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Abstract

Background: Hepatitis B Virus (HBV) is transmitted from mother to child which can be prevented via birth dose
vaccine combined with three follow up hepatitis B vaccines, hepatitis B immunoglobulins (HBIG), and maternal
antiviral treatment with Tenofovir Disoproxil Fumarate (TDF). This study evaluates the cost effectiveness of six
strategies to prevent perinatal HBV transmission in a resource limited setting (RLS) on the Thailand-Myanmar
border.

Methods: The cost effectiveness of six strategies was tested by a decision tree model in R. All strategies included
birth and follow up vaccinations and compared cost per infection averted against two willingness to pay
thresholds: one-half and one gross domestic product (GDP) per capita. Strategies were: 1) Vaccine only, 2) HBIG
after rapid diagnostic test (RDT): infants born to HBsAg+ are given HBIG, 3) TDF after RDT: HBsAg+ women are
given TDF, 4) TDF after HBeAg test: HBeAg+ women are given TDF, 5) TDF after high HBY DNA: women with HBY
DNA > 200,000 are given TDF, 6) HBIG & TDF after high HBV DNA: women with HBY DNA > 200,000 are given TDF
and their infants are given HBIG. One-way and probabilistic sensitivity analyses were conducted on the cost-
effective strategies.
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capita per infection averted.

HBeAg test is a less costly option.

Results: Vaccine only was the least costly option with TDF after HBeAg test strategy as the only cost-effective
alternative. TDF after HBeAg test had an incremental cost-effectiveness ratio of US$1062; which would not be
considered cost-effective with the lower threshold of one-half GDP per capita. The one-way sensitivity analysis
demonstrated that the results were reasonably robust to changes in single parameter values. The PSA showed that
TDF after HBeAg test had an 84% likelihood of being cost effective at a willingness to pay threshold of one GDP per

Conclusions: We found that TDF after HBeAg test has the potential to be cost-effective if TDF proves effective
locally to prevent perinatal HBV transmission. The cost of TDF treatment and reliability of the RDT could be barriers
to implementing this strategy. While TDF after RDT may be a more feasible strategy to implement in RLS, TDF after

Keywords: Cost-effectiveness, Perinatal infection, Antiviral therapy

Background

Hepatitis B virus (HBV) is highly endemic in South East
Asia (SEA) and the predominant mode of infection is
mother to child transmission (MTCT) [1, 2]. MTCT can
mostly be prevented by the administration of passive
immunoprophylaxis with hepatitis B Immunoglobulin
(HBIG), in combination with active immunoprophylaxis
by vaccination at birth (birth dose, BD), and approxi-
mately at 2, 4 and 6 months of age [3]. Nonetheless
transmission still occurs with optimal preventive strat-
egies, in an estimated 8-32% of cases of hepatitis B
envelope antigen (HBeAg) positive cases [1, 4]. Preven-
tion of HBV transmission in a resource limited setting
(RLS) is challenging as HBIG is not widely available and
childhood vaccination coverage is suboptimal [5, 6].
Moreover, birth in the RLS have traditionally been at
home, which precludes timely HBV BD vaccination. In-
fants born in the night may present to the clinic soon
after, in the next few days.

Treatment with antiviral therapy during pregnancy is
one strategy under consideration to reduce HBV MTCT.
Antivirals that are active against HBV like tenofovir dis-
oproxil fumarate (TDF) may reduce the risk of MTCT
by reducing the HBV DNA during pregnancy to prefera-
bly undetectable at the time of delivery and this might
be a more feasible option than HBIG in a RLS [7, 8].
Provision of TDF in the third trimester of pregnancy re-
duces the HBV DNA significantly [4, 9-11], but still re-
quire HBIG to ensure prevention. However, earlier
administration of TDF during pregnancy, at 24-27
weeks gestation or earlier, may achieve better suppres-
sion compared to starting in third trimester [11, 12]. Al-
though antivirals may be available in RLS to treat
patients with human immunodeficiency virus (HIV) or
HIV/HBV coinfection, few (if any) programs cover the
expense of these medications in patients with HBV
monoinfection [13]. While it could be obtained from out
of pocket expenses this would be beyond the means of
this population. In studies of HBV mono-infected

populations, antivirals in combination with immunopro-
phylaxis provides better prevention of MTCT compared
to active or passive immunoprophylaxis alone [14—16].
In these studies, the pregnant women were screened for
the presence of HBeAg presence and/or HBV DNA and
only these women were prescribed antiviral treatment in
their third trimester of pregnancy. This strategy of com-
bined active and passive immunoprophylaxis and mater-
nal TDF from third trimester has been proven to be cost
effective in high income countries; but in most RLS,
HBV DNA testing is not available and in some cases
HBeAg testing is not feasible [16, 17].

