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Abstract

Background - Based on inhibition of viral replication and limited reports on clinical efficacy,
hydroxychloroquine (HCQ) is being considered as prophylaxis and treatment of COVID-19.
Although HCQ is generally considered safe during pregnancy based on studies in patients with
systemic lupus erythematous and other rheumatic conditions, there may still be reluctance to
institute this antimalarial during pregnancy for the sole purpose of antiviral therapy.

Methods - To provide data regarding any potential fetal/neonatal cardiotoxicity, we leveraged a
unique opportunity in which neonatal electrocardiograms (ECGs) and HCQ blood levels were
available in a recently completed study evaluating the efficacy of HCQ 400mg daily to prevent
the recurrence of congenital heart block associated with anti-SSA/Ro antibodies.

Results - Forty-five ECGs were available for QTc measurement, and levels of HCQ were
assessed during each trimester of pregnancy and in the cord blood, providing unambiguous
assurance of drug exposure. Overall, there was no correlation between cord blood levels of HCQ
and the neonatal QTc (R = 0.02, P = 0.86) or the mean of HCQ values obtained throughout each
individual pregnancy and the QTc (R = 0.04, P = 0.80). In total 5 (11%; 95% CI: 4% - 24%)
neonates had prolongation of the QTc > 2SD above historical healthy controls (2 markedly and 3
marginally) but ECGs were otherwise normal.

Conclusions - In aggregate, these data provide reassurances that the maternal use of HCQ is
associated with a low incidence of infant QTc prolongation. However, if included in clinical
COVID-19 studies, early postnatal ECGs should be considered.

Registration - https://clinicaltrials.gov; Unique Identifier: NCT01379573.

Key words: QT interval electrocardiography; pediatrics; pregnancy; hydroxychloroquine;
COVID-19



Nonstandard Abbreviations and Acronyms

CHB: congenital heart block

COVID-19: coronavirus disease

ECG: electrocardiogram

EFE: endocardial fibroelastosis

HCQ: hydroxychloroquine

QTc: Corrected QT interval

SARS-CoV-2: severe acute respiratory syndrome coronavirus 2
SLE: systemic lupus erythematosus

Introduction

As the world faces the pandemic of the novel coronavirus SARS-CoV-2 and its resulting illness
(COVID-19), the reach for therapeutics assumes the highest of priorities. Two anti-malarials,
hydroxychloroquine (HCQ) and chloroquine (CQ), have surfaced as promising candidates. By
raising endosomal pH, these weak bases have been shown in vitro to decrease SARS-CoV-2
viral replication.! It has been suggested that endosome maturation is blocked at intermediate
stages of endocytosis, which would then result in decreased transport of virions to the ultimate
releasing site.” Since the race against time has precluded mature placebo-controlled trials,
favorable results from China support efficacy of CQ against COVID-19-associated pneumonia®
and a very limited French study using HCQ reported a significant reduction in viral carriage.*
Although such positive results were not reproduced in a limited study comparing HCQ to
placebo,’ the United States has embraced massive testing of HCQ for both prophylaxis of high-
risk patients and treatment (for example, see https://clinicaltrials.gov/ct2/show/NCT04308668).
As the use of HCQ continues to expand, two relevant points surface: that of toxicity, and that of

inclusion or exclusion of pregnant women. Concerns regarding cardiac toxicity have surfaced



based on the FDA-approved package insert for HCQ, which states that the drug may prolong the
QTc. Accordingly, data are needed to address cardiac safety in the neonate exposed to HCQ.

