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s u m m a r y 

Objectives: Outbreaks of bacterial enteric pathogens (BEPs) in men who have sex with men (MSM) asso- 

ciated with antimicrobial resistance are a public health concern. We investigated the prevalence and risk 

factors of BEPs in MSM to inform infection control. 

Methods: We conducted a cross-sectional study at a London sexual health clinic between 20/12/2017 and 

06/02/2018. Residual rectal swabs from MSM attending for sexually transmitted infection (STI) testing 

were anonymously tested for a range of BEPs using real-time PCR. A sub-set of samples were tested for 

the mphA gene (a marker of azithromycin resistance). Results were linked to electronic health records. 

Results: BEPs were detected in 207 of 2116 participants, giving an overall prevalence of 9.8% (95% CI 

8.5%-11.1%) ranging from 0.8% (0.4%-1.2%) for Shigella to 4.9% (4.0%-5.9%) for Enteroaggregative E. coli . 

MSM with BEPs were more likely to have a history of bacterial STIs ( p = 0.010), to report more sexual 

partners ( p < 0.001), and among HIV-negative MSM, to report current HIV pre-exposure prophylaxis use 

( p < 0.001). Gastrointestinal symptoms were rare (1.7%) and not associated with BEPs. 41.3% of MSM with 

BEPs and 14.1% of those without BEPs carried mphA ( p < 0.001). Among the former, this was associated 

with a history of bacterial STIs (51.5% vs 31.1%, p = 0.003). 

Conclusions: One in ten MSM had a BEP detected and most did not report symptoms. MphA carriage was 

common, particularly among those with BEPs. Bacterial STI treatment might contribute to selection of 

resistant gut organisms, emphasising the need for better antimicrobial stewardship. 

Crown Copyright © 2022 Published by Elsevier Ltd on behalf of The British Infection Association. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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Bacterial enteric pathogens (BEPs) are transmitted faecal-orally 

nd cause diarrhoea, nausea and abdominal pain. Transmission 
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sually occurs through contact with an infected person or expo- 

ure to contaminated food, water or surfaces. 1 , 2 BEPs can also be 

ransmitted through the ingestion of faecal matter during or after 

exual activity, through direct oral-anal contact (rimming), or in- 

irectly through oral sex after anal sex, or via fingers or fomites. 3 

n the last two decades, there have been an increasing number of 

EP outbreaks among men who have sex with men (MSM) globally 

ncluding Shigella spp., 4-7 Campylobacter spp., 8 , 9 and Shiga toxin- 

roducing Escherichia coli (STEC). 10 The epidemiological character- 
ection Association. This is an open access article under the CC BY license 
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stics of these outbreaks have been similar, linked to specific sexual 

ractices, recreational drug-use, and HIV infection. 4 , 10 

The emergence and spread of resistance to antimicro- 

ials, including macrolides and fluoroquinolones, in some of 

hese pathogens is concerning. Of note is the development of 

zithromycin resistance in Shigella spp. circulating within sexual 

etworks of MSM. Genomic studies have described the presence 

f genotypic markers conferring resistance to azithromycin (for ex- 

mple mphA ), which may be selected for through off-target ef- 

ects from antibiotics prescribed for sexually transmitted infections 

STIs). 11 , 12 

Our understanding of the epidemiology of BEPs in MSM has 

volved from analyses of laboratory surveillance data, clinical case 

eports and information collected during outbreak management. 

hese data largely focus on symptomatic individuals who present 

o healthcare and have stool samples collected for microbiologi- 

al investigations. These individuals likely represent only a small 

raction of infections in the population, including what might be 

 large burden of asymptomatic carriage. Although asymptomatic 

creening is an important public health tool for other STIs, rou- 

ine screening for asymptomatic carriage of BEPs is not currently 

ecommended, not least because the clinical implications and risks 

f onward transmission are poorly understood. Antimicrobial treat- 

ent is not clinically indicated unless the individual has severe 

ymptoms or is at risk of complications (e.g. immunosuppression). 1 

ur previous UK-based feasibility study found that among 4 4 4 

SM diagnosed with rectal chlamydia at selected sexual health 

linics (SHCs) in 2012, 8.6% (95% CI: 6.3% to 11.6%) had a BEP coin- 

ection. 13 About half of the cases in which a pathogen was de- 

ected did not report relevant symptoms suggesting that asymp- 

omatic carriage might help to sustain BEP transmission among 

SM. However, this small convenience sample had a known bias 

owards higher risk participants and lacked behavioural informa- 

ion. 

