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Abstract

Objectives: To identify drugs that were administered off label to hospitalized patients with suspected coronavirus disease 2019 (COVID-19)
and to identify adverse drug reactions (ADRs) and drug–drug interactions associated with these therapies.

Methods: This case–control study was conducted in a Brazilian hospital fromMarch to April 2020 among patients with suspected COVID-19,
comparing those with positive severe acute respiratory coronavirus virus 2 (SARS-CoV-2) reverse-transcriptase polymerase chain reaction
(RT-PCR) results and those with negative results.

Results: Themost commonly usedmedications in both groups were azithromycin and hydroxychloroquine. There was a significantly higher preva-
lence of reactions among patients with positive RT-PCR for SARS-CoV-2 (48.5% vs 28.8%; P= .008) in the propensity score–matched cohort, and
themost commonly reported ADRs among these patients were diarrhea (43.8%), elevated liver enzymes (31.3%), and nausea and vomiting (29.7%).

Conclusions: Our data demonstrate that ADRs and drug–drug interactions are common with off-label treatments for COVID-19.
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In early January 2020, a new type of coronavirus, severe acute res-
piratory coronavirus virus 2 (SARS-CoV-2), was identified by the
Chinese as being the agent responsible for causing the coronavirus
disease 2019 (COVID-19), which primarily affects the respiratory
tract.1–4 After theWorld Health Organization (WHO) declared the
outbreak a pandemic, a quest for efficacious treatments began, and
several drugs were used in off-label regimens. Several clinical stud-
ies were initiated in different countries aimed at finding vaccines
and specific treatments for COVID-19.

In the beginning of the pandemic, in vitro studies showed
promise for some drugs.5,6 Several pharmacological therapies were
considered, including hydroxychloroquine or chloroquine, with or
without azithromycin, tocilizumab, and lopinavir/ritonavir.7,8

These drugs started to be prescribed off label worldwide.
Subsequently, randomized clinical trials in humans started to

demonstrate the safety and efficacy of these therapies.7 In this
study, we aimed to identify drugs that were administered in off-
label regimens to hospitalized patients with suspected COVID-
19, to identify adverse drug reactions (ADRs) and prevalent
drug–drug interactions in these therapies, and to evaluate risk fac-
tors for ADRs to the drugs administered to patients suspected of
having COVID-19 and those with confirmed COVID-19.

Methods

This study was conducted in a private, tertiary-care hospital focused
on high-complexity treatments, including a transplant program,
located in São Paulo, Brazil. This case–control study included hospi-
talized patients suspected of COVID-19 via a retrospective analysis of
medical records from March 1 through April 30, 2020. Patients were
identified through a report extracted from the hospital data manage-
ment system and through a logistics system that identified the use of
drugs deemed off label. The study was approved by the institution’s
research ethics committee and informed consent was not required.

The case group comprised patients with a positive reverse-tran-
scriptase polymerase chain reaction test (RT-PCR) for SARS-CoV-
2, These cases were matched with the control group composed of
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patients with negative RT-PCR tests for SARS-CoV-2. The diagnos-
tic confirmation for COVID-19 was performed using RT-PCR on
specimens obtained via nasopharyngeal or oropharyngeal swab,
bronchoalveolar lavage, or secretions collected via tracheostomy,
according to the protocol instituted at the hospital. The technique
of amplifying nucleic acids for detection of SARS-CoV-2 RNA
adopted by our laboratory during the study period followed the
methodology developed by the Charité – Universitätsmedizin
Berlin Institute of Virology and the German Centre for Infection
Research, both located in Berlin, Germany.

When analyzing the medical histories of patients hospitalized
and suspected of COVID-19 infection, patients aged <18 years
and outpatients were excluded. Data collection was performed
according to a standard questionnaire form via REDCap.9,10

It included the following variables: age, sex, body mass index
(BMI), date of admission, period of hospitalization, type of
inpatient unit, severity according to the Simplified Acute
Physiology Score III (SAPS-III) scale, drugs prescribed during
COVID-19 treatment, treatment duration, dose, frequency, and
route of administration.

