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ABSTRACT

In December 2019, a new viral respiratory infection known as
coronavirus disease 2019 (COVID-19) was first diagnosed in
the city of Wuhan, China. COVID-19 quickly spread across
the world, leading the World Health Organization to declare
it a pandemic on March 11, 2020. The disease is caused by
the severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), a similar virus to those involved in other epidemics
such as severe acute respiratory syndrome coronavirus
(SARS-CoV) and Middle East respiratory syndrome coronavi-
rus (MERS-CoV). Epidemiological studies have shown that
COVID-19 frequently affects young adults of reproductive
age and that the elderly and patients with chronic disease
have high mortality rates. Little is known about the impact of
COVID-19 on pregnancy and breastfeeding. Most COVID-19
cases present with mild flu-like symptoms and only require
treatment with symptomatic relief medications, whereas oth-
er cases with COVID-19 require treatment in an intensive care
unit. There is currently no specific effective treatment for
COVID-19. A large number of drugs are being used to fight in-
fection by SARS-CoV-2. Experience with this therapeutic ar-
senal has been gained over the years in the treatment of other
viral, autoimmune, parasitic, and bacterial diseases. Impor-
tantly, the search for an effective treatment for COVID-19
cannot expose pregnant women infected with SARS-CoV-2
to the potential teratogenic risks of these drugs. Therefore, it
is necessary to determine and understand the safety of anti-
COVID-19 therapies prior to conception and during preg-
nancy and breastfeeding.

ZUSAMMENFASSUNG

Im Dezember 2019 wurde erstmals eine neue virale Atem-
wegserkrankung, die den Namen Coronavirus-Erkrankung
2019 (COVID-19) bekam, in der chinesischen Stadt Wuhan di-
agnostiziert. COVID-19 verbreitete sich rasch (iber die ganze
Welt, was die Weltgesundheitsorganisation veranlasste, am
11. Médrz 2020 eine Pandemie auszurufen. Die neuartige Er-
krankung wird von einem Virus aus der Familie der Corona-
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viridae hervorgerufen und wird SARS-CoV-2 (severe acute re-
spiratory syndrome coronovirus type 2) genannt. SARS-CoV-2
tragt ahnliche Merkmale wie Viren, die bei anderen Epidemien
als Erreger auftraten, z. B. SARS-CoV (severe acute respiratory
syndrome coronavirus) und MERS-CoV (Middle East respirato-
ry syndrome coronavirus). Epidemiologische Studien haben
gezeigt, dass COVID-19 oft junge Erwachsene im fortpflan-
zungsfahigen Alter befallt und dass die Sterberaten bei élteren
Menschen und Menschen mit chronischen Erkrankungen
hoch sind. Uber die Auswirkungen von COVID-19 wahrend
der Schwangerschaft und in der Stillzeit ist wenig bekannt.
Die meisten Félle mit COVID-19 haben milde grippedhnliche
Symptome und bendtigen Medikamente nur, um die Symp-
tome zu bekdmpfen. Andere Patienten hingegen missen auf

der Intensivstation behandelt werden. Es gibt derzeit keine
spezifische, effektive Behandlung gegen COVID-19. Es wer-
den aber eine ganze Reihe von Medikamenten eingesetzt,
um gegen die Infektion mit SARS-CoV-2 zu kampfen. Die Er-
fahrungen mit diesem therapeutischen Arsenal wurden tber
Jahrzehnte hinweg durch ihren Einsatz gegen andere virale,
autoimmune, parasitdre und bakterielle Erkrankungen ge-
sammelt. Wichtig ist, dass bei der Suche nach einer effektiven
Behandlung gegen COVID-19 keine schwangeren Frauen mit
SARS-CoV-2 den moglichen teratogenen Risiken dieser Thera-
peutika ausgesetzt werden. Es ist daher nétig, die Sicherheit
von Anti-COVID-19-Therapien prédkonzeptionell sowie wah-
rend der Schwangerschaft und in der Stillzeit zu bestimmen.

Introduction

In December 2019, the city of Wuhan in Hubei province, China,
witnessed the first case of a new respiratory infection that evolved
into severe respiratory failure. The disease followed a similar clini-
cal course to other past outbreaks such as severe acute respiratory
syndrome (SARS) and Middle East respiratory syndrome (MERS),
which occurred in 2002 and 2012, respectively. The new disease
was named coronavirus disease 2019 (COVID-19), and was found
to be caused by a new coronavirus - severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) [1].

The rapid spread of COVID-19 around the world led the World
Health Organization (WHO) to declare it a pandemic on March 11,
2020. In early June 2020, more than 6.3 million cases and more
than 380000 deaths have been registered in 216 countries, with
the United States of America (USA) the global epicenter of the dis-
ease. The WHO has currently estimated an overall mortality rate
of 6% [2].

Studies suggest that COVID-19 mostly affects men (58.1%)
and young adults (55.1% of cases occur in individuals aged be-
tween 15 and 49 years) [1]. A prevalence study detected the pres-
ence of SARS-CoV-2 (positive RT-PCR nasal swab) in 15.4% (33/
215) of pregnant women admitted for delivery in a maternity hos-
pital in New York, USA [3]. In the vast majority of cases, the dis-
ease takes a benign course. The mortality rate varies according
to age group, the presence of comorbidities, and the city/country.
Mortality is higher among men over 65 years of age and in people
with chronic disease such as hypertension, diabetes, and obesity.
More than half of the diagnosed cases occur in people of repro-
ductive age [1].

Infection with SARS-CoV-2 can manifest as asymptomatic or
mild flu-like symptoms to severe respiratory failure. The under-
standing of the pathophysiology of this disease is still poor. The
clinical manifestations of COVID-19 can be divided into three
stages [4]. Stage | is characterized by mild flu-like symptoms
(symptoms such as malaise, headache, fever, dry cough, and diar-
rhea). Patients may only present with these symptoms but, in a
small proportion of cases, patients progress to a more severe form
of the disease. The recommended treatment at this early stage
aims only to provide symptom relief, but some authors suggest al-

ready using drugs with antiviral and immunomodulatory actions
(chloroquine [CQ], ivermectin, azithromycin, or zinc) to reduce
the risk of progressing to more severe forms of disease [5].

Pulmonary impairment is more evident in the second stage of
COVID-19. Patients in this stage of disease develop viral pneumo-
nia and present with tachypnea, cough, and fever with absence
(stage lIA) or presence (stage 11B) of hypoxia. Patients in this phase
should receive therapy for symptom relief and the most severe
cases require oxygen therapy. Despite the lack of evidence and
lack of consensus, different therapies with antiviral drugs, anti-
coagulants, corticosteroids, and adjuvant medications are used
in a range of protocols [5-7].

Stage Ill is the most severe phase and includes systemic mani-
festations of hyperinflammation (a mechanism known as a cyto-
kine storm), lung injury, and multiple organ involvement. Studies
have shown that inflammatory cytokines and biomarkers such as
interleukin (IL)-2, IL-6, IL-7, granulocyte colony-stimulating factor,
macrophage inflammatory protein 1-a, tumor necrosis factor-o
(TNF-0), C-reactive protein, ferritin, and D-dimer are significantly
elevated in patients with the more severe form of disease. Differ-
ent therapies such as the use of antiviral drugs, high doses of cor-
ticosteroids, intravenous human immunoglobulin, inflammatory
IL inhibitors, and hyperimmune plasma are being evaluated to
treat this stage of disease [8,9].

