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Abstract

Background: The purpose of this study was to estimate the number and lifetime medical cost of 

HIV infections attributable to incident sexually transmitted infections (STIs) in the United States 

in 2018.

Methods: We combined data from published models regarding the number or percentage of 

HIV infections attributable to STIs with updated estimates of the lifetime medical cost per HIV 

infection. We used two distinct calculation methods. Our first calculation used recent estimates of 

the percentage of HIV infections in men who have sex with men (MSM) attributable to gonorrhea 

and chlamydia. Our second calculation, based on older studies, used estimates of the expected 

number of STI-attributable HIV infections per new STI infection, for gonorrhea, chlamydia, 

syphilis, and trichomoniasis.

Results: Our first calculation method suggested that 2,489 (25th–75th percentile: 1,895–3,000) 

HIV infections in 2018 among MSM could be attributed to gonorrhea and chlamydia, at 

an estimated lifetime medical cost of $1.05 billion (25th–75th percentile: $0.79–1.26 billion). 

Our second calculation method suggested that 2,349 (25th–75th percentile: 1,948–2,744) HIV 

infections in the general population (including MSM) could be attributed to chlamydia, gonorrhea, 

syphilis, and trichomoniasis acquired in 2018, at an estimated lifetime medical cost of $0.99 

billion (25th–75th percentile: $0.80–1.16 billion).

Conclusions: Despite ambiguity regarding the degree to which STIs affect HIV transmission, 

our combination of data from published STI/HIV transmission models and an HIV lifetime 

medical cost model can help to quantify the estimated burden of STI-attributable HIV infections in 

the United States.
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Short Summary

Available modeling evidence suggests about 1,900 to 3,000 HIV infections were attributable to 

chlamydia, gonorrhea, syphilis, and trichomoniasis in 2018 in the United States, costing about $1 

billion.

Introduction

In a sexual partnership of discordant human immunodeficiency virus (HIV) status, the 

presence of another sexually transmitted infection (STI) in one or both partners can increase 

the likelihood of HIV transmission.1–5 An STI in a person without HIV can increase 

susceptibility to HIV through mechanisms such as increasing the number of cells susceptible 

to HIV, disruption of epithelial barriers in the genital tract, and suppression of the systemic 

immune response.1,6,7 An STI in a person with HIV can increase HIV infectiousness 

through mechanisms such as increased concentrations of HIV in genital secretions.1,6,7

An STI-attributable HIV infection can be defined as an HIV infection that would not have 

occurred without the facilitative effects of STIs on HIV acquisition and transmission. The 

number of STI-attributable HIV infections cannot be measured using surveillance data, 

but instead requires some type of mathematical modeling approach. The models used to 

estimate the number of STI-attributable HIV infections can range from simple algebraic 

expressions to complex agent-based models of sexual networks with cocirculating HIV and 

other STIs.3,4,8–11

Regardless of their degree of complexity, models that estimate the number of STI-

attributable HIV infections require assumptions regarding the degree to which STIs increase 

the probability of HIV transmission. For example, if one assumes that the presence of a 

given STI doubles the probability of HIV transmission, and the per-act probability of HIV 

transmission is 0.001 in the absence of the given STI, then the per-act probability of HIV 

transmission is 0.002 if the STI is present. Different adjustments can be applied depending 

on whether the STI is present in the partner with HIV, the partner without HIV, or both. 

Modelers have typically estimated the number of HIV infections attributable to a given STI 

by (a) calculating the number of HIV infections that occur in the model over a specific time 

period when assuming the presence of the STI increases the probability of HIV transmission 

by some degree, and (b) subtracting the number of HIV infections that occur in the model 

over the same time period when assuming the presence of the STI has no effect on the 

probability of HIV transmission.

