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Hepatitis A virus (HAV) has shifted from high to intermediate endemicity in Mexico, which may increase the risk of
clinically significant HAV infections in older children, adolescents and adults. The objective of this study was to evaluate
the cost-utility of single-dose or 2-dose universal infant HAV vaccination strategy in Mexico, compared with no
vaccination. A previously published dynamic model estimated the expected number of HAV cases with each strategy,
and a decision model was used to estimate the costs and quality-adjusted life-years (QALYs) expected with each
strategy. The time horizon was 25 years (2012-2036) and the base case analysis was conducted from the perspective of
the Mexican public health system. Costs and QALYs after the first year were discounted at 5% annually. Input data were
taken from national databases and published sources where available. The single-dose HAV vaccination strategy had an
incremental cost-utility ratio (ICUR) of Mexican peso (MXN) 2,270 per QALY gained, compared with no vaccination. The
two-dose strategy had an ICUR of MXN 14,961/QALY compared with no vaccination, and an ICUR of MXN 78,280/QALY
compared with the single-dose strategy. The estimated ICURs were below the threshold of 1 x Mexican gross domestic
product per capita. When indirect costs were included (societal perspective), the single-dose HAV vaccination strategy
would be expected to improve health outcomes and to be cost-saving. This analysis indicates that routine vaccination
of toddlers against HAV would be cost-effective in Mexico using either a single-dose or a 2-dose vaccination strategy.

GSK study identifier: HO-12-12877.

Introduction

Infection with hepatitis A virus (HAV) results in acute liver
disease, which is usually self-limiting and resolves completely in
>99% of cases." HAV is transmitted mainly by the faecal-oral
route through contaminated food or water, or by direct contact
with an infected person.' The clinical presentation of HAV infec-
tion is strongly dependent on age. Young children typically have
asymptomatic HAV infections, while in adolescents and adults,
70% of cases may be symptomatic."* Fulminant hepatitis is rare
but serious, occurring in <1% of HAV cases,” and may result in
death or the need for an urgent liver transplant."*

HAYV endemicity can be categorised on the basis of seropreva-
lence data as high (>90% have immunity by age 10 years), inter-
mediate (>50% have immunity by age 15 years), low (>50%
have immunity by age 30 years) or very low (<50% have immu-
nity by age 30 years).” Seroprevalence data from studies in Mex-
ico® and a systematic review conducted by the World Health
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Organization (WHO)? indicate that Mexico has shifted from
high to intermediate HAV endemicity. Intermediate endemicity
increases the incidence of clinically significant HAV infections
compared with a high endemicity pattern, as the proportion of
older children, adolescents and adults who are susceptible to
HAYV infection is higher and these age groups are more likely to
develop symptomatic disease." The economic burden of HAV
disease is substantial, reflecting the high incidence of the disease.
In 2009, the economic burden of HAV disease in Mexico was
estimated at 75,972,381 Mexican pesos (MXN).6

Vaccines against HAV have been available since the early
1990s.> WHO recommends that HAV vaccination should be
integrated into national immunisation schedules for children aged
>1 year, if indicated on the basis of acute HAV incidence, shift in
endemicity from high to intermediate, and consideration of cost-
effectiveness.' National immunization programmes may consider
inclusion of single-dose inactivated hepatitis A vaccines in immu-
nization schedules. This option seems to be comparable in terms
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of effectiveness, and is less expensive and easier to implement than
the classical 2-dose schedule. However, until further experience
has been obtained with a single-dose schedule, in individuals at
substantial risk of contracting hepatitis A, and in immunocompro-
mised individuals, a 2-dose schedule is preferred.’

Universal HAV vaccination programmes have been intro-
duced and have reduced the incidence of HAV in several coun-
tries, including the US,” Israel.®? (2-dose programmes) and
Argentina (single-dose Progrzlm).10 The projections from a
dynamic transmission model of HAV in Mexico indicated that
universal HAV vaccination in infants could substantially reduce
the HAV disease burden in Mexico."!

HAYV vaccine in Mexico is part of the Basic National Medi-
cation Supply (Cuadro Basico y Catdlogo de Medicamentos)
from the Health Sector in Mexico.'? At present, HAV vaccina-
tion in Mexico has been implemented only in some pro-
grammes targeting children attending childcare units. The
Mexican government is considering implementation of a pro-
gram of universal infant HAV vaccination. Information on the
potential economic impact of universal HAV vaccination will
be needed to help healthcare decision-makers selecting the opti-
mal HAV vaccination strategy in Mexico.

The objective of this study was to conduct an economic assess-
ment of routine infant HAV vaccination in Mexico, estimating
the cost-utility of HAV vaccination using a single dose or 2 doses
compared with no vaccination.

Results

HAV cases and costs

Table 1 shows the estimated numbers of anicteric HAV infec-
tions, unreported icteric HAV infections and reported icteric
HAYV infections with various types of medical care projected with
each of the 3 vaccination strategies. Compared with no vaccina-
tion, the single-dose HAV vaccination strategy would be
expected to reduce the number of anicteric HAV infections by
67% and the number of icteric HAV infections (reported or
unreported) by 36%. The two-dose HAV vaccination strategy
would be expected to reduce the number of anicteric HAV infec-
tions by 72% and the number of icteric HAV infections
(reported or unreported) by 55%. The projected reduction in
total HAV infections was 57% with single-dose HAV vaccination
and 67% with 2-dose HAV vaccination.