This is especially true since there is a known transplacental passage of HCQ® and the
terminal elimination half-life of HCQ is long’. After absorption, the half-life of HCQ is
approximately 40 days owing to the large volume of distribution in the blood. Moreover, HCQ
can distribute to aqueous cellular and intercellular compartments, resulting in long mean
residence times.®

Physicians caring for patients with systemic lupus erythematosus (SLE) are intimately
familiar with HCQ. It is virtually the most frequently prescribed long-term medication used to
treat this disease, a practice driven by extensive literature supporting the prevention of flares and
reduction of mortality.®® Predictably, these clinically favorable effects have led to the strong
recommendation by the American College of Rheumatology to maintain HCQ during pregnancy
in these patients.'® Furthermore, based on promising retrospective and case-control studies,
maternal use of HCQ may extend to the prevention of anti-SSA/Ro-associated congenital heart
block (CHB). 12 The overall safety of HCQ during pregnancy is supported by the absence of
congenital malformations in over 400 pregnancies.'® 14

To provide further data on the fetal cardiac effects of exposure to HCQ, we leveraged a
recently completed open-label study in which HCQ was prospectively evaluated to reduce the
recurrence rate of CHB. Herein reported are the results of available electrocardiograms (ECGs)
obtained within four months of postnatal life of fetuses exposed to HCQ from 10 weeks of
gestation until delivery. Supporting maternal compliance and unambiguous fetal exposure, levels

of HCQ during each trimester and delivery as well as in cord bloods are presented.



Methods
Description of Parent Study
The authors declare that all supporting data are available within the article. In brief, the
Preventive Approach To Congenital Heart Block With Hydroxychloroquine (PATCH) study is
an open-label single-arm Phase Il trial to assess whether HCQ is effective for the prevention of
CHB recurrence (https://clinicaltrials.gov/ct2/show/NCT01379573).% Treatment with HCQ
400mg was required by completion of 10 weeks of gestation and the dose was maintained
throughout pregnancy. If the mother was already on HCQ the dose remained at 400mg, and if the
mother was taking 200mg the dose had to be escalated to 400mg by 10 weeks. The trial was
funded by the National Institute of Arthritis and Musculoskeletal and Skin Diseases and
philanthropic foundations. The protocol was approved by the NYU School of Medicine
(NYUSOM) Institutional Review Board (IRB), and all study participants gave written informed
consent. The trial was overseen by a data and safety monitoring board (DSMB) of independent
experts which convened every six months by teleconference. Patients were eligible if they had
anti-SSA/Ro with or without anti-SSB/La antibodies irrespective of rheumatologic maternal
diagnosis and a previous pregnancy with any of the following complications: fetal 2° or 3° CHB,
serious cardiac injury defined as autopsy evidence of a mononuclear infiltrate in the
endocardium, myocardium and pericardium, and/or the presence of severe endocardial
fibroelastosis (EFE) associated with cardiac dysfunction seen on fetal echocardiography.t®
Maternal blood was obtained at baseline, second trimester and birth to determine
antibody levels by ELISA using native Ro60, recombinant Ro52 and recombinant La48 in the
lab of JPB as previously described.'® To assess maternal compliance, HCQ levels were

measured when possible at baseline, second trimester, third trimester, delivery and in cord bloods



in Paris, France as previously described.” 18 Values reported at < 100 ng/ml, which imply that
the measurement of HCQ is below the level of detection, were assigned a specific value of 50
ng/ml in the calculation of mean values.

The primary endpoint of the main study was recurrence of 2° or 3° block in utero or at
birth. The cardiac secondary endpoints consisted of prolonged fetal Doppler mechanical PR
interval (>150msec) documented on the fetal echocardiogram (AV interval) or PR interval on
ECG done at or after birth. Evaluation of QT/QTc intervals (see below) were not included in the
study outcomes. Infants had an ECG and/or echocardiogram performed at birth and/or up to one
year after birth.

Included in the current sub-study were all neonates in which an ECG result and HCQ
levels were available. Several additional neonates who were screen failures based on maternal
dosing past 10 weeks were also included as the appropriate information was still collected.
Available ECGs (birth to four months of age) with sufficient quality to evaluate the QTc were
read by the pediatric cardiologist (DMF). The ECGs of affected newborns who met the primary
outcome of advanced block were not included in this safety study so that the results only reflect
those infants with no clinical cardiac disease. Using the Bazett formula to correct for heart rate,
corrected QT (QTc) intervals were calculated and compared to age-matched normal values.'® For
the median (2" percentile — 98" percentile), values for QTc were 413 (378-448) msec in males,
and 420 (379-462) msec in females. QTc intervals were recorded in the absence of knowledge of
the HCQ levels. Values exceeding 448 msec for males and 462 msec for females were
considered abnormal. We are aware of the common usage of Schwartz to calculate the QTc but

chose the recent simplified method as our historical control.?



