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ABSTRACT

Background: We need an effective treatment to cure COVID-19 patients and to decrease virus carriage duration.
Methods: We conducted an uncontrolled non-comparative observational study in a cohort of 80 relatively mildly
infected inpatients treated with a combination of hydroxychloroquine and azithromycin over a period of at least
three days, with three main measurements: clinical outcome, contagiousness as assessed by PCR and culture, and
length of stay in infectious disease unit (IDU).

Results: All patients improved clinically except one 86 year-old patient who died, and one 74 year-old patient
still in intensive care. A rapid fall of nasopharyngeal viral load was noted, with 83% negative at Day7, and 93%
at Day8. Virus cultures from patient respiratory samples were negative in 97.5% of patients at Day5.
Consequently patients were able to be rapidly discharged from IDU with a mean length of stay of five days.
Conclusion: We believe there is urgency to evaluate the effectiveness of this potentially-life saving therapeutic
strategy at a larger scale, both to treat and cure patients at an early stage before irreversible severe respiratory
complications take hold and to decrease duration of carriage and avoid the spread of the disease. Furthermore,
the cost of treatment is negligible.

1. Introduction

China and quickly spread in a substantial number of countries [1,2]. The
epidemic was declared a pandemic by the WHO on March 12, 2020 [3].

In late December 2019, an outbreak of an emerging disease (COVID-19) According to a Chinese study, 80% of patients present with mild symptoms
due to a novel coronavirus (named SARS-CoV-2 latter) began in Wuhan, and the overall fatality rate is about 2.3%, although this rises to 8.0% in
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patients between the ages of 70-79 years and to 14.8% in those aged 80
years and over [4]. However, it is highly likely that there are a large
number of asymptomatic carriers in the population, and thus it is probable
that the mortality rate has been overestimated. To take the example of the
outbreak onboard the Diamond Princess cruise-ship, the fatality rate was
1.4% [5]. France is now facing the onslaught of COVID-19 with more than
25,000 cases, as March 26th, 2020 [5]. Thus, there is a critical and urgent
need for an effective treatment in order to cure symptomatic patients but
also to decrease the duration of virus carriage and thus limit transmission in
the community. Among the candidate drugs to treat COVID-19, re-
positioning old drugs for use as an antiviral treatment is a compelling
strategy, because knowledge about these drugs’ safety profile, side effects,
pharmacokinetics and drug interactions are already well known [6,7].

According to an online survey conducted at the end of March, 33% of
an international panel of physicians reported personally prescribing (or
seeing colleagues prescribe) hydroxychloroquine (or chloroquine), and
41% reported the same for azithromycin (or similar antibiotics) to fight
COVID-19. In addition, of those who have treated COVID-19 patients, 37%
believe that hydroxychloroquine (or chloroquine) is the most effective
therapy against the disease, and 32% believe the same for azithromycin
(or similar antibiotics). Given that more than one third of physician now
prescribe these drugs to COVID-19 patients, it is of critical importance to
evaluate the effectiveness of such medications (https://public-cdn.sermo.
com/covid19/c8/bede/4edbd4/dbd4badac5a3b3d9a479f99cc5/wave-i-
sermo-covid-19-global-analysis-final.pdf).

Three studies have demonstrated that chloroquine phosphate in-
hibits SARS-CoV-2 [8-10] and two have demonstrated that hydroxy-
chloroquine sulfate inhibits SARS-CoV-2 [8,9] in vitro. In addition, and
in parallel to this study, we evaluated in vitro the combination of hy-
droxychloroquine and azithromycin on SARS-CoV-2 infected cells, and
showed that there was a considerable synergy of these two products
when they were used at doses which mimic the concentrations likely to
be obtained in humans (https://www.mediterranee-infection.com/wp-
content/uploads/2020/03/Andreani-et-al.-Pre-print-V2.pdf). Other
studies have pointed out that drug repurposing may identify approved
drugs that could be useful for the treatment of this disease including,
notably, chloroquine, hydroxychloroquine and azithromycin, as well as
anti-diabetics such as metformin, angiotensin receptor inhibitors such
as sartans, or statins such as simvastatin [11]. In addition, chloroquine
has demonstrated its efficacy in Chinese COVID-19 patients in clinical
trials by reducing fever, improving CT imaging, and delaying disease
progression [12-14], leading Chinese experts to recommend chlor-
oquine-based treatment (500 mg twice per day for ten days) as a first
line-treatment for mild, moderate and severe cases of COVID-19 [15].

