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Background: We assessed the acceptability of doxycycline-based syph-
ilis pre-exposure and post-exposure prophylaxis (PrEP/PEP) as well as hu-
man immunodeficiency virus (HIV) PrEP/PEP in gay, bisexual, and other
men who have sex with men (gbMSM).
Methods: We recruited gbMSM from Toronto and Vancouver sexually
transmitted infection (STI) clinics during routine visits from June 2018 to
August 2018. We analyzed data using descriptive statistics and constructed
multivariable logistic regression models for willingness to use syphilis and
HIV PrEP and PEP respectively.
Results: Among 424 participants (56.4% Toronto, 43.6% Vancouver),
median (interquartile range [IQR]) age was 31.0 years (26.0–39.0 years),
61.7% had completed postsecondary education and 54.4% were white.
Median (IQR) number of male partners in the past 6 months was 6.0
(3.0–13.0), and 18.2% had 1 or more prior syphilis diagnosis. 60.1%/
44.1% indicated willingness to use syphilis PEP/PrEP; 36.6%were unwill-
ing to use either. AmongHIV-negative participants, 74.0% and 75.2%were
willing to use HIV PrEP and PEP, respectively. Most participants were fa-
miliar with antibiotic resistance (89.0%) and agreed that syphilis rates are
rising in Canada (68.2%), but only 55.4% believed they were at risk for
syphilis. Agreement with the latter statement was associated with willingness
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to use syphilis PrEP (adjusted odds ratio [aOR], 1.6; 95% confidence inter-
val [95%CI], 1.0–2.5), as was previous/existing HIV PrEP use (aOR, 2.2;
95% CI, 1.1–4.3) and being “very concerned” about STI acquisition
(aOR, 1.9; 95% CI, 1.0–3.4). Odds of being willing to use syphilis PEP
were higher in Toronto versus Vancouver (aOR, 2.0; 95% CI, 1.2–3.4)
and increased with the number of different STIs previously diagnosed
(aOR, 1.4; 95% CI, 1.2,1.7).
Conclusions: There is considerable interest in syphilis PrEP/PEP in
gbMSM attending Toronto/Vancouver STI clinics.

There are growing epidemics of bacterial sexually transmitted
infections (STIs) in Canada, many of which disproportionately

affect gay, bisexual, and other men who have sex with men
(gbMSM). Syphilis has been on the rise since the 1990s, reaching
a rate of 27.5 per 100,000 among Canadian men in 2017,1 and is
associated with significant morbidity.2 Gonorrhea is the second
most commonly reported STI in Canada,3 and the threat of
untreatable infection is becoming a real possibility due to antimi-
crobial resistance.4 Though resistance to Chlamydia trachomatis
remains rare, high reinfection rates have raised concern about treat-
ment failures.5 Bacterial STIs are also known to increase human
immunodeficiency virus (HIV) acquisition risk 3- to 4-fold,6 and
syphilis may more commonly cause neurological complications
in those already living with HIV.3

Meanwhile, biomedical advances in HIV prevention, in-
cluding treatment as prevention, pre-exposure prophylaxis (PrEP)
and post-exposure prophylaxis (PEP) may be changing sexual
mixing and condom use patterns, inadvertently contributing to in-
creasing bacterial STI rates.7 Thus, there is an urgent need for
novel and effective STI prevention strategies that will be accept-
able to gbMSM.

The success of HIV prevention technologies such as HIV
PrEP has prompted researchers to consider an analogous approach
to STI prevention. A small number of studies have already shown
potential effectiveness of STI PrEP and PEP.8–10 In 2015, a pilot
study of daily doxycycline as syphilis PrEP in HIV-positive
gbMSM in Los Angeles demonstrated a decrease in bacterial STIs
compared with a contingency management intervention.9,11 An-
other randomized trial assessed doxycycline as STI PEP versus
no intervention in 232 HIV-negative gbMSM and found that
PEP significantly reduced the incidence of a first STI overall (haz-
ard ratio [HR], 0.53; 95% confidence interval [CI], 0.33–0.85),
with similar results also seen for a first episode of chlamydia
(HR, 0.30; 95% CI, 0.13–0.70) and syphilis (HR, 0.27; 95% CI,
0.07–0.98).10 However, these strategies are not without risk of side
effects and may lead to antimicrobial resistance, leading many to
express reservations about their appropriateness.11 Thus, it is im-
portant to assess current knowledge and opinions, as well as the
acceptability of these emerging STI prevention techniques to pre-
dict potential uptake.
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High Interest in Syphilis PrEP/PEP
MATERIALS AND METHODS

Study Design and Objectives
The primary objective of this cross-sectional study was to

determine the proportion of at-risk Toronto and Vancouver
gbMSM who would be willing to use 2 hypothetical forms of
STI prevention: doxycycline-based syphilis PrEP and PEP.

