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Background: To effectively control the HIV epidemic and meet global targets,
policymakers recommend the rapid initiation of antiretroviral therapy (ART).
Our study aims to investigate the effect of rapid ART programs on individuals
diagnosed with HIV, considering varying coverage and initiation days after
diagnosis, and compare it to standard-of-care ART treatment in Turkey.

Methods: We used a dynamic compartmental model to simulate the dynamics
of HIV infection in Turkey. Rapid treatment, defined as initiation of ART within 7
days of diagnosis, was contrasted with standard-of-care treatment, which starts
within 30 days of diagnosis. This study considered three coverage levels (10%,
50%, and 90%) and two rapid periods (7 and 14 days after diagnosis), comparing
them to standard-of-care treatment in evaluating the number of HIV infections
between 2020 and 2030.

Results: Annual HIV incidence and prevalence for a 10-year period were
obtained from model projections. In the absence of a rapid ART program, the
model projected approximately 444,000 new HIV cases while the number of
cases were reduced to 345,000 (22% reduction) with 90% of diagnosed cases
included in the rapid ART program. Similarly, 10% and 50% rapid ART coverage
has resulted in 3% and 13% reduction in HIV prevalence over a 10-year period.

Conclusion: Rapid ART demonstrates the potential to mitigate the increasing
HIV incidence in Turkey by reducing the number of infections. The benefit of
the rapid ART program could be substantial when the coverage of the program
reaches above a certain percentage of diagnosed population.

KEYWORDS

HIV infections, HIV care-continuum, mathematical modeling, rapid antiretroviral
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1 Introduction

As of the end of 2019, among the estimated 38 million
people living with HIV globally, 67% of them had access to
treatment in the world (1). With the help of global prevention
and intervention efforts, the proportion of people living with
HIV (PLWH) on antiretroviral therapy (ART), which is known
as treatment coverage, is increasing. Consequently, HIV incidence
has been decreasing or stabilizing in many countries. New HIV
prevention targets aim to achieve 95% of PLWH know their HIV
status, 95% of those aware of their HIV positive status accessing
treatment, and 95% of people on treatment having suppressed viral
loads by 2030. However, since 2020, these targets have been missed
(1), with 1.5 million new HIV infections in that year. There is still
much more effort to make to meet the 2030 targets.

Following the “treat all” strategy, Rapid ART Program for
Individuals with an HIV Diagnosis (RAPID) is recognized as one
of the key recommendations in the fight against the HIV infection.
Ideally, rapid ART involves initiating treatment in the first 24 h of
diagnosis, it is defined as the initiation of ART within 7 days of
diagnosis (2), while some studies considered initiation within <14
days after diagnosis (3, 4). This strategy has been recommended by
several guidelines, including the World Health Organization (2),
the U.S. Department of Health and Human Services (5), and the
International Antiviral Society (4).

The initiation of ART as early as HIV diagnosis has been
an important public health strategy for HIV prevention due
to two main reasons. First, rapid ART initiation enables viral
load suppression (VLS) much faster (6, 7) and resulting viral
suppression may prevent HIV transmission since treatment
prevents up to 93-96% of infections in serodiscordant couples (i.e.,
treatment as prevention- TasP) (8, 9). Second, early initiation of
treatment may decrease mortality and morbidity and improve the
health-related quality of life (HRQoL) among people living with
HIV (PLWH) (3).

Rapid ART initiation has been evaluated by randomized
controlled trials and assessed by observational studies. These
randomized trials [RapIt (10), START-ART (11), same day ART in
Haiti (12), and CASCADE (13)] and observational studies [RAPID
in San Francisco (14), TRRT in Miami (15) and CCSI in New
Orleans (16)] have determined that patients in the rapid ART
arm exhibit higher rates of linkage to care, retention in care and
viral suppression. Similar results have been found in a systematic
review on rapid ART initiation, reporting that rapid ART improves
patient outcomes compared to standard-of-care treatment (3).
Many countries globally have embraced rapid ART implementation
in accordance with the latest guidelines. Data presented in 2023
reveal that 99 countries, corresponding to 81% of 122 reporting
countries, have adopted WHO’s recommendation to offer rapid
ART, providing ART on the same day as HIV diagnosis. This
fact represents 46% increase from 68 countries reported in 2020
worldwide (17).

