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Abstract

Background: We sought to determine real-world effectiveness of doxycycline post-exposure
prophylaxis (doxy PEP) in reducing sexually transmitted infections (ST1) among men who have
sex with men attending an HIV pre-exposure prophylaxis (HIV PrEP) clinic in Philadelphia.

Methods: Data from eligible HIV PrEP patients who did and did not receive doxy PEP from
September 1, 2019-December 31, 2023 were analyzed. We used a cohort study design and

Cox models to estimate associations between doxy PEP receipt and incident gonorrhea (GC),
chlamydia (CT), and/or syphilis. We also used a crossover design and Poisson models to estimate
incidence rate ratios (IRR) for any STI and each STI separately among individuals in the year
before and after doxy PEP initiation.

Results: Among the 508 eligible men, most were young men of color and 416 (82%) opted

to receive doxy PEP. Receiving doxy PEP was associated with a reduction in any incident STI
(hazard ratio [HR] 0.61, 95% confidence interval 0.40-0.93) and any incident CT (HR 0.40, 95%
Cl 0.21-0.78). Participants experienced a 62% relative reduction in STI rates while taking doxy
PEP (IRR 0.38 (95% CI 0.29-0.50), including a reduction in CT (IRR 0.28, 95% CI 0.20-0.39)
and GC (IRR 0.49, 95% CI 0.37-0.65).

Conclusions: We observed a significant reduction in any STl and CT in both analytic arms,
suggesting that doxy PEP is effective in real-world settings. Enhancing doxy PEP implementation
would likely reduce community STI transmission.

Short summary:
Doxycycline post-exposure prophylaxis significantly reduced bacterial STI generally, and

Chlamydia trachomatis specifically, in a diverse group of young men who have sex with men
attending a real-world HIV PrEP clinic.
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Background

Methods

Doxycycline post-exposure prophylaxis (doxy PEP) is a strategy where patients may choose
to take one dose of 200 mg of doxycycline within 72 hours of condomless sex to prevent
bacterial sexually transmitted infections (STI), particularly chlamydia (CT) and syphilis.
Based on its efficacy in clinical trials among gay, bisexual, and other men who have sex
with men (MSM)1-3, public health authorities, including the Centers for Disease Control
and Prevention (CDC), have issued guidelines for doxy PEP use among MSM and other
specific populations*®. Evidence from San Francisco has demonstrated declines in bacterial
STI following issuance of local doxy PEP guidelines®? and among individuals taking doxy
PEP in a large integrated health system® and a Federally Qualified Health Center?; however,
data on effectiveness of doxy PEP outside of clinical trials remains limited.

Similar to many US jurisdictions, in 2015, Philadelphia began experiencing steep increases
in syphilis rates!?, with limited means of stopping transmission. In 2019, following the
publication of the IPERGAY trial that demonstrated doxy PEP efficacy for reducing syphilis
and CT among MSM taking event-driven HIV PrEPL, the Philadelphia Department of
Public Health (PDPH) began offering doxy PEP to patients attending its HIV pre-exposure
prophylaxis (HIV PrEP) clinic, Health Center #1. Most PDPH HIV PrEP patients are
uninsured, and the majority identify as Black or Hispanic. We sought to evaluate the
effectiveness of doxy PEP at preventing bacterial STI among these patients. Specifically,

we used PDPH clinic and surveillance data to compare STI incidence among those receiving
versus not receiving doxy PEP; to compare incidence of bacterial STI among doxy PEP
recipients before and after initiation of doxy PEP; and to describe usage patterns of doxy
PEP among the clinic population.