Traditionally, drugs used during pregnancy and breastfeeding
are classified by the Food and Drug Administration (FDA) into five
groups (A, B, C, D, and X), according to the risk of teratogenicity
and maternal, fetal, and neonatal complications. Category A in-
cludes drugs for which adequate and well-controlled studies have
failed to show a risk to the fetus in the first trimester of pregnancy
(and for which there is no evidence of risk in the later trimesters).
Category B are drugs for which animal reproduction studies have
failed to demonstrate a risk to the fetus, but for which there are
no adequate, well-controlled studies in pregnant women. Cate-
gory C are drugs for which animal reproduction studies have
shown an adverse effect on the fetus and for which there are no
adequate, well-controlled studies in humans, but whose potential
benefits may warrant the use of the drug in pregnant women de-
spite the potential risks. Category D are drugs for which there is
positive evidence of human fetal risk based on adverse reaction

Cavalcante MB et al. COVID-19 Treatment: Drug... Geburtsh Frauenheilk 2021; 81: 46-60 | © 2021. The author(s). 47



% Thieme

data from investigational or marketing experience or studies in
humans, but where the potential benefits may warrant the use of
the drug in pregnant women despite the potential risks. Cate-
gory X are drugs where studies in animals or humans have dem-
onstrated fetal abnormalities, and/or there is positive evidence of
human fetal risk based on adverse reaction data from investiga-
tional or marketing experience. Additionally, the risks involved in
use of the drug in pregnant women clearly outweigh the potential
benefits [10,11].

In 2015, to provide further clarification, the FDA replaced the
old pregnancy risk caregories with a new system - the Pregnancy
and Lactation Labeling Rule. The new rule has three main catego-
ries: females and males of reproductive potential, pregnancy (in-
cludes labor and delivery), and lactation (includes nursing moth-
ers). Despite the recent change, much of the available literature
still uses the old methodology [10,11].

The effects of COVID-19 on female fertility and pregnancy out-
comes and the severity of SARS-CoV-2 infection in the different
trimesters of pregnancy are still unknown. Based on the literature
available at the moment, it can be assumed that the clinical
course of COVID-19 may be complicated by pregnancy, but con-
clusions about a high risk of maternal mortality are not yet defin-
itive [12,13]. Women of reproductive age and women who are
pregnant or breastfeeding represent an important percentage of
patients with COVID-19 who are exposed to different drugs, often
without clear evidence regarding their safety for use during preg-
nancy and breastfeeding. Unfortunately, there are only a small
number of ongoing studies investigating the safety of these med-
ications during pregnancy and breastfeeding. Smith et al. noted
that 388 (0.1%) trials of the 335447 trials registered on the Clini-
calTrials.gov registry were related to COVID-19 and only 5 (1.3%)
trials were related to pregnancy [14].

The purpose of this review is to assess the status of the current
literature on the safety of therapies prescribed to treat COVID-19
during the period prior to conception and during pregnancy and
breastfeeding. The authors used the following keywords to search
the databases of PubMed/MEDLINE and Scopus and identify the
main therapies proposed for the treatment of COVID-19: “treat-
ment”, “therapy”, “COVID-19”, “SARS-CoV-2”. The authors then
conducted a literature review into the safety of these therapies
during preconception, pregnancy and breastfeeding.

Chloroquine/Hydroxychloroquine

Hans Andersag discovered chloroquine (CQ) in 1934. It has been
used since 1947 for the treatment and prophylaxis of malaria and
is administered orally. The FDA approved the use of CQ in 1949.
Because it is well absorbed (67-100% absorption), the peak blood
concentration is reached in 30 minutes. Binding to plasma pro-
teins is reported at 40-60%. Elimination occurs mainly via urine,
half of which is non-metabolized CQ [15].

Hydroxychloroquine (HCQ) is a racemic mixture of R and S en-
antiomers. It has fewer side effects than CQ. The FDA approved
the use of HCQ in 1955. HCQ also shows good absorption, but its
plasma peak is only reached at 3.5 hours and it has a half-life of
22 days in blood. Excretion is predominantly urinary, with about
20% non-metabolized HCQ [15].

The mechanisms of actions of CQ/HCQ are not yet fully under-
stood. An in vitro study revealed that CQ is effective at both the
entry and post-entry stages of SARS-COV-2 infection in Vero E6
cells [16]. CQ/HCQ increases the pH of the endosomes and modi-
fies the glycosylation of angiotensin-converting enzyme 2
([ACE2], SARS-CoV-2 receptor) during the initial stage of infec-
tion. These mechanisms justify the use of CQ/HCQ in the treat-
ment of COVID-19. CQ/HCQ also have immunomodulatory and
anti-inflammatory effects, which promote downregulation of the
Th17 response and decrease the levels of inflammatory ILs (IL-6,
IL-17, and IL-22). This action may reduce the cytokine storm oc-
curring with severe forms of COVID-19 (» Fig. 1) [15]. The results
of the first studies that evaluated the isolated use of CQ/HCQ orin
association with azithromycin and/or zinc are being published;
however, its effectiveness is still questioned. Recently, Mehra et
al. reported that the use of CQ or HCQ with or without a macro-
lide for the treatment of COVID-19 was associated with decreased
in-hospital survival and an increased frequency of ventricular ar-
rhythmias [17].

Studies on the use of CQ/HCQ in preconception, pregnancy,
and breastfeeding are still limited. The drug crosses the placenta
and is excreted in small amounts in breast milk. Theoretically, CQ/
HCQ presents a risk of damaging the central nervous system via
ototoxicity (auditory and vestibular toxicity, congenital deafness),
retinal hemorrhages, and abnormal retinal pigmentation to the
fetus. Human pregnancies resulting in live births have been re-
ported in the literature, and no increase in the rate of birth defects
has been demonstrated. In animal studies, high doses of CQ/HCQ
caused embryonic death and eye malformations. CQ/HCQ are ex-
creted in small amounts (approximately 2% of the maternal dose
after bodyweight correction) in human breast milk. The use of
CQ/HCQ during breastfeeding is accompanied by a potential risk,
despite the small amounts excreted in human breast milk [18].

Observational studies have shown no harmful effects on the fe-
tus when CQ/HCQ are used in the recommended doses for the
prophylaxis of malaria and rheumatologic diseases. The use of
CQ/HCQ during breastfeeding also appears safe and presents no
risk of visual complications or abnormal neurodevelopmental out-
come. Some specialists suggest that the use of CQ/HCQ is com-
patible or presents a low risk during pregnancy and breastfeeding
(» Table 1) [19,20].

Remdesivir

Remdesivir is a drug that was developed in 2016 with the aim of
fighting the Ebola virus. In 2017, new studies tested the use of
remdesivir against SARS-CoV-1 and MERS-CoV in vitro in rats and
non-human primates and showed prophylactic and therapeutic
action [21,22]. In vitro studies revealed that remdesivir is effec-
tive at the post-entry stages of SARS-COV-2 infection in Vero E6
cells [16]. This drug is an antiviral analog of adenosine, which is
incorporated into RNA polymerase chains when it is metabolized
within cells, thereby preventing replication of the virus (» Fig. 1)
[23]. Its side effects are not yet well known; however, nausea,
vomiting, diarrhea, abdominal pain, headache, anemia, and
muscle and joint pain were observed as the most common ef-
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» Fig. 1 Mechanisms of action of COVID-19 treatment drugs.

fects, with the same side effects reported for other antivirals in
patients with COVID-19 [24].

Grein et al. conducted their study in hospitalized patients with
the severe form of COVID-19. The majority of these patients re-
ceiving invasive ventilation showed a clinical improvement with
the use of remdesivir in relation to their need for oxygen support,
especially the group of patients who were receiving non-invasive
treatment [23]. In addition, a randomized clinical trial with a larg-
er sample is under development by the National Institute of Al-
lergy and Infectious Diseases, and there have been promising pre-
liminary results regarding the use of the drug, such as reducing
the length of hospital stay [25]. Based on this observation, in
May 2020, the FDA authorized the emergency use of remdesivir
in critically ill hospitalized patients with suspected or confirmed
COVID-19 infection in the USA.