Since the publication of the national guideline in 2013, ART
has been the recommended as a standard treatment for all HIV-
positive individuals, regardless of their CD4 cell count in Turkey.
Moreover, initiation of treatment generally takes 2-4 weeks (18).
However, new HIV-positive cases have been steadily increasing in
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the last decade in the country with nearly 60% of cases diagnosed
in the last 5 years. The spread of HIV in Turkey is obscured by
various contributing factors, including a lack of knowledge and
awareness about the disease, being one of the most popular tourism
destinations increasing the risk of exposure, high population
mobility, an increasing number of unregistered sex workers, lack
of prevention measures focusing on key risk groups, insufficient
number of Voluntary Counseling and Testing (VCT) centers,
persistent stigma, and discrimination against PLWH (19). Turkish
Ministry of Health (MoH) conducted the National HIV/AIDS
Control Program to enhance public health and create the roadmap
for HIV in Turkey in 2019. One of the important goals in this
program is to decrease the number of new HIV cases and deaths
due to HIV. Moreover, it was stated that the main approach to
decrease HIV transmission could be achieved by providing early
diagnosis, access to care, and retention in care for PLWH, leading
to viral suppression (20). Thus, we can conclude the programs that
an increase in viral suppression and a decrease in transmission
risk would be valuable in achieving the national goal of reduced
number of new HIV positive cases. The previous studies show that
the current situation in the country ranges between 48 and 50%
regarding HIV diagnosis, 75.3 and 88% for ART coverage, and 85
and 87% for VLS rates (21, 22). Rapid initiation of ART would
play a crucial role in improving the current continuum of care,
and it should be analyzed for further consideration as it can be
beneficial in reducing the total number of cases. Our motivation
is to investigate the effectiveness of introducing a rapid ART
initiation program in both mitigating the increasing trend of HIV
and improving the current HIV prevention strategies in Turkey.

To the best of our knowledge, there are no published
studies regarding rapid ART initiation in Turkey. In this study,
our objective is to evaluate the differences in effects between
implementing a rapid initiation of the ART program and standard
care over a 10-year period in Turkey. Thus, the goal is to
assess the benefit of rapid ART programs in Turkey and quantify
these benefits by determining the number of prevented infections,
if exists.

2 Materials and methods
2.1 Model structure

We adopted a previously developed HIV transmission and
progression model of Turkey for rapid ART initiation (23).
The deterministic dynamic compartmental model was tailored
for a portion of diagnosed PLWH to participate in the onset
of rapid ART program while the remaining diagnosed PLWH
proceed with the standard treatment. The model was developed
in MATLAB environment (24) and formulated using ordinary
differential equations (ODEs) with details of the system as given
in the Appendix.

The model population was stratified based on the disease status
(HIV negative and HIV positive) and transmission risk [men who
have sex with men (MSM), people who inject drugs (PWID), and
heterosexuals (HET)]. PLWH in the model is further divided into
subpopulations based on disease stages and continuum of care. As a
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FIGURE 1
Model flow diagram including rapid ART initiation.

result, aside from susceptible (HIV negative) and death due to HIV
compartments, PLWH is divided into the following compartments:
CD4 count>200 cells/mm? and undiagnosed, CD4 count <200
cells/mm? and undiagnosed, CD4 count>200 cells/mm? diagnosed
but not on ART, CD4 count <200 cells/mm?> diagnosed but
not on ART, CD4 count>200 cells/mm? diagnosed, on ART
but no viral load suppression (VLS), CD4 count<200 cells/mm?
diagnosed, on ART but not VLS, CD4 count>200 cells/mm?
VLS, and CD4 count<200 cells/mm? VLS. Model formulation
is presented in the model formulation section of Appendix and
Supplementary Table A2.

Rapid ART initiation is integrated with the model via a
flow between two sets of compartments. Individuals diagnosed
and initiated ART in the “rapid” program move directly from
undiagnosed compartments (CD4 count>200 cells/mm? or CD4
count<200 cells/mm?) to the “on ART not VLS’ compartments,
bypassing diagnosed but not on ART compartments, which
represents the standard-of-care ART initiation route (Figure 1).
Since there is currently no rapid ART initiation in Turkey, we
generated the “rapid” flow rates by three levels of coverage and the
length of the rapid period.

Rapid ART leads to faster VLS compared to delayed treatment.
In the model schematic, this is accomplished by bypassing the
“Diagnosed not on ART” compartment, allowing individuals
to move faster to the “on ART not VLS’ compartment. The
parameters for achieving VLS or drop out of VLS remain
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consistent across scenarios, but the time taken to reach VLS
compartment decreases due to earlier entry into the on ART
compartments. By achieving VLS faster, patients become less
infectious, effectively curbing the spread of HIV within the
population in the model. Thus, rapid ART serves as a critical
component of HIV prevention efforts.

The model was validated against the number of confirmed cases
reported by the Ministry of Health and considered a time horizon of
2010-2019 as its fitting (calibration) period. The prediction period
extended 2020 and beyond. The primary model predictions focused
on outcomes related to HIV incidence and prevalence between
2020 and 2030 and the effect on continuum of care during the
same period.

2.2 Model parameters

The model is populated with demographic, epidemiological,
behavioral, and clinical data. Input parameters included population
size by transmission risk group, continuum of care, mortality
rate (HIV-related and non-HIV related), HIV progression among
disease stages, and reduction in HIV transmission after diagnosis
and treatment (Supplementary Table A1). Parameters related to
prevalence rates by transmission group, treatment and VLS rates,
HIV-related mortality parameters, birth and natural death rates,
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TABLE 1 Scenarios defined under different coverage levels and rapid ART
periods.

