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Abstract

Background: In 2019, there were an estimated 1.2 million persons with HIV (PWH) and 35,100 

new infections in the United States. The HIV care continuum has a large influence on transmission 

dynamics.

Methods: We updated Progression and Transmission of HIV 3.0, an agent-based simulation 

model, to estimate 2019 HIV transmission rates and distribution of transmissions by the HIV care 

continuum, race/ethnicity, transmission group, and age group.

Results: In 2019, the estimated transmission rate in the United States was 2.94 new infections 

per 100 person-years (inf /100p-y). Transmission rates decreased along the HIV care continuum; 

the highest transmission rate was associated with persons with acute HIV infection and unaware 

of their HIV status at 16.35 inf /100p-y, followed by persons with HIV (non-acute) and unaware 

of their HIV status (9.52), persons aware of their HIV status and not in care (5.96), persons 

receiving HIV care (on antiretroviral therapy) but not virally suppressed (4.53), and persons virally 

suppressed (0). The highest transmission rate by transmission group was among men who have 

sex with men at 3.68 inf /100p-y. Transmission rates decreased as age increased and are similar by 

race/ethnicity, after accounting for the HIV care continuum.

Conclusion: Our results support a continued emphasis on helping PWH move along the care 

continuum through early diagnosis, linkage to care, and adherence to ART, resulting in viral 

suppression to reduce HIV transmissions. Further, efforts should focus on reducing disparities in 

the provision of HIV prevention and care services, particularly for populations disproportionally 

affected by HIV.
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Introduction

Understanding how HIV transmissions vary by the HIV care continuum is essential 

to establishing HIV prevention and care intervention goals and prioritizing prevention 

resources to achieve the goals of the federal Ending the HIV Epidemic in the U.S. (EHE) 

initiative[1, 2, 3]. Supporting progress through the HIV care continuum, from diagnosis of 

HIV, to receiving effective HIV care and treatment, to achieving and maintaining viral load 

suppression (VLS) is effective in both improving outcomes for persons with HIV (PWH) 

and reducing HIV transmissions. Studies have shown that viral suppression (<200 copies of 

HIV/mL of blood on the most recent viral load test) prevents sexual transmission of HIV [4, 

5, 6] Therefore, ensuring that PWH achieve and maintain VLS is an effective way to reduce 

HIV incidence. However, despite significant advances in HIV prevention and availability 

of treatment, in 2019 there were an estimated 35,100 new HIV infections in the United 

States [7]. Further, among the estimated 1.2 million PWH in 2019, 13.7% had not received a 

diagnosis, 34.1% were not in care (i.e., did not receive any CD4 or viral load tests in 2019), 

and 43.2% were not virally suppressed [7, 8].

In this study, we build upon a previous transmission rate analysis for 2016 (and the latest 

official transmission rate estimates to date provided by the Centers for Disease Control 

and Prevention (CDC)) [2] to develop pre-COVID estimates of HIV transmission rates and 

the distribution of transmissions in 2019 by the HIV care continuum, transmission group, 

and age. We examine how the overall estimated HIV transmission rate has changed over 

time and how transmission rates vary for PWH along the HIV care continuum (overall and 

stratified by race/ethnicity and transmission group). Further, given the importance of care 

services for older PWH, we present transmission rate estimates for the older populations 

(aged 55–64 years and 65 years and older).

The goal of this study is to help identify where to focus HIV testing, prevention, and care 

efforts for ending the HIV epidemic and reducing health disparities across the HIV care 

continuum. Substantial racial/ethnic disparities exist regarding access to HIV testing, linkage 

to care, and treatment with antiretroviral therapy (ART) [8]. By estimating HIV transmission 

rates and the distribution of transmissions along the HIV care continuum stratified by race/

ethnicity and transmission group, we can better understand where and to what extent barriers 

to testing and care are contributing to HIV transmissions.