Secondary objectives were: (i) to determine the proportion
of at-risk gbMSM willing to use HIV PrEP and HIV PEP); (ii)
to understand knowledge and opinions regarding emerging STI
prevention strategies; and (iii) to identify characteristics associated
with willingness to use these prevention strategies.

Participant Recruitment and Data Collection
We recruited consecutive, consenting gbMSM from community-

based sexual health clinics in Toronto (1 site) and Vancouver (2 sites)
during routine visits for sexual health services. Eligible participants
had to be self-identified gbMSM of any age with sufficient English
language proficiency. Data were collected from June to August of
2018 using a self-administered, anonymous questionnaire. The sur-
vey was preceded by a short letter of information, and participants
who completed the survey were deemed to have provided implied
consent. The questionnaire was administered via paper or electronic
tablet, with a trained research assistant present to answer questions.
Participants were compensated with a $10 CAD gift card.

Survey Instrument
The survey instrument was developed by team members

with expertise in HIVand STI prevention and treatment. The ques-
tionnaire was pilot-tested for clarity and face validity in a sample
of 34 eligible individuals recruited from an HIV treatment/
prevention clinic at an academic hospital in Toronto. Adjustments
were made based on this feedback, resulting in a final question-
naire with 54 items divided into 6 domains.

The first domain included questions regarding demo-
graphics and engagement in health services, while the second ad-
dressed HIV/STI status and testing history. Third, a sexual
behavior domain incorporated the HIV Incidence Risk Index for
men who have sex with men (HIRI-MSM), a validated tool for
quantifying HIV risk in gbMSM.12 The fourth domain addressed
knowledge and opinions related to HIV/STI risk and prevention
strategies. The fifth section incorporated validated psychometric
scales to screen for depression (Patient Health Questionnaire-2
score ≥4),13 problem alcohol use (Alcohol Use Disorders Identifi-
cation Test-C score ≥4),14 and problem substance use (Drug Use
Disorders Identification Test score ≥25)15; these cutpoints are associ-
ated with sensitivities and specificities of 0.62 and 0.95,13 0.86 and
0.72,14 and 0.90 and 0.88,15 respectively.We included these scales be-
cause prior literature has demonstrated mental health and substance
use syndemics to be associated with an increased risk of HIVacquisi-
tion among gbMSM.16 The final domain included a Discrete Choice
Experiment assessing participant preferences for sexual health ser-
vices; results of this component will be reported separately.

Data Analysis
Characteristics of the study population were summarized

using descriptive statistics. To achieve the primary objective, we
calculated the proportion of participants responding “probably
yes” or “definitely yes” to questionnaire items asking about their
willingness to use hypothetical syphilis PrEP or syphilis PEP.
The PrEP question was phrased as follows: “Syphilis PrEP would
involve taking 1 antibiotic pill every day to prevent syphilis, and
potentially chlamydia. It might cause side effects in some people
Sexually Transmitted Diseases • Volume 47, Number 4, April 2020
such as mild stomach upset, and might increase the chance that fu-
ture infections of all kinds could be harder to treat because of drug
resistance (not just STIs). It would involve doing blood work and
seeing a doctor every 3 months. If this strategy were approved in
Canada and available to you, would you take it?” The question about
PEP was identical, except for its definition: “Syphilis PEP would in-
volve taking 2 antibiotic pills within 24 hours after sex.” We used a
similar approach to assess willingness to use HIV PrEP and PEP.

To determine whether participant characteristics were asso-
ciated with preferences for various STI prevention strategies, we
built separate multivariable logistic regression models for willing-
ness to use syphilis PrEP, syphilis PEP, HIV PrEP, and HIV PEP,
using the total number of male sex partners within the last
6 months as the primary predictor variable. This choice of primary
predictor variable was based on clinical judgment. All pertinent
demographic, clinical, behavioral, opinion, and syndemic vari-
ables were considered for inclusion as covariates. The recruitment
location variable was forced into all models to account for poten-
tial differences between Toronto and Vancouver participants. Var-
iables were eligible for inclusion in the final model if they changed
the primary predictor's beta-coefficient by at least 10% in adjusted
versus unadjusted models and based on clinical judgment.17 To fa-
cilitate the interpretation of findings, we sought to include the
same variables in the final PrEP and PEPmodels for each of syph-
ilis or HIV. Finally, we used descriptive statistics to characterize
knowledge and opinions regarding emerging STI prevention strat-
egies. Missing data were excluded. Participants living with HIV
were also excluded from both HIV models. All data analysis was
conducted using R version 3.4.1.

Sample Size Considerations
The target sample size was 400 in total, based on the num-

ber needed to ascertain the proportion of gbMSM willing to use
syphilis PrEP and/or PEP with reasonable precision, defined here
as a 95% confidence interval of ±5%.18 Because an estimate for
this proportion is lacking, we assumed P = 0.5, which generates
the highest possible required sample size.

