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Abstract

There is considerable interest in the use of doxycycline post exposure prophylaxis (PEP) to reduce the incidence

of bacterial sexually transmitted infections (STIs). An important concern is that this could select for tetracycline
resistance in these STIs and other species. We searched PubMed and Google Scholar, (1948-2023) for randomized
controlled trials comparing tetracycline PEP with non-tetracycline controls. The primary outcome was antimicrobial
resistance (AMR) to tetracyclines in all bacterial species with available data. Our search yielded 140 studies, of which
three met the inclusion criteria. Tetracycline PEP was associated with an increasedprevalence of tetracycline resist-
ance in Neisseria gonorrhoeae, but this effect was not statistically significant (Pooled OR 2.3, 95% CI 0.9-3.4). PEP had

a marked effect on the N. gonorrhoeae tetracycline MIC distribution in the one study where this was assessed. Pro-
phylactic efficacy was 100% at low MICs and 0% at high MICs. In the one study where this was assessed, PEP resulted
in a significant increase in tetracycline resistance in commensal Neisseria species compared to the control group (OR
2.9,95% Cl 1.5-5.5) but no significant effect on the prevalence of tetracycline resistance in Staphylococcus aureus. The
available evidence suggests that PEP with tetracyclines could be associated with selecting tetracycline resistance in N.

gonorrhoeae and commensal Neisseria species.

Keywords Doxycycline PEP, Tetracycline, Minocycline, AMR, PrEP, Gonorrhoea

Introduction

The incidence of bacterial sexually transmitted infections
(STIs), such as Neisseria gonorrhoeae (Ng) infections,
has been increasing globally for the last decades [1]. This
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increase has led to the search for novel interventions to
reduce STI incidence [2]. One of these interventions, the
use of a tetracycline, typically doxycycline, after unpro-
tected sex, has gained increased attention in recent years
[3]. Four randomized controlled trials (RCTs) have found
that this doxycycline post exposure prophylaxis (PEP)
can reduce the incidence of chlamydia and syphilis in
men who have sex with men (MSM) [3-6]. Three of these
trials found a reduced incidence of gonorrhoea. The
median doxycycline consumption in these trials ranged
from 8 to 30 defined daily doses (DDD) per month, which
raised concerns that doxycycline PEP could induce tetra-
cycline resistance in a range of bacterial species, includ-
ing in Ng [3, 5, 7]. This is of particular concern, given that
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Ng has evolved resistance to all the classes of antimicro-
bials used to treat it and might become untreatable in the
near future [8, 9]. In the case of tetracyclines, low level
resistance is conferred by chromosomal mutations in
rps/, porB and mtrR [8]. High level resistance is typically
due to the acquisition of the tetM gene on a plasmid [8].
The spread of both types of resistance is predominantly
clonal in Ng [10].

Only two of these RCTs have evaluated the effect of
doxycycline on tetracycline resistance in Ng but the dura-
tion of follow-up was short, and the number of isolates
tested were small [3, 5]. In addition, one of these RCTs
evaluated the effect of doxycycline PEP on the preva-
lence of doxycycline resistance in Staphylococcus aureus
and commensal Neisseria species [5, 11]. The authors of
these studies have concluded that the risk of antimicro-
bial resistance (AMR) is small or non-existent [3, 5, 11].
These conclusions have, in turn, led to doxycycline PEP
being offered to MSM attending certain STI clinics [12].

In contrast, an RCT in women in Africa found that
doxycycline PEP had no effect on the incidence of chla-
mydia, gonorrhoea or syphilis [13]. An older RCT from
1979 in men in the US Navy found that although mino-
cycline PEP reduced the incidence of gonorrhoea by
54% overall, this effect was driven by a reduction in the
incidence of gonococcal infections with low minocycline
MICs [14]. Minocycline PEP had no effect on the inci-
dence of infections with higher tetracycline MICs. The
authors concluded that minocycline PEP would likely
select for gonococcal AMR and was thus not advisable.

In this systematic review we summarize the available
evidence from RCTs as to the association between tet-
racycline PEP and tetracycline resistance in all bacterial
species with available data. Assessing the impact of tet-
racycline PEP on resistance is crucial to inform decisions
regarding the broader implementation of such practices.

Materials and methods

This systematic review was not published in a registry
and no protocol was prepared. This review was reported
according to the PRISMA guidelines [15]. All the steps
were performed independently by two reviewers (CK and
TV). The PRISMA checklists are presented in STable 1.