In a preliminary clinical trial on a small cohort of COVID-19 pa-
tients, we demonstrated that those treated with hydroxychloroquine
(600 mg per day, N = 20 patients) had a significant reduction in viral
carriage at D6-post inclusion, with 70% of patients testing negative for
the virus through nasopharyngeal PCR, compared to untreated controls
(N = 16) with only 12.5% patients testing negative using PCR at D6-
post inclusion [16]. In addition, of the twenty patients who were
treated with hydroxychloroquine, six received azithromycin for five
days (for the purposes of preventing bacterial super-infection) and all
(100%) were virologically cured at D6-post inclusion, compared to
57.1% of the remaining 14 patients [16]. By contrast, a Chinese study
conducted in 30 COVID-19 patients showed no significant differences
between patients treated with 400mg per day during five days
(N = 15) and controls (N = 15) regarding pharyngeal carriage of viral
RNA at day7, however, patients received multiple additional treatments
including antivirals [17]. Finally, another Chinese study conducted in
62 COVID-19 patients showed significantly shortened body tempera-
ture recovery time, cough remission time and larger proportion of im-
proved pneumonia as assessed by CT scan in patients treated with
400 mg per day during five days (N = 31) than in controls (N = 31)
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[18].

A recent Chinese survey revealed that the median duration of viral
shedding was 20.0 days (IQR 17.0-24.0) in survivors, but SARS-CoV-2
was detectable until death in non-survivors. The shortest observed
duration of viral shedding among survivors was eight days, whereas the
longest was 37 days [19]. Therefore, a treatment enabling the viral
carriage to be cleared and COVID-patients to be clinically cured at an
early stage of the disease would help limit the transmission of the virus.

In this report we describe the results of an uncontrolled non-com-
parative observational study in a cohort of relatively mildly infected
patients treated with hydroxychloroquine in combination with azi-
thromycin over a period of at least three days, with three main end-
points: (i) clinical outcome (ii) contagiousness as assessed by PCR and
culture and (iii) length of stay in infectious disease (ID) unit.

2. Methods
2.1. Study design and participants

The study was conducted at the University Hospital Institute
Méditerranée Infection in Marseille, France. Patients with PCR-docu-
mented SARS-CoV-2 RNA from a nasopharyngeal sample were admitted
to our infectious diseases (ID) ward. It should be noted that the six
patients under hydroxychloroquine and azithromycin combination en-
rolled at our institute who were described in our first paper, with a six-
day follow-up (N = 6) [16], were also included in the present study,
with a longer follow-up.

2.2. Clinical classification and clinical follow-up

Upon admission, patients were grouped into two categories: (i)
those with an upper respiratory tract infection (URTI) presenting with
rhinitis and/or pharyngitis, and/or isolated low-grade fever and
myalgia, and (ii) those with lower respiratory tract infections (LRTI)
presenting with symptoms of pneumonia or bronchitis. The time be-
tween the onset of symptoms and admission, and the time between the
onset of symptoms and treatment was documented. Risk factors for
severe COVID-19, including older age, cancer, cardiovascular disease,
hypertension, and diabetes [4], as well as chronic obstructive pul-
monary disease, obesity and any immunosuppressive treatments were
documented.

The national early warning score (NEWS) for COVID-19 patients,
was collected upon ward admission and during follow up. The NEWS
score was calculated based on the following parameters: age, re-
spiratory rate, oxygen saturation, temperature, systolic blood pressure,
pulse rate and level of consciousness [20]. We defined three risk cate-
gories for clinical deterioration: low score (NEWS 0-4), medium score
(NEWS 5-6), and high score (NEWS =7) for COVID patients.

The need for oxygen therapy, transfer to the intensive care unit
(ICU), death, and length of stay in the ID ward were documented.