Statistical Analysis

The Pearson correlation coefficient was used to estimate the association between blood HCQ
levels and the neonatal QTc intervals. In addition, HCQ levels were divided into quartiles and
neonatal QTc levels were compared between the highest and lowest HCQ quartiles with the two
sample T-test and Mann-Whitney test. Since results were nearly identical, only those based on
the former are reported. For all analyses, two HCQ levels were used: a) HCQ levels in cord
blood or close to birth and b) the average of the maternal HCQ levels obtained at each trimester
and delivery plus cord levels. A two-sided P-value of < 0.05 was considered statistically
significant. All data analyses were performed utilizing GraphPad Prism (GraphPad Software Inc,

La Jolla, CA).

Results

As detailed in Table 1, there were 45 ECGs available for interpretation within the first 4 months
of life in unaffected infants. Levels of HCQ obtained throughout pregnancy, albeit not available
in 5 (11%) of the cord bloods, confirmed fetal exposure. Given that the terminal elimination half-
life of HCQ is very long,’ the unavailability of a cord blood HCQ level did not preclude
inclusion in this study. Overall, there was no correlation between cord blood levels of HCQ and
the QTc (R =0.02, P =0.86) or the average value of HCQ levels obtained during each individual
pregnancy and cord blood and the QTc (R = 0.04, P = 0.80), as shown in Figure 1A and Figure
1B. Likewise there was no correlation between the average of the maternal HCQ levels obtained
at each trimester and delivery plus cord levels and the QTc on the ECGs of the 31 infants
evaluated on day of life 1-4 (R = 0.08, P = 0.63) or those of the 14 children older than 4 days (R

=0.01, P =0.95).



Maternal values of HCQ were sustained throughout pregnancy and delivery (Figure 2).
Mean QTc values were nearly identical between those in the highest and lowest quartiles of cord
blood HCQ levels (P = 0.57) and between the highest and lowest quartiles of average HCQ
levels during pregnancy (P = 0.54) (Figure 3A and 3B).

Among these 45 infants, only 5 had prolongation of the QTc (11%; 95% CI: 4% - 24%),
2 marked and 3 marginal. One (#45) was an asymptomatic female born prematurely at 35 weeks
3 days gestation whose QTc on the first day of life was 484 msec. No follow-up ECG is
presently available. Although cord blood HCQ levels were not obtained in this case, the mother
reported taking the drug throughout pregnancy and provided bloods during the first and second
trimesters which substantiated compliance with values > 1,000ng/ml. The second case (#61) was
a full-term asymptomatic male newborn whose QTc on the first day of life was 503 msec. A
repeat ECG on day 2 of life revealed sustained prolongation at 492 msec. No further ECG data
are available; however verbal contact with the mother confirmed no cardiac concerns. Cord
blood HCQ was 585ng/ml with an average level of HCQ at 879 ng/ml throughout pregnancy. Of
relevance, with regard to these two infants (#45 and #61), their ECG tracings were more
challenging to interpret due to baseline artifact, with prominent u waves, such that the QTc may
have been incorrectly read as prolonged. In fact, review by the local pediatric cardiologist was
“normal.” The third case (#89) was a full-term asymptomatic female whose QTc was 471 msec
on the first day of life. Cord blood HCQ was 811ng/ml with an average level of HCQ at
793ng/ml throughout pregnancy. While the mother reports no health issues with the child, no
further ECGs are available. The two other cases (# 82, # 84), both males, had minimal QTc
prolongation of 451 msec on day 1 of life and 450 msec on day 2 of life, respectively. Cord

blood levels were unknown in #82 but maternal levels were close to 1,000ng/ml during the first,



second and third trimesters. The cord blood level was 533ng/ml in case # 84 with an average
HCQ level of 697ng/ml throughout pregnancy. No arrhythmias occurred in any neonate that was

not known to have heart block.

