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Introduction: The effect of anti-infective agents in COVID-19 is unclear. The impact of changes in practice 

on prognosis over time has not been evaluated. 

Methods: Single center, retrospective study in adults hospitalized in a medicine ward for COVID-19 from 

March 5 th to April 25 th 2020. Patient characteristics were compared between two periods (before/after 

March 19 th ) considering French guidelines. The aim of the study was to evaluate how medical care im- 

pacted unfavorable outcome, namely admission to intensive care unit (ICU) and/or death. 

Results: A total of 132 patients were admitted: mean age 59.0 ±16.3 years; mean C-reactive protein (CRP) 

level 84.0 ±71.1 mg/L; 46% had a lymphocyte count < 10 0 0/mm 

3 . Prescribed anti-infective agents were 

lopinavir-ritonavir (n = 12), azithromycin (AZI) (n = 28) and AZI combined with hydroxychloroquine (HCQ) 

(n = 52). There was a significant decrease in ICU admission, from 43% to 12%, between the two periods 

( P < 0.0 0 01). Delays until transfer to ICU were similar between periods ( P = 0.86). Pulmonary computerized 

tomography (CT)-scans were performed significantly more often with time (from 50% to 90%, P < 0.0 0 01), 

and oxygen-dependency (53% vs 80%, P = 0.001) and prescription of AZI ±HCQ (from 25% to 76%, P < 0.0 0 01) 

were also greater over time. Multivariate analyses showed a reduction of unfavorable outcome in patients 

receiving AZI ±HCQ (hazard ratio [HR] = 0.45, 95% confidence interval [CI: 0.21-0.97], P = 0.04), particularly 

among an identified category of individuals (lymphocyte ≥10 0 0/mm 

3 or CRP ≥100 mg/L). 

Conclusion: The present study showed a significant decrease in admission to ICU over time, which was 

probably related to multiple factors, including a better indication of pulmonary CT-scan, oxygen therapy, 

and a suitable prescription of anti-infective agents. 

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

Management and medical care of COVID-19 pneumonia in hos-

italized patients is currently still debated, particularly as data re-
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arding an emerging pathogen are constantly evolving over time

nd across countries. Numerous therapies, including oxygen, anti-

nfective agents and corticosteroids, have been proposed. 

Gautret et al . [ 1 , 2 ] and Million et al . [3] observed in Marseille

France) that combination therapy using hydroxychloroquine (HCQ)

nd azithromycin (AZI) could potentially reduce viral shedding and

he incidence of COVID-19 pneumonia. Concomitantly, an observa-

ional study conducted by Mahevas et al. [4] evaluating HCQ alone

rescribed in an in-hospital setting showed no impact of HCQ on
All rights reserved. 
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the transfer rate to the intensive care unit (ICU) and/or death. This

study is concordant with a publication issued in the United States

by Geleris et al. [5] , who concluded that HCQ administration was

not associated with a greatly lowered risk of intubation or death. 

Interestingly, although corticosteroids were considered poten-

tially harmful in the early care of COVID-19-infected patients [6] ,

the RECOVERY trial (NCT04381936) stated that dexamethasone

could reduce mortality rate by up to 30% in severely ill patients ad-

mitted for COVID-19 pneumonia, and revealed no interest of HCQ

(data not published), meanwhile the AZI arm is still being investi-

gated. A recent multicenter study in the United States reopened

the debate concerning the efficacy of HCQ with or without AZI

[7] . Furthermore, antiviral therapies, notably lopinavir–ritonavir,

showed no benefit compared to standard-of-care in a large, ran-

domized trial [8] , whereas remdesivir showed a reduction in time

to clinical improvement in two trials but no significant impact on

mortality [ 9 , 10 ]. 

Overall, those reports have raised concerns about the true inter-

est of anti-infective agents in COVID-19 pneumonia in the context

of heterogeneous medical practices that have evolved over time.

In the absence of a clear recommendation for treatment initiation,

it is difficult to assume or to invalidate the effect of anti-infective

agents on prognosis of patients with COVID-19. 