Table 1 also presents the projected costs for each strategy,
from the perspective of the Mexican health authority (base case)
and the societal perspective. Projected vaccination costs were
higher for the 2-dose strategy than the single-dose strategy, as
would be expected. Both vaccination strategies would be expected
to reduce medical treatment costs and indirect costs, compared
with no vaccination, and these reductions would be expected to
be larger for the 2-dose strategy than for the single-dose strategy.
These projected reductions in medical and indirect costs would
partially offset the costs of vaccination.

Table 1. Projected HAV cases by presence of symptoms and resource use, and projected costs, for each vaccination strategy

Projected HAV cases/costs No vaccination Single dose Two doses
Total HAV infections 46,841,960 20,188,993 15,494,178
Anicteric infections 31,664,073 10,456,707 8,723,659
Asymptomatic 15,832,057 5,228,353 4,361,830
Symptomatic 15,832,057 5,228,353 4,361,830
Without medical resource use 7,916,018 2,614,177 2,180,915
With medical resource use 7,916,018 2,614,177 2,180,915
Icteric infections 15,177,887 9,732,286 6,770,519

Not reported 14,154,963 9,076,373 6,314,215
Without medical resource use 758,894 486,614 338,526

With medical resource use 13,396,069 8,589,758 5,975,689
Reported 1,022,924 655,914 456,304
Outpatient care only 963,667 612,780 425919
Hospitalisation 53,153 38,780 26,966
Fulminant hepatitis 6,103 4,354 3419

Alive after liver transplant 275 201 158

Alive without liver transplant 2,119 1,506 1,181

Death 3,710 2,647 2,080

Costs, base case (MXN)

Medical treatment costs 12,556,191,424 7,855,880,009 6,275,142,125
Vaccination costs Not applicable 5,098,632,701 9,432,470,554
Total 12,556,191,424 12,954,512,710 15,707,612,679
Costs, societal perspective (MXN)

Medical treatment costs 12,556,191,424 7,855,880,009 6,275,142,125
Indirect costs 4,178,903,736 2,185,832,885 1,817,758,851
Vaccination costs Not applicable 5,098,632,701 9,432,470,554

Total 16,735,095,160

15,140,345,595 17,525,371,530

HAV, hepatitis A virus; MXN, Mexican peso. Data on costs are discounted.

www.tandfonline.com

Human Vaccines & Immunotherapeutics 53



Table 2. Cost-utility of HAV vaccination strategies from Mexican government perspective, base case

Parameter No vaccination Single dose Two doses

Cost (MXN) 12,556,191,424 12,954,512,710 15,707,612,679

QALYs lost 374,689 199,210 164,040

Cost-utility Single dose versus no vaccination Two doses vs. no vaccination Two doses versus single dose
Incremental cost (MXN) 398,321,286 3,151,421,255 2,753,099,969

QALYs gained 175,479 210,649 35,170

ICUR (MXN/QALY gained) 2,270 14,961 78,280

HAV, Hepatitis A virus; ICUR, incremental cost-utility ratio; MXN, Mexican peso; QALY, quality-adjusted life-year.

Cost-utility analyses

Table 2 shows the results of the cost-utility analyses from the
perspective of the Mexican health authority. Both vaccination
strategies would be expected to have higher costs and higher
health benefits (larger number of QALYs), compared with no
vaccination. The single-dose HAV vaccination strategy had an
incremental cost-utility ratio (ICUR) of MXN 2,270 per quality-
adjusted life-year (QALY) gained, compared with no vaccination.

The two-dose HAV vaccination strategy had an ICUR of
MXN 14,961 per QALY gained, compared with no vaccination.
Compared with the single-dose strategy, the 2-dose vaccination
strategy was more costly but more effective, with an ICUR of
MXN 78,280 per QALY gained (Table 2).

Results from the societal perspective are shown in Table 3.
When indirect costs were included, the single-dose HAV vaccina-
tion strategy was cost-saving and had higher health benefits (more
QALYs gained) compared with no vaccination.

Sensitivity analysis

Table 4 summarizes the results of the one-way deterministic
sensitivity analysis assessing the impact of transmission model
parameters using a range of scenarios. The proportion of the
mean rate of transmission caused by direct person-to-person
transmission had a limited impact on the calculated ICUR, espe-
cially for the comparisons between either vaccination strategy or
no vaccination. The single-dose strategy was dominant (cost-sav-
ing and higher benefits, i.e. more QALYs gained) when a differ-
ent age-group split for the contact pattern in individuals aged less
than 5 years was considered and when the annual waning rate of
vaccine efficacy after one dose was assumed to be <1% from year
11 of the analysis onwards (Scenarios 0, 2 and 3), keeping the
remaining parameters constant. The effect of the assumptions
related to vaccine coverage for first and second doses was limited.

Table 3. Cost-utility of HAV vaccination strategies from societal perspective

Figure 1 shows tornado diagrams summarising the results of
the univariate sensitivity analysis conducted for other parameters
used in the decision model, for the single-dose HAV vaccination
strategy compared with no vaccination (Fig. 1A), the 2-dose
HAV  vaccination strategy compared with no vaccination
(Fig. 1B) and the 2-dose HAV vaccination strategy compared
with the single-dose HAV vaccination strategy (Fig. 1C). The
most influential variables included: the probability that an anic-
teric case is symptomatic; the disutility value for each non-fatal
(either icteric or anicteric) symptomatic case; the annual discount
rate for effectiveness; and the vaccine acquisition cost per dose.

