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Abstract
Background: Although Injecting Drug Users (IDUs) carry a disproportionate
burden of HIV, little is known about the dynamics of the HIV epidemics among
IDUs.
Objective: This study aimed to characterize the dynamics of the HIV
epidemic among IDUs and the effects of alternative HIV prevention intervention
strategies using Agent-Based Modeling (ABM).
Methods: ABM was constructed using key behavioral risks. The HIV/STI
Surveillance study was utilized to create datasets for simulation. Different
intervention scenarios were simulated and compared.
Results: Lowering needle sharing level among IDUs resulted in the
largest reductions in both HIV prevalence and the cumulative number of HIV
infections over time in all simulated populations. The majority of the reductions
occurred when needle sharing declined from the baseline level to 40% and 30%,
respectively.
Conclusion: ABM may well complement traditional epidemiological
regression-based analysis in providing important insights into the complex
dynamics of the HIV epidemics among IDUs.
Keywords: HIV/AIDS; HIV dynamics; Injecting Drug Users (IDU); AgentBased Model (ABM)

Introduction
There were an estimated 15.9 million people who might inject
drugs worldwide, with nearly three-quarters of these individuals
being from low- and middle-income countries [1,2]. Injecting drug
use has made a substantial contribution to the HIV epidemic globally
[3]. Although IDUs account for an estimated 0.2-0.5% of the world’s
population, they make up approximately 5-10% of people living with
HIV globally [4]. In many parts of the world, the direct sharing of
needles, syringes, and other injection equipment among IDUs has
driven the HIV epidemic [2,4]. People who inject drugs have as 22
times higher the rate of HIV infection as the general population [5].
All regions report high HIV prevalence among IDU population,
although the severity varies [2]. The HIV prevalence among IDUs
ranged from 5% in Eastern Europe to 28% in Asia [2].
Despite the significant burden of HIV among IDUs, little is
known about the dynamics of the HIV epidemics in this population.
The majority of existing HIV research and analysis primarily rely
on statistical regression-based models [6]. The key motivation for
the use of regression-based approach has been the desire to estimate
the effect of independent risk factors on a particular outcome, after
statistically controlling for individual-level attributes which could
simultaneously be related to both the risk factors and the outcome
[6]. However, with the efforts to isolate the effect of changing a single
factor while controlling for all other factors in the model, regression
modeling approach might be ill-equipped to investigate the processes
embedded in complex systems characterized by dynamic interactions
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among heterogeneous individuals, and between individuals and their
environment [6]. Regression-based models thus present challenges
which are associated with the incapacity of examining the dynamic
and often reciprocal processes from which the HIV epidemic emerges
[6].
There is increasing recognition that advanced computational
modeling, which simulates the real world as it might be in a variety
of circumstances, may address some of the challenges faced by
traditional statistical regression-based methods [6,7]. Agent BasedModeling (ABM) is a computational simulation method that
defines the behavior of a population of heterogeneous individuals
within an environment in which characteristics of the population
are driven by the interactions of the individuals with each other
and with the environment [8]. Compared with other types of HIV
models which are built using mathematical or statistical equations,
agent-based approach is advantageous in allowing understandings
of heterogeneous individuals’ behaviors and interactions between
individuals, representation of the environment with which individuals
interact, and a natural correspondence to real life situation that
enhances model transparency for stakeholders [7,9]. ABM simulation
also allows experimentation with the model by answering ‘what-if’
types of questions such as ‘What if certain quantitative assumptions
are altered’? ‘Does the model reflect the real system that it represents’?
and ‘How will the model behave after a certain period of time’? [9] By
experimentation with the model, ABMs can provide insights into the
impact of behavioral feedbacks that may occur during the epidemic
[8,9]. They further allow policy makers to understand multi-
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Table 1: List of key parameters used in the Agent-Based Model.
Parameters

Values

Data Sources

Percentage of drug injection among SSWs

7.30%

2009 IBBS data

Percentage of drug injection among VSWs

2.40%

2009 IBBS data

Percentage of needle sharing among IDUs

50%

2009 IBBS data

Percentage of consistent condom use with FSWs by male IDUs

61%

2009 IBBS data

Percentage of consistent condom use with clients by SSWs

61%

2009 IBBS data

Percentage of consistent condom use with clients by SSWs

63%

2009 IBBS data

Number of sexual partners of SSWs per month: mean (min, max)