Published models of TDF in pregnancy are all from
African or western settings where antivirals are used in
HIV treatment (supported via government programs)
and have a lower HBV prevalence compared to SEA [13,
14, 18]. Furthermore, the models do not account for po-
tential side effects of short term treatment with antivi-
rals, like hepatitis flare after cessation following longer
duration of treatment. Checking for hepatic flares means
the women would need additional blood tests and have a
possibility of prolonged antiviral treatment.

The purpose of this study was to evaluate the potential
cost effectiveness of HBV prevention in clinics on the
border of Thailand with Myanmar where pregnant
women have a high prevalence of monoinfection with
HBV. This rural, RLS currently does not have routine
access to HBeAg, HBV DNA testing or HBIG.

Methods

Setting

Shoklo Malaria Research Unit (SMRU) provides humani-
tarian health care for marginalized populations on the
border of Thailand and Myanmar. At the time of data
collection, antenatal care and delivery services were
available at two migrant sites, Mawker Thai (MKT) and
Wang-Pha (WPA), and one refugee site, Maela (MLA)
camp. Attendance at these clinics is free. Public health
programmes, including  childhood  vaccinations,
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supported in part by the Thailand Department of Public
Health. Thai guidelines recommend HBIG for all HBsAg
positive patients, but unless payment can be guaranteed
this is not provided to non-Thai mothers. SMRU has
not had funding available for HBIG since 2016.

Model structure and strategies for prevention of HBV
transmission
A decision tree model for the cost-effectiveness per peri-
natal infection averted of HBV infection was adapted
from a previously described study in this setting [19]
with R statistical software [20] using a health care pro-
vider perspective (Fig. 1). The model structure for each
strategy is shown in additional files 1, 2, 3, 4, 5 and 6.
The decision tree uses a time horizon that begins with
first prenatal contact through to six months post partum
(when the last of the three follow-up vaccinations is pro-
vided). The long-term costs and effects of HBV on the
mother and child were not included.

Six strategies utilizing three different diagnostic tests
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diagnostic tests included a point-of-care rapid diag-
nostic test (RDT) (One Step Bioline hepatitis B
Surface Antigen Test Strip, Pacific Biotech) and two
off-site tests: a confirmatory test for HBeAg status
(HBeAg  electrochemiluminescence = immunoassay,
Roche Diagnostics, USA) and a molecular HBV PCR
test to determine HBV DNA (HBV DNA assay, Fast
Track Diagnostics). Six strategies were evaluated for a
cohort of 3200 pregnant women (the average annual
number seen at SMRU in 2012-2016), regardless of
age (Table 1, Additional files 1, 2, 3, 4, 5 and 6 show
the model diagrams):

1. Vaccine only: HBV vaccination (passive
immunization with HepB-BD and three follow up
vaccinations) provided to all infants. No maternal
HBYV screening is involved.

2. HBIG after RDT: Maternal HBV screening at the
first antenatal visit using the RDT. Infants of
mothers who test HBsAg+ during antenatal care

were included in the economic evaluation. The or at delivery are given HBIG and vaccinations.
N
Infant HBV +
Not vaccinated/HBIG
Infant HBV -
Home delivery Infant HBV +
Vaccinated/HBIG
ANC +/- TDF Infant HBV -
Infant HBV +
Clinic delivery with vaccination
HBeAg or HBV DNA + Infant HBV -
Infant HBV +
No ANC.
Infant HBV -
Infant HBV +
HBsAg+ Not vaccinated/HBIG
Infant HBV -
Home delivery Infant HBV +
Vaccinated/HBIG
ANC +/- TDF Infant HBV -
Infant HBV +
HBeAg or HBV DNA - Clinic delivery with vaccination
Infant HBV -
Infant HBV +
RDT No ANC.
Infant HBV -
Not vaccinated; Infant HBV -
Home delivery
|Vaccinated/HBIG;1nfant HBV -
ANC +/- TDF
Clinic delivery with vaccination; Infant HBV -
Not infected with HBV
No ANC.
Fig. 1 Schematic design of the decision tree models. ANC, antenatal care; DNA, Deoxyribonucleic acid; HBeAg, hepatitis B envelope antigen;
HBIG, hepatitis B immunoglobulins; HBV hepatitis B virus; RDT, HBsAg; HBsAg, hepatitis B surface antigen; Rapid Diagnostic test; TDF, Tenofovir
Disoproxil Fumarate
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Table 1 Details of the interventions included in each strategy for the prevention of perinatal hepatitis B transmission

