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ABSTRACT Objective: The Coronavirus disease-2019 (COVID-19)
pandemic has caused the death of many people worldwide. Treatment
protocol had to be developed as soon as possible so drug combina-
tions, whose reliability has not been fully disclosed, have started to be
used. In this study, we aimed to evaluate the effect of azithromycin
(AZT), hydroxychloroquine (HCQ), and favipiravir (FVR) combina-
tion on the corrected QT (QTc) interval. Material and Methods:
Eighty-four consecutive COVID 19 patients were enrolled in the
study. All patients received AZT and HCQ, however, FVR was added
to the combination in 32 patients with severe pneumonia at the be-
ginning. ECG characteristics of all patients before treatment and on
the fifth day of treatment were compared. Results: There was no sig-
nificant difference between the HCQ+AZT group (n=52) and
HCQ+AZT+FVR groups (n=32) in terms of baseline clinical charac-
teristics. QTc interval significantly prolonged on the fifth day of treat-
ment in the HCQ+AZT group (413,75+30,13; 440,27+36,11 p<0.001)
and in the HCQ+AZT+FVR group (426,65+32,83; 468,22+42,13
p<0.001). When both groups were compared in terms of AQTc, a sig-
nificant increase was observed in the HCQ+AZT+FVR group com-
pared to the HCQ+AZT group (40(-14/175), 23(-28/213) respectively,
p=0.042). In seven of the patients, QTc> 500 ms was detected after
the treatment, four patients in the HCQ+AZT+FVR group and three
patients in the HCQ+AZT group. Conclusion: We observed that FVR
caused more prolongation in the QTc interval when used with the
combination of HCQ+AZT. We recommend that patients who receive
this treatment be monitored more closely for QTc.

Keywords: Azithromycin; COVID-19; favipiravir;
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OZET Amag: Koronaviriis hastaligi-2019 [coronavirus disease-2019
(COVID-19)], diinya ¢apinda bir¢ok dliime neden olan bir pandemiye
yol agt1. Tedavi protokoliiniin bir an dnce gelistirilmesi gerektiginden,
giivenilirligi tam olarak tanimlanmamis ila¢ kombinasyonlarinin kul-
lanilmasina neden oldu. Bu ¢alismada, azitromisin (AZT), hidroksik-
lorokin (HCQ) ve favipiravirin (FVR) kombinasyonunda diizeltilmis
QT (QTec) aralig: iizerindeki etkisini degerlendirmeyi amagladik. Gereg
ve Yontemler: Calismaya, 84 ardisik COVID-19 hastasi dahil edildi.
Tim hastalara AZT ve HCQ verildi, ancak baslangigta siddetli pno-
monili 32 hastada kombinasyona FVR eklendi. Tiim hastalarin tedavi
oncesi ve tedavinin 5. giiniinde elektrokardiyografi 6zellikleri karsi-
lastirildi. Bulgular: HCQ+AZT grubu (n=52) ile HCQ+AZT+FVR
gruplar1 (n=32) arasinda baslangi¢ klinik 6zellikleri agisindan an-
lamli fark yoktu. QTc aralig1, tedavinin 5. giinlinde HCQ+AZT gru-
bunda (413,75430,13 msn; 440,27+36,11 msn p<0,001) ve
HCQ+AZT+FVR grubunda (426,65+32,83 msn; 468,22+42,13 msn
p<0,001) anlamli sekilde uzadi. Her 2 grup AQTc ac¢isindan karsi-
lastirildiginda, HCQ+AZT+FVR grubunda, HCQ+AZT grubuna
gbre anlamli bir artig gozlendi (sirasiyla 40 (-14/175) msn, 23 (-
28/213) msn, p=0,042). Tedaviden sonra hastalarin 7’sinde QTc>500
msn Ol¢iildii, bu hastalarin 4’4 HCQ+AZT+FVR grubunda ve 3’
HCQ+AZT grubundaydi. Sonug: Calismamizda, HCQ+AZT kombi-
nasyonu ile kullanildiginda FVR’nin, QTc araliginda daha fazla uza-
maya neden oldugunu gozlemledik. Bu tedaviyi alan hastalarin, QTc
icin daha yakindan izlenmesi gerektigi kanaatindeyiz.
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The severe acute respiratory syndrome-coron-
avirus-2 (SARS-CoV-2) virus is the cause of coro-
navirus-2019 disease (COVID-19), which causes
alarming worldwide due to its high mortality. Sev-
eral drug treatments have been investigated since
World Health Organization has declared it as a pan-
demic.

