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a b s t r a c t
a r t i c l e i n f o
(COVID-19) patients is unclear. Thus, the current study objective was to evaluate any change in the QTc interval
in patients who were hospitalized due to COVID-19 receiving favipiravir treatment.
Method: Patients hospitalized with COVID-19 were assessed in this single-center retrospective study. 189Keywords:
Background: The effect of favipiravir on the QTc interval during the treatment of Coronavirus Disease 2019

patients, whose diagnosis was confirmed using real-time PCR, were included in the study. The patients were
divided into three groups: those using hydroxychloroquine (Group 1, n = 66), hydroxychloroquine plus
favipiravir (Group 2, n = 66), and favipiravir only (Group 3, n = 57). The QTc interval was measured before
treatment (QTc-B) and 48 h after (i.e., the median) starting treatment (QTc-AT).
Results: The median age was 53 (39–66 IQR) and 97 (51%) of patients were female. The median QTc(Bazett)-
change was 7 ms (p=0.028) and 12 ms (p< 0.001) and in Group 1 and 2, respectively. In Group 3, the median
QTc(Bazett)-change was observed as −3 ms and was not statistically significant (p = 0.247). In multivariable
analysis, while there was a significant relationship between QTc-AT(Bazett) and hydroxychloroquine
(β coefficient = 2687, 95%CI 2599–16,976, p = 0,008), there was no significant relationship with favipiravir
(β coefficient = 0,180, 95% CI -6435-7724, p = 0,858). Similarly, there was a significant relationship between
the QTc-AT interval calculated using the Fredericia formula and hydroxychloroquine (β coefficient = 2120,
95% CI 0,514–14,398, p=0,035), but not with favipiravir (β coefficient= 0,111, 95% CI -6450- 7221, p= 0,911).
Conclusion: In the ECG recordings received in the following days after the treatment was started in COVID-19
patients, there was a significant prolongation in the QTc interval with hydroxychloroquine, but there was no
significant change with favipiravir.

© 2020 Elsevier Inc. All rights reserved.
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Introduction

Coronavirus Disease 2019 (COVID-19), first reported in Wuhan,
China, on December 31, 2019, rapidly spread throughout the world
within a few months and was declared as a pandemic by the World
Health Organization. COVID-19 is caused by severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), [1] and although it causes
pneumonia primarily, it also affects other organs and tissues. SARS-
CoV-2 can cause myocardial injury, and depending on the main
disease effects and the medications used as treatment, it can lead to
prolongation of the corrected QT (QTc) interval and cardiac arrhyth-
mias. [2–4] Drugs such as azithromycin and hydroxychloroquine are
used to treat COVID-19; however, they have been demonstrated to
cause fatal arrhythmias, such as Torsades de pointes, through prolon-
gation of the QTc interval. [4–6]

Favipiravir is an inhibitor of the RNA-dependent RNA polymerase of
many RNA viruses, and it has been shown to be effective in the treat-
ment of influenza and, to some extent, Ebola virus disease (EVD)
[7–9]. Favipiravir, which is also administered to COVID-19 patients,
has a safe side-effect profile, but there are inadequate data on its effect
on the QTc interval. [10]. Significant QT prolongation due to favipiravir
was demonstrated in a patient with EVD in a previous case study. [11]
Favipiravir was not shown to have a detectable effect on QT intervals
in a study performed by Kumagai et al. on healthy adults that used
moxifloxacin as a positive control to enable high-powered statistical
analysis. [12] To the best of our knowledge, the effect of favipiravir on
the QTc interval in COVID-19 patients has not been evaluated in any
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study to date. Thus, the current study objective was to investigate any
change in the QTc interval in patients hospitalized due to COVID-19 re-
ceiving favipiravir therapy.
Method

COVID-19 adult patients, hospitalized at the University of Health
Sciences Diyarbakır Gazi Yaşargil Training and Research Hospital
between April 15 and May 31, 2020, were the focus of this single-
center, retrospective study. A COVID-19 diagnosis constituted a pos-
itive finding from a real-time reverse-transcriptase (RT) polymerase
chain reaction (PCR) assay of nasal and pharyngeal swab specimens.
Patients who had negative RT-PCR results, received azithromycin
therapy, had a pacemaker rhythm and no electrocardiogram (ECG)
recordings were excluded from the study. 189 patients were in-
cluded in the study. The patients were divided into three groups:
those on hydroxychloroquine (Group 1), hydroxychloroquine plus
favipiravir (Group 2), and favipiravir only (Group 3). A Flow-chart
of patient selection was given in Fig. 1.

