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Infectionwith the hepatitis B virus (HBV) is one of the leading global
publichealth issues. Over 250millionpeopleworldwidehave chronic
HBV infection, out ofwhich roughly 65million arewomen in their re-
productive age. The most common route of passing the infection in
areas of high endemicity is bymother-to-child transmission (MTCT).
In children the infection may still occur despite adequate immuno-
prophylaxis, however, antiviral medication, such as Tenofovir diso-
proxil fumarate (TDF), may be helpful in reducing the risk of MTCT.
A literature review was conducted concerning TDF's role in prevent-
ing MTCT and its safety in pregnancy. Studies were identified by re-
searchingvariousdatabasesup to2020 forvariationsof the following
sentence: "Tenofovir disoproxil fumarate and Lamivudine and Tel-
bivudine and Entecavir and pregnancy and transmission and safety
and HBV". Prenatal and perinatal adequate management of mater-
nal HBV infection is of utmost importance, with focus on prevention
of MTCT as the key strategy to reduce the global HBV infection bur-
den. This reviewdiscusses themost up-to-date evidence fromamul-
tidisciplinary perspective of using TDF to reduceMTCT of HBV infec-
tion as well as its safety profile for pregnant women.
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1. Introduction
Infection with the hepatitis B virus (HBV) is a major cause

of global health concern especially because of its chronic per-
sistence and potential evolution to cirrhosis and hepatocel-
lular carcinoma. Prevalence of HVB varies worldwide - it
reported as high as 12% in countries in East Africa, as less
than 1% in most European countries and the United States
and around 4% in Romania [1, 2]. For all countries, more
than 250 million individuals are thought to be chronically
infected, with approximately 65 million being women of re-
productive age [3]. HBV infection during pregnancy unfolds
similarly to what we would expect for the general adult pop-
ulation; it does not specifically increase maternal mortality,

nor does it have teratogenic effects [4]. However, it does pose
a significant risk for mother-to-child-transmission (MTCT)
and the earlier in life the infection is acquired, the greater its
likelihood of persisting as chronic. Up to 90% of those in-
fected perinatally may develop chronic infection, and almost
30% will end up with cirrhosis [5]. In areas with a high HVB
prevalence,MTCT is the primary source of infection. MTCT
occurs most commonly around the time of delivery but may
also occur during the intrauterine period or the postpartum
period [6].

Screening for HBV in pregnancy is recommended world-
wide, and all newborn infants should be vaccinated within
the first 24 hours after birth, and thereafter receive at least
two additional doses at later times [7]. Newborns of HBsAg-
positive mothers also receive within the first 24 hours, hep-
atitis B immune globulin (HBIG) (known as passive immuno-
prophylaxis) in addition to their first vaccination dose (active
immunoprophylaxis) [8]. With this approach, there is a re-
ported reduction of 95 to 97% in MTCT rates [8]. MTCT
during pregnancy and delivery is associated with blood levels
of maternal HBV DNA [9]. The rate of MTCT at a mater-
nal HBV DNA level of 5 log10 was estimated at 0.9%, and
it seems to increase significantly for every log increase as
demonstrated in a study byWen et al. [10]. Themain risk fac-
tors forMTCT are the maternal high HBVDNA (HBVDNA
> 200.000 IU/mL) [11] and the HBeAg-positivity [12]. In
womenwith chronic HBV infection, the risk ofMTCTwith-
out prophylaxis is different according to the HBeAg/anti-
hepatitis B-antibodies (HBeAb) status of the mothers, vary-
ing from 12% for HBeAg-negative/HBeAb-positive moth-
ers, to 25% for HBeAg-negative/HBeAb-negative mothers
and being as high as 70%-90% for HBeAg-positive/HBeAb-
negative mothers [13].

Given the fact that 70% of those infected with HBV are
in high endemic countries (Asia and Africa), most of chronic
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HBV infections result because of acquiring the virus around
birth or during early childhood [14]. In 2019, WHO esti-
mated that the complete vaccination schedule (the three doses
of the hepatitis B vaccine) reached an 85% global-wide cover-
age, but only 43% of infants received their first dose in the 24
hours after birth, the coverage being as high as 84% inWest-
ern Pacific Region and as low as 6% in the African region
[15]. This difference shows the importance of implementing
efficient vaccination strategies in resource-limited countries,
taking into account that around 50 million new cases of hep-
atitis B are still being diagnosed each year, mostly in relation
to MTCT [16].