Therapies considered off label for treating COVID-19 include
the following drugs: hydroxychloroquine sulfate, azithromycin,
tocilizumab, lopinavir/ritonavir, and interferon. The use of
antibacterial agents for pneumonia treatment was considered a
supplemental therapy. The following standard of care was used
at our institution during the study period: After identifying the
suspected patient with acute respiratory symptoms with or without
fever, the RT-PCR for SARS-CoV-2 and the molecular panel
of respiratory pathogens were collected. The physician could
start oseltamivir until the molecular panel results were received,
suspend it after obtaining a negative test result, and administer
antibiotics for the treatment of pneumonia. At the time, no ran-
domized clinical trials had proven the clear benefit of these
drugs for the treatment of COVID-19 and in vitro studies sug-
gested possible efficacy, considering the severity of illness.

Comorbid conditions of the study patients were identified,
as well as baseline assays for potassium, magnesium, and ionic
calcium to identify the presence of electrolyte disturbances. The
primary outcome considered in our study was ADRs, and the
secondary outcomes were the presence of drug interactions and/
or drugs that have potential risks for QT interval prolongation.

The ADRs were identified in a thorough reading of medical and
nursing evaluations in the medical records of the patient’s hospital
stay. This search was conducted by 5 investigators. The patients
were divided using the Naranjo algorithm, a tool used to classify
ADRs into 5 probability categories: defined, probable, possible,
conditional, or doubtful.11

To analyze ADRs and drug–drug interactions, we used
the Micromedex and Up To Date electronic databases, the
package inserts of each drug, and guidance from the Brazilian
Health Surveillance Agency (Portuguese acronym ANVISA),
the Brazilian Ministry of Health, and the World Health
Organization (WHO). The Credible Meds website (http://www.
crediblemeds.org), created by a nonprofit organization, was also
used to evaluate drugs that have potential risks for QT interval
prolongation.12 This database classifies the risk for QT interval
prolongation and the induction of Torsades de Pointes (TdP) as
known risk, possible risk, or conditional risk.12 Drug–drug
interactions were classified as contraindicated, high severity, or
moderate severity. We also verified whether an electrocardiogram
(ECG) had been performed before and during treatment, as in the
case of drug–drug interaction related to the prolongation of the QT

interval. The QT interval was considered prolonged if the corrected
QT (QTc) was >470 ms for men and >480 ms for women.13

Statistical analysis

The data were characterized using means, standard deviations,
minimum and maximum values, medians, and interquartile inter-
vals (for the quantitative variables) as well as absolute and relative
frequencies (for the qualitative variables).14

Comparisons between groups were analyzed using the χ2
or Fisher exact test for categorical variables and the t test and
Mann-Whitney U test for continuous variables, depending on
the distribution of data. Data normality was assessed using the
Shapiro-Wilk test, box-plot graphs, histograms, and quantile com-
parison graphs.14 Due to the differences in proportions between
PCR-positive and PCR-negative groups, 2:1 matching was carried
out using a propensity score. The matching method was optimal
pair matching,15 and the propensity score was performed based
on a logistic regression model. We considered the following
as covariables: age, body mass index, sex, type of inpatient
unit, and underlying diseases (heart diseases, lung diseases, and
diabetes).16

After matching, a model of generalized estimation equations
was proposed to estimate the chance of ADRs between the groups,
considering the dependence between cases and controls.17 The
drugs analyzed for the treatment of COVID-19 were limited to
hydroxychloroquine and azithromycin because the other drugs
were used infrequently. Treatment duration, drug interaction,
length of hospitalization period, and drugs at risk for QT interval
prolongation were considered covariables.