Search strategy
PubMed and Google Scholar were searched for articles
and conference abstracts published between 1 March
1948 (first report of tetracyclines in the scientific litera-
ture) and 30 April 2023. Reference lists of relevant arti-
cles were checked for additional titles for inclusion in the
review. Keywords used for the search included “postex-
5 mino-

posure prophylaxis’, “tetracycline’, “doxycycline”,

cycline’, “sexually’, and “gonorrhoea” (STable 2).
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Selection process and criteria
The titles and abstracts of all the articles were screened
by two independent reviewers (CK and TV). Duplicates
were then manually removed.

Studies were included or excluded according to the
following predefined criteria:

Inclusion criteria

1. Randomized controlled trial study design.

2. Compare the efficacy of tetracycline with either pla-

cebo or no treatment for reducing the incidence of

bacterial STIs (syphilis/gonorrhoea/chlamydia).

Abstracts and full text available.

4. Report the prevalence of tetracycline resistance in
any bacterial species at baseline and study end.

®

There were no restrictions on the language that the
study was published.

Data extraction and synthesis

Data on study characteristics and outcomes were inde-
pendently extracted by two review authors (CK and
TV) into the Review Manager software (RevMan, ver-
sion 5.4.1, Cochrane, London, UK). Discrepancies were
resolved by discussion with the third author (SB). The
authors of the Luetkemeyer and Molina studies were
contacted to provide the individual MIC data of isolates
from their studies [3, 5].

Two types of resistance data were extracted:

1. Tetracycline MIC distribution of isolates. This data
was only available for N. gonorrhoeae from a single
study (Harrison et al.). The tetracycline MIC distri-
bution of gonococcal isolates per species of the two
arms for the tetracycline and placebo groups post
PEP were compared with the Mann-Whitney test.
The tetracycline MIC distribution of isolates per spe-
cies of the two arms post PEP were compared with
the Mann-Whitney test.

2. The proportion of isolates resistant to tetracycline.
This variable was calculated for each bacterial species
as the number of individuals with tetracycline resist-
ant isolates cultured per total number of individuals
with this same species cultured. If only MIC distri-
bution was available, we calculated the proportion of
tetracycline resistance using the resistance thresh-
olds used in the other studies included this review, in
order to allow for comparison (> 1 or 2mg/L). The
number of events and the number of participants
included in the control and intervention groups of



Vanbaelen et al. BMC Infectious Diseases (2024) 24:376

each study were extracted. Data was extracted for all
bacterial species with available data.

Data was also extracted on the year and country in
which the study took place, the target bacterial species
assessed for tetracycline susceptibility, the sampling and
study methodology, the tetracycline PEP protocol used,
the method used to assess MICs and the study primary
outcome.

The Odds ratio (OR) and the 95% confidence inter-
vals were calculated for the proportion of isolates resist-
ant to tetracycline. Heterogeneity was assessed via the I
statistics and the p- value of the chi-square statistics. A
fixed-effects model was used to combine the results for
the meta-analysis. Publication bias was not assessed as
only three studies were assessed. All analyses were con-
ducted in Review Manager software (RevMan, version
5.4.1, Cochrane, London, UK) or STATA v16.1. When
necessary, data from figures were digitized using Web-
PlotDigitizer (https://apps.automeris.io/wpd/). A P-value
of <0.05 was considered statistically significant.

Risk of bias assessment

The risk of bias was assessed by two independent review-
ers (CK and TV) using the Cochrane risk-of-bias tool for
randomised trials version 2 (RoB 2). As prescribed by
the RoB 2 tool, each study was assessed in six domains:
(1) randomisation process, (2) allocation concealment,
(3) blinding of participants and personnel, (4) blinding
of outcome assessment, (5) incomplete outcome data,
and (6) selective reporting. Each domain was assessed
as ‘low risk of bias, ‘some concerns’ or ‘high risk of bias!
The assessment for domains 5 and 6 was based on out-
come data for culture and tetracycline susceptibility test-
ing of N. gonorrhoeae since this was an outcome of each
included study and a primary objective of our analysis.
Assessment of each of the 6 domains led to an overall risk
of bias assessment. Any disagreements were resolved by
discussion between the two reviewers.