Figure 2 displays the acceptability curves derived from the
probabilistic sensitivity analysis. The strategy of no vaccination
was the least costly in around 80% of simulations. The strategy
of single-dose HAV vaccination was the preferred option if the
willingness to pay for an additional QALY gained was between
MXN 15,000 and MXN 70,000. For a willingness to pay of
MXN 70,000 or more, the 2-dose HAV vaccination strategy
became the preferred option. For a threshold value set at the gross
domestic product (GDP) per capita in Mexico in 2012 (MXN
132,465)," the probability that the 2-dose HAV vaccination
scheme was the preferred option was 88%, whereas the corre-
sponding value for the single-dose HAV vaccination strategy was
only 12%.

Discussion

In this analysis we have estimated the potential costs and
health outcomes that would be expected for introduction of rou-
tine HAV vaccination in infants in Mexico using either a single-
dose or a 2-dose vaccination strategy. To our knowledge, this is
the first economic study assessing the potential impact of routine
HAYV vaccination in Mexican infants using projections of the

Parameter No vaccination Single dose Two doses

Cost (MXN) 16,735,095,160 15,140,345,595 17,525,371,530

QALYs lost 374,689 199,210 164,040

Cost-utility Single dose vs. no vaccination Two doses versus no vaccination Two doses vs. single dose
Incremental cost (MXN) —1,594,749,565 790,276,370 2,385,025,934

QALYs gained 175,479 210,649 35,170

ICUR (MXN/QALY gained) Dominant 3,752 67,814

HAV, Hepatitis A virus; ICUR, incremental cost-utility ratio; MXN, Mexican peso; QALY, quality-adjusted life-year.
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Table 4. Results of the one-way deterministic sensitivity analysis on a range of scenarios for transmission model parameters

ICUR (MXN/QALY gained)

Parameter/Scenario Single dose versus no vaccination

Two doses versus no vaccination Two doses versus single dose

Base case® 2,270
Rate of transmission

70% 1,218

80% 1,707

90% 2,818

100% 2,195
First two age group split

0-<3 and 3-<5 years Dominant
Waning of vaccine protection®

Scenario 0 Dominant

Scenario 2 Dominant

Scenario 3 Dominant

Scenario 4 617

Scenario 5 2,270

Scenario 6 191
First-dose coverage rate

70% 3,135

90% 1,506
Second-dose coverage rate®

70% 2,270

100% 2,270

14,961 78,280
19,112 150,122
16,109 97,089
13,891 63,721
10,501 43,416
10,971 77,581
13,261 1,244,106
14,615 142,740
14,680 126,767
14,806 101,318
14,962 78,298
14,765 109,046
14,845 68,973
16,483 109,075
12,672 73,025
17,398 85,031

“In the base case it was assumed that direct person-to-person transmission accounts for 85% of the mean rate of transmission. The first 2 age groups split
for the contact pattern were 0-<1 and 1-<5 years. Annual waning rates of 1.62% for the first 10 years and 2.67% thereafter were considered for the
single-dose HAV vaccination strategy. For the 2-dose HAV vaccination strategy the waning rate was 0.12% per year for the first 25 years.

PSee the description of each scenario in Table 6.

“Of those receiving the first dose. HAV, hepatitis A virus; ICUR, incremental cost-utility ratio; MXN, Mexican peso; QALY, quality-adjusted life year.

number of icteric and anicteric HAV cases over time from a
dynamic transmission model calibrated to epidemiological data
in Mexico. HAV vaccination is not a part of Universal Mass Vac-
cination (UMV) in Mexico and hence there is no official registry
for coverage. Therefore, in the absence of UMV in Mexico,
we assumed no vaccination as baseline to calibrate the model to
the epidemiological data. An earlier publication estimated the
potential health benefits of routine infant HAV vaccination in
Mexico using the same dynamic model."" The present study
builds on the eatlier analysis by extending it to estimate the cost-
udility of routine infant HAV vaccination.

The results presented here indicate that routine infant
HAYV vaccination would be expected to reduce the number of
anicteric HAV cases by 67% for a single-dose vaccination
strategy and 72% for a 2-dose vaccination strategy over
25 years, compared with no vaccination. The corresponding
values for icteric HAV infections were 36% and 55%, respec-
tively. The projected reduction in total HAV infections was
57% with single-dose HAV vaccination and 67% with 2-dose
HAV vaccination. This is broadly consistent with the results
of the earlier publication, as would be expected since the
present analysis used the same model. The previous publica-
tion estimated a reduction in symptomatic HAV infections of
45% to 51% across the 4 different transmission scenarios
considered with 70% coverage, and a reduction of 61% to
67% across the 4 different transmission scenarios considered
with 90% coverage for a 2-dose strategy.'’

www.tandfonline.com

The WHO recommends routine HAV vaccination for chil-
dren aged >1 year, if indicated on the basis of acute HAV inci-
dence, shift in endemicity from high to intermediate, and
consideration of cost-effectiveness.' Single-dose inactivated hepa-
titis A vaccines may be considered, as this schedule appears to
have comparable effectiveness, lower costs and easier implemen-
tation, compared with the classical 2-dose schedule.! The present
results indicate that HAV vaccination with either a single-dose or
a 2-dose strategy would increase both costs and health benefits
(i.e., more QALYs gained) compared with no vaccination in
Mexico. The estimated ICUR was MXN 2,270/QALY for the
single-dose strategy and MXN 14,961/QALY for the 2-dose
strategy, both well below the threshold of 1 x GDP per capita for
Mexico (MXN 132,465 in 2012)."?

