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Sexually transmitted infections (STIs) remain global
public health concerns, and novel interventions to
decrease their incidence are essential. In two randomised
clinical studies, doxycycline post-exposure prophylaxis
(doxycycline-PEP) significantly reduced the incident bac-
terial STIs in USA1 and France.2 Doxycycline 200 mg was
taken, by mostly men-who-have-sex-with-men (MSM)
using HIV Pre-Exposure Prophylaxis (PrEP) or living
with HIV and who had ≥1 bacterial STI in the past year,
ideally within 24 h (no later than 72 h) after condomless
sex.1,2 The incident chlamydial, syphilis and gonorrhoea
cases significantly decreased in USA,1 while only chla-
mydial and syphilis cases significantly decreased in
France.2 The limited effect on gonorrhoea in France,
compared to USA, was likely due to a higher resistance to
doxycycline/tetracycline (tetracycline testing reflects the
susceptibility to tetracyclines including doxycycline) in
Neisseria gonorrhoeae. Gonococcal tetracycline suscepti-
bility was not surveyed in the European Gonococcal
Antimicrobial Surveillance Programme (Euro-GASP) in
the recent decade, since tetracyclines have not been a
gonorrhoea treatment option for decades. However, the
European Centre for Disease Prevention and Control
(ECDC), and many other public health organisations,
now consider formulating evidence-based recommenda-
tions regarding doxycycline-PEP as a public health
intervention,3 and gonococcal tetracycline resistance data
in Europe, and globally, are imperative.

Herein, we present tetracycline resistance data for
gonococcal isolates (n = 4787) from 19 EU/EEA coun-
tries in 2022 (Table 1), i.e., to estimate doxycycline-PEP
effectiveness in reducing gonorrhoea cases in Europe.

The tetracycline MIC range, MIC50 (range), MIC90

(range) and resistance percentage (range) using
the clinical tetracycline resistance breakpoint
(MIC > 0.5 mg/L) stated by the European Committee on
Antimicrobial Susceptibility Testing (EUCAST) (v14.0;
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https://www.eucast.org/clinical_breakpoints) in the 19
EU/EEA countries was 0.032–>256 mg/L, 1 (0.25–2)
mg/L, 16 (1–64) mg/L, and 63.4% (14.3–93.7%),
respectively. Of the 19 countries, 84.2% (16/19) showed
>30%, 57.9% (11/19) >50%, and 36.8% (7/19) >70%
resistance to tetracycline, respectively (Table 1). For
comparison, using the EUCAST breakpoint, the tetra-
cycline resistance percentage in England and Wales in
2022 (https://www.gov.uk/government/publications/
gonococcal-resistance-to-antimicrobials-surveillance-prog
ramme-grasp-report/grasp-report-data-to-june-2023) and
in USA in 2021 (https://www.cdc.gov/std/statistics/
gisp-profiles/default.htm) were 84.1% (1228/1460) and
67.5% (2580/3823), respectively. Furthermore, in many
African countries, based on molecular resistance de-
terminants, high-level plasmid (tetM)-mediated tetracy-
cline resistance is >90%.4

Accordingly, the overall gonococcal tetracycline
resistance in Europe and internationally is high, thus
questioning whether doxycycline-PEP would consider-
ably decrease gonorrhoea incidence across Europe and
in many global settings. The tetracycline resistance in
France was 92.3%, which could partly explain the lack of
doxycycline-PEP effect on gonorrhoea in the French
study.2 However, the EUCAST clinical tetracycline
resistance breakpoint is for gonorrhoea treatment, and it
remains unknown whether this breakpoint appropri-
ately reflects resistance to doxycycline-PEP, i.e., taking
doxycycline 200 mg within ideally 24 h as PEP instead of
treating more established gonococcal infections.
Notably, using the clinical tetracycline resistance
breakpoint stated by the US Clinical and Laboratory
Standards Institute (MIC > 1.0 mg/L; www.clsi.org),
resistance breakpoint for minocycline (another tetracy-
cline) when minocycline 200 mg was taken for PEP after
sexual intercourse (MIC > 2 mg/L),5 and breakpoint for
high-level plasmid (tetM)-mediated tetracycline
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Countries (no. of isolate

Austria (n = 379)

Belgium (n = 669)

Bulgaria (n = 12)

Czechia (n = 112)

Estonia (n = 7)

France (n = 220)

Germany (n = 200)

Greece (n = 100)

Hungary (n = 122)

Ireland (n = 248)

Malta (n = 61)

The Netherlands (n = 196

Norway (n = 827)

Poland (n = 15)

Portugal (n = 841)

Slovakia (n = 80)

Slovenia (n = 285)

Spain (n = 213)

Sweden (n = 200)

Total = 4787

The bold values are the value
AD = agar dilution method.
www.eucast.org/clinical_brea
MICs (mg/L) were determine

Table 1: Tetracycline susc
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resistance (MIC > 8 mg/L), the mean tetracycline
resistance in Europe was 38.6% (Table 1), 19.7%, and
13.3%, respectively.

