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Background: Few studies have assessed the effects of antiretroviral
therapy (ART) to prevent HIV transmission in Asian HIV epidemics.
Vietnam has a concentrated HIV epidemic with the highest prevalence
among people who inject drugs. We investigated the impact of
expanded HIV testing and counseling (HTC) and early ART,
combined with other prevention interventions on HIV transmission.

Methods: A deterministic mathematical model was developed
using HIV prevalence trends in Can Tho province, Vietnam.
Scenarios included offering periodic HTC and immediate ART with
and without targeting subpopulations and examining combined
strategies with methadone maintenance therapy and condom use.

Results: From 2011 to 2050, maintaining current interventions will
incur an estimated 18,115 new HIV infections and will cost US
$22.1 million (reference scenario). Annual HTC and immediate
treatment, if offered to all adults, will reduce new HIV infections by
14,513 (80%) and will cost US $76.9 million. Annual HTC and
immediate treatment offered only to people who inject drugs will
reduce new infections by 13,578 (75%) and will cost only US $23.6
million. Annual HTC and immediate treatment for key populations,
combined with scale-up of methadone maintenance therapy and
condom use, will reduce new infections by 14,723 (81%) with
similar costs (US $22.7 million). This combination prevention
scenario will reduce the incidence to less than 1 per 100,000 in
14 years and will result in a relative cost saving after 19 years.

Conclusions: Targeted periodic HTC and immediate ART com-
bined with other interventions is cost-effective and could lead to
potential elimination of HIV in Can Tho.
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INTRODUCTION
Antiretroviral therapy (ART) prevents the transmission of

HIV by suppressing viral load, one of the most important
determinants of the risk of HIV transmission.1 The concept of
HIV treatment as prevention (TasP) of HIV transmission has
been proven by the use of antiretrovirals to prevent mother-
to-child transmission2 and by observational studies assessing
sexual transmission among serodiscordant couples.3-4 A ran-
domized control trial comparing early ART with deferred
ART showed that early ART reduces sexual HIV transmission
by 96% in serodiscordant couples.5 Community-based studies
from Taiwan,6 San Francisco,7 Vancouver,8 and KwaZulu-
Natal, South Africa9 have shown that the number of newly
reported HIV cases or the hazard of HIV acquisition fell as
ART coverage was expanded and as community viral load
declined. HIV incidence in a cohort of people who inject drugs
(PWID) was positively associated with the mean viral load in
HIV-positive PWID, providing additional evidence that ART
prevents needle-borne HIV transmission.8,10
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Mathematical models have also been developed to
estimate the impact of TasP on generalized epidemics.11,12

Modeling studies consistently show a significant impact of
ART on incidence in generalized settings.11,12 For example,
modeling suggested that annual HIV testing and counseling
(HTC) followed by immediate ART for people diagnosed
with HIV could greatly lead to the elimination of HIV in
South Africa.12 Although models have also been developed
to estimate the preventive effect of ART in PWID,13–16 they
have only examined the impact of ART provided to those
with CD4 count below 350 cells per cubic millimeter.

Although a number of studies on TasP have been
started or are being planned,17 relatively few are focused on
the HIV epidemic in Asia. Asia has the second largest num-
ber of people living with HIV (PLHIV) after Africa, and
most Asian countries have low or concentrated HIV epi-
demics.18 Opportunities exist to significantly reduce new
infections through improved access to earlier testing and
treatment in some Asian countries with relatively low HIV
prevalence. In Vietnam, the HIV epidemic is concentrated
in certain key populations. In 2011, HIV prevalence was
highest in PWID at 13.4%, whereas the estimated preva-
lence in the general population aged 15–49 years was
only 0.45%.19 In 2011, there were an estimated 249,000
people living with HIV.19 ART has been rapidly scaled-up
since 2005, and 60,924 people were receiving ART at the
end of 2011.19

Although emphasizing the priority to further scale-up
ART among those with CD4 count less than 350 cells per
cubic millimeter, World Health Organization advises coun-
tries to consider expanding ART for certain subpopulations in
which the greatest health benefits and prevention impact can
be expected.20,21 Can Tho is one of the 2 provinces chosen by
the Vietnam Ministry of Health to demonstrate proactive
expansion and simplification of HIV treatment including
improved access to earlier HIV testing and treatment.22,23

We use Can Tho provincial data to analyze the potential
benefits and strategies of expanding access to HTC and
ART in combination with other prevention interventions.