Methods

We updated the Progression and Transmission of HIV (PATH) 3.0 model to estimate 2019 

transmission rates and the distribution of transmissions by stage in the HIV care continuum 

(overall and stratified by race/ethnicity and transmission group), transmission group, and 

age group in the United States. PATH 3.0 is an agent-based model that simulates disease 

progression and transmissions for each person (agent) with HIV [9]. It is an expanded 
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version of PATH 1.0 and 2.0, which we developed since 2010 and used in previous 

analyses [2] [10]. Each agent in the model is characterized by the following categories: HIV 

status (acute infection (Stage 1), asymptomatic infection (Stage 2), symptomatic infection/

acquired immune deficiency syndrome (AIDS) (Stage 3), stage in the HIV care continuum, 

transmission group, age group, and racial/ethnic group. Modeled stages in the HIV care 

continuum include unaware of HIV status (acute and non-acute, separately), aware of HIV 

status but not in care, receiving HIV care but not on ART, receiving HIV care (and on 

ART) but not virally suppressed, and virally suppressed. Note that PATH 3.0 assumes 

that, after 2012, all persons in care are prescribed and started ART. Transmission groups 

are stratified by men who have sex with men (MSM), persons who inject drugs (men 

and women), MSM who inject drugs, and heterosexual men and women. Age groups are 

defined as years 13–24, 25–34, 35–44, 45–54, 55–64, and 65 and over. Finally, the updated 

model incorporates three racial/ethnic groups: Black/African American, Hispanic/Latino, 

and Other, which includes White, Multiracial, Asian, American Indian/Alaska Native, and 

Native Hawaiian/other Pacific Islander of whom 88% are White. Persons without HIV are 

incorporated into the model at the occurrence of a transmission. We provide complete details 

of the model in the Supplementary Digital Content for this paper.

The simulation covers the period 2006–2019, with a time-step size of 1 month. At 

each time-step, the disease progression (viral load and CD4 count), HIV care continuum 

progression, and transmissions are computed for every modeled PWH. The HIV care 

continuum progression is controlled to align with data from the National HIV Surveillance 

System (NHSS) [11]. That is, the number of persons diagnosed, linked to care, prescribed 

ART, and VLS is calibrated to match the observed proportions of each of these stages in 

the HIV care continuum for the study years (2006–2019), stratified by transmission group. 

Each person with HIV in the model forms main and casual sex and injection drug use 

partnerships, with the probability of generating transmissions determined by sexual and 

injection drug use behaviors, partnership preferences, disease progression, and stage in the 

care continuum. The model used demographic, epidemiologic, and behavioral data from 

the NHSS, the National Survey of Sexual Health and Behavior, and the National HIV 

Behavioral Surveillance System [10]. Transmissions are tracked monthly except for the 

acute stage of HIV infection (first 3 months after HIV infection), where transmissions are 

tracked weekly. The transmission rate (number of transmissions per 100 person-years) of 

a subgroup in a particular year is calculated as the annual number of new transmissions 

associated with persons in that subgroup multiplied by 100 and divided by the number of 

PWH in the subgroup, averaged over 12 months.

Transmission Rate for Group X = 100*∑i = 1
12 New infections associated witℎ Group X in Montℎ i
1
12*∑i = 1

12 Number of PW H in Group X in Montℎ i

We assumed a 100% reduction in transmission rate for all PWH in the model who achieved 

and maintained viral suppression [2]. PATH 3.0 was calibrated to 2019 data and validated 

against incidence and prevalence data from NHSS for the years 2015–2019 using updated 

data for this time period from the 2022 surveillance reports [11].
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Model updates

To incorporate racial/ethnic dynamics and to update age dynamics in the PATH 3.0 model, 

we made the following changes.

Initial population—We assigned a race/ethnicity to each individual in the initial 2006 

model population based on the proportion of PWH in the United States in 2006 by race/

ethnicity [12].