Cavalcante MB et al. COVID-19 Treatment: Drug...
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The use of remdesivir in pregnant and lactating women has
been poorly studied so far. Animal studies demonstrated no ad-
verse effects on embryofetal development. Remdesivir should be
used during pregnancy only if the potential benefit justifies the
potential risk for the mother and fetus. There is no information re-
garding the presence of remdesivir in human milk, the effects on
the breastfed infant, or the effects on milk production. Some ani-
mal studies have detected remdesivir and metabolites in the nurs-
ing pups of mothers administered remdesivir (» Table 1) [26].
However, it was observed that the drug was shown to be safe in
pregnant patients with Ebola, without significant adverse effects
[27].
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» Table 1 Drugs used to treat COVID-19 and recommendations on their use during pregnancy and breastfeeding.

Drug FDA Transplacental Recommendations Presence in breast milk Recommendations
category  passage

Chloroquine/ C Crosses the Safe for use in pregnancy? Present in breast milk Compatible with

hydroxychloroquine placenta No data on infant serum levels breast feeding

Remdesivir B Crosses the No adverse effect on embryo- Presentin breast milk in animals Under investigation
placenta fetal development in animals No data in humans

Under investigation in humans

Lopinavir-ritonavir C Crosses the No increased rate of CMor MR~ Present in breast milk Compatible with
placenta Safe for use in pregnancy breast feeding

Umifenovir No data No data No data No data No data

Favipiravir No data No data No data No data No data

Oseltamivir @ Crosses the No increased rate of CMor MR Present in breast milk Compatible with
placenta Safe for use in pregnancy® breast feeding®

Azithromycin B Crosses the Safe for use in pregnancy Presentin breast milk Compatible with
placenta breast feeding

Corticosteroids C/D Cross the No increased rate of CMor MR Present in breast milk Compatible with
placenta Safe for use in pregnancy® breast feeding®

Sirolimus @ Crosses the Discontinue during pregnancy  Presentin breast milk in animals Discontinue nursing
placenta No data in humans or discontinue the drug

Tocilizumab @ Crosses the Discontinue during Unknown if secreted into breast Discontinue nursing
placenta pregnancy? milk. However, IgG is excreted or discontinue the drug

in human milk.

Anakinra B Crosses the Use if there are no other No data Should be avoided
placenta options®

Thiazolidinedione @ Crosses the Discontinue at pregnancy Presentin breast milk in animals Discontinue nursing
placenta No data in humans or discontinue the drug

Colchicine @ Crosses the No increased rate of CMor MR Presentin breast milk Compatible with
placenta Safe for use in pregnancy breast feeding

Ivermectin @ Crosses the Discontinue at pregnancy Present in breast milk in animals Discontinue nursing
placenta No data in human or discontinue the drug

Niclosamide B Crosses the Safe for use in pregnancy No data Compatible with
placenta breast feeding

Hyperimmune plasma No data No data No data No data No data

Heparin B Does not cross Safe for use in pregnancy Absent in breast milk Compatible with
the placenta breast feeding

Vitamin C A Crosses the Safe for use in pregnancy Present in breast milk Compatible with
placenta breast feeding

Vitamin D A Crosses the Safe for use in pregnancy Presentin breast milk Compatible with
placenta breast feeding

Zinc A Crosses the Safe for use in pregnancy Present in breast milk Compatible with
placenta breast feeding

Quercetin B Crosses the Safe for use in pregnancy Present in breast milk Compatible with
placenta breast feeding

CM: congenital malformations; MR: miscarriage.

FDA pregnancy risk categories: A: well-controlled human studies show no fetal risk; B: animal studies show fetal risk not confirmed by human studies or animal
studies do not show fetal risk; C: well-controlled human studies are lacking and animal studies are unavailable or show adverse effects to the fetus; D: human

studies or investigational or post-marketing data show fetal risk; benefits may be acceptable despite potential risks; X: animal/human studies or investigational
or post-marketing data show fetal risk which clearly outweighs any possible benefit.

Notes: @ American College of Rheumatology (ACR) strongly recommends as compatible but American College of Obstetrics and Gynecology (ACOG), British

Rheumatology Society (BRS), and the European League Against Rheumatism (EULAR) consider low risk is present in pregnancy. ® Based on observational stud-
ies. ¢ Some authors warn of the risk of cleft lip with or without cleft palate. Systemic corticosteroids are considered category D when used in the first trimester
and category C in the second and third trimesters. ¢ ACR considers it compatible for use in pregnancy; ACOG, BRS and EULAR consider low risk is present in

pregnancy. ¢ ACR considers it compatible for use in pregnancy. Vitamin C and D, zinc and quercetin are safe when ingested in the doses usually recommended.
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Lopinavir-ritonavir

The FDA approved the use of lopinavir-ritonavir (LPV/r) in 2000 to
assist in the treatment against the HIV virus [28]. Subsequently,
some studies have evaluated the use of LPV/r against SARS-CoV
and MERS-CoV. Most of these studies did not show satisfactory
results with regard to reducing viral replication or any clinical im-
provement [29,30]. However, other studies have shown in vitro
and in vivo activity of LPV[r when it was combined with other
drugs (ribavirin and interferon [IFN] alfa or beta) in combating
these betacoronaviruses [30-32].

LPV/r are antiretroviral protease inhibitors of the HIV type 1 vi-
rus and are known to be effective in treating this infection
(» Fig. 1) [33]. Lopinavir was observed to have a potentiated ef-
fect when it was combined with low doses of ritonavir. It inhibits
cytochrome P450 and decreases the hepatic metabolism of lopi-
navir and increases its half-life in the body [33]. Therefore, these
drugs are used only in combination with other drugs. The main
side effects of LPV/r are nausea, vomiting, diarrhea, and abdomi-
nal pain and, in rarer cases, pancreatitis, hepatotoxicity, and ab-
normalities in cardiac conduction [9].

Studies on the use of this medication to treat COVID-19 are still
scarce. A randomized controlled trial (RCT) evaluated the action of
LPV/r in 199 critically ill patients hospitalized with COVID-19 for
14 days and concluded that this medicine offered no benefits
compared to the control group [34]. However, medication was
started 13 days after the onset of symptoms, and antivirals are
more effective in the first days of disease. The secondary results
of this study showed that the group that received LPV/r had a
shorter stay in the intensive care unit (ICU) and a lower mortality
than the control group [34]. Other clinical trials are evaluating
whether LPV[r combined with other drugs has a potentially syner-
gistic effect against SARS-CoV-2 [33,35].

The FDA classified the use of LPV/r in pregnancy as category C,
thus showing that there are not enough studies in women, and
that animal tests had results that justify possible adverse effects
during pregnancy [28]. Some studies have also shown that the ad-
ministration of LPV/r to pregnant women resulted in similar rates
of fetal malformations and obstetric complications as those re-
ported for pregnant women who did not use the medication (> Ta-
ble 1) [28]. The use of this drug by pregnant women with re-
spiratory infections has not yet been clarified, but it seems to be
safe, given that the few studies on its use in pregnant women with
HIV have not associated it with an increased risk of congenital ab-
normalities or significant perinatal adverse events [36]. Thus, LPV/r
is a therapeutic option in the fight against COVID-19 in pregnant
women [9]. As for breastfeeding, it was observed that LPV/r is
present in human breast milk in much lower concentrations than
in the mother’s plasma. Analysis of plasma concentrations in the
baby was unable to detect the substance and indicating that ab-
sorption or transport of the drug to the child is insignificant [37].

Umifenovir

Umifenovir (brand name Arbidol) is an antiviral that was devel-
oped in 1988 and used in Russia and China for the prophylaxis
and treatment of influenza A or B, oseltamivir-resistant viruses,

and also against other viruses that cause flu symptoms. It can be
used in the acute stages of infections of the upper respiratory
tract areas to attenuate symptoms, reduce lung injury induced
by the influenza virus and the duration of disease, and it has a pos-
itive impact in reducing mortality. Umifenovir has demonstrated
antiviral activity against Ebola, Zika virus, West Nile virus, Chikun-
gunya virus, human herpesvirus 8, hepatitis C virus, Tacaribe are-
navirus, SARS-CoV-1, and SARS-CoV-2 [35, 38,39].