METHODS

Model Structure
A standard compartmental model with susceptible peo-

ple, PLHIV not on ART, and PLHIV on ART24,25 was devel-
oped for each of 7 subpopulations. Although generalized
epidemics are often modeled assuming 1 population with sim-
ilar characteristics, concentrated epidemics require the establish-
ment of subpopulations with different HIV prevalence, different
roles in HIV transmission dynamics, and different interventions.
To address this issue, a network structure that links subpopula-
tions as seen in Vietnam was used to construct the model (Fig.
1) The model includes the following: PWID, men who have sex
with men (MSM), female sex workers (FSWs), male clients of
female sex workers (MCF), and low-risk women (LRW). MSM
and FSWs are further divided into 2 groups: those who inject
drugs and those who do not. It is assumed that a certain pro-
portion of men in all male groups visit FSW or have regular

female partners (see Appendix, Supplemental Digital Con-
tent, http://links.lww.com/QAI/A431). We also assumed that
although LRW can be infected by their male sexual partners,
they do not infect other adults. The low-risk men, including low-
risk MSM, were excluded from the model, with the assumption
that their contribution to the epidemic and studied outcomes are
negligible. However, if a person in key populations ceases to be
engaged in the risk behavior, but is infected with HIV, he or she
was retained in the model and counted in the original risk
groups. The equations and further details for the model are
given in the Appendix (see Supplemental Digital Content,
http://links.lww.com/QAI/A431) and are implemented in
Microsoft Excel. The model is fitted using maximum
likelihood, allowing for overdispersion of the data where
necessary, and checking that the fit is statistically acceptable
for each subpopulation separately and collectively.

Data Sources
The trend data for HIV prevalence in each subpopulation

in Can Tho are drawn from data set used by the Vietnam’s
national working group on estimation and projection,26,27 The
data set is derived from annual National Sentinel Surveillance
from 1994 to 2010 (unpublished data, Vietnam Authority of
HIV/AIDS Control, 2011) and Integrated Biological and Behav-
ioral Surveillance (IBBS) in 200628 and 2009.29 For FSWs and
MSM, sentinel surveillance does not distinguish between those
who do and do not inject drugs, but estimates from IBBS 200929

were used to calibrate the prevalence in those 2 groups. To
estimate the subpopulation sizes (Table 1), the data were tri-
angulated using numbers used for the national estimation and
projection,26,27 data from various Ministries, mapping exercises
conducted by various projects, and HIV case reports. The unit
cost of ART per patient-year and that of HTC were obtained
from the costing studies in Vietnam (Table 1). Further details of
the data sources are available in the Appendix (see Supplemen-
tal Digital Content, http://links.lww.com/QAI/A431).

FIGURE 1. Schematic diagram showing the links between the
different subpopulations in the model. Red arrow shows
HIV transmission via needle sharing, green arrow shows sexual
transmission among MSM, and blue arrow shows hetero-
sexual transmission. The groups coloured pink indicate that
HIV transmission happens within the group.
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Interventions and Scenarios
This study assessed the effects of “periodic testing and

immediate treatment (PTIT),” for which we assume people
voluntarily receive HTC at regular intervals and, if diagnosed
with HIV, start ART immediately irrespective of CD4 count.
We define “universal PTIT” as PTIT provided to all adults,
and “targeted PTIT” as PTIT offered to 1 or more selected
subpopulations. It was assumed that PTIT is introduced in
2011 and expanded to the defined coverage by 2015 and then
maintained until 2050. We also define standard ART as the
ART provided when people have CD4 count less than 350
cells per cubic millimeter. The following 4 scenario sets, 13 in
total, were assessed.

