovascular
protection in long-term users [22].

Second, treatment was found to be associated with a statistically
significant 36,5% reduction of mortality. This survival benefit was
present across all age groups and remained significant after adjustment
for comorbid conditions and disease severity upon admission. This result
is remarkable because treatment with hydroxychloroquine was aban-
doned following the results of the SOLIDARITY and RECOVERY trial,
which did not find a clinical benefit [20,21].

Our results are in accordance with several observational trials and
large case series reporting survival benefit in patients treated with
hydroxychloroquine [12], [23-29]. Other studies found no benefit, but
often reserved treatment for severely ill patients [18,19,30].

A potential explanation for the discrepancy between the results in
the observational trials and the large randomized trials may be the use of
a different dose of hydroxychloroquine.

We and others used a dose of HCQ of 2 x 400mg on day one, fol-
lowed by 200 mg bid for five days, according to national guidelines. This
regimen was shown to achieve therapeutic drug concentrations in lung
tissue for up to ten days after treatment interruption [3,31]. Both SOL-
IDARITY and RECOVERY [20,21] used a fourfold higher total dose,
including a loading dose that exceeded the maximum labelled dose of 5
mg/kg by a factor of seven. It can not be excluded that this high dose
affected the results, given the concerns of cardiac toxicity [20,21] and
the premature interruption of a Brazilian study with a similar high-dose
regimen because of excess cardiac toxicity [32].

Other randomized controlled trials with low-dose HCQ were not
adequately powered to demonstrate a survival benefit of the magnitude
that was seen in our study [33-35]. For example, Dubée [35] found a
44% reduction in 28-day mortality, which did not reach statistical
significance.

Our retrospective study has limitations. Retrospective studies are
more prone to confounding than randomized controlled trials [13,36]
and our study is no exception. There were significant differences be-
tween the treatment and the control group, which may influence out-
comes. We sought to determine to what extent these differences may
have influenced our results.

The most critical difference between treatment groups was age, as
the treatment group was 3.4 years younger on average. Yet, the mor-
tality benefit was consistent across all age categories, including
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octogenarians, making age as a confounding factor unlikely. A mortality
benefit was also reported in elderly nursing home residents in France
[371.

Patients in the treatment group were less likely to smoke or to have
malignancy and more likely to be male, and were more likely to be
obese, immunocompromised, to have arterial hypertension, liver disease
or lung disease.

Of these factors, four (male sex, hypertension, liver disease and lung
disease) were found to be associated with negative outcomes in a mul-
tiple imputaton model, thus favouring the control arm. Conversely, solid
malignancy was more prevalent in the control group and was also
associated with worse outcomes in this model (Fig. 3).

After multivariable adjustment for these and other comorbidities the
survival benefit remained statistically significant.

Patients in the treatment group were more likely to present with
hypoxemia and had a higher average CRP level than controls. Therefore,
lower disease severity is unlikely to account for the observed survival
benefit.

All patients that received at least one treatment dose were included
in the analysis. While it is unlikely that receiving one dose of treatment
has an effect on clinical outcomes, this approach ensures that the out-
comes of severely ill patients with incomplete treatment due to rapid
deterioration were included in the study results, as well as the outcomes
of patients who discontinued treatment with HCQ-AZ due to side effects
or ECG abnormalities.

Hospital-related factors like ICU overflow can affect the outcomes of
a single centre study. The fact that mortality in our treatment group is
not significantly different from the treatment group reported by Catteau
[12] (which shares the control group with our study) implies that this is
probably not a major factor. Moreover, treatment with hydroxy-
chloroquine remained associated with improved survival in Belgium
after taking ICU overflow into account [38]. An indirect effect cannot be
excluded, as HCQ was reported to prevent ICU overflow [22].

Another consequence of the consistent results of the treatment
groups is that it is unlikely that any non-HCQ treatment is responsible
for the observed survival benefit, because this would result in an
increased survival difference between HCQ-treated groups in both
studies.

While residual confounding can never be fully excluded, we were to
the best of our ability unable to identify a confounder that was likely to
explain the difference between groups. Therefore, it is very plausible
that the observed survival benefit reflects a true treatment effect.

Apart from the synergistic effect on viral clearance from the com-
bination of azithromycin and hydroxychloroquine several other factors
may contribute to the observed benefit. Both drugs act as immuno-
modulators which may prevent the cytokine storm of COVID-19. The
antithrombotic effects of HCQ may also be useful in the context of Covid-
associated coagulopathy and azithromycin can help prevent bacterial
surinfection [39].

Finally, our study reports on outcomes from the first half of 2020,
before vaccination became available and before the emergence of new
COVID-19 variants. Since that time several drugs, like remdesivir,
molnupiravir and nirmatrelvir/ritonavir were approved for the treat-
ment of Covid-19.