Results

Study characteristics

The literature search identified 140 studies (Fig. 1). Of
these, 49 were excluded due to duplication, 54 were
excluded based on title and abstract, and 37 full-text arti-
cles were reviewed. Five of these articles met the inclu-
sion criteria and were included in the review (Table 1).
These five articles described the findings of three RCTs.
All three of these RCTs reported tetracycline resistance
in N. gonorrhoeae, one in commensal Neisseria spp., one
in Mycoplasma genitalium, and one in Staphylococcus
aureus. In one of these RCTs, the authors only reported
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the MIC distribution of individual isolates, for the two
remaining RCTs only the proportion of resistant isolates
were reported, without individual MICs (Table 1).

In the Harrison study, 1080 sailors were randomized to
either 200 mg minocycline or placebo after sex with sex
workers during two episiodes of shore leave. Eight hun-
dred fifteen of these men were reinterviewed and had
urethral samples taken at a single time point. The MICs
of N. gonorrhoeae infections were assessed with agar dilu-
tion, and MIC results were available for 62 isolates of N.
gonorrhoeae out of 81 incident N. gonorrhoeae infections.

The Molina study randomized 232 MSM 1:1 to doxy-
cycline (200mg) or no prophylaxis within 24hours post
each episode of condomless sex. Follow-up was for
10 months. N. gonorrhoeae was tested quarterly via PCR
of the pharynx/rectum/urine. The gonococcal MICs were
assessed via agar dilution, but only the proportion resist-
ant were reported. Resistant results were provided for 9
isolates of N. gonorrhoeae out of 57 incident N. gonor-
rhoeae infections. Culture was only attempted in 28 of
the infections.

In the Luetkemeyer study, 501 MSM were randomized
2:1 to doxycycline (200mg) PEP or placebo. They were
followed up quarterly for 12 months. N. gonorrhoeae was
tested via quarterly PCR of the pharynx/rectum/urine.
Tetracycline susceptibility data (tested for via agar dilu-
tion, but reported as susceptible or resistant) was avail-
able for 29 isolates of N. gonorrhoeae out of 157 incident
N. gonorrhoeae infections, for 162 isolates of S. aureus
and for 178 isolates of commensal Neisseria spp.

Assessment of risk of bias

The Molina study was an open label study and thus at
high risk for bias for blinding of participants and staff
(Fig. 2). Both the Molina and Luetkemeyer studies had
low culture positivity rates for N. gonorrhoeae. In the
Molina study, for example, of the 57 incident gonococ-
cal infections detected, culture was only attempted in
28 and was only successful in 9 infections. Because the
Molina study was not blinded, it is possible that there
was a selection bias in which infections were subjected
to culture. The Luetkemeyer study had considerable attri-
tion of samples at the later study visits (Fig. 2; Table 1).
The Molina and Luetkemeyer studies were longitudinal
studies of cohorts followed up for 10 to 12 months from
defined geographical areas. Participants from one arm
could have sex with participants from the other arm or
partners of these individuals. This could lead to trans-
mission of tetracycline resistant or susceptible Neisseria
spp. and staphylococci between arms, hence a bias to the
null hypothesis [17]. The Harrison study was conducted
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Identification

Screening

Identification of studies via databases and registers

Records identified from PubMed
and GoogleScholar:
Databases (n = 140)
Registers (n = 0)

Records removed before
screening:
Duplicate records removed
(n=49)
Records marked as ineligible
by automation tools (n = 0)
Records removed for other
reasons (n = 0)

Records screened
(n=91)

Records excluded
(n=54)

Reports sought for retrieval
(n=37)

Reports not retrieved
(n=0)

Reports assessed for eligibility
(n=37)

Reports excluded: 34
Reason: did not meet
inclusion criteria, such as not
a tetracycline PEP
interventional study or no
AMR data reported (n=34)

Studies included in review
(n=23)

Publications from the 3 included
studies

(n=15)

Fig. 1 PRISMA flowchart of study selection
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Incomplete outcome data (attrition bias): All outcomes

Harrison

Luetkemeyer

[~

~ . . Blinding of participants and personnel (performance bias): All outcomes

. ‘ . Blinding of outcome assessment (detection bias): All outcomes

‘ . . Random sequence generation (selection bias)
. ‘ . Allocation concealment (selection bias)

Molina

. ~ . Selective reporting (reporting bias)

D& . Other bias

?

Fig. 2 Risk of bias assessment. Key: + indicates a low risk of bias, ?

indicates an unclear risk of bias
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during two periods of shore leave, and thus, the risk of
this contamination between arms was smaller.