The demographic, clinical characteristics, and laboratory parameters
of the participants during their hospitalization were obtained from the
hospital's electronic medical records.

Hydroxychloroquine and/or favipiravir therapy was initiated by
infectious disease specialists and pulmonologists according to the
clinical, laboratory, and radiological findings of the patients.
Hydroxychloroquine was given orally at 400 mg BID for the first
day (loading dose) followed by 200 mg BID for 4 days. Favipiravir
was given orally at 1600 mg BID for the first day (loading dose)
followed by 600 mg BID for 4 days.

Myocardial injurywas defined as the presence of at least one cardiac
troponin value above the 99th percentile upper reference limit. Two or
more systemic inflammatory response syndrome (SIRS) criteria were
significantly associated with QTc prolongation in a previous study that
evaluated patients treatedwithmedication that prolonged theQT inter-
val [4]. In the current study, four SIRS criteria were evaluated; I.
tachypnea (respiratory rate > 20 breaths/min), II. tachycardia (heart
Fig. 1. Flow-chart of p

116
rate > 90 beats/min), III. fever or hypothermia (temperature of >38 °C
or < 36 °C), and IV. leukocytosis, leukopenia, or bandemia (white
blood cell count of >12,000/mm3, < 4000/mm3, or bandemia of
≥10%). A SIRS diagnosis was based on evidence of two or more of
these criteria.

Approximately 50% of calcium in serum is bound to proteins, princi-
pally albumin. Albumin is a “negative” acute-phase reactant. Albumin
levels decrease due to infection, and, in turn, are accompanied by low
calcium levels. Therefore, the corrected calcium level was calculated
using the following equation: corrected calcium (mg/dL) = total cal-
cium (mg/dL) + 0.08 × (40 - albumin [g/L]) [13].
Electrocardiographic analysis

Standard 12‑lead electrocardiogram (ECG) images were obtained
at 25mm/s paper speed and 10mm/mV calibration during emergency
department admission (QTc-B) and again after a median of 48 h
(at least 24 h) after starting treatment (QTc-AT). Electrocardiography
was conducted using Nihon Kohden's Cardiofax® M electrocardio-
gram; the images were transferred to a computer via a scanner and
analyzed using ImageJ® digital image processing software. The elec-
trocardiographic analysis was performed by two experienced cardiol-
ogists who were blinded to the patient data. The opinion of a third
cardiologist was sought in instances where consensus was lacking.
Lead II was used for the analysis; failing that, lead V5 was utilized.
When both leads II and V5 were deemed unsuitable, one of the
remaining leads was chosen. The QT interval was measured from the
beginning of the QRS complex to T wave termination and averaged
over 3–5 beats. If a U wave followed the T wave, the T wave offset
was measured as the nadir between the T and U waves. Bazzet's for-
mula can overestimate the QTc interval at high heart rates. Therefore,
the QT intervals were corrected for the effects of heart rate using both
a Bazzet's formula (QTc(Bazett) (QTc = QT/[R - R]1/2) and the
Fridericia formula (QTc(Fre) (QTc = QT/[R - R]1/3). The Bogossian
formula [14] was used to calculate the modified QT interval: QTm =
QT - 48.5% x QRS duration for patients with QRS of >120 ms.
atient selection.
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The study was approved by the Turkish Ministry of Health and the
local institutional ethics committee. The study protocol conformed to
the Declaration of Helsinki.
Statistics