Fig. 1. The flow chart of papers selection.

Intrauterine transmission is considered to account for
only a small proportion of the cases of HBV transmission that
are not targeted by at birth prophylaxis. In a Chinese case-
control study among 402 newborns, 15 (3.7%) had detectable
serum HBsAg in the first 24 hours after birth, but there was
no follow-up of infants to confirm acquired infection. HBeAg
positivity, threatened preterm labor, maternal serum HBsAg
titers and HBV DNA concentration were associated with a

higher risk for intrauterine infection, as was the presence of
HBV in placental tissue and in the endothelial cells of the vil-
lous capillaries [17]. Invasive intrauterine procedures such as
amniocentesis are likely to increase the risk for MTCT, with
maternal HVB DNA> 7.0 log10 IU/mL and HbeAg positiv-
ity being reported as the main risk factors [18].

Treatment of HBV infection in pregnant women has been
generally advised when: 1) there is active liver disease and
targeted treatment could no longer be delayed; 2) in women
who conceive while on therapy and 3) for prevention of HBV
MTCTwhen highHBVDNA aremeasured [9]. Another po-
tential indication is to prevent MTCT at the time of inva-
sive procedures (placental biopsy, amniocentesis, fetal blood
sampling) undertaken during pregnancy for fetal diagnosis in
cases of prenatal screening anomalies, however more studies
are required to clarify this issue [18]. The risks and bene-
fits when choosing a therapeutic approach for HBV infection
treatment in pregnancy must be weighted keeping in mind
that the effect is on both the mother and the fetus (poten-
tial exposure to teratogenic drugs) [19]. The two options
of treatment in adult population are interferon-alfa and nu-
cleos(t)ide analogues (NAs). While interferon-alfa is con-
traindicated in pregnancy, the concept of NA agents in preg-
nant women with a high HBV DNA in order to reduce the
rate of mother to child transmission has been proposed and
extensively investigated over the last years.

The current paper has taken into consideration the fol-
lowing NAs: Tenofovir disoproxil fumarate (TDF), Lamivu-
dine (LAM),Tenofovir alafenamide, Telbivudine (TBV), En-
tecavir andAdefovir. Table 1 is a brief description of themain
characteristics of these drugs.

Among the oral anti-HBV agents, TDF is a potent antivi-
ral drug preferred during pregnancy [20, 21]. While an issue
with other NAs, with TDF, resistance is developing rarely,
and this is important because many women that are treated
during pregnancy might require treatment for the liver con-
dition in their future life [20, 21]. Tenofovir disoproxil fu-
marate, a nucleotide reverse transcriptase inhibitor, is an ana-
logue of adenosine 5’-monophosphate; it interferes with the
HBV viral RNA dependent DNA polymerase resulting in in-
hibition of viral replication. The drug is first converted in-
tracellularly by hydrolysis to Tenofovir and thereafter phos-
phorylated to the active tenofovir diphosphate. Tenofovir
inhibits replication of HBV by inhibition of HBV polymerase
(Fig. 2) [28].

A potential problem in relation to the use of TDF is its re-
nal action. Extensive clinical data revealed that TDF might
have an impact on renal function, particularly on tubular
function, with no clinical expression unless exacerbated by
certain risk factors such as age, hypertension/preeclampsia,
diabetes, HIV associated kidney disease, or combination
therapy with ritonavir-boosted protease inhibitors. Clini-
cally, renal dysfunction induced by TDF manifests as par-
tial or complete Fanconi syndrome: glycosuria with aver-
age serum glucose, uricosuria with hypouricemia, phospha-
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Fig. 2. Tenofovir disoproxil fumarate (TDF) - mechanism of action .