27.0 (18.0, 300.0)

2009 IBBS data

Number of sexual partners of VSWs per month: mean (min, max)

19.0 (14.0, 221.0)

2009 IBBS data

Number of sexual partners of male IDUs per month: mean (min,
max)

2.0 (0.0, 92.0)

2009 IBBS data

Number of FSWs that male IDUs visited per month: mean (min, max)

1.0 (0.0, 92.0)

2009 IBBS data

IDU network size: mean (min, max)

9.0 (6.0, 600.0)

2009 IBBS data

52% of IDU population injected at least
twice per day

2009 IBBS data

Probability of HIV transmission through injecting drug use

0.002 - 0.004

Public Health Agency of Canada, 2012 [25]

Probability of HIV transmission through single needle stick

0.007 - 0.008

Public Health Agency of Canada, 2012 [25]

0.01 - 0.002

Public Health Agency of Canada, 2012 [25]

0.0005 - 0.001

Public Health Agency of Canada, 2012 [25]

Frequency of drug injection among IDUs

Probability of HIV transmission via receptive vaginal intercourse (i.e.,
male to female)
Probability of HIV transmission via insertive vaginal intercourse (i.e.,
female to male)
Time to progress from primary HIV infection to acute HIV infection:
mean (min, max)
Time to progress from acute HIV infection to latent HIV infection:
mean (min, max)

21 days (14, 28)
21 days (7, 28)

U.S. Department of Health and Human
Services, 2017 [26]
Canadian Foundation for AIDS Research, 2017
[27]
Nadler, 2005 [28]
O’Brien, 2004 [29]
U.S Department of Health and Human Services,
2017 [26]
Nadler, 2005 [28]
O’Brien, 2004 [29]
U.S Department of Health and Human Services,
2017 [26]

Time to progress from latent HIV infection to AIDS: mean (min, max)

9 years (1, 20)

Time to progress from AIDS to death: mean (min, max)

3 years (1, 10)

level determinants of HIV infection and to design and assess the
effectiveness of HIV intervention policies [10]. Agent-based modeling
has increasingly been employed in population health research, such
as drug and alcohol health behavioral research, obesity, physical
activity, and infectious diseases [11-16]. In recent years, agent-based
approach has also been applied in HIV epidemic modeling [7-9,1719]. However, to the best of our knowledge, there has not been any
research using ABM to simulate HIV future trends among IDUs and
to assess the effectiveness of HIV prevention interventions targeting
this high-risk population. The aims of this study are (i) to characterize
the dynamics of the HIV epidemic among IDUs and (ii) to explore
the effects of alternative HIV prevention intervention strategies.

provide estimates of HIV and Sexually Transmitted Infection (STI)
prevalence as well as risk behaviors among HIV high-risk populations,
including male IDUs and Female Sex Workers (FSWs) and men who
have sex with men.