Prevalence and Incidence—The calculation of prevalence in the model was updated 

to be stratified by race/ethnicity, age, and transmission group. To obtain the proportion 

of the initial 2006 model population in each race/ethnicity, age, and transmission group 

pair, we applied the 2006 population distribution by race/ethnicity and the 2006 population 

distribution by age, taken from United States Census data [13], to the existing PWH 

distributions by transmission group in the model. We derived prevalence distribution targets 

for 2006 from the NHSS [14, 15]. After 2006, PATH updated prevalence values every 

year based on the simulation population. Further, we incorporated incidence and prevalence 

estimates for age groups 55–64 and 65 and older in the model using data from the NHSS.

HIV care continuum progression—We updated the calibration of the number of 

persons undiagnosed, aware of HIV status but not linked to care, virally suppressed, and 

linked to care within 3 months of diagnosis to be stratified by both race/ethnicity and 

transmission group for the years 2010–2019 using data from the NHSS.

Partnerships—Race/ethnicity values of all main and casual sex and injection partners 

of persons with HIV were calibrated to produce model outputs that followed observed 

incidence and prevalence distributions by race/ethnicity from HIV surveillance data [7]. 

These calibrated values were informed by, and showed good agreement with, behaviors 

associated with race/ethnicity of selected partners reported in the literature [16, 17] We 

performed an additional calibration of the sexual partnership behavior parameters by age 

group to ensure that output metrics by age aligned with estimates from the NHSS.

Results of our analysis represent the average (arithmetic mean) of 100 PATH 3.0 simulation 

runs, where each run was initiated with 10,000 PWH. Using the 100 simulation runs, we 

calculated 95% confidence intervals for the estimated mean transmission rates, assuming 

they followed a standard normal distribution. Model outputs were scaled up to match 2019 

incidence.

Results

All results (including tables and figures) presented in this section are taken from the PATH 

3.0 model output and scaled up to match the estimated 35,100 new HIV infections in 

2019, according to the CDC HIV Surveillance Report [7]. Table 1 presents an overview 

of the estimated number of PWH and transmissions by stage in the HIV care continuum, 

transmission group, and age group. Using PATH 3.0, we estimated that the overall HIV 

transmission rate in 2019 was 2.94 new infections per 100 person-years. In the remainder of 
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the section, we denote the transmission rate of a given subgroup (i.e., new infections per 100 

person-years) as inf /100p-y.

Of the 35,100 new infections in 2019, our analysis showed that 4.1% were associated with 

persons with acute HIV infection and unaware of their HIV status, 41.7% were associated 

with persons with HIV (non-acute) and unaware of their HIV status, 41.0% were associated 

with persons aware of their HIV status but not in care, 13.2% were associated with persons 

receiving HIV care (on ART) but not virally suppressed, and 0% were associated with 

persons virally suppressed. As expected, transmission rates decreased with progression 

along the HIV care continuum. The highest transmission rate was among persons with acute 

HIV infection and unaware (16.35 inf /100p-y), followed by persons with HIV (non-acute) 

and unaware (9.52 inf /100p-y), persons aware but not in care (5.96 inf /100p-y), and persons 

receiving HIV care (on ART) but not virally suppressed (4.53 inf /100p-y). Figure 1 presents 

a comparison of the percentage of persons with HIV and the percentage of transmissions 

along the HIV care continuum.

Among estimated transmissions in 2019, 71.6% were associated with MSM, 7.8% were 

associated with men who inject drugs, 3.6% were associated with women who inject drugs, 

5.4% were associated with MSM who inject drugs, 6.5% were associated with heterosexual 

men, and 5.1% were associated with heterosexual women. MSM represented the largest 

proportion of persons with HIV in 2019 at 57.4%, followed by heterosexual women 

(17.9%), heterosexual men (8.3%), men who inject drugs (7.1%), and MSM and women 

who inject drugs (4.8% and 4.6%, respectively). The highest transmission rate was among 

MSM (3.68 inf /100p-y), followed by MSM who inject drugs (3.38 inf /100p-y), heterosexual 

men (2.30 inf /100p-y), men who inject drugs (3.21 inf /100p-y), women who inject drugs 

(2.32 inf /100p-y), and heterosexual women (0.84 inf /100p-y).

