From Zuckerberg San Francisco General
Hospital and Trauma Center (A.F.L.,, C.L.,
D.V.H.), and the Departments of Medi-
cine (A.F.L, S.C, C.L.,, EV,, D.V.H.) and
Epidemiology and Biostatistics (E.D.C),
University of California, San Francisco,
and San Francisco Department of Public
Health, Population Health Division (S.C.,
M.N., S.P.B., H.S.) — both in San Fran-
cisco; and Fred Hutchinson Cancer Cen-
ter (D.D.), the Departments of Medicine
(J.C.D., 0.0.5., C.C), Global Health
(C.G.,C.E.B,,R.P,, 0.0.S,, C.C.), and Epi-
demiology (C.C.), and the School of
Nursing (R.P.), University of Washington,
and Public Health-Seattle and King
County (J.C.D., C.M.) —all in Seattle. Dr.
Luetkemeyer can be contacted at annie
luetkemeyer@ucsf.edu or at the Divi-
sion of HIV, Infectious Diseases, and
Global Medicine, Zuckerberg San Fran-
cisco General Hospital and Trauma Cen-
ter, 995 Potrero Ave., Box 0874, San Fran-
cisco, CA 94110.

*The members of the DoxyPEP Study
Team are listed in the Supplementary
Appendix, available at NEJM.org.

N Engl ) Med 2023;388:1296-306.
DOI: 10.1056/NEJMo0a2211934
Copyright © 2023 Massachusetts Medical Society.

at NEJM.org

1296

The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Postexposure Doxycycline to Prevent
Bacterial Sexually Transmitted Infections

Anne F. Luetkemeyer, M.D., Deborah Donnell, Ph.D.,
Julia C. Dombrowski, M.D., M.P.H., Stephanie Cohen, M.D., M.P.H.,

Cole Grabow, M.P.H., Clare E. Brown, Ph.D., Cheryl Malinski, B.S.,
Rodney Perkins, R.N., M.P.H., Melody Nasser, B.A., Carolina Lopez, B.A.,
Eric Vittinghoff, Ph.D., Susan P. Buchbinder, M.D., Hyman Scott, M.D., M.P.H.,
Edwin D. Charlebois, Ph.D., M.P.H., Diane V. Havlir, M.D., Olusegun O. Soge, Ph.D.,
and Connie Celum, M.D., M.P.H., for the DoxyPEP Study Team™*

ABSTRACT

BACKGROUND
Interventions to reduce sexually transmitted infections (STIs) among men who
have sex with men (MSM) are needed.

METHODS

We conducted an open-label, randomized study involving MSM and transgender
women who were taking preexposure prophylaxis (PrEP) against human immuno-
deficiency virus (HIV) infection (PrEP cohort) or living with HIV infection (persons
living with HIV infection [PLWH] cohort) and who had had Neisseria gonorrhoeae
(gonorrhea), Chlamydia trachomatis (chlamydia), or syphilis in the past year. Partici-
pants were randomly assigned in a 2:1 ratio to take 200 mg of doxycycline within
72 hours after condomless sex (doxycycline postexposure prophylaxis) or receive
standard care without doxycycline. STI testing was performed quarterly. The pri-
mary end point was the incidence of at least one STI per follow-up quarter.

RESULTS

Of 501 participants (327 in the PrEP cohort and 174 in the PLWH cohort), 67%
were White, 7% Black, 11% Asian or Pacific Islander, and 30% Hispanic or Latino.
In the PrEP cohort, an STI was diagnosed in 61 of 570 quarterly visits (10.7%) in
the doxycycline group and 82 of 257 quarterly visits (31.9%) in the standard-care
group, for an absolute difference of —21.2 percentage points and a relative risk of
0.34 (95% confidence interval [CI], 0.24 to 0.46; P<0.001). In the PLWH cohort, an
STI was diagnosed in 36 of 305 quarterly visits (11.8%) in the doxycycline group
and 39 of 128 quarterly visits (30.5%) in the standard-care group, for an absolute
difference of —18.7 percentage points and a relative risk of 0.38 (95% CI, 0.24 to
0.60; P<0.001). The incidences of the three evaluated STIs were lower with doxy-
cycline than with standard care; in the PrEP cohort, the relative risks were 0.45
(95% CI, 0.32 to 0.65) for gonorrhea, 0.12 (95% CI, 0.05 to 0.25) for chlamydia,
and 0.13 (95% CI, 0.03 to 0.59) for syphilis, and in the PLWH cohort, the relative
risks were 0.43 (95% CI, 0.26 to 0.71), 0.26 (95% CI, 0.12 to 0.57), and 0.23 (95%
CIL, 0.04 to 1.29), respectively. Five grade 3 adverse events and no serious adverse
events were attributed to doxycycline. Of the participants with gonorrhea culture
available, tetracycline-resistant gonorrhea occurred in 5 of 13 in the doxycycline
groups and 2 of 16 in the standard-care groups.