The analyses were performed using the Statistical Package
for the Social Sciences software (SPSS) R integration package
version 26.0.18 The significance level was set at 0.05.19

Results

The full cohort comprised 254 patients with suspected
COVID-19. Due to the differences in proportion between
SARS-CoV-2–positive and –negative groups, 2:1 matching was
carried out using a propensity score, resulting in 66 pairs and
198 patients. The propensity model had an area under the curve
(AUC) of 0.619. Table 1 shows the characteristics of each group.

Table 2 shows treatment by group of drugs and time of treat-
ment. The most commonly used medication in both groups was
azithromycin, which was used in ∼86% of patients. Among the
patients in the positive group, 84.8% also received hydroxychlor-
oquine and more than half received concomitant hydroxychloro-
quine and azithromycin. The frequency of other drugs was low in
both groups, and none of the patients received interferon.

We detected a significantly higher prevalence of ADRs among
PCR-positive patients (48.5% vs 28.8%; P = .008). The most
common reaction among PCR-positive patients who had an
ADR was diarrhea (43.8%), followed by nausea and vomiting
(29.7%) and elevated liver enzymes (31.3%) (Table 3). Among
the patients in the negative PCR group who had ADRs, the
most common reaction was also diarrhea (36.8%). Some patients
had >1 ADR simultaneously.

We detected no evidence of a significant difference in the over-
all prevalence of drug–drug interactions (P > .05) in the 2 groups.
However, when considering interactions related to COVID-19
treatment drugs, the PCR-positive group had significantly more
interactions (median 3 vs 1; P < .001). We detected no significant
differences between groups regarding QT interval changes
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(P > .05) (Table 4). However, there was a significant difference
between the QT interval values of the ECGs obtained at baseline
and those obtained during treatment (P = .035). Of 70 patients
who underwent baseline and treatment ECGs, 62 patients had
normal QT intervals at baseline and 12 (19.4%) developed QT
prolongation during treatment. Of the 8 patients with a prolonged
QT at baseline, 5 (62.5%) remained prolonged and 3 (37.5%) nor-
malized during treatment. Of the 17 patients who had a difference
between baseline ECG and the ECG during treatment, 14 received
combination therapy with hydroxychloroquine and azithromycin.
Among them, an average of 2.71 prescription drugs with known
risk for QT prolongation were prescribed, and 16 of these prescrip-
tions showed the presence of drug interactions.

Table 5 shows the utilization of drugs at risk of widening the
QT interval. Our comparison included the number of drugs used
as well as the risk classification for QT prolongation (ie, known,
possible, or conditional). Patients with a positive PCR result for

SARS-CoV-2 were significantly more likely to receive agents
that cause QT prolongation at any risk classification level
(P = .029), as well as a higher proportion of agents with known
risk (P < .001) (Fig. 1).

By the univariate model, use of hydroxychloroquine plus
azithromycin (OR, 2.133; P = .027), duration of treatment
(OR, 1.080; P = .018), and the number of drugs posing risk for
QT interval prolongation (OR, 1.225; P = .014) were associated
with a greater chance of developing an ADR (Table 6).

Discussion

During the study period, several drugs were being used around the
world as potential treatments for COVID-19, including hydroxy-
chloroquine, chloroquine, azithromycin, tocilizumab, and antivi-
rals, in an attempt to reduce the mortality caused by the disease.
Subsequently, randomized clinical trials showed that these drugs

Table 1. Characteristics of Inpatients

Variable

Full Cohort

P Value

Propensity Score–Matched Cohort

P Value

Negative SARS-
CoV-2 RT-PCR

(n= 66)

Positive
SARS-CoV-2

RT-PCR (n= 188)

Negative
SARS-CoV-2

RT-PCR (n= 66)

Positive
SARS-CoV-2

RT-PCR (n= 32)