Materials and Methods
In this study, key behavioral data from the ‘2009 HIV/STI
Integrated Biological and Behavioral Surveillance’ (IBBS) study
in Vietnam was utilized for constructing ABM to examine the
relevance of agent-based approach in studying the dynamics of the
HIV epidemic among IDUs and to explore the effects of various
intervention strategies. The IBBS study is the first systematically
community-based surveillance survey in Vietnam. More detailed
descriptions of the IBBS study have been published elsewhere [20,21].
Briefly, the study was jointly conducted by the Vietnam Ministry of
Health and Family Health International (FHI 360) since 2005 to
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Model description
Model population: Model population size was set as 100,000
individual agents, taking into account the trade-off between the sizes
of the population simulated, the sophistication of the model, and the
model run time. An agent was drawn from a common population
and changed its state (status) over the course of simulated time in
the model, depending on its current risk behaviors (Figure 1). Given
the intertwining of the drug injection-related epidemic and the
heterosexual epidemic in Vietnam [22,23], relevant data on FSW
population and HIV risk behaviors were also incorporated to build
the model. To achieve close estimates of the proportion of IDUs and
FSWs in the population, the model used assumptions from the Asian
Epidemic Model developed by Brown and Peerapatanapokin that
male IDUs account for 2.0% of adult male population while FSWs
account for 1.0% of adult female population. FSW population is
consisted of Street-Based Sex Workers (SSWs) (accounting for 30%)
and Venue-Based Sex Workers (VSWs) (accounting for 70% of the
overall sex worker population) [24]. The Male/Female (M/F) ratio set
in this model closely reflected the actual M/F ratio in which males
account for 51% and females account for 49% of the population. The
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population simulated was an open population with birth rate and
death rate integrated into the model to capture population inflow and
outflow.
Model parameters: An ABM that is simple but includes requisite
mechanisms was constructed to maximize learning regarding the
origin of emergent patterns observed in epidemiological data, and
to understand the implications of existing intervention theories. The
ABM therefore used only selected socio-demographic factors (i.e.,
sex and age), and drug injection-related behaviors (i.e., prevalence
of drug injection, frequency of drug injection, prevalence of needle
sharing among IDUs, and size of IDU network). In this model, a
number of parameters related to HIV transmission and risk behaviors
were created, with their values being set based upon IBBS data, past
epidemiological research and prior knowledge (Table 1).
Statecharts capturing the dynamics of the HIV epidemics
among injecting drug users: The dynamics of the HIV epidemics
among IDUs was captured via the construction of four statecharts,
including: i) HIV infection statechart; ii) Mortality statechart;
iii) Drug use statechart; and iv) Sex work statechart as depicted in
Figure 1. These four statecharts each maintained a separate focus
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but interlinked with each other in many different ways to represent
the overlap and intertwinement between IDUs and FSWs as well
as between these two high-risk populations and other low-risk
populations.
The HIV infection statechart (HIV_Infection_StateChart)
(Figure 1) was constructed to capture the natural progression of HIV
infection. Upon creation, a not-yet-infected individual started in the
‘Susceptible’ state.
Upon initiation of either of needle sharing behavior or unsafe sex,
the not-yet-infected individual would either get infected and progress
to the ‘Primary HIV’ state or remain uninfected in the ‘Susceptible’
state, depending on a pre-specified probability. Once an infected
individual was in the ‘Primary HIV’ state, it would progress to
subsequent states representing HIV progression. An individual was
removed from the population when it reached the ‘Death’ state. The
residence times for an individual’s residence in different HIV states
are presented in Table 1.
The mortality statechart (Mortality_StateChart) (located on
top of Figure 1 and connects with the HIV infection statechart)
was constructed to specify mortality rates for different individuals

Figure 1: Statecharts representing the dynamics of the HIV epidemics among injecting drug users: HIV Infection Statechart and Mortality Statechart (Top), Drug
Use Statechart (Bottom left), and Sex Work Statechart (Bottom right).
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in the model. The mortality statechart was also linked with the
HIV infection statechart to capture HIV/AIDS related-mortality.
Calculation of a mortality rate for a specific agent took into account
various characteristics of an agent, including age, sex, and current
HIV infection status and risk behaviors.

those where needle sharing activities occurred) could be varied in the
model to chart the impact of behavioral changes on the level of HIV
infection. Once the injecting activity was completed, the agent moved
back from the ‘Involved in Injecting Activity’ to the ‘Idle IDU’ state
and a new cycle started again at a different point in time.

The drug use statechart (Drug_Use_StateChart) (located at the
bottom left of Figure 1) captured drug injection-related behaviors
of an individual. Every individual started as a non-drug user as the
model started. At a pre-specified rate per year, a proportion of the
general population became involved in drug use. An individual could
either injected immediately upon initiating drug use or first became
a user of other drugs (ODU) and then subsequently switched from
an ODU to an IDU. Once an agent became an ODU in the ‘Drug
Use’ state, it could move back and forth between the ‘Drug Use’
and ‘Injecting Drug Use’ state. The likelihood of transiting from
the ‘Drug Use’ state to the ‘Injecting Drug Use’ state was set at a
higher value than the transition from ‘Injecting Drug Use’ to ‘Drug
Use’ state in order to capture the real situation where the majority
of ODUs switched to become IDUs after a period of time. However,
once they have injected drugs, there is only a small chance that IDUs
abandon it for recreational drug use. Similarly, there were transitions
from ‘Drug Use’ and ‘Injecting Drug Use’ to ‘Non Drug Use’ state
respectively to capture the probability that a proportion of the ODU
or IDU population quit drug use and move back to the non-drug use
population, either by their own decision or via drug use prevention
interventions such as Methadone Maintenance Therapy, drug
rehabilitation programs, and behavioral change interventions. Given
the plausibility of quitting recreational drug use over quitting drug
injection, the rate to transit from the ‘Drug Use’ to ‘Non Drug Use’
state was often higher than the one from the ‘Injecting Drug Use’ to
the ‘Non Drug Use’ state.