turia with hypophosphatemia and proteinuria (mainly beta-
2 microglobulin). Screening for tubular dysfunction in pa-
tients undergoing treatment with TDF may be undertaken
by the use of beta-2 microglobulin [29, 30]. There is a
small decrease in glomerular filtration rate (GFR) associated
with long-term use of the drug [31], meaning that pregnant
women receiving TDF for MTCT prevention should not be
at risk in this regard. Baseline estimatedGFR (eGFR) calcula-
tions using CKD-EPI creatinine measurements, followed by
repeated measurements every 1 to 3 months seems an appro-
priate management strategy to screen for renal disease, al-
though this data derives from the recommendations of the
Southern African HIV Clinicians Society, British and Euro-
pean HIV Societies regarding treatment with TDF in HIV
patients. Also, some entities advocate urine dipstick testing
and measuring albumin-to-creatinine ratio if risk factors are
present [32, 33]. Overall, most studies show that TDF is safe

in pregnant women in regards to clinical renal function for
short to medium term use.
1.1 Objective and scope

This review aims to bring together current data on the ef-
ficacy and safety of TDF during pregnancy in women with
HBV infection. We discuss timing of treatment initiation for
reducing MTCT, other indications for treatment including
the appropriate selection of pregnant patients, dosage con-
sideration and the aspects of management. The paper was
designed to offer a multidisciplinary view of the topic. There
aremanymeta-analysis and literature reviews on efficacy and
safety of TDF during pregnancy, but we aimed to bring to-
gether the perspective of maternal-fetal medicine, infectious
disease, gastroenterology, and nephrology specialists.
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Table 1. Nucleos(t)ide analogues - Essential Characteristics [20–27].
Tenofovir disoproxil

fumarate (TDF)
Lamivudine (LAM) Tenofovir alafenamide Telbivudine (TBV) Entecavir Adefovir

Safety Appear safe Appear safe Not enough data Appears safe Not enough data Not enough data
Prevention ofMTCT Yes Yes Not enough data Yes Not enough data Not enough data
Resistance Very rare High risk Not enough data High risk Not enough data Not enough data
Teratogenicity No No (in human trials) Not enough data No Not enough data Not enough data
Bone abnormalities No, according to recent data Not associated Less than TDF Not associated Not associated Not associated

MTCT = mother-to-child-transmission

2. Methods
An online literature search was performed between

February 2020 and July 2020 to identify relevant English ar-
ticles regarding the efficacy and safety of tenofovir disoproxil
fumarate (TDF) in the prevention of MTCT of Hepatitis
B. We searched for comparing purposes articles regarding
the other most used antivirals, Lamivudine (LAM), Teno-
fovir alafenamide, Telbivudine (TBV), Entecavir and Ade-
fovir. Publications and abstracts up to 2020 were searched
and obtained from the following databases: PubMed,Web of
Science, The Cochrane Library, Science.gov, UpToDate and
Elsevier. Different variations of the following phrase were
searched mainly in the abstracts: “Tenofovir disoproxil fu-
marate and Lamivudine and Telbivudine and Entecavir and
pregnancy (pregnant) and transmission and safety and HBV
(hepatitis B)”. Moreover, cited articles in the selected studies
were manually examined to prevent any omission of related
studies. Relevant articles that had one or more of the follow-
ing criteria were excluded: animal studies, case reports and
letters to the editor (Fig. 1).

2.1 Efficacy of TDF in preventing MTCT of HBV infection

Despite active-passive immunoprophylaxis, HBV trans-
mission occurs in 1 up to 4% of children born to mothers
with HBV (HBeAg positive or detectable HBV DNA) [34].
Primary factors contributing to mother to child transmis-
sion include HBeAg-positivity, high HBV-DNA (HBV-DNA
> 200,000 IU/mL), intrauterine infection and viral mutation
[34]. Mechanisms reported to be probably involved in the
intrauterine infection are passage of the serum through the
damaged placenta, transmission of infected germ cells and
the transfer of infected placenta or peripheral bloodmononu-
clear cells [8]. Viral mutation might also be a matter of con-
cern. First identified in 1988, a point mutation in the surface
antigen region lead to the emergence of a vaccine-induced es-
cape mutant of HBV that produced infection in infants born
to HBsAg carrier mothers despite active-passive immuno-
prophylaxis [35, 36]. Also, drug resistant HBV mutants may
appear as a consequence of treatment with NAs (especially
Lamivudine) and apart from the alterations in the “Pol” gene,
they may cause alterations in the S gene encoding the sur-
face protein, thus infecting both naïve and immunized peo-
ple [37]. Currently, vaccine escapes mutants are still rarely
accounted for and they do not pose a serious public threat
[38].