Ethical Approval
The Research Ethics Boards of St. Michael's Hospital

(REB 18-108) and The University of British Columbia (REB
H18-01579) granted approval for the study at the Toronto and
Vancouver locations, respectively.

RESULTS
Overall, 436 participants were recruited from community-

based sexual health clinics in Toronto (n = 242) and Vancouver
(n = 194). A refusal log was kept at the Toronto site only, showing
that 20 additional individuals were approached but declined to partic-
ipate; these individuals had similar age and gender identity compared
with included participants (data not shown). Of the 436 men who
completed the survey, 12 were subsequently excluded because they
did not meet inclusion criteria (n = 9) or because primary outcome
datawere missing (n = 3), yielding a final sample of 424 participants.

Participants' median (interquartile range [IQR]) age was
31.0 years (26.0–39.0 years) (Table 1). Almost all participants
self-identified as male (99.8%) and gay (87.9%), with only 1 iden-
tifying as transgender male. The majority were white (54.4%) or
Asian (27.8%). Education level varied considerably between sites,
with 67.2% and 16.1% of those recruited in Vancouver and
Toronto reporting a high school diploma or less as their highest ed-
ucation, respectively. The median (IQR) number of male sex part-
ners in the last 6 months was 6.0 (3.0, 13.0). Most (56.4%)
participants reported ever having been diagnosed with 1 or more
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TABLE 1. Characteristics of Participants Recruited at Community Sexual Health Clinics in Toronto and Vancouver, 2018

Characteristics
Toronto

(n = 239), n (%)
Vancouver

(n = 185), n (%) P
Total (N = 424),

n (%)

Age, y 33.2 (11.5)* 33.7 (9.6)* 0.63 33.4 (10.7)*
30.0 (26.0, 37.0)† 32.0 (26.0, 41.0)† — 31.0 (26.0, 39.0)†

Gender 0.43
Male 239 (100.0) 181 (99.5) — 420 (99.8)
Female 0 (0.0) 1 (0.6) — 1 (0.2)

Transgender 1 (0.4) 0 (0) 1.00 1 (0.2)
Education level <0.001
High school diploma or less 38 (16.1) 123 (67.2) — 161 (38.3)
College/undergraduate degree 120 (50.6) 38 (20.8) — 158 (37.6)
Graduate/professional degree 79 (33.3) 22 (12.0) — 101(24.1)

Ethnicity 0.00039
White 128 (54.9) 99 (53.8) — 227 (54.4)
Asian 51 (21.9) 65 (35.3) — 116 (27.8)
Black 13 (5.6) 10 (5.4) — 23 (5.5)
Other 41 (17.6) 10 (5.4) — 51 (12.2)

Sexual orientation 0.00025
Gay 198 (82.9) 171 (94.5) — 369 (87.9)
Other‡ 41 (17.2) 10 (5.5) — 51 (12.1)

Have a family doctor 172 (72.3) 152 (83.1) 0.010 324 (77.0)
Frequency of STI testing 0.22
Every 3 mo or more 88 (37.0) 78 (42.9) — 166 (39.5)
Less than every 3 mo 150 (63.0) 104 (57.1) — 254 (60.5)

Has medication coverage 180 (75.6) 124 (67.4) 0.67 290 (68.7)
No. male sex partners in the past 6 mo§ 10.9 (15.5)* 9.5 (7.8)* 0.25 10.3 (12.7)*

5.0 (3.0, 12.0)† 7.0 (4.0, 14.0)† — 6.0 (3.0, 13.0)†

Previous STI diagnoses
Total no. different STIs ever diagnosed*,¶ 1.5 (1.6) 1.2 (1.5) 0.0089 1.5 (1.7)
Ever STI diagnosis¶ 170 (71.1) 92 (49.7) <0.0001 262 (61.8)
Gonorrhea (≥1) 99 (41.4) 52 (28.1) 0.055 171 (40.3)
Urethral 62 (25.9) 24 (13.0) 0.0015 86 (20.3)
Rectal 46 (19.2) 32 (17.3) 0.70 78 (18.4)
Throat 34 (14.2) 20 (10.8) 0.37 54 (12.7)

Chlamydia (≥1) 95 (39.7) 56 (30.3) 0.63 161 (38.0)
Urethral 57 (23.8) 29 (15.7) 0.051 86 (20.3)
Rectal 39 (16.3) 36 (19.5) 0.48 75 (17.7)
Throat 26 (10.9) 20 (10.8) 1.00 46 (10.9)

Syphilis 55 (23.0) 22 (11.9) 0.0048 77 (18.2)
Genital or anal herpes 14 (5.9) 24 (13.0) 0.018 38 (9.0)
Genital/anal warts (HPV) 58 (24.3) 16 (18.6) <0.0001 74 (17.5)
HIV 15 (6.3) 13 (7.0) 0.91 28 (6.6)

