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Abstract

Objectives: To identify studies promoting the use of artificial intelligence (AI) or automation 

with HIV pre-exposure prophylaxis (PrEP) care and explore ways for AI to be used in PrEP 

interventions.

Design: Systematic review

Methods: We searched in the US Centers for Disease Control and Prevention Research 

Synthesis database through November 2023 PROSPERO (CRD42023458870). We included 

studies published in English that reported using AI or automation in PrEP interventions. Two 

reviewers independently reviewed the full text and extracted data by using standard forms. Risk 

of bias was assessed using either the revised Cochrane risk-of-bias tool for randomized trials 

for randomized controlled trials or an adapted Newcastle-Ottawa Quality Assessment Scale for 

non-randomized studies.

Results: Our search identified 12 intervention studies (i.e., interventions that used AI/

automation to improve PrEP care). Currently available intervention studies showed AI/automation 

interventions were acceptable and feasible in PrEP care while improving PrEP-related outcomes 

(i.e., knowledge, uptake, adherence, discussion with care providers). These interventions have 

used AI/automation to reduce workload (e.g., directly observed therapy) and helped non-HIV 

specialists prescribe PrEP with AI-generated clinical decision-support. Automated tools can also 

be developed with limited budget and staff experience.

Conclusions: AI and automation have high potential to improve PrEP care. Despite limitations 

of included studies (e.g., the small sample sizes and lack of rigorous study design), our review 
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suggests that by using aspects of AI and automation appropriately and wisely, these technologies 

may accelerate PrEP use and reduce HIV infection.
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INTRODUCTION

Despite improvements in treatment (antiretroviral therapy1) and prevention (pre-exposure 

prophylaxis or PrEP2), Human Immunodeficiency Virus (HIV) is still one of the principal 

challenges to public health. In 2021, 36,163 people in the United States (US) were newly 

diagnosed with HIV,3 which may be partly explained by the persistent disparities in PrEP 

prescription among factUS populations who can benefit from this important HIV prevention 

strategy.4 To meet the national goal, more innovative interventions to improve PrEP care are 

needed to increase PrEP coverage to 50% by 2025.5

In November 2022, OpenAI’s Chat Generative Pre-trained Transformer (ChatGPT) was 

released.6 Although chatbots can be as rudimentary as menu or button decision trees, 

ChatGPT is a complex, generative, artificial intelligence (AI) chatbot.7 AI is defined as a 

multidisciplinary field that focuses on developing intelligent systems (e.g., machine learning 

[ML], deep learning) capable of performing tasks that typically require human intelligence. 

Because of its real-world applications and ability to mimic a human conversation, ChatGPT 

has quickly become one of the most used applications in daily life, and AI and digital 

technology have rapidly been adopted in medical care. During the COVID-19 pandemic, 

scientists used AI to obtain and provide information, estimate epidemic trends, deliver care, 

and facilitate communication between healthcare providers and patients in virtual spaces to 

minimize COVID-19 exposure.8,9

The integration of AI and digital technology in healthcare has expanded to the field of HIV 

prevention. The United Nations Educational, Scientific and Cultural Organization created an 

AI chatbot named Eli to answer questions on HIV prevention in 2020,10 followed by the 

US government launching a new AI chatbot tool at bot.HIV.gov in 2021.11 Despite these 

programs, adoption of AI/automation in HIV prevention efforts has been slower than in 

other public health areas.12 Use of AI/automation can be unlimited, but our knowledge and 

use as it is related to PrEP care has been limited.12 Moreover, the White House issued a 

landmark Executive Order in October 2023, which raised awareness that AI can increase the 

risk of injuring, misleading, or otherwise harming Americans.13 For healthcare in particular, 

the Executive Order directs advancing the responsible use of AI to protect consumers.13 To 

use it appropriately and ethically, AI in PrEP care must be better understood before taking 

advantage of its rapid development and expansion.

This review focuses on PrEP and AI/automation. To our knowledge, this is the first 

systematic review to explore PrEP interventions that use AI/automation. We describe 

published studies that reported interventions that use AI/automation to promote PrEP care. 

Our review explores 1) characteristics of studies aimed to promote HIV PrEP care with the 

use of AI/automation, 2) how AI/automation were used in these PrEP studies, and 3) how 
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AI/automated tools can be incorporated and implemented in PrEP interventions to improve 

PrEP uptake and/or persistence.