We therefore conducted a large-scale cross-sectional study to 

stimate the prevalence of BEPs in an unselected sample of 

ymptomatic and asymptomatic MSM attending a central London 

HC for routine STI testing and care. We investigated the socio- 

emographic, clinical and behavioural risk factors of BEPs that 

ight inform the design of interventions in this population. Given 

he potential importance of AMR, we also explored carriage of the 

phA gene and its relationship to STI history. 

ethods 

tudy design 

We conducted this cross-sectional study at 56 Dean Street 

56DS), the UK’s largest sexual health and HIV service, between 

0th December 2017 and 6th February 2018. We collected residual 

ectal swabs from consecutive adult men who attended the clinic 

nd had a rectal swab taken for routine Chlamydia trachomatis and 

eisseria gonorrhoeae testing. Swabs were sent to the Gastroin- 

estinal Bacteria Reference Unit at the UK Health Security Agency 

formerly Public Health England) and anonymously tested for se- 

ected BEPs. The results obtained from BEP detection were linked 

o clinical, socio-demographic and behavioural data extracted from 

he clinic database and the national GUMCAD STI Surveillance Sys- 

em. 14 

tudy population and specimen collection 

56DS consists of two services, Dean Street Express (DSE) and 56 

ean Street (56DS). The former offers sexual health screening for 

symptomatic people, and the latter offers testing and/or manage- 

ent for people with symptoms, those needing ongoing support or 
2 
hose requiring specialist services such as HIV post-exposure pro- 

hylaxis or HIV care. 15 , 16 Approximately 75% of all C. trachomatis 

nd N. gonorrhoeae tests performed by the service are carried out 

mong those attending DSE. 17 MSM attending the service are rou- 

inely offered testing for C. trachomatis and N. gonorrhoeae from 

rine, pharyngeal and rectal swabs, regardless of symptoms. 

We collected residual rectal swabs from adult men aged 16 

ears and older, regardless of STI test results or symptom presen- 

ation. Although most rectal swabs are collected from men who 

dentify as gay or bisexual, rectal swabs are also collected based on 

elf-reported sexual behaviour and a smaller number are collected 

rom individuals who identify as heterosexual or non-binary. All 

pecimens were labelled with the participant’s clinic number and 

ttendance date only. Prior to testing, the clinic number was re- 

oved and replaced with an anonymous study number. 

Assuming 5% BEP prevalence, 13 1825 rectal swabs were required 

o estimate prevalence to within 1% and detect a difference of 5% 

etween two unequally sized sub-groups at 5% significance and 

 90% power, if sub-group prevalence was 9% and 4%. The target 

ample size was increased by 20% to 2281 as contingency for miss- 

ng data items, failed DNA extractions or insufficient testing vol- 

mes. 

ata collection, linkage and anonymisation 

Socio-demographic and clinical data were extracted from the 

UMCAD STI Surveillance System using the participant’s clinic 

umber. GUMCAD is a pseudo-anonymised patient-level dataset 

hat contains information about attendances, STI and HIV testing, 

nd diagnoses made at all SHCs in England. 14 Each record contains 

emographic information including gender, age, sexual orientation, 

thnicity, country of birth and area of residence. Patient records 

an be linked longitudinally within but not across clinics using the 

articipant’s clinic number to determine HIV status and STI diag- 

osis history. 

Additional clinical and behavioural data were extracted from 

he SHC database using the participant’s clinic number. These data 

ere collected locally as part of routine care using a standardised 

uestionnaire completed using a touchscreen computer (DSE) or by 

he clinician during a face-to-face consultation (56DS). The ques- 

ionnaire collected data on number of sexual partners (past three 

onths), last condomless sex, current use of HIV pre-exposure pro- 

hylaxis (PrEP) and interest in specific ‘high-risk’ behavioural prac- 

ices by asking, “Are you into any of these?: Fisting, injecting, bare 

acking, chemsex”. Hereon, this variable is referred to as ‘interest 

n specific high-risk practices’. We also extracted data on reported 

ymptoms of gastrointestinal illness. While people attending DSE 

re not expected to have symptoms, some reported symptoms in 

he free text field. All people attending 56DS are routinely asked 

bout symptoms, including gastrointestinal symptoms, which are 

ecorded as free text. 

