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Abstract

OBJECTIVES—A rise in incidence of sexually transmitted infections (STIs) has been noted in 

the United States and in the District of Columbia. We aim to describe changes in incident STIs 

among persons in care for HIV in Washington, DC as well as trends in HIV viral load among 

those with incident STIs.

METHODS—We conducted a retrospective DC Cohort analysis (n=7810) measuring STI 

incidence (syphilis, gonorrhea, and chlamydia) as well as in care viral load (ICVL) and percentage 
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with all viral loads less than the limit of detection (%<LLOD) by year (2012–2016) among those 

with incident STIs.

RESULTS—From 2012–2016, the incidence of STIs increased: chlamydia 2.1 to 3.4 cases/100P-

Y (p = 0.0006), gonorrhea 2.1 to 4.0 (p < 0.0001), syphilis 1.7 to 2.6 (p = 0.0042), and any STI 

episode 5.3 to 8.8 (p<0.0001). STI incidence rates increased for those 18–34 (13.2 to 23.2 cases/

100PY, p < 0.0001), cisgender men (6.5 to 11.5, p < 0.0001), non-Hispanic Whites, (8.6 to 16.1, p 

= 0.0003), and MSM (9.3 to 15.7, p < 0.0001). During 2012–2016, the ICVL among those with 

incident STIs improved from 108 to 19 copies/ml and %<LLOD from 23.6% to 55.1%. However, 

even in 2016, younger participants, cis-and transgender females, Non-Hispanic Blacks and 

Hispanics had higher ICVLs and lower %<LLOD.

CONCLUSIONS—Rates of incident STIs rose among persons in care for HIV in Washington, 

DC with improved, but not optimal measures of HIV viral suppression. These findings inform 

focused interventions toward preventing STI transmission and ending the HIV epidemic.
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INTRODUCTION:

Sexually transmitted infection (STI) incidence has been rising in the United States in recent 

years, with nationwide surveillance figures showing a 67% rise in cases of gonorrhea from 

2013 to 2017, 35% rise in chlamydia, and a near-doubling in cases of syphilis during the 

same period.1 Factors underlying these rises are posited to include a perception of reduced 

risk of HIV infection in the age of effective antiretroviral therapy (ART) and pre-exposure 

prophylaxis (PrEP), leading to a decrease in condom use and increase in the transmission of 

other STIs.2 Incident STIs are a well-known marker of risk for HIV acquisition and 

transmission.3 Therefore, understanding factors associated with incident STIs among PLWH 

and measures of viral control over time are necessary not only to contain the spread of STIs, 

but also to combat the HIV epidemic.

STI trends in Washington, DC largely reflect national trends, with a 35% increase in cases of 

chlamydia reported to the DC Department of Health (DOH), 56% increase in gonorrhea, and 

13% increase in primary and secondary syphilis from 2013 to 2017.4 These figures however, 

do not describe STI rates among persons living with HIV infection.

The District of Columbia also has one of the highest HIV prevalence rates nationwide, at 

1.9% of the general population in 2017.4 Concerted district-wide efforts have succeeded in 

decreasing the number of new HIV diagnoses in the city from a peak of 1,367 in 2007 to 

about 350 per year in 2017.4 Sexual transmission, however, particularly among men who 

have sex with men (MSM), remains a key driver of the HIV epidemic in DC.4 Measures of 

HIV viral control may help approximate the frequency at which PLWH acquiring an STI are 

also transmitting HIV infection.

The DC Cohort is a clinic-based, citywide, longitudinal observational cohort that has 

enrolled over 9,000 people in care for HIV at 15 clinics in Washington, DC since 2011. We 
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have previously described STI incidence of 6.7% among DC Cohort participants during a 

median observation time of 32.5 months between 2011–2015.5 Additionally, in a 

multivariate analysis we found that younger age (18–34 years), Hispanic ethnicity, MSM 

risk, and higher nadir CD4 counts were strongly associated with STI occurrence, whereas 

the presence of a mental health diagnosis was associated with a lower STI risk.5 We also 

learned that data reported through cohort sites does not fully capture the full extent of STI 

occurrence as STI testing and treatment is pursued at locations other than the primary site of 

HIV care. We therefore conducted a follow-up study linking DC Cohort data to STI 

surveillance data from the DC DOH for 2012–2016. This analysis aimed to describe trends 

over time in incident STIs, among people receiving care for HIV in DC in 2012–2016. We 

also described trends in VLs over time among those with STIs as a means to approximate 

changes in HIV transmission risk among those participants who have evidence of having 

sexual risk behavior based on their incident STI.