No. %a No. %a No. %a No. %a

Sex, male 35 53.0 116 61.7 .217b 35 53.0 68 51.5 .841b

Age, mean y, SD 65.1 16.4 63.8 16.9 .578c 65.1 16.4 65.7 18.0 .831c

Weight mean kg, SD 74.78 16.17 80.56 18.50 .025c 74.8 16.2 75.7 16.8 .724c

Height, mean cm, SD 167.4 10.37 170.4 10.1 .041c 167.4 10.4 169.0 10.2 .326c

Body mass index 26.5 4.2 27.5 4.8 .119c 26.5 4.2 26.3 4.7 .844c

Level of care .664b .912b

Ward 47 71.2 125 66.5 47 71.2 93 70.5

ICU or step-down unit 19 28.8 63 33.5 19 28.8 39 29.5

SAPSIII ICU admission score .938c .504c

Mean, SD 58.0 15.6 58.4 12.4 58.0 15.6 61.8 11.2

In-hospital mortality 6 9.1 20 10.6 .721b 6 9.1 16 12.1 .522b

Length of stay, median d, IQR 7.0 (4–13) 11.0 (5–22) .004d 7.0 (4–13) 11.0 (6–31) .001d

Coexisting condition 57 86.4 145 77.1% .110b 57 86.4 113 85.6 .885b

Lung disease 8 14.0 20 13.8 .964b 8 12.1 16 12.1 .989b

Heart disease 32 56.1 88 60.7 .553b 32 48.5 65 49.2 .975b

Kidney disease 5 8.8 9 6.2 .518b 5 8.8 7 6.2 .536b

Liver disease 1 1.8 2 1.4 >.999b 1 1.8 1 0.9 >.999b

Diabetes 10 17.5 48 33.1 .028b 10 15.2 20 15.2 .989b

Nervous system disease 10 17.5 27 18.6 .859b 10 17.5 23 20.4 .662b

Cancer 14 24.6 29 20.0 .476b 14 24.6 28 24.8 .975b

Thyroid disease 9 15.8 31 21.4 .370b 9 15.8 26 23.0 .272b

Other coexisting conditions 13 22.8 37 25.5 .688b 13 22.8 29 25.7 .683b

Use of antimicrobial 62 93.9 176 93.6 .926b 62 93.9 125 94.7 .826b

Note. SARS-CoV-2, severe acute respiratory coronavirus virus 2; RT-PCR, reverse transcriptase-polumerase chain reaction; SD, standard deviation; ICU, intensive care unit; SAPSIII, Simplefied
Acute Physiology Score III; IQR, interquartile range. Definitions: Lung diseases were respiratory diseases such as asthma and chronic obstructive pulmonary disease; heart diseases were high
blood pressure and coronary heart disease; kidney diseases were chronic or acute renal failure; liver diseases were liver failure and hepatitis; nervous system diseases were Alzheimer’s and
delirium.
aPercentage unless otherwise specified.
bData presented as n and % compared using the χ2 test.
cData presented as mean (SD), compared using the Student t test.
dData presented as median and interquartile range, compared by Mann-Whitney test.
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Table 2. Treatment of COVID-19 by Group

Variable

Full Cohort

P Value

Propensity Score–Matched Cohort

P Value

Negative
SARS-CoV-2
RT-PCR
(n= 66)

Positive
SARS-CoV-2
RT-PCR
(n= 188)

Negative
SARS-CoV-2
RT-PCR
(n= 66)

Positive
SARS-CoV-2
RT-PCR
(n= 132)

No. %a No. %a No. %a No. %a

Hydroxychloroquine 34 51.5 158 84.0 <.001b 34 51.5 112 84.8 <.001b

Treatment duration, median d (IQR) 2.5 1–5 7.0 4–10 <.001c 2.5 1–5 7.0 4–10 <.001c

Azithromycin 56 84.8 162 86.2 .791b 56 84.8 117 88.6 .449b

Treatment duration, median d (IQR) 4.0 2–6 6.0 4–9 <.001c 4.0 2–6 6.0 4–10 <.001c