2.3. Chest computed tomography

Patients systematically underwent an unenhanced chest low-dose
computed tomography (LDCT) upon admission or soon after, using a
single CT machine (Revolution EVO - GE Healthcare, WI, USA). All
images were analysed by experienced chest radiologists, then classified
as compatible or not compatible with pneumonia. Images were con-
sidered to be compatible in the presence of peripheral multifocal
ground-glass opacities with or without reticulations, or in the presence
of alveolar consolidation or crazy paving pattern.
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2.4. PCR assay

Nasopharyngeal swabs were collected on a daily basis until dis-
charge with some exceptions. Some discharged patients were also
sampled during follow-up at our out-patients department when pos-
sible. SARS-CoV-2 RNA was assessed by real-time reverse transcription-
PCR using a hydrolysis probe-based system that targets the gene en-
coding the envelope (E) protein [21], as previously described [21,22].
Negative results for viral RNA detection were defined as those with a
cycle threshold (Ct) value = 35.

2.5. Culture

Cultures were attempted in a selected convenience sample of pa-
tients. A 500 pL aliquot of the liquid collected from the nasopharyngeal
swab were passed through 0.22-um pore sized centrifugal filter (Merck
millipore, Darmstadt, Germany), and were then inoculated in wells on
96-well culture microplates, of which four wells contained Vero E6 cells
(ATCC CRL-1586) in Minimum Essential Medium culture medium with
4% foetal calf serum and 1% glutamine. After centrifugation at 4000 g,
microplates were incubated at 37 °C. Plates were observed every day for
evidence of a cytopathogenic effect. The presumptive detection of the
virus in supernatant was performed using SU5000 SEM (Hitachi)
scanning electronic microscope and then confirmed by specific RT-PCR.

2.6. COVID treatment

Patients with no contraindications (Supplementary document 1)
were offered a combination of 200mg of oral hydroxychloroquine
sulfate, three times per day for ten days combined with azithromycin
(500 mg on D1 followed by 250 mg per day for the next four days). For
patients with pneumonia and NEWS score=5, a broad spectrum anti-
biotic (ceftriaxone) was added to hydroxychloroquine and azi-
thromycin. Twelve-lead electrocardiograms (ECG) were performed on
each patient before treatment and two days after treatment began. All
ECGs were reviewed by senior cardiologists. The treatment was either
not started or discontinued when the QTc (Bazett's formula) was
>500ms. The risk benefit ratio of hydroxychloroquine and azi-
thromycin was estimated by the infectologist and agreed with the
cardiologist when the QTc was between 460 and 500 ms. The risk
benefit ratio of hydroxychloroquine and azithromycin combination was
estimated by the infectologist and agreed with the cardiologist when
the QTc was between 460 and 500 ms. The treatment was not started
when the ECG showed patterns suggesting a channelopathy (i.e. lonq
QT pattern, Brugada pattern, malignant early repolarisation pattern)
and the risk-benefit ratio was discussed when it showed other sig-
nificant abnormalities (i.e., pathological Q waves, left ventricular hy-
pertrophy, left bundle branch block). In addition, any drug potentially
prolonging the QT interval was discontinued during treatment.
Symptomatic treatments, including oxygen, were added when needed.
An ionogram and verification of serum potassium levels in particular,
was systematically performed upon admission. When needed, standard
blood chemistry was checked.

2.7. Criteria for discharge

Criteria for discharge changed over the course of the study. Initially,
patients with two successive negative nasopharyngeal samples resulting
from PCR assay (CT value = 35) were discharged. From 18 March,
patients with a single nasopharyngeal sample with a PCR CT
value = 34 were discharged to their homes or transferred to other units
for continuing treatment. Ultimately, because of a crucial need to admit
new, untreated inpatients, inpatients already receiving treatment with a
PCR CT value < 34, with good clinical outcome and good adherence to
treatment were also discharged. When possible, further follow-up was
continued in other units or through out-patient consultations.
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2.8. Criteria for contagiousness

Patients with a PCR CT value of <34 were considered presumably
contagious based on results of a study showing that culture are positive
under this condition (https://www.mediterranee-infection.com/wp-
content/uploads/2020/03/La-Scola-et-al.3-IHU-draft.pdf). Patients
with positive culture were considered contagious.

2.9. Outcome

The primary endpoints were (i) an aggressive clinical course re-
quiring oxygen therapy or transfer to the ICU after at least three days of
treatment, (ii) contagiousness as assessed by PCR and culture, and (iii)
length of stay in the ID ward.