Discussion
The safety of HCQ use in pregnancy is a critical issue especially in consideration of its now very
extended and immediate application to prevent and treat high-risk and positively infected
individuals with SARS-CoV-2. Gathering information to balance against potential antiviral
efficacy is needed. Albeit limited in numbers, the data presented in this sub-study revealed that,
of fetuses with no evidence of CHB who were exposed to HCQ, 89% of their neonatal ECGs
exhibited normal QTcs.

Moreover, assurances of compliance with the medication strengthen the value of the data
since many previous reports in patients with SLE indicate non-adherence to HCQ in up to 31%.%
Relevant to antiviral efficacy, the blood levels observed throughout pregnancy and in the cord
blood were largely equivalent to or even exceeded the mean serum level of HCQ (serum 460
ng/ml which approximates whole blood 920 ng/ml per personal communication, NC: mean ratio
of serum/whole blood levels of HCQ is 0.53 £ 0.15; manuscript in review) reported in the one
open label COVID-19 study which suggested efficacy.*

Previous studies have considered the cardiac safety in offspring exposed to maternal
HCQ. Costedoat-Chalumeau and colleagues reported on the ECGs of 92 newborns at the third
day of life, 47 of whom were exposed to maternal HCQ (doses 200mg to 400mg) and 45 control
newborns whose mothers did not receive HCQ.?? There were no statistical differences in the

mean = SD QTc intervals between the 2 groups (406 + 34 msec vs 407 + 32 msec, HCQ-exposed



and HCQ-unexposed respectively, P = 0.40), with all newborns having normal ECGs. However,
this study did not systematically verify maternal compliance by measuring HCQ maternal or
cord blood levels. Further evidence for safety is addressed in an autopsy performed on one fetus
in the PATCH study in which complete heart block was detected at 19 weeks despite HCQ.
Reassuringly, there were no histologic findings consistent with HCQ toxicity such as myelin
figures.?®

One potential limitation in the study reported herein is that a control group of anti-
SSA/Ro pregnancies unexposed to HCQ was not available. Therefore, an effect of maternal
autoantibodies on the neonatal QTc cannot be entirely excluded. The contribution of anti-
SSA/Ro is considered in part by Costedoat-Chalumeau in a study which included an evaluation
of neonatal ECGs in 58 anti-SSA/Ro-exposed children compared to 85 anti-SSA/Ro-negative
mothers with a known connective tissue disease. There were no differences in mean QTc + SD
between these groups (mean QTc values of 397 £ 27 msec anti-SSA/Ro positive and 395 + 25
msec anti-SSA/Ro negative, P = 0.57).2* Although HCQ levels were not obtained, in 60% of
pregnancies in both groups, the mother took HCQ. Data were not specifically provided on anti-
SSA/Ro mothers who did not take HCQ. A second study also affirms that our results are not
confounded by maternal anti-SSA/Ro antibodies and are likely to be applicable to the general
population of otherwise healthy pregnant women who may be treated with HCQ.?® Specifically,
in a prospective study by Gerosa and colleagues, ECGs were done in infants 20 — 90 days of age.
The mean QTc interval + SD was 414 + 17 in 46 anti-SSA/Ro exposed infants, 420 £ 23 in 25
non-anti-SSA/Ro exposed infants born to mothers with an autoimmune connective tissue disease,

and 416 + 16 in 200 infants of otherwise healthy mothers. A QTc interval > 470ms was
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observed in none of the anti-SSA/Ro-exposed infants. HCQ was used in about a fifth of these
mothers.

Two other considerations are also relevant for clinicians to put these data in perspective.
Study subjects were at increased risk of potential prolongation of QTc shortly after birth because
they were exposed to high levels of HCQ throughout pregnancy in contrast to the short course of
drug being used in COVID-19 trials. Historical controls were used, and specifically referred to
the entire newborn period (birth to one month of life) and not specifically to days 1, 2, or 3 of life
in which the QT interval is more variable and often somewhat prolonged. These considerations,
combined with some difficulties related to baseline artifact and u waves, may have resulted in an
over-reading of QTc intervals.

