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Abstract

Background Some studies have shown that hydroxychloroquine (HCQ) is an effective drug in reducing the in vitro replication of
SARS-CoV-2. However, the in vivo effect of HCQ still unclear.

Objectives This study aims to evaluate viral load clearance in patients with COVID-19 who underwent HCQ treatment in
comparison with a control group that did not receive the drug.

Study design This prospective study comprised consecutive viral load measurements in patients with COVID-19 hospitalized
with a moderate illness. Patients received 400 mg of HCQ every 12 h for 10 days according to the medical decision. Nasal swab
samples were collected from patients during early, intermediary, and final clinical stage of COVID-19.

Results A total of 155 samples were collected from 66 patients with COVID-19 (60% female), with a median age of 58 years.
The viral load between studied groups, assumed as a semiquantitative measure of cycle threshold (Ct) values, presented no
significant difference within the three consecutive measures (ACt) (p > 0.05). We also analyzed the ACt viral load at different
intervals of sample collection (Af < 7; 7-12; and > 12 days) without significant differences at any ACt (p> 0.05).

Conclusion In this study, we did not observe any change in viral load reduction in vivo with the use of HCQ.
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Background

On March 11, 2020, the World Health Organization (WHO)
declared the novel severe acute respiratory syndrome corona-
virus (SARS-CoV-2), responsible for the coronavirus disease
0f 2019 (COVID-19), a pandemic, when the virus reached five
continents [1]. Since then, several medications have been tested
in the treatment of this disease such as hydroxychloroquine
(HCQ) [2], tocilizumab [3, 4], remdesivir [5], and heparin [6].
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Some studies have already demonstrated the broad-
spectrum antiviral potential of HCQ, a drug widely used as
an antimalarial or in the treatment of autoimmune disease [7,
8]. Some studies have demonstrated the in vitro effectiveness
of HCQ and chloroquine in controlling the replication of
SARS-CoV-2 [9, 10].

Other observational study concluded hydroxychloroquine
administration was not associated with either a greatly
lowered or an increased risk of the composite end point of
intubation or death. [11]. The UK RECOVERY trial also con-
cluded that HCQ does not reduce the risk of dying in hospi-
talized patients [12].

Therefore, more studies need to be carried out to under-
stand the real benefit of HCQ in the treatment of the disease.

Objectives
The present study aimed to evaluate viral load clearance in pa-

tients with COVID-19 who underwent treatment with HCQ in
comparison with a control group that did not receive the drug.
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Study design
Patients and drug administration

This prospective study comprised consecutive viral load eval-
uations in patients with COVID-19. A total of 155 samples
from 66 hospitalized patients at the University Hospital Sao
Paulo, Brazil, aging > 18 years of age were included in the
study. They were diagnosed with the severe acute respiratory
syndrome (SARS) due to COVID-19. We excluded patients
under 18 years old, ICU patients, and those presenting with
severe conditions including malignancy, heart, liver, or renal
diseases and severe decompensation (estimated glomerular fil-
tration rate < 30 mL/min/1.73 m?), inadequacy for oral admin-
istration, inability to cooperate due to cognitive impairment or
poor mental status, pregnancy or lactation, and HCQ allergy.
The HCQ was prescribed according to the medical decision
and acceptance of the patient. A dose of 400 mg HCQ was
administered orally every 12 h for 10 days since the admis-
sion. The patients were included after approval of the study by
the Hospital Research Ethics Committee (CEP n. 4.013.602).

Viral load analysis method

We used the cycle threshold (Ct) values as a semiquantitative
measure of viral load. The amount of viral RNA present in
positive samples is inversely proportional to the correspond-
ing Ct value, meaning that the greater amount of viral RNA,
the lower the Ct value obtained.

To assess the Ct value variation along time, consecutive
RT-PCR tests were conducted in the patients with COVID-
19, during hospitalization or after discharge, until undetected
Ct values. The variation between consecutive Ct values for
each patient analyzed was evaluated as ACt.

Samples and RNA preparation

Nasal swab samples were collected from patients during the
early (Ctl), intermediary (Ct2), and final clinical stage of
COVID-19 (Ct3) to evaluate the viral clearance.

The RNA of samples was purified using the Quick-RNA
Viral Kit (Zymo Research, USA) according to manufacturer
instructions. Purified RNA was stored at — 80 °C.

SARS-CoV-2 detection

Viral detection was performed with AgPath-ID One-Step RT-
PCR Reagents (ThermoFisher Scientific, Austin, USA), ac-
cording to manufacture instructions, in a total of 20 pL reac-
tion volume, containing 5.0 pL of purified RNA, primers and
probes (400 nM and 200 nM, respectively) aiming at the CDC
USA protocol N1 and N2 targets of the SARS-CoV-2 nucle-
oprotein gene, and human ribonuclease P gene (RNAse P) as
endogenous control [13]. For the semiquantitative analysis,
we used the Ct values of the more sensitive N2 target.
Samples with Ct values <40 were considered positive.

Statistical analysis

Statistical analysis was performed using Student’s ¢ test for
parametric data and Mann-Whitney for non-parametric data,
with a significance level of p < 0.05. SPSS 19.0 software and
GraphPad 7.0 were used for statistical analysis.