Tetracycline resistance in N. gonorrhoeae
a. Proportion resistant

Only two studies included more than 10 isolates of N.
gonorrhoeae. In these studies, the prevalence of tetracy-
cline resistance was higher in the tetracycline arm — Har-
rison study OR 2.6 (95%CI 0.8-8.2), Luetkemeyer study
OR 4.4 (95%CI 0.7-28.0; Fig. 3). Likewise, the prevalence
of tetracycline resistance was higher in the pooled esti-
mates (OR 2.3; 95% CI 0.9-5.9). This pooled estimate was
comprised of the proportion resistant at >1mg/L for
the Molina study and >2mg/L for the other two studies
(Fig. 3). The lower bound of the 95% confidence interval
crossed one in all these analyses.

b. Effect on MIC distribution

The N. gonorrhoeae tetracycline MICs were signifi-
cantly higher in the minocycline (median 2mg/L IQR
1.5-2.5mg/L) than the placebo arm (median 1.5mg/L
IQR 1-2mg/L; P=0.0018; Fig. 4). None of the gonococ-
cal isolates in the minocycline arm had MICs <1.5mg/L
whereas 10/44 (22.7%) of the isolates in the placebo arm
had MICs in this range (Fig. 4).

Tetracycline resistance in commensal Neisseria species

The prevalence of tetracycline resistance in commensal
Neisseria species was higher in the tetracycline than the
placebo arm in the Luetkemeyer study - the only study
where this was assessed (OR 2.9, 95% CI 1.5-5.4).

Tetracycline resistance in Staphylococccus aureus
The prevalence of tetracycline resistance in S. aureus was
higher in the tetracycline arm in the only study where

Tetracycline Placebo Odds ratio Odds ratio
Study or Subgroup Events Total Events Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Harrison 1 17 18 43 66.2% 2.55(0.79, 8.16] .
Luetkemeyer 5 13 2 16 26.1% 4.38[0.68 , 27.98] B
Molina 0 2 4 6 7.7% 0.11[0.00, 3.35] «
Total (95% ClI) 32 65 100.0% 2.30[0.89, 5.94] ‘
Total events: 16 24

Heterogeneity: Chi? = 3.53, df = 2 (P = 0.17); I* = 43%

Test for overall effect: Z=1.72 (P = 0.08)

001 0.1 1 10 100
Favours tetracycline Favours placebo

Test for subgroup differences: Not applicable

Fig. 3 Forest plot showing individual study and pooled ORs (log scale) for tetracycline resistance in N. gonorrhoeae and exposure to tetracycline
PEP. The tetracycline resistance threshold was =1 mg/L for the Molina study and >2mg/L for the other two studies
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Minocycline Arm

0 1 2

T

3

T

T
0 1 2 3

Tetracycline MIC (mg/L)

Fig. 4 Histograms of the Neisseria gonorrhoeae tetracycline MIC distributions in the placebo and minocycline PEP arms of the Harrison et al., study

(P=0.0018, Mann Whitney test)

this was assessed (Luetkemeyer study; OR 2.1; 95% CI
0.4-12.0). The lower bound of the 95% confidence inter-
val crossed one in this analysis.

Tetracycline resistance in Mycoplasma genitalium

The number of samples analyzed for 16 s rRNA mutations
at baseline (n=11) and 6 months (#=5) was very small
in the only study where this was assessed (Molina study).
At 6 months, there was little difference in the prevalence
of suspected tetracycline resistance between the tetracy-
cline (1/2) and no tetracycline arms (0/3) [16].

Discussion

Our review found that tetracycline PEP was associated
with reduced gonococcal susceptibility to tetracycline
When assessed according to the proportion of gono-
coccal isolates resistant to tetracycline (>1 or>2mg/L),
tetracycline PEP was associated with an increased preva-
lence of tetracycline resistance but this effect was not
statistically significant (OR 2.3; 95% CI 0.9-5.9). When
MIC distribution was used as the outcome measure, PEP
had a more pronounced effect. In the Harrison study,
which was the only study where MIC distributions were
assessed, the calculated efficacy of PEP varied from 100%
if the MICs were<1mg to around 50% with intermedi-
ate MICs (1mg to 2mg) and 0% with MICs >2mg/L
(Fig. 5). It would be useful to assess if MIC distributions

were similarly affected in the other two RCTs. We have
requested this MIC distribution data from these RCTs,
but the corresponding authors were unable to provide
this data in the available time.