It is unclear to what extent our data still apply in the current phase of
the pandemic. On the other hand, the efficacy of vaccination and
treatment is compromised by the emergence of new variants and the use
of novel treatments like nirmatrelvir/ritonavir is expensive. Moreover,
their use is limited because of severe medication interactions. Therefore
there is a continued need for widely available, effective and affordable
treatment. Our study suggests that, despite the controversy surrounding
its use, treatment with hydroxychloroquine and azithromycin remains a
viable option. The favorable results and reassuring safety data support
the need for adequately powered confirmatory randomized controlled
trials using low dose hydroxychloroquine plus azithromycin. Given the
pandemic emergency it is reasonable to give this treatment the benefit of
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the doubt pending the results of these trials or the advent of better
treatment options.

Declaration of competing interest

The authors declare they have no conflicting interest to declare.

Acknowledgements

The authors would like to thank Dominique van Beckhoven and

Sciensano for their generous cooperation and kind permission to use the
Database from the Belgian Collaborative Group on COVID-19 Hospital
Surveillance. The use of this dataset made an enormous contribution to
the strength of our findings. We also wish to thank all the medical staff,
pharmacists, nurses and coworkers of the AZ Groeninge hospital for
their hard work and unyielding commitment to our patients in the very
difficult conditions that we were confronted with during the first phase
of the pandemic. Without their dedication and meticulous work it would
have been impossible to perform our data analysis.

References

[1]

[2]

[3]

[4

=

[5]

[6

—

[7

—

8

—

[o

—_

[10]

[11]

[12]

[13]

[14]

Keyaerts E, Vijgen L, Maes P, Neyts J, Van Ranst M. In vitro inhibition of severe
acute respiratory syndrome coronavirus by chloroquine. Biochem Biophys Res
Commun 2004;323(1):264-8.

Wang M, Cao R, Zhang L, Yang X, Liu J, Xu M, et al. Remdesivir and chloroquine
effectively inhibit the recently emerged novel coronavirus (2019-nCoV) in vitro.
Cell Res. 302020. p. 269-271..

Yao X, Ye F, Zhang M, Cui C, Huang B, Niu P, et al. In vitro antiviral activity and
projection of optimized dosing design of hydroxychloroquine for the treatment of
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). Clin Infect Dis
2020;71(15):732-9.

Fantini J, Di Scala C, Chahinian H, Yahi N. Structural and molecular modelling
studies reveal a new mechanism of action of chloroquine and hydroxychloroquine
against SARS-CoV-2 infection. Int J Antimicrob Agents 2020;55(5):105960.

Gao J, Tian Z, Breakthrough Yang X. Chloroquine phosphate has shown apparent
efficacy in treatment of COVID-19 associated pneumonia in clinical studies. Biosci
Trends 2020;14(1):72-3.

Bacharier LB, Guilbert TW, Mauger DT, Boehmer S, Beigelman A, Fitzpatrick AM,
et al. Early administration of azithromycin and prevention of severe lower
respiratory tract illnesses in preschool children with a history of such illnesses: a
randomized clinical trial. JAMA 2015;314(19):2034-44.

Gielen V, Johnston SL, Edwards MR. Azithromycin induces anti-viral responses in
bronchial epithelial cells. Eur Respir J 2010;36(3):646-54.

Gautret P, Lagier JC, Parola P, Hoang VT, Meddeb L, Mailhe M, et al.
Hydroxychloroquine and azithromycin as a treatment of COVID-19: results of an
open-label non-randomized clinical trial. Int J Antimicrob Agents 2020;56(1):
105949.

Sciensano Sciensano. Interim clinical guidance for adults with suspected or
confirmed COVID-19 in Belgium. Belgium: Sciensano; 2020.

Borba MGS, Val FFA, Sampaio VS, Alexandre MAA, Melo GC, Brito M, et al.
Chloroquine diphosphate in two different dosages as adjunctive therapy of
hospitalized patients with severe respiratory syndrome in the context of
coronavirus (SARS-CoV-2) infection: preliminary safety results of a randomized,
double-blinded, phase IIb clinical trial (CloroCovid-19 Study). JAMA Netw Open
2020;3(4):208857.

Horby P, Mafham M, Linsell L, Bell JL, Staplin N, Emberson JR, et al. Effect of
hydroxychloroquine in hospitalized patients with COVID-19. N Engl J Med 2020;
383:2030-40.

Catteau L, Dauby N, Montourcy M, Bottieau E, Hautekiet J, Goetghebeur E, et al.
Low-dose hydroxychloroquine therapy and mortality in hospitalised patients with
COVID-19: a nationwide observational study of 8075 participants. Int J Antimicrob
Agents 2020;56(4):106144.