Scenarios Coverage level Rapid ART period
Scenario 1 10% 7 days
Scenario 2 10% 14 days
Scenario 3 50% 7 days
Scenario 4 50% 14 days
Scenario 5 90% 7 days
Scenario 6 90% 14 days

and related population parameters are among the country-specific
parameters. Due to the scarcity of behavioral parameters based
on each HIV transmission group, we calibrated force of infection
parameter. Parameters are estimated from several sources, such
as medical literature, Turkish Statistical Institute, and three large
patient cohorts. These cohorts reported around 8,000 patients,
which was ~50% of all reported cases in Turkey between 01/2010
and 12/2019 (23). Data analysis and parameter estimation were
conducted using MS Excel. Data extracted from cohort databases
were anonymized before access and analysis; thus, no informed
consent and/or a consent waiver was obtained during the study.
Ethics approval was not required for this modeling study.

Parameters related to rapid ART initiation include the rate at
which PLWH diagnosed and initiated in the rapid ART program
based on the disease stage and the length of rapid period. These
parameters are based on rapid ART initiation scenarios developed
due to lack of real-life data on the rapid initiation in Turkey. Once
initiated, both rapid ART program and standard ART program
have assumed to have same treatment efficacy in reducing the
disease transmission and dropping out rates of ART.

2.3 Model calibration

To calibrate the model, we generated ranges for input
parameters that could not be estimated from datasets and literature
and applied the ranges against the reported number of cases based
on the disease stage reported by MoH between 2010 and 2019.
Details of the calibration procedure are provided in the Appendix.

2.4 Rapid ART initiation scenarios

To include rapid ART initiation, we considered six scenarios,
which are hypothetical due to lack of real-life data on rapid ART
initiation in Turkey (Table 1). In the scenarios, we assumed that
different proportions of PLWH diagnosed and associated with
care receive the rapid ART while the rest of diagnosed population
initiate ART in the standard way. This was considered as the rapid
ART coverage. Three coverage levels were 10%, 50%, and 90% of
diagnosed PLWH being included in the rapid ART program. These
scenarios compared to the base case scenario where no rapid ART
program exists and diagnosed PLWH initiates ART ~30 days after
the diagnosis. Duration of rapid period was selected as 7 days,
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representing the relevant guidelines. We also evaluated a rapid ART
period of 14 days to investigate the effect of the change in ART
initiation time. We assumed that all diagnosed patients are eligible
for the rapid ART initiation, the patients offered the rapid treatment
do not refuse it, and the coverage of the rapid ART program
remains constant over the time horizon. We collected annual
HIV incidence, cumulative HIV cases, the number of HIV cases
prevented, and the percent reduction in HIV incidence with the
rapid ART intervention between 2020 and 2030. We also reported
continuum of care for the base case and rapid ART scenarios.

We also applied sensitivity analysis, and further details
are explained in Sensitivity Analysis section in the Appendix;
then, results of two sensitivity analyses are explained in
Supplementary Figures A1, A2.

3 Results

The standard-of-care ART, considered as the base case scenario,
represents the current healthcare system practice, where HIV-
infected persons can access ART 30 days after their diagnosis.
Three rapid ART scenarios were defined based on the proportion
of patients benefiting from rapid ART intervention, such as 10%,
50% and 90%.

We estimated that additionally 443,682 people would be
diagnosed with HIV between 2020 and 2030 if the standard-of-
care ART has been continued in Turkey. However, when 10% of
diagnosed patients included in the rapid ART program, cumulative
HIV incidence would be reduced to 431,858 (3% reduction). With
50% of PLWH included in the rapid ART program, total new
cases for a 10-year period would drop to 368,810 (13% reduction).
The benefit of the rapid ART program increases to 22% reduction
in the cumulative incidence resulting with 345,252 cases when
90% of diagnosed persons receives the rapid ART instead of the
standard-of-care (Figure 2).

Furthermore, we investigated the effect of the rapid ART period
by analyzing the difference between the rapid ART onset at 7
days after the time of diagnosis and starting this treatment at
14 days after the diagnosis. A 7-day intervention generated less
HIV incidence in all coverage scenarios, thereby preventing more
infections than the 14-day option (Figure 2). While initiating rapid
ART at 7 days leads to 3%, 13%, and 22% reduction in the
cumulative incidence as mentioned above, the improvements for
14-days onset were 2%, 8%, and 14%, respectively. The marginal
benefit of quicker initiation increases with the coverage level as
90% coverage has shown significant impact of 7-day reduction in
the ART initiation. In other words, based on the model results,
initiating treatment as early as possible could potentially help in
preventing the disease and possibly ending the epidemic.

We determined annual HIV incidence between 2020 and 2030.
Moreover, under the standard-of-care ART, 13,748 new HIV cases
have been projected in 2020. HIV incidence increases to 85,130
in 2030 (Figure 3). Introducing the rapid ART program with 90%
coverage would reduce HIV incidence to 13,040 and 60,560 for the
same years, respectively. We can conclude that the benefits gained
from the rapid initiation of ART were increased over the years.