In the outbreak of COVID-19 pandemic,
chloroquine and hydroxychloroquine (HCQ) have
emerged as a potential therapeutic option for the
treatment.! These drugs are widely used for
COVID-19 in many countries.

Azithromycin (AZT) is a macrolide antibiotic
which is widely used to treat respiratory tract in-
fections.? The combination of AZT with HCQ has
been shown to potentiate viral load reduction and
disappearance.’ In many countries, the combination
of chloroquine/HCQ and AZT is used as standard
therapy in the COVID-19 outbreak.

The common feature of these drugs is that they
cause a long corrected QT (QTc) interval and have
the potential for cardiac arrhythmia.>* Although these
drugs are used for a short time (5-10 days), it has been
observed that QTc prolongation may require discon-
tinuation of treatment in pandemic studies.’” Like-
wise, significant arrhythmias were observed in
patients hospitalized for COVID-19.!° The arrhyth-
mogenic effects of other drugs [e.g. favipiravir
(FVR), lopinavir/ritonavir] that can be added to this
treatment are also completely uncertain.

FVR is a RNA-dependent RNA polymerase in-
hibitor used for many RNA viruses.!! It has been
shown to provide faster viral clearance and higher
improvement in chest imaging in patients with res-
piratory system involvement.'>? FVR is currently
used in two countries for the potential efficacy in
the COVID-19 outbreak.

The arrhythmogenic effect of adding FVR to
chloroquine/HCQ and AZT is ambiguous. Studies
evaluating the effects of FVR on QTc interval in
the pre-pandemic period are contradictory.'*'* In
this study, we aimed to evaluate the effects of
adding FVR to HCQ and AZT treatment on the QTc
interval.
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I MATERIAL AND METHODS

A retrospective study was conducted between the
dates of 23 May 2020 and 15 Jul 2020 for patients
who received inpatient treatment due to COVID-19.
Approval from the Ethics Committee of Ordu Uni-
versity was obtained (2020/146). The procedures
used in this study adhere to the tenets of the Declara-
tion of Helsinki. Because of the retrospective study
design, the committee waived the requirement for in-
formed patient consent. According to previous simi-
lar studies in the literature, as a result of the
simulation analysis performed through PASS 11
(Power and Sample Size, version 11, for Windows),
the sample size required for 80% power was deter-
mined as at least 34 individuals in total.

The study population is patients who are admit-
ted to the emergency department because of their
symptoms related to COVID-19 disease. SARS-
CoV-2 RNA positive patients by real-time reverse
transcription-PCR from the nasopharyngeal swab
sample or patients with COVID-19 compatible in-
volvement in chest computed tomography (CT) were
included in the study. Patients not meeting the crite-
ria for therapy were excluded from the study.

Medical treatment of patients was given accord-
ing to local treatment guidelines for COVID-19. All
patients received 200 mg bid HCQ (5 days) after
loading 400 mg bid on the first day. AZT was loaded
with 500 mg od on the first day and then was contin-
ued 250 mg od (5 days). FVR was given in patients
with severe pneumonia, 1,600 mg bid was loaded on
the first day and 600 mg bid continued (5 days).'*

AZT and HCQ treatment was given to 52 pa-
tients with positive COVID-19 Polymerase Chain
Reaction (PCR) test and defined as HCQ+AZT
group. HCQ, AZT, and FVR treatment was given to
32 patients with positive COVID-19 PCR test and/or
severe pneumonia on chest CT and defined as
HCQ+AZT+FVR  group.
(ECG) features of these two groups were compared.