Baseline Scenarios
(1) No intervention counter factual scenario, assuming

that neither ART nor other prevention intervention had ever
been made available; (2) reference scenario, in which ART
and other prevention intervention coverage (Table 1) are
maintained at the level in 2010 up to 2050.

Universal PTIT Scenarios
All adults receive PTIT with periodic HTC offered at

varying frequency including every 2 years, every year, or
every 6 months. Other prevention interventions were main-
tained at the 2010 level.

Targeted PTIT Scenarios
PTIT is provided to each of the 5 subpopulations

separately with annual HTC. Other prevention interventions
are maintained at the 2010 level.

Potential Policy Scenarios
(1) Standard ART scale-up: ART expanded to 90% of

eligible adults (CD4 # 350 cells/mm3) by 2020; coverage of
other prevention interventions is maintained at the 2010 level.
(2) Combination prevention scale-up: methadone mainte-
nance therapy (MMT) expanded to 50% of PWID; consistent
condom use expanded to 85% of FSW and 60% of MSM;
ART to 90% of eligible adults (CD4 # 350 cells/mm3), by
2020. (3) Combination prevention scale-up including the

TABLE 1. Key Input Parameters and Assumptions Used in the Model

Parameter Value Source

Subpopulation size estimates

PWID 2716 National estimation and projection26,27

FSW who inject drugs 62 Preassessment for IBBS200929

FSW who do not inject drugs 1978 Preassessment for IBBS200929

MSM who inject drugs 324 Preassessment for IBBS200929

MSM who do not inject drugs 1176 Preassessment for IBBS200929

MCF 61,596 An estimate based on national estimation and
projection26,27 and a survey in MCF45

LRW 454,074 National estimation and projection26,27

Average duration people stay in each risk groups

PWID 11.9 yrs An estimate based on IBBS200929

FSW 5 yrs National estimation and projection26,27

MSM 20 yrs National estimation and projection26,27

MCF 8 yrs National estimation and projection26,27

Relative risk of transmission with presence of intervention (efficacy assumptions)

ART on sexual transmission 0.04 HPTN052 results5

ART on needle-sharing transmission 0.04 Extrapolation based on HPTN052 results5

MMT on needle-sharing transmission 0.10 An estimate based on systematic review46 and a report
from Vietnam47

Condom on heterosexual transmission 0.20 Systematic review results48

Condom on homosexual transmission 0.36 Systematic review results49

Intervention coverage at baseline (2010)

ART 25% of adult PLHIV (64% of eligible adult PLHIV) National program data (unpublished, VAAC, 2011)

MMT 7.4% in PWID National program data (unpublished, VAAC, 2011)

Condom—FSW/MCF 80% Assumption based on IBBS 200929 and survey in
MCF45

Condom—MSM 40% IBBS 200929

Cost

ART per patient year US $415 A costing study on HIV care and treatment in
Vietnam50 assuming 10% on new ART, 85% on
established ART, and 5% on second-line ART

HIV testing and counseling per client
tested

US $7.2 The median HTC cost per client tested, based on cost
analysis in Vietnam51

IBBS, Integrated biological and behavioral surveillance; VAAC, Vietnam Authority of HIV/AIDS Control.
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interventions in the previous scenario 2 in combination with
PTIT with annual HTC offered to PWID, FSW, and MSM.

For the universal and targeted PTIT scenarios, it was
assumed 100% of people offered services will accept HTC at
regular intervals; for the potential policy scenarios that involve
PTIT, it was assumed 70% of PWID and MSM and 80% of
FSW would be reached and accept annual HTC. For both PTIT
and standard ART, it was assumed 95% of those tested HIV
positive will start ART immediately based on respective
eligibility criteria. All the scenarios assume that current level of
clean syringe accessibility be maintained over the studied period.
The assumptions for intervention efficacy are shown in Table 1.

