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Objective: COVID-19 is a rapidly spreading disease and many people have been infected in a short time.
Favipiravir is under investigation for the treatment of COVID-19 and given to patients in many countries
following emergency use approval. Based on data from animal studies, favipiravir use is contraindicated
during pregnancy. Currently, there is no human data except for a single case report on use of favipiravir in
pregnancy.
Study design: This article includes the outcomes of 29 pregnancies reported to the Clinical Pharmacology
and Toxicology Unit regarding favipiravir use in pregnancy. For drug risk assessment, maternal character-
istics were obtained at first contact. After the expected day of delivery, follow-up is conducted by phone
call and all relevant data regarding pregnancy and newborn outcome were documented.
Results: Of the 29 pregnancies exposed to favipiravir, 5 were electively terminated and 24 resulted in live
birth. There were no miscarriages or no stillbirths. There were 25 live births including one pair of twins.
Three children were born premature, and one infant had patent foramen ovale. Birth weights, lengths and
head circumferences of all infants were within normal range.
Conclusion: The results of the study indicate that favipiravir is unlikely to be a major human teratogen,
but experience is still limited for a well-grounded risk assessment. Although these findings may be useful
for the physicians and patients, larger studies are needed due to small number of cases.

� 2021 Published by Elsevier B.V.
Introduction

Millions of people have died of COVID-19 since the pandemic
began. During the past two years, many drug and vaccine studies
have been conducted against the novel type of coronavirus. How-
ever, at the time of this writing, there are still serious questions
about the prophylaxis and pharmacotherapy options, and unfortu-
nately the deaths continue to climb.

Favipiravir is the antiviral drug of choice for the treatment of
COVID-19 in some countries (Fig. 1), including Russia, India, Japan,
Saudi Arabia, and Turkey [1]. Treatment protocol varies from coun-
try to country. Based on data from animal reproduction studies,
use is contraindicated in pregnancy [2]. Favipiravir increases mal-
formations and decreases fetal viability in experimental animals.
During and after the treatment period, the most effective method
of contraception should be used by both man and woman during
and after the treatment period, because favipiravir can also dis-
perse into the sperm [3]. Favipiravir should not be used in women
who are pregnant or suspected of becoming pregnant, and preg-
nancy test should be done before the drug is given [4].
Currently, there is no human data except for a single case report
on the effect of favipiravir in pregnancy [5]. A pregnant woman
who was given favipiravir due to Ebola infection in the third trime-
ster of pregnancy gave birth to a live baby, Ebola infection was
detected in the baby without congenital anomalies, but the baby
recovered. The pregnant woman who gave birth died due to post-
partum hemorrhage [6].

To date, there are no prospective data on favipiravir use in preg-
nancy and counseling of favipiravir is difficult. Given that
unplanned pregnancies as well as the contraindications of favipi-
ravir in pregnancy, there is a need to evaluate the effects of favipi-
ravir on pregnancy outcome. Therefore, this study aims to
investigate the maternal and neonatal characteristics of favipiravir
exposed pregnancies referred to our hospital for clinical pharma-
cology consultation.
Methods

The study enrolled women who contacted the Clinical Pharma-
cology and Toxicology Unit (CPTU) in a tertiary Turkish hospital,
the Izmir Ataturk Research Hospital, regarding favipiravir exposure
in pregnancy. These were accidental exposures and women discon-
tinued favipiravir use after discovering the pregnancy. Following
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Fig. 1. Geographical distribution of the use of favipiravir.
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clinical practice guidelines for COVID-19 proposed by the Turkish
Ministry of Health [7], favipiravir was given to patients by the fil-
iation teams. Consisting of three members (physician, health pro-
fessional, and assistant personnel), the filiation team is
responsible for following up each case and visiting households to
take history and initiate favipiravir treatment in Turkey [8].

CPTU offers drug risk assessment to pregnant women and
health care providers. For drug risk assessment, the following
information is routinely obtained at the first contact: obstetric
and medical history, consanguineous marriage, details of drug
exposures (dose, duration, timing in pregnancy, concomitant med-
ication), alcohol or illegal drugs and smoking. Following the face-
to-face risk counseling, the pregnant woman receives a written
report. After the expected day of delivery, follow-up is usually con-
ducted by phone call with the woman and all relevant data regard-
ing pregnancy and newborn outcome are documented.

In this study, maternal data and the outcomes of pregnant
women contacted CPTU regarding favipiravir exposure between 1
September 2020 and 31 December 2020 were evaluated retrospec-
tively. Pregnancy complications (such as preeclampsia, oligohy-
dramnios, gestational diabetes, etc.), type of delivery (normal or
cesarean section), whether a congenital defect was observed, post-
partum neonatal diseases and/or need for intensive care, gesta-
tional week, gender, birth weight, birth length and head
circumference of the newborn were questioned. Pregnancies
resulting in premature birth, miscarriage and elective termination
were also recorded. The newborn checkup findings of the family
physician or infant’s pediatrician were examined in detail.