The sex work statechart (Sex_Work_StateChart) (located at the
bottom right of Figure 1) captured sexual risk behaviors (including
condom use practice) of both IDUs and FSWs. The reason to include
FSW component in the model capturing the HIV epidemics in
IDUs is because of the intertwinement in sexual risk behaviors
between IDUs and FSWs. A part of the IDU population engaged in
commercial sexual relationships with FSWs and condom use was
not widely practiced in these populations, particularly IDUs. Within
the sex work statechart, every FSW started as a general woman in
the population. At a pre-specified rate per year, a proportion of the
general female population initiated involvement in the sex work
industry and became FSWs. A FSW remained in the sex industry
for a certain period of time before they retired from sex work, with
the retirement rate depended on the current age of the FSWs. Two
predominant sexual behaviors risk factors of FSWs: number of
clients and condom use practice were represented via the two nested
statecharts within the ‘FSW’ state. A FSW agent was in the ‘Idle FSW’
state when she did not have any clients to serve. Once she found a
client, the FSW moved from the ‘Idle FSW’ to the ‘Work’ state where
the sexual transaction occurred. When the transaction completed,
she returned to ‘Idle FSW’ and a new cycle of client seeking began.
Condom use practice among FSWs and IDUs was both represented
in the ‘Condom Use StateChart’ as the branch with two conditional
transitions, each of which applies at time of initiation of commercial
sex work: the solid transition to ‘Consistent Condom Use’ state
represented a situation in which the FSW or IDU would adhere to
consistent condom use, while the dashed transition to ‘Inconsistent
Condom Use’ state represented prevalence situation in which the
FSW or IDU would maintain inconsistent condom use.

Key drug injection-related behaviors, including frequency of
drug injection, needle sharing, and the IDU’s egocentric network
size (defined as the number of other IDUs who an IDU knew and
met in the last month) were all captured in a nested statechart
within the ‘Injecting Drug Use’ state. The rationale for creating a
nested statechart within the ‘Injecting Drug Use state was to reflect
the need to represent drug injection-related behavior. Since needle
sharing is by definition an activity involving at least two people
(often concurrently), capturing the interaction between these people
is important in understanding how HIV spreads among the IDU
population. In the ‘Idle IDU’ state, an agent was assumed to stay
away from drug injection. We assumed that IDU inject at least twice
per day and at a specific time of each day, in which case they would
move to the ‘Involved in Injecting Activity’ state. This is the place
where most of the drug injection-related behaviors occurred (e.g.,
organizing ‘parties’ for drug injection, meeting other drug injecting
partners in a ‘drug party’, and needle sharing). Any IDU in a drug
party could share needles and syringes with IDUs of their choice. As
long as one needle/syringe was infected, HIV would have a chance to
spread within the specific network of those who shared that infected
needle/syringe. The model was set so that drug parties took place
where there was needle sharing among IDUs members and also
where there was no needle sharing. An IDU agent could randomly
go to one type of drug party or the other. It is worth mentioning that
the percentage of drug parties with needle sharing attributes (i.e.,
Submit your Manuscript | www.austinpublishinggroup.com

Time horizon: The time unit for this model was a ‘year’. The time
horizon specified was 50 years and the model was continuous in time,
meaning that the model ran for 50 years from its start with events
occurring as finely or coarsely as required, rather than having time
divided into discrete time steps.
Monte Carlo sensitive analysis
Monte Carlo sensitivity analysis, with each simulation being
run for 100 realizations, was performed to examine the effects of
stochastic variability on model outputs, since this might shed light
on the degree to which the model explains the variability seen in the
empirical IBBS data.
Experimentation with different intervention scenarios
Once the logic of the ABM was confirmed, different HIV
prevention intervention scenarios based upon different levels of risk
behaviors were simulated and compared with a baseline scenario to
examine which intervention scenario(s) reduce HIV infection the
most in each simulated population (Table 2). The baseline scenario
served as the reference scenario, having incorporated levels of risk
behaviors drawn from the IBBS study. The experimentation included:
(i) five scenarios investigating the impact of lowering the needle
sharing level to a level in the range (40% - 0%) from the baseline level
Austin J HIV/AIDS Res 7(1): id1048 (2021) - Page - 04
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Table 2: List of experimental scenarios.
HIV prevention intervention scenarios