Associated and isolated use

Hydroxychloroquine þ Azithromycin 27 42.9 135 73.0 27 42.9 98 74.8

Azithromycin 29 46.0 27 14.6 <.001b 29 46.0 19 14.5 <.001b

Hydroxychloroquine 7 11.1 23 12.4 7 11.1 14 10.7

Lopinavir/Ritonavir 3 4.5 22 11.7 .093b 3 4.5 12 9.1 .255b

Treatment duration, median d (IQR) 1.0 1–1 6.5 5–9 .008c 1.0 1–1 8.0 5.5–9.5 .009c

Tocilizumab 0 0.0 14 7.4 .024d 0 0.0 10 7.6 .022d

Treatment duration, median d (IQR) : : : : : : 1.0 1–2 : : : : : : : : : 1.0 1–1 : : :

Note. SARS-CoV-2, severe acute respiratory coronavirus virus 2; RT-PCR, reverse transcriptase-polymerase chain reaction; IQR, interquartile range.
aPercentage unless otherwise specified.
bData presented as no. and %, compared using the χ2 test.
cData presented as median and interquartile range, compared using the Mann-Whitney U test.
dData presented as no. and % compared using the Fisher exact test.

Table 3. Adverse Drugs Reactions and Drug–Drug Interactions by Group

Variable

Full Cohort

P Value

Propensity Score–Matched Cohort

P Value

Negative
SARS-CoV-2
RT-PCR
(n= 66)

Positive
SARS-CoV-2
RT-PCR
(n= 188)

Negative
SARS-CoV-2
RT-PCR
(n= 66)

Positive
SARS-CoV-2
RT-PCR
(n= 132)

No. %a No. %a No. %a No. %a

Presence of any adverse drugs reactionb 19 28.8 87 46.3 .013c 19 28.8 64 48.5 .008c

Diarrhea 7 36.8 37 42.5 .649c 7 36.8 28 43.8 .592c

Neurological symptoms 1 5.3 3 3.4 .552d 1 5.3 3 4.7 >.999d

Elevation of liver-enzyme levels 5 26.3 23 26.4 .991c 5 26.3 20 31.3 .681c

Renal insufficiency 2 10.5 9 10.3 .981c 2 10.5 8 12.5 .816c

Electrolyte disturbances 0 0.0 1 1.1 >.999d 0 0.0 1 1.6 >.999d

Nausea, vomiting 2 10.5 29 33.3 .048c 2 10.5 19 29.7 .092c

Others 6 31.6 15 17.2 .155c 6 31.6 7 10.9 .030c

Interval between start of COVID-19 treatment and ADR .050e .016e

Median days, IQR 1 0–2 2 1–4 1 0–2 2 1–4

Presence of drug–drug interactions 60 90.9% 174 92.6% .670c 60 90.9 122 92.4 .712c

No. of drug–drug interactions .163e .285e

Median days, IQR 3 1–5.5 3.5 1–7 3.0 1–5.5 3.0 1–7

No. of drug–drug interactions directly related to COVID-19 treatment <.001e <.001e

Median days, IQR 1 1–3 3 1–5 1.0 1–3 3.0 1–5

Note. SARS-CoV-2, severe acute respiratory coronavirus virus 2; RT-PCR, reverse transcriptase–polymerase chain reaction; COVID-19, coronavirus disease 2019; ADR, adverse drug reactions; IQR,
interquartile range.
aPercentage unless otherwise specified.
bSome patients had >1 adverse drug reaction simultaneously.
cData presented as no. and %, compared by χ2 test.
dData presented as no. and % compared using the Fisher exact test.
eData presented as median and interquartile range, compared using the Mann-Whitney U test.
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are not effective in the treatment of COVID-19.20–22 Nonetheless,
despite the evidence, some ineffective drugs continue to be used,
and there is often a delay between the emergence of evidence
and its application in the clinical setting. During this delay, patients
may be harmed by ineffective therapies.