Each case was evaluated individually in terms of pregnancy out-
comes (healthy birth, miscarriage, premature birth, and elective
termination), and it was mainly focused on whether there was a
structural defect in the babies. To assess teratogenicity and well-
being of infants, clinical examinations including blood test, pulse
oximetry, hearing screen and ultrasounds were done by pediatri-
cians at hospital within 72 h of birth. Neonatal congenital anoma-
lies were registered according to the International Classification of
Diseases (ICD-10, Q00-Q99) [9].

Secondary outcomes were data on birth weight, length, and
head circumference of preterm (<37 weeks) and term babies.
Follow-up controls were monthly performed by the family physi-
cians (two times in first month). Weight, supine length, and head
circumference measurements were recorded at the periodic visits,
plotted, and analyzed on the growth chart. Additionally, cognitive,
fine- gross motor, social- emotional and language development
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were routinely assessed at each visit. The newborn percentile val-
ues were assessed in accordance with gender and gestational week
using Fenton’s (preterm) and Neyzi’s (term) infant growth charts
[10,11]. In case of multiple pregnancies, each newborn was consid-
ered as one case.

Categorical data were presented as number and percentages.
Numerical data were described using median and range (mini-
mum–maximum). Because of the limited number of cases, a con-
trol group was not used, and detailed calculations of
significances were not performed.

The study was approved by the university ethics committee
(#20–088, November 2020). All patients were informed that their
medical data will be stored and used for scientific research.

Results

From 1 September 2020 until 31 December 2020 a total of 30
pregnancies with favipiravir exposure were identified. After
excluding one case with favipiravir exposure four months before
pregnancy, 29 exposures occurred during the contraindicated per-
iod (i.e., from 7 days before conception and/or during pregnancy)
were included in this study. In 2 of these 29 cases favipiravir was
taken until 2nd and 3rd day before pregnancy (case 16 and case
24). There was no case lost to follow-up. Pregnant women received
favipiravir treatment for COVID-19 and they were not given a preg-
nancy test before treatment. During face-to-face risk counselling, it
was observed that the pregnant women exposed to favipiravir had
fears about the drug’s risk.

Maternal characteristics are presented in Table 1. Most of the
pregnant women were young (�35 years) and did not smoke or
use alcohol. One in four women was nulliparous and most women
have never had a miscarriage before. There was only one pregnant
woman who reported consanguineous marriage and birth defect
(musculoskeletal anomaly and Down syndrome) in her previous
child (case 20). This woman gave birth to a healthy baby girl
(3390 g, 50 cm) at week 39 by cesarean section.

Approximately one out of every four women had a history of
chronic disease. The most common chronic diseases in pregnant
women were thyroid diseases (3/29), epilepsy (2/29) and allergic
diseases (2/29). These pregnant women also used drugs for their
chronic diseases along with favipiravir. Non-steroidal anti-
inflammatory drugs (NSAID), hydroxychloroquine and paraceta-
mol were mostly taken as additional drugs. These are the drugs
chosen to support the treatment of COVID-19. In addition, it was



Table 1
Maternal characteristics and obstetrical history of favipiravir exposed women
(n = 29).

Number (%)or Median (min/max)

Age 29 (20–39)
�35 years 24 (82.7%)
>35 years 5 (6.8%)
Smoking
No 22 (75.9%)
� 5 cig/day 4 (13.8%)
> 5 cig/day 3 (10.3%)
Alcohol
No 27 (93.1%)
�1 drink/day 2 (6.9%)
> 1 drink/day 0 (0.0%)
Chronic disease
No 22 (75.9%)
Yes 7 (24.1%)
Epilepsy 2 (28.5%)
Hypothyroidism 2 (28.5%)
Hyperthyroidism 1 (14.3%)
Allergic rhinitis 1(14.3%)
Sjögren syndrome 1(14.3%)
Asthma 1 (14.3%)
Consanguineous marriage
No 28 (96.6%)
Yes 1 (3.4%)
Previous pregnancies
0 7 (24.1%)
1 11 (37.9%)
2 8 (27.6%)
3 3 (10.4%)
Previous parities
0 10 (34.5%)
1 10 (34.5%)
2 8 (27.5%)
3 1 (3.5%)
Previous miscarriages
0 23 (79.3%)
1 5 (17.3%)
2 1 (3.4%)
Previous children with birth defect
0 28 (96.6%)
1 1 (3.4%)
Gestational week at first contact CPTU 8 (4–16)

Table 2
Patterns of favipiravir exposure (n = 29).