Electrocardiographic

The treatments patients received for concomi-
tant diseases and the use of antiarrhythmic drugs were
recorded.
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Peripheral venous blood samples of the patients
were obtained on their admission to the inpatient
ward and repeated daily. An automated blood cell
counter (Beckman, California) was used for measur-
ing complete blood count parameters. Blood bio-
chemistry parameters were measured in terms of
creatinine, liver

C-reactive protein, troponin,

transaminases, and serum electrolytes.

Serum electrolyte levels were monitored and
noted as it may affect the QTc interval of all patients.
If serum potassium <3.5 mmol/L, calcium level <9
mg/dL (2.2 mmol/L), magnesium level <1.5 mg/dL
(<0.6 mmol/L), electrolyte replacement therapy was
administered.

Twelve lead ECG was performed to all patients
by the E70 12 channel ECG machine (Guangdong Bi-
olight Meditech Co.) before and five days after treat-
ment initiation. QRS duration, QRS morphology, and
QT interval duration were recorded in all patients. The
calculation of the QTc interval was made manually by
a cardiologist blinded to the study using Bazett’s for-
mula. All ECG analyzes were performed by a single
cardiologist. If a baseline bundle branch block (BBB)
was present, the J-T interval was measured and 120
ms was added to obtain the QT interval duration.

Patients under 18 years old, patients with base-
line QTc> 500 ms, patients using concomitant medi-
cation that prolongs QTc, and patients who were
added FVR to treatment regimen after the first day
were excluded from the study.

STATISTICAL ANALYSIS

In all statistical analyses, SPSS 22.0 Statistical Pack-
age Program for Windows (SPSS Inc., Chicago, IL,
USA) was used. In order to test the normality of dis-
tribution, Kolmogorov-Smirnov test was used. The
continuous variables were expressed as meantstan-
dard deviation, the categorical variables as percent-
age. In order to test the difference of the numeric
variables between the groups, Student t-test or Mann-
Whitney U test was used. In order to test the differ-
ence of the categorical variables between the groups,
chi-square test was used. The paired samples test was
used to compare the parameters of electrocardiogra-
phy before and after treatment. A p value of <0.05
was accepted as statistically significant.
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I RESULTS

When the patients in HCQ+AZT+FVR group and
HCQ+AZT group were compared; were compared
the age was higher (75.6+13.36; 65.13+£19.79; re-
spectively, p=0.02), lymphocyte was significantly
lower (p=0.01) in the HCQ+AZT+FVR group. There
was no difference in other parameters (Table 1).

When electrocardiographic parameters were
compared between HCQ+AZT+FVR group and
HCQ+AZT group; before treatment QRS (105.70+
23.17 ms and 95.06+£20.42 ms; respectively), after
treatment QRS (106.91+23.0 ms and 94.67+17.62
ms; respectively) and after treatment QTc (468.22+
42.13 ms and 440.27+36.11 ms; respectively) were
significantly higher in the group HCQ+AZT+FVR
(respectively; p=0.05 p=0.01, p=0.004) (Table 2).

When QRS and QTc before and after treatment
were compared in both groups, only QTc was signif-
icantly higher in two groups (in HCQ+AZT+FVR
group; before treatment QTc 426.65+32.83 ms after
treatment QTc=468.22+42.13 ms p<0.001 in
HCQ+AZT group; before treatment QTc=413.75+
30.13 ms after treatment QTc=440.27+36.11 ms
p<0.001) (Table 3).

When AQRS and AQTc were compared, there
was no significant difference between the groups in
AQRS and there was a significant difference between
the groups in AQTc (in HCQ+AZT+FVR group 40
(-14/175) ms and in HCQ+AZT group 23 (-28/213)
ms p=0.042) (Table 4) (Figure 1).