HIRI-MSM score|| 17.7 (12, 23) 17.9 (12, 23) 0.81 17.8 (12, 23)
“High risk”
HIRI-MSM score ≥ 10** 166 (81.8) 150 (84.8) — 316 (83.2)
HIRI-MSM score ≥ 25 47 (23.1) 39 (22.0) — 86 (22.6)

Syndemic conditions
Depression 27 (11.7) 10 (5.5) 0.036 37 (9.0)
Problem drug use 4 (1.8) 20 (11.2) <0.0001 24 (5.9)
Problem alcohol use 128 (54.2) 139 (77.2) <0.0001 267 (64.2)

Had knowledge of the following††:
HIV PrEP 226 (94.6) 75 (40.5) <0.0001 301 (71.0)
HIV PEP 183 (76.6) 46 (25.0) <0.0001 229 (54.1)
Syphilis PrEP or PEP 35 (14.8) 21 (11.4) 0.32 56 (13.1)

Agree with the following††:
“Some germs are becoming harder to treat with antibiotics” 192 (81.7) 182 (98.4) <0.0001 374 (89.0)
“Some germs can become resistant to antibiotics if they
are taken in inadequate doses”

205 (87.2) 168 (91.3) 0.21 373 (89.0)

Continued next page
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TABLE 1. (Continued)

Characteristics
Toronto

(n = 239), n (%)
Vancouver

(n = 185), n (%) P
Total (N = 424),

n (%)

“A person with an undetectable HIV viral load cannot pass
on the virus through sex”

129 (55.6) 56 (30.9) <0.0001 185 (44.8)

“The only truly effective means of STI prevention
is condom use”

107 (53.2) 138 (74.6) <0.0001 245 (58.9)

“Syphilis is on the rise in Canada” 160 (69.3) 123 (66.9) 0.67 283 (68.2)
“I am at risk for syphilis” 146 (62.4) 86 (46.5) 0.0015 232 (55.4)

Numbers may not always sum to 424 due to missing responses.
*Mean (standard deviation).
†Median (IQR).
‡“Other” includes: bisexual, heterosexual, and other.
§“Sex partner” was not defined further in the questionnaire.
¶Includes: gonorrhea (urethral, rectal, or throat), chlamydia (urethral, rectal, or throat), syphilis, genital, or anal herpes, genital/anal warts (HPV), HIV.
||Presented as a continuous variable: mean (IQR). HIV-positive participants excluded.
**Cutoff recommended by HIRI-MSM developers.
††Participant answered “agree” or “strongly agree”.
HSV, herpes simplex virus.

High Interest in Syphilis PrEP/PEP
of chlamydia, gonorrhea or syphilis, and 28 (6.6%) participants re-
ported living with HIV. Among HIV-negative participants, the
mean HIRI-MSM score was 17.8, with 83.2% scoring of 10 or
greater, the cutoff recommended by the scale's developers for iden-
tifying gbMSM at elevated HIV risk.12 Although only 9.0% and
5.9% screened positive for depression or problem drug use, re-
spectively, 64.2% met screening criteria for problem alcohol use.

Willingness to Use Various Forms of STI Prevention
Although the majority of participants (60.1%) indicated

willingness to use syphilis PEP in the future, only 44.1% of partic-
ipants responded similarly for syphilis PrEP (Fig. 1). Moreover,
40.8% of participants were willing to use both syphilis prevention
techniques, and 36.6% were unwilling to use either (kappa statis-
tic = 0.56). Most participants were willing to use HIV PrEP and
PEP (74.0% and 75.2% of the n = 396 HIV-negative participants
that responded to each question respectively; Fig. 1).

Knowledge and Opinions Regarding Emerging STI
Prevention Strategies

Few participants had ever heard of antibiotic-based
prophylaxis prior to completing the questionnaire (13.1%).
Figure 1. Willingness to use (%participants responding “probably yes” or “d
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However, most were familiar with the concept of antimicro-
bial resistance, particularly that some bacteria are becoming
harder to treat with antibiotics (89.0%) and can acquire resis-
tance via antibiotic misuse (89.0%). The belief that condom
use is “the only truly effective means of STI prevention” was
common (58.9%) but not unanimous. In contrast, only 44.8%
of participants had up-to-date knowledge about the “undetect-
able equals untransmittable” concept and agreed with the state-
ment that “a person with an undetectable HIV viral load cannot
pass on the virus through sex.”Most (68.2%) agreed that syph-
ilis is on the rise in Canada and 55.4% of participants felt that
they were at risk for syphilis. Although there were some differ-
ences in knowledge between Toronto and Vancouver, no clear pat-
tern was discernible.
Characteristics Associated With Willingness to Use
STI Prevention Strategies