Our results are consistent with previously published evalua-
tions of HAV vaccination. In the US, the cost-utility of HAV
vaccination using a 2-dose schedule has been estimated at
US$9,100/QALY"* or US$40,000/QALY"” from the health sys-
tem perspective. Both these estimates are much higher than our
estimated ICUR of MXN 14,961/QALY for the 2-dose strategy
(approximately US$3,850/QALY at an exchange rate of
US$1=MXN 13.0112), reflecting the different socioeconomic
and epidemiologic circumstances of Mexico and the US.

Studies in Latin America have also reported favorable cost-
effectiveness and cost-utility for 2-dose HAV vaccination. In
Chile, the cost-utility ratio of HAV vaccination from the health
system perspective was estimated at US$281-503/QALY,"® well
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below per-capita Chilean GDP. An
analysis from the societal perspective
estimated the incremental cost-effective-
ness ratio (ICER) at US$4,984/life-year
gained in Chile,"” slightly higher than 1
x Chilean GDP per capita. Cost-benefit
studies from the health system perspec-
tive have reported that 2-dose HAV vac-
cination is associated with a benefit-cost
ratio of 2.26:1 in the Parana region
of Brazil,"® indicating that HAV
vaccination would be a cost-saving
intervention.

Argentina has implemented a single-
dose HAV vaccination schedule.'® Eco-
nomic evaluation of this vaccination
strategy indicated that the single-dose
HAV vaccination strategy was domi-
nant (lower costs and better health out-
comes) from the societal perspective,
compared with no vaccination.'” Addi-
tion of a second vaccine dose would be
expected to increase both the costs and
the health benefits (measured in
QALYs), with an ICUR of US$551/
QALY," and addition of a second dose
was recommended by the study authors.
These results are consistent with the
pattern shown by our analysis, with the
addition of a second vaccine dose
expected to increase both costs and
QALYs at an estimated ICUR of MXN
78,280 per QALY from the perspective

A Incremental cost-utility ratio (MXN/QALY gained)
-2,000 a 2,000 4,000 6,000 8,000 10,000
Prob. an anicteric case is symptomatic
Prob. a symptomatic anicteric infection leads to ambulatory care
Cost of ambulatory care for unreported icteric cases
Vaccine acquisition cost per dose
Disutility value for each non-fatal symptomatic case
B
Incremental cost-utility ratio (MXN/QALY gained)
5,000 15,000 25,000 35,000 45,000
A , . i
Disutility value for each non-fatal symptomatic case
Prob. an anicteric case is symptomatic
Annual discount rate for effectiveness
Vaccine acquisition cost per dose
Prob. a symptomatic anicteric infection leads to ambulatory care
C Incremental cost-utility ratio (MXN/QALY gained)

20,000

60,000 100,000 140,000 220,000

_ DIt Vel for eaclf Do fatal symptomatic cade

180,000

Annual discount rate for effectiveness

Vaccine acquisition cost per dose

Prob. an anicteric case is symptomatic

Annual discount rate for costs

Figure 1. Tornado diagrams for the one-way deterministic sensitivity analysis for (A) single-dose HAV
vaccination compared with no vaccination, (B) 2-dose HAV vaccination compared with no vaccination,
and (C) 2-dose HAV vaccination compared with single-dose HAV vaccination. MXN, Mexican peso;
Prob., probability; QALY, quality-adjusted life-year.

of the Mexican health authority and

MXN 67,814 per QALY from the soci-

etal perspective, below the threshold of 1 x Mexican GDP per
capita. Adult inactivated hepatitis A (Havrix™)
using a 2-dose strategy could offer long-term, possibly life-long,
protection, with HAV antibody persistence reported for 15, 17
and 20 years after vaccination and model-based predictions esti-
mating that seropositive anti-HAV levels would persist in >90%
after 40 years.zo'22 However, decisions on vaccine programmes
must take into account other factors as well as the cost-effective-
ness or cost-utility ratios of alternative interventions, such as
restrictions on the available budget and implementability of the
program.

A strength of the present study is that the number of icteric
and anicteric HAV cases were based on the projections from a
published dynamic transmission model, calibrated using Mexican
data, which allows the analysis to account for the demographic

vaccination

and epidemiological population dynamics of HAV with and
without vaccination.'! Another strength is the use of official data
for study parameters where available. The base case coverage for
the first HAV vaccine dose used in the model (80%) was taken
from the reported coverage of the first dose of the measles,
mumps and rubella (MMR) vaccine administered at the same

56 Human Vaccines & Immunotherapeutics

age,” and the vaccine acquisition cost and unit treatment costs
were taken from official sources, as described in the Methods sec-
tion. A further strength of the model is that its estimated fre-
quency of reported symptomatic HAV infections for the period

2 2 o o
O

—t— o vaccination

—l—Single dose

e
=

~—ar=Two doses

Proportion cost-effective
o =)
b i

1] 30,000 60,000 50,000 120,000
‘Willingness to pay for an additional QALY [MXN)

