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Abstract

This work consists of a literature review that aims to
evaluate the effects and efficacy of two drugs used to treat
individuals with COVID-19: chloroquine (CQ) and
hydroxychloroquine (HCQ). Both drugs have demon-
strated antiviral activity against the new coronavirus in
in vitro tests. However, there is currently no strong
evidence from well-designed controlled studies of
COVID-19 therapies tested in humans. In addition, the
evidence on the effects of drugs on patients is extremely
limited. The search for evidence was made from five
chosen databases, and after applying the criteria for
inclusion and exclusion of articles, 5 publications were
obtained, which represented the basis for the construction
of this work. We concluded that, in relation to CQ, no
favorable outcomes were found in relation to its use. High
doses of this drug can increase lethality due to the
prolongation of the QT interval, and lower doses could
not estimate evident benefits in infected patients. Assess-
ing the results of HCQ, it can be concluded that more
studies are needed to effectively use this drug in the
treatment of individuals with COVID-19.
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1 Introduction

In December 2019, a new pneumonia caused by a previously
unknown pathogen emerged in Wuhan, the capital of Hubei
province in China [1]. The causative agent, identified from
throat swab samples collected from individuals linked to the
city's seafood market, was named Coronavirus 2 of the
Severe Acute Respiratory Syndrome (SARS-CoV-2) [1, 2].

The new coronavirus has a high spreading power, as by
the end of January 2020 the virus had already spread to 18
other countries. Then, the World Health Organization
(WHO) declared the disease pandemic, called Coronavirus
Disease 2019 (COVID-19), which became a global threat to
public health [3].

The most prevalent manifestations among patients with
COVID-19, according to research published in the PubMed
database, are: fever (67-89%), cough (43-81%), dyspnea
(31-55%) and myalgia (3—44%). In addition, 20.3% of
patients with COVID-19 require admission to intensive care
units and 13.9% of hospitalized patients had fatal results [4].

According to a study by the Center for Diseases Control
and Prevention in the United States, based on data from
China, mortality is higher in older adults, particularly those
with serious underlying health conditions. Approximately
80% of deaths in China occurred among adults aged
60 years, and only one (0.1%) death occurred in a person
aged <19 years [3].

Unfortunately, there is no standard treatment against
COVID-19 today. However, a series of clinical trials are
being conducted to investigate potentially effective inter-
ventions to combat SARS-CoV-2. For this, some drugs are
being evaluated, among them, chloroquine (CQ) and
hydroxychloroquine (HCQ) [5].

CQ, also known as 4-aminoquinoline, has been in clinical
use since 1944. HCQ is a derivative of QC, and was syn-
thesized in 1946 with the addition of a hydroxyl group to CQ
as shown in Fig. 1. These drugs have been widely used in
the treatment of malaria and also in the treatment of

2111

T. F. Bastos-Filho et al. (eds.), XXVII Brazilian Congress on Biomedical Engineering,

IFMBE Proceedings 83, https://doi.org/10.1007/978-3-030-70601-2_308


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-70601-2_308&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-70601-2_308&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-70601-2_308&amp;domain=pdf
https://doi.org/10.1007/978-3-030-70601-2_308

2112

Hydroxychloroquine
OV O
HN Moot
=

,@ﬁz
Cl N

Fig. 1 Molecular structure of the drugs CQ and HCQ

Chloroquine

autoimmune diseases, such as rheumatoid arthritis, systemic
lupus erythematosus, among others, due to their
immunomodulatory role [6].

In vitro studies have shown that both substances have an
anti SARS-CoV-2 effect. CQ and HCQ are able to block
viral infection by increasing the endosomal pH needed for
viral/cell fusion, and also interfere with the glycosylation of
cell receptors of the new virus. In addition, these drugs are
widely distributed throughout the body after oral adminis-
tration, including the lungs [7].

Although both drugs have shown antiviral activity against
the new coronavirus, HCQ appears to have a more satis-
factory action. Its clinical safety profile is better than that of
CQ during prolonged use and allows higher daily doses,
presenting a lower risk of drug interactions [6, 8].