To our knowledge, the impact of changes in practice, including

use of anti-infective agents, on prognosis of patients admitted to

a medical ward for COVID-19 pneumonia over time has not been

evaluated. In this study, potential factors associated with an un-

favorable outcome, namely admission to ICU and/or death, during

this first wave of the epidemic were retrospectively evaluated. 

2. Methods 

2.1. Setting 

This was a single center, retrospective study comprising adults

admitted to the medicine wards in a tertiary university hospital,

Hôpital Raymond Poincaré (AP-HP), Garches, France, from March

5 th to April 25 th 2020. 

All adults admitted to the medicine wards for a COVID-19 infec-

tion confirmed by severe acute respiratory syndrome coronavirus-

2 (SARS-CoV-2) reverse transcriptase-polymerase chain reaction

(RT-PCR) and/or a compatible pulmonary computerized tomogra-

phy (CT)-scan were included. Exclusion criteria were: i) patients

directly admitted to ICU; ii) patients discharged from ICU to a

medicine ward; iii) patient opposition to data collection. 

2.2. Data collection 

The following data were collected from patient medical charts: 

- Patient characteristics: age, sex, diabetes, cardiovascular risk

factors, smoking habits, obesity, chronic pulmonary disease,

Charlson comorbidity index (CCI) [11] , 

- Infection characteristics: delay between onset of symptoms and

admission, presence of super-infection, C-reactive protein (CRP)

and white blood cell count (WBC) at admission, percentage of

lung injuries on CT-scan, if applicable, positive PCR amplifying

the betacoronavirus E gene and the SARS-CoV-2 RdRp gene on

nasopharyngeal swab or sputum, 

- Treatment characteristics: requiring ICU support with invasive

ventilation and associated therapeutic strategies (e.g. oxygen,

anti-infective agents), 

- Endpoint was defined as unfavorable outcome assessed by the

requirement of a transfer to ICU for invasive ventilation and/or

death within 30 days, 
- Patients were followed-up until hospital discharge. After dis-

charge, patients were monitored for 30 days by telemedicine

through the French covidom platform [12] , 

- Derived variables: moderate lymphocytopenia was based on a

lymphocyte count with a threshold at 10 0 0/mm 

3 and high sys-

temic inflammation was defined as a CRP threshold ≥100 mg/L.

.3. Treatment strategies 

All patients who required oxygen received systematic beta-

actam (preferably ceftriaxone or cefotaxime) for at least 5 days to

reat a potential super-infection. 

Patients were eligible to receive a supposedly effective anti-

nfective agent against COVID-19 (HCQ, AZI, lopinavir-ritonavir), in-

ependently of biological abnormalities and considering the fol-

owing indications: i) patient presenting a clinical pneumonia con-

rmed by SARS-CoV-2 PCR, requiring oxygen therapy (indepen-

ently of the CT scan findings); and ii) high suspicion of COVID-19

neumonia considering the clinical presentation and/or pulmonary

T-scan showing ground-glass opacity affecting ≥10% of the whole

arenchyma. 

Patients were categorized as receiving an anti-infective agent

nce they received at least one dose. Patients who received

opinavir-ritonavir were categorized in a no treatment group, as

his antiviral drug did not show any benefit for the treatment of

OVID-19 [7] . 

Before initiation of HCQ or AZI, patients systematically under-

ent an electrocardiogram (ECG) to evaluate corrected QT inter-

al using the Framingham formula, and were monitored twice per

eek during the whole treatment. Serum potassium levels were

lso monitored. A loading dose at day 1 with 800 mg/day was ad-

inistered followed by a maintenance dose of 400 mg/day up to

00 mg/day in case of obesity (body mass index [BMI]) > 30 kg/m 

2 )

or a total 10 days. In addition, 500 mg of AZI was prescribed

he first day, followed by 250 mg for 4 days. Patients were in-

ormed that HCQ and lopinavir-ritonavir were currently off-label

or the treatment of COVID-19 pneumonia until March 25 th 2020 in

rance, where the ministerial decree #2020-314 authorized the in-

ospital prescription of HCQ in this particular indication. In cases

here the patient refused the prescription of HCQ or the latter was

ontraindicated (by ECG or drug interactions), this was noted on

he patient medical chart and the patient did not receive HCQ. 