In seven of the COVID-19 patients included in
the study, QTc>500 ms after treatment was detected
in four patients in the HCQ+AZT+FVR group, and
three patients in the HCQ+AZT group. Characteris-
tics of patients with QTc>500 ms according to treat-
ment groups are given in Table 5.

In patients included in the study; no new-onset
atrial fibrillation, ventricular tachycardia, Torsade de
Pointes, and arrhythmogenic death were observed.

I DISCUSSION

This study shows that HCQ and AZT cause signifi-
cant prolongation in the QTc interval, even with
short-term use. Adding FVR to AZT and HCQ causes
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TABLE 1: Comparison of baseline characteristics and laboratory findings of COVID-19 patients using and not using favipiravir.

HCQ+AZT+FVR
group

Variables n=32
Age, years 75.6£13.36
Gender, male, n (%) 19 (59.37)
Hypertension, n (%) 22 (68.75)
Diabetes mellitus, n (%) 12(37.5)
Coronary artery disease, n (%) 7(21,18)
Heart failure, n (%) 10 (31,25)
Hemoglobin, g/dL 11.86+3.44
White blood cell, 10° uL 11.73x7.27
Neutrophil, 10° uL 9.05£6.31
Lymphocyte, 10° uL 1.15+0.67
Monocyte, 10° uL 0.78+0.37
Platelet, 10° uL 226.86+111.77
Mean platelet volume, 10.31+1.31
Creatinin, mg/dL 1.69+1.75
GFR, mL/dk/1.73 m? 52.88+32.63
Sodium, mEg/L 135.05+7.87
Potassium, mmol/L 4.19+0.71
Calcium, mg/dL 8.92+0.42
Albumin, 3.51+1.41
Troponin 0.86+2.74
CRP 9.89+8.40

HCQ+AZT
group
n=52 p value

65.13+19.79 0.02
25 (48.07) 0.30
31(59.61) 0.16
11(21.15) 0.12
15 (28.84) 0.58
12(23.07) 0.26
12.38+2.14 0.43
9.93+5.05 0.23
7.26+4.80 0.19
1.78+1.07 0.01
0.69+0.34 0.33
241.73+75.35 0.51
10.49+1.02 0.54
1.54+2.13 0.77
61.22+35.63 0.35
137.69+6.16 0.13
4.13+0.64 0.75
9.10+0.56 0.18
3.86+0.56 0.10
1.04+4.34 0.85
6.80+9.05 0.17

HCQ: Hydroxychloroquine; AZT: Azithromycin; FVR: Favipiravir; GFR: Glomerular filtration rate; CRP: C-reactive protein.

TABLE 2: Comparison of electrocardiography parameters of COVID-19 patients using and not using favipiravir.

HCQ+AZT+FVR

group
Variables n=32
Heart rate, beats/minute 90.78+£19.08
PR, ms 170+£24.69
Before treatment QRS, ms 105.70£23.17
After treatment QRS, ms 106.91£23.0
Before treatment QTc, ms 426.65+32.83
After treatment QTc, ms 468.22+42.13

HCQ+AZT
group
n=52 p value
82.81+19.29 0.10
159.51+26.83 0.17
95.06+20.42 0.05
94.67+17.62 0.01
413+30.16 0.10
440.27+36.11 0.004

HCQ: Hydroxychloroquine; AZT: Azithromycin; FVR: Favipiravir; CRP: C-reactive protein; QTc: Corrected QT.

more prolongation in the QTc interval. Premature dis-
continuation of treatment due to long QTc was not
needed and no arrhythmogenic event due to treatment
was observed.