METHODS:

Study Population and Design:

The DC Cohort study was approved by the George Washington University Institutional 

Review Board (IRB), and sites with their own IRB also obtained IRB approval to participate. 

Participants in the DC Cohort consent to have demographic and clinical data electronically 

and manually abstracted from medical records at the participating sites and entered into a 

centralized database (Discovere®; Cerner Corporation, Kansas City, MO). Details of the DC 

Cohort design and data collection have been described in greater detail previously.6,7 At the 

time of analysis, there were 15 participating sites (9 hospital-based clinics, 5 community-

based clinics, and one non-public managed care organization). All sites are experienced HIV 

care providers and among the adult clinics, provide care to 1000 to 3000 persons with HIV 

for each of five sites, and the remaining sites each care for 200–1000 persons. Although all 

sites provide STI screening, evaluation and treatment, the extent of STI screening is not 

standardized across institutions and can vary within sites across HIV treatment clinicians. 

One clinic does not participate in the linkage and therefore was not included in this analysis. 

Data from the DC Cohort was linked to STI surveillance data from the DC Department of 

Health to capture incident STI diagnoses reported at sites other than the usual location of 

HIV care.

Eligible participants enrolled in the DC Cohort from 2011 to 2016. Participant follow-up 

time for this analysis included time from enrollment to the end of 2016, or until the first of 

these occurred: death, withdrawal from the DC Cohort, or loss to follow-up. Socio-

demographic characteristics were collected at study enrollment and updated annually by 

trained research assistants. Additionally, age was determined at the start of each calendar 

year of follow-up or at the time of consent, if consented within the calendar year. We 

examined the incidence of confirmed cases of chlamydia, gonorrhea, and syphilis, as well as 

the HIV RNA viral load (copies/ml) (VL) in participants.

Participants newly diagnosed with chlamydia, gonorrhea, and syphilis more than 30 days 

after study enrollment were defined as incident STI cases. An incident case of chlamydia or 

gonorrhea was defined as a positive nucleic acid amplification test (NAAT) or culture on 
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urogenital or extra-genital specimens; a subsequent new case was accepted as such if there 

was a positive test ≥30 days after the previous positive test. An incident case of syphilis was 

defined as having (i) a positive nontreponemal (NTr) titer of ≥1:8 with a previous 

nonreactive NTr; (ii) a four-fold increase in the NTr titer from the previous test; or (iii) 

positive treponemal test (Tr) if an NTr titer was ≥1:8 and the previous Tr test was negative. 

An STI episode included any combination of chlamydia, gonorrhea, and syphilis diagnosed 

on the same date.

We also evaluated frequency of STI testing. The total number of STI tests performed in the 

District of Columbia by year could not be determined because the linkage data from the 

DOH only included positive tests. We therefore used data on tests performed from the DC 

Cohort site data pre-linkage. For chlamydia, gonorrhea and syphilis, we calculated the 

number (percentage) of participants with one or more tests by calendar year, and the rate of 

testing per 100 P-Y defined as the total number of tests in the calendar year per 100 person 

years. Inclusion in the viral load analysis required at least one viral load by calendar year. 

Control of HIV among DC Cohort participants was examined using two methodologies: 

percentage durably suppressed (percentage with all viral loads less than the limit of 

detection (%<LLOD) for all measurements during the calendar year) and In-Care Viral Load 

(ICVL), the geometric mean of the means of viral loads measured during the calendar year 

among those in care with incident STIs.8 The LLOD can vary by site and year, or even 

within a year by a participant. For this analysis, we treated any LLOD value equally.

Statistical Analysis:

The incidence rate overall and stratified by socio-demographic variables for gonorrhea, 

chlamydia, syphilis, and any STI was calculated by dividing the number of STI episodes by 

total person time contributed in the analysis. Incidence rates were calculated per 100 person-

years (P-Y) of observation, including all follow-up time contributed within each calendar 

year, using Rothman/Greenland estimation for 95% confidence intervals (CIs) and linear test 

of trend to examine changes over time.

The distribution of in-care viral load (ICVL) was non-normal. Therefore, the log10 of the 

mean in-care VL (ICVL) was calculated for each study participant by calendar year, and 

reverse transformed to original scale and presented as means (95% CI). The proportion of 

participants with VLs lower than the limit of detection was calculated for each calendar year, 

with a participant classified as lower than the LLOD, if all available viral loads were 

undetectable for each year. All statistical analyses were conducted using SAS Version 9.4 

(Cary, NC). P-values <0.05 were considered statistically significant.