Umifenovir works by inhibiting virus-cell membrane and virus-
endosome bonds. This action makes this medicine a direct-acting
antiviral as it prevents entry of the virus to the target cell, thereby
protecting the target cell from infection. In addition, umifenovir
has immunomodulatory properties. It stimulates the humoral im-
mune response and modulates the action of cytokines, further
suppressing the transcription of cytokines induced by viral infec-
tion, preventing the damage caused by macrophages in lung tis-
sue, and containing the inflammatory process (» Fig. 1) [38,39].

There have been conflicting results regarding the use of umife-
novir in the treatment of COVID-19. In a retrospective study with
81 patients positive for SARS-CoV-2 (45 in the umifenovir group
and 36 in the control group), Lian et al. observed that umifenovir
did not improve the prognosis or accelerate the disappearance of
the virus, and the duration of hospitalization was higher in the
treated group (13 vs. 11 days) [40]. In a retrospective cohort,
Deng et al. compared the isolated use of LPV/r with the use of
umifenovir and observed that viral clearance and pulmonary to-
mographic aspects showed better results in the LPV/r plus umife-
novir group [41]. In contrast, Zhu et al. concluded that umifenovir
monotherapy was better than LPV/r monotherapy when assessing
the viral load in patients with COVID-19 (patients in the LPV/r
group had a higher viral load after 14 days of treatment) [42].

There are no well-controlled studies on the use of umifenovir
during pregnancy. The use of umifenovir during pregnancy is con-
traindicated. It is not known for certain whether the metabolites
generated are able to enter breast milk. If it is necessary to use
umifenovir during this period, it is recommended to stop breast-
feeding (» Table 1) [43].

Favipiravir

Favipiravir is an antiviral, nucleoside analog that acts by inhibiting
the RNA-dependent RNA polymerase of the influenza virus
(» Fig. 1). This medication first appeared in Japan in 2014 as a
new therapeutic option for influenza because viruses were show-
ing increasing resistance to oseltamivir [8,44]. It has a broad-
spectrum effect against various types of influenza viruses and
has been used against other viral families, in addition to being ef-
fective against the Ebola virus, where its use was related to a lon-
ger survival of patients [45]. Favipiravir can be used in combina-
tion with other antiviral medications and exhibits a synergistic ef-
fect. Favipiravir is considered a potential drug against COVID-19.
However, the available studies do not provide sufficient evidence
yet to recommend the routine use of favipiravir for the treatment
of SARS-CoV-2 infection [8].

In a multicenter RCT study involving patients with COVID-19,
Chen et al. divided the patients into two groups: 120 patients
used favipiravir, whereas the other 120 used umifenovir. Both
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these groups achieved similar significant recovery rates (between
55 and 61%); however, patients using favipiravir showed improve-
ment in fever and cough earlier compared to the other group [46].
Cai et al. observed an improvement in the radiological aspects of
patients with COVID-19 who used favipiravir compared to a group
that used LPV/r. Both groups additionally received IFN-a by aero-
sol inhalation [47]. Although the study is a non-RCT, its findings
should not be disregarded because the optimistic results require
reproduction and a higher level of scientific evidence.

The data is insufficient to determine whether favipiravir is safe
to use during pregnancy. According to the Drugs and Lactation
Database, there is still insufficient data on the use of favipiravir
during breastfeeding or its excretion in human breast milk. There-
fore, serum monitoring of this compound in infants is recom-
mended (> Table 1) [48].

Oseltamivir

The FDA approved the use of oseltamivir in 1999. Since then, it
has proven its effectiveness in the treatment and prophylaxis of
influenza A and B. It has been shown to be beneficial mainly in pa-
tients with uncomplicated influenza virus infections, including
pregnant women, and in the first two days of symptoms. Howev-
er, according to the Centers for Disease Control and Prevention
and the WHO, its use is also recommended for critically ill, hospi-
talized patients [49]. It is a potent antiviral which acts by inhibiting
the neuraminidase enzyme, preventing the virus from replicating
(» Fig. 1) [50]. The most commonly reported side effects of this
drug are gastrointestinal, i.e. nausea and vomiting, as well as
headache [43].

The use of this medication against SARS-CoV-2 infection has
not been proven effective in in vitro studies and clinical trials [43,
51]. In some countries, the COVID-19 pandemic began in the
peak seasonal influenza period, and some patients were therefore
treated with oseltamivir due to the epidemiological context and
the delay in diagnosing SARS-CoV-2 infection [52]. A study con-
ducted in Wuhan, China, found that some patients were co-in-
fected with SARS-CoV-2 and the influenza A or B virus, further jus-
tifying the use of oseltamivir [53]. After influenza had been ruled
out, it was not found that the drug played any role in the manage-
ment of COVID-19 [9]. Some trials on the use of oseltamivir in
combination with other drugs (CQ/HCQ and favipiravir) are still
being developed, with the aim of showing a possible therapeutic
response against SARS-CoV-2 disease [8].

Animal studies, as well as observational studies in pregnant
women, have not shown that teratogenicity is associated with
the use of oseltamivir. However, pregnant women are at a higher
risk of clinical and obstetric complications due to influenza infec-
tion, which can complicate pregnancy outcomes. In lactating rats,
oseltamivir is excreted in milk. There are no reliable data on the
exposure of nursing infants to oseltamivir (> Table 1) [54, 55].

Azithromycin

Azithromycin is a macrolide antibiotic that is used to treat respira-
tory, skin, and soft-tissue infections, along with some sexually
transmitted infections. In addition to its antibacterial action, stud-

ies have shown that azithromycin has antiviral, immunomodula-
tory, and anti-inflammatory properties. Azithromycin has already
been used to fight viral outbreaks, such as influenza (HIN1), Ebo-
la, dengue, and Zika viruses. Recently, some in vitro studies also
found that azithromycin can be effective against SARS-CoV-2
[56,57].

There is still a poor understanding of the mechanisms behind
the antiviral properties of azithromycin. The drug appears to ele-
vate cellular pH and make it more difficult for the virus to interact
with ACE2 receptors, which contributes to blocking the virus’ en-
try into the host cell. Another presumed antiviral effect is that it
amplifies the production of IFN by host cells. Various mechanisms
of action including inhibition of neutrophilic inflammation and
macrophage activation, and a reduction in the plasma levels of
IL-8, IL-6, IL-1B, and TNF-a contribute to the immunomodulatory
and anti-inflammatory properties of macrolides (» Fig.1) [57,
58].

Azithromycin, used alone or in combination with other drugs
(CQ/HCQ), has been a therapeutic option since the beginning of
the COVID-19 pandemic, although the results so far have been
conflicting. Azithromycin should be used with caution due to the
risk of cardiac complications (e.g., prolongation of the QT inter-
val), an adverse effect also observed for CQ/HCQ [56,59].

The clinical use of azithromycin during pregnancy and breast-
feeding appears to be safe (FDA classified it as category B).
Among the range of macrolide options, azithromycin appears to
be the safest for use in pregnancy. In rats and mice, azithromycin
administered at a dose of two to four times the human dose was
not associated with any evidence of fetal harm. Observational
studies in humans have also not shown a high risk of teratogenic-
ity or obstetric complications associated with the use of azithro-
mycin during pregnancy. Azithromycin is detected in human
breast milk and may remain present for 48 hours following the last
dose. Although it is generally safe to use while breastfeeding, azi-
thromycin may cause diarrhea, vomiting, or a rash in some babies
(» Table 1) [60].