150,000

Figure 2. Cost-acceptability curves from the probabilistic sensitivity
analysis. Costs expressed in Mexican pesos. MXN, Mexican peso;
QALY, quality-adjusted life-year.
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1998-2013 is similar to that published by the Mexican authori-
ties for the same period.**

Further, as per study of Rein et al.,'® our assumption that that
95% of the icteric cases (whether reported or not) received medi-
cal care seems reasonable since icteric cases show symptoms
severe enough to seek medical treatment. This parameter was not
tested in sensitivity analysis, but letting it change in typical range
(90% to 100%) is expected to have a minimal effect in the
ICUR. We have also assumed that that half of the anicteric cases
are symptomatic and that half of them used medical resources.
Since these parameters are subject to high uncertainty, we
included both of them in the sensitivity analyses, allowing chang-
ing in a wide range (25% to 75%) (Fig. 1).

Our study has some limitations. Indirect costs such as lost
productivity were not included in the base case analysis, and as
shown by the additional analysis from the societal perspective
this means that the base case under-estimated the potential bene-
fits of HAV vaccination. We chose to include only direct medical
costs in the base case because these are most relevant to public
health authorities in Mexico. The expected ICUR for HAV vac-
cination was substantially more favorable if indirect costs were
included in the analysis, and single-dose HAV vaccination
became dominant over no vaccination (cost-saving and better
health outcomes) when considered from the societal perspective.
Outpatient care costs included only medical consultations, so
other costs such as laboratory tests, imaging and medications
were not included in the study. This would have under-estimated
the total cost of medical treatment for HAV, and is another limi-
tation of the study.

A further limitation is the lack of country-specific data for
some parameters, such as the proportion of symptomatic HAV
cases that would use some medical resource, the probability of
fulminant hepatitis or the mortality rate from fulminant hepati-
tis. We took data for such parameters from published litera-
ture.'”*> Similarly, some cost data were taken from published
literature in the absence of country-specific data, such as the cost
of lifetime maintenance treatment after a liver transplant and the
frequency of Family Medicine outpatient visits for symptomatic
HAV cases. As the number of liver transplants performed in
Mexico is very small, this parameter has little effect on the results.
However, as most patients with symptomatic HAV receive only
ambulatory care, the input data for this parameter may have an
important effect on the results. Although the frequency of outpa-
tient visits for anicteric symptomatic cases consuming health
resources (one visit), icteric unreported cases (2 visits), and icteric
reported cases (3 visits) were not gathered from local sources,
these assumptions seem reasonable in the Mexican context and
therefore were considered as transferable from the Rein et al.
study."” Estimates of the waning of the vaccine effect after 2
doses used in the dynamic model were informed by long-term
follow-up data and a mathematical model.*>*' However, the rate
of waning of vaccine efficacy after a single dose is not well
known.'" Protective anti-HAV antibody levels can persist for
almost 11 years after a single dose.”® Public health surveillance
data from Argentina indicated that the introduction of single-
dose HAV vaccination in 2005 resulted in a decrease of 88% in
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HAYV incidence in 2006-2011, compared with 2000-2002, with
no cases of fulminant hepatic failure or liver transplant due to
HAV infection reported after March 2007.%” The waning sce-
nario used in the base case corresponds to the most conservative
scenario. The under-reporting factor was estimated at approxi-
mately 14 in Mexico,"" which is considerably higher than esti-
mates for other countries such as Canada and the USA, where
factors of 7.7 and 4.3, respectively, have been published.*®* A
higher under-reporting factor would be expected in Mexico,
compared with the USA and Canada, as the USA and Canada
have better surveillance systems than Mexico. Better data on these
important issues of ambulatory care cost, vaccine waning and
under-reporting would be valuable.

Another limitation is the lack of local data on health preferen-
ces. Studies reporting local preference values for health states are
scarce in Latin America. To our knowledge, there are no pub-
lished data regarding utility losses caused by non-fatal icteric or
anicteric symptomatic HAV cases in Mexico. Applying a disutil-
ity value derived from a survey with Belgian population to those
cases represents an important limitation, so the current estimates
should be interpreted with some caution. However, mean utilicy
losses may be not too different between Mexicans and Belgians
because of the short duration of the symptoms. Other health out-
comes (e.g., life years saved) markedly underestimate the real
effect of vaccination given that only a small proportion of HAV
infections are lethal. Background utilities for the healthy popula-
tion were obtained from the study headed by Rein'® and corre-
spond to data valid in the USA. This also adds a limitation,
though this factor contributes less to the overall results as a conse-
quence of the lower case-fatality rate of HAV.

In conclusion, the results of this analysis indicate that routine
vaccination of toddlers against HAV would be cost-effective in
Mexico using either a single-dose or a 2-dose vaccination strat-
egy. The two-dose strategy was more costly but more effective
than the single-dose strategy, with an estimated ICUR well below
the threshold of 1 x Mexican GDP per capita. In the case of
budgetary restrictions that preclude the adoption of a 2-dose
strategy, the single-dose strategy could be a viable alternative.
The economic analysis presented here should provide valuable
information for public health authorities in Mexico making deci-
sions with regard to a HAV vaccination program.

Methods

Design

The GSK study identifier for this analysis is HO-12-12877.
This analysis compared the following 3 alternative interventions:
no HAV vaccination in infants; routine HAV vaccination in
infants with one dose at age 12 months; routine HAV vaccina-
tion in infants with 2 doses at age 12 months and 18 months,
respectively.