Significant predictors for willingness to use syphilis and
HIV PrEP/PEP varied (Tables 2 and 3). In multivariable analyses,
willingness to use syphilis PrEP was significantly associated with
being “very concerned” about STI acquisition (adjusted odds ratio
efinitely yes”) various STI prevention strategieswith associated 95%CIs.
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TABLE 2. Characteristics Associated With Willingness to Use Syphilis PrEP and Syphilis PEP

Syphilis PrEP Syphilis PEP

Characteristics
Willing to
Use, n (%)

uOR
(95% CI)

aOR
(95% CI)

Willing to
Use, n (%)

uOR
(95% CI)

aOR
(95% CI)

No. male partners in the past 6 mo* — 1.1 (0.97–1.3) 1.0 (0.9–1.3) — 1.1 (0.9–1.3) 0.9 (0.8–1.2)
Location
Vancouver 86 (46.5) 1.0 1.0 95 (51.4) 1.0 1.0
Toronto 101 (42.3) 0.8 (0.6–1.2) 0.7 (0.4–1.2) 160 (66.9) 1.9 (1.3–2.8) 2.0 (1.2–3.4)

Age (per decade) — 1.1 (0.9–1.3) — — 0.9 (0.7–1.1) —
Education
High school education or less 76 (47.2) 1.0 — 87 (54.0) 1.0 —
College or undergraduate degree 64 (40.5) 0.8 (0.5–1.2) — 100 (63.3) 1.5 (0.9–2.3) —
Graduate or professional degree 45 (44.6) 0.9 (0.5–1.5) — 65 (64.4) 1.5 (0.9–2.6) —

Ethnicity
White 93 (41.0) 1.0 — 131(57.7) 1.0 —
Asian 56 (48.3) 1.3 (0.9–2.1) — 70 (60.3) 1.1 (0.7–1.8) —
Black 14 (60.9) 2.2 (0.9–5.4) — 16 (69.6) 1.7 (0.7–4.2) —
Other 22 (43.1) 1.1 (0.6–2.0) — 35 (68.6) 1.6 (0.8–3.1) —

Sexual orientation
Gay 163 (44.2) 1.0 — 217 (58.8) 1.0 —
Other 22 (43.1) 1.0 (0.5–1.7) — 36 (70.6) 1.7 (0.9–3.2) —

Presence of family doctor 148 (45.7) 1.4 (0.9–2.2) — 199 (61.4) 1.3 (0.8–2.0) —
Drug coverage 123 (42.4) 0.8 (0.5–1.2) — 170 (58.6) 0.8 (0.5–1.2) —
Frequency of STI testing
Less than every 3 mo 103 (40.6) 1.0 — 143 (56.3) 1.0 —
Once every 3 mo or more 83 (50.0) 1.5 (0.99–2.2) — 108 (65.1) 1.4 (0.96–2.2) —

Total no. different STIs ever diagnosed† — 1.2 (1.1–1.3) 1.1 (0.98–1.3) — 1.4 (1.2–1.6) 1.4 (1.2–1.7)
Previous syphilis diagnosis 44 (57.1) 1.9 (1.2–3.1) 1.5 (0.8–3.0) 56 (72.7) 2.0 (1.2–3.4) 0.8 (0.4–1.7)
Concern about STI acquisition
Little to no concern 42 (35.6) 1.0 1.0 68 (57.6) 1.0 1.0
More than a little bit concerned 45 (41.3) 1.3 (0.7–2.2) 1.2 (0.6–2.1) 69 (63.3) 1.3 (0.7–2.2) 1.4 (0.7–2.6)
Very concerned 100 (51.8) 1.9 (1.2–3.1) 1.9 (1.1–3.4) 115 (59.6) 1.1 (0.7–1.7) 1.7 (0.9–3.1)

Prior knowledge of HIV PrEP 133 (44.2) 1.0 (0.7–1.5) — 199 (66.1) 2.3 (1.5–3.6) —
Ever use of HIV PrEP 37 (59.7) 2.1 (1.2–3.6) 2.2 (1.1–4.3) 46 (74.2) 2.1 (1.1–3.9) 1.2 (0.6–2.5)
Prior knowledge of HIV PEP 101 (44.1) 1.0 (0.7–1.5) — 148 (64.6) 1.5 (1.0–2.2) —
Prior use of HIV PEP 23 (51.1) 1.4 (0.7–2.5) 1.4 (0.6–3.0) 36 (80.0) 2.9 (1.4–6.2) 2.0 (0.8–4.9)
Prior knowledge of syphilis PrEP/PEP 29 (51.8) 1.4 (0.8–2.5) — 37 (66.1) 1.3 (0.7–2.4) —
Agreed with the following statements:
“Syphilis is on the rise in Canada” 51 (38.6) 1.4 (0.9–2.1) — 75 (56.8) 1.2 (0.8–1.9) —
“I am at risk for Syphilis” 69 (36.9) 1.7 (1.2–2.5) 1.6 (1.0–2.5) 100 (53.5) 1.7 (1.1–2.5) 1.4 (0.9–2.2)
”The only truly effective means for STI
prevention is condom use”