CONCLUSIONS
The combined incidence of gonorrhea, chlamydia, and syphilis was lower by two
thirds with doxycycline postexposure prophylaxis than with standard care, a find-
ing that supports its use among MSM with recent bacterial STIs. (Funded by the
National Institutes of Health; DoxyPEP ClinicalTrials.gov number, NCT03980223.)
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POSTEXPOSURE DOXYCYCLINE TO PREVENT BACTERIAL STIS

ATES OF BACTERIAL SEXUALLY TRANS-
mitted infections (STIs) are increasing in
the United States,! with cisgender men
who have sex with men (MSM) and transgender
women being disproportionately affected. Increas-
ing STI rates have been associated with a rise in
serious illness, including blindness related to
syphilitic ocular complications® and congenital
syphilis.! Antimicrobial-resistant Neisseria gonor-
rhoeae (gonorrhea) continues to rise, leading to
limited options for oral treatment, and is an
emerging public health threat.’” Untreated STIs
increase the risk of human immunodeficiency
virus (HIV) acquisition among persons exposed
to HIV and STI transmission from persons with
HIV infection without virologic suppression.®*!
Effective and acceptable interventions are need-
ed to halt the rise in syphilis, gonorrhea, and
Chlamydia trachomatis (chlamydia).!*> Doxycycline
is effective against chlamydia and syphilis, is not
used for gonorrhea treatment, has an excellent
safety profile and low-cost generic formulations,
and has limited drug—drug interactions, factors
that make it a strong candidate for STI prophy-
laxis. Doxycycline postexposure prophylaxis
(doxy-PEP) was associated with a 47% reduction
in STI incidence in the IPERGAY (Intervention
Préventive de I’Exposition aux Risques avec et pour
les Gays) study among MSM taking event-driven
preexposure prophylaxis (PrEP) against HIV in-
fection.” The relative reduction was almost 70%
for syphilis and chlamydia, but there was no
reduction in gonorrhea.** A pilot study of doxy-
PEP involving 30 MSM living with HIV infection
showed a 73% reduction in a composite end
point of bacterial STIs, warranting additional
investigation.”® The DoxyPEP study was designed
to assess the effectiveness, safety, acceptability,
and effect on antimicrobial resistance of doxy-
PEP in MSM and transgender women taking HIV
PrEP or living with HIV infection for the preven-
tion of bacterial STIs.

METHODS

STUDY DESIGN AND POPULATION

Participants were randomly assigned in a 2:1
ratio to receive doxy-PEP (doxycycline group) or
standard care without doxy-PEP (standard-care
group), to maximize data on adverse-event pro-
file, adherence, and antibacterial resistance. The
study was open-label to evaluate the net effec-
tiveness of the intervention, including biologic

N ENGL ) MED 388;14 NEJM.ORG

efficacy and potential changes in sexual behav-
ior. Randomization was performed according to
study clinic with the use of variable block size
and was stratified according to site. The study
was powered to separately assess doxy-PEP effec-
tiveness in persons receiving PrEP and persons
living with HIV infection (PLWH) because of
potential differences in adverse-event profile, ad-
herence, STI incidence, sexual networks, sexual
practices, and background antimicrobial resistance.