The base case analysis was conducted from the perspective of
the Mexican public health system (direct medical costs only) and
considered the projected costs and outcomes in the total Mexican
population of all ages. An additional analysis was conducted
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from the societal perspective, including indirect costs related to
productivity losses due to absenteeism in adults or in parents
with sick children. The time horizon of the study was 25 years,
from 2012 to 2036, and both costs and benefits were discounted
at an annual rate of 5% after the first year. All costs are expressed
in 2012 MXN.

Model structure

A previously published dynamic model of HAV in Mexico,
fully calibrated to epidemiological data in Mexico, was used to
estimate epidemiological outcomes over time for each of the vac-
cination strategies considered.'’ The dynamic model has been
described elsewhere.'" Briefly, it is a deterministic, compartmen-
tal and age-stratified dynamic transmission model of HAV in
Mexico that was developed and calibrated to country-specific
demographic and epidemiological data. The original authors
accounted for age-specific risk of HAV infection as a function of
age-specific HAV prevalence and contact patterns between age
groups, as well as the risk of HAV infection decreasing over
recent decades due to improved hygiene and sanitation. The
model allows projection of the impact of universal infant immu-
nization with the 2-dose HAV vaccine at 12 and 18 months of
age under different assumptions about duration of long-term vac-
cine protection and vaccination coverage after the first and sec-
ond dose. The most plausible parameters and assumptions were
selected for the base case analysis in the economic evaluation.

The effect of HAV vaccination in the dynamic model is an all-
or-none effect on HAV infection in 97% of vaccinees after the
first dose and 99% of vaccinees after the second dose.'"*"3032
Vaccine protection was assumed to wane over time at a rate of
0.12% per year for the first 25 years and a rate of 0.62% per year
thereafter in individuals who have received 2 doses, and at a rate
of 1.62% per year for the first 10 years
and 2.67% thereafter in individuals

itching, loss of appetite, low-grade fever, nausea and vomiting,
and pale or clay-colored stools. The age-specific probability that
a HAV infection becomes icteric is defined according to the
equation published by Armstrong and Bell.*” It is important to
make the distinction between icteric and anicteric infection
because we assume that only icteric cases are reported, and thus
the under-reporting factor applies only to those icteric infections.

The model was developed in TreeAge Pro 2013 software

Icteric HAV infection may be reported to the health system or
unreported. Unreported cases may require outpatient medical
care, or no medical care. All reported cases were assumed to use
medical resources. Reported cases may result in outpatient care,
hospitalization or fulminant hepatitis. Fulminant hepatitis in
turn may result in liver transplantation, survival without a liver
transplant, or death.

Some anicteric cases may be symptomatic and would require
outpatient care. Asymptomatic anicteric HAV infection was
assumed to incur no medical costs and to have no impact on the
patient’s quality of life.

The base case assumed that 85% of the per-susceptible risk of
HAYV infection, e.g., of the rate of transmission resulted from
direct person-to-person transmission (using the mean of the out-
comes from the dynamic model with 80% and 90%""), and used
the age stratification <1, 1-5, 6-11, 12-15, 16-19, 20-39 and
40+ years for contacts between individuals. The under-reporting
factor for symptomatic cases was estimated from the dynamic
model, with an estimated value of 14.8 (the mean of the esti-
mates with 80% or 90% of the rate of transmission caused by
direct person-to-person transmission).

The model parameters for transmission and the under-report-
ing factor of symptomatic icteric cases were estimated by simulta-

. 11,19,20,21,
who have received one dose.!""!? 33

For the base case, vaccine coverage was
assumed to be 80% for the first dose,'!
and in the 2-dose strategy it was
that 85% of
the first dose would
receive the second dose, as previously
published."'

The economic analysis was con-
ducted using a decision model, shown
in Figure 3. The projected numbers of
all HAV infections during the period
2012-2036 with each of the 3 alterna-
tive interventions considered (no vacci-
nation, single-dose HAV vaccination
2-dose HAV  vaccination)
obtained from the dynamic model and
entered into the decision model. HAV

assumed those who

received also

1-dose HAV
vaccination

Mewboms
(Mendco, 2012)

2-dose HAV
wvaccination

or were

Nom-vaccination

Asymptomatic

Anicteric Wio resource use

Sympiomatic

Cutpatient care
HAY
infection

Wio resource use

Unreported
Outpatient care
lctesic
Outpatient care
Reparted
Inpatient cara

LT

Mot HAY

infecticn Fulminant Hepa

Survive wio LT

Daath
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infections were grouped into icteric

(symptoms with jaundice) and anicteric
(symptoms without jaundice). Typical

Figure 3. Decision model. HAV, hepatitis A virus; W/o: without; HepA: Hepatitis A; LT: Liver transplanta-
tion; [+] indicates that the structure for the single-dose schedule is repeated.

symptoms include dark urine, fatigue,
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neously calibrating the model outcomes to epidemiological HAV
data in Mexico (age-specific seroprevalence and incidence of
reported symptomatic icteric HAV infections). Model calibration
was performed by optimization, minimizing the weighted sum of
squares of relative differences between model outcomes and
observations.'!

Input data: probabilities

The probability for a person infected with HAV to present
with jaundice depends on the age. To estimate this probability,
the formula proposed by Armstrong and Bell was used.”” The
probability of jaundice due to an infection is as follows:

Probability of jaundice with HAV =
(—0.01244*age' 7))

exp = exponential; age = the age in years at half-year period (ie,
0.5, 1.5, 2.5 years, etc.).