By age, the largest percentage of overall transmissions (32.9%) was associated with persons 

aged 25–34. Persons aged 55 and older represented the largest proportion of PWH by age in 

2019 at 35.5% with 23.9% aged 55–64 and 11.7% aged 65 and older. However, transmission 

rates decreased as age increased, with the highest rate occurring among persons aged 13–

24 (7.76 inf /100p-y) and the lowest among persons aged 55 and older (1.08 inf /100p-y). 

Further, persons aged 65 and older had a lower transmission rate (0.72 inf /100p-y) compared 

to persons aged 55–64 (1.27 inf /100p-y).

Figure 2 presents a comparison of the percentage of PWH taking ART and virally 

suppressed and the overall transmission rate from 2012 through 2019. The model estimated 

a decline in the overall transmission rate (3.98 inf /100p-y in 2012 to 2.94 inf /100p-y in 

2019) and a steady increase in the percentage of PWH taking ART and virally suppressed 

(from 45.4% in 2012 to 57.5% in 2019).

Figures 3 and 4 present the estimated transmission rates along the HIV care continuum 

stratified by race/ethnicity and transmission group, respectively. Transmission rates were 

zero for all PWH who were virally suppressed and are not shown in Figures 3 and 4. By 

race/ethnicity, transmission rates decreased with progression along the HIV care continuum. 

Among Black/African American persons, the highest transmission rate was among person 
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with acute HIV infection and unaware (14.7 inf /100p-y), followed by persons with HIV 

(non-acute) and unaware (8.3 inf /100p-y), persons aware but not in care (5.3 inf /100p-y), 

and persons receiving HIV care (on ART) but not virally suppressed (4.3 inf /100p-y). 

Among Hispanic/Latino persons, transmission rates were as follows: persons with acute 

HIV infection and unaware (17.5 inf /100p-y); persons with HIV (non-acute) and unaware 

(10.5 inf /100p-y); aware but not in care (6.5 inf /100p-y); receiving HIV care (on ART) but 

not virally suppressed (4.4 inf /100p-y). Similarly, among other persons, the transmission 

rates were as follows: persons with acute HIV infection and unaware (17.2 inf /100p-y); 

persons with HIV (non-acute) and unaware (10.1 inf /100p-y); aware but not in care (6.4 

inf /100p-y); receiving HIV care (on ART) but not virally suppressed (5.0 inf /100p-y). By 

transmission group, transmission rates generally decreased with progression along the HIV 

care continuum, with the exception of persons with acute HIV infection and unaware for 

heterosexual men and women. The highest transmission rates were among MSM and MSM 

who inject drugs and were as follows: persons with acute HIV infection and unaware (21.2 

inf /100p-y and 18.2 inf /100p-y, respectively); persons with HIV (non-acute) and unaware 

(11.7 inf /100p-y and 12.3 inf /100p-y); aware but not in care (7.4 inf /100p-y and 7.8 inf /
100p-y); receiving HIV care (on ART) but not virally suppressed (5.7 inf /100p-y and 6.3 

inf /100p-y).

Figures S1 and S2 at the beginning of the Supplemental Digital Content present a 

comparison of the percentage of persons with HIV and the percentage of transmissions 

along the HIV care continuum stratified by race/ethnicity and transmission group, 

respectively.

Discussion

The transmission estimates from this analysis update the latest set of estimates from CDC 

in 2019 [2]. Our analysis suggested that in 2019 the overall transmission rate in the United 

States was 2.94 new infections per 100 person-years, and the number of persons with HIV 

was an estimated 1.2 million. Further, this analysis shows steady progress in improving the 

percentage of PWH taking ART and achieving viral suppression, which has led to a decrease 

in the overall transmission rate over time.