Available guidelines advise initiation of antivirals in the
third trimester of pregnancy as an additionalmethod toHBIG
and vaccination for the reduction of MTCT [39]. Their pro-
tective effect was evident in a meta-analysis of 26 studies in-
volving 3622 pregnant women [21]. Among antivirals, TDF
is the preferred choice because it is rarely associated with re-
sistance and also, because TDF is well investigated in terms
of efficacy and safety. Several trials on its use were published
during the last years, out of which two were randomized-
controlled trials (RCTs) (Table 2). The results showed that
TDF, administered in the last trimester of pregnancy up to
one month postpartum, decreased the rate of MTCT of HBV
significantly versus placebo for HBeAg-positive women with
high HBV DNA. Surprisingly, the most recent RCT failed to
detect a significant difference between the TDF group and
the placebo arm (no infections vs three infections, respec-
tively). TDFwas administered from 28weeks of gestation up
to 2 months post-delivery in HBeAg-positive women, most
of them having a HBV DNA> 200,000 IU/mL [40]. The re-
sults of this trial interpreted as a negative trial, rose questions
over the usefulness of NAs, and specifically TDF, as an addi-
tional preventive measure during the last part of pregnancy.
Although the sample size was larger than that in the previous
randomized trial, the HBV transmission rate in the placebo
group was only 2%, lower than in previous data showing a
transmission rate of about 7 to 12% in the group of infants
who received HBV vaccine and HBIG as standard care. This
lower transmission rate could be the result of an earlier ad-
ministration after birth of the first dose of HBV vaccine.

Despite different results of the two randomized trials, sev-
eral non-randomized studies showed the beneficial effect of
TDF in reducing the rate ofMTCTwhen administered in se-
lected cases during the third trimester of pregnancy [20–22].

A recent prospective uncontrolled study of 147 patients
looked at the efficacy and safety of TDF. HBsAg was detected
in 13.9% of newborns at birth, but it did not persist in any
of the cases at 28 weeks postpartum, with mother to child
transmission rates among infants of 0% per protocol. The
study concluded that TDF was tolerated well with no signifi-
cant side effects for mothers nor infants and reduced mother
to child transmission of HBV in mothers with a high HBV
DNA [41].

Another retrospective study, enrolling 145 pregnant
womenwithHBVDNA>1.0× 107 copies/mL and increased
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ALT, confirmed the efficacy of TDF. The findings showed no
MTCT in patients on TDF treatment while a rate of 11.1% (P
< 0.001) was reported in patients without anti-HBV treat-
ment [42].

2.2 When and how to use TDF in pregnancy
In order to prevent MTCT pregnant women should be

screend, in those with high HBV DNA levels antiviral ther-
apy should be given, regardless whether they are acutely or
chronically infected and passive-active immunisation to new-
borns of mothers who are HBsAg positive should be offered.
Screening in pregnant women is universally recommended
in the first trimester by assessing serum HBsAg [29]. For
womenwho screen positive for HBV (HBsAg positive) in the
first trimester, further testing is required tomeasure the base-
line HBeAg, HBV DNA and aminotransferase levels. If the
HBV DNA load is low in the first trimester, the recommen-
dation is to repeat the test around 26-28week’s gestation [39].
In the cases with HBV DNA greater than 200,000 IU/mL in
the first trimester, the women should also be referred to a
hepatologist. The most recent international guidelines rec-
ommend the use of antiviral prophylaxis starting from week
24-28 of pregnancy if the HBV DNA is higher than 200.000
IU/mL [39]. This threshold for treatment was established
based on the observations of a retrospective study involv-
ing 869 pregnant women in which the failure in prevent-
ing MTCT occurred only in infants born to HBeAg-positive
mothers with viral loads > 200.000 IU/mL [43]. World
Health Organization 2020 Guideline on antiviral prophylaxis
in pregnancy recommend that pregnant women testing pos-
itive for HBV infection (HBsAg positive) with an HBV DNA
≥ 5.3 log10 IU/mL (≥ 200,000 IU/mL) receive tenofovir
prophylaxis from 28 weeks until at least at birth [14]. In
resource-limited countries where quantitative determination
ofHBVDNA is not feasible, patients are eligible forTDFpro-
phylaxis taking into account the presence of AgHBe, given a
systematic review commissioned by WHO that showed the
overall sensitivity and specificity of HBeAg for diagnosis of
highHBV viral load (defined as≥ 200,000 IU/mL)was 88.2%
and 92.6% respectively [14].