0.852 * (l-exp

For anicteric cases, it was assumed that 50% were symptom-
atic, and that 50% of symptomatic anicteric cases used medical
resources (outpatient care by a general practitioner)."’

The proportion of unreported icteric symptomatic cases that
used medical resources was estimated by weighting the average
use of resources between reported and unreported cases so that
95% of all icteric symptomatic cases used medical resources, as
estimated in a previous publication.” The probability that an
icteric HAV infection is reported corresponds to the inverse value
of the under-reporting factor.

The probability of hospitalization for an icteric symptom-
atic reported case was age-dependent, and was estimated from
Mexican data on the number of hospitalizations due to HAV
and the number of reported cases of HAV during the period
2004-2013.%*3* The probability of fulminant hepatitis was
also age-dependent and was taken from a previous publica-
tion'” in the absence of data for Mexico. Remaining icteric
symptomatic reported cases were assumed to require only
ambulatory care.

The proportion of fulminant hepatitis cases receiving a liver
transplant was estimated from data on the number of liver trans-
plants performed in Mexico in 2013> and information on the
age distribution and proportion of transplants attributable to
HAV from Ellis et al."” The probability of death from fulminant
hepatitis in the population aged <60 years was 60%, based on a
context of a shortage of liver transplantations,” and 67% in peo-
ple aged 60 years or more."”

Key probabilities are summarized in Table 5.

Input data: resource use and cost

The price of HAV vaccine was obtained from the Mexican
Institute for Social Security (IMSS) for 2012,%¢ and the cost
of administration was assumed to be the same as for pneumo-
coccal vaccination, since both are given by intramuscular
injection, at US$ 1 per dose®” (MXN 13.17, average
exchange rate in 2012).

It was assumed that 5% of icteric symptomatic HAV cases
would incur no medical cost, with 2 medical consultations in

www.tandfonline.com

ambulatory care (Family Medicine) required for icteric symp-
tomatic unreported cases and 3 for icteric symptomatic
reported cases.”” Anicteric symptomatic cases were assumed
to require one consultation in Family Medicine."”” The unit
cost for a consultation at the Family Medicine Service was
obtained from the IMSS official list of unit costs by level of
care for 2012.°® Hospitalization costs for the 3 diagnosis-
related groups (DRG) codes associated with HAV infection
were obtained from IMSS,>’ updated to 2012 values.®® The
cost of a liver transplant (DRG 006) was obtained from
IMSS,* and the cost of lifetime maintenance treatment was
1.05 times the cost of the transplant.19 Key cost data are
summarized in Table 5.

Input data: work absenteeism

An additional analysis was conducted from the societal per-
spective, including indirect costs associated with work absentee-
ism. It was assumed that HAV cases could result in work
absenteeism in people aged 14 years or more who were economi-
cally active, and in parents who have to take time away from
work to care for a child aged <14 years with HAV infection.
Therefore, the indirect costs were calculated as the product of 3
factors: (i) the labor participation rate, (ii) the duration of work
loss attributable to stages of HAV infection, and (iii) the average
daily income.

For children aged 0 to 13 years, we applied a labor participa-
tion rate of 36.5%, which corresponds to the probability of a
child having either both parents, or the unique parent in a
monoparental home, working.*”*! The labor participation rates
of subjects aged more than 14 years were obtained from the same
sources and are as follows: 28%, 61.7%, 71.7%, 72.1%, 63.8%,
and 33.6% for age-groups 14-19 years, 20-29 years, 30—
39 years, 40—49 years, 50-59 years, and 60 years and older,
respectively.

All anicteric symptomatic patients as well as those unreported
icteric cases were assumed to incur 3 days of work absenteeism.
For icteric patients, cases requiring outpatient care in children
aged 0-12 years incurred 3.7 days of work absenteeism, and
cases requiring outpatient care in people aged 13 years or more
incurred 10 days of work absenteeism. Hospitalized cases with-
out fulminant hepatitis, and cases of fatal or non-fatal fulminant
hepatitis without liver transplantation, incurred 33.2 days of
work absenteeism. Liver transplantation incurred 153.2 days of
work absenteeism."”

The income lost due to a day of work absenteeism was MXN
190.36, calculated from the average income for the employed
popul;;tion in Mexico and average hours worked per day in
2012.4

Health outcomes

The model estimated the frequency of icteric and anicteric
HAV cases, differentiated by report status (reported or unre-
ported), symptom status (symptomatic or asymptomatic), medi-
cal resources used (ambulatory care, hospitalization with or
without fulminant hepatitis), and fulminant hepatitis cases
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Table 5. Key data input values

Proportion of cases of HAV infection hospitalised in Mexico

Variable Value Source

Any age 531%

<1 year 12.16% Calculated as number of HAV discharges reported®*
1-4 years 2.91% divided by the frequency of HAV infections reported®*
5-14 years 4.04%

15-44 years 10.87%

45-64 years 12.79%

>65 years 17.66%

Under-reporting factor for symptomatic cases

With 85% of the rate of transmission caused by direct person-to- 14.83775% "

person transmission
Probability that a symptomatic and reported case results in fulminant hepatitis