Number (%) orMedian (min/max)

Time of exposure
Preconception * 2 (6.9%)
1st trimester 25 (86.2%)
0- 3rd week 3 (12.0%)
3rd- 4th week 7 (28.0%)
4th- 5thweek 12 (48.0%)
5th- 6th week 3 (12.0%)
2nd trimester 2 (6.9%)
Dose of favipiravir
3200 mg followed by 1200 mg/day 26 (89.6%)
1200 mg/day 3 (10.3%)
400 mg/day 1 (3.4%)
Duration of exposure (day) 5 (5–14)
Comedication
No 9 (31.0%)
Yes 20 (69.0%)
NSAID 8 (40.0%)
Hydroxychloroquine 7 (35.0%)
Natural products 6 (30.0%)
Paracetamol 5 (25.0%)

* Favipiravir was taken until 2nd and 3rd day before conception.
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determined that about one in three pregnant women used natural
products such as thyme, mint lemon, cinnamon, ginger, cherry
stalk, corn silk, propolis. Three of the pregnant women reported
taking various antidepressant and anxiolytic medications without
a prescription after being diagnosed with COVID-19.

Data on favipiravir exposures during pregnancy are given in
Table 2. All pregnancies were unplanned and the first CPTU contact
of almost all pregnant women was immediately after realizing that
they were pregnant (between weeks 4–16). In pregnant women,
the dose of favipiravir and the duration of treatment were as
described in national treatment protocol (3200 mg followed by
1200 mg/day for 5 days) [7]. However, three pregnant women
reported that they could not continue the medication for 5 days.

Of the 29 pregnancies exposed to favipiravir, 5 were electively
terminated and 24 resulted in live birth. There were no miscar-
riages or no stillbirths. Fig. 2 presents data on favipiravir exposure
and pregnancy outcome. When the cases were evaluated in a
chronological order, it was remarkable that the consultation dates
of the pregnancies resulting in elective termination were on the
first and last days of the study. The absence of similar pregnancies
with favipiravir exposure was the cause of the elective termina-
tions in first cases. In last cases, it was caused by the lack of suffi-
cient data on the drug. Three out of 5 pregnant women who
decided to terminate their pregnancies were nulliparous. Approxi-
mately half of the pregnant women who decided to continue their
pregnancies (11/24) reported that their doctors had also recom-
mended elective terminations to them.
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There were 25 live births (12 males, 13 females) including one
pair of twins. Caesarean section was performed in more than half
of the live births (13/24). Two children were born premature (ges-
tational age at birth < 37 weeks). One of the 25 live born infants
showed minor congenital anomaly (case 9, patent foramen ovale).
The mother had oligohydramnios at week 35 and gave birth at
term. Birth weights, lengths and head circumferences of all infants
including one with birth defect and two preterm babies were
within normal range after correction for sex and gestational age.
The physical growth and neurological development were unevent-
ful for the infants at 4 months of age. Further details are given in
Fig. 3.
Discussion

In this study, 29 pregnancies with favipiravir exposure were
evaluated. No spontaneous abortions and no miscarriages were
observed. While the rates of birth defects and preterm births were
not higher when compared with the general population [12,13],
there was a considerably higher rate of elective termination [14].
Most pregnant women were young (24/29), had no chronic disease
(22/29) and did not use alcohol (27/29) or tobacco (22/29). Except
for one pregnant woman with consanguineous marriage, there was
no history of childbearing with birth defects. They took no addi-
tional teratogenic drugs. So, the study group was well suited to
observe the effects of the drug in pregnancy. On the other hand,
the small number of cases and the inability to compare the data
of the study group with a control group are limitations of the
study. However, while preparing this article, it was aimed to pre-
sent the first data on favipiravir exposure as soon as possible,
because COVID-19 and new drugs used in its treatment are issues
that need urgent evaluation.

There is currently no specific medication for COVID-19. Only an
antiviral drug called remdesivir has been approved by the United
States Food and Drug Administration (FDA), but remdesivir is
unavailable in many other countries of the world [15]. Drugs used
in the treatment vary from country to country and over time. In
this study, pregnant women took favipiravir with/without hydrox-
ychloroquine when referred to CPTU for drug risk assessment.
However, hydroxychloroquine has no place in the treatment of
COVID-19 today [7,15]. Other drugs most taken with favipiravir
were NSAID and paracetamol. This is not surprising because



Fig. 2. Favipiravir exposure and pregnancy outcome * Birth defect, # preterm birth, x elective termination.
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COVID-19 often causes fever and pain. Nearly one in four pregnant
women reported that they used herbal or other natural products
additionally. Three of the pregnant women took various psy-
chotropic drugs after being diagnosed with COVID-19. Pathogenic
and therapeutic uncertainties cause patients to feel depressed
and to seek alternative treatments.