Needle sharing
levels

Baseline scenario

50% among IDUs

Consistent condom use
levels
61% among IDUs
61% among SSWs
63% among VSWs

Scenarios lowering needle sharing levels among IDUs
Scenario 1 (NS_40%)

40% among IDUs

Scenario 2 (NS_30%)

30% among IDUs

Scenario 3 (NS_20%)

20% among IDUs

Scenario 4 (NS_10%)

10% among IDUs

Scenario 5 (NS_0%)

0% among IDUs

61% among IDUs
61% among SSWs
63% among VSWs
61% among male IDUs
61% among SSWs
63% among VSWs
61% among IDUs
61% among SSWs
63% among VSWs
61% among IDUs
61% among SSWs
63% among VSWs
61% among IDUs
61% among SSWs
63% among VSWs

Scenarios increasing consistent condom use levels among IDUs and FSWs
Scenario 1 (CU_70%)

50% among IDUs

Scenario 2 (CU_80%)

50% among IDUs

Scenario 3 (CU_90%)

50% among IDUs

Scenario 4 (CU_100%)

50% among IDUs

70% among IDUs, SSWs,
VSWs
80% among IDUs, SSWs,
VSWs
90% among IDUs, SSWs,
VSWs
100% among IDUs, SSWs,
VSWs

Combined scenarios of lowering needle sharing levels among IDUs and increasing consistent condom
use levels among IDUs and FSWs
Scenario 1 (NS_40% & CU_70%)

40% among IDUs

Scenario 2 (NS_30% & CU_70%)

30% among IDUs

Scenario 3 (NS_30% & CU_80%)

30% among IDUs

Scenario 4 (NS_20% & CU_80%)

20% among IDUs

Scenario 5 (NS_10% & CU_90%)

10% among IDUs

of 50% among IDUs while retaining the level of consistent condom
use as in the baseline scenario; (ii) four scenarios of increasing
consistent condom use level (positing adherence of 70% - 100%) from
the baseline level of 61% among male IDUs, 61% among SSWs and
63% among VSWs, while retaining the level of needle sharing among
IDUs as in the baseline scenario; and (iii) five combined intervention
scenarios of lowering the needle sharing level to a value in the range
(40% - 0%) among IDUs while simultaneously increasing consistent
condom use level to a value in the range (70% - 90%) among male
IDUs and FSWs.
Software
AnyLogic 7.1.2 Professional Edition was used as a platform to
construct and simulate the ABM.

Results
Baseline scenario
If risk behaviors of IDUs remained at the levels as observed in
the IBBS study, HIV prevalence among IDUs kept increasing from
almost zero percent as the model started to reach 36.1% at year 50
(Figure 2A, blue line). The HIV prevalence also increased in the overall
population, from almost zero percent to 0.5% at year 50 (Figure 2B,
blue line). There was a cumulative count of 1,383 HIV cases among
Submit your Manuscript | www.austinpublishinggroup.com

70% among IDUs, SSWs,
VSWs
70% among IDUs, SSWs,
VSWs
80% among IDUs, SSWs,
VSWs
80% among IDUs, SSWs,
VSWs
90% among IDUs, SSWs,
VSWs

male IDUs and 1,699 cases among the overall population over 50
years (data now shown).
Intervention scenarios involving lowering needle sharing
level among IDUs
Lowering needle sharing level among IDUs reduced both the
prevalence and the cumulative number of HIV infections. For male
IDUs, HIV prevalence reduced from 36.1% at baseline to 23.2% in
NS_40%, 6.8% in NS_30%, and to less than 1% in other three scenarios
at year 50 (Figure 2A). There was a 35% reduction in cumulative HIV
cases among male IDUs in NS_40%, 80% reduction in NS_30%, 97%
reduction in NS_20%, and almost 100% reduction in the remaining
two intervention scenarios over 50 years (data not shown). The same
pattern of reduction was observed among the overall population
(Figure 2B). In all simulated populations, the largest reductions in
both HIV prevalence and the number of HIV cumulative cases at year
50 were observed when needle sharing level was lowered from 40%
to 30%.
Intervention scenarios of increasing consistent condom
use level among male IDUs and FSWs
Increasing consistent condom use did not appear to have a
significant impact on the reduction of HIV among IDUs or amongst
the overall population. A slight decrease in HIV prevalence - from
Austin J HIV/AIDS Res 7(1): id1048 (2021) - Page - 05
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Figure 2: Comparisons between baseline scenario and five intervention scenarios of lowering needle sharing level among IDUs. Top: HIV prevalence among IDUs.
Bottom: HIV prevalence among the overall population.