METHODS

The study protocol for the parent review was registered in PROSPERO 

(CRD42023458870).14 Our report followed the Preferred Reporting Items for Systematic 

Reviews and Meta-analysis (PRSIMA) Statement.15

Search

A search was conducted in the CDC’s Prevention Research Synthesis (PRS) Project 

database. The PRS database is a collection of HIV prevention literature focused on 

behavioral risk reduction, medication adherence, linkage/retention/re-engagement in HIV 

care, structural interventions, PrEP, and systematic reviews.16 By the end of August 2023, 

the PRS database had amassed ~123,000 citations. The automated search is implemented 

annually using the following databases: MEDLINE (OVID), EMBASE (OVID), CINAHL 

(EBSCOhost), Global Health (OVID), PsycINFO (OVID), and Sociological Abstracts 

(ProQuest) (Appendix). The search was developed in the MEDLINE (OVID) database using 

indexing and keyword terms cross-referenced by using Boolean logic with no language 

limits. The finalized search was tailored to other databases to adhere to each proprietary 

indexing system.17 Supplementary searches included a manual search of journals (available 

from the PRS website), online non-indexed databases (e.g., Scopus), gray literature (e.g., 

Google Scholar), and reference lists from relevant HIV literature.

For this review, the librarian searched the PRS database on August 29, 2023, for literature 

published 2012 to the present. There were two components used in the search. The first 

component looked at AI and included phrases centered on “machine learning” and “natural 

language.” The second component focused on PrEP. The search query looked specifically at 

the title, abstract, and indexing terms for any concepts related to PrEP and AI. Additionally, 

we searched RePORTER (https://reporter.nih.gov/) for pipeline and potential publications 

and ClinicalTrials.gov (https://clinicaltrials.gov/) and International Standard Randomized 

Controlled Trial Number registry (https://www.isrctn.com/) for studies that were registered 

but had not been completed or published. We also searched for any newly published 

literature in PubMed, Scopus, and Google Scholar by using the same search terms (searched 

November 2, 2023). See Appendix for full PrEP annual searches, PRS database queries, and 

supplementary searches conducted for this review.

Inclusion/Exclusion Criteria

Studies published in English that reported using AI/automation in PrEP interventions 

were included. We excluded studies that used AI/automation to improve HIV prevention 

in general and did not focus on PrEP. This review especially emphasized the use of AI/

automation in behavioral interventions to enhance PrEP care.
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Screening and Data Abstraction

A two-step approach was applied to select studies for review. First, two reviewers 

independently screened the citations by title and abstract. Second, two reviewers 

independently reviewed the full text of included citations to confirm study eligibility. 

Disagreements were resolved through discussion. Reviewers were trained, and all screening 

forms were pilot tested and revised, as necessary. Identified citations were exported to 

DistillerSR (a systematic review software developed by DistillerSR Inc, Ottawa, Canada) for 

data management and to screen studies and identify eligible studies.

For all eligible studies, two reviewers used a standard data abstraction form to extract data 

on population characteristics and AI/automation program-related information and outcomes. 

Study population characteristics were abstracted from the primary study’s participant 

eligibility criteria.

Risk of Bias Assessment/ Data Synthesis

For studies with outcomes to evaluate interventions, risk of bias assessment was conducted 

by using either the revised Cochrane risk-of-bias tool for randomized trials (RoB 2) 

for randomized controlled trials (RCT)18,19 or an adapted Newcastle-Ottawa Quality 

Assessment Scale (NOS) for non-randomized studies.20-22 RoB 2 consisted of 28 questions 

with “yes,” “probably yes,” “probably no,” “no,” or “no information,” and NOS consisted of 

5 (for cohort study) to 6 (for cross-sectional study) questions with “yes” or “no” responses. 

For RoB 2, reviewers assessed risk of bias (“low risk of bias,” “some concerns,” “high 

risk of bias”) based on the answers to the questions. For NOS, a total score of 5 or 6 was 

possible, with 3 or higher being considered as “low risk of bias” for cohort study and 4 or 

higher for cross-sectional study. We narratively synthesized characteristics and findings of 

the included studies.

RESULTS

After removing duplications, 59 published citations were screened for titles and abstracts, 

and 10 additional citations were excluded from this review because they did not meet the 

inclusion criteria (Figure 1). Of these 49 studies screened for full reports, 9 additional 

studies were excluded because they were neither studies with AI/automation (n=8) nor HIV 

PrEP-relevant studies (n=1). Of the remaining 40 studies, 18 were modeling studies, 10 used 

AI as a study method, 9 were behavioral interventions, and 3 were reviews.