.4. Objective 

The aim of the study was to describe the medical care over time

oxygen therapy, anti-infective agents, pulmonary CT-scan) and to

etermine whether potential factors were related to an unfavorable

utcome (transfer to ICU and/or death). 

.5. Statistical analysis 

Descriptive statistics are presented as counts and percentages,

r means and standard deviations, with skewed continuous data

ummarized as medians and interquartile ranges. 

Two periods were defined: the first two weeks (March 5 th to

arch 19 th ) and the weeks thereafter (March 20 th to April 25 th ),

here practices became more standardized considering the French

OVID-19 guidelines on the management of patients in ICU [13] .

atients were grouped according to these two periods and com-

ared. A Student test (equal variance) or Welche Satterthwaite t-

est (unequal variance) was used to analyse quantitative variables,

 Mantel-Haenszel Chi-Square test was used to analyse qualitative

ariables and Fisher’s exact test was used when the sample sizes

ere small (n < 5). 
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Table 1 

Baseline characteristics of patients with COVID-19 according to periods of hospitalization. 

Characteristics at baseline In first period † In second period ‡ P -value 

N = 40 N = 92 

Age (year) — mean ± SD 62.17 ± 15.24 57.59 ± 16.64 0.13 

Sex (M) — no. (%) 26 (58) 59 (64) 0.99 

Obesity — no. (%) 2 (4) 13 (14) 0.22 

Smoking (yes) — no. (%) 13 (29) 16 (17) 0.09 

CCI ∗ — no. (%) 

0 4 (10) 20 (22) 0.38 

1-2 14 (35) 33 (36) 

3-4 11 (28) 20 (22) 

≥5 11 (28) 19 (21) 

Pulmonary CT scan — no. (%) 20 (50) 83 (90) < 0.0001 

Normal 2 (10) 5 (6) 0.46 

Limited 6 (30) 11 (13) 

Mild 0 (0) 24 (29) 

Moderate 9 (45) 32 (39) 

Severe 3 (15) 11 (13) 

Lymphocyte count < 1000/mm3 — no. (%) 17 (42) 54 (59) 0.13 

PMN count > 8000/mm3 5 (13) 9 (10) 0.64 

CRP mg/L — mean ± SD 84.59 ± 70.31 83.70 ± 71.86 0.95 

Oxygen (yes) — no. (%) 21 (53) 74 (80) 0.001 

≤2L/min 10 (48) 38 (51) 0.55 

2 – 5 L/min 10 (48) 27 (36) 

> 5 L/min 1 (5) 9 (12) 

Treatment strategies — no. (%) 

No treatment 30 (75) 22 (24) < 0.0001 

AZI ± HCQ 10 (25) 70 (76) 

† In first period is defined as 03/05 to 03/19 
‡ In second period is defined as 03/20 to 04/25; AZI, Azithromycin; HCQ, Hydroxychloroquine; N, 

number; %, percent; SD, standard deviation; M, men; Obesity with body mass index ≥30 kg/m ²
∗ CCI, Charlson Comorbidity Index; PMN, polymorphonuclear leukocyte; CRP, C-reactive protein; 

CT, computerized tomography; pulmonary CT scan category normal 0%, limited < 10%, mild 10–25%, 

moderate 25–50%, severe > 50%; a Student test (equal variance) or Welche-Satterthwaite t test (un- 

equal variance) was used to analyse quantitative variables, a Mantel-Haenszel Chi-Square test was 

used to analyse the qualitative variables and the exact test of Fisher was used when the sample 

sizes were small ( < 5). Test significant ( P < 0.05). 
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Moving averages over 15 days were plotted to describe the

volution of care management over time using the following for-

ula: 

¯
 n = 

1 

15 

k =+7 ∑ 

k = −7 

x n −k 

Time to endpoint was calculated from the date of hospitaliza-

ion to the date of unfavorable outcome or hospital discharge. Two

ox proportional-hazards models were used to estimate hazard ra-

ios (HR) for unfavorable outcome associated with medical care, af-

er adjustment on risk factors and one biological parameter (one

ncluded lymphocyte count and the other included CRP level). Po-

ential factors included were CCI (including age), obesity, oxygen

ow and treatment. Interactions between treatment and lympho-

yte count or CRP level were tested, and Kaplan-Meier curves were

lotted to assess unfavorable outcome from admission depending

n these biological parameters. 