Figure 3: Comparisons between baseline scenario and four intervention scenarios involving increasing consistent condom use level among male IDUs and FSWs.
Top: HIV prevalence among IDUs. Bottom: HIV prevalence among the overall population.

Figure 4: Comparisons between baseline scenario and different intervention scenarios investigating the impact of lowering needle-sharing level among IDUs while
increasing consistent condom use level among male IDUs and FSWs. Top: HIV prevalence among IDUs. Bottom: HIV prevalence among the overall population.

36.1% to 35.4% - among IDUs was only observed when consistent
condom use increased from the baseline level to 70% (p-value=0.02)
(Figure 3A). The HIV prevalence among the overall population was
slightly lower in four intervention scenarios (0.47% - 0.49%) than
in the baseline scenario (0.5%) (Figure 3B). Slight reductions in the
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cumulative number of HIV infections over 50 years were observed in
CU_70%, CU_90%, and CU_100% (data not shown).
Combined intervention scenarios of lowering needle
sharing levels among IDUs and increasing consistent
condom use levels among male IDUs and FSWs
Austin J HIV/AIDS Res 7(1): id1048 (2021) - Page - 06
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The patterns of HIV reduction in combined intervention
scenarios were relatively similar to those observed in intervention
scenarios of solely lowering the needle sharing level among IDUs.
The most noticeable reductions in HIV infection were observed in
the first two intervention scenario, NS_40% & CU_70% and NS_30%
& CU_70%. For example, HIV prevalence among male IDUs at year
50 decreased from 36.1% at baseline to 23.5% in NS_40% & CU_70%,
and to 7.6% in NS_30% & CU_70%. When needle sharing level was
lowered to 30%, increasing consistent condom use from 70% to 80%
resulted in a decrease in the HIV prevalence from 7.6% to 6.8% at
year 50 (Figure 4A) and a 4% reduction in cumulative HIV cases
among male IDUs over 50 years (data not shown). The reductions
in HIV infection among the overall population also followed the
same patterns as those among IDUs (Figure 4B). Compared with the
intervention scenario lowering the needle sharing level to 40%, the
combined intervention scenario of lowering needle sharing level to
40% while simultaneously increasing consistent condom use level to
70% contributed to an additional 3% reduction in cumulative HIV
cases among the overall population (data not shown).

Discussion
The ABM presented in this study provides a showcase for the
relevance of using ABM approach in modeling the HIV epidemic
among high-risk populations such and IDUs. The application of
ABM to simulate HIV trends add to understanding of the burden of
the HIV epidemic among high-risk populations and serve as a useful
guide for prevention intervention efforts.
ABM results showed that needle sharing behavior and
inconsistent condom use are confirmed as the major risk factors for
HIV infection among IDUs, though needle sharing is recognized as a
predominant risk behavior that fuels the HIV epidemic in many parts
of the world [4,5]. Decreasing the needle sharing level among IDUs
and/or increasing the level of consistent condom use among male
IDUs and FSWs all contribute to the reduction of HIV infections in all
simulated populations, yet the magnitude and speed of the reduction
varies by the type of interventions implemented. Major implication
from simulations were followed:

•
Prevention interventions to increase consistent condom
use among male IDUs and FSWs have minimal impact on the
reduction of HIV infections in IDU population as well as among the
overall population. By contrast, prevention interventions to lower
the level of needle sharing among people who injected drugs resulted
in a sizable reduction in HIV infection in all simulated populations.
Such discrepancy in HIV reductions is likely due to the fact that
there was observed an overlap between the IDU and FSW population
when there was a proportion of FSWs who injected drugs and also a
proportion of male clients of FSWs who are IDUs. Lowering needle
sharing levels, therefore, reduced HIV spread not only among male
IDUs themselves but also injecting FSWs, male clients of FSWs,
which ultimately results in a large reduction in HIV infection among
the overall population. In places where drug injection fuels the HIV
epidemic, prevention interventions targeting major drug injection
related behaviors such as the sharing of contaminated needles and
syringes appear to result in larger HIV reduction than those targeting
sexual practices.
•

Interventions scenarios solely focusing on lowering needle
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sharing levels among IDUs resulted in the largest reduction in HIV
infection in all simulated populations. These results are particularly
useful for policy makers, program managers and stakeholders to
set priorities for HIV prevention interventions. The combination
of decreasing needle sharing behavior and increasing consistent
condom use practice should be the ideal intervention strategies where
resources are available. However, in resource constrained settings,
where resources cannot be equally contributed to different HIV highrisk populations, intervention efforts to lower the needle sharing
level should be prioritized in order to result in the largest reduction
in HIV infections, not just among IDUs, but also among the overall
population.