Outcome Measures and Uncertainty Analysis
The following measurements were determined for each

scenario: cumulative new HIV infections and deaths, cumula-
tive costs of HTC and ART, and cost per disability-adjusted
life years (DALYs) averted, in the period from 2011 to 2050.
Costs are discounted at 3% per year against the baseline year at
2010. To estimate DALYs, we ignored the relatively modest
disability component (about 1.5%), as described previously, 30

because for HIV prevention and life-prolonging ART, DALYs
are almost entirely captured by the change in mortality.

Uncertainty concerning ART efficacy to reduce the
probability of needle-borne HIV transmission was studied by
changing the efficacy step-wise from 96% to 70%. This
analysis was performed for the following key scenarios: (1)
reference, (2) Universal PTIT with annual HTC, (3) Targeted
PTIT focusing on PWID, and (4) Combination prevention
scale-up with PTIT for key populations.

RESULTS

Modeling of the Epidemic
The fitted values of the HIV prevalence in 2010 were

as follows: 46% in PWID, 55% in FSWs who inject drugs,
3.8% in FSWs who do not inject drugs, 27% in MSM who
inject drugs, 3.6% in MSM who do not inject drugs, 1.0% in
MCF, and 0.35% in LRW (for Figure of best fit to HIV
trend data, see Figure S3, Supplemental Digital Content,
http://links.lww.com/QAI/A431).

Baseline Scenarios
If neither ART nor other interventions had ever been

made available, there would have been an estimated 30,329 new
infections and 17,301 AIDS deaths from 2011 to 2050 in Can
Tho province. With the reference scenario, in which ART and
other prevention interventions are maintained at the coverage in
2010, there are a projected 18,115 new HIV infections and 7624
AIDS deaths, with a cumulative cost of US $22.1 million.

Universal PTIT Scenarios
When compared with the reference scenario, universal

PTIT with testing once every 2 years, 1 year, and 6 months
will avert 57%, 80%, and 82% of new infections; and 68%,
78%, and 80% of deaths, respectively (Table 2). The cumu-
lative HTC and ART costs with testing once every 2 years,

1 year, and 6 months will be 2.3-fold, 3.5-fold, and 6-0 fold
as high as those in the reference scenario (Table 2).

Targeted PTIT Scenarios
The impact of PTIT differs greatly depending on which

subpopulation is targeted. When compared with the reference
scenario, the largest reduction in the cumulative new
infections (75% reduction) and deaths (69% reduction) is
achieved when the target group is PWID. If the target group is
FSWs, new infections and deaths are reduced by 31% and
35%, respectively. If the target group is MSM, MCF, and
LRW, new infections are reduced by 19%, 25%, and 17%,
although there will still be modest reductions in deaths of
27%, 36%, and 39%, respectively. Relative to the costs
associated with the reference scenario, only a small additional
cost is required to target key populations: 107%, 119% and
123% for PWID, FSW and MSM, respectively (Table 2). In
contrast, when MCF or LRW are targeted, the costs are much
greater at 359% and 349%, respectively.

Potential Policy Scenarios
Increasing standard ART coverage to 90% of currently

eligible adults (CD4# 350 cells/mm3) reduces cumulative new
infections by 17% and of deaths by 24% compared with the
reference scenario, although costs increase by 23% (Table 2).
Adding the expansion of combination prevention including
MMT, condom use and standard ART decreases cumulative
new infections and deaths by 22% and 19%, respectively,
and would cost 8% less than the reference. Relative to the
reference scenario, adding PTIT targeting for PWID, FSW,
and MSM to the combination prevention scale-up results in
a decrease in cumulative new infections and deaths by 81%
and 73%, respectively, and only a 3% increase in costs. This
scenario will reduce HIV incidence from 61 per 100,000 per-
son-years in 2010 to 6.2 per 100,000 person-years (90% reduc-
tion) in 10 years, and to less than 1 per 100,000 person-years in
2024. Although the annual costs of the PTIT-containing com-
bination prevention is higher than that of the reference scenario
until 2029, it will be cost saving after 2029 (Fig. 2C).