The study was conducted at two HIV clinics
and two sexual health clinics in San Francisco
and Seattle. Participants were eligible if they
were at least 18 years of age, were assigned male
sex at birth, had received a diagnosis of HIV or
were taking or planning to start HIV PrEP, had
a history of condomless anal or oral sex with a
man in the previous 12 months, and had re-
ceived a diagnosis of gonorrhea, chlamydia, or
early syphilis in the previous 12 months. Partici-
pants were not eligible if they reported a tetracy-
cline allergy, were taking medications with drug
interactions with doxycycline, or were planning
to take doxycycline for an extended period.

The authors vouch for the completeness and
accuracy of the reported data and for the fidelity
of the study to the protocol, which is available
with the full text of this article at NEJM.org. All
the participants provided written informed con-
sent. The study protocol was approved by the
University of California, San Francisco, institu-
tional review board, which served as the pri-
mary institutional review board.

PROCEDURES

At enrollment, participants in the doxycycline
groups received three bottles with 30 delayed-
release tablets containing 200 mg of doxycycline
hyclate. Participants subsequently received doxy-
cycline tablets at quarterly intervals, as deter-
mined by the number of bottles used and par-
ticipant request on the basis of frequency of sex.
Participants were counseled to take 200 mg of
doxycycline ideally within 24 hours but no later
than 72 hours after any condomless anogenital,
vaginal, or oral sex and to take no more than
one dose every 24 hours.

Participants had quarterly visits with addi-
tional interim visits as needed for a total of 12
months. Sexual activity and symptoms during
the previous 3 months were ascertained through
computer-assisted surveys at scheduled quarterly
visits. The doxycycline groups had quarterly as-
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sessments of adherence to the study regimen with
different types of sex, side effects associated
with doxycycline, and acceptability of doxycycline
at the 6- and 12-month visits. Safety was assessed
on the basis of Division of AIDS (DAIDS) adverse-
event reporting'® for grade 2 and higher hema-
tologic and hepatic laboratory abnormalities, for
all DAIDS grade 3 and 4 adverse events that were
deemed by the site investigators to be associated
with doxycycline, and all serious adverse events.

We performed quarterly nucleic acid amplifi-
cation testing of samples obtained from the
pharynx, rectum, and urine to check for the pres-
ence of gonorrhea and chlamydia using Aptima
(Hologic) or Xpert CT/NG (Cepheid). Blood was
obtained for syphilis serologic studies, according
to the Centers for Disease Control and Preven-
tion (CDC) guidelines for serologic diagnosis."”
STI treatment was provided through the local
standard of care, in accordance with current CDC
guidelines for STIs."” Before treatment, participants
with a positive nucleic acid test for N. gonorrhoeae
were asked to return for swabs for gonococcal
culture with phenotypic resistance testing through
CDC gonorrhea surveillance programs (Strength-
ening the United States Response to Resistant
Gonorrhea and Antimicrobial Resistance Labora-
tory Network).”® The latter CDC program tests for
resistance to tetracycline but not to doxycycline.
However, in antimicrobial resistance testing, tet-
racycline is often used as a surrogate for doxycy-
cline, a tetracycline-class antibiotic agent. Tetra-
cycline resistance was defined as a minimum
inhibitory concentration (MIC) of 2.0 ug per
milliliter or greater by the agar dilution method.?
In the doxycycline groups, complete blood counts
and liver-enzyme levels were measured at 3 and
9 months. In all groups, swabs from the anterior
nares and oropharynx were obtained at baseline,
6 months, and 12 months for Staphylococcus aureus
culture and doxycycline-resistance testing, with
resistance defined as an MIC of 16 ug per milli-
liter or greater by ETEST (bioMérieux).?

END POINTS

The primary effectiveness end point was the in-
cidence of at least one bacterial STI (gonorrhea,
chlamydia, or syphilis) each quarter on the basis
of testing during study visits or other clinical test-
ing outside the study site. An independent commit-
tee whose members were unaware of the study-
group assignments adjudicated all STI end-point
events. The primary antimicrobial-resistance out-
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Figure 1 (facing page). Enrollment and Follow-up
of the Study Participants.

There was no separate screening visit; thus, reasons
for screening failure were not collected. The study had
two cohorts: those who were taking preexposure pro-
phylaxis (PrEP) against human immunodeficiency virus
(HIV) infection (PrEP cohort) and persons living with
HIV infection (PLWH cohort). Within each cohort, par-
ticipants in the doxycycline group were assigned to take
doxycycline within 72 hours after condomless sex
(doxycycline postexposure prophylaxis [doxy-PEP]),
and participants in the standard-care group were as-
signed to receive standard care without doxycycline.