Corticosteroids

The cortisone molecule was isolated in the 1940s. Since then, nat-
ural and synthetic corticosteroids have been used to treat numer-
ous diseases because of their anti-inflammatory and immunosup-
pressive actions. The main objective of using corticosteroids in
cases with COVID-19 is to reduce the inflammatory process ob-
served in stages 1B and Il of the disease (> Fig. 1) [61,62].

To date, the impact of using corticosteroids in COVID-19 has
been controversial. Despite the good theoretical foundation, pre-
vious studies on the SARS and MERS outbreaks reported an asso-
ciation between corticosteroids and improved survival but dem-
onstrated an association with delayed viral clearance from the re-
spiratory tract and blood, along with high complication rates in-
cluding hyperglycemia, psychosis, and avascular necrosis [8,61].
Other authors have reported a reduction in the mortality rate of
patients with the severe form of COVID-19 treated with methyl-
prednisolone [63]. Therefore, it is necessary to understand the
role of corticosteroids in COVID-19 therapy (cytokine storm con-
trol or comorbidity management), in addition to determining the
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dose (low dose versus high dose) and the start of treatment (early
versus late stage) [8].Observational studies have reported that in
the early stages of COVID-19 corticosteroid therapy did not show
any benefits with regard to evolution of the disease. The WHO
recommended that systemic corticosteroids should not be rou-
tinely administered to patients with COVID-19. There seems to
be a benefit from using high doses of corticosteroids in stages Il
and Il of the disease as an attempt to block an exaggerated in-
flammatory response [64].

Despite some conflicting results, animal and human studies
have found that the use of corticosteroids in the first trimester of
pregnancy increased the risk of the newborn having cleft lip with
or without a cleft palate (the rate increased from 1.7 to 3-5 in
1000 live births). The systemic and prolonged use of corticoste-
roids during pregnancy appears to be an independent risk factor
for preterm birth, low birth weight, or preeclampsia. There are in-
sufficient data to prove the association between systemic use of
corticosteroids and gestational diabetes mellitus. Corticosteroids
are excreted in small amounts in human breast milk. High doses of
corticosteroids can lead to side effects in the newborn (» Table 1)
[65].

Sirolimus

Sirolimus, also referred as rapamycin, is a substance extracted
from the bacterium Streptomyces hygroscopicus. The European
Medicines Agency have authorized the use of this immunosup-
pressive drug since 2001. Sirolimus blocks the protein known as
the mammalian target of rapamycin through intracellular pro-
cesses. The immunosuppressive effects of sirolimus result from
its inhibition of T- and B-cell activities. Sirolimus inhibits several
ILs from the T-cell immune response (IL-2, IL-4, IL-12, IL-7, and
IL-15) (» Fig. 1) [66]. Currently, the drug is used to prevent rejec-
tion in transplant patients and treat lymphangioleiomyomatosis
[8].

This drug also has an antiviral effect on viral mechanisms of ac-
tion; it has been shown to inhibit HIV-1 replication and has an in-
hibitory effect on MERS-CoV activity, as reported in an in vitro ex-
periment [8,67, 68]. Studies with patients infected with HIN1 and
on ventilatory support showed clinical improvement after using
sirolimus, a fact suggesting that the drug may be beneficial in
the treatment of COVID-19 [8]. Sirolimus exerts a senolytic effect
while inhibiting the inflammatory process generated by senescent
cells (senescence-associated secretory phenotype [SASP])
(» Fig. 1). Sirolimus can interact with other drugs also used in the
treatment of COVID-19 (clarithromycin, ritonavir, indinavir), thus
requiring dose adjustment or drug change [66, 69].

Animal studies have shown embryotoxicity in the period of or-
ganogenesis and at doses similar to those used in humans. There
are no human studies that guarantee safe use of the drug. There-
fore, the drug is contraindicated during pregnancy, and women of
reproductive age should be advised to use a highly effective con-
traceptive method before, during, and after treatment with siroli-
mus. The excretion of the drug in human breast milk and the
drug’s pharmacokinetics in children are not well defined; thus,
breastfeeding should be avoided or suspension of the drug is rec-
ommended while evaluating the importance of the drug for the

mother [70]. The National Transplantation Pregnancy Registry
have not reported any structural defects following early preg-
nancy sirolimus exposure in a limited number of evaluated recipi-
ents (» Table 1) [71].

Tocilizumab

Tocilizumab (TCZ) is a monoclonal antibody that inhibits IL-6,
which is otherwise responsible for an intense inflammatory and
autoimmune response. This drug is currently used to treat rheu-
matoid arthritis, systemic juvenile idiopathic arthritis, and cyto-
kine release syndrome (CRS), which can be observed in patients
using chimeric antibody receptor-engineered T-cell anticancer
therapy [8,72].

CRS mediated by an intense inflammatory state with a large
production of cytokines is currently observed in patients with se-
vere SARS-CoV-2 infection; this can evolve into multiple organ
dysfunction and death. IL-6 is one of the cytokines most strongly
involved in the development of CRS in patients with COVID-19.
This suggests that using TCZ could be beneficial because it inhib-
its IL-6, which could prevent worsening of the inflammatory cas-
cade (» Fig. 1) [73]. A study conducted in a hospital in Wuhan,
China, reported that the use of TCZ was beneficial in treating and
preventing CRS in patients diagnosed with COVID-19 with high
rates of IL-6 [72].

There are few studies that have evaluated the safety of TCZ
during pregnancy and breastfeeding. A study in monkeys demon-
strated a higher number of miscarriage/embryofetal deaths fol-
lowing high doses of TCZ. Data from the Roche Global Safety
Database up until December 31, 2014 showed no indications of a
substantially increased risk of malformation [74]. Due to the lack
of studies and documents on the use of this drug during preg-
nancy or its repercussions in human breast milk, its use is not rec-
ommended during pregnancy and breastfeeding. It is not known
whether TCZ is excreted in human breast milk; however, it is be-
lieved that it may be present in milk as it is an IgG antibody. There-
fore, breastfeeding is contraindicated in users of this medicinal
drug (> Table 1) [19, 20].

Anakinra

Anakinra is an anti-IL receptor antagonist drug belonging to a
class of biological disease-modifying anti-rheumatic drugs which
have been used since the 1990s to treat autoimmune diseases.
Approved in the USA and Europe in 2001 and 2002, respectively,
anakinra aims to block the proinflammatory activity of cytokines
IL-Ta and IL-1B, thereby reducing the inflammatory process and
symptoms as well as decreasing the future systemic damage
caused by inflammation (> Fig. 1) [8]. It is currently used to treat
autoimmune conditions, such as adult Still’s disease and systemic
juvenile idiopathic arthritis, as well as for the off-label treatment
of hyperinflammatory conditions, such as macrophage activation
syndrome [19]. The use of anakinra was already proposed in other
previous viral outbreaks, such as outbreaks of Ebola and Zika vi-
ruses [75,76].

In the face of severe inflammation found in some patients with
COVID-19, studies have shown that high doses of anakinra can be
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effective to treat this condition because the drug blocks the ac-
tion of inflammatory cytokines, in addition to being safe and hav-
ing a short life, which favors its discontinuation if necessary. This is
as an important factor in critically ill patients. A study conducted
in Italy reported that the use of high doses of intravenous anakin-
ra (5 mg/kg, twice daily) in patients with COVID-19 and with SARS
led to an improvement in respiratory function in patients and a re-
duced need for orotracheal intubation [77].

Animal studies conducted with high doses of anakinra (15-30-
fold greater than the usual dose in humans) found no negative im-
pact on fertility or risk to the fetus. Despite the lack of well-con-
trolled studies in humans, the evidence does not indicate an in-
crease in the rate of congenital deformities; therefore, the use of
anakinra before and during pregnancy can be considered safe if
there are no other possible options. Its use in the abovementioned
conditions is being investigated in further studies. The American
College of Rheumatology considers the use of anakinra to be com-
patible with pregnancy. However, breastfeeding should be dis-
couraged during the use of this drug, as there are no adequate
studies to ensure its safety (> Table 1) [19, 20].