Cost-Effectiveness Analysis
Figure 3 maps the scenarios against cumulative cost and

DALYs averted. The reference scenario costs US $ 122 per
DALY saved. There were 2 nondominated scenarios as follows:
combination prevention scale-up (US $98/DALY averted) and
combination prevention with PTIT for key populations (US $78/
DALY averted). Incremental cost effectiveness ratio of the latter
against the former is US $28 per DALY. Targeted PTIT focusing
on PWID also had similar cost-effectiveness profile as the latter,
and was close to “efficiency frontier” (Fig. 3). Other scenarios
studied were dominated.

Uncertainty Analysis
Figure S5 (see Supplemental Digital Content,

http://links.lww.com/QAI/A431) shows the effects of
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varying assumed ART efficacy on needle-borne transmission
on cumulative new infections and costs from 2011 to 2050 for
the 4 key scenarios. The impact of PTIT to reduce new
infection is attenuated in efficacy-dependent manner,
although there is still substantial reduction of cumulative new
infections by PTIT; for example, cumulative new infections
will be reduced by 54% with “combination prevention scale-
up with PTIT” scenario even when the efficacy is assumed at
70%. The cumulative costs increase by only 6%–18%
depending on the scenarios, when the efficacy is changed
from 96% to 70%. (see Figure S5, Supplemental Digital
Content, http://links.lww.com/QAI/A431). When the efficacy
is 90% or greater, the “combination prevention scale-up with
PTIT” scenario reduces HIV incidence to below 10 in 100,000.

DISCUSSION
Our model suggests that active HIV case finding and

earlier access to ART for key populations combined with other
interventions could lead to highly effective and cost-effective
reductions in HIV transmission in this concentrated epidemic
setting. The best strategy consisted of delivering services to
key populations including early HIV diagnosis, immediate
ART, MMT, condom use alongside the current approach to
providing of HTC and ART for those at lower risk. It is

important to note that all of the scenarios assume that the
current high level of access to clean syringes is maintained.
Projections using this strategy suggest that it would dramati-
cally reduce HIV incidence to 1/100,000 in 14 years and
achieve annual cost savings after around 20 years.

Our model suggests that providing periodic testing and
immediate ART for key populations, especially for PWID, is the
least expensive and most effective intervention for reducing the
new infections and deaths in the entire population. In contrast,
offering PTIT universally to all adults or targeting PTIT
for populations with low HIV incidence, such as MCF or
LRW, is far less cost-effective given its smaller epidemiological
impact and much larger costs. Since MCF and LRW are large
populations, more HIV tests are required to offer HTC
periodically (see Figure S6, Supplemental Digital Content,
http://links.lww.com/QAI/A431). These findings suggest that
different testing and treatment strategies could be considered
depending on the population, such as periodic HTC and earlier
ART for higher risk key populations, and client-initiated and
provider-initiated HTC at health facilities for MCF and LRW.
Because in Vietnam, LRW are primarily infected by their male
sexual partners who have risk behaviors,31,32 offering HTC to
partners of PLHIV could potentially facilitate reaching LRW
who are living with HIV earlier although avoiding the need to
test the entire LRW population.

TABLE 2. Effects of Various Scenarios on Cumulative New HIV Infection, AIDS Death, Cost, and Cost-Effectiveness From 2011
to 2050

Year
Incidence
Become

, 1/100,000

Cumulative Value 2011–2050

New
Infection

% vs
Reference
Scenario

AIDS
Death

% vs
Reference
Scenario

Cost HTC
+ ART

(US $1000)

% vs
Reference
Scenario

Cost/DALY
Averted
(US $)

Basic scenarios

No intervention NA 29,491 — 16,907 — 0 — —

Reference scenario (current
level)