Of the 4 participants in the PLWH cohort who under-
went randomization but were not enrolled in the study,
3 immediately withdrew consent after receiving their
randomization assignment and 1 was withdrawn at the
investigator’s discretion. A total of 136 participants
were enrolled but had not yet reached the month 3 vis-
it at the time of this analysis. Visit attendance indicates
the percentage who had completed visits for which they
were eligible at the time that the data and safety moni-
toring board met. A total of 28 participants remained
in follow-up but had not completed a follow-up visit. A
total of 473 of 501 participants (94%) in the modified
intention-to-treat population contributed follow-up visit
data for the primary efficacy analysis. A total of 18 par-
ticipants discontinued the study early: 5 in the doxycy-
cline groups (1 moved, 1 had a new job, 1 was in a mo-
nogamous relationship, and 2 gave no reason) and 13
in the standard-care groups (2 moved, 1 had a new job,
6 wanted doxy-PEP, 1 had a concern about coronavirus
disease 2019, and 3 gave no reason).

comes were tetracycline resistance in N. gonorrhoe-
ae and S. aureus isolated at baseline as compared
with organisms isolated during study follow-up.
Secondary outcomes were the incidence of each
individual STI (gonorrhea, chlamydia, and syphi-
lis), safety, adverse-event profile, and acceptability.

STATISTICAL ANALYSIS
We estimated that a sample of 390 participants
in each cohort (PrEP cohort and PLWH cohort)
would provide the study with 80% power, at a
two-sided type I error of 0.05, to detect a 50%
lower combined incidence of gonorrhea, chla-
mydia, and early syphilis per quarter with doxy-
PEP than with standard care, assuming a 10%
annual loss to follow-up and an intraclass cor-
relation of 0.2. These values correspond to an
annual incidence of STIs of 34% with standard
care and 19% with doxy-PEP. For each quarter,
incident STIs were analyzed as binary outcomes;
participants with multiple STIs in a quarter con-
tributed once to each quarterly end point.

An independent data and safety monitoring
board reviewed study progress and safety and
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A PrEP Cohort
Analyses Doxycycline Standard Care Relative Risk (95% Cl) P Value

no. of quarterly visits with event
/Jtotal no. of visits (%)

Primary analysis E <0.001
Any STI 61/570 (10.7) 82/257 (31.9) [ 0.34 (0.24-0.46)
Secondary analysis E
Any gonorrhea 52/570 (9.1) 52/257 (20.2) o | 0.45 (0.32-0.65)
Urethral 5/570 (0.9) 12/257 (4.7) —— 0.19 (0.06-0.55)
Pharyngeal 38/570 (6.7) 34/257 (13.2) - 0.50 (0.32-0.78)
Rectal 25/570 (4.4) 29257 (11.3) —.— 0.40 (0.23-0.69)
Any chlamydia 8/570 (1.4) 317257 (12.1) —e—i ' 0.12 (0.05-0.25)
Urethral 1/570 (0.2) 6/257 (23) ————o——— | 0.07 (0.01-0.59)
Pharyngeal 2/570 (0.4) 4/257 (1.6) ——e— 0.22 (0.04-1.14)
Rectal 7/570 (1.2) 23/257 (8.9) —.— 0.14 (0.06-0.32)
Any early syphilis 2/570 (0.4) 7/257 (2.7) ————— | 0.13 (0.03-0.59)
Subgroup analysis: any STI E
Age '
<30yr 15/165 (9.1) 31/91 (34.1) —.— 0.27 (0.15-0.47)
>30yr 46/405 (11.4) 51/166 (30.7) ot ! 0.37 (0.25-0.55)
No. of STls in previous 12 mo E
1 217227 (9.3) 34/129 (26.4) —.—i ! 0.35 (0.20-0.60)
>1 40/343 (11.7) 48/128 (37.5) et 0.31 (0.21-0.46)
O.IOI Ofl O 5 1I0
-
Doxycycline Better Standard Care Better
B PLWH Cohort
Doxycycline Standard Care Relative Risk (95% C|) P Value
Analyses no. of quarterly visits with event
/Jtotal no. of visits (%)
Primary analysis <0.001