Approximately 87% of the estimated transmissions in 2019 were associated with persons 

who were either unaware of their HIV status (both acute and chronic infection, 45.8%) or 

aware of their HIV status but not in care (41.0%). In addition, the estimated transmission 

rate was greatest among persons with undiagnosed HIV. These results emphasize the 

importance of the goals of the EHE initiative, namely, the first two pillars of the strategic 

initiative: 1) diagnose all individuals with HIV as early as possible after infection and 2) 

treat HIV infection rapidly and effectively to achieve sustained viral suppression [1] To 

achieve early diagnosis and increase awareness of HIV status, a combination of routine HIV 

screening and testing, as well as increased HIV testing for prioritized groups is essential. 

These efforts could have a major impact in reducing the approximately 46% of transmissions 

associated with the 14% of PWH unaware of their HIV status. Further, expanding rapid 

linkage to care strategies within testing programs and scaling up effective data-to-care 

interventions and other strategies that remove barriers to, or facilitate entry into, care could 
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have an impact in reducing the estimated 41% of transmissions associated with PWH who 

are aware of their HIV status but not in care. Finally, sustained viral suppression is key to 

eliminating HIV transmission. Strategies focusing on helping PWH who are already in care 

but not virally suppressed to achieve and maintain viral suppression would help to reduce the 

approximately 13% of transmissions in 2019 associated with this group.

By transmission group, MSM accounted for the largest proportion of PWH (57%) and were 

associated with 71.6% of transmissions in 2019. Further, the highest estimated transmission 

rates by transmission group were among MSM and MSM who inject drugs. These results 

suggest that prioritized prevention and treatment strategies to address the care continuum 

gaps in these populations could help decrease HIV transmission rates. By age group, 

persons aged 13–24 had the highest estimated transmission rate and represented the smallest 

proportion of PWH by age in 2019. This suggests that prevention and treatment services 

that are successful in reaching and serving younger PWH may have a bigger impact on 

preventing new infections.

For all transmission groups except for MSM, PWH aware and not in care were associated 

with the largest proportion of transmissions and accounted for the largest proportion of 

PWH within that group (excluding persons virally suppressed) (Fig S2). Therefore, it is 

critical to prioritize efforts to link PWH to effective care and treatment with ART within 

these groups. Among MSM, the largest proportion of transmissions (51.6%) was associated 

with the 16% who were unaware of their HIV status, which suggests that expanding the 

reach of testing programs for MSM is critically important. Across transmission groups, 

men who inject drugs had the lowest proportions of PWH who were virally suppressed 

(50.4%). Focusing on improving the care continuum gaps previously identified, in addition 

to providing support for ART use and adherence to achieve viral suppression should be 

prioritized among these populations.

Our results show that HIV transmission rates vary significantly by stage in the HIV 

care continuum. After accounting for where persons are along the HIV care continuum, 

transmission rate estimates appear to be similar by race/ethnicity. This means that where 

PWH are along the care continuum drives the risk of HIV transmission, regardless of 

race/ethnicity. The largest proportion of transmissions was associated with persons unaware 

of their HIV status for Hispanic/Latino persons (52%) and Other persons (46%). This 

proportion was 41% for Black/African American persons. Focusing intervention strategies 

on the gaps and barriers to testing is important across all races/ethnicities, and in particular, 

among Hispanic/Latino persons. Black/African American persons had a larger proportion of 

transmissions associated with persons receiving care (on ART) and not virally suppressed 

(16.9%) compared to Hispanic/Latino persons (9.0%) and other persons (12.3%). Therefore, 

there is a need for intervention strategies to eliminate barriers related to increasing 

adherence to ART and achieving VLS among persons in care. Focusing on this stage 

in the HIV care continuum could have significant impact on preventing HIV among 

Black/African American persons. These results highlight the evident health disparities and 

inequities with respect to effective HIV treatment and care continuum services by race/

ethnicity. Previous studies, including the CDC HIV Surveillance Reports, have shown that 

substantial racial/ethnic disparities exist regarding access to and use of prevention, care, and 
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treatment services [8, 18, 19, 20]. Therefore, EHE activities should focus on progression of 

PWH along the HIV care continuum, and testing, treatment, and prevention efforts should 

prioritize populations disproportionally affected by HIV to decrease health disparities.