Statistical significance was set at 0.05 (two-tailed test). All sta-

istical calculations were performed using R software version 4.2.0.

.6. Compliance with Ethical Standards 

All procedures performed in studies involving human partici-

ants were in accordance with the ethical standards of the 1964

elsinki Declaration and its later amendments or comparable eth-

cal standards. This study passed the CESREES/Health Data Hub re-

arding ethics committee approval (MR1811190620) and is regis-

ered on ClinicalTrials.gov (NCT04453501). As part of an anony-

ous and retrospective study, a non-opposition and information

etter was sent to participants afterwards. 
. Results 

.1. Description of the population 

Between March 5 th and April 25 th 2020, 132 patients with

OVID-19 were hospitalized. At baseline, mean age was 59.0 ±16.3

ears with 64% male. Among them, 11% were obese (BMI > 30),

2% were smokers, 23% had CCI > 5 and 46% had lymphocyte

ount < 10 0 0/mm 

3 . Mean CRP level was 84.0 ±71.1 mg/L with

6% > 100 mg/L. Seventy-two percent of patients were oxygen-

ependent at admission, with 8% of patients having oxygen flow

herapy > 5 L/min. Among the patients who underwent a pul-

onary CT scan, 83% had lung injuries compatible with COVID-19

f > 10% of the whole parenchyma. SARS-CoV-2 RT-PCR was posi-

ive in 95.5% (n = 126) of cases. 

.2. Treatment strategies 

Overall, 92 (70%) patients received one anti-infective agent.

mong them, 12 (13%) received lopinavir-ritonavir, 28 (29%)

zithromycin (AZI) and 52 (55%) AZI combined with HCQ (Table S1

n Supplementary Data). Mean delay from admission to treatment

nitiation was 0.7 ±1.5 days. Moreover, delay before treatment ini-

iation was similar in the first and second period (1.3 ±1.9 days vs.

.8 ±1.1 days, P = 0.46). Of note, only one patient in the no treat-

ent group received a short course of oral corticosteroids after 14

ays of hospitalization. 

During the first period, 40 (30%) patients were hospitalized

hereas 92 (70%) were admitted thereafter. There were signif-

cantly more oxygen-dependent patients hospitalized during the

econd period than the first (80% vs. 53%, P = 0.001). Also, a sig-



4 B. Davido, G. Boussaid and I. Vaugier et al. / International Journal of Antimicrobial Agents 56 (2020) 106129 

 

Fig. 1. Evolution of medical care for COVID-19 patients from March 5th to April 25th. 
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nificantly higher number of pulmonary CT scans were performed

over time, with 50% in the first period and 90% in the second

( P < 0.0 0 01), independently of CT-scan severity ( Table 1 ). Prescrip-

tion of AZI (with or without HCQ) increased over time, from 25%

to 76% between the two periods ( P < 0.0 0 01) ( Fig. 1 ). 

Among the patients who did not receive HCQ, 5 had cardiac

contraindication and 2 refused to be treated with this molecule.

During combined treatment with AZI and HCQ, only 1 patient pre-

sented an adverse event (prolonged QT interval on ECG without

clinical event) that led to discontinuation of HCQ within 48 h, and

was switched to AZI alone. 

3.3. Unfavorable outcome (ICU admission or death) 

A total of 28 (21%) patients had an unfavorable outcome; 26

(93%) were transferred to ICU and 2 (7%) died without being trans-

ferred to ICU. Mean delay between hospitalization and admission

to ICU was 2.45 ±1.45 days (2.4 ±1.5 days during the first period vs.