Any STI 36/305 (11.8) 39/128 (30.5) —-— 0.38 (0.24-0.60)
Secondary analysis E
Any gonorrhea 27/305 (8.9) 26/128 (20.3) R 0.43 (0.26-0.71)
Urethral 3/305 (1.0) 5/128 (3.9) — 0.23 (0.05-1.02)
Pharyngeal 15/305 (4.9) 13/128 (10.2) —e—ij 0.49 (0.23-1.03)
Rectal 16/305 (5.2) 20/128 (15.6) —— 0.33 (0.17-0.63)
Any chlamydia 12/305 (3.9) 19/128 (14.8) —— 0.26 (0.12-0.57)
Urethral 2/305 (0.7) 2/128 (1.6) ——— 036 (0.06-2.27)
Pharyngeal 1/305 (0.3) 2/128 (1.6) —_——————— i 0.22 (0.03-1.86)
Rectal 9/305 (3.0) 17/128 (13.3) —— 0.23 (0.10-0.54)
Any early syphilis 2/305 (0.7) 3/128 (2.3) ——H 0.23 (0.04-1.29)
Subgroup analysis: any STI E
Age \
<30yr 9/30 (30.0) 6/19 (31.6) —e— 095 (0.41-2.23)
>30yr 27/275 (9.8) 33/109 (30.3) —— ! 0.32 (0.19-0.54)
No. of STls in previous 12 mo E
1 23/196 (11.7) 8/55 (14.6) —eii 078 (0.36-1.72)
>1 13/109 (11.9) 31/73 (42.5) —— 0.28 (0.15-0.53)
O.IOI 0!1 0 5 1I0

Doxycycline Better Standard Care Better

Figure 2. Primary, Secondary, and Subgroup Analyses of Effectiveness against Incident Sexually Transmitted Infections (STls).
Confidence intervals have not been adjusted for multiple testing.

104 to 371). Of the 501 participants eligible for a early: 5 in the doxycycline groups and 13 in the
follow-up visit by the time of the interim analysis, standard-care groups, including 6 who discon-
473 (94%) had at least one follow-up visit (Fig. 1). tinued in order to receive doxy-PEP outside the
A total of 18 participants discontinued the study study.
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Hazard ratio for PrEP cohort,
0.34 (95% Cl, 0.23-0.51)

Hazard ratio for PLWH cohort,
0.48 (95% Cl, 0.28-0.83)

1.04
0.9
2 o8-
=
s 0.7+
>un Standard-care group, PrEP cohort
=% 06
S < {+ =4+ Standard-care group, PLWH cohort
2 o -
o.x 054 1
a o r
.g ‘E 0.4+ +#+Doxycycline group, PrEP cohort
= Doxycycline group, PLWH cohort
S 0.3
:
5] .2
0.1+ Standard-Care Groups
0.0 PrEP cohort 53/107
. v T T T T T
0 90 180 270 360 400 PLWH cohort 24/>5
Doxycycline Groups
Days until First STI PrEP cohort 51/220
PLWH cohort 30/119
No. at Risk conor /
Standard-care groups
PrEP cohort 107 72 37 23 17
PLWH cohort 55 45 30 20 13
Doxycycline groups
PrEP cohort 220 179 122 93 57
PLWH cohort 119 111 91 64 36

No. of Events/
No. of Participants

Figure 3. Kaplan—Meier Estimate of Time to First STI Diagnosis.

The cumulative probability of any incident bacterial STI (chlamydia, gonorrhea, or syphilis) is shown according to study group (doxycycline
and standard care) and participant cohort (PrEP and PLWH).