RESULTS:

During 2012–2016, 7,810 individuals were assessed for incident STI by calendar year. 

Among the 7,810 participants included in this analysis, 51.9% were included in four or more 

years of analysis, 36.1% in two to three years and 12.0% were included in one year of the 

analysis. The population included 71% cisgender male, 27% cisgender female, 2% 

transgender female; 1% aged 13–17, 20% aged 18–34, 54% aged 35–54, 25% 55 and older; 

79% Non-Hispanic Black, 13% Non-Hispanic White, 6% Hispanic; 71% had permanent 
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housing, 8% temporary/homeless; 64% had public insurance, 26% had private insurance; 

49% MSM, 30% high risk heterosexuals (HRH), and 14% IDU.

The incidence rates of all STIs all increased from 2012 to 2016 (Figure 1 with detail in 

Supplementary Table 1), including an increase in chlamydia from 2.1 to 3.4 cases per 100 

person-years (p = 0.0006), gonorrhea from 2.1 to 4.0 cases per 100 person-years (p < 

0.0001), syphilis from 1.7 to 2.6 cases per 100 person-years (p = 0.0042), and any incident 

STI episode from 5.3 to 8.8 cases per 100 person-years (p < 0.0001). The greatest relative 

increase was in gonorrhea, which in 2016 surpassed chlamydia as the most common incident 

STI in our study population. The proportion of those with incident STIs who had two or 

more STIs in the calendar year ranged from 14.0% to 21.6% for any STI episode, from 2.9% 

to 12.8% for chlamydia and from 11.7% to 14.3% for gonorrhea (Supplementary Table 2).

To address whether the increase in incidence could be explained by greater frequency of 

testing, we present data on the number of STI tests performed at the DC Cohort care sites 

(Supplementary Tables 3a to 3e). The number of chlamydia and gonorrhea tests and rate of 

testing per 100 P-Y rose sharply from 2012 to 2013, though continued to rise more gradually 

through 2016, for men, women and all race/ethnicities.

Trends in STI incidence among DC Cohort participants in 2012–2016 differed by baseline 

demographic characteristics (Figure 2 and Supplementary Table 3). An increase in STI 

incidence rates was observed across all adult age groups, with notable increases among 

participants aged 18–34 (from 13.2 to 23.2 cases/100 P-Y, p < 0.0001) and those aged 55 or 

older (from 0.6 to 2.7 cases/100 P-Y, p < 0.0001). Among participants aged 13–17, an 

increase from 3.3 to 13.1 cases/100 P-Y was observed (p = 0.6797; n = 109). STI incidence 

rates almost doubled among cisgender men (from 6.5 to 11.5 cases/100 P-Y, p < 0.0001), 

and increased though short of statistical significance among transgender women (from 4.9 to 

16.0 cases/100 P-Y, p = 0.0756; n=138).

STI incidence increased among all race ethnicities from 2012–2016, 8.6 to 16.1 cases/100 P-

Y, p = 0.0003 for non-Hispanic Whites; 4.3 to 7.3 cases/100 P-Y, p < 0.0001 for non-

Hispanic Blacks; 10.3 to 16.7 cases/100 P-Y, p = 0.0695 for Hispanics. STI incidence rates 

nearly doubled among participants reporting MSM-related acquisition of HIV (from 9.3 to 

15.7 cases/100 P-Y, p < 0.0001) and tripled among those reporting HRH acquisition (0.8 to 

2.4 cases/100 P-Y, p = 0.0027).

During 2012–2016, the ICVL among DC Cohort participants who had incident STIs 

decreased significantly overall from 108 copies/mL to 19 copies/mL (p <0.0001) and in 

specific subgroups (Table 1). ICVL also decreased significantly in all adult age groups, 

cisgender males and transgender females; all gender groups; non-Hispanic Blacks, and 

MSM, and those with 1 or 2 or more STIs.