Despite the large number of articles published on this
issue in the last 3 months, some data are available only in
open observational studies, case reports and case series. All
drugs are currently used based on their in vitro activities or
previous clinical experience [9].

Many clinical trials in humans are ongoing, but their results
are not yet available [9]. Thus, there is currently no strong
evidence from well-designed controlled studies in humans on
therapies for COVID-19. In addition, the evidence on the
effects of drugs on patients is extremely limited [5].

Therefore, given the current scenario, the objective of this
work is to systematically review studies published in the
literature that conducted clinical trials on individuals with
COVID-19 to evaluate the effects and efficacy of chloro-
quine or hydroxychloroquine.

2 Materials and Methods

The first step in all scientific work that consists of a sys-
tematic review is the elaboration of a question that is suffi-
ciently clear, objective and directed to the theme of the
research to be developed. Thus, its elaboration is allowed
using a tool designated by the acronym PICO. In this tool,
the letters correspond to: “P” for population, “I” interven-
tion, “C” comparison, and “O” outcome.

Thus, the question defined was the following: “In patients
diagnosed with COVID-19 who received drugs to treat the
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disease, does chloroquine, compared to hydroxychloroquine,
result in better clinical outcomes?”.

From that, the descriptors for the search of scientific
articles were defined, which were: chloroquine, hydroxy-
chloroquine, COVID-19, clinical trial and patients. Then, the
search for scientific articles was performed in the following
databases: COCHRANE, MEDLINE, IEEE XPLORE,
PORTAL CAPES and BIREME.

The searches strings were made with the association of
the keywords terms described. In each database, the strings
were: (“chloroquine” AND “hydroxychloroquine” AND
“COVID-19” AND “clinical trial”) or (“chloroquine” AND
“hydroxychloroquine” AND “COVID-19” AND “patients”)
or (“chloroquine” AND “hydroxychloroquine” AND
“COVID-19” AND “clinical trial” AND “patients”). All
articles found in each search were added to a spreadsheet,
this being the inclusion criterion adopted. All descriptors
were searched in Portuguese, English and Spanish.

The searches for scientific works were carried out
between March and Mai 2020. No specific time interval was
defined for the publication period to have access to a larger
set of results.

Then, the article exclusion process started, adopting three
criteria:

e Repetition of articles;

e Failure to adapt to the proposed theme;

e Articles that did not contribute significantly to the
research, or with incomplete texts.

A tool called PRISMA was used to report this items, by
the identification, selection, eligibility, and inclusion of
articles. It features preferred reporting items for systematic
reviews and meta-analysis.

In addition, it is also important to consider in a systematic
literature review the quality of selected studies. This measure
was obtained following some criteria [10], defined by the
evaluation of the following questions according to the score
of 1 point for YES; 0.5 point for PARTIALLY; and O for
NOT.

A—TIs the article based on research, or is it only based on
expert opinion?

B—Is there a clear statement of the research objectives?

C—Was the methodology used adequate to meet the
objectives of the survey?

D—Was the participant recruitment strategy adequate to
meet the research objectives?

E—Was there a control group with which the results
could be compared?

F—Was the data analysis rigorous enough?

G—Was there a clear statement of results?



Evaluation of the Efficacy of Chloroquine ...
3 Results

This section will be divided into three subsections: the first,
presents the processes and quantity of articles in each stage
after applying the exclusion criteria; the second subsection
describes the results found in the studies; and finally, the
third subsection presents the qualitative evaluation table,
based on the criteria described above.

3.1 Selection Process of Studies Included
Initially, the search presented 402 works. After excluding
those that were repeated, 381 remained, and these, 342 were
selected primarily. Then, with the removal of those that did
not fit the theme, the number of studies reduced to 118.
Then, 113 with full text were excluded for not evaluating the
drugs chloroquine and hydroxychloroquine for through
clinical trials in humans. Thus, 5 articles constituted this
work. The step-by-step of deleting studies in each stage is
represented by Fig. 2.
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3.2 Description of Study Results

Will be presented below: 1 study that evaluated the efficacy
of two different dosages of CQ, and 4 studies that evaluated
the efficacy of HCQ, all characterized by clinical trials in
humans that presented COVID-19. It is worth mentioning
that the conventional treatment applied to patients in the
control group of some studies basically refers to the use of
oxygen therapy, antivirals, antibacterials and
immunoglobulin.