Importantly, our study demonstrates the risks of ADRs and
drug–drug interactions in patients empirically treated for
COVID-19 that were shown by PCR to not be infected. In our
study, the most commonly used drug was azithromycin, which
was used in 88.6% of PCR-positive patients and in 84.8% of

PCR-negative patients, followed by hydroxychloroquine,
which was used in 84.8% of PCR-positive patients and 51.5% of
PCR-negative patients. The low utilization of lopinavir/ritonavir
in our hospital was due to the shortage of this medicine at the
beginning of the pandemic, and the antiviral umifenovir is not
marketed in Brazil.

Almost half (48.5%) of the patients with a confirmed diagnosis
of COVID-19 had some type of ADR. Considering the likelihood
of underreporting, that number may actually be even higher.
Patients with confirmed COVID-19 remained hospitalized longer,

Table 4. Electrocardiogram Data by Group

Variable

Full Cohort

P Value

Propensity Score–Matched Cohort

P Value

Negative
SARS-CoV-2
RT-PCR
(n= 66)

Positive
SARS-CoV-2
RT-PCR
(n= 188)

Negative
SARS-CoV-2
RT-PCR
(n= 66)

Positive
SARS-CoV-2
RT-PCR
(n= 132)

No. %a No. %a No. %a No. %a

Baseline ECG performed 31 47.0 92 48.9 31 47.0 63 47.7

QT prolongation on baseline ECGb 3 9.7 11 12.0 .730c 3 9.7 5 7.9 .776c

QT interval value at baseline ECG .921d .840d

Mean, SD 419.00 29.50 419.65 32.48 419.00 29.50 420.35 31.96

Minimum maximum 366.0 494.0 358.0 520.0 366.0 494.0 358.0 520.0

Median and interquartile range 413.0 402–436 416.0 393.5–440 413.0 402–436 420.0 398–443

ECG during treatment 18 27.3 107 56.9 18 27.3 76 57.6

QT prolongation during treatmentb 3 16.7 19 17.8 .911c 3 16.7 14 18.4 .862c

QT interval value during treatment .992e .863e

Mean, SD 427.89 29.48 429.49 38.12 427.89 29.48 431.26 39.94

Minimum maximum 387.0 488.0 355.0 540.0 387.0 488.0 355.0 540.0

Median and interquartile range 423.5 402–448 425.0 401–448 423.5 402–448 427.5 403–450

Note. SARS-CoV-2, severe acute respiratory coronavirus virus 2; RT-PCR, reverse transcriptase–polymerase chain reaction; ECG, electrocardiogram; baseline ECG, electrocardiogram prior to
starting treatment for COVID-19; SD, standard deviation.
aPercentage unless otherwise specified.
bQTc> 470 ms for men and QTc >480 ms for women.
cχ2 test.
dStudent t test.
eMann-Whitney U test.

Table 5. Number of Drugs Causing QT Prolongation by Group

Variable

Full Cohort

P Value

Propensity Score–Matched Cohort

P Value

Negative
SARS-CoV-2
RT-PCR
(n= 6)

Positive
SARS-CoV-2
RT-PCR
(n= 188)

Negative
SARS-CoV-2
RT-PCR
(n= 66)

Positive
SARS-CoV-2
RT-PCR
(n= 132)

No. No. No. No.