The management for women with autoimmune hepati-
tis or with advanced fibrosis is as per that of non-pregnant
women. In case of severe hepatitis in a pregnant woman,
differential diagnosis is essential to exclude conditions spe-
cific to pregnancy, such as acute fatty liver of pregnancy or
HELLP (hemolysis, elevated liver enzymes and low platelets)
syndrome. Once the viral the etiology is certain, the recom-
mendations applying to the general adult population should
be followed, and in selected cases, the treatment should rely
on NA agents (Fig. 3).

Pregnancy does not seem to interfear with the evolution
of a chronic HBV infection in womenwithout advanced liver
disease [11]. However, flares may occur in pregnancy be-
cause of altered immunity. The prevalence of flares has been
reported in 6%-14% of cases during pregnancy and in 10%
to 50% of women postpartum [44]. However, most flares

appear to be mild and self-limiting, with little progression
to hepatic decompensation or jaundice in the absence of ad-
vanced fibrosis or hepatitis delta co-infection. In a prospec-
tive study of 126 pregnant women with chronic HBV infec-
tion, 27 patients (25%) developed a post-partum flare (de-
fined as twice the upper limit of normal (ULN) ALT or twice
the upper limit of baseline ALT if this was elevated above
normal) and only 2 patients presented a flare while pregnant
[45]. Younger age andHBeAg positivity were associatedwith
post-partum flares, the risk of a post-partum flare being dou-
ble in case of HBeAg positive women [45].

Acute hepatitis B can be diagnosed in the presence of HB-
sAg and IgM hepatitis B core antibody (IgM-antiHBc). In
the early phase, AgHBe, high HBV DNA levels and elevated
aminotransferase levels are also present. During the window
phase of the acute infection, HBsAg and HBeAg are negative,
but in the setting of IgM-antiHBc positivity and detectable
HBV DNA. AgHBs persistence for more than 6 months rep-
resents a chronic HBV infection [46].

Women with acute hepatitis B and low HBV DNA lev-
els will require only supportive treatment, serial monitoring
and, very importantly, the infant to receive HBIG in addition
to the first dose of vaccine at birth. Studies have shown that
acute HBV infection early in pregnancy has been associated
with 10% perinatal transmission rate [47]. This transmission
rate increases if an acute infection occurs near the time of de-
livery, and for these cases, antiviral treatment may be consid-
ered to reduceMTCT [47]. In the situation of acute hepatitis
B, the main goal of treatment should be to prevent acute liver
failure [48].

When antivirals are indicated only to reduce MTCT,
treatment may be discontinued at delivery or kept up to 4-
12 weeks after delivery to reduce the risk of flares [30]. In a
prospective studywhere 91women received antiviral therapy
to prevent transmission, extending antiviral therapy beyond
delivery did not appear to reduce the frequency of HBV flares
over a median of a 48 week-follow-up [49].

In women becoming pregnant while receiving antiviral
therapy, the risk and benefit of continuing treatment should
be discussed on an individual basis. Continuing treatment
may pose a risk to the fetus, while discontinuing treatment
may pose a risk of hepatitis flare for the mother. Tenofovir
disoproxile fumarate or lamivudine should replace entecavir,
adefovir or other antiviral treatment in these cases.