All pregnancies were unplanned and the first CPTU contact was
immediately after discovering the pregnancy. While most of the
exposures occurred within the first weeks of pregnancy, fetuses
may be not yet at great risk of birth defects. Elimination half-life
of favipiravir is shorter (2.5–5 h) when compared with major ter-
atogens such as thalidomide or isotretinoin [2]. However, when
evaluating drug exposure, it should be considered that the critical
period of organogenesis extends from about 20–70 days after the
first day of last menstrual period, or from 1 week before the missed
menstruation until the 44th day [16].

The most striking findings of the study were neonatal outcomes
of women exposed to favipiravir. There were neither stillbirths nor
spontaneous abortions, and all ongoing pregnancies resulted in live
births. No major congenital malformation was observed, but one
child had patent foramen ovale (PFO). PFO is a minor congenital
malformation that affects about one in four newborns [17]. Most
patients with a PFO do not have any symptoms. PFO usually closes
6 months to a year after the baby’s birth [18].
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Two pregnancies resulted in preterm delivery, and these were
planned cesarean sections. One of themwas due to twin pregnancy
at week 32 (case 12) and the other cesarean section was due to
abnormal fetal presentation at week 36 (case 8). The possibility
of premature birth in twin pregnancies is higher than in singleton
pregnancies [19]. Several publications have shown that cesarean
delivery can reduce mortality and morbidity for preterm twins
[20,21]. Preterm birth is also associated with fetal malpresentation
like breech presentation and most breech fetuses are born by
planned cesarean delivery [22].

The rate of elective terminations (5/29, 17.2%) was much more
than reported in the country (approximately 3%) where the study
was conducted [23]. There was no termination for embryonal
pathology. Pregnant women decided to terminate their pregnan-
cies at the earliest stage because of fear of the drug’s risk. Interest-
ingly, nearly half of the women (11/24) who wished to continue
pregnancy reported that their gynecologists or consultant physi-
cians had told they could ‘‘not” have a healthy baby and they
‘‘should” terminate the pregnancy. If drug data is not enough, it
should be explained that drug effects on human pregnancy cannot
be evaluated absolutely based on experimental animal studies. As
well as about the risk of teratogenicity of the drug, physicians
should inform pregnant women about the possibility of giving
birth to healthy children (chance versus risk).



Fig. 3. Child characteristics.
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Loss to follow-up is very important in determining a study’s
validity [24]. There was no loss to follow-up in the study, because
the pregnant women were referred for risk counseling only 11–
14 months before the date of this writing. This demonstrates the
importance of early first contact for follow-up in studies. It is also
important to routinely follow-up in units where drug counseling is
provided during pregnancy. Abnormal pregnancy results that can
be detected in routine follow-up and provide information about
the effects of the drug in pregnancy.

COVID-19 is a rapidly spreading disease and many people have
been infected in a short time. Adverse symptoms of disease and
side effects of drugs used in the treatment should be followed clo-
sely. The focus should be on drug effects and particular attention
should be paid to special patient groups such as pregnant women,
the elderly, and children in the use of newly tested drugs. Since
these groups, especially pregnant women, are excluded from clin-
ical trials for drug efficacy, there is no way to evaluate accidental
exposures other than patient follow-up.

In addition, the findings obtained by the follow-up of the
patients should be shared rapidly, because the terms such as
‘‘uncertainty”, ‘‘no single case” and ‘‘rare medical conditions” can
cause fear and elective pregnancy terminations [25]. Drugs identi-
fied as ‘‘X” or ‘‘contraindicated” based on experimental studies or
insufficient human data are of concern to both physician and preg-
nant woman. High risk perceptions of teratogenic drug effects lead
to mismanagement of pregnancy [26]. Medication counseling in
pregnancy is not just a literature review and its presentation to
the patient. It is necessary to communicate in a way that the preg-
nant woman can understand and to pay attention to her fears and
thoughts about pregnancy. The decision to terminate the preg-
nancy should be left to pregnant woman and her family.
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This study has some limitations. Favipiravir is not approved in
most countries all around the world but only in a few such as Tur-
key. While there is an urgency for a pilot study about the relation-
ship between favipiravir and pregnancy, to counsel patients in the
countries where this drug is allowed, the small number of observa-
tions does not allow to draw firm conclusion to be adopted in other
countries.
Conclusion

The results of the study indicate that favipiravir is unlikely to be
a major human teratogen, but experience is still limited for a well-
grounded risk assessment. Each case with inadvertent favipiravir
exposure in pregnancy should be followed up and reported.
Although these findings are useful for the physicians and patients,
the number of observations is too small to draw firm conclusion.
Nevertheless, it is important that an individual risk assessment
and face-to-face counseling should be done to avoid high risk per-
ceptions of teratogenic effect and mismanagement of pregnancy.
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