76 (44.4) 1.0 (0.7–1.4) — 107 (62.6) 0.8 (0.6–1.3) —

”Some germs are becoming harder to
treat with antibiotics”

22 (47.8) 0.9 (0.5–1.6) — 31 (67.4) 0.7 (0.4–1.4) —

Depression 19 (51.4) 1.3 (0.7–2.7) 1.9 (0.8–4.1) 24 (64.9) 1.3 (0.6–2.6) 1.0 (0.4–2.2)
Problem alcohol use 123 (46.1) 1.2 (0.8–1.8) — 159 (59.6) 0.9 (0.6–1.4) —
Problem drug use 12 (50.0) 1.3 (0.6–3.0) 0.5 (0.2–1.5) 16 (66.7) 1.4 (0.6–3.2) 0.9 (0.3–2.6)

*OR presented for a 10-unit difference. “Sex partner” was not defined further in the questionnaire.
†Includes: gonorrhea, chlamydia, syphilis, HPV, genital/anal warts (HPV), HIV. OR presented per-unit difference.
uOR, unadjusted odds ratio.
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[aOR], 1.9; 95% CI, 1.1–3.4), having ever used HIV PrEP
(aOR, 2.2; 95% CI, 1.1–4.3), and although not statistically
significant, it appeared to be associated with a higher number
of different STIs previously diagnosed (aOR, 1.1; 95% CI,
0.98–1.3) and agreement with the statement “I am at risk for
syphilis” (aOR, 1.6; 95% CI, 1.0–2.5). Interestingly, variables
that are more traditionally related to syphilis risk, such as the
total number of sex partners and a prior diagnosis of syphilis
were not significantly associated with willingness to use
syphilis PrEP in this analysis. In fact, the total number of
sex partners, our primary predictor of interest, was not associ-
ated with interest in either syphilis PrEP or PEP. Willingness
to use syphilis PEP was only significantly associated with a higher
number of previously diagnosed STIs (aOR, 1.4; 95% CI, 1.2–1.7)
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and being in the Toronto rather than Vancouver sample (aOR, 2.0;
95% CI, 1.2–3.4).

Several variables were significantly associated with
willingness to use both HIV PrEP and PEP in multivariable
models. Willingness decreased with age (PrEP aOR, 0.7; 95%
CI, 0.5–0.9 and PEP aOR, 0.7; 95% CI, 0.6–1.0), increased
with the number of different STIs previously diagnosed (PrEP
aOR, 1.7; 95% CI, 1.3–2.1 and PEP aOR, 1.5; 95% CI,
1.2–1.9), was higher in Toronto than Vancouver (PrEP aOR,
4.3a; 95% CI, 2.2–8.5 and PEP aOR, 6.4; 95% CI, 3.2–12.9)
and was higher in those with prior knowledge of HIV PEP
(PrEP aOR, 2.3; 95% CI, 1.2–4.4 and PEP aOR, 2.4; 95% CI,
1.2–4.6). In addition, problem alcohol use appeared to be associ-
ated with willingness to use HIV PrEP but did not quite reach
ally Transmitted Diseases • Volume 47, Number 4, April 2020



TABLE 3. Characteristics Associated With Willingness to Use HIV PrEP and HIV PEP

HIV PrEP HIV PEP

Characteristic
Willing

to Use n (%)
uOR

(95% CI)
aOR

(95% CI)
Willing

to Use n (%)
uOR

(95% CI)
aOR

(95% CI)

No. male partners in the past 6 months* — 1.2 (0.96–1.6) 1.1 (0.8–1.4) — 1.0 (0.8–1.3) 0.9 (0.7–1.2)
Age (per decade) — 0.8 (0.6–1.0) 0.7 (0.5–0.9) — 0.8 (0.6–1.0) 0.7 (0.6–1.0)
Location
Vancouver 95 (56.2) 1.0 1.0 92 (54.4) 1.0 1.0
Toronto 193 (87.7) 5.6 (3.4–9.2) 4.3 (2.2–8.5) 202 (91.0) 8.5 (4.9–14.7) 6.4 (3.2–12.9)

Education
High school diploma or less 98 (68.5) 1.0 — 92 (64.8) 1.0 —
College or undergraduate degree 118 (78.1) 1.6 (0.97–2.8) — 125 (81.2) 2.3 (1.4–4.0) —
Graduate or professional degree 69 (75.8) 1.4 (0.8–2.6) — 73 (80.2) 2.2 (1.2–4.1) —