Thiazolidinedione

Thiazolidinedione (TZD) is an oral hypoglycemic agent that is used
to treat patients with type 2 diabetes mellitus because of its abil-
ity to increase insulin sensitivity. Drugs in this class include rosigli-
tazone and pioglitazone. A third drug, troglitazone, was also in
this class but was withdrawn from the market because of its hep-
atotoxic effect. Additional studies have demonstrated an associa-
tion between bone fractures and bladder cancer with the use of
pioglitazone, and cardiovascular effects are reported to be related
to the administration of rosiglitazone [78].

TZD is an agonist of peroxisome proliferator-activated recep-
tors (PPARs), which include the subtypes PPARa, PPARB, and
PPARy. TZD acts specifically on the PPARy subtype, mainly ob-
served in adipose tissue, by causing adipogenesis and increasing
peripheral sensitivity in the skeletal muscle and liver. This action
results in a reduction of endogenous glucose production and
postprandial gluconeogenesis, an increase in fasting and post-
prandial glucose clearance, and a reduction in serum glucose and
insulin levels. In addition, some studies have also observed
changes in B-cell function, cholesterol levels, triglyceride levels,
and inflammation levels [79].

It is important to note that insulin resistance amplifies the in-
flammatory status. Thus, because of the direct action of TZD on
the reduction of insulin resistance, its anti-inflammatory activity
was noted in connection with suppression of the production and
action of inflammatory cytokines such as TNF-a, IL-1B, IL-2 IL-6,
and IL-8. It was found that pioglitazone can inhibit proinflamma-
tory cytokines and increase anti-inflammatory cytokines [80].
Therefore, the possibility of using TZD for the treatment of SARS-
CoV-2 disease is being evaluated, as patients with COVID-19 have
increased plasma levels of proinflammatory cytokines (» Fig. 1).
An animal study found that pioglitazone attenuates lung injury
by modulating adipocyte inflammation and reported a direct ac-
tion on pulmonary inflammatory and fibrotic status [80]. How-
ever, TZD also appears to increase the expression of ACE2 and

may facilitate infection with SARS-CoV-2. Therefore, the adjuvant
use of TZD in the treatment of COVID-19 needs better evaluation
[81].

TZD (FDA category C) crosses the placenta. There is no evi-
dence for safe use in pregnancy from well-controlled studies
[82]. TZD does not appear to have a teratogenic effect in preg-
nant rats and rabbits, despite using doses many times higher than
the human dose. However, the use of these drugs has been asso-
ciated with fetal death and growth retardation as the fetus is un-
able to develop, owing to alterations in placental maturation. TZD
is secreted in the milk of lactating rats. It is not known whether
TZD is secreted in human breast milk. TZD should not be adminis-
tered to a breastfeeding woman (» Table 1) [83].

Colchicine

Colchicine is a fat-soluble alkaloid with anti-inflammatory proper-
ties that is extracted from Colchicum autumnale plants. It is used
to treat gout and familial Mediterranean fever (FMF). Studies have
assessed its use to treat other conditions, such as pericarditis, ar-
teriosclerosis, liver cirrhosis, and rheumatic osteoarthritis. Colchi-
cine is administered orally and is absorbed in the jejunum and
ileum. It reaches its maximum plasma concentrations between 1
and 2 hours after administration, and has an anti-inflammatory ef-
fect over a period of 24-48 hours. Its excretion is predominantly
hepatobiliary, but 20-30% is excreted renally in patients with nor-
mal renal function [84, 85].

The mechanisms of action of colchicine have not been fully
understood yet. Colchicine inhibits cell division (by acting on mi-
crotubule tubulins and preventing the formation of the mitotic
spindle). It reduces neutrophil chemotaxis, adhesion, and mobili-
zation, decreases mobilization and lysosomal degranulation, and
reduces the release of proinflammatory substances. It also re-
stricts the production of superoxide, in addition to inhibiting
NACHT-LRRPYD-containing protein 3 inflammasomes and the
processing and release of IL-13 [85].

Therefore, it is believed that colchicine may help in the treat-
ment of COVID-19 because it is an NLRP3 inflammasome inhibitor
(» Fig. 1). Studies have observed that different SARS-CoV-2 pro-
teins are responsible for activating and triggering the NLRP3 in-
flammasome, which can subsequently lead to severe adult respi-
ratory distress syndrome. The inhibition of the NLRP3 inflamma-
some also appears to be associated with the suppression of IL-16,
IL-18, and IL-6 present in the context of lymphocyte myocarditis
generated by SARS-CoV-2. Thus, the administration of colchicine
could have a mitigating effect on the development of pneumonia
and myocardial necrosis caused by SARS-CoV-2 [84].

This medication is classified as category C (FDA classification)
for use during pregnancy. A systematic review and meta-analysis
by Indraratna et. al revealed that colchicine was not associated
with a higher risk of miscarriages and fetal malformations, but
there may be a risk of preterm birth or low birth weight. However,
it is unclear whether this observation is related to the use of col-
chicine or to FMF itself [86]. Teratogenicity was observed in ani-
mals exposed to high doses, thereby suggesting a dose-depen-
dent effect. It is known that colchicine crosses the placental bar-
rier; however, studies on colchicine during pregnancy basically
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consisted of observations of women with FMF. In fact, these stud-
ies are not well-controlled and scarce. Thus, its use in pregnancy is
still controversial. In addition, transmission of colchicine during
breastfeeding has been described, but this relationship has not
been fully established; therefore, use of this drug during lactation
is characterized as risky (> Table 1) [87].

Ivermectin and Niclosamide

Ivermectin is an FDA-approved drug for the treatment of ascaria-
sis, onchocerciasis, gnathostomiasis, cutaneous larva migrans,
strongyloidiasis, pediculosis, and scabies. In addition to its anti-
parasitic property, ivermectin exerts an antiviral effect against
HIV-1, dengue virus, West Nile virus, and influenza virus [88]. Re-
cent in vitro studies have shown its antiviral action against SARS-
CoV-2, thereby making it a new therapeutic possibility to combat
COVID-19 (> Fig. 1) [89].

The mechanism that generates the antiviral action of ivermec-
tin is still poorly understood, but its action is believed to be similar
to that observed in the RNA of other viruses, which includes the
inhibition of importin (IMP) a/B1. Recent studies have described
the anti-inflammatory effects of ivermectin, which include a re-
duction in the activation, proliferation, and cytokine production
of T cells (> Fig. 1) [88].

There are limited studies that have evaluated the use of iver-
mectin during pregnancy and breastfeeding periods. The FDA
classifies its use as category C. Ivermectin has been shown to be
teratogenic in mice, rats, and rabbits when it is administered in
repeat doses of 0.2, 8.1, and 4.5 times the maximum recom-
mended human dose. Therefore, ivermectin should not be used
during pregnancy since its safety in pregnancy has not been es-
tablished. It is therefore imperative to consider the risks and ma-
ternal benefits before using the drug. lvermectin is found in milk
in low concentrations. Nursing women should only use this drug if
the risk of delayed treatment to the woman outweighs the risks to
the nursing infant (» Table 1) [90].

Niclosamide (NIC) is a FDA-approved anthelmintic drug that is
used to treat taeniasis. NIC has been proposed as a potential agent
for host defense during viral infections, including infections by
SARS-CoV, chikungunya virus, and Zika virus. NIC has also demon-
strated anticancer and immunomodulatory activities (> Fig. 1)
[91,92]. The antiviral mechanism of action of NIC s still unknown.
Some of the mechanisms that may explain the drug’s antiviral ac-
tion include the blocking of SARS-CoV-2 endocytosis by changing
the endosome pH, in addition to inhibiting autophagy while mini-
mizing viral replication by blocking S-phase kinase-associated pro-
tein 2 [93]. There are still no clinical studies evaluating the use of
NIC in the treatment of COVID-19. NIC is a category B drug (FDA
classification), which means it is safe to use in pregnancy and dur-
ing breastfeeding (> Table 1) [94].