EFFECTIVENESS AGAINST INCIDENT STIS

In the PrEP cohort, at least one STI was diag-
nosed in 61 of 570 quarterly visits (10.7%) in the
doxycycline group and 82 of 257 quarterly visits
(31.9%) in the standard-care group, for an abso-
lute difference of —21.2 percentage points and a
relative risk of 0.34 (95% confidence interval [CI],
0.24 to 0.46; P<0.001) (Fig. 2A). In the PLWH co-
hort, at least one STI was diagnosed in 36 of 305
quarterly visits (11.8%) in the doxycycline group
and 39 of 128 quarterly visits (30.5%) in the
standard-care group, for an absolute difference
of —18.7 percentage points and a relative risk of
0.38 (95% CI, 0.24 to 0.60; P<0.001) (Fig. 2B).
The number needed to treat to prevent a quarter
with an incident STI was 4.7 in the PrEP cohort
and 5.3 in the PLWH cohort.

Of the individual STI end points, gonorrhea
was the most frequent. In the PrEP cohort, the
quarterly incidence of gonorrhea was 9.1% (52 of
570 quarters) in the doxycycline group and
20.2% (52 of 257 quarters) in the standard-care
group (relative risk, 0.45; 95% CI, 0.32 to 0.65).
In the PLWH cohort, the quarterly incidence of
gonorrhea was 8.9% (27 of 305 quarters) and
20.3% (26 of 128 quarters), respectively (relative
risk, 0.43; 95% CI, 0.26 to 0.71), with a substan-
tially lower risk of gonorrhea at all anatomical
sites with doxy-PEP than with standard care in

the PrEP cohort and a substantially lower risk of
rectal gonorrhea, the most common site of gon-
orrhea, with doxy-PEP than with standard care
in the PLWH cohort.

Chlamydia was diagnosed in 70 quarters. In
the PrEP cohort, the quarterly incidence of chla-
mydia was 1.4% (8 of 570 quarters) in the doxy-
cycline group and 12.1% (31 of 257 quarters) in
the standard-care group (relative risk, 0.12; 95%
CI, 0.05 to 0.25). In the PLWH cohort, the quar-
terly incidence of chlamydia was 3.9% (12 of 305
quarters) in the doxycycline group and 14.8%
(19 of 128 quarters) in the standard-care group
(relative risk, 0.26; 95% CI, 0.12 to 0.57).

Early syphilis was diagnosed in 14 quarters.
In the PrEP cohort, the quarterly incidence of
syphilis was 0.4% (2 of 570 quarters) in the doxy-
cycline group and 2.7% (7 of 257 quarters) in the
standard-care group (relative risk, 0.13; 95% CI,
0.03 to 0.59). In the PLWH cohort, the quarterly
incidence of syphilis was 0.7% (2 of 305 quarters)
and 2.3% (3 of 128 quarters), respectively (rela-
tive risk, 0.23; 95% CI, 0.04 to 1.29).

In a secondary analysis of time to first STI,
the incidence was lower by 66% with doxy-PEP
than with standard care in the PrEP cohort (hazard
ratio, 0.34, 95% CI, 0.23 to 0.51) and by 52% in
the PLWH cohort (hazard ratio, 0.48; 95% CI,
0.28 to 0.83) (Fig. 3). The per-protocol analyses
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involving participants with no doxycycline dis-
continuation and participant report of always
using doxy-PEP indicate similar effectiveness of
doxy-PEP in reducing the incidence of STIs (see the
Supplementary Appendix, available at NEJM.org).

ADHERENCE TO DOXY-PEP

In the doxycycline groups, 86% of participants
reported taking doxy-PEP consistently (always or
often) within 72 hours after condomless anal or
vaginal sex and 71% reported never missing doxy-
cycline after condomless sex. On the basis of
quarterly computer-assisted questionnaires, the
median number of doxycycline doses taken after
condomless anal or vaginal sex per month was
estimated to be 4.0 doses (interquartile range,
1.0 to 10.0).

SAFETY, ADVERSE EVENT, AND ACCEPTABILITY

One grade 2 laboratory abnormality (transamini-
tis) and five grade 3 adverse events (three diarrheal
events and two headaches or migraines) oc-
curred that were possibly or probably related to
doxycycline. No serious adverse events were at-
tributed by the site investigators to doxycycline
(Table S4 in the Supplementary Appendix). Of
participants assigned to the doxycycline groups,
2% discontinued because of unacceptable adverse
events or patient preference. The observed differ-
ence in annualized mean absolute weight change,
adjusted for baseline weight, was not substan-
tial: —0.78 kg (95% CI, —2.12 to 0.54) in the
doxycycline groups and 0.20 kg (95% CI, —1.32
to 1.72) in the standard-care groups. Among
participants in the doxycycline groups, 89% re-
ported that taking doxy-PEP was acceptable or
very acceptable.