2.4 ±1.6 days during the second period, P = 0.86). A trend towards

a lower frequency of admission to ICU was observed, from 43% in

the first period to 12% in the second period ( P < 0.0 0 01) ( Fig. 1 ). 

3.4. Potential factors associated with unfavorable outcome 

Overall, the risk of death or admission to ICU was significantly

related to oxygen flow ( P < 0.001) and to lymphocyte count in a

first model (i.e. lymphocyte count < 10 0 0/mm 

3 ) (HR = 4.90, 95%

confidence interval [CI: 1.95–12.3], P = 0.0 0 07) or to high systemic

inflammation in a second model (i.e. CRP ≥100 mg/L) (HR = 2.78,

95% CI [1.00–5.23], P = 0.05). In addition, a relationship was ob-

served between favorable outcome and use of AZI, whether or not
t was combined with HCQ, compared with patients without any

reatment ( P = 0.04) ( Table 2 ). 

.5. Unfavorable outcome according to biological parameters 

Kaplan-Meier curves) 

There was a statistically significant interaction between treat-

ent and CRP level ( P = 0.02) and an interaction at the limit of

tatistical significance for lymphocyte count ( P = 0.06) supporting

 subgroup analysis. In univariate analysis, patients who bene-

ted from AZI ±HCQ with a lymphocyte count ≥10 0 0/mm 

3 were

ess likely to have an unfavorable outcome compared with pa-

ients with no treatment ( P = 0.04) ( Fig. 2 a). Patients who benefited

rom AZI ±HCQ with CRP ≥100 mg/L were less likely to have an

nfavorable outcome compared with patients with no treatment

 P = 0.009) ( Fig. 2 b). However, these results were not reproducible

n patients with lymphocyte count < 10 0 0/mm 

3 ( P = 0.80) or with

RP < 100 mg/L ( P = 0.50) (Figure S3a, S3b in Supplementary Data).

. Discussion 

In this study, unfavorable outcome (transfer to ICU and/or

eath) decreased over time during management of the first wave

f the epidemic and was associated with an increased realization

f pulmonary CT-scan and prescription of anti-infective agents, de-

pite an increased need of oxygen therapy at admission. This indi-

ates that medical care of COVID-19 patients improved over time

n our hospital. 

The results indicate that patients were admitted later in the

econd period than during the first period of the epidemic because
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Table 2 

Potential factors associated with unfavorable outcome: Cox model regression. 

Variables n/N 

Univariate model Multivariate model 1 Multivariate model 2 

HR [IC95%] P- value HR [IC95%] P- value HR [IC95%] P- value 

Adjusted on ICC, obesity, O 2 , lymphocyte count and 

treatments Adjusted on ICC, obesity, O 2 CRP and treatments 

Characteristics at baseline 

Age (years) 132/132 1.02 [1.00 – 1.05] 0.07 - - - - 

Sex (M) 85/132 0.86 [0.40 – 1.85] 0.71 - - - - 

Obesity (yes) 15/132 0.27 [0.04 – 1.98] 0.20 0.47 [0.06- 3.63] 0.47 0.44 [0.06 – 3.45] 0.43 

Smoking (yes) 29/132 1.00 [0.41 - 2.48] 0.99 - - - - 

CCI ∗

0 24/132 1 ∗ - 1 ∗ - 1 - 

1-2 47/132 0.88 [0.26 - 3.00] 0.83 1.05 [0.29 – 3.87] 0.47 1.10 [0.31 – 3.92] 0.89 

3-4 31/132 1.88 [0.58 – 6.12] 0.29 0.39 1.30 [0.37 – 4.54] 0.68 0.97 1.74 [0.52 – 5.81] 0.37 0.73 

≥5 30/132 1.63 [0.49 – 5.43] 0.42 1.10 [0.32 – 3.75] 0.87 1.08 [0.32 – 3.71] 0.90 