2.10. Statistics

Variation of culture positivity rate was assessed statistically as the
proportion of variance explained by Ct value and considered adequately
fitted if the coefficient of determination [R2 statistic] was >50%.

2.11. Ethics statement

The protocol was approved by the ethical committee of the
University Hospital Institute Méditerranée Infection (N°: 2020-01). The
study was performed according to the good clinical practices re-
commended by the Declaration of Helsinki and its amendments.

This is a retrospective study on a cohort of patients receiving stan-
dard treatment following a research protocol previously registered
(ANSM: 2020-000890-25, CPP Ile de France: 10 20.02.28.99113, EU
Clinical Trials Register: 2020 207 -000890-25; This study is referenced
as Ref 16 of this paper).

Since then, the use of hydroxychloroquine has been authorized by
the French government to treat COVID 19 patients (such as it has been
FDA approved in the USA). The addition of an antibiotics (here azi-
thromycin) regularly used to treat respiratory infection, it is also in-
cluded standard therapeutic management of patients. All the patients
were informed about the treatment they have received. There is no
formal consent to sign in our institution by patients, to allow us perform
anonymous observational retrospective studies in the context of stan-
dard therapeutic management of patients.

3. Results
3.1. Demographics and patient status at admission (Tables 1 and 2)

A total of 80 patients with confirmed COVID-19 were hospitalised at
the Méditerranée Infection University Hospital Institute (N = 77) and
at a temporary COVID-19 unit (N = 3) with dates of entry from 3 to 21
March 2020. All patients who received treatment with hydroxy-
chloroquine and azithromycin [16] for at least three days and who were
followed-up for at least six days were included in this analysis. The
median age of patients was 52 years (ranging from 18 to 88 years) with
a M/F sex ratio of 1.1. 57.5% of these patients had at least one chronic
condition known to be a risk factor for the severe form of COVID-19
with hypertension, diabetes and chronic respiratory disease being the
most frequent. The time between the onset of symptoms and hospita-
lisation was on average five days, with the longest time being 17 days.
53.8% of patients presented with LRTI symptoms and 41.2% with URTI
symptoms. Only 15% of patients were febrile. Four patients were
asymptomatic carriers. The majority of patients had a low NEWS score
(92%) and 53.8% of patients had LDCT compatible with pneumonia.
The mean PCR Ct value was 23.4.
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Table 1 Table 3
Sociodemographic characteristics and chronic conditions. Treatment and outcome.
n % n %

Age (years) Oxygen therapy 12 15.0
Median 52.5 Transfer to intensive care unit 3 3.8
Interquartile 42 62 Death 1 1.2
Min - Max 20 88 Discharged 65 81.2
[20-45] 24 30.0 Currently hospitalised
[45-50] 12 15.0 ICU 1 1.2
[50-60] 21 26.2 Infectious disease ward 13 16.2
[60-70] 13 16.2 Other antibiotic intake 18 22.5
[70-80] 5 6.3 Possible adverse events
=80 5 6.3 Nausea or vomiting 2 2.5

Male 43 53.8 Diarrhoea 4 5.0

Chronic conditions Blurred vision® 1 1.2
Cancer 5 6.3 Time from treatment initiation to discharge (n = 65)

Diabetes 9 11.2 Mean =+ SD 4.1 +£22

Coronary artery disease 6 7.5 Min - Max 1 10
Hypertension 13 16.3 Length of stay in infectious diseases ward (n = 65)

Chronic respiratory diseases 8 10.0 Mean * SD 46 =21

Obesity 4 5.0 Min - Max 1 11
Immunosuppressive treatment 4 5.0 NEWS score in discharged patients (N = 65)

Non-steroid anti-inflammatory treatment 2 2.5 0-4 (low) 61 93.8
5-6 (medium) 4 6.2
> 7 (high) 0 -

Table 2 .
.. - @ After five days of treatment.
Clinical status at admission.
n % 3.3. Clinical course (Table 3)

Time between onset of symptoms and hospitalisation L. .

Mean + SD 48 +56 The majority (65/80, 81.3%) of patients had favourable outcome

Min - Max 1 17 and were discharged from our unit at the time of writing with low

Clinical classification NEWS scores (61/65, 93.8%). Only 15% required oxygen therapy
Gsymptomfmct ract infecti . 33 i‘loz during their stay in out ID ward. Three patients were transferred to the

pper respiratory tract infection symptoms . .
Lower respiratory tract infection symptoms 43 538 ICU, of whom two 1.rnpr0ved a%nd. were then reFurned to .t}.le ID .ward.