Hyperimmune Plasma

Passive immunotherapy, which includes the administration of hy-
perimmune plasma as one of its components, has been used since
the 1880s until the era of antibiotic therapy as a therapeutic op-
tion for several pathologies of viral and bacterial etiology. During

the Spanish flu, the therapeutic potential of hyperimmune plasma
was observed for the first time. It was subsequently requested for
the management of measles, hemorrhagic fever in Argentina,
and, more recently, for the treatment of Ebola, MERS, and avian
influenza. Thus, it remains an important therapeutic tool in the
absence of effective treatment or immunization [95]. Additional-
ly, it is important to highlight the relevant historical security level
[96].

Hyperimmune plasma (also called convalescent plasma or im-
mune plasma) is obtained by apheresis in patients who survive an
infection with the pathology of interest and have developed anti-
bodies against the causative agent of the disease to neutralize it.
Anti-inflammatory cytokines, clotting factors, defensins, natural
antibodies and other proteins are acquired in addition to neutral-
izing antibodies (NAbs). Immunomodulation and improvement of
the severe inflammatory response can be achieved by transfusing
hyperimmune plasma [96]. The use of hyperimmune plasma in
the treatment of COVID-19 is being evaluated as a means of sup-
pressing the storm of inflammatory cytokines, comprised mainly
of IL-1B, IL-2, IL-6, IL-17, IL-8, and TNF-a, and caused by overacti-
vation of the immune system (> Fig. 1) [96].

Studies on the use of hyperimmune plasma as a therapy for
COVID-19 have reported clinical improvement with a normaliza-
tion of temperature and resolution of SARS, laboratory signs in-
cluding increased 1gG and IgM as well as reduced CPR and viral
load, and increased NAbs over time. Treatment had a positive ef-
fect on survival times. However, the therapy did not appear to al-
ter the mortality rate of patients who were in the final stage of dis-
ease. Thus, hyperimmune plasma would probably have a greater
therapeutic value if it is administered during the initial course of
disease, i.e., within 14 days of the onset of symptoms [97 -99].

There are no well-controlled studies on the use of hyperim-
mune plasma in pregnancy and breastfeeding (> Table 1). An Ital-
ian group from Carlo Poma Hospital (Mantua, Italy) reported the
successful use of hyperimmune plasma in a 24-week pregnant
woman with severe COVID-19. The patient was transfused with
300 mL of hyperimmune plasma, with no adverse effects. The pa-
tient was discharged 13 days after admission. The perinatal out-
come was not available in the published manuscript [100]. During
the Ebola outbreak, Griensven et al. conducted a study with hy-
perimmune plasma, which included pregnant women, and found
that hyperimmune plasma was not associated with a significant
improvement in survival rate. Additionally, there are no additional
data on the use of hyperimmune plasma during pregnancy and
lactation periods [101].

Heparin

Originally, heparin was one of a class of drugs used in situations
requiring anticoagulation. Among the commonly available hepa-
rins, low-molecular weight heparin (LMWH) is the most com-
monly used form because it has fewer side effects than unfrac-
tionated heparin. Studies have demonstrated other beneficial ef-
fects of heparin including, but not limited to, antiviral, anti-in-
flammatory, and antimetastatic effects [102].

The severe form of COVID-19 has high plasma D-dimer levels
that contribute to thromboembolic events and high mortality
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rates and justify the use of anticoagulant therapy in stages Il and
Il of the disease. Tang et al. observed a significant decrease in
mortality in patients with COVID-19 who met the criteria for sep-
sis-induced coagulopathy and were administered heparin [7].
Heparin has been reported to inhibit the activation of a number
of inflammatory cell types and exhibits various immunological ef-
fects, including inhibition of TNF-a and IL-6, which may contribute
to reducing the risk of a cytokine storm [4]. Mycroft-Wes et al.
demonstrated that heparin binds to the Spike (S1) protein recep-
tor-binding domain and induces a conformational change, there-
by exerting an in vitro effect against SARS-CoV-2 infection
(» Fig. 1) [103].

Currently, the use of oral anticoagulant drugs during preg-
nancy is not recommended due to the high teratogenic risk. Hep-
arin is therefore a drug that is widely used in reproductive medi-
cine. Heparin is the first choice drug for the prevention and treat-
ment of thromboembolic events in pregnancy. Numerous throm-
bophilic conditions, especially antiphospholipid syndrome (AFS),
have been associated with obstetric complications, such as preg-
nancy loss, preeclampsia, placental abruption, and intrauterine
growth restriction (IUGR). Over the past decades, patients with a
history of recurrent miscarriage and AFS, a form of autoimmune
thrombophilia described since the 1970s, have been treated with
low doses of acetylsalicylic acid and heparin. Studies have also
evaluated the use of heparin in cases with implantation failure
during in vitro fertilization cycles, in the prevention of preeclamp-
sia, and in IUGR [102].

The FDA has classified heparin as category B. Due to its large
molecular weight, it does not cross the placenta and is not ex-
creted into human breast milk. The use of heparin, preferably
LMWH, in pregnancy and during breastfeeding is considered safe.
Attention should be paid to the risk of bleeding complications in
patients using LMWH in prophylactic doses during pregnancy and
postpartum hemorrhage (0.5 and 1%, respectively) or as a thera-
peutic (1.5 and 2%, respectively). Patients should be evaluated for
other complications such as thrombocytopenia and osteoporosis
when using heparin (> Table 1) [102].

Vitamin C

Vitamin C ([VC], ascorbic acid) is a water-soluble vitamin that is
found in various foods, especially in citrus fruits, which are a main
source of VC. VCis a potent antioxidant that is essential for several
functions of the body, including immune response. VC contrib-
utes to an adequate innate and adaptive immune response. Ade-
quate levels of VC are essential for maintaining the integrity of ep-
ithelial barriers, improving phagocytic capacity, improving the dif-
ferentiation and proliferation of T and B lymphocytes, increasing
antibody production, enhancing Treg proliferation, inhibiting the
negative immunoregulation of Tregs, and modulating systemic
and leukocyte-derived cytokines. In vitro and animal studies have
shown that treatment with VC reduces the levels of proinflamma-
tory cytokines (TNF-a, IFN-y, and IL-6) and increases the levels of
anti-inflammatory cytokines (IL-10) (> Fig. 1) [104].

Studies have demonstrated the antiviral effect of VC on bacte-
rial and viral infections, including infections of the respiratory
tract. The use of high doses of VC (200 mg/kg body weight/day,

divided into 4 doses) in patients admitted to the ICU is associated
with shorter hospital stays and reduced mortality rates. Further-
more, these studies have observed an improvement in the respi-
ratory parameters of critically ill patients with COVID-19 after
treatment with intravenous doses of VC (doses ranging from 2 to
10 g per day). Therefore, the use of intravenous VC in high doses
can assist in the treatment of COVID-19 [105, 106].

The use of VC in recommended doses during pregnancy and
breastfeeding periods appears to be safe. However, there are no
studies evaluating the impact of high doses of VC during preg-
nancy and breastfeeding. Ascorbic acid is excreted into human
breast milk. The effects of VC in the nursing infant are still un-
known. The manufacturer recommends exercising caution when
administering ascorbic acid to nursing women (» Table 1) [107].