Although the present study was limited to high titer anti-SSA/Ro positive mothers who
were not ill with a severe potentially multi-system virus and not simultaneously taking other QT
prolonging drugs, the data should be applicable to otherwise healthy pregnant women being
considered for preventive anti-COVID-19 strategies, especially since HCQ will not likely be
given in sustained doses. In aggregate, these data provide reassurances that the maternal use of
HCQ is associated with a low incidence of infant QTc prolongation. However, since 11% of the
neonates (with levels unequivocally assuring exposure to HCQ) did manifest QTc prolongation
shortly after birth, although asymptomatic, consideration should be given to an early postnatal

ECG with appropriate follow-up ECG monitoring as determined by the initial findings.
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Table 1: Newborn Electrocardiographic QT Intervals and Hydroxychloroquine Exposure.

D Ges;\agt]i:nal Sex V\?e':;?] t Maternal | Maternal | Maternal '\D/Islt ie\,rgs Cord p"lgi‘ran':\t HR | oOT QTc
(wks) (kg) 1THCQ | 2THCQ | 3THCQ HCQ HCQ ECC):fG Interval
34 M 2.8 156 | 2weeks | 206 | 200 370
NA 1306 NA <100

3A 34 2.2 114 2weeks | 177 | 236 405
3B 41 F 3.01 161 1205 <100 311 693 molnth 163 | 272 448
10 37 F 2.55 830 870 662 711 1198 | 3weeks | 144 | 268 415
11 41 F 3.36 <100 1153 161 <100 <100 1 day 114 | 316 436
14 35 F 2.07 656 718 1176 1330 320 2days | 133 | 280 417
17 39 M 3.74 1270 801 795 742 632 1 day 136 | 272 410
20 39 F 3.32 <100 604 688 453 389 mo‘rtths 121 | 284 390
21 41 F 3.92 <100 <100 179 <100 <100 1 day 140 | 270 412
22 38 F NA NA NA NA 640 609 mo?\ths 108 | 314 420
24 39 3.27 569 1132 1601 1637 1143 1 day 116 | 330 458
26 39 F 3.59 669 525 925 1097 868 2 day 113 | 280 384
29 35 M 29 869 603 798 723 507 moiths 174 | 248 422
33 39 M 3.18 671 660 1992 1204 975 1 day 140 | 286 436
36 39 M 3.03 951 3264 890 717 682 1 day 154 | 248 397
40 37 F 2.18 1195 900 905 571 1778 1 day 137 | 275 416
41 39 M 3.06 611 891 969 NA NA 1 day 125 | 286 412
42 39 F 3.9 1256 1309 1058 1661 1349 2 days 138 | 292 442
44 35 & 2.14 1308 1149 NA NA NA 1 day 131 | 328 484
45 36 F 2.32 <100 341 566 735 631 moﬁths 117 | 314 438
49 39 M 351 509 1063 905 810 375 1 day 130 | 288 424
52 39 M 3.17 671 601 615 854 1130 1 day 129 | 290 425
54 38 F 2.77 1251 1445 983 NA NA 4 days 144 | 254 393
55 39 F 2.83 134 1235 900 1513 738 2days | 136 | 296 445
57 39 F 3.49 <100 700 NA 839 836 4 days 101 | 296 445
60 38 M 3.42 678 884 1017 938 585 2days | 119 | 350 492
61 40 M 2.99 NA NA NA 1202 966 1 day 145 | 278 433
62 37 F 2 721 794 805 855 486 2 day 112 | 322 439
69 37 M 3.03 527 1409 1999 537 671 | 4weeks | 129 | 302 442
71 35 M NA 597 459 481 363 746 1 day 137 | 274 413
73 35 M 2.63 761 916 783 660 348 2days | 149 | 268 422
74 37 F 3.73 1152 1406 1251 1842 1678 molnth 150 | 250 335
75 35 M 2.04 274 552 NA 1007 655 1 day 154 | 250 401
77 37 M 3.04 707 831 335 688 154 3weeks | 161 | 258 347
80 37 M 3.77 1866 1251 829 NA NA 1 day 108 | 336 451
82 39 M 3.69 930 213 849 715 1124 | 1week | 131 | 274 404
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83 39 M 2.54 362 740 866 819 533 2days | 139 | 296 450
84 38 M 3.42 405 1234 854 790 627 molnth 154 | 246 394
85 39 M 2.69 609 527 626 957 658 2days | 127 | 304 441
87 38 M NA 1005 1153 801 1173 658 molnth 164 | 258 426
88 39 F NA 808 552 642 1168 811 1 day 163 | 286 471
89 38 F NA 1363 862 1694 1028 1366 1 day 107 | 314 419
90 36 F 3.07 363 NA NA NA NA 1 day 133 | 310 454
91 39 F 3.01 250 914 1287 834 637 1 day 155 | 265 353
93 37 F 2.86 663 711 788 832 696 3days | 146 | 268 417