0-4 years 0.38% 13
5-14 years 0.05%

15-39 years 0.68%

40-59 years 5.50%

>60 years 8.00%

Waning vaccine efficacy for HAV vaccination, per year

1st dose during first 10 years 0.0162 "
1st dose after 10 years 0.0267

2nd dose during first 25 years 0.0012

Direct costs (2012 values)

HAV infection hospitalization MXN 43,509 3839
Fulminant hepatitis MXN 76,872

Total direct medical cost per transplanted patient® MXN 2,219,830

Mean cost for an anicteric symptomatic HAV case MXN 482 Equivalent to one Family Medicine outpatient visit. Applies

only to those cases with resource use '>3®

Mean cost for an icteric unreported HAV case MXN 964 Equivalent to 2 Family Medicine outpatient visits. Applies
only to those cases with resource use '>>®

Mean cost for an icteric reported HAV case MXN 1,446 Equivalent to 3 Family Medicine outpatient visits. Applies
only to those cases with outpatient care '>3#

Vaccine price (2012)

Price per dose for HAV vaccine MXN 194.50 36

Vaccine administration cost

Vaccine administration cost MXN 13.17 37.US$1, converted to MXN using mean exchange rate
during 2012.**

Disutility due to HAV infection

Net disutility for each icteric or anicteric symptomatic HAV case 0.019 42

Utility value for each age group

0-4 years 0.94 s

5-17 years 0.93

18-34 years 0915

35-44 years 0.895

45-64 years 0.805

65-74 years 0.77

>75 years 0.695

“Estimated from the dynamic model using the mean of the estimates with 80% and 90% of the rate of transmission caused by direct person-to-person
transmission.

Total liver transplantation cost has 2 components, the cost of the liver transplantation procedure (MXN 1,082,844) plus the lifetime maintenance cost (MXN
1,136,986)."°

HAV, hepatitis A virus; MXN, Mexican peso.

differentiated by outcome (death, liver transplant, survival with-
out liver transplant).

In the absence of country-specific data regarding health-state
preferences for HAV infection and its potential complications in
Mexico, the number of QALYs lost was estimated using a disutil-
ity value of 0.019 for each non-fatal icteric or anicteric symptom-
atic HAV case,® and applying a factor related to age for the
life-years lost due to premature death caused by fulminant
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T . . . .
hepatitis.'> Asymptomatic anicteric cases were assumed to incur
no QALY losses.

Cost-utility analysis

The ICUR was calculated as the incremental cost per incre-
mental QALY gained for one intervention compared with
another.
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Table 6. Scenarios for loss of vaccine effect over time (waning) used in sensitivity analysis

Annual Waning Rate of HAV Vaccine Protection

After 1 single dose administered at 12 months of age

After 2 doses administered at 12 and 18 months of age

Scenario First 10 years After 10 years First 25 years
Scenario 0 0 0 0

Scenario 1 (Base case) 0.0162 0.0267 0.0012
Scenario 2 0.0162 0.0062 0.0012
Scenario 3 0.0162 0.0100 0.0012
Scenario 4 0.0162 0.0175 0.0012
Scenario 5 0.0162 0.0267 0.0012
Scenario 6 0.0162 0.0150 0.0012
*No waning.

HAV, hepatitis A virus.

The threshold value for the ICUR was taken as 1 x GDP per
capita in Mexico, as recommended by the Mexican General
Health Council.* According to data from the International
Monetary Fund (IMF), this was MXN 132,465 in 2012."°

Sensitivity analysis

The robustness of the model results were tested using deter-
ministic and probabilistic sensitivity analyses. First, a one-way
deterministic sensitivity analysis assessed the impact of transmis-
sion model parameters using a range of scenarios. Specifically, 4
scenarios related to the percentage of the rate of transmission
caused by direct person-to-person transmission (70%, 80%,
90%, and 100%), one alternative scenario for the age group split
in children aged less than 5 years (0 to <3 years and 3-5 years),
6 scenarios based on varying profiles of waning vaccine protec-
tion (Table 6), 2 alternative scenarios for the first-dose vaccine
coverage (70% and 90%), and 2 alternative scenarios for the per-
centage of subjects receiving the first dose who also received the
second dose (70% and 100%).

A series of tornado diagrams summarized the univariate sensi-
tivity analysis conducted for the rest of the parameters used in
the decision model. In this case, the vaccine price was varied by
+10% from the base-case value, meanwhile other costs were
assumed to vary by & 20%. Disutility was varied from 0.006 to
0.032, and the annual discount rates from 3% to 7% for costs
and 0% to 7% for QALYs. The probabilities were varied by +
25% (in relative terms). The exceptions were the probability that
an anicteric case is symptomatic and the probability that a symp-
tomatic anicteric infection leads to (ambulatory) care, with both
of them varied in a wider range (0.25 to 0.75).

A further analysis was also conducted from the societal
perspective.

The probabilistic sensitivity analysis performed 1,000 second-
order Monte Carlo simulations to produce cost-utility acceptabil-
ity curves. The vaccine acquisition and administration costs and
disutility were varied using a uniform distribution. Medical costs
were modeled using an approximate gamma distribution assum-
ing a standard deviation of 10%. For discount rates, a triangular
distribution was used. Probabilities were varied using an approxi-
mate 3 distribution, assuming a standard deviation of 12.5% or
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25%. The annual frequency of liver transplantations attributable
to HAV was modeled using a Poisson distribution.
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