We calculated the average of 10-year annual percentages
of continuum of care for the base case and three rapid ART
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scenarios (Figure 4). As more patients were offered the rapid ART
intervention, the diagnosis rate for PLWH with CD4 count>200
cells/mm? has increased whereas it has decreased for PLWH with
CD4 count <200 cells/mm?. On the other hand, the percentage of
patients who are on ART has increased significantly for both CD4
levels with the introduction of rapid ART. The final continuum
stage, the percentage of patients who achieved VLS among patients
on ART, has been remained nearly the same across the different
intervention scenarios.
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4 Discussion

A mathematical model had been adapted to analyze the
effectiveness of the rapid ART intervention compared to standard-
of-care in Turkey, and the results were evaluated for HIV
transmission and progression for a 10-years period. The rapid
ART initiation at 7-days and at 14-days were analyzed. Although
both interventions reduced the new infectious cases compared
to standard care, the initiation of rapid ART at 7 days after
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the diagnosis had provided better reduction rate in overall HIV
incidence. Although we did not analyze the same-day ART
initiation, our results suggested that initiating treatment as early as
possible is crucial, which is consistent with the previous studies.

In addition, we determined the effect of extending rapid
treatment with three coverage levels to a large population. Since
there is no current widespread practice of rapid ART programs
in Turkey, we defined low, medium, and high coverage with
10%, 50%, and 90% of diagnosed cases who receive the rapid
ART, respectively. As expected, the number of prevented infections
increases with the increase in the coverage level. Overall, the rapid
ART intervention is effective in reducing new HIV infections and it
should be considered as a prevention method.

The rapid ART initiation has a positive impact on the
continuum of care as the percentage of diagnosed people on ART
increases significantly compared to standard care. If the rapid ART
reaches 90% coverage, average percentage of PLWH on ART for
CD4 count>200 cells/mm?® and CD4 count<200 cells/mm? over a
10-year period was estimated as 96% and 92%, respectively. This
implies that, the second part of the 95-95-95 target, i.e., 95% of
diagnosed patients will be on ART by 2030 (1), is possible to
achieve with the introduction and swift scaling up of the rapid
ART initiation. Although the percentage of individuals on ART
and achieved VLS among diagnosed did not show any significant
changes, as the same efficacy is assumed for both the rapid ART
and standard ART in achieving VLS, the same percentages among
PLWH improved considerably.

Two sensitivity analyses demonstrated very similar conclusions
regarding the most important parameters in the model. The
primary drivers of HIV incidence in the model were the force
of infection, and the diagnosis rates and interactions among the
parameters exist. Force of infection combines the transmission
risk between HIV-negative and HIV-positive individuals, mixing
among risk populations and HIV prevalence rate by risk
populations, and it is the one of main elements that affect the
transition between susceptible and infected populations. As a
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result, it is expected to be one of the influential parameters. The
importance of diagnosis rate in this study is probably magnified due
to the introduction of rapid ART. With the rapid ART, diagnosed
population has been quickly carried to the on ART and VLS
compartments where the likelihood of disease transmission is very
small. The benefit of compressed timeline accumulates over the
time horizon, and changes in the diagnosis rate have a larger effect
on the number of new cases.

In Turkey, HIV-positive patients have been eligible to receive
ART irrespective of their CD4 level since 2013 guidelines (25);
however, we need to take firm actions for ending the HIV due to
the evident trend of rising HIV cases in Turkey. To achieve this
goal, it is necessary to look for the effective interventions such as
rapid ART initiation for patients and, after the careful evaluations
including the cost aspect of such interventions, public health policy
makers should implement the most beneficial interventions among
them. This study provides the evidence on the benefit of the rapid
ART intervention on cost and the prevention of new transmissions;
therefore, it takes a step toward looking for the effective ways to
end the HIV epidemic in Turkey and to achieve the national and
international HIV targets.

This study quantifies the effectiveness of rapid ART
intervention in Turkey; however, we did not include the
behavioral response to the rapid ART as well as implementation
barriers. Recent surveys reported that HIV-positive patients in
Turkey are mostly in favor of rapid treatment initiation (26).
Inclusion of patients in the decision-making process and providing
information on treatment pathways to the patients would likely to
increase adoption of rapid ART (27). Thus, patients should be well-
informed on the process and its results during the implementation
phase of the rapid ART programs (3). Barriers to delay the ART
onset should be learned and eliminated, as well.

To the best of our knowledge, rapid ART initiation in Turkey
has been assessed via a multi-center and retrospective study so
far. Considering the lack of standard definition of rapid ART, they
categorized the naive PLWH into three groups named as rapid
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start (RS-ART initiation within the first 24 h after admission to
the clinic), early start (ES- ART initiation between the second day
and the seventh day after arriving at the clinic), and late start
(LS-ART initiation on the eighth day and beyond) groups. In line
with other studies, they also found that rapid ART leads to faster
viral suppression. Our results are also similar in that there is no
significant change in viral suppression rates with rapid ART (18).