Vaccine HBIG TDF TDF after TDF after high  HBIG & TDF after
only after RDT after HBeAg test  HBV DNA high HBV DNA
RDT

Vaccination of all infants born in the clinic or presenting X X X X X X

within 12 h after birth

Screening for HBsAg with RDT X X X X

Confirmatory HBeAg test during ANC X

HBV DNA test during ANC X X

HBIG for infant X X

Maternal TDF until 1T month post partum X X X X

ANC antenatal care, DNA Deoxyribonucleic acid, HBV hepatitis B Virus, HBIG hepatitis B immunoglobulin, HBeAg hepatitis B envelope antigen, HBsAg hepatitis B
surface antigen, RDT rapid diagnostic test, TDF Tenofovir Disoproxil Fumarate, Vaccination, includes birth dose and 3 follow up vaccinations

3. TDF after RDT: Maternal HBV screening at the
first antenatal visit using the RDT. Mothers who
test HBsAg+ during antenatal care are given TDF
immediately regardless of their estimated
gestational age and vaccinations.

4. TDF after HBeAg test: Similar to TDF after RDT
with the additional step of confirmatory testing of
HBsAg and HBeAg in those testing RDT positive.
Only HBeAg+ women are given TDF.

5. TDF after high HBV DNA: Similar to TDF after
RDT with the additional step of HBV DNA testing
in those testing RDT positive (no HBeAg testing).
Only women with HBV DNA > 200,000 IU/mL are
given TDF.

6. HBIG & TDF after high HBV DNA: Similar to TDF
after high HBV DNA with the addition of HBIG for
the infants of those testing with an HBV DNA >
200,000 IU/mL during antenatal care.

Since TDF following positive HIV testing is routinely
included in the antiviral regimen in pregnant women,
this model only included women who tested HIV-
negative. Several further assumptions were made in the
model. The first assumption was that all infants who re-
ceived the vaccine at birth also received the second,
third and fourth doses of the vaccines. It was assumed
that all vaccinations and HBIG (if given) were adminis-
tered at appropriate times. All pregnancies were as-
sumed to be singleton and result in a liveborn infant
that lived until at least six months of age in order to re-
ceive all four doses of the vaccine and the HBsAg test of
the infant at six months of age. It was assumed that
women are fully adherent to their TDF regimen and at-
tend their follow up appointments. Lastly, infants born
to mothers that are HBV negative at baseline ANC
screen were assumed to be HBsAg negative at birth.

Probabilities from primary attendance data
Primary attendance data were analysed using SPSS ver-
sion 23 to calculate means and confidence intervals. For

the HBV prevalence data (Table 2) and the attendance
data, we used a prospective cohort from the period Aug-
2012 to Dec-2016 (nz = 11,025). In this cohort, 6.2% (687/
11,025) were HBsAg+, and 30.7% (211/687) of those
were HBeAg+ [21]. Since HBV DNA is not routinely
available at this location, it was assumed that 82% of the
HBeAg+ women had an HBV DNA of > 200,000 IU/mL
[22]. Using HBeAg prevalence data in our cohort, this
equates to 25.2% of the HBsAg positive women in our
cohort having a high HBV DNA. Vaccination data were
derived from children born at the SMRU clinics in 2015
since it was the only year where documentation of vac-
cination at the hospital of birth was published [5]. In this
cohort, birth dose vaccination was documented in 93.0%
(1441/1549) and HBIG administration in 76.5% (26/34)
of children born to HBeAg + women. The home delivery
rate in this population was 13.0% (199/1535). The con-
firmatory tests were done in an external laboratory of a
local tertiary referral hospital in Thailand. In order to
have all HBV test results before delivery, women would
need to present to the clinics at least seven days before
delivery, which happened for 94.6% (95% CI 94.4—99.8%)
of the women in our cohort. Table 2 shows all parame-
ters used in the model.