For HbsAg positive women requiring invasive procedures
for prenatal diagnosis during pregnancy, HVB DNA and
HbeAg should be checked. In those of higher risk of MTCT
(DNA > 7.0 log10 IU/mL and HbeAg positivity) alternative
non-invasive prenatal testing could be used if feasible. A
course of 4 weeks of antiviral treatment could also be con-
sidered if the procedure can be postponed [18].
2.3 Dosage considerations

The recommended dose, according to the European
Medicines Agency is 245 mg (one tablet) once daily, taken
with food, from 28-32weeks gestation through 1 to 2months
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Table 2. Efficacy and safety of TDF during pregnancy.
Author, year Study Participants Inclusion criteria Results

Chen HL, 2015 [20] Prospective Non-RCT 118 Pregnant women positive for HBsAg and HBeAg with
an HBV DNA level ≥ 7.5 log10 IU/mL

TDF at 30 weeks of gestation reduces maternal viral HBV-DNA at the time of delivery, a
mean viral load of 4.29 ± 0.93 log10 IU/mL in the TDF group was achieved.

Brown RS, 2016 [21] Systematic review and
meta-analysis

26 studies -3622
pregnant women

Antiviral therapy reduced MTCT. No significant differences were found in the congenital
malformation rate, prematurity rate, and Apgar scores. Lamivudine or telbivudine
improved maternal HBV DNA suppression at delivery and during the 4 to 8 weeks’
postpartum follow-up. Tenofovir showed improvement in HBV DNA suppression at

delivery.
Pan CQ, 2016 [22, 41] Double-blind RCT 200 Pregnant women positive for HBeAg and HBV DNA

level higher than 200,000 IU/mL
At delivery, 68% of the mothers in the TDF group (66 of 97 women), as compared with 2%
in the control group (2 of 100), had an HBV DNA level less than 200,000 IU per milliliter.
MTCT at 28 weeks postpartum was significantly lower in the TDF group than in the

control group. The maternal and infant safety profiles were similar in the TDF group and
the control group, including birth-defect rates, although more mothers in the TDF group

had an increase in the creatine kinase level.
Jourdain G, 2015 [40] Double-blind RCT 331 Pregnant women positive for HBeAg with an alanine

aminotransferase level < 60 IU/L
In a setting in which the rate of HBVMTCT was low with the administration of hepatitis B
immune globulin and hepatitis B vaccine, the additional maternal use of TDF did not result

in a significantly lower rate of transmission.
MingWang, 2019 [41] Open-label Single-arm

study
147 Pregnant women positive for HBeAg with HBV‐DNA

> 6 log10 IU/mL
At delivery, 93.7% (134/143) of the mothers achieved HBV‐DNA < 200 000 IU/L.

On‐treatment, alanine aminotransferase (ALT) flares were observed in 8.4% (12/143) of
the mothers. After TDF cessation, ALT increased by 7.7% (11/143) of the mothers and
2.8% (4/143) achieved HBeAg negativity, but none had HBsAg loss. At birth, HBsAg was
detected in 13.9% (20/144) of newborns and none at postpartum week 28. Mother to child
transmission rates among infants were 0.7% (intention‐to‐treat) and 0% (per‐protocol). No

infants had congenital disabilities. No serious adverse effects were reported in either
mothers or infants.

Zeng, 2019 [42] Observational study 145 HBV DNA ≥ 1.0 × 107 copies/mL and increased
alanine aminotransferase levels

For the infants, there were no significant differences among body weight, height, head
circumference, or Apgar score. Administration of Lamivudine or TDF to HBV-infected

mothers are effective and safe to reduce HBVMTCT.
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Fig. 3. Algorithm for the use of Tenofovir disoproxil fumarate in pregnancy. TDF-Tenofovir disoproxil fumarate, ALT-alanine transferase, TBV-
Telbivudine, LAM-Lamivudine, ULN-the upper limit of normal.

postpartum [50]. No dose adjustment is necessary for pa-
tients with eGFR > 50 mL/min. In those with impaired re-
nal function, TDF should be administered at extended dos-
ing intervals: 1 tablet (245 mg) every 48 hours in patients
with eGFR between 30 and 49 mL/min, 1 tablet every 72-
96 hours or twice weekly for patients with eGFR between 10
and 29 mL/min and every 7 days (following a 4-hour dialysis
session) for patients in end-stage renal disease on hemodial-
ysis (based on thrice-weekly 4-hour hemodialysis regimen)
[51]. Alternatively, TDF 33 mg/g granules could be used, as
follows: 132 mg (4 scoops) once daily in patients with eGFR
between 30 and 49 mL/min, 66 mg (2 scoops) once daily in
patients with eGFR between 20 and 29 mL/min, 33 mg (1
scoop) once daily in patients with eGFR between 10 and 19
mL/min and 16.5 mg (0.5 scoops) once daily in patients in
end-stage renal disease on hemodialysis [52]. No dose adjust-
ment is required for patients with hepatic impairment [51].