An important reason for the difference between these
two outcome measures may be that changes in MIC dis-
tribution is a more sensitive measure of the impact of
an antimicrobial than the proportion of isolates that are
resistant where MIC distribution is dichotomized into
resistant or susceptible. This process of dichotomiza-
tion results in a loss of information which, particularly in
the setting of small sample sizes, increases the probabil-
ity of type II errors, and the probability of determining
between group differences may be affected by the tetra-
cycline concentration used to define resistance (STable 3)
[18, 19]. A number of studies have, therefore, found that
testing the MICs of individual colonies is a more sensi-
tive method to detect the effect of antimicrobials on
antimicrobial resistance than testing the proportion
of colonies with resistance [14, 19]. The Harrison study
also found that the incubation period of gonorrhoea
was longer in the minocycline group than in the placebo
group. Furthermore, in the minocycline (but not the pla-
cebo) group, the mean incubation period was longer in
isolates with MICs <2mg/L (2.7 days) versus those with
MICs >2mg/L (5.6 days) [14]. These findings provide fur-
ther evidence that minocycline was exerting a differential
effect according to minocycline susceptibility.
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The study with the largest number and proportion of
gonococcal isolates assessed for tetracycline susceptibil-
ity was the Harrison study. The authors concluded that
this differential efficacy would be expected to place sig-
nificant selection pressure for the emergence of gonococ-
cal resistance to tetracyclines. As a result, they argued
against the introduction of minocycline PEP. This conclu-
sion is commensurate with the conclusions derived from
other strategies involving the mass use of antimicrobials
to reduce the incidence of STIs and related pathogens. A
number of placebo controlled trials in the 1940s found
that oral penicillin and sulfathiazole PEP reduced the
incidence of syphilis, chancroid and gonorrhoea [20, 21].
However, as early as 1949, concerns were raised about
the effects on antimicrobial resistance [20]. Likewise,
efforts to control gonorrhoea through the mass admin-
istration of penicillin in Greenland in the 1950s resulted
in a small, temporary reduction in gonococcal prevalence
but at the expense of a large increase in penicillin resist-
ance [22]. Mass treatment to reduce meningococcal car-
riage has similarly been noted to reduce prevalence but
at the expense of AMR. As an example, sulfadiazine was
used extensively in the US military to prevent meningo-
coccal disease from the 1950s, but this usage was stopped
in the 1960s when this programme was implicated in the
rapid and extensive emergence of AMR [23]. These find-
ings led researchers to urge caution in the widespread use

of antimicrobials to reduce the prevalence of these bac-
teria [14, 22, 23]. RCTs of doxycycline versus placebo to
prevent travellers’ diarrhoea have come to similar conclu-
sions [24—26]. As an example, an RCT found that doxy-
cycline reduced the incidence of travellers’ diarhoea, but
at the cost of a higher prevalence of doxycycline resist-
ance — 100% versus 53.3% in the doxycycline and placebo
arms, respectively [24]. This plus the risk of microbiome
disruption and increased probability of acquiring other
multidrug resistant bacteria has led guideline committees
to recommend against the routine use of antimicrobials
to prevent travellers’ diarrhoea [26, 27].

As far as the commensal Neisseria spp., were con-
cerned, the prevalence of tetracycline resistance at the
end of the Luetkemeyer study was higher in the doxycy-
cline than in the placebo recipients [11]. This finding was
in contrast to the lack of difference found in this study
in gonococcal tetracycline resistance. One possible expla-
nation is the larger sample size of commensal Neisseria
(n=176) compared to N. gonorrhoeae (n=27) isolates
evaluated. Of note, the odds ratio point estimate for tet-
racycline resistance between arms for N. gonorrhoeae
(OR 4.4) was of similar order of magnitude to that for
the commensal Neisseria spp. (OR 2.9; Table 2, Fig. 3).
Other explanations are, however, possible increase in
tetracycline resistance between baseline and month 12
in the doxycycline arm was not statistically significant.
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Table 2 Prevalence of tetracycline resistance in N. gonorrhoeae, commensal Neisseria species and S. aureus in the three included