The effectiveness of maternal TDF to prevent perinatal
transmission is dependent on the HBV DNA at the start
of therapy and the number of months of TDF treatment
before delivery. It was assumed that at least three
months of TDF would be needed in order for it to have
an effect on transmission. The probability of women at-
tending ANC at least three months before delivery was
66.3% (95% CI 66.0—-66.6%) Of the women that would
receive TDF for at least three months, 72.0% would re-
ceive this for more than five months and therefore have
a lower transmission probability. The probability of pre-
senting at the clinic for the first time within 24 h after
birth was calculated from those who attended ANC but
delivered elsewhere (home or on the way to the clinic)
but presented their infant at the SMRU clinic for birth
weight measurement, 27.2% (95% CI 26.4-28.0%). These
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Table 2 Parameters including base values, range, distributions, and sources. All costs are in 2015 United States Dollars

Parameter Base Range Source
value
Prevalence of HBsAg 0062 0057-  [21] with 95% Cl
0.067
Prevalence of HBeAg carrier if HBsAg+ 0307 0273-  30.7% of the HBsAg positive women [21]
0341
Prevalence of HBY DNA > 200,000 IU per mL if HBsAg+ 0252 0203-  82% of the HBeAg positive women [22]
0301
Probability of attending ANC at least 7 days before delivery 0946 0.944-  SMRU data with 95% Cl
can receive additional testing 0.998
Probability of attending ANC at least 3 m before delivery so 0663  0.660-  SMRU data with 95% Cl
can receive TDF 0.666
Proportion of women receiving TDF that would receive 5 0720 0.716-  SMRU data with 95% Cl
m of treatment 0.724
Probability of clinic delivery after attending ANC 0.888 0850-  [21] SMRU data with 95% Cl
0910
Probability that infants birthed at home after attending 0272 0264-  SMRU data with 95% Cl
ANC will receive HBV birth dose vaccine at the clinic 0.280
(present within 12 h)
Probability of HBV perinatal infection for HBsAg+, HBeAg-  0.110  0.070-  [23-26] with low from [24] and high from [23]
mothers without vaccinations 0.150
Probability of HBV perinatal infection for HBeAg+ mothers 0840  0.790- [23-25, 27] with low from [25] and high from [26]
without vaccinations 0.900
Probability of HBV perinatal infection for HBsAg+, HBeAg- 0038  0.031-  [28]
mothers with vaccinations 0.045
Probability of HBV perinatal infection for HBeAg+ mothers 0210  0.143-  [28-30]
with vaccinations 0.278
Probability of HBV perinatal infection for HBsAg+, HBsAg- 0010 0.001- [28]
mothers with vaccinations and HBIG 0.030
Probability of HBV perinatal infection for HBeAg+ mothers  0.180  0.100-  [4]
with vaccinations and HBIG 0.260
Probability of HBV perinatal infection for HBsAg+, HBsAg- 0.0025 0.0005-  Assumed based on midpoints of HBIG transmissions
mothers with TDF, no HBIG 0.0055
Probability of HBV perinatal infection for HBeAg+ mothers ~ 0.0500 0.0070-  Assumed based on midpoints of HBIG transmissions
with less than five months of TDF 0.0930
Probability of HBV perinatal infection for HBeAg+ mothers ~ 0.025 0.0001-  Assumed based on lower points of HBIG transmissions
with five months of TDF 0.050
Probability of HBV perinatal infection for HBsAg+, HBeAg- ~ 0.0013 0.0003-  Assumed based on midpoints of TDF
mothers with TDF and vaccinations 0.0028
Probability of HBV perinatal infection for HBeAg+ mothers  0.0128 0.0025-  Assumed based on midpoints of TDF
with TDF and vaccinations 0.0280
Probability of HBV perinatal infection for HBsAg+, HBeAg- ~ 0.0003 0.00003- Assumed based on midpoints of TDF and vaccinations
mothers with TDF, vaccinations and HBIG 0.0006
Probability of HBV perinatal infection for HBeAg+ mothers ~ 0.0005 0.0003-  Assumed based on midpoints of TDF and vaccinations
with TDF, vaccinations and HBIG 0.0013
Probability of having a hepatic flare after stopping TDF 0500 0352-  [31]
0.648
Probability that the hepatic flare requires treatment 0308 0.163-  [31]
0453
Sensitivity of the RDT for HBsAg 0980 0631- Assumed based on [21]
1.000
Specificity of the RDT for HBsAg 0989 0.969- Assumed based on [21]
1.000
Sensitivity of the confirmatory test for HBeAg 1000 0900-  [32] with assumed range