The overall transmission rate declined in 2019 compared to the 2016 estimate in our 

previous analysis [2]. This decline occurred in the different subgroups with the exception of 

the transmission rates for the population who were unaware of their HIV infection and the 

younger age (13–24 and 25–24) population. While the minimal increase in the transmission 

rate for the unaware population was driven by a combination of the modeling changes 

and data updates, the increases in the younger age groups were primarily driven by the 

data updates, as recent surveillance data suggest increased incidence among these two age 

groups.

The major contributions of this modeling analysis are the updated estimated HIV 

transmission rates by subgroups, the estimation of HIV transmission rates by race/ethnicity, 

and showing the interaction of these rates with the stages of the HIV care continuum. 

Although our previous modeling analysis [2] also focused on transmission rates by 

subgroup, monitoring transmission rates over time is crucial for intervention response 

towards achieving the incidence reduction goals of the Ending the HIV Epidemic in the 
U.S. (EHE) initiative. Our transmission rate estimates for those in the acute and non-acute 

phases of infection are similar to the sexual transmission rates previously reported in the 

static models of Pinkerton [21, 22] and Prabhu and colleagues [23]. Our estimates are also 

similar to those of Skarbinski and colleagues [24] where both models reported both sexual 

transmissions and injection drug use transmissions from PWID. However, those authors used 

a static model based on surveillance data in contrast to our dynamic PATH 3.0 model, which 

was designed to generate over time both the PWH transmission subgroups and the number 

of new transmissions from each subgroup.

The findings in this analysis are subject to limitations, including the fact that model inputs 

and parameters were constrained by available data and estimates from the literature.

While our results show progress with a decline in overall estimated HIV transmission 

rates and a steady increase in the percentage of PWH who are taking ART and virally 

suppressed from 2012–2019, further progress needs to be made to achieve the goals of 

the EHE initiative to reduce annual new HIV infections in the US by 90% by 2030 [1]. 

Additionally, COVID-19-related disruptions to HIV prevention and treatment services are 

likely to have affected HIV transmission and care continuum measures, as well as HIV 

incidence and prevalence estimation [25, 26, 27, 28, 29, 30, 31, 32, 33]. By examining 

pre-COVID transmission rates and transmissions by stage in the care continuum, we 

established a baseline from which further studies can assess the impact of COVID-19-related 

disruptions. Our study emphasized the importance of moving PWH along the HIV care 

continuum through rapid diagnosis, linkage to care, and adherence to ART to improve 

patient outcomes and reduce HIV transmissions. Furthermore, to decrease health disparities, 

interventions and prevention strategies should focus on removing existing barriers across 

the HIV care continuum to improve access to these services for all, especially populations 

disproportionally affected by HIV.
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Fig. 1. 
Percentage of persons with HIV (PWH) and percentage of transmissions along the HIV care 

continuum—United States, 2019a

Abbreviations: ART (antiretroviral therapy); PWH (Persons with HIV)
a All results represent the mean of 100 PATH 3.0 simulation runs, where each run was 
initiated with 10,000 persons with HIV.
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Fig. 2. 
Percentage of persons with HIV (PWH) who are taking ART and virally suppressed, and 

overall HIV transmission rate — United States, 2012–2019a

Abbreviations: ART (antiretroviral therapy); PWH (Persons with HIV)
a All results represent the mean of 100 PATH 3.0 simulation runs, where each run was 
initiated with 10,000 persons with HIV.
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Fig. 3. 
Estimated transmission rates┼ along the HIV care continuum, stratified by race/ethnicity of 