ANTIMICROBIAL RESISTANCE
Among the gonorrhea diagnoses at study base-
line and during follow-up, 44 of 256 (17.2%) had
results for phenotypic resistance to tetracycline.
Cultures were limited owing to an inability to
collect culture before gonorrhea treatment in half
the participants as well as a lack of culture growth,
which is more common with extragenital gonor-
rhea. At baseline, tetracycline resistance was
observed in 4 of 15 N. gonorrhoeae isolates (27%);
after enrollment, it was observed in 5 of 13 iso-
lates (38%) in the doxycycline groups and 2 of
16 (12%) in the standard-care groups (Fig. 4A).
At baseline, S. aureus was isolated from the
oronasopharynx in 45% of the participants, and

N ENGL J MED 388;14

12% had doxycycline-resistant S. aureus. At month
12, S. aureus was isolated in 28% in the doxycy-
cline groups and 47% in the standard-care groups
(P=0.03), with doxycycline-resistant isolates in
16% and 8%, respectively (overall percentage
with resistance, 5% in the doxycycline groups
and 4% in the standard-care groups) (Fig. 4B).

DISCUSSION

Doxy-PEP taken within 72 hours after condom-
less sex decreased incident gonorrhea, chlamydia,
and early syphilis by two thirds among MSM
and transgender women who had had a bacterial
STI in the previous year. Doxy-PEP substantially
reduced the incidence of each bacterial STI, in-
cluding gonorrhea, with consistent reductions in
the PrEP and PLHV cohorts. No concerns with
respect to adverse-event profile, safety, or ac-
ceptability were identified.

These results showed effectiveness of doxy-PEP
among MSM regardless of HIV status in a socio-
economically and racially diverse population. Al-
though the IPERGAY study of doxy-PEP showed
no reduction in incident gonorrhea, the DoxyPEP
study showed an approximately 55% reduction
in incident gonorrhea, including pharyngeal gonor-
rhea. Potential hypotheses for the difference in
effectiveness against gonorrhea in these studies
include the amount of doxycycline taken, adher-
ence, and the prevalence of tetracycline resistance
in N. gonorrhoeae isolates. The IPERGAY study
limited participants to a weekly maximum of
3 doses of 200-mg doxycycline; an average of 3.4
doses were taken per month.!* The DoxyPEP study
permitted up to daily administration of doxycy-
cline, with a median of 4 doses reported per
month; however, 25% of the participants took 10
doses or more on the basis of the interquartile
range, with 86% participant-reported adherence
with condomless sex. Higher exposure to doxy-
cycline may have improved effectiveness against
gonorrhea, particularly in the pharynx, where
higher concentrations of antibiotics are needed to
eradicate N. gonorrhoeae.”* In addition, tetracycline
resistance in gonorrhea was more prevalent in
France when the IPERGAY study was conducted
(56%," vs. 20% in the United States'). The higher
proportion of incident gonorrhea with tetracy-
cline resistance in the doxycycline groups than in
the control groups suggests potential decreased
protection against circulating tetracycline-resis-
tant N. gonorrhoeae isolates; however, the number

NEJM.ORG APRIL 6, 2023

The New England Journal of Medicine

Downloaded from nejm.org by CEDRIC ARVIEUX on April 5, 2023. For personal use only. No other uses without permission.

Copyright © 2023 Massachusetts Medical Society. All rights reserved.



POSTEXPOSURE DOXYCYCLINE TO PREVENT BACTERIAL STIS

of available gonorrhea cultures was low. Given
the potential for tetracycline resistance to reduce
the effectiveness of doxy-PEP against gonorrhea,
population-based surveillance of tetracycline-class
susceptibility in N. gonorrhoeae isolates is important.