Vitamin D

Vitamin D ([VD] calciferol) is a fat-soluble molecule that comes in
two forms: vitamin D5 (ergocalciferol) and vitamin D3 (cholecalcif-
erol). The main source of VD in the body is endogenous. VD is pro-
duced under the skin from its precursor (7-dehydrocholesterol)
through exposure to ultraviolet B rays. After the initial stage in the
skin, cholecalciferol and ergosterol reach the liver, undergo hy-
droxylation of carbon 25, and form 25(OH)D or calcidiol. 25(0OH)D
is the form of VD reserve in the body commonly measured in lab-
oratory tests. A second reaction takes place in the kidney, when
25(0OH)D receives another hydroxyl to develop into its active form
(1.25[OH]-2D or calcitriol). A small amount of VD is obtained from
diet through the ingestion of foods such as fatty cold water fish
(tuna and salmon) and plant sources (plants and fungi) [108].

Classically, VD is responsible for bone metabolism. Over the
past few decades, there has been a growing interest in the role
played by VD in different organs and tissues. Studies have shown
an association between VD deficiency and increased mortality
from different causes. VD actively participates in the innate and
adaptive immune response. Studies show that VD improves phys-
ical barriers and is a potent inducer of antimicrobial peptides in in-
nate immunity. VD recruits immune cells to promote wound heal-
ing and fight infections, and it is essential for the activation of
T lymphocytes. VD limits tissue damage that occurs during an ex-
aggerated inflammatory response, thereby reducing the exces-
sive production of inflammatory ILs, such as TNF-a and IL-12
(> Fig. 1) [108-111].

Recently, in a group of patients with suspected COVID-19
whose nasopharyngeal swabs were analysed by PCR, D’Avolio et
al. observed lower 25 (OH)D levels (p = 0.004) in the PCR-positive
test results of patients with SARS-CoV-2 (median value: 11.1 ng/
mL) compared with those of patients without SARS-CoV-2
(24.6 ng/mL) [112]. Daneshkhah et al. demonstrated a possible
relationship between hypovitaminosis D and a higher mortality
rate due to COVID-19 in countries such as the USA, France, Iran,
and the UK. The authors suggest that an exaggerated inflamma-
tory response (cytokine storm) would be more common in indi-
viduals with VD deficiency [113]. Based on these initial studies,
the use of VD could reduce the number and severity of COVID-
19 cases.
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The role of VD in the health of pregnant women and newborns
has been widely discussed. Studies have demonstrated associa-
tions between VD deficiency and the risk of gestational diabetes,
preeclampsia, bacterial vaginosis, and small-for-gestational age
infants. Currently, there is no consensus about universal screening
for VD deficiency in pregnant women. However, there is a group
of pregnant women at risk of obstetric complications who must
maintain adequate levels of VD during pregnancy and breastfeed-
ing periods [111].

Animal studies carried out using high doses of VD have shown
teratogenicity; however, there are no controlled data for human
pregnancies. The use of VD in prophylactic or therapeutic doses
during pregnancy and breastfeeding periods is considered safe.
Toxic levels (>150ng/ml [375nmol/L] of 25[OH]D) are rarely
found. Early symptoms of VD toxicity are caused by large amounts
of calcium in blood (hypercalcemia) and include nausea, vomiting,
constipation/diarrhea, weakness, or frequent urination (> Table
1 [111].

Zinc

Zinc is an essential ion that is crucial for the maintenance of nor-
mal physiology. Zinc is the most abundant intracellular metal and
the second most common metal in the entire body after iron. Zinc
modulates the bacterial and viral immune response, and actively
participates in local and systemic inflammatory pathways. Histor-
ically, zinc deficiency was considered rare. Currently, it is esti-
mated that around two billion people worldwide have zinc defi-
ciency [114].

In vitro studies demonstrate an antiviral activity of zinc
through the inhibition of SARS-CoV RNA polymerase and in-
creased production of IFN-y, and it may decrease the activity of
ACE2, which is known to be the receptor for SARS-CoV-2. Zinc
can also contribute to reducing the cytokine storm by exerting
an anti-inflammatory activity (inhibiting NF-kB signaling) and
modulating Treg lymphocytes [115]. Patients with associated co-
morbidities (aging, immune deficiency, obesity, diabetes, and
atherosclerosis) as well as a high mortality rate for COVID-19 have
a higher prevalence of zinc deficiency, thus highlighting the im-
portance of this ion in the prevention and treatment of this dis-
ease (» Fig. 1) [116].

Currently, the main recommendation for the use of zinc in the
treatment of COVID-19 is in combination with CQ/HCQ. Studies
suggest that the association of zinc with CQ/HCQ, a zinc iono-
phore drug, would enhance the antiviral effect of this therapy, as
it achieves greater intracellular concentrations. This effect would
be more evident in the initial phase of disease, with no benefits in
the hyperinflammation phase (cytokine storm) [116].

The use of zinc in pregnancy and breastfeeding appears to be
safe (» Table 1). Zinc deficiency in pregnancy is related to miscar-
riage, intrauterine growth retardation, premature birth, preec-
lampsia, altered T-lymphocyte function, congenital abnormal-
ities, and fetal immunological changes. Initial studies demon-
strate that zinc supplementation during pregnancy is associated
with a reduction in the risk of premature births. There is still a
poor understanding of the impact of supplementation at supra-
physiological doses. Zinc is excreted in human breast milk, which

fulfills the newborn’s nutritional needs. Zinc toxicity is rare, except
in the condition of supplementation or contact with high doses
over a long period [117,118].

Senolytic Drugs

Human cells have a limited ability to replicate. Once this limit is
reached, these cells no longer have the ability to divide; they lose
their normal function and become senescent cells (SCs). SCs ac-
quire a senescence-associated secretory phenotype (SASP) which
is responsible for a chronic local and systemic inflammatory re-
sponse [119]. The process of cellular senescence is associated
with chronic diseases such as diabetes, hypertension, and obesity;
these conditions also increase the risk of mortality from COVID-
19. The accumulation of SCs in the lungs, especially in the elderly,
induces a process of pulmonary fibrosis and could contribute to
the exaggerated inflammatory response to SARS-CoV-2 (cytokine
storm). Thus, senolytic drugs, which induce apoptosis of SCs
could assist in the treatment of COVID-19 [69, 120].

The role of SCs in viral infections is still poorly understood.
Some studies reported that SCs help in fighting viral infection,
whereas others have observed that the presence of SCs increases
viral replication. Kim et al. found greater replication of the influen-
za virus in SCs compared to non-SCs [121]. Frescas et al. sug-
gested that SCs in the lungs have a higher expression of surface
proteins (such as vimentin) that participate, together with ACE2,
in the infection of host cells by SARS-CoV-2 (> Fig. 1) [122].

Some drugs used to treat COVID-19 have senolytic properties,
either by direct action on the SCs in the lungs (azithromycin and
doxycycline) or by reducing SASP mediators (toculizumab, roxiliti-
nib, rapacycin, and melatonin) [57,69]. Recently, a study identi-
fied quercetin, a dietary supplement with senolytic properties, as
a potential therapy against COVID-19, as it reduces the binding of
SARS-CoV-2 to host cells [69]. Quercetin present in food is safe
during pregnancy and breastfeeding. However, it should not be
supplemented in doses above the recommended quantities be-
cause there is a lack of information about its safety and efficacy
in pregnancy and during lactation. A study conducted in rats ex-
posed to quercetin by oral gavage observed fetal growth retarda-
tion (> Table 1) [123,124].

Conclusion

Currently, a limited number of drugs are used to treat COVID-19.
These drugs are of questionable efficacy, and the evidence for
their effectiveness is weak. There are not enough studies in the
literature that demonstrate the safety of most drugs used to fight
infection by SARS-CoV-2 during pregnancy and lactation. A rele-
vant number of these drugs have been shown in animal studies
to be high risk during pregnancy and breastfeeding. Therefore,
well-conducted studies that evaluate the safety of anti-COVID-19
drugs during pregnancy and breastfeeding periods are necessary.
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