Results

Among the 66 patients with laboratory-confirmed COVID-19,
admitted at the Sdo Paulo Hospital, 60% (40/66) were male.
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Fig. 1 Viral load (Ct values) 40
detected by RT-PCR in the first
nasal swabs from patients infected
with SARS-CoV-2 (N=66) at 354
hospital admission
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Table 1 Timing of sample collection and RT-PCR (Ct) results

Y At7-12
Days N Average SD* p value At>12

20

1-7 39 25.10 6.56 0.335
8 or more 27 26.63 5.85

*#SD, standard deviation

The median age was 58 (range 18-85) years. The patients
presented mild to severe symptoms, radiographic evidence
of pneumonia, feverish, or not, and received supplemental
oxygen therapy until 5 L/min, but none was classified as “crit-
ical,” and none was further admitted to ICU. The majority of
patients reported comorbidities such as hypertension (54.5%),
diabetes mellitus type 2 (36.6%), and dyslipidemia (28.7%).

The 155 nasal swabs from the 66 patients were collected
from first day symptoms up to the 36th day. We detected the
highest viral loads soon after symptom onset, which then grad-
ually decreased towards the detection limit at about the second
week. Viral loads were very heterogeneous as shown in Fig. 1.

Patients were analyzed according to the timing of sample
collection in relation to illness onset. There was no difference
in Ct values obtained for the first samples of the 66 patients
included in the study (p = 0.335), demonstrated in Table 1.

We compared the median viral load (Ctl, Ct2, and Ct3
values) between the group of patients who underwent HCQ
treatment in comparison with a control group that did not
receive the drug on the three phases of SARS-CoV-2 infection
(early, intermediate, and final). Forty-four patients were neg-
ative in the second sample, and only 22 patients’ samples were
available for Ct3 value analysis.

For such comparison, Student’s ¢ test was used to analyze
Ctl values of first samples at hospital admission, comprising
all patients prior to the HCQ administration as an optional
drug for treatment. On the other hand, the Mann-Whitney test
(for non-parametric data) was used to analyze the Ct2 and Ct3

10

ACt

-10

¥ ¥ *®
Fig. 2 Upper and lower bars indicate min. and max. ACt values.
Horizontal bars indicate the median ACt

value differences between patients that have used HCQ in
comparison to the control group (no HCQ use). The data are
shown in Table 2.

Next, we compared clearance of viral load (ACt = Ct2—Ct1
values) at intervals between the first and second days of sam-
ples collection (Af) between the group of patients with use
and of HCQ and the group without the use of HCQ. The two
groups were analyzed at the three intervals (<7, 7-12, and >
12 days) established according to observed data from all sub-
jects sampled over time throughout the study. No significant
viral load clearance was observed among the groups (p =
0.362 for At<7 days, 0.403 for At 7-12 days, and 0.516
for Ar> 12 days, two-way ANOVA test). The data are shown
in Fig. 2.

Discussion

The hypothesis that HCQ could be effective is still open.
Although the study with a greater number of patients did not

Table 2 Ct values over time

according to hydroxychloroquine RT-gPCR Number Median Ct IQR* p value Sample collection (days)**
therapy
Ctl
HCQ use 34 26.5 9 0.947
No HCQ use 32 25.5 12
Ce2
HCQ use 34 40 4 0.197 10
No HCQ use 32 40 8 14
Ct3
HCQ use 13 40 4 0.393 17
No HCQ use 9 40 0 22

RT-qPCR, real-time quantitative RT-PCR

*Interquartile range

**Median days of sample test collection
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show differences in outcome [2], the theme remains under
discussion even though the fact that their effect on viral repli-
cation is not well understood.

We establish a study to assess viral clearance in patients
without a severe outcome so that we could compare patients
more homogeneously. The viral load is an established method
used for the evaluation of therapies and was a biomarker in the
study of lopinavir/ritonavir [14]. Viral load clearance also was
used in many studies for SARS-CoV-2 showing a gradual
decrease in tertiary patients [15, 16].

Zou et al. [16] reported that patients with a severe form of
COVID-19 who required hospitalization in an intensive care
unit had a high viral load 10 days after the onset of respiratory
symptoms and later as well. Lescure et al. [17] reported the
viral load dynamics of two patients who later developed re-
spiratory deterioration despite the disappearance of nasopha-
ryngeal viral RNA. They also suggested that the viral load
could be used to indicate possible clinical strategies for the
treatment of COVID-19.

We could not find any difference in viral load reduction
among samples of patients considering the same time score
established in other studies that analyzed the clearance of viral
load in different clinical presentations. Liu et al. [18] in their
study analyzed the clinical outcome of COVID-19 subjects
but none patient was under HCQ.

The results of this study must be interpreted in light of
methodological limitations. All patients included were hospi-
talized with moderate severity neither critical nor mild and the
difference in viral load may be less striking than a large inclu-
sion could demonstrate. In addition, it is possible that measur-
ing viral load in the nasopharynx may not fully capture the
total amount of virus shed by an individual. Patients were
selected based on the availability of samples that had tested
positive for COVID-19. Therefore, the sampling time of all
serial samples for each patient presented some variation. To
reduce any bias, we categorized all patients using the ACt and
At analysis to minimize that limitation.

In conclusion, we did not observe any change in viral load
in vivo with the use of HCQ. Further studies with potential
antiviral drugs should include virological analysis to evaluate
in vivo impact of viral replication.
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