Simpson S, Kay FU, Abbara S, Bhalla S, Chung JH, Chung M, et al. Radiological
society of north America expert consensus statement on reporting chest CT findings
related to COVID-19. Endorsed by the society of thoracic radiology, the American
college of radiology, and RSNA - secondary publication. J Thorac Imag 2020;35(4):
219-27.

Chang YC, Yu CJ, Chang SC, Galvin JR, Liu HM, Hsiao CH, et al. Pulmonary
sequelae in convalescent patients after severe acute respiratory syndrome:
evaluation with thin-section CT. Radiology 2005;236(3):1067-75.

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

New Microbes and New Infections 55 (2023) 101172

Francone M, lafrate F, Masci GM, Coco S, Cilia F, Manganaro L, et al. Chest CT
score in COVID-19 patients: correlation with disease severity and short-term
prognosis. Eur Radiol 2020;30(12):6808-17.

Ge M, Durham LK, Meyer RD, Xie W, Thomas N. Covariate-adjusted difference in
proportions from clinical trials using logistic regression and weighted risk
differences. Drug Inf J : DIJ / Drug Information Association. 2011;45(4):481-93.
Carlin JBLN, Greenwood P, Coffey C. Tools for analyzing multiple imputed
datasets. STATA J 2003;3(3):226-44.

Magagnoli J, Narendran S, Pereira F, Cummings T, Hardin JW, Sutton SS, et al.
Outcomes of hydroxychloroquine usage in United States veterans hospitalized with
Covid-19. medRxiv; 2020.

Borba MGS, Val FFA, Sampaio VS, Alexandre MAA, Melo GC, Brito M, et al. Effect
of high vs low doses of chloroquine diphosphate as adjunctive therapy for patients
hospitalized with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
infection: a randomized clinical trial. JAMA Netw Open 2020;3(4):e208857.
Horby P, Maftham M, Linsell L, Bell JL, Staplin N, Emberson JR, et al. Effect of
hydroxychloroquine in hospitalized patients with covid-19. N Engl J Med 2020;383
(21):2030-40.

Pan H, Peto R, Henao-Restrepo AM, Preziosi MP, Sathiyamoorthy V, Abdool
Karim Q, et al. Repurposed antiviral drugs for covid-19 - interim WHO solidarity
trial results. N Engl J Med 2021;384(6):497-511.

Liu D, Li X, Zhang Y, Kwong JS, Li L, Xu C, et al. Chloroquine and
hydroxychloroquine are associated with reduced cardiovascular risk: a systematic
review and meta-analysis. Drug Des Dev Ther 2018;12:1685-95.

Lammers AJJ, Brohet RM, Theunissen REP, Koster C, Rood R, Verhagen DWM,
et al. Early hydroxychloroquine but not chloroquine use reduces ICU admission in
COVID-19 patients. Int J Infect Dis 2020;101:283-9.

Lagier JC, Million M, Gautret P, Colson P, Cortaredona S, Giraud-Gatineau A, et al.
Outcomes of 3,737 COVID-19 patients treated with hydroxychloroquine/
azithromycin and other regimens in Marseille, France: a retrospective analysis.
Trav Med Infect Dis 2020;36:101791.

Arshad S, Kilgore P, Chaudhry ZS, Jacobsen G, Wang DD, Huitsing K, et al.
Treatment with hydroxychloroquine, azithromycin, and combination in patients
hospitalized with COVID-19. Int J Infect Dis 2020;97:396-403.

Ayerbe L, Risco-Risco C, Ayis S. The association of treatment with
hydroxychloroquine and hospital mortality in COVID-19 patients. Intern Emerg
Med 2020;15(8):1501-6.

Di Castelnuovo ACS, Antinori A, et al. Use of hydroxychloroquine in hospitalised
COVID-19 patients is associated with reduced mortality: findings from the
observational multicentre Italian CORIST study. Eur J Intern Med 2020;82:38-47.
Lagier JC, Million M, Cortaredona S, et al. Outcomes of 2011 COVID-19
hospitalized patients treated with hydroxychloroquine/azithromycin and other
regimens in marseille, France, 2020 : a monocentric retrospective analysis.
Therapeut Clin Risk Manag 2022;18:603-817.

Sokhna C, et al. COVID-19 in Africa : what else? New Microbes New Infect 2022;
47:100982.