Kroon et al. utilized a risk calculator model to estimate the effect
of HIV diagnosis during acute infection and immediate initiation of
ART combined with behavioral counseling in Thailand. Combining
acute HIV infections and early ART with overall behavioral change
could potentially result in 89% reduction in the number of onward
transmissions across the cohort within the first year of infection
while viral load reduction through ART was the most significant
contributor to these results. However, the individual effect of early
ART is not presented in the study (28). A study conducted by
Dimitrov et al. developed a dynamic compartmental model of
HIV in Peru and assessed the combination of prevention strategies
with early detection and rapid initiation of ART by focusing on
the acute HIV phase. After varying different proportions of MSM
and transgender women (TW) in the model, the intervention is
projected to reduce HIV incidence in 2028 by 24%—60% and new
infections over 20 years by 13%—41%. The reported outcomes
are common, such as fraction of HIV infections prevented and
reduction in HIV incidence, whereas our model differs in assessing
the impact of solely rapid initiation of ART (29). Estrada et al.
designed a different methodology compared to ours by using a
Markov tree to compare rapid ART initiation with current practice
of ART in Spain. They had a conservative approach by considering
9 days from HIV diagnosis to rapid ART initiation. They found that
rapid ART initiation would prevent about 2% of HIV infections
over the 20-year period. Our study results are consistent with
this study as they found that initiating ART earlier—at day
7 from diagnosis—averted more HIV cases compared to the
initiation at day 9 (30). Krebs et al. investigated several HIV
intervention strategies across 6 different US cities employing city-
level compartmental models. Rapid ART is defined as same-day
ART initiation to newly diagnosed individuals in contrast to our
model. Based on the findings of the study, percentage of HIV
infections averted over 10-year implementation of rapid ART
initiation is estimated between 0.1% and 0.4% for the cities (31).
Due to variations in HIV dynamics among different settings, direct
comparisons of the magnitude of changes between studies are not
feasible. Nevertheless, our findings align with the modeling studies
in the literature, suggesting that rapid ART effectively reduces
HIV transmission.

There are some limitations to consider when interpreting the
results of this study. Since there is no available data that show a
change in the parameters over time, we used the same values during
the modeling period. Model parameters, such as diagnosis rates
and treatment rates, remain constant over the horizon time, which
considers the most significant limitation of this study. Another
limitation is that we calibrated force of infection parameters
due to limited data on sexual and needle sharing behaviors in
Turkey. However, we validated the model results with the most
recent number of confirmed cases and conducted an extensive
sensitivity analysis on this parameter. Apart from these limitations,
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the analysis of elementary effects showed the parameters that
present interactions or nonlinear effects, but it did not reveal which
parameters were interacting with each other.

Basic assumption of the compartmental models is homogenous
and well-mixed population. Based on this theoretical assumption,
all individuals in the population have an equal probability of
interacting to each other although there are complex social
networks and contact patterns in reality. Our model follows the
same assumptions, yet we stratified the model population based on
risk groups, such as MSM, PWID, and HET, and defined different
infectivity rates for each group to use different infectiousness levels
in the population and decrease the limiting effects of the model.
We also assumed that the time of the rapid ART initiation and
coverage levels are considered the same for all risk groups. We did
not consider any behavioral response to rapid ART and assumed
that individuals accepted and followed the rapid ART process.
Individual-based models, such as network models or agent-based
models, could be used for reflecting the heterogeneity among
population with the cost of additional computational efforts and
increased burden of model inputs.

The strength of our model is that it represents the general
dynamics of HIV and enables us to address our research
questions with the acceptable number of parameters. Another
benefit of our research is that data sets obtained from three
largest data source regarded as the most representative data for
the country so far are used to create our model. This study
facilitates the understanding of the relationships between rapid
ART and the number of infections and potentially quantifies
the benefit of initiating ART as fast as possible. Furthermore,
this study introduces the first comprehensive mathematical model
to investigate the effectiveness of rapid ART programs for
PLWH in Turkey. The model considers various hypothetical
combinations of coverage and initiation times after diagnosis
compared to the current standard-of-care ART treatment in
the country.

This modeling study provides valuable insights into the
significant effect of rapid ART and helps us to understand system
behavior under hypothetical conditions. Nevertheless, results
should be interpreted with caution due to the aforementioned
limitations and methodological simplifications of the model, which
do not fully capture the real-world complexities. Moreover, we did
not perform any type of economic analysis in this study. The cost
aspect of the rapid ART initiation should be investigated with the
help of cost-effectiveness analysis before the implementation of
such program, particularly for resource-limited settings. For future
studies, economic analysis would extend our knowledge of the
rapid ART interventions and help to shed a light on the process
of selecting the right interventions that achieve the best health
outcomes with the least cost for public health decision makers. For
future work, the researchers have been encouraged to increase the
complexity of the model enhanced by incorporating heterogeneity
among the population with different CD4 levels other than 200
cells/mm?, age levels or gender when there is available data. Rapid
ART applications have recently been started in Turkey, and based
on the clinical data that could be collected from these applications,
our model could be updated and extended with real-life data
and scenarios.
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5 Conclusion

The rapid ART intervention prevents new HIV cases compared
to standard-of-care ART, and the benefit of intervention increases
with the coverage and faster initiation. Thus, it can be concluded
that the rapid ART initiation could be an effective method to
mitigate the increasing trend of HIV cases in Turkey. In other
words, the practical implication of the model results is that rapid
ART is a promising intervention to replace the existing standard-
of-care implementation with the benefits of accelerating entry into
medical care, which in turn reduces the HIV transmission in the
population. Rapid ART programs demonstrate the potential to
provide policy makers with a structural solution for controlling
both future direction of HIV and its negative effects on the national
healthcare system.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary material, further inquiries can be
directed to the corresponding author.