Borba et al. [11] conducted a randomized, double-blind
clinical trial, with the objective of comprehensively evalu-
ating the safety and efficacy of two different dosages of CQ
as adjunctive therapy for hospitalized patients with severe
COVID-19 in Manaus, Brazil. The 81 eligible participants
were allocated to receive in the proportion of 1:1 by naso-
gastric tube high oral dose of CQ (600 mg of CQ twice daily
for 10 days or total dose of 12 g); or low dose of CQ
(450 mg for 5 days, twice a day only on the first day or total
dose of 2.7 g). It was observed that the high dose of CQ
generated a prolongation of the QT interval, observed on the

Fig. 2 Preferred reporting items
for systematic reviews and
meta-analysis (PRISMA)
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electrocardiogram, of approximately 500 ms greater (25%)
than the lowest dose. This prolongation means that the heart
muscle takes longer than normal to recharge between beats,
which can trigger tachycardias. In addition, the highest dose
also tended to be more lethal (17%) than the lowest dose.
The mortality rate was 13.5% (95% Confidence Interval [CI]
6.9-23.0), overlapping the CI of historical data from similar
patients who did not use CQ (95% CI 14.5-19.2). In 14
patients with paired samples, respiratory secretion on day 4
was negative in only one patient. Thus, the authors con-
cluded that: the highest dose of CQ (total dose of 12 g in
10 days) should not be recommended due to safety concerns
regarding the prolongation of the QT interval and increased
lethality in the population; and among patients randomized
to the lowest dose group (5 days of treatment, 2.7 g total
dose), given the limited number of enrolled patients, it was
not possible to estimate a clear benefit of CQ in patients with
severe COVID-19.

One of the first published studies that evaluated the use of
HCQ in humans was developed in France by Gautret and
collaborators [12]. The authors analyzed the role of HCQ in
respiratory viral loads, including 20 patients in the experi-
mental group and 16 in the control group. The protocol
proposed by this study considered the administration of
600 mg of HCQ per day, divided into 3 doses, in the medi-
cation treatment group; in the control group, patients received
conventional therapy. Depending on the patient's clinical
presentation, azithromycin was added to the treatment. The
outcome considered was the absence of viruses on day 6 after
the inclusion of the drugs. The study showed a significant
reduction in the viral transport of COVID-19 in patients in
the experimental group compared to the control group, and
revealed that azithromycin added to HCQ was significantly
associated with elimination of the virus. However, it is
important to note that this study has serious methodological
complications such as bias due to non-randomization of
patients, small sample size and short follow-up.

In another study, described by Chen et al. [13], the effi-
cacy and safety of HCQ in treating patients with COVID-19
were evaluated. Thirty patients participated in this study,
randomized 1:1 to the experimental group and the control
group. The patients in the experimental group received
400 mg of HCQ per day for five days, plus conventional
treatments. The patients in the control group received only
conventional treatments. The negative conversion rate of
SARS-CoV-2 nucleic acid in the patients’ pharyngeal res-
piratory swab after drug administration was considered the
primary outcome. The nucleic acid of the swabs was nega-
tive in 13 (86.7%) cases in the experimental group and in 14
(93.3%) cases in the control group (p > 0.05). Radiological
progression was demonstrated in computed tomography
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images in five cases (33.3%) in the experimental group and
seven cases (46.7%) in the control group, and all patients
showed improvement in the follow-up exams. Four cases
(26.7%) in the experimental group and three cases (20%) in
the control group had transient diarrhea and abnormal liver
function (p > 0.05). Based on the unfavorable results
regarding the use of HCQ, the authors concluded that studies
with a larger sample size are needed to investigate the effects
of the drug in the treatment of COVID-19.