•
The majority of the reductions in HIV infection in all
populations occurred when needle sharing level was lowered from the
baseline level to 40%, and then to 30%. Once needle sharing reached
these levels, further decrease in needle sharing level, which probably
requires significant efforts and resources to achieve, result in less
obvious reductions, possibly because at this point the HIV prevalence
among IDUs are already kept at low enough level that it is difficult
to see any further significant reductions. Of equal importance,
results from these scenarios also indicate that the achievement of
any reduction, even several percent from the baseline’s high level
of needle sharing, could yield several times that big a proportional
reduction in the prevalence of HIV infection.
The application of the agent-based approach in this study provides
significant insights into the complex dynamics of the HIV epidemic.
It has been shown from this study that ABM serves as an important
tool that supplements the insufficiency of epidemiological research
in addressing the underlying mechanisms of the HIV epidemic.
The additional use of epidemiological data to fit ABM helps provide
a consistent framework in which to knit together different lines of
evidence, and aids in identifying the gaps between empirical data and
model inputs of high sensitivity, which can inform prioritization of
data collection. The discrepancies between epidemiological data and
ABM outputs also help more quickly detect shortcomings in and
aid refinement of the specific dynamic hypothesis captured within
the model, help regenerate hypotheses as to future evolution of the
situation, improve study designs and sampling strategies, and develop
better proxy measures for the level of risk behaviors. When used in an
iterative fashion – where identified gaps between model expectations
and incoming empirical data are viewed not as failures of the model
but as successes in learning via modeling - such a model can serve
as a powerful tool for organizational learning. The experimentation
with different “what-if” intervention scenarios makes ABM a useful
modeling tool for policy makers to evaluate the effectiveness of
different prevention intervention strategies in reducing HIV infection.
Leveraging their natural representation of the situation, ABM models
can also serve as an effective communication tool to help stakeholders
at different levels identify areas of focus for prevention efforts and in
setting proper targets for intervention strategies in order to achieve
the greatest reduction in HIV infections.
The ABM presented in this study, however, has several important
limitations. First, the relative small size of the population simulated
might result in large variation in the results obtained. The sample size
issue was also one among various reasons that probably explained
the non-significant differences obtained from various intervention
Austin J HIV/AIDS Res 7(1): id1048 (2021) - Page - 07
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scenarios investigating the impact of increases in condom use. In
addition, given the trade-off between the level of detail in the model
and the time required to simulate the model behavior, the ABM
constructed in this study was relatively simple and there was not
a yet chance to examine other factors which have been recognized
as important contributors to HIV infection, such as educational
attainment, occupation, mobility, knowledge of HIV/AIDS, STIs, and
Antiretroviral Therapy. However, for the factors that were included,
the model does yield results that are relatively rich in the sense that
they capture behaviors and change in clinical status, risk exposure
and networks over time, which could be compared with richer
epidemiological data sources.

Conclusion
While traditional epidemiological analysis promotes thinking
about multilevel determinants of health, the exclusive use of
regression-based approach may constrain the types of questions
asked, the answers received, and the hypotheses and theoretical
explanations that are developed [6]. By allowing users to explore
dynamic, nonlinear, heterogeneous, reciprocal spatiotemporal
processes, ABMs shed lights on the ways in which individuals interact
with each other and with their environments and open up our
thinking to new conceptualizations. Results from this study support
Auchincloss and Diez Roux’s contentions and suggest that the use
of ABM can complement traditional epidemiologic regression-based
analysis in gaining important insights into the complex dynamics
of the HIV epidemic among high-risk populations [6]. Simulation
results in our study could therefore serve as a guide for policy makers
on setting proper targets for prevention interventions, given the
availability of resources as well as the feasibility of target achievement.
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