The effectiveness of doxy-PEP against chla-
mydia was 88% in the PrEP cohort and 74% in
the PLWH cohort. Although the number of inci-
dent syphilis diagnoses was low, there was a re-
duction in the doxycycline group within the PrEP
cohort and a trend toward a reduction in the
PLWH cohort, findings consistent with relative
reductions in syphilis shown in the IPERGAY
study and in the doxycycline PrEP study involv-
ing PLWH.1315

The effect of prophylactic antibiotic strategies
on antimicrobial resistance is an important con-
sideration. S. aureus carriage was 40% lower in the
doxycycline groups than in the standard-care
groups at month 12. Among the participants
with colonization, a modestly higher proportion
had doxycycline resistance in the doxycycline
groups than in the standard-care groups, which
could have clinical implications, because doxycy-
cline can be used to treat methicillin-resistant
S. aureus skin and soft-tissue infections. However,
there was not a substantial difference in overall
doxycycline-resistant S. aureus isolated between
the doxycycline groups and the standard-care
groups (5% and 4%, respectively). Tetracycline-
class resistance has not been convincingly shown
in C. trachomatis, although tetracycline resistance
has been described in related Chlamydia suis.*>
Chlamydial culture will be useful to monitor
phenotypic resistance to doxycycline in break-
through infections® and is ongoing in this
study. Additional research and longer follow-up
are needed to determine whether doxy-PEP is as-
sociated with substantial selection of resistance
in commensal oropharyngeal neisseria species,
the gut microbiome, and other STI pathogens
such as Mycoplasma genitalium.

Our study has several limitations. Measuring
adherence to doxy-PEP was limited by the chal-
lenges of accurately ascertaining condomless sex
and event-driven PEP use. Quarterly computer-
assisted surveys recorded sexual activity and
doxycycline use; however, these are limited by
recall. Tetracycline susceptibility results were avail-
able in only 17% of gonorrhea end points, because
only half the participants with incident gonor-
rhea infections during follow-up had N. gonor-
rhoeae culture obtained before treatment and
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Figure 4. Antimicrobial Resistance and Culture Positivity in Neisseria
gonorrhoeae and Staphylococcus aureus.

In Panel A, the bar height represents N. gonorrhoeae cultures obtained from
participants with lab-confirmed gonorrhea at baseline and for adjudicated
gonorrhea end points according to study group during follow-up. Of the
gonorrhea diagnoses, 44 of 256 N. gonorrhoeae infections (17.2%) had data
available for resistance testing. The dark shading represents high-level tetra-
cycline resistance (minimum inhibitory concentration [MIC], =2 yg per millili-
ter). The light shading represents N. gonorrhoeae without high-level tetracy-
cline resistance. Gonorrhea culture was performed through the Centers for
Disease Control and Prevention (CDC) Strengthening the United States Re-
sponse to Resistant Gonorrhea program, and tetracycline-resistance testing
was performed by agar dilution through the CDC Antimicrobial Resistance
Laboratory Network. With respect to Panel B, all the participants had oro-
nasopharyngeal swabs obtained at enrollment and at months 6 and 12,
which were cultured for S. aureus. The bar height represents the percentage
culture-positive for S. aureus, and the dark shading represents specimens
with doxycycline resistance by ETEST (MIC, 216 pg per milliliter).

because of lower cultivability from extragenital
infections.* The availability of N. gonorrhoeae
culture was similar in the IPERGAY study.!®* The
27% baseline tetracycline resistance in the Doxy-
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PEP study is consistent with 19.7% resistance
from the 2020 U.S. Gonococcal Isolate Surveil-
lance Project data.! Enrollment of transgender
women was less than 5%, which limits general-
izability in this population. This study was con-
ducted in two West Coast cities; acceptability,
adherence, and STI rates may vary in other set-
tings. For generalizability considerations to broad-
er MSM populations, see Table S7.

The effectiveness data provide evidence for
doxy-PEP as an effective STI prevention interven-
tion for MSM with recent STIs and ongoing con-
domless sex, regardless of HIV serostatus. The
number needed to treat is approximately 5 to pre-
vent a quarter with an STI end-point event, when
doxy-PEP is offered to MSM and transgender
women with a very elevated STI risk (30% quar-
terly incidence in the standard-care group). The

role of doxy-PEP in other populations who are
disproportionately affected by STIs, including cis-
gender women taking HIV PrEP, and in settings
with a high prevalence of tetracycline resistance
in N. gonorrhoeae isolates warrants further study.
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