In conclusion, the high gonococcal tetracycline resis-
tance in Europe questions the impact of doxycycline-PEP
against gonorrhoea in Europe. Although a reduction in
gonorrhoea may be observed in countries with lower
resistance percentages and more low-level resistance
(based on tetracycline MICs), doxycycline-PEP could
subsequently rapidly select for gonococcal strains with
tetracycline resistance (low-level and high-level) and also
multidrug-resistance. Many long-term effects on STI
prevalence, microbiomes, and selection of antimicrobial
resistance in STIs, non-STI pathogens, and commensals,
also remain unknown.3,6 Nevertheless, doxycycline-PEP is
effective, in the short term, at reducing incident chla-
mydial and syphilis cases in MSM with frequent bacterial
STIs.1,2 Doxycycline-PEP is also already used in the MSM
community (prescribed or obtained online).3,6 Dissemi-
nation of current evidence regarding positive effects and
unknowns concerning long-term effects of doxycycline-
PEP to community and medical staff and medical
supervision of doxycycline-PEP use restricted to STI
high-risk populations (and restricted to only doxycycline)
with regular STI testing and counselling are imperative.
Finally, phenotypic and genomic monitoring (especially
from doxycycline breakthrough STIs) of STI and non-STI
pathogens are crucial.3,6
s) MIC range (mg/L) MIC50 (mg/L) MIC90 (mg/L) EUCAST-no
isolates (%

0.125–128 1 32 278 (73.4)

≤0.125–≥128 1 32 516 (77.1)

0.25–32 1 16 9 (75.0)

0.125–64 1 32 57 (50.9)

0.064–16 0.5 16 1 (14.3)

0.25–>256 2 32 203 (92.3)

0.25–256 2 32 173 (86.5)

0.032–16 0.5 1 33 (33.0)

0.125–128 1 16 73 (59.8)

0.125–32 0.5 1 114 (46.0)

0.064–32 0.5 8 20 (32.8)

) 0.125–64 1 16 128 (65.3)

0.032–64 0.5 16 324 (39.2)

0.5–16 1 4 8 (53.3)

0.25–>256 2 64 788 (93.7)

0.125–32 0.5 16 37 (46.3)

0.032–32 0.5 1 71 (24.9)

0.064–32 0.25 2 39 (18.3)

0.125–>256 1 32 162 (81.0)

0.032–>256 1 16 3034 (63.4

s for the total number of isolates. No. = number; MIC = minimum inhibitory concentration
aBased on the clinical tetracycline resistance breakpoint (MIC > 0.5 mg/L) stated by the Euro
kpoints). bBased on the clinical tetracycline resistance breakpoint (MIC > 1.0 mg/L) stated
d by either MIC gradient strip test, according to manufacturer’s instructions, or agar dilu
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. of resistant
)a

CLSI-no. of resistant
isolates (%)b

Tetracycline susceptibility
testing methodc

178 (47.0) Decentralised, MGST

253 (37.8) Decentralised, AD

2 (16.7) Centralised, MGST

24 (21.4) Centralised, MGST

1 (14.3) Decentralised, MGST

126 (57.3) Decentralised, MGST

158 (79.0) Decentralised, MGST

7 (7.0) Decentralised, MGST

26 (21.3) Centralised, MGST

20 (8.1) Decentralised, MGST

16 (26.2) Decentralised, MGST

39 (19.9) Centralised, MGST

170 (20.6) Decentralised, MGST

2 (13.3) Centralised, MGST

693 (82.4) Decentralised, MGST

19 (23.8) Centralised, MGST

14 (4.9) Decentralised, MGST

22 (10.3) Decentralised, MGST

80 (40.0) Decentralised, MGST

%) 1850 (38.6%)

; MGST = MIC gradient strip test (mostly Etest; bioMérieux, Marcy-Étoile, France);
pean Committee on Antimicrobial Susceptibility Testing (EUCAST) (v14.0; https://
by the US Clinical and Laboratory Standards Institute (www.clsi.org). cTetracycline
tion.

ntries in 2022.
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