No. of drugs that can cause QT prolongation .021a .029a

Mean, SD 3 1 4 2 3.24 1.23 3.96 1.87

Minimum, maximum 1 6 1 9 1.0 6.0 1.0 9.0

Median and interquartile range 3 2–4 3 3–5 3.0 2–4 3.0 3–5

No. of drugs with a known risk of TdP <.001a <.001a

Mean, SD 2 1 3 1 1.95 0.92 2.50 0.97

Minimum, maximum 1 5 1 6 1.0 5.0 1.0 6.0

Median and interquartile range 2 1–3 2 2–3 2.0 1–3 2.0 2–3

Note. SARS-CoV-2, severe acute respiratory coronavirus virus 2; RT-PCR, reverse transcriptase–polymerase chain reaction; SD, standard deviation; TdP, Torsades de Pointes.
aMann-Whitney U test.
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which may have contributed to the greater number of ADRs in this
group; indeed, the chance of the patient developing an ADR will be
greater with greater exposure to that drug. The chance of this being
reported and documented is higher with longer hospital stay;
therefore, a propensity score was performed to take this factor into
account. We framed as a limitation the fact that it was not possible
tomatch based on the length of stay, due to the insufficient number
of unconfirmed patients with COVID-19 with a length of stay long
enough for an adequate match.

Sun et al23 reported an ADR incidence rate of 37.8%; this
Chinese study included mostly female patients, unlike our study,
in which the majority of patients were male. The mean age in
our study was 65 years and in the study by Sun et al, the mean
age was 46 years. In the Chinese study, 28.6% of patients had some
underlying disease; in our study, 85.6% of patients diagnosed
with COVID-19 had some underlying disease, 49.2% of whom
had heart disease. The age difference between the studies is

considerable, and older patients, as in our study, have a higher
number of comorbidities and tend to take a greater number of
medications.24

Approximately 43.8% of the ADRs identified were diarrhea, fol-
lowed by elevation of liver-enzyme levels (31.3%). Sun et al23 also
recorded most ADRs as disorders of the gastrointestinal tract
(23%), followed by liver enzyme changes (13.8%). In a study by
Surapat et al25 in Thailand, diarrhea was also the most common
adverse reaction, occurring in 9% of patients who used protease
inhibitors (lopinavir/ritonavir and darunavir/ritonavir). Notably,
however, 2%–50% of patients diagnosed with COVID-19 reported
diarrhea,26–29 and this is a limitation of any study that seeks to iden-
tify ADRs. We used the Naranjo algorithm to determine causality
between the ADR and the drug,11 and most ADRs in our study
were classified as possible. The pharmacist plays an important role
in identifying ADRs and seeking the probability of a causal rela-
tionship with the administered drugs. Pharmacists are needed to

Fig. 1. Number of drugs that can cause QT prolongation. Note. RT-PCR, reverse transcriptase–polymerase chain reaction.

Table 6. Univariate Analysis of Risk Factor for Adverse Drug Reactions

Variables OR (95% CI) P Value

Drug used

Hydroxychloroquine þ azithromycin 2.133 (1.090–.175) .027

Hydroxychloroquine 2.314 (0.806–.642) .119

Azithromycin Reference : : :

Treatment duration, d 1.080 (1.014–.151) .018

Drug interactions

Yes 2.328 (0.738–.342) .149

No Reference : : :

Length of stay, days 1.006 (0.996–.016) .244

No. of drugs that can cause QT prolongation 1.255 (1.048–.503) .014

Note. OR, odds ratio; CI, confidence interval. P value in italic indicates statistical significance.
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prevent unnecessary ADRs and to alert physicians about
the potential for ADRs, ensuring greater safety. Most patients
also received antimicrobials, which may also be related to
some of the reported ADRs, but the proportions between the
groups were similar. Moreover, 62 (93.9%) of 66 patients
in the group negative for SARS-CoV-2 by PCR also received
antimicrobials, as did 176 (93.6%) of 188 patients in the PCR-
positive group.