The continuous variables were presented as a median inter-
quartile range (IQR) (25–75%) owing to their non-normal distri-
bution. The categorical variables were expressed as percentages.
The Wilcoxon signed-rank test was used to assess any change in
the QTc after treatment. The chi-square test was employed for
inter-group comparisons. Continuous variables were compared
between Groups 1, 2, and 3 using the ANOVA or Kruskal–Wallis
H tests as appropriate. Multivariable linear regression analysis
was utilized to evaluate the relationship between the clinical pa-
rameters, medications, laboratory parameters (age, gender, potas-
sium levels, calcium levels, SIRS, congestive heart failure,
myocardial injury, loop diuretics, beta-blockers, favipiravir, and
hydroxychloroquine), and QTc-AT.Two separate models were con-
structed with QTc-AT, calculated by the formula of Bazett's and
Fredericia formula. In all the statistical analyses, a p-value of
<0.050 was considered to be statistically significant. The data
were analyzed using Statistical Package for Social Science® 24.0.
Table 1
Baseline characteristics, clinical, laboratory, and electrocardiographic findings of patients.

Total (n = 189) Group I (n

Age, years 53 (40–67) 43 (29–59
Female gender, n (%) 97 (51%) 32 (48%)
Hypertension, n (%) 51 (27%) 11 (17%)
Diabetes mellitus, n (%) 38 (20%) 9 (14%)
Smoking, n (%) 59 (30%) 18 (27%)
Congestive heart failure, n (%) 4 (2%) 1 (0,5%)
Coronary artery disease, n (%) 19 (10%) 5 (3%)
Chronic respiratory disease, n (%) 14 (7%) 4 (6%)
Myocardial injury, n (%) 9 (5%) 2 (%3)
≥2 SIRS criteria, n (%) 57 (30%) 13 (20%)
Radiographic finding of pneumonia, n(%) 180 (95%) 57 (86%)
Length of hospital stay, days 7 (5–10) 6 (5–8)
Intensive care unit admission, n (%) 26 (14%) 2 (3%)
Loop diuretic use, n (%) 5 (3%) 1 (2%)
Temperature, °C 37 (36,7-37,6) 37 (36,6-
Systolic blood pressure, mmHg 110 (105–120) 110 (100−
Diastolic blood pressure, mmHg 70 (69–79) 70 (69–77
White blood cell, 103/uL 6,13 (4,60–8,00) 6,40 (4,79
Neutrophil, 103/uL 4,11 (3,05-5,60) 3,96 (2,73
Lymphocyte, 103/uL 1,31 (0,93-1,76) 1,48 (1,22
Hemoglobin, g/dL 13,6 (12,7-14,8) 13,7 (12,6
C-reactive protein, mg/L 29 (4–68) 4,8 (2–25
Pro-calsitonin, ng/mL 0,07 (0,04-0,11) 0,04 (0,03
D-dimer, ng/mL 186 (122–328) 155 (95–2
Creatinine, mg/dl 0,81 (0,71-1,03) 0,76 (0,67
Albumin, g/L 38 (35–42) 42 (39–46
Total calcium, mg/dL 8,60 (8,15-8,90) 8,90 (8,50
Corrected calcium, mg/dL 8,62 (8,36-8,93) 8,61 (8,39
Potassium baseline, mmol/L 4,03 (3,78-4,38) 4,00 (3,82
Heart rate baseline, beat/min 88 (78–98) 89 (76–10
Heart rate at 3rd day, beat/min 81 (74–89) 80 (70–87
QRS duration baseline, ms 90 (84–100) 92 (84–10
QRS duration after treatment, ms 92 (86–102) 96 (86–10
QT interval baseline, ms 360 (340–377) 355 (333–
QT interval after treatment, ms 376 (360–400) 380 (362–
Delta QT, ms 20 (4–64) 23 (10–37
QTc(Bazett) interval baseline, ms 430 (415–450) 424 (413–
QTc(Bazett) interval after treatment, ms 438 (421–456) 429 (414–
Delta QTc(Bazett), ms 5 (−8–19) 7 (−9–21
QTc(Fre) interval baseline, ms 405 (392–423) 404 (388–
QTc(Fre) interval after treatment, ms 418 (401–431) 419 (395–
Delta QTc(Fre), ms 10 (−4–23) 10 (−4–2

Baseline characteristics, clinical, laboratory and electrocardiographic findings of patients Conti
ables were expressed as number (%). SIRS, Systemic Inflammatory Response Syndrome; Fre, F
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Results