Given the availability of model-based estimates of the percentage of HIV infections 

attributable to STIs,3 estimates of STI incidence in 2018,12 updated estimates of the average 

lifetime medical cost per HIV infection,13 and other relevant data,8,9,14 the purpose of this 

study was to estimate the number and lifetime medical cost of HIV infections attributable to 

four incident STIs (gonorrhea, chlamydia, syphilis, and trichomoniasis) in the United States 

in 2018. We did not include viral STIs such as genital herpes. Because viral infections can 

be lifelong, the inclusion of viral STIs acquired in 2018 would have required us to assess 
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the effects of an incident viral STI on lifetime HIV transmission and acquisition, which was 

beyond the scope of this study.

Methods

We used two distinct calculation methods to estimate the number of HIV infections that 

could be attributed to STIs acquired in 2018, both based on results from published disease 

transmission models. The first calculation method was to multiply the estimated number 

of incident HIV infections in 2018 by the estimated percent of new HIV infections that 

can be attributed to STIs. The second calculation method was to multiply the estimated 

number of incident STIs in 2018 by the estimated number of STI-attributable HIV infections 

per incident STI. These two calculation methods were applied to different populations and 

different STIs in accordance with data availability, as described in more detail below.

Calculation method 1: Using model-based estimates of the percentage of HIV infections 
attributable to STIs

When using this first calculation method, our analysis was limited to HIV infections 

attributable to gonorrhea and chlamydia among MSM, owing to a lack of recent modeling 

studies examining populations other than MSM or STIs other than gonorrhea and chlamydia 

for the United States. For this analysis, we used a 2019 modeling study by Jones and 

colleagues which estimated that 10.2% of incident HIV infections in MSM aged 18 to 40 

years in the United States could be attributed to gonorrhea and chlamydia.3 We selected 

the Jones study to inform our estimates rather than a 2015 modeling study by Beck and 

colleagues4 primarily because the Beck study is older and focuses on a subgroup of young 

MSM. Similarly, we selected the Jones study rather than a 2013 modeling study by Xiridou 

and colleagues11 primarily because the Xiridou model is older, represents MSM in the 

Netherlands instead of the United States, and considers only one STI (chlamydia).

To estimate the number of HIV infections among MSM attributable to gonorrhea and 

chlamydia acquired in 2018, we multiplied the estimated number of HIV infections acquired 

through male-to-male sexual contact (24,400) in 201815 by the percentage of HIV infections 

among MSM attributable to gonorrhea and chlamydia (10.2%) in the Jones study.3

To calculate the 25th–75th percentiles for the estimated number of HIV infections among 

MSM attributable to gonorrhea and chlamydia, we generated 10,000 simulations of this 

estimate, each time drawing a random value for the percentage of HIV infections among 

MSM attributable to gonorrhea and chlamydia, which we multiplied by a random value 

of the number of HIV infections acquired through male-to-male sexual contact. The 

random value for the percentage of HIV infections attributable to gonorrhea and chlamydia 

was drawn from a beta distribution with α and β shape parameters 8.294 and 73.018, 

respectively. These distribution parameters were selected such that the resulting distribution 

would yield values consistent with the mean of 10.2% and with the published interquartile 

range of 7.9–12.4%.3 The random value for the number of HIV infections in MSM was 

drawn from a normal distribution with a mean of 24,400 and a standard error of 1,020 

(an approximation based on the published 95% confidence interval of 22,400–26,400).15 

This probabilistic sensitivity analysis accounted for the combined uncertainties associated 
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with the two components of the estimated number of HIV infections in MSM attributable 

to gonorrhea and chlamydia: (1) the estimated percent of HIV infections among MSM 

attributable to gonorrhea and chlamydia and (2) the estimated number of HIV infections 

acquired through male-to-male sexual contact. We quantified this uncertainty as the 25th and 

75th percentiles of the 10,000 simulations.