Clinical protocols:

Health Center #1 (HC#1) is the larger of 2 dedicated public STI clinics run by PDPH. All
care is free of charge to all Philadelphia residents and most medications are dispensed on
site. Any patient can enroll in the HIV PrEP program if they feel they are at increased

risk for HIV acquisition and some patients are referred from other providers. HIV PrEP
visits are scheduled every 3 months; at each visit, patients see a provider, have a thorough
sexual history and counseling including provision of condoms, and are screened for HIV
and syphilis. Patients are screened for CT and gonorrhea (GC) at all exposure sites using
dual nucleic acid amplification tests. A new syphilis infection is defined as a reactive
rapid plasma reagin (RPR) and/or treponemal-specific test in an individual with a prior
non-reactive test, or a fourfold increase in RPR titer in a previously treated individual.
Diagnoses are reported to the patient; any treatment is either provided by or verified by
clinical staff. Beginning September 1, 2019, all MSM and a sample of female HIV PrEP
patients =18 years old were offered doxy PEP treatment during routine HIV PrEP visits.
Those who accepted received additional counseling to take 200 mg within 72 hours of any
condomless sex and to report any adverse events to clinic. Due to pharmacy dispensing
limitations, patients who accepted doxy PEP were given 12 doses (1 bottle, 24 100 mg
pills) of doxycycline per 3-month period, but patients were able to receive another 12 doses
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prior to their next routine visit if needed. All provisions of doxycycline are documented in
the electronic medical record (EMR). The EMR is shared between clinic and PDPH STI
surveillance; all positive reportable STI test results from Philadelphia residents are available,
as are both positive and negative test results from HC#1 and other venues funded by PDPH.

Cohort analysis methods

Eligible participants included MSM who attended =2 HIV PrEP clinic visits between
September 1, 2019 and December 31, 2023. Participants who received doxy PEP at =1

of those visits were included in the doxy PEP group; those that did not were included in

the HIV PrEP-only group (Table 1). Descriptive statistics were used to compare selected
demographic and behavioral characteristics of those who did and did not receive doxy PEP;
race/ethnicity, sex of sex partners, number of sex partners in last 90 days and number of
doxy PEP doses taken were self-reported. Any STI in the past 12 months was defined as any
reported positive CT, GC, or syphilis test in the 12 months prior to the date of the first visit
included in this analysis (i.e., doxy PEP group: 12 months prior to doxy PEP initiation; HIV
PrEP-only group: 12 months prior to first included PrEP clinic visit). Non-reactive syphilis
test results were not included in the dataset. We assumed any positive tests for the same STI
within 30 days to be one infection. Lab results within 14 days of doxy PEP initiation and/or
>90 days after the last HIV PrEP visits were excluded. For calculation of person-time,
participants were considered lost to follow-up 90 days after a HIV PrEP visit to account for
missed visits but could re-enter the analysis at their next attended HIV PrEP visit within

the study period (Supplementary Table). Cox models were used to calculate hazard ratios
[HR] to estimate associations between doxy PEP use and any ST1 (incident GC, CT, and/or
syphilis, primary endpoint) and each STI separately (secondary endpoint). Participants were
right-censored at the first STI occurrence. Models were not adjusted for covariates as no
demographic characteristics were found to be confounders.

Crossover analysis methods

Participants from the cohort analysis who had =1 HIV PrEP visit in the year prior to and
after first receipt of doxy PEP, and who began doxy PEP between 9/1/2019 and 12/31/2022
to ensure at least 365 days of follow-up after initiation, were included (Table 1). All positive
GC, CT, and/or syphilis test results from one year before and after first doxy PEP receipt
were included except for those that occurred within 14 days of doxy PEP initiation (one
person could have >1 positive test result contribute to the incidence rates). Person-time
before doxy PEP was calculated as time from first STI specimen collection date in the

year prior to doxy PEP initiation to the date of first doxy PEP receipt; person-time after
doxy PEP was calculated as the number of days from doxy PEP initiation to the date of

the last specimen collection (up to 365 days). We assessed all demographic and behavioral
characteristics described in the cohort analysis. We calculated median number of partners in
the past 90 days and number of participants with any STI in the past 12 months, starting
from the first visit included in the before-doxy PEP period. We used Poisson models to
estimate incidence rate ratios (IRR) and robust 95% confidence intervals (CI) for any STI
and for each STI separately, comparing incidence rates in the year after doxy PEP initiation
to those the year before doxy PEP initiation. Generalized estimating equations (GEE) were
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used to account for correlation within individuals. Models were not adjusted for covariates
as no demographic variables were found to be confounders.