NA 18,115 — 7624 — 22,094 — 122

Universal PTIT with varying HTC frequency

HTC every 2 years NA 7740 43% 2418 32% 50,308 228% 178

HTC every 1 year 2024 3602 20% 1646 22% 76,851 348% 259

HTC every 6 months 2021 3321 18% 1546 20% 133,045 602% 445

Targeted PTIT with annual HTC

PWID 2037 4538 25% 2381 31% 23,631 107% 84

FSW NA 12,451 69% 4938 65% 26,208 119% 112

MSM NA 14,700 81% 5577 73% 27,261 123% 124

MCF NA 13,581 75% 4846 64% 33,863 153% 144

LRW NA 15,109 83% 4618 61% 77,159 349% 322

Potential policy scenarios

Standard ART scale-up NA 15,109 83% 5784 76% 27,097 123% 125

Combination prevention scale-
up with standard ART

NA 14,151 78% 6190 81% 20,422 92% 98

Combination prevention scale-
up with PTIT for key
populations

2024 3392 19% 2033 27% 22,689 103% 78

PTIT, an intervention in which voluntary HTC are offered regularly and ART is provided immediately regardless of CD4 count. PTIT is offered to all adult populations (universal
PTIT) or to 1 or more selected subpopulations (targeted PTIT). Standard ART refers to ART provided to those with CD4 count below 350 cells per cubic millimeter. Reference scenario
assumes current coverage of ART, and other prevention interventions are maintained at the level in 2010. PTIT assumes linear expansion from 2011 to 2015 and then maintenance to
2050. Combination prevention scale-up assumes MMT (to 50% of PWID), condom use (to 85% of FSW and 60% of MSM), and ART (to 90% of eligible adult PLHIV) be expanded
by 2020. In the last scenario, PTIT was targeted to 3 key populations, that is, PWID, FSW, and MSM in addition to combination prevention scale-up as the previous scenario.

NA, not applicable.
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Although offering annual testing and immediate ART
requires a substantial initial investment, projections suggest
that focusing on key populations will ensure a substantial
return on this medium-term investment. Additionally, our
analysis shows that the cumulative person-years of ART
required for 2011–2050 will be similar regardless of whether
PTIT is introduced or the current ART program is maintained.
The earlier ART intervention will reduce new infections to
a much greater extent than the current approach, which balan-
ces the initial increase in the number of people starting ART
with a subsequent decrease in people in need for ART in later
years. These findings are in line with modeling results regard-
ing the projected impact of ART in generalized epidemics.12,30

Our analysis suggested that PTIT would have greater
impact and is cost-saving when implemented as part of
a combination prevention strategy.33 As part of combination
prevention efforts, Vietnam has effectively implemented large-
scale harm reduction programs.34 At the end of 2011, 6900
people were receiving MMT at 41 clinics,19 and in 2011,
existing needle-syringe programs (NSPs) distributed approxi-
mately 30 million needles and syringes or 140 syringes per
PWID per year.19 Importantly, a combination prevention strat-
egy could harness programmatic synergy between those behav-
ioural interventions and PTIT. For example, peer educators
working for NSP and condom promotion would likely be the
most effective agents who can directly reach key populations
and facilitate their early uptake of HIV diagnosis and treatment.
In 2011, in Vietnam, only 29% of PWID, 44% of FSW, and
30% of MSM reported that they had received HTC in the past
12 months and knew their test results.19 Improving demand and
earlier and more frequent access to HIV testing is critical but
unlikely to be feasible without capitalizing on the already effec-
tive community-based NSP and condom promotion program.
Likewise, opioid substitution therapy also improves ART
uptake, adherence, and outcomes35,36 and the Government’s
plan to expand MMT to 80,000 PWID by 201519 could serve
as an effective platform for delivering periodic HTC and earlier
ART in PWID.