Ethnicity
White 155 (75.6) 1.0 1.0 150 (72.5) 1.0 1.0
Asian 76 (69.7) 0.7 (0.4–1.2) 0.9 (0.5–1.8) 85 (78.0) 1.3 (0.8–2.3) 2.1 (1.1–4.2)
Black 15 (71.4) 0.8 (0.3–2.2) 0.9 (0.3–2.7) 13 (61.9) 0.6 (0.2–1.6) 0.6 (0.2–1.9)
Other 37 (77.1) 1.1 (0.5–2.3) 0.5 (0.2–1.3) 42 (87.5) 2.7 (1.1–6.6) 1.5 (0.5–4.2)

Sexual orientation
Gay 248 (72.7) 1.0 — 251 (73.4) 1.0 —
Other 37 (84.1) 2.0 (0.9–4.6) — 41 (91.1) 3.7 (1.3–10.7) —

Has a family doctor 214 (71.3) 0.5 (0.3–0.9) — 221 (73.7) 0.7 (0.4–1.2) —
Has drug coverage 191 (71.5) 0.7 (0.4–1.1) — 193 (72.3) 0.6 (0.4–1.0) —
Frequency of STI testing
Less than every 3 mo 167 (72.3) 1.0 — 178 (76.4) 1.0 —
Once every 3 mo or more 118 (76.6) 1.3 (0.8–2.0) — 112 (72.7) 0.8 (0.5–1.3) —

Total no. different STIs ever diagnosed† — 1.8 (1.4–2.2) 1.7 (1.3–2.1) — 1.6 (1.3–1.9) 1.5 (1.2–1.9)
Concern about STI acquisition
Little to no concern 85 (78.0) 1.0 — 93 (84.5) 1.0 —
More than a little bit concerned 79 (78.2) 1.0 (0.5–2.0) — 84 (82.3) 0.9 (0.4–1.8) —
Very concerned 121 (69.1) 0.6 (0.4–1.1) — 114 (65.1) 0.3 (0.2–0.6) —

Prior knowledge of HIV PrEP 229 (83.6) 4.8 (3.0–7.9) — 235 (85.1) 5.4 (3.3–8.9) —
Prior knowledge of HIV PEP 182 (87.1) 4.8 (2.9–7.8) 2.3 (1.2–4.4) 188 (89.5) 0.2 (0.1–0.3) 2.4 (1.2–4.6)
Agreed with the following statements:
“A person with an undetectable HIV viral load
cannot pass on the virus through sex”

134 (77.9) 1.4 (0.9–2.2) 0.8 (0.5–1.5) 139 (79.9) 1.5 (0.95–2.5) 0.9 (0.5–1.6]

“The only truly effective means of STI
prevention is condom use”

141 (63.2) 0.2 (0.1–0.4) — 151 (66.8) 0.3 (0.2–0.6) —

Depression 23 (79.3) 1.4 (0.6–3.5) — 25 (86.2) 2.2 (0.7–6.5) —
Problem alcohol use 183 (74.4) 1.0 (0.6–1.6) 1.9 (1.0–3.5) 180 (72.3) 0.6 (0.4–1.0) 1.1 (0.6–2.2)
Problem drug use 9 (64.3) 0.6 (0.2–2.0) — 10 (71.4) 0.8 (0.3–2.7) —

*OR presented for a 10-unit difference.
†Includes: gonorrhea, chlamydia, syphilis, genital or anal herpes, genital/anal warts (HPV), and HIV.

High Interest in Syphilis PrEP/PEP
statistical significance (aOR, 1.9; 95% CI, 1.0–3.5), whereas
Asian ethnicity (aOR = 2.1 compared to White participants;
95%CI = 1.1,4.2) was significantly associated with willingness
to use HIV PEP.
DISCUSSION
This multicity study of at-risk Canadian gbMSM found that

most participants (60.1%) were willing to use doxycycline-based
PEP to prevent syphilis acquisition after a high-risk exposure,
demonstrating fairly high acceptability of this STI prevention strat-
egy within the population of interest. Willingness to use
doxycycline-based PrEP was lower, at 44.1%. Because the defini-
tions of doxycycline PEP and PrEP provided to participants only
differed in dosing frequency (“1 antibiotic pill every day” versus
“2 antibiotic pills within 24 hours after sex”), this discrepancy is
likely explained by a preference for taking fewer pills. Other stud-
ies are consistent with this trend, with 52.7% of 2095 gaymale sur-
vey participants in Australia willing to use syphilis PrEP,19

compared with 84% of 1301 gbMSM survey respondents in the
United States willing to try syphilis PEP in the future.20
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In our study, willingness appeared to be associated both
with participants' subjective assessments regarding the chance of
acquiring STIs, such as feeling at risk for syphilis and being con-
cerned about acquiring it, and with traditional epidemiologic risk
factors, such as the total number of different STIs previously
diagnosed. Of interest, however, the magnitude of association
appeared to be stronger for the subjective than the objective as-
sessments of risk; in fact, neither the total number of sex part-
ners in the past 6 months nor a prior history of syphilis was
associated with willingness to use syphilis PrEP or PEP in multi-
variable models. Given that many prior studies have shown that
patients commonly underestimate their own health risks,21,22 these
findings underscore the need for interventions to aid individuals in
accurately understanding these probabilities.