SARS-CoV-2 is a virus from the coronaviridae
family, which is the cause of COVID-19 disease.'®
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Treatment protocol had to be developed as soon as
possible so drug combinations, whose reliability has
not been fully disclosed, have started to be used. In
many countries, various drugs are used in addition to
the combination of HCQ and AZT, such as
lopinavir/ritonavir, FVR, remdesivir.!”" In this
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TABLE 3: Comparison of the parameters of electrocardiography
before and after treatment.
HCQ+AZT+FVR group
n=32
Variables Before After p value
QRS, ms 105.70+£23.17 106.91£23.0 0.21
QTc, ms 426.65+32.83 468.22+42.13 <0.001
HCQ+AZT group
n=52
Before After p value
QRS, ms 95.06+20.42 94.58+17.37 0.61
QTc, ms 413.75¢30.13 440.27+36.11 <0.001

HCQ: Hydroxychloroquine; AZT: Azithromycin; FVR: Favipiravir, CRP: C-reactive protein;
QTc: Corrected QT.

TABLE 4: Comparison of AQTc and AQRS.
HCQ+AZT+FVR HCQ+AZT

group group

n=32 n=52 p value
A QTc median 40 23 0.042
(minimum/maximum) (-14/175) (-28/213)
A QRS median 1.0 1.0 0.77
(minimum/maximum) (-5/12) (-38/14)

HCQ: Hydroxychloroquine; AZT: Azithromycin; FVR: Favipiravir; CRP: C-reactive protein;
QTc: Corrected QT, A= Delta; Min: Minimum; Max: Maximum.

250.00

200.00

150.00 -

100.00 4

Delta QTe

50.00 4

-50.00

Favipiravir

FIGURE 1: Delta corrected QT values according to groups.

study, we investigated the effect of AZT, HCQ, and
FVR combination on the ECG characteristics to give
the treatment in safer conditions.

HCQ and chloroquine are agents used in
rheumatic diseases and malaria. In a study, Gautret
et al. reported that HCQ potentiates viral load reduc-
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tion and disappearance.® Chloroquine affects the ac-
tion potential through the potassium channels and
may cause QRS widening and QT interval prolonga-
tion.”® Malign ventricular arrhythmias related to
short-term chloroquine use during the COVID-19
outbreak have not yet been reported, nevertheless, it
has been shown to cause >500 ms QTc interval and
35 ms ec prolongation in the average QTc interval.’
HCQ may have less toxicity than chloroquine but is
not without risk.?! Previous studies with HCQ have
been shown to cause high doses of ventricular ar-
rhythmias and Torsades de Pointes (TdP).?>** In a re-
cent study in COVID-19 patients, prolongation in
QTec interval was also detected in short-term use in a
patient group where HCQ and chloroquine were eval-
uated together.” However, the effect of short-term
HCQ use on the QTc interval is uncertain.

AZT is an antibiotic which is used to treat respi-
ratory tract infections. AZT-induced QT prolonga-
tion was especially observed in patients with
concomitant use of other QT-prolonging drugs or pa-
tients with preexisting cardiovascular conditions.?
The synergistic effect of HCQ and AZT has been
shown in a study. So combination use was preferred
in many countries.’ In a study of COVID-19 pa-
tients treated with HCQ and AZT, an average in-
crease of 19.3 ms in the QTc¢ interval was observed.
In the results of this study, it was observed that the
combination use of HCQ and AZT did not cause a
significant increase in the QTc interval compared
to the use of HCQ alone, however, the maximum
QTec interval is significantly higher in the combi-
nation group.’ In our study, all patients used with
HCQ and AZT in combination therefore the study
population consisted of patients with a higher risk
of QTc interval prolongation. In this study, a me-
dian 23 ms prolongation in the QTc interval was
observed in the HCQ+AZT group, this value seems
to be compatible with that in similar studies.