1.000
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Table 2 Parameters including base values, range, distributions, and sources. All costs are in 2015 United States Dollars (Continued)

Parameter Base Range Source
value
Specificity of the confirmatory test for HBeAg 1000 0900-  [32] with assumed range
1.000
Sensitivity of HBY DNA PCR 0953 0.700-  [33] with assumed range
1.000
Specificity of HBV DNA PCR 0997 0.700-  [33] with assumed range
1.000
Cost of HBV vaccinations 665  333- SMRU records +50%. Cost of single vaccination at birth plus three
9.98 doses of HBV diphtheria tetanus and pertussis combined vaccine
given at 2, 4 and 6 months
Cost of RDT for HBsAg 13 0.65- SMRU records + 50%
1.96
Cost of confirmatory test 21.19 1060~  SMRU records +50%
31.79
Cost of a PCR test 3260 1630 SMRU records + 50%
Cost per dose of HBIG 8802 4401-  SMRU records +50%
132.03
Cost per month of TDF 1174  587- TDF Thailand bought
17.60
Cost for hepatic flare monitoring 6.85 342- ALT, Creatine and phosphate tests, twice each.
10.27
Cost of a hepatic flare 4499  2249- TDF for three additional months, five ALT tests
6748

ALT Alanine aminotransferase, ANC antenatal care, C/ Confidence interval, DNA Deoxyribonucleic acid, EGA estimated gestational age, HBV hepatitis B Virus, HBIG
hepatitis B immunoglobulin, HBeAg hepatitis B envelope antigen, HBsAg hepatitis B surface antigen, TDF Tenofovir Disoproxil Fumarate, PCR Polymerase Chain
Reaction, SMRU Shoklo Malaria Research Unit. Vaccinations, Birth dose and 3 follow up vaccinations

infants would still benefit from birth dose vaccination
and could receive HBIG.

Probabilities from the literature

The diagnostic accuracy of the RDT [34], confirmatory
test [32], and PCR [33] were based on a literature review
(Table 2). Initial screening for HBV was performed using
a RDT with a reported sensitivity of 100% (63.1-100%)
and specificity of 100% (98.9-100%) in the study popula-
tion [35]. Molecular testing to establish the quantity of
HBV DNA is unavailable in most RLS. A systematic
review of HBeAg testing found it to be a possible
proxy marker to detect the women of highest trans-
mission risk with a pooled sensitivity of 92.0% (95%
CL: 88.2-94.6%) [17]. The probability of attending
ANC follow up, clinic delivery as well as follow up
attendance for vaccination was extracted from previ-
ously published SMRU data [5, 21].

The probability of vertical transmission to the child
was dependent on HBeAg status and interventions re-
ceived (vaccination, HBIG, and/or TDF). We searched
published literature to establish transmission rates for
each strategy [4, 9, 23-26, 28-30, 36]. Our meta-analysis
resulted in a perinatal transmission rate for HBsAg+/
HBeAg- mothers of 11.0% (7.0-15.0%) and for HBsAg+/
HBeAg+ mothers 84.0% (79.0-90.0%) [23-26] in the

absence of any intervention. When all vaccinations were
given (birth dose plus three follow up vaccinations), the
probability of perinatal transmission was 3.8% (3.1-
4.5%) for HBsAg+/HBeAg- mothers and 18% (10-26%)
for HBsAg+/HBeAg+ mothers [4].

No studies have reported on perinatal transmission
when providing (1) maternal TDF without HBV vaccin-
ation, (2) maternal TDF with HBV vaccination but with-
out HBIG, or (3) maternal TDF with HBV vaccination
and HBIG. Accordingly, these transmission probabilities
were estimated. In these scenarios, the virus is unlikely
to be transmitted if sufficient TDF is taken [37]. The
probability of HBV transmission for HBsAg+ or
HBeAg+ women that receive TDF without infant HBIG
administration was estimated based on the midpoint of
the transmission probability with the HBIG. Each subse-
quent probability was based on the midpoint of the
transmission of the higher risk scenario. Of these un-
known transmission rates, the highest risk was estimated
for the maternal TDF without HBV vaccination. When
maternal TDF with HBV vaccination is provided, the
HBV transmission was estimated to drop considerably.