In total, 189 COVİD-19 patients, diagnosed using RT-PCR, were in-
cluded in the current study. The median age of the participants was
53 years (39–66 IQR). Ninety-seven (51%) of the patients were fe-
male. The participants were divided into three groups: those using
hydroxychloroquine (Group 1, n = 66), hydroxychloroquine plus
favipiravir (Group 2, n = 66), and favipiravir only (Group 3, n = 57).
Compared to the other groups, the lymphocyte, albumin, and calcium
levels were lower in Group 2. Conversely, age, C-reactive protein,
d-dimer, pro-calcitonin, the proportion of patients admitted to the
ICU, the number of patients with ≥2 SIRS criteria, and total hospital
stay duration were higher in Group 2 than those of Groups 1 and 3.
The baseline characteristics, and the clinical, laboratory, and electro-
cardiographic findings of the patients are presented in Table 1.

ThemedianQT-Bwas 360ms (340–377 IQR), and themedianQT-AT
was 376 ms (360–400 IQR). A significant prolongation was observed in
the QT interval in all three groups after treatment (Group 1, p < 0,001;
Group 2, p < 0,001; Group 3, p 〈0,001). The median QTc-B (Bazett) was
430 ms (415–450 IQR), and the median QTc-AT(Bazett) was 438 ms
(421–456 IQR). Significant QTc(Bazett) interval prolongation (5 ms)
was observed after the start of treatment (−8,19 IQR, p ≤ 0.001). The
median change in QTc(Bazett) was 7 ms (−9, 21 IQR, p = 0.028) and
12 ms (IQR of 1–25, p ≤ 0.001) in Groups 1 and 2, respectively. In
= 66) Group II (n = 66) Group III (n = 57) P value

) 58 (49–70) 50 (40–67) <0,001
32 (48%) 33 (58%) 0,494
23 (35%) 17 (30%) 0,047
15 (%23) 14 (%25) 0,243
23 (35%) 18 (31%) 0,640
1 (0,5%) 2 (1%) 0,683
7 (4%) 7 (12%) 0,670
8 (12%) 2 (3%) 0,169
5 (%8) 2 (%3) 0,396
29 (44%) 15 (26%) 0,008
66 (100%) 57 (100%) <0,001
8 (7–12) 6 (5–10) <0,001
18 (27%) 6 (10%) <0,001
2 (3%) 2 (4%) 0,767

37,4) 37,3 (36,7–38) 37,1 (36,7-37,6) 0,042
120) 120 (110–126) 112 (108–120) 0,023
) 70 (69–77) 70 (69–80) 0,590
-8,57) 6,29 (4,61-8,40) 5,63 (4,52-7,03) 0,262
-5,48) 4,55 (3,19-6,21) 3,71 (2,91-5,23) 0,094
−2,01) 1,1 (0,78-1,51) 1,30 (0,92-1,73) <0,001
-14,9) 13,7 (12,8-14,6) 13,4 (12,6-14,8) 0,919
) 58 (31−102) 29 (6–53) <0,001
-0,06) 0,09 (0,06-0,19) 0,08 (0,05-0,11) <0,001
58) 240 (165–484) 190 (120−312) <0,001
-0,90) 0,94 (0,76-1,14) 0,81 (0,71-1,16) 0,001
) 37 (34–39) 37 (34–40) <0,001
–8,91) 8,30 (8,0-8,60) 8,6 (8–9,05) <0,001
-8,83) 8,53 (8,25-8,86) 8,72 (8,49-9,19) 0,016
-4,28) 4,00 (3,78-4,42) 4,11 (3,71-4,35) 0,987
0) 88 (78–98) 90 (79–98) 0,773
) 84 (75–92) 80 (73–88) 0,068
0) 93 (84–100) 88 (82–96) 0,074
4) 94 (86–103) 90 (84–100) 0,365
377) 362 (344–385) 357 (340–373) 0,344
402) 380 (365–394) 370 (354–392) 0,260
) 16 (3–35) 17 (2−32) 0,297
446) 431 (420–449) 433 (419–452) 0,068
458) 448 (431–464) 434 (417–446) 0,002
) 12 (1–25) -3 (−12–7) <0,001
419) 411 (397–430) 405 (392–418) 0,115
431) 423 (410–440) 408 (400–425) 0,011
2) 14 (−1–26) 3 (−7–14) 0,030

nuous variables are presented given as median (interquartile range) and categorical vari-
redericia.