At each visit, providers documented the number of doxy PEP doses taken by patients in a
free-text EMR field. Because a large proportion of visits were missing dose information,
we approximated doxy PEP usage as the proportion of visits where a bottle containing 12
doxycycline doses was dispensed either at the visit or within 90 days prior to the visit. If
a bottle was dispensed at <25% of visits, usage was categorized as low; medium and high
usage were defined as doxy PEP being given at 26—-74% and =75% of visits, respectively.
The maximum number of doxy PEP doses dispensed per any 90-day period was 24 (3.75
doses/month).

This study was approved by the PDPH Institutional Review Board (study 2023-35). All data
analyses were conducted using SAS version 9.4 (SAS Institute, Cary, North Carolina).

Overall, 508 participants were eligible for the analysis and 416 (82%) opted to receive at
least one bottle of doxy PEP during an HIV PrEP visit. There were no documented reports
of serious adverse events (using FDA definition) to doxy PEP! (FDA definition; available
at and very few recorded discontinuations due to side effects (<10, including one fixed
drug eruption). Of the 416 participants who received doxy PEP, 350 were included in the
crossover analysis.

Select demographic and clinical characteristics of participants are presented in Table 1.

All participants were MSM and most were young men of color (doxy PEP cohort: 26.4%
Black, 23.8% Hispanic, median age 28; crossover: 36.3% Black, 20.9% Hispanic, median
age 28). Age, race/ethnicity, sex of sex partners, and median number of sex partners during
the previous 90 days were similar in those who did and did not receive doxy PEP. Doxy PEP
recipients in the cohort analysis attended more HIV PrEP clinic visits (median 3; IQR 2-6)
than did HIV PrEP-only participants (median 1.5; IQR 1-2), though number of clinic visits
were similar during both periods of the case-crossover analysis. A larger proportion of doxy
PEP participants than HIV PrEP-only participants had a reported ST1 within the prior 12
months in the cohort [223 (53.6%) vs. 32 (34.8%)]. In the crossover analysis, 26.9% (n=94)
participants had an STI in the 12 months prior to their before-doxy PEP period (i.e., 12-24
months before initiating doxy PEP).

Doxy PEP recipients experienced 238 incident STIs during 314.38 person-years of follow-
up for an incidence rate of 0.76 (95% CI 0.66-0.87); HIV PrEP-only participants had 27
STIs during 25.43 person-years of follow-up and an incidence rate of 1.06 (95% CI 0.70-
1.55). Receiving doxy PEP was associated with a reduced rate of any incident STI (HR
0.61, 95% CI 0.40-0.93) and incident chlamydia specifically (HR 0.40, 95% CI 0.21-0.78).
Doxy PEP receipt was also associated with a reduced rate of incident GC (HR 0.75, 95%

Sex Transm Dis. Author manuscript; available in PMC 2025 July 31.


https://www.fda.gov/safety/reporting-serious-problems-fda/what-serious-adverse-event

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lewis et al.

Crossover

Page 5

Cl 0.45-1.24) and incident syphilis (HR 0.51, 95% CI 0.17-1.54), though these differences
were not statistically significant (Table 2).

Among the 350 patients included in the crossover analysis, 204 were diagnosed with at
least 1 STI in the year before they initiated doxy PEP (58%) and 140 (40%) received a STI
diagnosis in the year following doxy PEP initiation. In the year before doxy PEP initiation,
patients were positive for any STI at 300 of 1065 visits (28% positivity); in the year after
doxy PEP initiation, patients were positive for any STI at 188 of 947 visits (20%). Positivity
for GC alone and CT alone also decreased between the before- and after-doxy PEP periods
(GC: 19% to 15%; CT 11% to 5%). Negative syphilis tests were not available to calculate
changes in syphilis positivity during the two time periods.

Participants experienced a 62% relative reduction in the rate of STIs while taking doxy
PEP; 300 STIs were diagnosed during 173.91 person-years in their HIV PrEP-only period
versus 188 STIs during 251.93 person-years in their doxy PEP period, for an incidence rate
ratio (IRR) of 0.38 (95% CI 0.29-0.50). While on doxy PEP, participants also experienced
relative reductions in rates of CT (IRR 0.28, 95% CI 0.20-0.39) and GC (IRR 0.49, 95%
Cl 0.37-0.65). Only 2 participants were diagnosed with syphilis during each study period
(Table 3).