It is also noteworthy that prior use of HIV PrEPwas the var-
iable most strongly associated with willingness to use syphilis
PrEP in our multivariable model. This finding is encouraging,
given the high incidence of STIs in HIV PrEP users,23 and ongo-
ing concern about the potential for HIV PrEP to contribute to these
epidemics. Members of our team are currently conducting an ex-
ploratory trial of combined syphilis and HIV PrEP using both
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daily doxycycline and tenofovir disoproxil fumarate/emtricitabine,
with final results expected in summer/fall 2020.24

Participants' willingness to use HIV PrEP and PEP were
considerably higher than for syphilis PrEP and PEP, at 74.0%
and 75.2% respectively. These figures are similar to that of a prior
study in Vancouver, which estimated interest in HIV PrEP to be
81% among MSM,25 and suggest an increase in acceptability
among at-risk MSM in Toronto, which has been previously esti-
mated at 66.1%,26 54.9%,27 and 56.5%.28 This increase is not sur-
prising, given the efforts to promote PrEP use in recent years. For
instance, both Toronto and Vancouver have active community-
based organizations that vocally support broader HIV PrEP and
PEP rollout. Further, partial public funding for PrEP medication
has been in place in Ontario since September 2017, whereas uni-
versal PrEP access for those meeting high-risk criteria has been
available in British Columbia since January 2018. Work from
our team has shown a significant positive association between
the availability of public funding and population-level PrEP up-
take.29 Together, these factors may suggest an increasingly fa-
vorable environment for the potential use of syphilis PrEP and
PEP within the target population. Indeed, being a safe and af-
fordable drug used in the treatment of many common infections,
doxycycline is already publicly covered in both Ontario and
British Columbia.

Interestingly, although 89% of participants were aware of
the concept of antimicrobial resistance, this knowledgewas not as-
sociated with doxycycline PrEP and PEP acceptability. However,
the potential for long-term doxycycline use to induce resistance
in both normal host flora and in STI pathogens remains a major
concern among clinical and public health stakeholders. Indeed,
just months after the positive results of the IPERGAY substudy
on doxycycline-based PEP were presented, Public Health England
and the British Association for Sexual Health and HIV released
a joint policy statement warning that the potential benefit of
doxycycline PEP for STIs would be outweighed by the risk of
antimicrobial resistance.30

To date, neither of the published studies on doxycycline-
based STI PrEP or PEP have formally evaluated the emergence
of tetracycline class resistance in host normal flora, and the limited
available data from Neisseria gonorrhoeae and C. trachomatis
isolates in the doxycycline PEP trial has suggested no increase
in resistance or resistance genes in the treated group. Data on
these outcomes from planned and ongoing trials are thus
eagerly anticipated.

Strengths of this study include our recruitment of partici-
pants from popular urban sexual health clinics, whose clientele
likely reflect the sexually active gbMSM population to which
future STI prevention efforts will be targeted, and our use of
validated scales to assess HIV risk and syndemic conditions.
Limitations include the potential for recall bias, particularly re-
garding questions about behaviors 6 months before participa-
tion (although the direction of such bias is unclear). The low
number of HIV-positive participants precluded subgroup analy-
ses by HIV status. In addition, data on willingness to use syph-
ilis PrEP/PEP may not be an accurate indicator of future
behavior. Further, because we did not specify the efficacy of syph-
ilis PrEP/PEP in the wording of our questions, results may have
been biased toward increased willingness if participants assumed
these interventions would confer complete protection. Also, our
descriptions of syphilis PrEP/PEP assumed quarterly bloodwork/
clinic visits, mimicking the schedules being used in clinical trials
and the recommended STI screening frequency for sexually active
gbMSM according to Canadian guidelines, and thus findings may
not reflect willingness to use these interventions under a different
follow-up schedule. In addition, questionnaire items assessing
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awareness of antimicrobial resistance also did not distinguish be-
tween different organisms and their varying levels of resistance.
Lastly, the demographic profile of the Vancouver and Toronto par-
ticipants differed for several variables, including education, eth-
nicity, syndemic conditions, having a family doctor and previous
STI diagnoses. Although the reasons for these differences are un-
clear since recruitment sites service similar populations, 1 poten-
tial reason could be participants in Vancouver were recruited
only during daytime hours, while Toronto sites included evening
hours as well.

To our knowledge, this is the first study to assess the ac-
ceptability of syphilis PrEP and PEP in Canada. Overall, we ob-
served that a substantial proportion of at-risk gbMSM in Toronto
and Vancouver would be willing to use it if available and effica-
cious. Although preliminary studies have indicated the effec-
tiveness of syphilis chemoprophylaxis, larger clinical trials are
underway to substantiate these results and are eagerly awaited.
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