M. Çap, Ö. Bilge, F. Işık et al. Journal of Electrocardiology 63 (2020) 115–119
Group 3, a change of −3 ms((−12, 7 IQR) was observed in the QTc
(Bazett); however, this finding was without statistical significance (p
= 0.247). The median QTc-B(Fre) was 405 ms (392–423 IQR) and the
medianQTc-AT(Fre)was 418ms (401–431 IQR). Similar to QTc(Bazett),
a significant prolongation was observed in Groups 1 and 2 in QTc(Fre),
while the change in Group 3 was not statistically significant (respec-
tively p < 0,001, p < 0,001, p = 0,075).

A significant relationship was observed between the QTc-AT
and hydroxychloroquine using multivariable linear regression analysis
(β coefficient = 2687, 95% CI 2599–16,976, p = 0,008); however, the
relationship between QTc-AT and favipiravir was non-significant
(β coefficient = 0,180, 95% CI-6435–7724, p = 0,858) (Table 2, Model
I). Similarly, therewas a significant relationship between theQTc-AT in-
terval calculated using the Fredericia formula and hydroxychloroquine
(β coefficient = 2120, 95% CI 0,514–14,398, p = 0,035), but not with
favipiravir (β coefficient = 0,111, 95% CI -6450- 7221, p = 0,911)
(Table 2, Model II).

In six patients, a QTc-AT(Bazett) intervals exceeding 500 ms or a
change in the QTc intervals of >60 ms were observed, and
hydroxychloroquine was discontinued in four of these patients. Four
of these patients were in Group 1 and two were in Group 2. Torsades
de pointes were not observed, and there were no arrhythmic deaths;
however, 11 of the patients died from respiratory failure and/or sepsis
in the ICU follow-up.

Discussion

A key finding in the current studywas that significant QTc prolonga-
tion was observed in COVID-19 patients approximately two days after
they received hydroxychloroquine and hydroxychloroquine plus
favipiravir. However, this did not apply to patients who were given
favipiravir only. In addition, a significant relationshipwas demonstrated
between hydroxychloroquine and the QTc-AT interval using multivari-
able linear regression analysis; however, a significant relationship be-
tween the QTc-AT interval and favipiravir was not observed.

COVID-19 causes pneumonia primarily, but it can also cause car-
diac injury. Although myocardial injury directly relates to viral in-
fection, it can occur due to severe acute respiratory infection that
causes hypoxia. [15] QTc prolongation and cardiac arrhythmias are
the results of both cardiac damage and the drugs used in the treat-
ment. [4–6] Hydroxychloroquine, which is widely used in many
countries in the treatment of COVID-19, prolongs ventricular repo-
larization (the QT interval) and sometimes induces Torsades de
pointes by blocking the potassium channels. [16] In the current
study, the QTc interval was significantly prolonged in the patients
in Groups 1 and 2 after hydroxychloroquine treatment. Tisdal
et al. showed that parameters, such as age, gender, sepsis, myocar-
dial infarction, heart failure, baseline QTc interval, potassium levels,
Table 2
Multivariable linear regression analysis between the QTc-AT (Bazett and Fredericia) and clinic

Model 1 (Bazett)

β-coefficient CI 95%

Age (year) 3047 0,092 - 0,428
Gender (female) 2465 1401 - 12,654
QTc-B 10,455 0,503 - 0,737
Potassium -2009 −13,067 - −0,117
SIRS criteria ≥2 2189 0,730 - 14,107
Hydroxychloroquine 2687 2599 - 16,976
Favipiravir 0,180 −6435 - 7724
Congestive heart failure −0,860 −30,961–12,163
Myocardial injury 0,676 −8622–17,598
Loop diuretic −0,403 −23,927–15,079
Beta-blocker 1119 −4167–15,079
Calcium −1597 −10,811–1141