Fever 12 15.0 ne 74 year-old patient was still in at the time of writing. Finally,

One 74 1d patient till in ICU at the ti f writ Finall

Temperature in febrile patients one 86 year-old patient who was not transferred to the ICU, died in the
Mean + 5D 38.6 +0.12 ID ward (Supplementary Table 1).

Min - Max 38.5 38.8

Cough 47 58.8 . .

Rhinitis 13 16.3 3.4. Contagiousness as assessed by PCR ct value and culture (Figs. 1 and 2)

NEWS score (N = 75, 5 missing data)

0-4 (low) 69 92.0 A rapid fall of nasopharyngeal viral load tested by qPCR was noted,
5;67 ((fg:i)u m) ; 23 with 83% negative at Day7, and 93% at Day8. The number of patients

Pulmonary CT-scanner within 72 h of admission presumably contagious (with a PCR Ct value < 34) steadily decreased
Not performed 16 20.0 overtime and reached zero on Day 12 (Fig. 1). A marked decrease was
Not consistent with pneumonia 21 26.2 observed after six days of treatment. After ten days, two patients only
Consistent with pneumonia 43 53.8 were still presumably contagious with Ct values of 32 and 29 respec-

Viral load at inclusion (Ct) ivelv. Th . £ . ith a C 1 34 sienifi I
Mean + SD 23.6 + 4.3 tively. The proPortlonzo patlent.s with a Ct value > : signi .canty
Min - Max 14 33 decreased overtime (R“ = 0.9). Virus cultures from patient respiratory

Time between onset of symptoms and treatment samples were negative in 97.5% patients at Day5. The number of
Mean * SD 4.9 = 3.6 contagious patients (with positive culture) early decreased after three
Min - Max 1 17 . . .

Fig. 2).
Treatment started on Day 0 9 612 days of treatment‘ (Fig. 2). After five days of treatment, two patients
Treatment started on Day 1 2% 325 only were contagious. On Day8 post-treatment only one of these two
Treatment started on Day 2 3 3.8 patients was contagious and ceased to be contagious on Day 9. The
Treatment started on Day 3 2 2.5 proportion of negative culture significantly decreased overtime

3.2. Hydroxychloroquine and azithromycin combined treatment (Tables 2
and 3)

The mean time between the onset of symptoms and the initiation of
treatment was 4.9 days and most patients were treated on the day of
admission or on the day after (93.7%). A total of 79/80 patients re-
ceived treatment on a daily basis throughout the whole study period,
which lasted a maximum of ten days. In one patient, the treatment had
to be stopped on Day 4 because, although it was well tolerated there
was a potential risk of interaction with another drug. Adverse events
were rare and minor.

(R? = 0.8).
3.5. Length of stay in the ID ward

Of the 65 patients who were discharged from the ID ward during the
study period, the mean time from initiation to discharge was 4.1 days
with a mean length of stay of 4.6 days.

4. Discussion

COVID-19 poses two major challenges to physicians.

The first is the therapeutic management of patients. In this context,
it is necessary to avoid a worsening evolution, which usually occurs
around the tenth day and may result in acute respiratory distress
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Fig. 1. SARS-CoV-2 PCR from nasopharyngeal samples overtime. Black bars: number of patients with available results, grey bars: number of patients with PCR Ct
value < 34, solid line: percentage of patients with PCR Ct value < 34, dashed line: logarithmic regression curve.

syndrome, the prognosis of which, in particular in the elderly, is poor,
whatever the cause. Therefore, the primary therapeutic objective is to
treat people who have moderate or severe infections at an early enough
stage to avoid progression to a serious and irreversible condition. By
administering hydroxychloroquine combined with azithromycin, we
were able to observe an improvement in all cases, except in one patient
who arrived with an advanced form, who was over the age of 86, and in
whom the evolution was irreversible. For all other patients in this co-
hort of 80 people, the combination of hydroxychloroquine and azi-
thromycin resulted in a clinical improvement that appeared superior
when compared to outcomes of other hospitalised patients, as described
in the literature. In a cohort of 191 Chinese inpatients, of whom 95%
received antibiotics and 21% received a combination of lopinavir and