Calculation method 2: Using model-based estimates of the number of STI-attributable HIV 
infections per STI infection

We used the second calculation method to estimate the number of HIV infections 

attributable to gonorrhea, chlamydia, syphilis, and trichomoniasis among the overall US 

population, including MSM. We assumed that the average number of STI-attributable HIV 

infections per STI infection was 0.000220 for chlamydia and gonorrhea, 0.004620 for 

syphilis, and 0.000066 for trichomoniasis (Table 1). These values were calculated as follows. 

First, we obtained results from simple Bernoulli models of HIV transmission,8,9 which to 

our knowledge are the only published studies to calculate estimates of the average number 

of STI-attributable HIV infections per STI. Second, we incorporated downward adjustments 

to account for factors such as HIV serosorting and partner overlap (e.g., Person C cannot 

acquire an STI-attributable HIV infection from both Person A and Person B),16–19 as was 

done in previous studies.14,20 Third, we further decreased the downward-adjusted values by 

an additional 56% to account for reductions in HIV transmission due to viral suppression 

among those with HIV and preexposure prophylaxis (PrEP) among those without HIV. This 

56% reduction represents the combined effect of an assumed 50% reduction due to viral 

suppression (based on reports that about 50% of people with HIV in the United States 

are virally suppressed)21 and an assumed 12% reduction due to PrEP (based on estimated 

PrEP coverage of 12% among those indicated for PrEP in the United States).22–24 Table 2 

provides additional details regarding our derivation of the base case values of the average 

number of STI-attributable HIV infections per STI infection presented in Table 1.

For each of the four STIs, we calculated the number of STI-attributable HIV infections by 

multiplying the estimated number of incident infections for the given STI in 2018 by the 

estimated number of STI-attributable HIV infections per STI for the given STI (Table 1). To 

calculate the 25th–75th percentiles for the estimated number of HIV infections attributable 

to these four STIs, we generated 10,000 simulations of this estimate, each time drawing a 

random value for the estimated number of incident infections for the given STI in 2018, 

which we multiplied by a random value for the estimated number of STI-attributable HIV 

infections per STI for the given STI. For the number of incident STIs, we applied 10,000 

values from the Monte Carlo simulations described by Kreisel et al.,12 which we obtained 

from Ian Spicknall via personal communication on August 13, 2020 and January 6, 2021. 

For the number of STI-attributable HIV infections per incident STI, we obtained 10,000 

values for each STI using the beta distributions described in Table 1.

Estimation of the lifetime medical cost of HIV infections attributable to STI incident 
infections in 2018

We used the health care sector perspective and included all direct medical costs of HIV 

treatment and care without regard to who paid the costs. We calculated the lifetime 
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medical cost of STI-attributable HIV infections by multiplying the estimated number of 

HIV infections attributable to STIs by the estimated lifetime medical cost per HIV infection. 

The lifetime medical cost per HIV infection we applied was $420,285 (range: $326,411–

$490,045).13 This point estimate of $420,285 was obtained from the base case scenario 

examined in the source study, which included a 3-year median diagnosis delay and a 

3% monthly probability of dropping out of care. The values of $326,411 and $490,045 

were obtained from a least-favorable scenario (a 5% dropout rate, 5-year median diagnosis 

delay) and a most-favorable scenario (1% dropout rate, a 1-year median diagnosis delay), 

respectively.13

To calculate the 25th–75th percentiles for the lifetime medical cost of STI-attributable HIV 

infections in 2018, we performed 10,000 simulations in which we multiplied the number 

of STI-attributable HIV infections by the lifetime medical cost per HIV infection, each 

time applying a random value for each of these two inputs. In doing so, we applied the 

10,000 estimates for the number of STI-attributable HIV infections described above (for 

calculation method 1, and again for calculation method 2). For the lifetime medical cost 

per HIV infection, we obtained 10,000 values using a lognormal distribution with mean and 

standard deviation parameters μ and σ of 12.944 and 0.099, respectively. These distribution 

parameters were selected such that the mean of the distribution would be consistent with the 

base case value of $420,285 and that about 95% of the draws from the distribution would 

fall within the range of $326,411–$490,045.25

We also conducted one-way sensitivity analyses to examine how the estimated lifetime 

medical cost of STI-attributable HIV infections changed when varying one parameter value 

at a time. For calculation method 1, we varied the following parameter values: the number 

of HIV infections acquired through male-to-male sexual contact in 2018 (range: 22,400–