Another important issue that needs to be addressed is the
pharmacokinetics (PK) of TDF in pregnant women. There
are certain phyisiological changes during pregnancy, such as
an increased volume of distribution (Vd), decreased periph-
eral vascular resistance and blood pressure and increased car-
diac output (CO) that influence the absorbtion, distribution
and elimination of TDF [53–55]. These changes can result in
lower drug exposure of antiretroviral agents, including TDF,
when compared to non-pregnant women [56]. Given these
circumstances, it has been debated whether the standard dose

of TDF is adequate to obtain viral supression in order to pre-
vent MTCT of HBV. We analyzed the data derived from six
cohort studies conducted between 2009 and 2018 that evalu-
ated the PK of TDF administered peri-partum (two studies)
or chronically (one study) in pregnant HIV infected women,
its role in preventing MTCT of HIV - chronically adminis-
tered (three studies) andHBV - chronically administered (one
study).

Hirt et al. showed that a 600 mg dose of TDF admin-
istered to thirty-eight pregnant women just before delivery
resulted in similar tenofovir AUC, Cmin and Cmax values
to a 300 mg dose in other adults at steady state, due to a
twice-higher elimination clearance in pregnant women than
in non-pregnant women [57].

Flynn et al. confirmed that TDF doses of 600 mg adminis-
tered during labor result in tenofovir exposure similar to that
of the standard 300 mg doses used in treatent of HIV infected
non-pregnant adults. Also, cord blood concentrations were
similar regardless of thematernal dose (either 600 or 900mg)
[58].

Benaboud et al. studied the PK of TDF on a cohort on one
hundred-eighty-six pregnant women using a 300 mg once-
daily regimen during first, second and thrid trimester. They
observed [59] that the exposure of pregnant women to teno-
fovir is low after the administration of 300 mg of TDF, but
may be too high after the administration of 600 mg, conclud-
ing that a dose escalation should be considered in pregnant
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women, but further investigations are needed [60].
In a recent study by Best et al. apparent Vd was 60%

higher and tenofovir overall exposure was 20% lower in the
third trimester compared to postpartum in the same women.
Ninety-four percent of subjects had an HIV RNA ≤ 400
copies/mL in the 3rd trimester and none discontinued their
regimen or altered their TDF dose based on their reported
lower-than-target AUC. At delivery, 97% of women were vi-
rally suppressed (HIV RNA under 400 copies/mL) and no
infants were infected. They conclude that standard doses
appear appropiate for a majority of HIV-infected pregnant
women [61].

Colbers et al. also suggested that aalthough pharmacoki-
netic exposure of the NRTIs TDF and FTC during pregnancy
is approximately 25% lower, this was not associated with vi-
rological failure and did not result in mother-to-child trans-
mission [62].

Finally, the most recent study we examined and the only
one that evaluated MTCT of HBVwas conducted by Cressey
et al. This was a phase III randomized double-blind placebo-
controlled trial that included 154 pregnant women. A 20%
reduction in tenofovir exposure was noted during pregnancy
versus to post-partum, but no mothers transmitted HBV to
their infant, thus suggesting that a dose adjustment is not nec-
essary [63].

Given the currently available evidence, suggesting that
even though the physiological changes in pregnancy alter the
PK of tenofovir and ultimately decrease drug exposure, this
does not have a negative impact onMTCT and it appears that
no dose adjustment is warranted in pregnant women receiv-
ing TDF. Still, further studies are required to confirm this
statement, especially regarding MTCT of HBV.

2.4 Infant outcomes after maternal TDF use during pregnancy
Besides the effectiveness of antiviral therapy during preg-

nancy, the safety, and long-term implications on the devel-
opment of exposed infants are of primary concern. Poten-
tial adverse effects include teratogenicity, long-term effects
on bone development in the infant, post-treatment transam-
inases flares, renal dysfunction and HBV resistant mutations.