This risk of hepatic flare following the cessation of
TDF treatment was taken from a study in Australia,
which found that 50.0% (35.2—64.8%) of women would
have a flare and 30.8% (16.3—45.3%) of those would
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require additional TDF treatment and lab tests [31]. This
is in line with other published studies on post partum
flare [38, 39].

Cost parameters

Unit costs were taken from the 2019 financial records of
the clinics and included those for diagnostic tests, vac-
cination and HBIG at the clinic. The price list from the
external laboratory that the HBeAg test and HBV DNA
test were sent to was used for those tests. All costs are
reported in 2019 United States Dollars (USD). Unit costs
were converted from Thai Baht into USD using the mid-
year exchange rate for 2019 (1 Thai baht = 0.0326 USD)
[40]. As all women were encouraged to deliver at the
clinics, the cost of delivery was not included. All women
given TDF were tested for phosphate, creatinine and
ALT before birth and after delivery to determine
whether a flare had occurred. The cost for treatment of
a flare included 3 months of TDF and 5 ALT lab tests.

Cost-effectiveness analysis

The method to analyze the cost effectiveness was
adapted from a previously published study in the same
setting [19]. For each of the six strategies, the total costs
of the strategy as well as the expected perinatal HBV in-
fections were calculated and plotted on a cost-
effectiveness plane. After ordering the six strategies from
the least to the most costly, any strategy that averted
fewer perinatal infections than the previous less expen-
sive strategy was considered dominated and thus re-
moved. For the non-dominated strategies the
incremental cost effectiveness ratio (ICER) was calcu-
lated using the following formula:

Cg-Cy
- (Ep - Ea)

where C is the cost and E is the infections averted for
two strategies (A and B). Options with extended domin-
ance were removed from the analysis. The results were
compared with willingness to pay thresholds of one
gross domestic product (GDP) per capita, US$1300, and
one-half GDP per capita [41], US$650, for Myanmar.

To test the impact of each of the stated parameters on
the ICER as well as whether a strategy was cost effective,
a one way sensitivity analyses was conducted. Only the
15 parameters that had the greatest effect on the base
case ICER were presented. To incorporate the uncer-
tainty of parameter estimates over 10,000 sampling itera-
tions from the distributions around the base case
parameters, a probabilistic sensitivity analyses (PSA) was
conducted with mean estimates and 95% credible inter-
vals (Crls). A cost-effectiveness acceptability curve was
produced based on the PSA results that reports the
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likelihood of cost effectiveness of an intervention at dif-
ferent willingness-to-pay thresholds.

Results

Table 3 presents the results for the base case analyses
and Crls from the PSA. The base results showed a range
of costs from US$19,639-42,275 for the cohort with
Vaccine only as the least expensive strategy resulting in
the most infections and with HBIG after RDT as the
most costly strategy with the least infections. This is
equivalent to a cost per woman attending the clinic ran-
ging from US$6.1 to US$13.2. The number of infections
decreased from 22 in the Vaccine only scenario to 7 for
the TDF after RDT scenario. With an ICERs of US$980,
only the TDF after HBeAg test strategy was cost-effective
for the one GDP per capita threshold; though this would
not be considered cost-effective with the lower threshold
of one-half GDP per capita. The TDF after high HBV
DNA and HBIG & TDF after high HBV DNA, and HBIG
after RDT strategies were all dominated because they
cost more money than the TDF after HBeAg test strategy
while averting the same or fewer infections. With an
US$2489, the TDF after RDT scenario could be cost-
effective if the willingness-to-pay threshold were higher.

The one-way sensitivity analysis (Fig. 2) demonstrated
that the results were reasonably robust to changes in
single parameter values with no values pushing the ICER
for TDF after HBeAg test over US$1300 or under
US$650. The monthly cost of TDF had a large impact
on the cost-effectiveness of both TDF after HBeAg test
and TDF after RDT. Other parameters with the largest
impact on the ICER were also related to the probability
of transmission if HBeAg positive and vaccinated, and
the cost of a HBeAg test, HBV RDT, and treating a flare.
Many of these parameters were also influential for the
cost-effectiveness of TDF after RDT scenario, which was
also influenced by the specificity of the HBV RDT.

The PSA showed that, at a willingness to pay threshold
of US$1300 per infection averted, TDF after HBeAg had
a 93% likelihood of being cost effective, Fig. 3. Decreas-
ing this willingness to pay threshold to US$650 per in-
fection averted, results in a drop of the likelihood of
cost-effectiveness of this scenario to 1.3%.