Usage patterns

Most participants were characterized as having low (n=88, 21.2%) or medium (n=226,
54.3%) usage; these proportions were consistent from 2020 through 2023 (Table 4). The
doxy PEP program began in September 2019, and most patients only had 1 visit that year,
resulting in a large proportion of high usage for 2019. Participants categorized as having low
or medium usage attended a median of 3 HIV PrEP visits (IQR 1-6 and 3-6, respectively);
those with high usage attended a median of 2 HIV PrEP visits (IQR 1-3). Median number
of self-reported doses taken in the previous 90 days was missing for over one-third of
participants in each usage category (low 33.2%, medium 44.3%, high 46.1%). Among those
with known self-reported number of doses taken, a median of 0 doses were self-reported for
those in the low (IQR 0-1) and medium (IQR 0-2) usage categories and a median of 4 doses
(IQR 1-9.5) were self-reported in the high dosage category.

Conclusions

In this population of mostly non-White MSM attending a public STI clinic for HIV PrEP,
doxy PEP was highly acceptable, safe, and associated with statistically significant declines
in bacterial STI. Despite low reported doxy PEP usage, we observed a reduction in any
STl and CT when 1) comparing patients who received doxy PEP to those who did not, and
2) comparing the year before to the year after a patient initiated doxy PEP. In the cohort
analysis, doxy PEP was associated with a 39% relative reduction in the rate of incident
STI (composite endpoint) and a 60% relative reduction in the rate of CT specifically. In
the crossover, doxy PEP was associated with a 51-72% relative reduction in the rate of
any STI (62%), GC (51%), and CT (72%). Our results suggest that doxy PEP is effective
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in real-world settings, and that public health efforts to increase or enhance doxy PEP
implementation would likely reduce STI transmission in the community.

Our findings of reduced occurrence of a first STI, and first occurrence of CT specifically,
among those who received doxy PEP are similar to results reported in the IPERGAY
substudy?. Although we did not observe a statistically significant decrease in incident GC

or syphilis in the cohort analysis, the incidence of both diseases was lower in doxy PEP

than HIV PrEP-only recipients. This aligns somewhat with a meta-analysis of randomized
clinical trials!2 that observed a non-statistical decrease in GC among doxy PEP users
compared to non-users, but differs from a large recent cohort study that observed a statistical
decrease in both GC and syphilis8. In our crossover analysis, however, we noted a significant
reduction in the rate of GC during the doxy PEP period compared with the HIV PrEP-only
period. Differences in the magnitude of STI reductions between the cohort and crossover
analyses may in part be due to censoring at the time of first STI in the cohort, whereas

the crossover design counted all STIs in participants during each period. Studies that

only include first incident STI may underestimate effectiveness of doxy PEP over time.
Additionally, it is possible that at least some of the reduction in rate of the 3 outcomes (any
STI, CT, GC) seen in the crossover analysis could be partially due to behavior change during
the doxy PEP period, such as fewer sex partners or increased condom usage. Between-period
differences in GC rates could also potentially be related to differences in specific sexual
behaviors that result in different incidence of pharyngeal infection (which is more resistant
to antibiotic therapy)>2.

Importantly, the number of doxy PEP doses reportedly taken by our patients appears much
smaller than in clinical trials. Our clinic patients were prescribed a maximum of 3.75 doses
per month, which was already fewer than reported in the IPERGAY trial (median dose taken
per month 6.8, IQR 2.8-14.5)! and the DOXYPEP trial (median 4.0; IQR 1-10)2 and similar
to the DOXYVAC trial (median 3; IQR 3-13)3. Receiving fewer doses of doxy PEP may
have resulted in patients conserving doses for higher-risk encounters. However, the median
number of self-reported doses taken per month in our cohort was zero, and the 102 patients
in our high usage group reported a median of only 4 doses in the 90-day period between
visits. Unfortunately, our EMR could not make self-reported dose information a mandatory
field, resulting in a high proportion of visits with missing dose information. It is possible
that patients who took more doxy PEP were reluctant to disclose this to providers. However,
it seems unlikely that participants routinely under-reported number of doses taken, or that
those with missing dose information would considerably differ from other participants, given
the typical exchange of extremely sensitive, personal information between patients and staff
in HIV PrEP clinic. Additionally, reported dose counts may have been affected by recall
bias, but even if all participants took all doses that we provided, it was still fewer than
reported in clinical trials.