Peters EJG, Collard D, Van Assen S, Beudel M, Bomers MK, Buijs J, et al. Outcomes
of persons with coronavirus disease 2019 in hospitals with and without standard
treatment with (hydroxy)chloroquine. Clin Microbiol Infection 2021;27(2):264-8.
Lé MP, Peiffer-Smadja N, Guedj J, Néant N, Mentré F, Ader F, et al. Rationale of a
loading dose initiation for hydroxychloroquine treatment in COVID-19 infection in
the DisCoVeRy trial. J Antimicrob Chemother 2020;75(9):2376-80.

Lee TC, MacKenzie LJ, McDonald EG, Tong SYC. An observational cohort study of
hydroxychloroquine and azithromycin for COVID-19: (Can’t Get No) Satisfaction.
Int J Infect Dis 2020;98:216-7.

Skipper CP, Pastick KA, Engen NW, Bangdiwala AS, Abassi M, Lofgren SM, et al.
Hydroxychloroquine in nonhospitalized adults with early COVID-19 : a
randomized trial. Ann Intern Med 2020;173(8):623-31.

Mitja O, Corbacho-Monné M, Ubals M, Alemany A, Suner C, Tebé C, et al. A cluster-
randomized trial of hydroxychloroquine for prevention of covid-19. N Engl J Med
2021;384(5):417-27.

Dubée V, Roy P-M, Vielle B, Parot-Schinkel E, Blanchet O, Darsonval A, et al.
Hydroxychloroquine in mild-to-moderate COVID-19: a placebo-controlled double
blind trial. Clin Microbiol Infection 2021;27(8):1124-30.

De Schryver N, Serck N, Vinetti M, Gérard L. Low-dose hydroxychloroquine
therapy and lower mortality in hospitalized patients with COVID-19: association
does not mean causality. Int J Antimicrob Agents 2021;57(1):106254.

Ly TDA, Zanini D, Laforge V, Arlotto S, Gentile S, Mendizabal H, et al. Pattern of
SARS-CoV-2 infection among dependant elderly residents living in long-term care
facilities in Marseille, France, March-June 2020. Int J Antimicrob Agents 2020;56
(6):106219.

Taccone FS, Vangoethem N, Depauw R, Wittebole X, Blot K, Vanoyen H, et al. The
role of organizational characteristics on the outcome of COVID-19 patients
admitted to the ICU in Belgium. The Lancet Regional Health - Eur. 2020:100019.
Gautret P, Million M, Jarrot P, et al. Natural history of COVID-19 and therapeutic
options. Expet Rev Clin Immunol 2020 Dec 16;(12):1159-84.


http://refhub.elsevier.com/S2052-2975(23)00091-4/sref1
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref1
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref1
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref3
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref3
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref3
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref3
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref4
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref4
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref4
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref5
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref5
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref5
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref6
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref6
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref6
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref6
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref7
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref7
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref8
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref8
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref8
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref8
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref9
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref9
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref10
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref10
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref10
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref10
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref10
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref10
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref11
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref11
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref11
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref12
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref12
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref12
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref12
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref13
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref13
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref13
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref13
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref13
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref14
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref14
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref14
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref15
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref15
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref15
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref16
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref16
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref16
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref17
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref17
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref18
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref18
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref18
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref19
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref19
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref19
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref19
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref20
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref20
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref20
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref21
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref21
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref21
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref22
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref22
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref22
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref23
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref23
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref23
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref24
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref24
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref24
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref24
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref25
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref25
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref25
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref26
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref26
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref26
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref27
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref27
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref27
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref28
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref28
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref28
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref28
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref29
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref29
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref30
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref30
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref30
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref31
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref31
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref31
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref32
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref32
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref32
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref33
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref33
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref33
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref34
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref34
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref34
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref35
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref35
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref35
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref36
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref36
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref36
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref37
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref37
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref37
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref37
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref38
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref38
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref38
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref39
http://refhub.elsevier.com/S2052-2975(23)00091-4/sref39

	Efficacy and safety of in-hospital treatment of Covid-19 infection with low-dose hydroxychloroquine and azithromycin in hos ...
	1 Introduction
	2 Materials and methods
	2.1 Patients and study design
	2.1.1 Hydroxychloroquine treatment group

	2.2 Control group receiving standard of care without hydroxychloroquine
	2.3 Clinical, biological and radiological data and follow-up
	2.4 Management
	2.5 Statistical methods
	2.6 Ethical considerations

	3 Results
	3.1 Patient characteristics
	3.2 Disease severity
	3.3 Treatment-related characteristics
	3.4 Primary outcome

	4 Discussion
	Declaration of competing interest
	Acknowledgements
	References