QTc-B: QTC baseline; CI: Confidence Interval; QTcAT: QTc after treatment; SIRS: Systemic Infla
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number of drugs prolonging the QTc interval, and loop diuretic
use, were predictors of QTc prolongation in patients using medica-
tion that caused QTc prolongation. [17] Again, in a recent study in
COVID-19 patients, SIRS criteria ≥2 was observed among the
parameters predicting QTc prolongation significantly. [4] In the
present research, a significant relationship was identified
between age, gender, QTc-B, potassium levels, SIRS criteria ≥2,
hydroxychloroquine, and QTc-AT(Bazett) using multivariable lin-
ear regression analysis. Similarly, there was a significant relation-
ship between the QTc-AT interval calculated using the Fredericia
formula and hydroxychloroquine.

Favipiravir is an antiviral agent that selectively and potently in-
hibits the RNA-dependent RNA polymerase of RNA viruses. [18]
Favipiravir, which is used to counter RNA viruses, such as EVD and
influenza, is a broad-spectrum drug and is used in COVID-19 treat-
ment, having been approved for use in COVID-19 treatment in
March 2020 in China [19]. Currently, favipiravir, widely used in
many countries, has a safe profile, but concerns remain about its ef-
fects on the QTc interval. [10] QTc prolongation was observed on the
9th day of treatment in a patient who was previously using
favipiravir for Ebolavirus infection. [11] In this patient, the loading
dose given was 6000 mg and 2400 mg daily thereafter. His admis-
sion potassium levels were 3.5 mmol/L, and ionized calciumwas de-
termined to be 1.08 mmol/L when QTc prolongation was evident.
However, favipiravir was administered to this patient at a much
higher dose than that used to treat COVID-19 patients. QTc interval
prolongation may be due to sepsis and electrolyte abnormalities, as
well as higher doses and longer use of favipiravir. Similarly, prolon-
gation of the QTc interval was observed in some patients in Group 3
(only favipiravir) in the present study and it was determined that
this prolongation was not due to favipiravir using multivariate anal-
ysis. A small-scale study (56 people) was conducted in Japan to
evaluate the effect of favipiravir on the QTc interval in healthy
adults. The patients were divided into four groups and were given
1200 mg favipiravir, 2400 mg favipiravir, moxifloxacin, and pla-
cebo, respectively. Significant QTc interval prolongation was not
identified on ECG images, obtained three and six hours after the
favipiravir was administered. [12] This study did not provide suffi-
cient information about the effects of the treatment dose on the
QTc interval and changes in the QTc interval in subsequent days
since the loading dose was lower than that used for COVID-19 pa-
tients, and the ECG findings were obtained after three and six
hours. In the current study, a significant change in the QTc(Bazett)
and QTc(Fre) interval was not observed on the ECG images taken
48 h (median) after favipiravir treatment in Group 3 (respectively
p= 0.247, p = 0,075). Favipiravir was also not shown to have a sig-
nificant relationship with QTc-AT(Bazett) and QTc-AT(Fre) using
multiple regression analysis (respectively p = 0,858, p = 0.911).
al variables.

Model 2 (Fredericia)

P value β-coefficient CI 95% P value

0,003 2190 0,018–0,346 0,030
0,015 1609 -1006–9877 0,109
<0,001 9764 0,486–0,732 <0,001
0,046 −1828 −12,046–0,461 0,069
0,030 2268 0,934–13,483 0,025
0,008 2120 0,514–14,398 0,035
0,858 0,111 −6450–7221 0,911
0,391 0,128 −19,495–22,194 0,898
0,500 −0,701 −17,252–8207 0,484
0,688 −0,064 −19,828–18,589 0,949
0,265 0,155 −8520–9969 0,877
0,112 −0,843 −8265–3319 0,401

mmatory Response Syndrome.
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Despite the small number of patients in the current study, the use of
favipiravir alone, or in combination with hydroxychloroquine at the
dose recommended for the treatment of COVID-19 patients, appeared
to be safe in terms of QTc prolongation. Large-scale prospective studies
are warranted to clarify concerns about this issue.

Conclusion

In the ECG recordings received in the following days after the treat-
ment was started in COVID-19 patients, there was a significant prolon-
gation in the QTc interval with hydroxychloroquine, but there was no
significant change with favipiravir.
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