Additionally, 17 potential trials found in study registries were screened for titles and 

available information in the registries, and we identified 3 eligible interventions that were in 

progress but have not published results as of November 2023. Moreover, 2 newly published 

studies were identified with the updated search. Both were modeling studies and excluded 

from our review. Thus, 12 behavioral interventions (i.e., 9 published, 3 registries) were 

analyzed further and described in detail below.
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Behavioral Interventions Overall (N=12)

Among 12 behavioral interventional, 4 types of AI/automation were identified: chatbot (AI-

based or non-AI-based) (n=8),23-30 ML (n=1),31 natural language processing (NLP; building 

machines that can understand human language and generate text and speech) (n=1),32 and 

other types of AI (n=2).33,34

Behavioral Interventions Without Evaluation Outcomes (n=8)

Eight of the 12 intervention studies did not report evaluation outcomes; they were either 

ongoing studies (i.e., registered in trial registry but have not yet published; n=3),28-30 

qualitative studies to assess perception/preference (n=2),27,31 study protocols (n=2),23,24 or 

an intervention description (n=1).32 Four were US-based studies,24,27,28,31 three were non-

US-based,23,29,30 and one study’s location was unspecified.32 Six used chatbot,23,24,27-30 

one used NLP,32 and one used ML31 (Table 1).

HIV Self-Testing (HIVST)-chatbot was a fully automated HIVST service with HIV risk 

assessment provided by an AI chatbot for gay, bisexual, and other men who have sex with 

men (collectively referred to as MSM) in Hong Kong.23 Their previous project, HIVST 

with online instruction and counseling (HIVST-OIC),35 increased HIV testing and has 

been included in CDC’s PRS Evidence-Based Intervention (EBI) compendium.36 However, 

HIVST-OIC had an implementation issue: it required intensive resources and capacity 

development (e.g., online real-time HIV testing instruction and counseling by a nurse, 

a 15-minute motivational interviewing phone call, and immediate online psychological 

support).23,35 Thus, the proposed study would explore whether a fully automated HIVST-
chatbot is as efficacious, if not more efficacious, as HIVST-OIC in increasing HIVST uptake 

and the proportion of HIVST users receiving counseling, including HIV risk assessment, 

and increasing PrEP use. The study was anticipated to start recruitment in April 2023 and 

enroll 528 Chinese-speaking MSM in Hong Kong (264 in HIVST-chatbot group, 264 in 

HIVST-OIC group).23

Developing an AI chatbot intervention can be labor intensive and expensive, but PrEPBot 
showed that AI chatbot development does not need to be labor intensive nor expensive.24 

PrEPBot was a low-cost, short message service (SMS) text messaging-based chatbot. 

The chatbot was tailored to sexual and gender minority adolescents and young adults in 

Louisiana to support patient navigation and disseminate PrEP-related information as part of 

their TelePrEP program.24 The intervention developer chose a commercial, readily available, 

easily deployable chatbot platform instead of an independently designed app. Additionally, 

PrEPBot used SMS text messaging with rule-based conversations that were scripted but 

had limited capacity for recognizing free text input. This study suggested the possibility of 

implementing an AI chatbot intervention with a limited budget by using a commercially 

available tool that can be programmed by researchers with no programming experience. 

Acceptability and usability of PrEPBot will be evaluated in their pilot trial.24

Amith (2020) assessed functionality of a computer-based ontology-driven approach 

(an automated method to group responses and tailor follow-up questions) to manage 

conversations on PrEP and post-exposure prophylaxis (PEP).32 The dialogue could 
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provide automated counseling and improve patient-provider communication by using 

NLP to develop the ontology-based method for handling dialogue and automating 

the communication of PrEP. The study showed that high functionality of automated 

conversations may provide real-time counseling and high availability to inform patients, 

but more studies are needed to explore further possibilities.

While the above 3 studies were about developing AI tools, Zhang (2022) and van den 

Berg (2021) assessed perceptions or preferences of using AI chatbots or ML among PrEP-

eligible women27 and primary care providers (PCPs).31 Almost a quarter of PrEP-eligible 

women participants (7 out of 29 women) in New York expressed enthusiasm about chatbots 

in PrEP care; however, about one-fifth of the women were strongly opposed to using 

chatbots.27 A sample of 42 PCPs in Massachusetts reported high acceptance of using 

automated HIV risk prediction models to identify PrEP candidates. The models used ML 

algorithms to detect patterns in electronic health records (EHR) data indicative of risk 

for HIV acquisition.31 Moreover, PCPs stated that automated HIV risk prediction models 

might help patient-provider communication in general primary care settings by making HIV 

risk assessment more routine, reducing stigma, and empowering PCPs to prescribe PrEP 

instead of referring to HIV specialists.31 However, PCPs reported skepticism about using 

ML without knowing more about how the models worked, and some PCPs worried that 

patients might react negatively if they discovered that their HIV risk was predicted by using 

automated computer algorithms.31

The three ongoing chatbot studies are focused on MSM. Two studies (MyTestBot and 

TestBot) would be implemented in Malaysia,29,30 and the other (Chatbot in Southern US) 

would focus on Black or African American (hereafter referred to as Black) MSM in the 

Southern US.28 Both MyTestBot and TestBot promote HIV testing, and Chatbot in Southern 
US promotes PrEP awareness and uptake. While the two studies in Malaysia would either 

develop an AI chatbot or assess feasibility of the chatbot, Chatbot in Southern US would 

develop and pilot test to assess acceptability and feasibility of the chatbot (possibly not 

AI-driven).