Ethics statement

Ethical approval was not required for the study involving
humans in accordance with the local legislation and institutional
requirements. Written informed consent to participate in this study
was not required from the participants or the participants’ legal
guardians/next of kin in accordance with the national legislation
and the institutional requirements.

Author contributions

EY: Writing - original draft, Conceptualization, Methodology,
Funding acquisition, Formal analysis, Software. FC: Writing
- review & editing, Conceptualization, Funding acquisition.

TS: Conceptualization, Supervision. TO: Conceptualization,

Supervision. BO: Conceptualization, Formal analysis, Supervision.

References

1. Joint United Nations Programme on HIV/AIDS (UNAIDS). Seizing the Moment,
Global AIDS Update. Geneva: UNAIDS (2020). Available online at: https://www.unaids.
org/sites/default/files/media_asset/2020_global-aids- report_en.pdf (accessed February
1,2023).

2. World Health Organization (WHO). World Health Organization Guidelines for
Managing Advanced HIV Disease and Rapid Initiation of Antiretroviral Therapy.
Geneva: World Health Organization. (2018). p. 480.

3. Ford N, Migone C, Calmy A, Kerschberger B, Kanters S, Nsanzimana S, et al.
Benefits and risks of rapid initiation of antiretroviral therapy. AIDS. (2018) 32:17-23.
doi: 10.1097/QAD.0000000000001671

4. Gandhi RT, Bedimo R, Hoy JE Landovitz R], Smith DM, Eaton EE et al.
Antiretroviral drugs for treatment and prevention of HIV infection in adults: 2022
recommendations of the international antiviral society-USA panel. JAMA. (2022)
329:63-84. doi: 10.1001/jama.2022.22246

Frontiersin Public Health

10.3389/fpubh.2024.1224449

HP: Writing - review & editing, Data curation. FY: Writing —
review & editing, Data curation. Al: Writing — review & editing,
Data curation. OA: Writing - review & editing, Data curation. ST:
Writing - review & editing, Data curation. MS: Writing - review &
editing, Data curation. ZE: Writing - original draft, Methodology,
Formal analysis, Software.

Funding

The authors declare that this study received funding
from Gilead Sciences. The funder was not involved in the
study design, collection, analysis, interpretation of data,
the writing of this article, or the decision to submit it

for publication.

Conflict of interest

TS, TO, and BO were employed by Gilead Sciences.

The remaining authors declare that the research was conducted
in the absence of any commercial or financial relationships that
could be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fpubh.2024.
1224449/full#supplementary-material

5. US Department of Health and Human Services. Guideline for Use Antiretroviral
Agentes in Adults and Adolescents with HIV. (2019).

6. Gomillia CES, Backus K V, Brock JB, Melvin SC, Parham ]JJ, Mena LA.
Rapid Antiretroviral Therapy (ART) initiation at a community-based clinic
in Jackson, MS. AIDS Res Ther. (2020) 17:1-6. doi: 10.1186/s12981-020-
00319-7

7. Gregori N, Renzetti S, Izzo I, Faletti G, Fumarola B, Degli Antoni M,
et al. Does the rapid initiation of antiretroviral therapy at HIV diagnosis
impact virological response in a real-life setting? A single-centre experience in
Northern Italy. AIDS Care. (2023) 35:1938-47. doi: 10.1080/09540121.2023.217
6425

8. Cohen MS, Chen YQ, McCauley M, Gamble T, Hosseinipour MC, Kumarasamy
N, et al. Prevention of HIV-1 infection with early antiretroviral therapy. N Engl ] Med.
(2011) 365:493-505. doi: 10.1056/NEJMoal105243

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1224449
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1224449/full#supplementary-material
https://www.unaids.org/sites/default/files/media_asset/2020_global-aids-report_en.pdf
https://www.unaids.org/sites/default/files/media_asset/2020_global-aids-report_en.pdf
https://doi.org/10.1097/QAD.0000000000001671
https://doi.org/10.1001/jama.2022.22246
https://doi.org/10.1186/s12981-020-00319-7
https://doi.org/10.1080/09540121.2023.2176425
https://doi.org/10.1056/NEJMoa1105243
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Yaylali et al.