The five infants with prolonged QTc intervals are indicated in bold. All hydroxychloroquine (HCQ) levels are
displayed in ng/ml, and they correspond to levels during the first (IT), second (2T) and third (3T) trimesters and at
delivery, as well as levels in the infant’s cord blood at birth. Values reported at < 100 ng/ml, which imply that the
measurement of HCQ is below the level of detection, were assigned a specific value of 50 ng/ml in the calculation of
mean values. QTc intervals are displayed in msec. All QTc intervals were calculated using the Bazett formula

(QTcB).
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Figure Legends:

Figure 1. Correlation between blood HCQ levels and neonatal QTc. (Panel A) Cord HCQ is
plotted against QTc. (Panel B) Overall mean HCQ levels (obtained by averaging all HCQ levels
throughout an individual pregnancy and cord blood level) are plotted against QTc. Subjects with
an abnormally prolonged QTc are designated with red bold circles. All QTc intervals were

calculated using the Bazett formula (QTcB).

Figure 2. Box plots of maternal blood levels of HCQ during each trimester of pregnancy and
delivery. M1T is baseline first trimester. M2T is second trimester. M3T is third trimester. M-
Delivery is at the time of delivery. Median levels of HCQ (interquartile range) for M1T: 669
ng/mL (363-941); M2T: 877 ng/mL (604-1212); M3T: 849 ng/mL (652-1000); M-Delivery: 815

ng/mL (645-1080). Mean values denoted by + in box plot.

Figure 3. Box plots of QTc interval data for subjects in first and fourth quartiles of cord blood
HCQ levels and average HCQ levels during pregnancy. (Panel A) Comparison of QTc between
the first and fourth quartiles of HCQ cord blood levels. Median QTc (interquartile range) in first
HCQ quartile: 417 msec (390- 424); in fourth HCQ quartile: 419 msec (404-436). (Panel B)
Comparison of QTc between the first and fourth quartiles of HCQ levels averaged over
pregnancy and cord blood. Median QTc (interquartile range) in first HCQ quartile: 413 msec
(398, 443); in fourth HCQ quartile: 433 msec (407, 455). Mean values denoted by + in box

plots. All QTc intervals were calculated using the Bazett formula (QTcB).
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What Is Known:
e Hydroxychloroquine (HCQ) is being tested widely for therapeutic/prophylactic efficacy
against COVID-19, but it is not known if pregnant women can be safely entered into

trials given potential prolongation of the infant QTc.

What the Study Adds:
e Five of 45 (11%) of infants exposed to HCQ 400mg in utero had prolongation of the QTc
> 2SD but were otherwise asymptomatic, and there was no correlation with maternal or
cord HCQ levels.

e Maternal HCQ use is associated with a low incidence of infant QTc prolongation.
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Graphic Abstract

400mg Hydroxychloroquine given to anti-SSA/Ro mothers from
10 weeks of gestation until delivery to prevent recurrent CHB

\4

Hydroxychloroquine levels measured in mother at
each trimester and delivery, and in cord blood

45 ECGs after birth for evaluation of QTc
¢ Overall, 5 (11%; 95% Cl: 4% -
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