From 2012 to 2016 the percentage of individuals with incident STIs with all viral loads in 

the calendar year less than the limit of detection (LLOD) also improved substantially; from 

23.6% in 2012 (n = 123) to 55.1% in 2016 (n = 296) (Figure 3). By 2016, notable 

differences remained in both ICVL and % < LLOD among 13–18 year olds (ICVL: 56; % < 

LLOD: 50%) and 18–35 year olds (ICVL: 35; % < LLOD: 50%) compared to older age 
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groups 55+ (ICVL: 6; % < LLOD: 64.5%); among cisgender females (ICVL: 370; % < 

LLOD: 31.6%) and transgender females (ICVL: 53; % < LLOD: 38.5%) compared to 

cisgender males (ICVL: 15; % < LLOD: 57.56) and among non-Hispanic Blacks (ICVL: 29; 

% < LLOD: 51.0.%) and Hispanics (ICVL: 13; % < LLOD: 50%) compared to non-

Hispanic Whites (ICVL: 6; % < LLOD: 72.7%).

DISCUSSION:

Our results demonstrate a notable rise in incident STIs among PLWH enrolled in the DC 

Cohort from 2012 to 2016, with frequent occurrence of 2 or more STIs in a calendar year. 

These trends mirror those reported among DC residents overall, and among the general US 

population in the same time period. On the other hand, two measures of HIV viral load over 

each calendar year improved consistently across all groups, likely associated with reduced 

HIV transmission risk for many unprotected exposures marked by an incident STI. 

Nevertheless, differences across demographic groups remain, demonstrating the need to 

focus services on PLWH who may be particularly vulnerable to worse outcomes.

Though, we saw an increase in STI testing frequency for chlamydia and gonorrhea between 

2012 and 2016, we do not believe this fully explains the increase in STI incidence. Increased 

testing likely reflected increase in both screening in asymptomatic patients, and an increased 

number of patients presenting with symptoms or with known STI exposures.

Reduction of incident STIs has proven difficult. Condom use as the sole primary prevention 

method has historically failed to achieve high efficacy rates.9 Yet, in the era of U=U 

(Undetectable = Untransmittable), improved messaging around high STI rates and HIV 

acquisition risk remain of importance toward reducing high risk behaviors. Additional 

secondary prevention strategies include post-exposure prophylaxis (PEP) for STIs, self- and 

point-of-care testing, home-based sample collection, and technology-based interventions 

such as mobile applications promoting sexual health and internet-based partner notification 

systems.2,10 Furthermore the importance of promoting evidence based guidance to clinicians 

to improve screening for STIs cannot be overstated.11

Although all adult (age 18+) age groups saw an increase in STI incidence rates during the 

study period, there are important implications of the differences in STI incidence by 

demographic subgroups within the city. Eighteen to thirty-four year olds had an 

approximately ten-fold risk of incident STIs compared to those aged 55 or older. While 

among cisgender women STI incidence rates remained low and nearly constant, among 

cisgender men and transgender women they approximately doubled. Participants who 

reported HIV acquisition through sexual contact (both MSM and HRH) had statistically 

significant increases in STI incidence during the study period, though the change was more 

pronounced among MSM. Additionally, the absolute incidence among MSM was 5–6 fold 

that of HRH. Such findings have previously been linked to an increase in high-risk sexual 

activities, such as sexual connection with multiple partners within a short period of time via 

mobile applications, forgoing condoms, and engaging in “chemsex” or the consumption of 

drugs to facilitate sexual activity.12,13

Secco et al. Page 6

Sex Transm Infect. Author manuscript; available in PMC 2020 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Although, non-Hispanic Blacks made up a majority of the DC Cohort population, they had a 

lower incidence of STIs through all calendar years, compared to Hispanics (who had the 

highest incidence) and non-Hispanic Whites. These findings differ somewhat from national 

figures, in which Blacks made up a majority of individuals accounting for chlamydia, 

gonorrhea, and syphilis.11 Typically, STI incidence has been shown to be higher in ethnic 

and minority groups due to higher poverty rates, unemployment, education, and lack of 

access to healthcare in addition to stigma, depression, substance abuse and decreased self-

efficacy.2,11 However, a lower rate of STIs among Non-Hispanic Blacks has been consistent 

across this and a prior DC Cohort analysis.5 The reason for this unexpected finding in 

Washington DC is uncertain, but important and an area for future research.

Despite the noted rise in STI incidence among all groups, there was a decrease over time in 

two measures of viral control, in care viral load (ICVL) and percentage less than the lower 

limit of detection (%<LLOD) across all populations. When considering the populations with 

both the highest number of STIs and the highest incident rates of STIs, these notable 

improvements between 2012 and 2016 took place among 18–54 year-olds, MSM, non-

Hispanic Blacks, cisgender males, and even among those with 2 or more STIs in the 

calendar year. Although these findings are quite encouraging, the data highlights the 

challenges of achieving viral suppression and eliminating HIV transmission risk; durable 

viral suppression during 2016 was achieved only by 55% of those with STIs overall. 