The work of Chen and collaborators [14], also aimed to
assess the efficacy of HCQ in the treatment of patients with
COVID-19. Thus, 62 patients diagnosed with the disease
participated in the study, all of which were randomized 1:1
in two groups: the experimental group, in which the patients
received, in addition to conventional therapy, a treatment of
5 days with HCQ (400 mg per day); and the control group,
which received only conventional therapy. The time to
clinical recovery, clinical characteristics and radiological
results were considered to assess the effect of HCQ. The
recovery time of body temperature and the time of remission
of cough were significantly reduced in the HCQ treatment
group. In addition, a greater proportion of patients with
improved pneumonia in the experimental group (80.6%, 25
out of 31) compared to the control group (54.8%, 17 out of
31) was found. Therefore, the authors concluded that there
was an improvement in the outcomes evaluated in a favor-
able way to the use of HCQ.

Finally, Mahevas et al. [15] used data collected from
routine care of all adults with documented SARS-CoV-2
pneumonia who required oxygen >2 L/min in 4 French
hospitals to assess the efficacy of HCQ. The primary out-
come was the transfer of the patient to the intensive care unit
(ICU) within 7 days after the inclusion of the medication and
/ or death from any cause. This study included 181 patients,
84 of whom received 600 mg of HCQ per day and 97 did
not receive the drug, only standard supportive therapy. The
initial severity was well balanced between the groups. It was
observed that 20.2% of the patients in the experimental
group were transferred to the ICU or died within 7 days
versus 22.1% in the control group (16 vs. 21 events, relative
risk [RR] 0.91, 95% CI 0, 47-1.80). In the experimental
group 2.8% of the patients died within 7 days versus 4.6% in
the control group (3 vs. 4 events, RR 0.61, 95% CI 0.13-
2.89). In addition, 27.4% and 24.1%, respectively, devel-
oped the acute respiratory distress syndrome within 7 days
(24 vs. 23 events, RR 1.14, 95% CI 0.65-2.00). Eight
patients who received HCQ (9.5%) suffered changes in the
electrocardiogram that required discontinuation of drug
treatment. The authors concluded that the results do not
support the use of HCQ in patients hospitalized with
COVID-19 who require oxygen.
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Table 1 Items for qualitative

h Study A B
evaluation

[11] 1 0.5
[12] 1 1
[13] 1 1
[14] 1 1
[15] 1 1
Total 5 4.5

3.3 Qualitative Evaluation

Regarding the qualitative analysis of studies, Table 1 pre-
sents the scores for each study for each item evaluated, as
well as the total scores for studies and items. The “Total”
column refers to the sum of scores of evaluated items in each
study, and the “Total” row refers to the sum of scores of all
studies for each evaluated item.

4 Discussion

From the analysis of works included in this review, it is
possible to observe that, in relation to CQ, no favorable
outcomes were found in relation to its use. High doses of this
drug may increase lethality due to the prolongation of the
QT interval, and lower doses have not been able to estimate
evident benefits in infected patients. Assessing the results of
HCQ, it can be concluded that further studies are needed to
effectively use this drug in the treatment of individuals with
COVID-19.

Several studies have stated that the low number of par-
ticipants and the relatively short time of monitoring the
effects of the drugs have compromised the quality of the
studies.

Although many studies presented a control group to
compare the results with an experimental group, the
recruitment strategy of these patients was inadequate, as
shown in Table 1 (the item with the lowest score among the
others evaluated was D, with only 1 point). Moreover, it is
also important to note that, in most studies, the participants
were not randomly allocated to groups, which may con-
tribute to the lack of experimental methodological rigor in
the developed research. All of these aspects contribute to the
fact that the study does not provide a clear statement of the
results obtained.

5 Conclusion

The objective of this work was to evaluate the efficacy of two
drugs used in the treatment of patients diagnosed with
COVID-19: chloroquine (CQ) and hydroxychloroquine (HCQ).
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C D E F G Total
0.5 0 0 0.5 0 2.5
0.5 0 1 0.5 0.5 4.5
0.5 0.5 1 0.5 0.5 5
0.5 0.5 1 0.5 1 5.5
0 0 1 0.5 1 4.5
2 1 4 25 3

We concluded that, in general, neither CQ nor HCQ
presented favorable clinical outcomes in relation to incor-
porating these drugs in the treatment of COVID-19.

In addition, it can be observed that the studies included in
this review presented two main deficiencies: a failed
recruitment strategy of individuals to perform the tests and a
lack of experimental methodological rigor.
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