In the two RCTs, although underpowered for differ-
ences in fetal outcomes, no statistically significant differences
were seen in malformation rate, preterm birth or low Ap-
gar score between infants exposed to TDF and the control
group [16, 31]. Two stillbirths resulted in the TDF group
and one neonatal death due to ventricular hemorrhage post-
instrumental delivery. Jourdain et al. showed a significant
lower Z score for weight at 6 months follow-up in infants
exposed to TDF [40].

Data from Antiretroviral Pregnancy Registry (APR) ana-
lyzing 4013 women with TDF administration during preg-
nancy, mostly due to HIV-1 infection, showed that the mal-
formation rate was 2.4%, with no significant difference com-
paring to the general population [64].

The relationship between TDF and fetal growth, partic-
ularly regarding bone development, is a matter of concern.

The date on long-term follow-up for the effect of TDF on
neonatal and infant growth are conflicting. Analysis from
Safety Monitoring for ART toxicity (SMARTT) study of the
Pediatric HIV/AIDS Cohort Study reported that for the chil-
dren of women treated with TDF during pregnancy there
was a higher risk of lower length-for-age and head circum-
ference for age z-scores at one year of age, despite no differ-
ence in growth measurements at birth [65]. These findings
are in contrast with those reported by the Development of
Antiretroviral Therapy in Africa trial, in a subgroup analysis,
that showed no effect of intrauterine exposure to TDF [66].

A recent study by Wen et al. showed that children with
and without fetal exposure to TDF were similar in terms of
bone development, long term growth and renal function up
to 6-7 years after delivery [27].

As a response to SMARTT, a large study including 2025
infants compared the weight at birth and at six months for
infants exposed and unexposed to TDF during pregnancy.
In this large cohort of infants born to HIV-infected women
receiving a combination of antiviral regimens during preg-
nancy, in utero exposure toTDFdid not seem to be associated
with infant birthweight or growth up to 6months. Although
there was a marginal association with being underweight at
six months of age in womenwho initiated TDF in the second
or third trimester, there was no association between the du-
ration of maternal TDF use and 6-month weight outcomes.
Besides, no association was found with absolute weight or
overall age and sex-adjusted z-scores [67].

A systematic review that aimed to compare the potential
adverse outcomes of HIV infected women receiving a TDF
versus no-TDF schema antiretroviral therapy showed a de-
creased incidence in preterm delivery and stillbirth in the first
group, but an increased risk of neonatal mortality at less then
14 days after delivery. The TDF including therapy did not in-
crease the risk for low or very low birth weight, small for ges-
tational age, congenital anomalies, other infant adverse out-
comes, or infant mortality after 14 days andmodified anthro-
pomorphic parameters at birth [68]. The safety of HBV an-
tiviral therapy while breastfeeding is not established. There-
fore, counselling individally over the benefits versus risks of
breastfeeding should be discussed with those requiring post-
partum antiviral therapy. Studies have shown that limited
amounts of TDF are excreted in breastmilk, and these are un-
likely to cause any biologic effects on the infant [69].

Regarding maternal safety, apart from mild side effects
like fatigue, nausea or pruritus, a consistent finding in two
randomized studies was an acute hepatic exacerbation with
higher levels of alanine aminotransferase in women taking
TDF [22, 40]. Pan et al. also reported an increase in crea-
tine kinase level in the group with TDF, but there were no
reported clinical cardiac manifestations [22]. Nachenga et al.
found no increased risk in maternal severe (grade 3) or po-
tentially life-threatening (grade 4) adverse events and mis-
carriage in HIV positive pregnant womenwho received TDF
based antiretroviral therapy [68].
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3. Summary
As a conclusion, Tenofovir Disoproxil Fumarate is gener-

ally recommended by the current guidelines to be used dur-
ing late pregnancy to reduce the hepatitis B virus transmis-
sion in HBeAg-positive mothers with a high HBV DNA. De-
spite decreased drug exposure physiologically occurring in
pregnancy, latest evidence suggests that no dose adjustment
is warranted in pregnant women receiving TDF to prevent
MTCT of HBV. Regarding the safety of TDF use in the sec-
ond and third trimester of pregnancy, the overall picture is
reassuring for both maternal and neonatal outcomes.
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