Inequities were apparent with the lowest percentage suppressed in 2016 among 18–35 year-

olds (50%) compared to 55+ (65%), cisgender females (31.6%) and transgender females 

(38.5%) compared to cisgender men (57.6%) and non-Hispanic Blacks (51.0%) compared to 

non-Hispanic Whites (72.7%).

Ongoing efforts in the District of Columbia to engage patients in care and achieve viral 

suppression at sites of care and via the DC Department of Health have proven to be 

meaningful. In an effort to reduce the incidence of STIs and HIV, in 2017 the DC 

Department of Health supported 95,334 HIV tests, distributed more than 5.2 million male 

and female condoms, supported more than 1,700 persons to obtain PrEP, removed 592,853 

needles from the street, provided free STI testing for more than 5,000 young people, and 

provided HIV medical care and support services to 8,000 persons through the Ryan White 

CARE Program.4 The nationwide endorsement of U=U (Undetectable = Untransmittable)14, 

along with findings from the PARTNER-1, PARTNER-2 and Opposites Attract studies (an 

HIV transmission rate of zero between serodiscordant couples who engage in condomless 

sex when HIV viral load is suppressed), have helped to alleviate the stigma attached to HIV.
15,16 Yet, our analysis highlights the complexity of the path toward reduced STIs, 

achievement of durable HIV suppression, a reduction in new HIV infections and ultimately 

ending the HIV epidemic.

This analysis combines citywide data on STI incidence and longitudinal HIV viral 

suppression, capturing sexual transmission risk over time, but has several important 

limitations. We were not able to determine if STIs were found at the time of routine 

screening or in the setting of clinical symptoms. Furthermore, STI screening practices are 

not standardized across the cohort and it is possible that this variability in testing had an 

impact on our findings. Additionally, a new chlamydia or gonorrhea diagnosis was defined 
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as a positive result at least 30 days after a prior positive; treatment of the prior episode was 

assumed but not confirmed. On the other hand, our stringent laboratory definition of syphilis 

may have excluded some cases of latent and tertiary syphilis, likely resulting in under-

estimation for this disease.

In conclusion, our findings suggest that though a rise in incident STIs, district-wide 

initiatives on ART initiation and adherence support are making an impact for HIV control 

and transmission potential among people with STIs. Further investigation is needed to 

determine if this improvement in viral suppression offsets the increased risk of HIV sexual 

transmission in the setting of rising STI rates in the same population. In order to meet the 

goals of the U.S. Department of Health and Human Services’ Ending the HIV Epidemic 

initiative, further efforts are needed to bring the number of new HIV transmission events in 

DC down to zero. Innovative strategies will be needed to achieve HIV suppression among all 

those living with HIV infection and to enhance timely HIV and STI prevention, focusing on 

the groups that bear the greatest risks.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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KEY MESSAGES:

• The rise in STIs among PLWH in Washington DC has mirrored the overall 

rise in STIs in the U.S. and many urban centers around the world.

• At the same time, our estimates of HIV transmission potential have improved 

considerably by year, though inequities are evident by population.

• These findings highlight the work to be done in achieving durable viral 

suppression toward improved HIV outcomes and ending the HIV epidemic; 

AND the importance of PrEP.
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Figure 1: Incidence rates of sexually transmitted infections by year among DC Cohort 
participants, 2012–2016.
Incidence rates are presented per 100 person-years of follow-up.

P-values are based on a linear test of trend across the five years.

An STI episode may include any combination of chlamydia, gonorrhea, and syphilis 

diagnosed at the same date.

Secco et al. Page 11

Sex Transm Infect. Author manuscript; available in PMC 2020 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2: Incidence rates of sexually transmitted infections among DC Cohort participants in 
2012–2016, stratified by baseline demographic characteristics: (a) age group, (b) gender, (c) race/
ethnicity, and (d) HIV risk factor.
All demographics based on reporting at the time of DC Cohort enrollment.
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Figure 3: Percentage with all viral loads below the limit of detection (%<LLOD) 2012–2016 
among those with at least one STI in the calendar year, stratified by category as follows: (a) 
overall, (b) age, (c) gender, (d) race/ethnicity, and (e) HIV risk factor.
Participants whose race/ethnicity and HIV risk factor were unknown are excluded, as are 

those ages 13–17 and those who reported IDU as their risk factors are excluded due to low 

sample size.
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