Behavioral Interventions With AI/Automation Evaluation Outcomes (n=4)

Four intervention studies reported outcomes data that were used to evaluate the AI/

automation interventions. Types of AI/automation used in these interventions were either 

chatbot (n=2)25,26 or other AI (n=2).33,34 Two studies evaluated the same intervention, 

Directory-observed therapy (DOT) Diary, thus this review actually looked at three, and not 

four, unique AI/automation interventions (Table 2). DOT Diary was US-based33,34 and the 

other two interventions were non-US-based (Brazil25 and Zambia26). Only one of the DOT 
Diary33 studies was RCT. A majority of the studies (n=3)25,33,34 had low risk of bias.

Both Amanda Selfie25 and Waiting-area Chatbot26 were developed and tested for 

acceptability and usefulness. Amanda Selfie was a culturally tailored, AI chatbot tested 

among 1,288 adolescent MSM (AMSM) and adolescent transgender women (ATGW) 

aged 15-19 in Brazil.25 The target population was chosen because of concerns about 

their behavioral changes (e.g., increased unprotected anal intercourse, reduced HIV 

risk perceptions) and high usage and values toward technologies including AI and 
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chatbot. Participants were recruited from the demonstration cohort study which explored 

acceptability, use, and PrEP persistence.37 Eligible participants interacted with Amanda 
Selfie, transgender chatbot using AI, who provided sex education and enabled them to link 

up to the PrEP clinics or other HIV testing and care services as needed. All interactions were 

monitored and assessed to analyze the consistency and accuracy of Amanda Selfie’s. The 

qualitative evaluation demonstrated that Amanda Selfie was highly usable, functionable, and 

acceptable, especially among ATGW. While some participants reported feeling comfortable 

talking to Amanda Selfie about their sexuality and emphasized that they felt safer and less 

exposed to judgment talking to a chatbot than to humans, others reported the importance of 

migrating to a dialog with a “real” person on topics that required greater depth (e.g., family 

problems, doubts about PrEP medications). Limitations reported by participants include 

inaccurate answers, moving too quickly or taking too long to read through all information, 

and using medical terms that were hard to understand.

The other chatbot intervention, Waiting-area Chatbot, was developed to provide information 

on dual protections against HIV and pregnancy while patients were in waiting areas in 

family planning (FP) clinics in Zambia.26 This chatbot was web-based and the chat content 

was scripted as a series of closed-ended questions, so AI was not required. The non-AI 

chatbot was chosen because of its relative simplicity, geographic availability, cost, and 

available human resources. Because FP providers may not be able to spend enough time 

with each patient to address their concerns or patients may feel too uncomfortable to 

discuss HIV vulnerability, the Waiting-area Chatbot enabled women to engage in digital 

conversations about such topics as PrEP while waiting for their appointments.26 High 

feasibility, acceptability, and positive effect on knowledge and provider interactions were 

reported among the sample of 30 women. Limitations of the study include providing a 

tablet with chatbot and mobile data for participants to use. Further studies are needed to 

determine if participants would use their own mobile devices and their own mobile data plan 

to proactively engage with the chat.

DOT Diary used AI to improve adherence by correctly capturing PrEP ingestion.33,34 

The DOT Diary app contained an automated DOT (aDOT) monitor and supported PrEP 

adherence by capturing data through the front-facing camera of the mobile device and 

analyzing the visual data using ML. High feasibility, acceptability, and usability of the app, 

as well as high PrEP adherence, were reported during the 8-week pilot among young, Black 

and Hispanic/Latino MSM in San Francisco and Atlanta.34 However, a separate study of 

an RCT among 100 young MSM in these cities showed no significant difference in PrEP 

adherence between groups (i.e., the intervention [Dot Diary] and control [standard of care]), 

even though the accuracy of aDOT to measure PrEP ingestion was established.33 In the pilot 

study, some participants reported that using the aDOT app was time consuming.34 In the 

RCT, the number of PrEP pills recorded in the app showed a monotonic decline over time, 

but such a decline was not observed in tenofovir-diphosphate levels in dried blood spots 

of the participants. This discrepancy may suggest that the use of aDOT while taking PrEP 

decreases over time.
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DISCUSSION

This review identified 12 intervention studies that used AI/automation to promote PrEP care. 