9. Cohen MS, Chen YQ, McCauley M, Gamble T, Hosseinipour MC,
Kumarasamy N, et al. Antiretroviral therapy for the prevention of HIV-
1 transmission. N Engl ] Med. (2016) 75:830-9. doi: 10.1056/NEJMoal6
00693

10. Rosen S, Maskew M, Fox MP, Nyoni C, Mongwenyana C, Malete
G, et al. Initiating antiretroviral therapy for HIV at a patients first clinic
visit: the rapit randomized controlled trial. PLoS Med. (2016) 13:e1002015.
doi: 10.1371/journal.pmed.1002015

11. Amanyire G, Semitala FC, Namusobya ], Katuramu R, Kampiire L, Wallenta J,
et al. Effects of a multicomponent intervention to streamline initiation of antiretroviral
therapy in Africa: a stepped-wedge cluster-randomised trial. Lancet HIV. (2016)
3:539-48. doi: 10.1016/52352-3018(16)30090-X

12. Koenig SP, Dorvil N, Dévieux JG, Hedt-Gauthier BL, Riviere C, Faustin M, et al.
Same-day HIV testing with initiation of antiretroviral therapy versus standard care for
persons living with HIV: a randomized unblinded trial. PLoS Med. (2017) 14:e1002357.
doi: 10.1371/journal.pmed.1002357

13. Labhardt ND, Ringera I, Lejone TI, Klimkait T, Muhairwe J, Amstutz A, et al.
Effect of offering same-day ART vs. usual health facility referral during home-based
HIV testing on linkage to care and viral suppression among adults with HIV in Lesotho:
the CASCADE randomized clinical trial. In: JAMA - Journal of the American Medical
Association. Am Med Assoc. (2018) 319:1103-12. doi: 10.1001/jama.2018.1818

14. Pilcher CD, Ospina-Norvell C, Dasgupta A, Jones D, Hartogensis W, Torres S,
et al. the effect of same-day observed initiation of antiretroviral therapy on hiv viral
load and treatment outcomes in a US public health setting. ] Acquir Immune Defic
Syndr. (2017) 74:44-51. doi: 10.1097/QAI.0000000000001134

15. Rodriguez AE, Wawrzyniak AJ, Tookes HE, Vidal MG, Soni M, Nwanyanwu
R, et al. Implementation of an immediate hiv treatment initiation program in a
Public/Academic Medical Center in the U.S. South: the Miami Test and Treat Rapid
Response Program. AIDS Behav. (2019) 23:287-95. doi: 10.1007/s10461-019-02655-w

16. Halperin ], Butler I, Conner K, Myers L, Holm P, Bartram L, et al. Linkage and
Antiretroviral Therapy Within 72 Hours at a Federally Qualified Health Center in New
Orleans. Larchmont, NY: Mary Ann Liebert Inc. (2018) p. 39-41.

17. World Health Organization (WHO). Policy Fact Sheet-WHO HIV Policy
Adoption and Implementation Status in Countries. (2023). Available online at: https://
cdn.who.int/media/docs/default-source/hq- hiv- hepatitis- and-stis- library/who-hiv-
policy-adoption-in-countries_2023.pdf?sfvrsn=e2720212_1 (accessed February 1,
2023).

18. Yildirim FS, Candevir A, Akhan S, Kaya S, Cabalak M, Ersoz G, et al.
Comparison of immunological and virological recovery with rapid, early, and late
start of antiretroviral treatment in naive plwh: real-world data. Int ] Gen Med. (2023)
16:1867-77. doi: 10.2147/1JGM.S393370

19. Tumer A. Tirkiyede HIV  Epidemiyolojisinin ~ Son  Durumu.
In: HIV/AIDS Kongresi 2018 - Antalya. (2018). Available online at:
https://www.klimik.org.tr/wp-content/uploads/2019/01/TURKIYE'DE-HIV-EPIDEM
[YOLOJISININ-SON-DURUMU-Aygen-Tiimer.pdf (accessed February 1, 2023).

Frontiersin Public Health

09

10.3389/fpubh.2024.1224449

20. Turkish Ministry of Health. Turkey HIV/AIDS Control Program, Tiirkiye
HIV/AIDS Kontrol Programi. Ankara: Ministry of Health (2019). Available online
at:  https://hsgm.saglik.gov.tr/depo/Yayinlarimiz/Programlar/HIV_AIDS_Kontrol
Programi.pdf (accessed February 1, 2023).

21. Gokengin D, Tabak F, Korten V, Lazarus JV, Unal S. The HIV treatment cascade
in Turkey. In: HepHIV 2019 Bucharest Conference: Challenges of Timely and Integrated
Testing and Care. Bucharest: EuroTEST (2019). p. P04/09. Available online at: https://
www.eurotest.org/media/usumqenv/po4_09.pdf accessed February 1, 2023).

22. Gokengin D, Cimen C, Cagatay A, Gencer S, Akalin H, Ceran N, et al. HIV
cascade of care in Turkey: data from the HIV-TR cohort. In: HIV Medicine, Vol 20,
Issue S9, Special Issue: Abstracts of the 17th European AIDS Conference (EACS), Basel,
Switzerland, 6-9 November 2019 (2019). doi: 10.1111/hiv.12814, PE6/22.

23. Yaylali E, Erdogan ZM, Calisir E Gokengin D, Korten V, Tabak E et al.
Modeling the future of HIV in Turkey: cost-effectiveness analysis of improving
testing and diagnosis. PLoS ONE. (2023) 18:e0286254. doi: 10.1371/journal.pone.
0286254

24. The MathWorks Inc. MATLAB Version: 9.13.0 (R2022b). Natick, Massachusetts:
The MathWorks Inc. (2022). Available online at: https://www.mathworks.com
(accessed February 1, 2023).