Our lower usage of doxy PEP may be related to differences in sexual behavior and number
of partners between our population and trial participants in Paris, San Francisco, and Seattle.
We did not record the number of sexual events that our patients experienced or the frequency
with which they took doxy PEP after sex; it is possible that the number of sexual events may
have been higher in clinical trials and/or trial participants may have taken doxy PEP more
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frequently after sex than PDPH HIV PrEP clinic patients. However, the median number of
sex partners in past 3 months reported by our participants (2—-3) was substantially lower
than the 9 in 3 months reported by Luetkemeyer? and the 10 in either 21 or 3% months
reported by Molina. Doxy PEP intake has been associated with patients’ perception of their
personal risk of STI acquisitionl3. Consequently, people who have more sex partners may
use doxy PEP more frequently than those with fewer sex partners. Furthermore, participants
in clinical trials may have other unmeasured characteristics that are fundamentally different
from a community cohort of MSM presenting for routine preventative carel4. While we

did not have direct measures of doxy PEP adherence, participants who received doxy PEP
had lower STI incidence compared to those who were not prescribed doxy PEP. Our results
may suggest that, at a population level, doxy PEP can be effective at lower frequency

than previously noted. If true, this may allay some concerns over the development of
antimicrobial resistance with the wider adoption of doxy PEP1®, though the ability to draw
conclusions about antimicrobial resistance in the absence of data on long-term, intermittent
doxycycline use is limited and requires further study6,

Participants in our study were substantially younger and more likely to be Black than
participants in other studies’=38, This is important, given the disproportionately high rates
of bacterial STI among MSM, younger persons and Black persons in the US17:18 and

the medical mistrust engendered among Black Americans by the history of medical abuse
performed upon them?®. Uptake of doxy PEP was high among all racial and ethnic groups
though a slightly higher proportion of eligible non-Hispanic White participants (84%)
accepted doxy PEP compared with eligible non-Hispanic Black and Hispanic participants
(80%). Effective measures to reduce ST are sorely needed for these populations, and our
data suggest that, for some STls, doxy PEP may be one. Additionally, our study began in
2019 and continued throughout both the COVID-19 pandemic and the 2022 clade Il mpox
outbreak; though we know that sexual behavior changed in many MSM during this time20-
22 e were unable to measure potential changes among our participants. However, our doxy
PEP usage over time stayed steady, indicating a continuing need, and demonstrating that
doxy PEP is feasible for continuation of STI care during disruptions of medical systems or
for those with limited access to care.

The accuracy of our estimates was likely improved through the incorporation of positive
tests among participants from surveillance data of all GC, CT, and syphilis case reports

to the health department; however, surveillance data do not include negative tests, and
unreported non-reactive syphilis tests prevented us from calculating syphilis positivity. Our
methods for measuring doxycycline use were limited; estimates were based on a small
number of visits and therefore may be unstable. Patients may also have been able to obtain
doxycycline from elsewhere and not reported it to clinic, which may have biased results.
Due to cost concerns, we were unable to alter our EMR to systematically collect pill counts
and the specific number and type of sexual behaviors associated with doxy PEP use. Though
differences in sexual behavior between doxy PEP recipients and non-recipients (such as
consistent use of condoms in response to perceived ST risk) could potentially alter disease
transmission, it is plausible that those who chose not to take doxy PEP might have perceived
themselves to be at lower risk of STI, which if true, would favor a smaller intervention effect
between groups than we observed.
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This analysis supports the growing body of evidence that, when offered as part of
comprehensive sexual health interventions for MSM, doxy PEP is an effective tool for

the reduction of bacterial STI in a real-world setting, even among populations who

may be underinsured and minoritized. Furthermore, if validated, our finding of doxy

PEP effectiveness at lower doses than in trials may allay some concerns about potential
development of antimicrobial resistance. Further research on effectiveness of doxy PEP
among other populations with substantial STI burden, and how to best deliver doxy PEP to
the populations who need it most, may help expand its use as a novel, effective intervention
for STI prevention.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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