Discussion

Our results indicate that only three strategies for the
prevention of mother to child transmission of hepatitis B
have the potential to be cost-effective in a RLS, depend-
ing on the willingness to pay threshold. Vaccine only is
the standard of care in most settings and the least costly
option with the highest number of infections. With an
ICER of US$980, the TDF after HBeAg test strategy was
cost-effective using the willingness-to-pay threshold of 1
GDP per capita for Myanmar (US$1300) but not for the
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Table 3 Base case results (95% Credible Intervals) for cohort of 3200 women. All costs are in 2019 United States Dollars (USS)

Strategy Cost Incremental cost Infections Infections averted ICER

Vaccine only $ 19,639 (11,202-30,258) base 22 (17-27) base base

TDF after HBeAg test $ 30,254 (21172-41,413) $ 10615 (7539-13,952) 11 (9-14) 1 (7-14) $ 980 (689-1454)
TDF after PCR $ 31,715 (22264-43,001) dominated 11 (9-16) dominated dominated

HBIG & TDF after PCR $ 34,791 (24915-46,417) dominated 11 (9-15) dominated dominated

TDF after RDT $ 39,845 (28439-52,958) $ 9591 (4533-16,108) 7 (5-10) 4 (3-5) $ 2489 (1267-4410)
HBIG after RDT $ 42,275 (29,145-58,319) dominated 17 (12-22) dominated dominated

DNA Deoxyribonucleic acid, HBeAg hepatitis B envelope antigen, HBV hepatitis B virus, ICER incremental cost-effectiveness ratio, RDT Rapid diagnostic test, TDF

Tenofovir Disoproxil Fumarate

lower threshold of one-half GDP per capita (US$650).
There is a significant gap in the willingness-to-pay
threshold for Thailand (US$5058) a middle-income
country, compared to its neighbour Myanmar, a low-
income country. It is important to note that the thresh-
old is typically tied to disability-adjusted life-years
(DALYs) averted, which are not calculated in our model.
Consequently, if each infection prevented averts more
DALYs, then the ICER would decrease. In RLSs with a

higher willingness to pay threshold, then the TDF after
RDT strategy would be a cost-effective option with an
ICER of US$2489. If the HBeAg status of the mother
could be established with an RDT, which is inexpensive,
on site and easy to perform in any setting, this could in-
crease the chances of TDF implementation after HBeAg
screening [8]. Alternatively, semiquantitative testing of
serum HBeAg concentration may be a more realistic and
cost-effective option in place of HBV DNA [42].

TDF after HBeAg test
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Cost of treating flare
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Sensitivity of HBV RDT

Transmission if vaccinated + TDF (HBeAg+ve)
Specificity of HBeAg test

Sensitivity of HBeAg test

HBV prevalence

Transmission if no vaccination (HBeAg+ve)

% receiving ANC for HBIG
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Fig. 2 Results from the one-way sensitivity analysis. Impact of using the low and high values on the resulting incremental cost-effectiveness ratio.
ANC, antenatal care; HBeAg, hepatitis B envelope antigen; HBV, hepatitis B virus; RDT, Rapid diagnostic test; TDF, Tenofovir Disoproxil Fumarate
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Moreover, neither scenario includes the HBIG, which
would is less feasible in RLS because it requires a cold
chain, has a high cost, and requires birth at a clinic [43].
In Myanmar, facility-based childbirth only reached 37%
in 2015-16 [44], indicating the importance of prevention
methods that apply to populations giving birth at home.

Other published economic evaluations of HBV pre-
ventive strategies during pregnancy have shown similar
outcomes with a high cost effectiveness of TDF treat-
ment after RDT, where it becomes more cost effective if
there are ways to detect the women at highest risk of
transmission [16, 18]. A previous study on the Thai-
Myanmar border showed that HBIG usage was not cost
effective in a RLS due to the high costs of the HBeAg
test and HBIG [19]. Vaccination, birth dose in combin-
ation with three follow up vaccinations, is considered
highly cost effective but remains challenging due to low
completion in marginalized populations [8, 19]. Vaccin-
ation practices have improved in high resource settings
but in RLS there is a documented completion of vaccin-
ation of approximately 50% in this area and in Chiang
Mai Province for migrants [5]. However, HBV birth dose
completion can be improved in RLS with coverage pos-
sible after a home birth if the infant is presented to a
clinic within 12 h. Over the past years, the probability
that infants birthed at home after attending ANC pre-
sented at the clinic within 12 h after delivery to receive
HBV birth dose vaccine has increased from 15% in 2016
to 27% in the current analyses [19]. This increases the
opportunities for HBV prevention services.