26,400, from the 95% confidence interval described above); the percentage of incident HIV 

infections attributed to gonorrhea and chlamydia (range: 4.6% to 17.7%, based on the 2.5th 

and 97.5th percentiles of the beta distribution described above); and the lifetime medical 

cost per HIV infection (range: $326,411–$490,045, from the range described above). For 

calculation method 2, we varied the following parameter values: the number of incident STIs 

(range: 3,401,000–4,719,000 for chlamydia, 1,236,000–2,107,000 for gonorrhea, 108,000–

197,000 for syphilis, 5,036,000–9,062,000 for trichomoniasis, based on the 2.5th and 97.5th 

percentiles of 10,000 estimates described above); the number of STI-attributable HIV 

infections per incident STI (using the ranges listed in Table 1); and the lifetime medical 

cost per HIV infection (range: $326,411–$490,045).

Results

Our first calculation method suggested that 2,489 (25th–75th percentile: 1,895–3,000) HIV 

infections in 2018 among MSM could be attributed to gonorrhea and chlamydia, at an 

estimated lifetime medical cost of $1.05 billion (25th–75th percentile: $0.79–1.26 billion) 

(Table 3). Our second calculation method suggested that 2,349 (25th–75th percentile: 1,948–

2,744) HIV infections in the general population (including MSM) could be attributed 

to chlamydia, gonorrhea, syphilis, and trichomoniasis acquired in 2018, at an estimated 
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lifetime medical cost of $0.99 billion (25th–75th percentile: $0.80–1.16 billion) (Table 4). Of 

these 2,349 HIV infections, 1,221 were attributed to gonorrhea and chlamydia.

In the one-way sensitivity analysis (Figure 1) of our first calculation method, the estimated 

lifetime medical cost of HIV infections attributable to STIs acquired in 2018 was most 

sensitive to assumptions regarding the percent of HIV infections among MSM attributable 

to gonorrhea and chlamydia. For the second calculation method, our results were most 

sensitive to the number of STI-attributable HIV infections per incident STI.

Discussion

We used two distinct approaches to approximate the number and lifetime medical cost 

of STI-attributable HIV infections in the United States in 2018. The first approach 

suggested that 2,489 HIV infections in 2018 in MSM could be attributable to gonorrhea 

and chlamydia. The second approach suggested that 2,349 HIV infections in the overall 

population (including MSM) could be attributable to gonorrhea, chlamydia, syphilis, and 

trichomoniasis acquired in 2018. Chlamydia accounted for more of these HIV infections 

than gonorrhea (876 and 345, respectively) because of the higher estimated incidence 

for chlamydia. Despite its relatively low estimated incidence, syphilis accounted for the 

second-highest number (675) of HIV infections, because the assumed probability of an 

STI-attributable HIV infection was notably higher for syphilis than for the other STIs.

The results of the first approach (2,489 estimated HIV infections attributable to gonorrhea 

and chlamydia in MSM) differ from the results of the second approach (1,221 HIV 

infections attributable to gonorrhea and chlamydia in the overall population, including 

MSM), and should be interpreted in the context of the modeling studies that informed these 

two approaches. Our first approach was informed by a dynamic transmission model of 

STIs and HIV, which accounted for potential HIV acquisition in the partners of those with 

STI-attributable HIV infections, and in their partners’ partners, and so on. In contrast, our 

second approach was based on simpler models that focused only on HIV infections acquired 

over the course of the STI, without considering the potential for HIV transmission to future 

partners after the resolution of the STI. Another difference to consider is that the Jones 

model did not explicitly account for the effects of PrEP on HIV incidence. As PrEP coverage 

among MSM increases, the number of STI-attributable HIV infections might be biased when 

applying the results of the Jones model, but the potential direction and magnitude of this bias 

are difficult to predict.