Our model did not examine scenarios that varied NSP
coverage because the available data and anecdotal information
suggests that PWID in Vietnam already have a high level of
access to clean needles not only through NSP but also from other
sources (eg, pharmacies). For example, the majority of PWID
(85%–98%, depending on provinces) reported using clean nee-
dles and syringes at the last injection,29 although the same survey
found a large variation in access to NSP in the last 6 months
by provinces ranging from 0.7% to 84%.29 Although the scien-
tific evidence is clear that access to clean needles is an effective
steps in reducing the needle-borne HIV transmission, for the
purposes of modeling, the already high level of access to clean
needles would mean that changes in current background NSP
coverage would have little impact in Viet Nam.

The precise efficacy of ART in reducing probability
of parenteral HIV transmission is not yet established.
Although per-contact risk of HIV transmission associated
with needle-sharing is higher than that associated with
sexual intercourse,37–39 it would be plausible to assume that
the transmission risk is proportional to viral load, and thus
the risk reduction attributable to ART is likely similar

FIGURE 2. Annual new HIV infection (A), AIDS death (B), and
ART and HTC cost (C) with 3 potential policy scenarios. Ref-
erence scenario assumes current coverage of ART, and other
prevention interventions are maintained at the level in 2010.
Combination prevention scale-up assumes expansion of MMT,
condom use, and ART. In the last scenario, PTIT focusing on 3
key populations, that is, PWID, FSW, and MSM, was added to
combination prevention scale-up.
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irrespective of transmission route. With this assumption, we
extrapolated the extent of risk reduction by ART on sexual
transmission to that on needle-borne transmission, although
we also performed uncertainty analysis by varying the ART
efficacy assumptions. As expected, the results showed that the
impact of ART on new HIV infection is attenuated proportion-
ally to the assumed efficacy; however, ART still has substantial
impact in reducing new infection even if the efficacy is reduced
to 70%, suggesting that ART could still be effective interven-
tion to reduce new infection. There are also uncertainties in
program parameters, for example, uptake of HIV testing and
ART, retention and adherence to ART, and behavioral risk
reduction, but our goal was to examine a well-performing
program and we aim to study the individual effects of these
parameters on program performance in future studies. There
have also been limited data on the role of acute HIV infection
on the onward transmission; however, the recent debate sug-
gests that acute infection will not compromise predicted impact
of test-and-treat strategies.40

A recent review reported that social and structural factors
have placed significant barriers to optimal ART use among
PWID and called for removal of those in order for TasP
strategies to be maximally effective.41 In Vietnam, punitive
policies and associated stigma and discrimination against peo-
ple who use drugs have been recognized as critical barriers for
their timely access to health and HIV services.42,43 However, in
late 2012, the Government responded to the United Nations’
statement calling for the closure of compulsory drug detention
centres44 and made the initial step by expressing its vision to
shift toward a community-based voluntary drug treatment
approach. For the modeled strategy to be successful, it is essen-
tial that the society addresses the structural barriers so that key
populations can safely access HIV services. The interventions
need to be implemented in a way that respects human rights,
and successful design and implementation would depend on
the extent of the support of local communities of key popula-
tions and PLHIV.

There are limitations in our analysis. First, there are
a number of uncertainties in our modeling assumptions. We
plan to further analyze the effects of program parameters in

future studies. Second, we did not include the cost of outreach
for key populations, which is an essential intervention to
facilitate their HTC uptake. Third, we did not include the cost
of other prevention interventions, that is, MMT, NSP, and
condom promotion, and thus a direct comparison of the
complete cost associated with combination prevention and
PTIT is not possible.

Our analysis represents the only scientific efforts we are
aware of to estimate potential impact of active case finding and
immediate HIV treatment in a concentrated epidemic in Asia.
The analysis suggests that upfront investment in offering access
to periodic HTC and immediate treatment to key populations is
likely to save a substantial number of lives and costs in the near
future. Targeted and frequent HTC and earlier ART signifi-
cantly decreases HIV infections and deaths, and when combined
with other interventions, it could make a substantial contribution
to the earlier achievement of HIV control and elimination.
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