persons with HIV (PWH) —United States, 2019a

Abbreviations: PWH (Persons with HIV)
┼ The mean number of transmissions per 100 person-years and 95% confidence interval.
a All results represent the mean of 100 PATH 3.0 simulation runs, where each run was 
initiated with 10,000 persons with HIV.
* Other includes American Indian/Alaska Native, Asian, Native Hawaiian/other Pacific 
Islander, White, and Multiracial
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Fig. 4. 
Estimated transmission rates┼ along the HIV care continuum, stratified by transmission 

group of persons with HIV (PWH) —United States, 2019a

Abbreviations: PWH (Persons with HIV) ); MSM (men who have sex with men)
┼ The mean number of transmissions per 100 person-years and 95% confidence interval.
a All results represent the mean of 100 PATH 3.0 simulation runs, where each run was 
initiated with 10,000 persons with HIV.
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Table 1

Estimated number of persons with HIV (PWH) and transmissions by selected characteristics—United States, 

2019a

Characteristic Transmission Rateb mean (lb, ub)
Persons in subgroupc no. 

(%) Transmissionsd no. (%)

HIV care continuum

Persons with acute HIV infection and 
unaware

16.35 (15.55, 17.15) 8,800 (0.7) 1,400 (4.1)

Persons with HIV (non-acute) and unaware 9.52 (9.38, 9.66) 153,800 (12.9) 14,600 (41.7)

Aware and not in care 5.96 (5.89, 6.04) 241,500 (20.3) 14,400 (41)

Receiving HIV care (on ART) but not 
virally suppressed

4.53 (4.40, 4.65) 102,000 (8.6) 4,600 (13.2)

Taking ART and virally suppressed 0 (0, 0) 683,400 (57.5) 0 (0)

Transmission group

MSM 3.68 (3.63, 3.72) 683,400 (57.4) 25,100 (71.6)

Men who inject drugs 3.21 (3.12, 3.31) 84,800 (7.1) 2,700 (7.8)

Women who inject drugs 2.32 (2.20, 2.44) 54,900 (4.6) 1300 (3.6)

MSM who inject drugs 3.38 (3.25, 3.51) 56,700 (4.8) 1,900 (5.4)

Heterosexual men 2.30 (2.21, 2.39) 98,700 (8.3) 2,300 (6.5)

Heterosexual women 0.84 (0.80, 0.88) 213,200 (17.9) 1,800 (5.1)

Age group (yrs.)

13–24 7.76 (7.56, 7.96) 60,500 (5.1) 4,700 (13.4)

25–34 5.98 (5.88, 6.09) 192,700 (16.2) 11,500 (32.9)

35–44 3.71 (3.63, 3.79) 234,500 (19.7) 8,700 (24.8)

45–54 1.98 (1.93, 2.03) 280,300 (23.5) 5,600 (15.8)

≥55 1.08 (1.06, 1.11) 423,600 (35.5) 4,600 (13.1)

Older age group split

55–64 1.27 (1.23, 1.30) 284,400 (23.9) 3,600 (10.2)

≥65 0.72 (0.67, 0.76) 139,200 (11.7) 1,000 (2.8)

Total 2.94 (2.92, 2.97) 1,191,600 (100) 35,100 (100)

Abbreviations: ART (antiretroviral therapy); MSM (men who have sex with men)

a
All results represent the mean of 100 PATH 3.0 simulation runs, where each run was initiated with 10,000 persons with HIV. Model outputs were 

scaled up to match 2019 incidence.

b
The mean number of transmissions per 100 person-years and 95% confidence interval (lb, ub). We report transmission rates with two decimals.

c
The mean number (%) of PWH in each subgroup in the model, averaged over 12 months and rounded to the nearest 100 (1/10th). Numbers and 

percentages might not sum to total value due to rounding.

d
The mean number (%) of transmissions from the model by each subgroup and rounded to the nearest 100 (1/10th). Numbers and percentages 

might not sum to total value due to rounding.
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