The model used in the Jones study was designed for advanced scientific research,26 was 

fit to a range of current data regarding the natural history of HIV as well as STI and HIV 

prevalence in MSM, and incorporated sexual network data to simulate main, casual, and 

one-time MSM partnerships.3 Of note, the Jones study finding that 10.2% of HIV infections 

among MSM can be attributed to chlamydia and gonorrhea is reasonably consistent with 

findings from a 2015 modeling study by Beck and colleagues,4 which suggested that 

14.6% (95% confidence interval 14.1–15.2%) of HIV infections among young MSM in 

the United States were attributable to chlamydia and gonorrhea. Both of these modeling 

studies are consistent with a longitudinal cohort study of MSM in Atlanta that estimated 
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that 14.6% (95% confidence interval: 6.8–31.4%) of incident HIV could be attributable to 

rectal chlamydia, gonorrhea, and syphilis.27 All three of these studies yielded much more 

conservative estimates than a 2013 modeling study by Xiridou and colleagues11 which 

suggested that 15% of new HIV infections among MSM in the Netherlands could be 

attributed to chlamydia. Given the numerous strengths of the Jones study and its consistency 

with the findings from the Beck model and the longitudinal cohort study, we think our 

estimates of the number and lifetime medical cost of STI-attributable HIV infections 

based on the Jones study are more reliable than our estimates based on the older, simpler 

models.8,9

Our estimation of the number and lifetime medical cost of STI-attributable HIV infections 

in 2018 is part of a larger project to estimate the incidence, prevalence, and lifetime medical 

cost of STIs acquired in 2018.12 In estimating the number of HIV infections attributable 

to STIs acquired in a single year like 2018, we inherently assumed a steady state in which 

the annual number of STIs and the annual number of HIV infections attributable to STIs 

are constant from one year to the next. This assumption of a steady state is particularly 

important in our application of the results of the Jones model, whose estimate of the 

percentage of HIV infections attributable to STIs in a single year in part reflects STI and 

HIV interactions in preceding years.

Another important caveat of using estimates from the Jones model is that it focuses on HIV 

infections among MSM attributable to just two STIs: chlamydia and gonorrhea. If the Jones 

model were expanded to include additional STIs like syphilis and trichomoniasis and to 

include heterosexual populations, the estimated number of STI-attributable HIV infections 

would likely be substantially higher. Of note, the number of HIV infections attributable to 

STIs when using our second calculation method was 1,221 when limited to gonorrhea and 

chlamydia, but 2,349 when also including syphilis and trichomoniasis, which illustrates the 

relative impact of including additional STIs.

The models on which our estimates were based did not explicitly consider the potential 

effects of antimicrobial drug resistance, which could have caused us to underestimate the 

number of STI-attributable HIV infections. For example, gonococcal resistance to treatment 

can increase the average duration of infection, thereby increasing not only the incidence and 

prevalence of gonorrhea, but also the number of gonorrhea-attributable HIV infections.28

We did not include estimates of HIV infections attributable to viral STIs such as genital 

herpes. Given the substantial incidence and prevalence of genital herpes in the United 

States,12 the number and lifetime medical cost of HIV infections attributable to viral STIs 

could equal or surpass that of non-viral STIs.29

Models that estimate the number or percentage of STI-attributable HIV infections must 

apply assumptions about the effect of STIs on HIV transmission. Unfortunately, limited 

data exist to inform these assumptions.5 The effects of STIs on HIV transmission are 

difficult to ascertain for numerous reasons, most importantly behavioral confounding in 

which behaviors such as having multiple sex partners and condomless sex can put one 

at risk for HIV and other STIs.3,5 Because of behavioral confounding, even if STIs had 
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no biological effect on the risk of HIV acquisition and transmission, we would expect to 

observe higher HIV prevalence among those with other STIs than among those without other 

STIs. A key limitation of the models from which we obtained our data, and thus a key 

limitation of our study, is that the models are based on imprecise estimates of the effect of 

STIs on HIV transmission.