Number
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=3

30 I 40
20 !
y=-40.33In(x) +85.483
R2=0.9773
| I I
|| m |,

ritonavir, the median duration of fever was 12 days and that of cough
19 days in survivors, with a 28% case-fatality rate [19]. The favourable
evolution of our patients under hydroxychloroquine and azithromycin
paralleled a relatively rapid decrease in viral RNA load as assessed by
PCR, which was even more rapid when assessed by culture. These data
are important to compare with that of the literature which shows that
the viral RNA load can remain high for about three weeks in most
patients in the absence of specific treatment [19,23] with extreme cases
lasting for more than a month. A study conducted in 76 Chinese COVID-
19 inpatients showed that high viral RNA load is associated with the
severity of the disease [24]. Furthermore, in a study conducted on a
small group of 16 Chinese COVID-19 inpatients, viral RNA was posi-
tively detected in 50% of them, after resolution of symptoms for a

Percentage

100.

%)
S

=}

Day0 Day1 Day2 Day3 Day4

Day5

Day6 Day7 Day8 Day9 Day 10

Fig. 2. SARS-CoV-2 culture from nasopharyngeal samples overtime. Black bars: number of patients with available results, grey bars: number of patients with positive
culture, solid line: percentage of patients with a positive culture, dashed line: logarithmic regression curve.
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median duration of 2.5 days and a maximum of eight days [25].
Therefore, the rapid decrease in viral RNA load is one element sug-
gesting the effectiveness of this treatment. Furthermore, to our
knowledge, the measurement of viral culture during treatment was also
evaluated for the first time. The fall in culture positivity from the
second day is remarkable, although, in a relatively small number of
cases, some people maintain a positive culture.

The second challenge is the rapid spread of the disease in the po-
pulation through contagious individuals. The elimination of viral car-
riage in the human reservoir of the virus has recently been recognised
as a priority [26]. To this end, the rapid decease in positivity in cultures
from patients’ respiratory samples under treatment with hydroxy-
chloroquine plus azithromycin supports an effectiveness of this com-
bination. Thus, in addition to its direct therapeutic role, this combi-
nation can play a role in controlling the disease epidemic by limiting
the duration of virus shedding, which can last for several weeks in the
absence of specific treatment. In our Institute, which contains 75 in-
dividual rooms for treating highly contagious patients, we currently
have a turnover rate of 1/3 per day which allows us to receive a large
number of these contagious patients with early discharge.

Chloroquine and hydroxychloroquine are extremely well-known
drugs which have already been prescribed to billions of people. Because
of anecdotical reports of heart complications with such drugs in pa-
tients with underlying conditions, it would be useful to perform an ECG
before or at the very beginning of the treatment [27]. This problem is
solved by hospitalising patients at risk in continuing care units with
ECG monitoring allowing for the early detection and treatment of
possible cardiac side-effects. Azithromycin is the drug that has been the
most widely prescribed against respiratory infections and a recent
(2010) study showed that one in eight American patients, has been
prescribed azithromycin [28]. Indeed, there have probably been more
than a billion azithromycin prescriptions around the world since it was
first discovered. The toxicity of each of these two drugs does not,
therefore, pose a major problem. Their possible toxicity in combination
has been suggested in a few anecdotal reports but, to our knowledge,
has never been demonstrated.

Our work has some limitations. This is a descriptive pilot study
conducted in only 80 patients with relatively mild clinical presentation
and we did not attempt an analytic approach to account for possible
confounds including notably the severity of illness. Such an approach is
currently planned in a larger set of patients under treatment in our
institute.

In conclusion, we have provided evidence of a beneficial effect of
co-administration of hydroxychloroquine with azithromycin in the
treatment of COVID-19 and its potential effectiveness in the early re-
duction of contagiousness. Given the urgent therapeutic need to
manage this disease with effective and safe drugs, and the negligible
cost of both hydroxychloroquine and azithromycin, we believe that
there is an urgent need to evaluate this strategy further, both to treat
and cure patients at an early stage before irreversible severe respiratory
complications take hold, and to decrease duration of carriage and avoid
the spread of the disease.
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