In the one-way sensitivity analysis, the monthly cost of
TDF had a large impact on the cost-effectiveness of both
TDF after HBeAg test and TDF after RDT. The total cost
of TDF treatment is dependent on how early in the
pregnancy women attend the clinic and the number of
months of TDF treatment that is required to prevent
transmission. The current guidelines recommend TDF

treatment continue for one month post partum [45]. If
the TDF treatment is initiated later in pregnancy, the
months of treatment could shorten from eight to five
months. This would be cheaper but might increase
transmission probability.

The benefits across all scenarios would increase if
disability-adjusted life years averted were included in a
lifetime model. Approximately 85-90% of the people
that acquire their HBV infection in infancy develop
chronic HBV infection. Chronic infection has a 15-40%
risk of developing complications, the most serious of
which are liver cirrhosis, liver failure and hepatocellular
carcinoma (HCC) [46, 47]. Approximately 1% of the
chronically HBV infected will develop HCC which has a
mortality of 40% [48]. Overall, HBV infection in infancy
has a life-long mortality of approximately 25%; ie, for
every 4 infections averted, 1 death is averted, which
would translate into high numbers of disability-adjusted
life years averted. Morbidity and mortality can be
averted by antiviral treatment but in RLS this remains
the main challenge as the costs of these medicines are
not supported by governments or health insurance pro-
viders, leaving large out-of-pocket expenses for already
marginalized population [49].

In most high resource settings, the HBV prevalence is
low which limits the cost effectiveness of strategies that
are highly cost effective in a setting with a high HBV
prevalence. Earlier studies have indicated that maternal
screening of all women in low prevalence setting is not
cost effective compared to screening of high risk groups
[50]. In high prevalence settings, the number needed to
test is lower which makes universal maternal screening
more cost effective [16, 18].

Our analysis has several limitations that need to be
taken into account. The first group of limitations relates
to uncertainties in our model parameters. Six of the
transmission rates were estimated due to lack of data.
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Additionally, long term effects of HBV infection are not
taken into account. In our model we assumed that
women adhere to TDF treatment completely which
might not be true. However, TDF has a long half life of
87 h in peripheral blood mononuclear cells, and 96 h in
hepatocytes which makes it a pharmacologically “forgiv-
ing” medicine in the context of poor adherence [51].
Lastly in our model we assumed the infants would re-
ceive all HBV vaccinations, birth dose and 3 follow up
vaccines, which is very challenging in RLS and especially
in migrants. However, recent publications suggest that
the uptake of the birth dose vaccination is high and
documentation declines at the subsequent vaccinations
[5]. As the birth dose vaccination is assumed to have the
greatest impact on prevention of MTCT, the effect of a
decreased uptake of follow up vaccinations is likely to
have limited impact on our model. It is argued that TDF
could be used for HBIG replacement (in order to avoid
cold chain and reduce costs). What we don’t know is if
TDF permits leniency in the window for vaccination of
the birth dose. This would be helpful to establish since
homebirth and delayed presentation of the child to
health servicesare a RLS problem. TDF through preg-
nancy and childbirth might not only negate the need for
HBIG but it might additionally allow children to be vac-
cinated at the first opportunity after birth outside of the
current timeframe of 12-24 h. This analysis considered
only current practice and costs based in Thailand. TDF
is now off patent and cheaper brands are available in
Myanmar making TDF strategies more realistic as these
drugs cost approximately 50% less than TDF purchased
from Thailand used in this analyses.

Conclusion

This study represents a cost-effectiveness model of HBV
PMTCT in a resource limited setting. The results dem-
onstrate that while vaccine only is the least expensive
strategy, it also leads to the most infections. TDF after
HBeAg test and TDF after RDT strategies have the po-
tential to be cost-effective with ICERs of US$980 and
US$2489, respectively. Barriers to implementing these
strategies remain costs of TDF treatment and reliable
RDT. The most feasible strategy to prevent more HBV
infections than Vaccine only in RLS seems to be TDF
after RDT which would be easy to achieve in more rural
settings.
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