25. Turkish Ministry of Health PHI. Guidelines on HIV/AIDS Diagnosis and
Treatment, HIV/AIDS Tani Tedavi Rehberi. Ankara: Turkish Ministry of Health
PHL (2013).

26. Karapinar A. Rapid treatment initiation, status and expectation analysis (in
Turkish). In: Ulusal HIV/AIDS Kongresi. Antalya: KLIMIK (2021).

27. Dovel K, Phiri K, Mphande M, Mindry D, Sanudi E, Bellos M, et al. Optimizing
Test and Treat in Malawi: health care worker perspectives on barriers and facilitators
to ART initiation among HIV-infected clients who feel healthy. Glob Health Action.
(2020) 13:1728830. doi: 10.1080/16549716.2020.1728830

28. Kroon EDMB, Phanuphak N, Shattock AJ, Fletcher JLK, Pinyakorn S, Chomchey
N, et al. Acute HIV infection detection and immediate treatment estimated to reduce
transmission by 89% among men who have sex with men in Bangkok. J Int AIDS Soc.
(2017) 20:21708. doi: 10.7448/1AS.20.1.21708

29. Dimitrov D, Wood D, Ulrich A, Swan DA, Adamson B, Lama JR, et al. Projected
effectiveness of HIV detection during early infection and rapid ART initiation among
MSM and transgender women in Peru: a modeling study. Infect Dis Model. (2019)
4:73-82. doi: 10.1016/j.idm.2019.04.001

30. Estrada V, Gorgolas M, Pena JA, Tortajada E, Castro A, Presa M, et al.
Epidemiologic and economic analysis of rapid antiretroviral therapy initiation
with Bictegravir/Emtricitabine/Tenofovir Alafenamide in Spain. Pharmacoecon Open.
(2022) 6:415-24. doi: 10.1007/s41669-022-00322-w

31. Krebs E, Zang X, Enns B, Min JE, Behrends CN, Del Rio C, et al. The impact
of localized implementation: determining the cost-effectiveness of HIV prevention
and care interventions across six United States cities. AIDS. (2020) 34(3):447-58.
doi: 10.1097/QAD.0000000000002455

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1224449
https://doi.org/10.1056/NEJMoa1600693
https://doi.org/10.1371/journal.pmed.1002015
https://doi.org/10.1016/S2352-3018(16)30090-X
https://doi.org/10.1371/journal.pmed.1002357
https://doi.org/10.1001/jama.2018.1818
https://doi.org/10.1097/QAI.0000000000001134
https://doi.org/10.1007/s10461-019-02655-w
https://cdn.who.int/media/docs/default-source/hq-hiv-hepatitis-and-stis-library/who-hiv-policy-adoption-in-countries_2023.pdf?sfvrsn=e2720212_1
https://cdn.who.int/media/docs/default-source/hq-hiv-hepatitis-and-stis-library/who-hiv-policy-adoption-in-countries_2023.pdf?sfvrsn=e2720212_1
https://cdn.who.int/media/docs/default-source/hq-hiv-hepatitis-and-stis-library/who-hiv-policy-adoption-in-countries_2023.pdf?sfvrsn=e2720212_1
https://doi.org/10.2147/IJGM.S393370
https://www.klimik.org.tr/wp-content/uploads/2019/01/T%C3%9CRK%C4%B0YE%E2%80%99DE-HIV-EP%C4%B0DEM%C4%B0YOLOJ%C4%B0S%C4%B0N%C4%B0N-SON-DURUMU-Aygen-T%C3%BCmer.pdf
https://www.klimik.org.tr/wp-content/uploads/2019/01/T%C3%9CRK%C4%B0YE%E2%80%99DE-HIV-EP%C4%B0DEM%C4%B0YOLOJ%C4%B0S%C4%B0N%C4%B0N-SON-DURUMU-Aygen-T%C3%BCmer.pdf
https://hsgm.saglik.gov.tr/depo/Yayinlarimiz/Programlar/HIV_AIDS_Kontrol_Programi.pdf
https://hsgm.saglik.gov.tr/depo/Yayinlarimiz/Programlar/HIV_AIDS_Kontrol_Programi.pdf
https://www.eurotest.org/media/usumqenv/po4_09.pdf
https://www.eurotest.org/media/usumqenv/po4_09.pdf
https://doi.org/10.1111/hiv.12814
https://doi.org/10.1371/journal.pone.0286254
https://www.mathworks.com
https://doi.org/10.1080/16549716.2020.1728830
https://doi.org/10.7448/IAS.20.1.21708
https://doi.org/10.1016/j.idm.2019.04.001
https://doi.org/10.1007/s41669-022-00322-w
https://doi.org/10.1097/QAD.0000000000002455
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

	Rapid initiation of antiretroviral therapy in Turkey: a modeling study
	1 Introduction
	2 Materials and methods
	2.1 Model structure
	2.2 Model parameters
	2.3 Model calibration
	2.4 Rapid ART initiation scenarios

	3 Results
	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Supplementary material
	References