PMN count ≥8000/mm 

3 14/132 1.42 [0.49 – 4.10] 0.52 - - - - 

Lymphocyte count < 1000/mm 

3 71/132 4.91 [1.99 – 12.1] 0.0006 4.90 [1.95 – 12.3] 0.0007 - - 

CRP ≥100 mg/L 85/132 2.86 [1.35 – 6.05] 0.006 - - 2.78 [1.00 – 5.23] 0.05 

Treatment strategies 

Oxygen (L/min) 1.20 [1.10 - 1.31] < 0.0001 1.25 [1.13 – 1.38] < 0.0001 1.20 [1.08 - 1.32] 0.0005 

No treatment and 52/132 1 ∗ - 1 ∗ - 1 ∗ - 

AZI ± HCQ 80/132 0.63 [0.30 – 1.23] 0.23 0.45 [0.21 – 0.97] 0.04 0.42 [0.18 – 0.95] 0.04 

n/N number/total; 1 ∗ indicates the reference category; HR, Hazard ratio; CI, confidence interval; NS, not significant ( P > 0.05); PMN, polymorphonuclear; ∗CCI, The Charlson Comorbidity Index; CRP, C-Reactive protein; AZI, 

Azithromycin; HCQ, Hydroxychloroquine; No treatment defined as patients who have had no treatment or lopinavir-ritonavir; Multivariate Cox model regression was used to identify the potential factors associated with 

unfavorable outcome (ICU admission or death after ICU), adjusted on CCI (including age), obesity, oxygen and treatment strategies groups according to CRP. 
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Fig. 2. a Kaplan-Meier survival curve for patients with an unfavorable outcome in function of treatment according to lymphocyte count ≥10 0 0/mm3 (Log-Rank, P = 0.04). 

b Kaplan-Meier survival curve for patients with an unfavorable outcome in function of treatment according to CRP ≥100 mg/L (Log-Rank, P = 0.009). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

s  

f

 

t  

S  

H  

d  

o  

c  

i  

s  

c  

f  

H

 

o  

o  

t  

S  

t  

a  

C  

s  
of lockdown and this might explain why patients in the second

period required more oxygen therapy at baseline. In case of a sec-

ond wave, it could be relevant to introduce telemedicine monitor-

ing of vital signs, including pulse oximetry, at home. Indeed, oxy-

gen therapy at home, as proposed by the French covidom platform

in patients discharged from hospital during the first wave of the

epidemic, was of interest [12] . 

In multivariate analyses, models adjusted on lymphocyte count

or CRP showed that patients who benefited from AZI ±HCQ were

2.2 and 2.4 times less likely to have an unfavorable outcome

than patients without treatment ( P = 0.04), respectively. This find-

ing indicates that lymphocyte count, which is already known

to be closely related to COVID-19 disease severity [ 14 , 15 ], could

also be a predictive factor of anti-infective therapy response. In-

deed, patients with lymphocyte count ≥10 0 0/mm 

3 might be at

an early stage of COVID-19, arguing for the earliest initiation of

anti-infective agents, as previously demonstrated with oseltamivir

treatment in severely ill patients with 2009 pandemic influenza A

(H1N1) [16] . However, any relationship between lymphocyte count

and delay from first onset of symptoms to admission was not stud-

ied because this variable is declarative and thus not reliable. Like-

wise, AZI ±HCQ was of interest in hospitalized patients with high

systemic inflammation (CRP ≥100 mg/L), known as the “cytokine
torm”. This is one argument for a possible immune-modulator ef-

ect of treatment, as previously described by Zhao et al . [17] . 

The present findings are concordant with a recent multicen-

er, retrospective, observational study conducted in the United

tates by Arshad et al . [7] , who concluded that treatment with

CQ alone and in combination with AZI was associated with re-

uced COVID-19-associated mortality in hospitalized patients. An-

ther study by Lagier et al . [18] , partly composed of ambulatory

are patients, showed a favorable outcome and decreased virolog-

cal shedding using the combination of AZI with HCQ in a large

ample size (n > 30 0 0) in a majority of patients with mild lympho-

ytopenia ( ≥10 0 0/mm 

3 ). Mahevas et al . [4] also observed 15/15

avorable outcomes in a subgroup of patients receiving AZI with

CQ. 