To account for ambiguity regarding the effects of STIs on HIV transmission and other 

limitations of the models on which our calculations are based, we calculated ranges for 

our estimate of the number and lifetime medical cost of STI-attributable HIV infections. 

This approach, which incorporated the ranges of the model-based estimates of the number 

or percentage of HIV infections attributable to STIs, helped to quantify the impact and 

magnitude of the uncertainty in these models. Still, the ranges we calculated do not capture 

the full range of uncertainty associated with these estimates. For example, if there is in fact 

no biological effect of STIs on HIV transmission, then the number and lifetime medical cost 

of STI-attributable HIV infections would both be 0.

Despite ambiguity regarding the degree to which STIs affect the per-act or per-partnership 

probability of HIV transmission, mathematical models have been developed to provide 

useful estimates of the number or percentage of HIV infections that can be attributable to the 

facilitative effects of STIs on HIV transmission. We combined data from such models with 

updated data regarding the lifetime medical cost per HIV infection in order to estimate the 

number and lifetime medical cost of HIV infections attributable to STIs acquired in 2018 

in the United States. Our results can help to inform estimates of the overall burden of STIs 

acquired in 2018 and can help to quantify the degree to which STI prevention programs like 

screening and treatment can reduce the health and medical cost burden of HIV in the United 

States.
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Figure 1. Tornado diagram showing results of the one-way sensitivity analyses of the estimated 
lifetime medical cost of HIV infections attributable to STIs acquired in 2018 for calculation 
method 1 (top) and calculation method 2 (bottom)
This diagram shows how the estimated lifetime medical cost of HIV infections attributable 

to STIs acquired in 2018 changed from the base case result of $1.05 billion (calculation 

method 1) and $0.99 billion (calculation method 2) when one parameter value was varied 

at a time and all other parameters were kept at their base case values. For example, for 

calculation method 1, the estimated cost of STI-attributable HIV infections varied from 

$0.47 billion to $1.82 billion when the percent of HIV infections attributable to gonorrhea 

and chlamydia was varied from its 2.5th percentile value of 4.6% to its 97.5th percentile 

value of 17.7%. For calculation method 2, when an STI-specific parameter value was varied, 

it was varied for all four STIs (e.g., when varying the number of incident STIs in 2018, we 

first calculated the cost of HIV infections attributable to STIs acquired in 2018 when setting 

all four STIs to their respective lower bound incidence values, and then when setting all four 

STIs to their respective upper bound incidence values).
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Table 1.

Estimated number of STI-attributable HIV infections per STI infection, for four STIs: Base case value, range, 

and distribution parameters used in sensitivity analyses

STI Base case value* Range used in one-way sensitivity 
analysis†

Distribution used in probabilistic sensitivity 
analysis‡

Chlamydia 0.000220 0.000022–0.000418 beta (4.741, 21,547)

Gonorrhea 0.000220 0.000022–0.000418 beta (4.741, 21,547)

Syphilis 0.004620 0.000462–0.008778 beta (4.716, 1,016)

Trichomoniasis 0.000066 0.000007–0.000125 beta (4.807, 72,826)

STI=sexually transmitted infection; HIV=human immunodeficiency virus.

*
We derived the base case values from a range of sources as described in the text and in Table 2.8,9,14,20

†
The ranges were calculated as the base case value plus or minus 90%, as suggested in previous analyses.14,20 We interpreted these ranges as 

approximate 95% confidence intervals for the purposes of calculating the distribution parameters listed in the final column.

‡
The values in parentheses for the beta distributions are the α and β shape parameters. These distribution parameters were calculated such that the 

distribution’s mean value would be consistent with the base case value and that about 95% of the values from the distribution would fall within the 

range shown in the middle column.30
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