studies
Study, Year of Target bacterial Tetracycline Baseline Month 12 (During follow up for N.
publication species breakpoint gonorrhoeae)
(mg/L)
Tetracyclinearm N  Placebo arm N Tetracyclinearm N Placebo arm N
resistant/N tested resistant/N tested resistant/N tested resistant/N tested
(% resistant to (% resistant to (% resistant to (% resistant to
tetracycline) tetracycline) tetracycline) tetracycline)
Harrison 1979 [14] N. gonorrhoeae >1mag/L NA NA 18/18 (100%) 38/44 (86.4%)
Harrison 1979 [14] N. gonorrhoeae >2mag/L NA NA 12/18 (66.7%) 19/44 (43.2%)
Molina 2018 [3] N. gonorrhoeae >1mag/L NA NA 0/2 (0%) 4/6 (66.7%)
Luetkemeyer 2023 N. gonorrhoeae >2mag/L 2/7 (28.6%) 2/8 (25%) 5/13 (38.5%) 2/16 (12.5%)
[5]
Commensal Neis- >2mag/L 189/302 (62.6%) 92/153 (60.1%) 85/122 (69.7%) 25/56 (44.6%)*
seria spp.
S. aureus >2mag/L 12/334 (3.6%) 19/161 (11.8%) 16/137 (11.7%) 3/62 (4.8%)
*P<0.01

The difference in tetracycline resistance between arms
at month 12 was driven predominantly by a reduced
prevalence of tetracycline resistance in the placebo arm
at month 12 (STable 4). The sample sizes at month 12
were roughly one-third of the size as the baseline, mean-
ing that the lower prevalence of tetracycline resistance in
the placebo arm at month 12 may represent stochastic
variations related to small sample sizes. We did not find
a significant difference between the Luetkemeyer study
arms in the proportion of S. aureus with tetracycline
resistance at month 12. However, the authors, reported
a statistically significant increase in S. aureus tetracycline
resistance from 5% at baseline to 13% at month 12 in the
doxycycline arm only [11].

Our review only identified three studies for inclu-
sion. For the Molina and Luetkemeyer studies, there
was a risk of contamination between arms; the number
of isolates of N. gonorrhoeae cultured was very low, and
these isolates comprised a small proportion of all inci-
dent infections. The problems in these two studies were
compounded by them not considering the effect on MIC
distributions. These considerations mean that we need
to be cautious about the conclusions we draw. A number
of other limitations are important. The selected studies
span 4 decades, were performed in heterogenous popu-
lations, used different methods for the diagnosis of N.
gonorrhoeae (urethral culture versus nucleic acid amplifi-
cation tests of urine/pharyngeal/rectal samples), and the
circulating N. gonorrhoeae in the various studies likely
had different tetracycline MICs at baseline. In addition to
selecting for resistance to tetracyclines, tetracycline PEP
could select for resistance to other classes of antimicro-
bials via bystander selection [10, 28, 29]. This bystander
effect could be in STIs or other bacteria. Antimicrobials

have also been shown to select for AMR at both indi-
vidual and population levels [30, 31]. We were unable to
evaluate these risks as none of the studies we included in
this review evaluated these effects. A different system-
atic review has, however, noted a number of examples of
studies where tetracycline use resulted in reduced sus-
ceptibility to tetracyclines in a range of bacterial species
[32]. Future studies are required to assess the effects of
tetracycline PEP on other important parameters, such
as bacterial tolerance to antimicrobials and the human
associated microbiome [7]. Studies have estimated that
tetracycline PEP could reduce the use of broad-spectrum
antimicrobials such as ceftriaxone and azithromycin, but
at the cost of an up to 90-fold increase in doxycycline
consumption [33, 34]. We were unable to evaluate the net
effects of these changes in the antimicrobial consumption
in our review. Conversely, doxycycline PEP could select
for collateral resistance in other antimicrobials [7]. To our
knowledge, the only doxycycline PEP study where this
has been assessed, was a substudy of the Molina study
which found that doxycycline PEP did not have an effect
on the prevalence of macrolide and fluoroquinolone
resistance in Mycoplasma genitalium [16]. However, this
substudy was limited by a very small sample size, as only
five Mycoplasma genitalium isolates are reported after 6
months of doxycycline PEP. Finally, we may have missed
relevant publications due to shortcomings in our search
terms and our failure to search trial registries for relevant
trials.

We conclude that the available evidence suggests that
PEP with tetracyclines such as doxycycline and minocy-
cline is associated with selecting tetracycline resistance
in N. gonorrhoeae and commensal Neisseria species.
Because tetracycline resistance spreads clonally and is
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strongly associated with resistance to other antimicro-
bials such as ceftriaxone and ciprofloxacin in N. gon-
orrhoeae and other pathogens, the widespread use of
doxycycline PEP could select for resistance to not only
tetracyclines but also other antimicrobials [10, 29, 35,
36]. In regions where the prevalence of tetracycline
resistance is very high, this effect may be less pronounced
[7]. Finally, this systematic review should inform future
research studies, and should be updated as new evidence
emerges.
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