Interestingly, the present study focused on the potential interest

f treatment with AZI, whether or not it was combined depending

n certain biological parameters. Indeed, the potential antiviral ac-

ivity of AZI is concordant with previous in vitro studies regarding

ARS-CoV-2 [19] or H1N1-pdm09 [20] and one randomized clinical

rial in in the prevention of children respiratory infections [21] . In

ddition, a recent publication emphasized the role of AZI against

OVID-19 through the stem cell CD147 receptor [22] . Moreover, a

tudy by Rosenberg et al . [23] highlighted a potential trend to de-
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reased mortality in patients receiving AZI vs. HCQ or standard-of-

are despite being non-statistically significant ( P = 0.14). Moreover,

he authors discussed that the rapidity with which patients en-

ered the ICU (within 48 h) might have underestimated the treat-

ent efficacy. Also, as AZI is commonly prescribed for bronchitis

nd authorized in ambulatory care, a study conducted among gen-

ral practitioners could be relevant to evaluate early indication of

his single therapy for the treatment of COVID-19 in fragile outpa-

ients. 

In addition, our experience does not report any serious side ef-

ect of this combination therapy as long as we take the necessary

aution and perform follow-up ECG using a conventional dose of

CQ, as proposed by Borba et al . [24] . 

The present study has several limitations. The was a single cen-

er study and describing the experience of a unique center might

ot be generalizable. However, the study was carried out in a hos-

ital specialized for decades in the treatment of infectious diseases,

CU and rehabilitation. Since the beginning of the COVID-19 epi-

emic, an entire building has been entirely dedicated to admitting

nly COVID-19-positive patients. During the peak of the epidemic,

e had a maximum capacity of 85 beds in medicine wards and 32

eds in ICU. 

A better favorable outcome was observed over time related

o an increased number of pulmonary CT-scans performed (these

ere not recommended at the beginning of the epidemic in our

ospital) and, therefore, a more relevant prescription of anti-

nfective agents. Nevertheless, other confounding factors might

ave played a role as this was an unpredictable epidemic, with

he need to constantly update guidelines about ICU admission, no-

ably recommending to keep patients longer in medicine wards

ith high oxygen flow ( > 6 L/min) during the second period of the

pidemic. Nevertheless, delay between admission and transfer to

CU were similar between the two time periods, which minimizes

his confounding factor. 

Considering the inherent limitation of a descriptive study with

 limited sample size (n = 132), causality in the association between

he use of AZI ±HCQ and the ameliorated prognosis in COVID-

9 patients could not be inferred. Besides, some unforeseen con-

ounders (e.g. pre-hospital medication and delay to admission)

ay still potentially alter the magnitude of AZI effects on the

utcome of COVID-19 pneumonia. Also, choices in anti-infective

gents differed between the first and second periods, notably be-

ause prior to March 25 th , HCQ was not authorized by the French

inister of Health and this partly explained the common use of

opinavir-ritonavir during this period. 

Finally, a multivariate model was chosen rather than a propen-

ity score because the aim of this study was not to evaluate the ef-

ect of AZI ±HCQ on prognosis but to evaluate all factors that could

ave impacted on medical care. 

In conclusion, findings from this study showed that rate of ad-

ission to ICU decreased from 43% during the first period (from

arch 5 th to March 19 th ) to 12% during the second period (from

arch 20th to April 25 th ). 

Numerous factors might be involved in the improvement of

are, including the implementation of routine pulmonary CT-

cans, better management of oxygen therapy in the medicine

ard and possibly use of anti-infective agents. Indeed, the present

tudy results indicate that AZI ±HCQ might have impacted COVID-

9 outcome in a subpopulation of patients (lymphocyte count

10 0 0/mm 

3 or CRP ≥10 0 mg/L), raising the question of opti-

al timing of treatment interventions. A larger and random-

zed controlled study is necessary to explore the profiles of

atients responding to this therapeutic strategy and to con-

rm the potential interest of biological parameters for treatment

nitiation. 
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