Despite prolongation of the QT interval being a worrisome
ADR that has been identified in large studies, it was uncommon
in a Thai study25 and also in our study. It was possibly underde-
tected due to our small sample and because ECG monitoring is
only performed regularly in intensive care units and in patients
at high risk for developing QT prolongation. Another factor that
may have affected our findings is the lack of a protocol to guide the
request and frequency of monitoring through ECG, leaving this
decision to the discretion of the physician. We emphasize the
importance of the clinical pharmacist in analyzing medical
prescriptions and identifying potential risks and in alerting the
medical team to request exams more frequently to ensure safe
therapies, especially those that are administered off label.
However, even with this small sample size, a subanalysis among
patients who presented a significant difference in the value of
the QT interval during treatment showed that 14 of the 17 patients
received the associated drugs, which reinforces the need for
monitoring of the QT interval.

A study by the pharmacovigilance center in France character-
ized the ADRs reported with the off-label use of azithromycin,
hydroxychloroquine, chloroquine, and lopinavir/ritonavir.
Among the 131 reports, 120 were related to cardiac events.30

Of the 120 reports, 85.8% were associated with the use of hydroxy-
chloroquine, and approximately half of these were treated concur-
rently with azithromycin (findings similar to ours), and there was
an association with these 2 drugs in 55.1% of the cases. Of the
131 adverse events reported, 68.7% were prolonged QT intervals
and 30.8% of patients in the reports also received other drugs that
could cause prolonged QT intervals, including escitalopram, spira-
mycin, and levofloxacin.30

In our study, in addition to the prescription of azithromycin
and/or hydroxychloroquine, which are drugs known to have a
known risk for Torsades de Pointes (TdP),12 in the SARS-CoV-2
PCR-positive group other QT prolonging agents used were proton
pump inhibitors (67.6%), ondansetron (29.8%), dexmedetomidine
(17%), and quetiapine (14.9%). On average, 4 agents known to pro-
long QT were prescribed to PCR-positive patients and 3 such
agents were prescribed to PCR-negative patients (P = .029).
Also, an average of 3 agents with a known risk for TdP were
prescribed to SARS-CoV-2 PCR-positive patients and 2 such
agents were prescribed to PCR-negative patients (P < .001).
This finding highlights the importance of monitoring patients
through ECG and/or through the observation of clinical conditions
that can facilitate or induce TdP, such as electrolyte disorders and
drug–drug interactions. We believe that the capacity of this French
center to identify adverse cardiac reactions was extremely system-
atic and properly structured where it was possible to identify these
on a large scale, different from the low numbers identified in our
study and in the Thai study.25

The risk of drug interactions is higher in the elderly population,
those with multiple comorbidities, as well as in the critical care
environment.31 Drug–drug interactions result from their pharma-
cokinetic and pharmacodynamic properties and, in patients
with COVID-19, an inflammatory response can alter the

pharmacokinetic behavior of drugs.31,32 This factor highlights
the need for monitoring of care by a clinical pharmacist.

In our study, only 94 patients were monitored by ECG before
the start of medications, a low proportion given the resources
available at our institution. Among the monitored PCR-positive
patients, 18.4% had QT interval prolongation during their
COVID-19 treatment. We cannot confirm that this was solely
due to drugs because other factors can contribute to QT prolonga-
tion: electrolyte disorders, acute coronary insufficiency, bradycar-
dia, and bundle branch block, among others.33 Ideally, an ECG
monitoring protocol should be instituted at the beginning and
during such drug therapies.

Some studies have shown that the ADRs were significantly asso-
ciated with length of stay,23,24 but our study did not show this rela-
tionship. However, the duration of drugs involved COVID-19
treatment, the number of drugs used that can cause QT prolonga-
tion, and the use of hydroxychloroquine plus azithromycin were
associated with a greater risk of ADRs in our univariate analysis.

Monitoring of ADRs and drug–drug interactions can be done
through clinical monitoring of signs and symptoms and by mon-
itoring laboratory tests and diagnoses. However, such monitoring
can be challenging because it is often not possible to ascertain
whether the symptoms presented are due to the disease itself or
any medication being used. The work of a multidisciplinary team
contributes to patient safety, and the establishment of therapeutic
protocols is important and contributes to effective and safe
therapy, especially in the context of new diseases.
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