FVR is an RNA-dependent RNA polymerase
inhibitor used for many RNA viruses. Its effective-
ness has been previously shown in influenza
viruses, arenaviruses, hantaviruses, flaviviruses,
and enteroviruses.!' SARS-CoV-2 is an RNA virus,
like other viruses where FVR is effective. FVR has
been shown to provide faster viral clearance and
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Male, n {% )

Age

Hypertension, n (%)

Diabetes mellitus, n (%)
Chronic renal failure, n{%)
Coronary artery disease, n (%)
Heart failure, n (%)

Baseline QTc, ms

After treatment QTc, ms

TABLE 5: Characteristics of patients with QTc> 500 ms.
QTc> 500 ms in HCQ+AZT+FVR group QTc>500 ms in HCQ+AZT group
n=4 n=3

2(50%) 1(33%)
67+14.67 80+4
3 (75%) 2 (66.66%)
1(25%) 1(33.33%)
3(75%) 1(33.33%)
2 (50%) 2 (66.66%)
2 (50%) 1(33.33%)

446.50+54.69 453.0+51.06

553.75+13.37 540.33+60.38

HCQ: Hydroxychloroquine; AZT: Azithromycin; FVR: Favipiravir; QTc: Corrected QT; CRP: C-reactive protein.

higher improvement in chest imaging in patients
with respiratory system involvement.'? Kumagai et
al. showed that there was no significant increase in
the QTc interval after administration of FVR 1,200
mg and 2,400 mg on 56 healthy volunteers.'* How-
ever, Chinello et al. reported 98 ms ec prolongation
in QTc interval due to FVR in a patient infected with
ebolavirus. It was observed that QT¢ returned to normal
after discontinuation of FVR in this patient.!* Cardiac
safety of FVR is uncertain in the COVID-19 patient
group taking two risky drugs (HCQ and AZT) for pro-
longation in the QTc interval.

To the best of our knowledge, our study is the first
to evaluate the cardiac safety of adding FVR to the com-
bination of HCQ and AZT. Although the number of pa-
tients in this study is limited, a significant prolongation
in the QTc interval was detected in the patient group re-
ceiving FVR treatment compared to the other group.
Despite this prolongation, no patient had the medica-
tions discontinued prematurely because of long QTc in-
terval. Torsades de Pointes or sudden cardiac death due
to QTc prolongation were not observed in patients in-
cluded in the study, however, this may be due to rela-
tively small number of patients. It has been shown that
50 ms prolongation in QT interval is associated with
two-fold increased all-cause mortality in patients with
rheumatoid arthritis.* The frequencies of arrhythmia
and arrhythmogenic death in COVID-19 disease should
be clearly demonstrated in further large-scale studies.

It is recommended to discontinue treatment if
QTc>500 ms, because it was associated with two or
three times increased frequency of TdP.>?7 In this
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study, we detected not only a marginally significant in-
crease in median QTc with FVR, but also the QT in-
terval >500 ms was in 4 patients in the patient group
receiving FVR treatment, while the QT interval >500
ms was in 3 patients in the other group. The more pro-
longation in the QTc¢ interval in the FVR group may be
due to the direct effect of FVR on QTc interval as well
as undefined drug interactions, however, the study can-
not determine the reason for this. This suggests that
FVR treatment should be given much more carefully
in patients with a tendency to QT prolongation.

LIMITATIONS

There are several limitations in our study. Firstly, al-
though the number of patients enrolled in the study is
equivalent to similar studies, it may not be sufficient
to assess the real frequency of arrhythmogenic
events.’ Second, our study was designed retrospec-
tively. Third, the patients’ diseases that existed be-
fore the COVID-19 infection were known, however,
an echocardiographic evaluation was not routinely
performed to the patients.

I CONCLUSION

To the best of our knowledge, our study is the first to
evaluate the cardiac safety of FVR in COVID-19 dis-
ease. We observed that FVR caused more prolongation
in the QTc interval when used with the combination of
HCQ+AZT. We also observed that the risky QT inter-
val for arrhythmias such as TdP was higher in these pa-
tients. Although no arrhythmogenic event due to FVR
was observed, we recommend that these patients should
be monitored more closely for the QT interval.
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