The evaluated interventions showed AI/automation was feasible and acceptable in PrEP 

care while improving PrEP-related outcomes (i.e., uptake,25 knowledge and discussions 

with providers,26 and adherence34). This review also found how AI/automation has been 

incorporated in PrEP care, advantages and disadvantages of the implementation, and what is 

to come.

AI has been implemented to reduce time-consuming and labor-intensive tasks, such as 

DOT,33,34 and to provide real-time, 24/7 instructions and counseling.23 DOT has been used 

for decades in public health to ensure adherence to tuberculosis infection treatment38 and 

has successfully improved ART adherence.39,40 HIVST-chatbot, an AI-driven version of 

HIVST-OIC, which is CDC’s PRS EBI, could meet the increasing demand for integrating 

real-time HIV testing instruction and counseling with home-based HIVST. AI may help 

provide high-quality information, respond to requests rapidly, and provide round-the-clock 

support. However, if the use of any AI tool proves time consuming, the usage may 

decline over time.33,34 Moreover, rapid response with a large quantity of information 

can be a disadvantage. Responding too rapidly or with too much information may 

make users realize that they are talking to a robot, not a human, and they may feel 

disconnected.24,25 Additionally, although AI technology may accurately monitor behaviors 

(e.g., PrEP ingestion), product using AI may not necessarily improve or encourage behavior 

change (e.g., PrEP adherence).33 More research to develop AI tools that more closely mimic 

the natural flow of human conversations and actions, as well as to evaluate AI’s ability to 

improve PrEP care outcomes and the sustainability of the tools, may be needed in future 

studies.

Second, AI/automation may help integrate PrEP care into primary care settings. CDC’s 

PRS has identified interventions that integrate PrEP care into primary care41 and women’s 

clinics42 as PrEP Evidence-Informed interventions.43,44 “Normalizing” PrEP care, a practice 

model in which healthcare providers who have access to PrEP candidates prescribe PrEP 

routinely as a standard of care, may be desirable.45 AI-generated, clinical decision-support 

tools, such as automated HIV risk prediction,31 could lead to more routine patient-provider 

HIV conversations, and risk assessments initiated by a chatbot26 may be important, 

particularly for providers with little experience with PrEP, to assist PCPs with confidently 

identifying PrEP candidates, which could empower PCPs to prescribe PrEP in general 

primary care settings instead of referring PrEP patients to HIV specialists. However, 

additional education or technical assistance for PCPs may still be necessary.

Finally, although developing a chatbot seems labor intensive and to require an experienced 

programmer or IT technicians, a chatbot can be developed with a limited budget and 

by staff with minimal coding experience. Waiting-area Chatbot, a non-AI chatbot, was 

found to have effects on knowledge about PrEP and provider interaction despite its relative 

simplicity.26 Moreover, PrEPBot, a commercially available, easily deployable chatbot and 

SMS text messaging platform, was promising because of its low cost, wide accessibility, and 

possibility of being programmed with minimal coding experience. PrEPBot may increase 
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accessibility and feasibility of PrEP services compared to an independently designed app 

because it is not labor intensive nor expensive.24 Future study may compare the differences 

between AI and non-AI chatbot interventions and the benefits (e.g., cost, effectiveness, 

accessibility, maintenance) of using each tool.

Because AI/automation is a new area in PrEP research, limitations of this review include 

publication bias, small sample sizes within each study, and a limited number of studies with 

a rigorous design, such as RCT. Another limitation was some PrEP-related studies that did 

not have PrEP terms, or AI-related studies that did not have AI terms, in title, abstract and 

indexing terms may be missed. On the other hand, this review may be overinclusive because 

unpublished studies found with PrEP keywords in study registries were considered.

In conclusion, AI/automation have high potential to improve HIV PrEP care. They cannot 

replace medical providers but could be used to efficiently and accurately support providers’ 

work. Furthermore, generative AI, like ChatGPT, is still a very new area, and we do not 

know how it can impact PrEP care. If we take advantage of technology development and 

use it appropriately and wisely, we may be able to accelerate PrEP use to prevent new 

HIV infections. Further research is needed to study which aspects of PrEP support (e.g., 

education, uptake, adherence) would benefit most from the integration of AI/automation 

technology and the adaptability and sustainability of the new strategy.
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Figure 1: 
Flow diagram of included studies
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