All data were anonymised by replacing the participant’s clinic 

umber with an anonymous study number. Data were grouped 

nto categories where appropriate to further minimise the risk of 

eductive participant identification (e.g. age). 

aboratory procedures 

DNA was extracted using the QIAsymphony DSP DNA Mini Kit 

Qiagen). All specimens were spiked with 10 μl of modified green 

uorescent protein E. coli , 18 which acted as an internal positive 

ontrol to minimise the risk of false negative reporting. Eluted 

NA extracts were used to detect a range of BEPs using real- 

ime polymerase chain reaction (PCR) primers and probes on a 

otor-Gene Q (Qiagen). The multiplex PCR assay included gene 
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argets for Shigella spp./enteroinvasive E. coli, Campylobacter je- 

uni/coli, Salmonella spp., Shiga toxin-producing E. coli (STEC), en- 

eroaggregative E. coli (EAEC), and enteropathogenic E. coli (EPEC). 

he amplification parameters were 95 °C for 5 min, followed by 

5 °C for 15 s and 60 °C for 60 s (40 cycles). The cycle threshold

as set at 0.05 for all targets. In a secondary analysis, real-time 

CR using the Applied Biosystems TaqMan 7500 (Thermo Fisher 

cientific) was used to detect the presence of mphA , an AMR gene 

ssociated with resistance to the macrolide, azithromycin. 19 The 

CR assay was performed using all eluted DNA extracts which re- 

urned a positive result for one of the BEP target genes, and for 

omparison, a random subset of 100 DNA extracts which returned 

 negative result for all BEP gene targets. Details of all the primers, 

robes and gene targets are provided in Supplementary Table 1. 

tatistical analyses 

To assess representativeness of the study population, we com- 

ared their socio-demographic characteristics to those of all MSM 

ttending 56DS or DSE, and all SHCs in England during the study 

eriod. Behavioural characteristics of the study population were 

ompared with data available from an enhanced surveillance pilot 

t selected SHCs (2015 to 2016), 20 and with data from a general 

opulation survey known as the third National Survey of Sexual 

ttitudes and Lifestyles (Natsal-3, 2010 to 2012). 21 

Prevalence estimates were calculated with 95% confidence in- 

ervals (CIs) using the Clopper-Pearson (exact binomial) method. 

he association between the detection of any BEP and clinical, 

ocio-demographic and behavioural risk factors were explored us- 

ng univariable and multivariable Poisson regression with robust 

rror variances. For multivariable analyses, each exposure variable 

i.e. socio-demographic, clinical or behavioural factor) was adjusted 

n a separate model a priori for age group, clinic (56DS or DSE) and

IV status. Overall p-values for heterogeneity were calculated us- 

ng the Wald test and p-values for the test for linear trend were 

alculated for age group and number of sexual partners. Risk fac- 

or analyses stratified by HIV status were also conducted. 

Sensitivity analyses using simple imputation methods were 

onducted to assess the potential bias of missing data (indepen- 

ent variables) on the results (Supplementary Data). Multiple im- 

utation was not considered appropriate since descriptive analyses 

uggested the missing data mechanism was ‘missing not at ran- 

om’. 
Fig. 1. Flow chart showing the number of rectal swab

3

The prevalence of mphA was calculated with 95% CIs using the 

lopper-Pearson (exact binomial) method. The association between 

phA detection and diagnosis of a bacterial STI in the past year 

as explored using Pearson’s Chi-squared test. 

thical considerations 

The study was reviewed and approved by the London Harrow 

HS Research Ethics Committee (reference: 17/LO/1722). Individual 

atient consent was not required because we tested anonymised 

esidual specimens with no patient-identifiable data. Posters and 

eaflets were displayed in the clinic waiting areas to inform pa- 

ients about the study and they could opt out if they preferred to 

ave their specimen excluded. 

esults 

Between 20/12/2017 and 06/02/2018, 2507 specimens were re- 

eived, of which 2399 were assessed for eligibility ( Fig. 1 ). 2190 

ligible specimens generated a valid PCR test result, of which 2116 

elonged to unique individuals and were included in the analy- 

is. Linked GUMCAD data were available for 99.6% (2107) partici- 

ants and additional clinical and behavioural data (from the clinic 

atabase) for 98.4% (2082). 

Overall, 80.8% (1709) of study participants attended DSE and 

9.2% (407) 56DS ( Table 1 ). Most men reported gay identity (96.2%) 

nd white ethnicity (77.8%) and nearly half were born in the UK 

47.2%). 

The median number of total and new sexual partners in the 

ast three months was four (IQR 2–9) and three (IQR 1–6), respec- 

ively. Overall, 17.6% (372/2116) of study participants were living 

ith HIV. Among men who were HIV-negative or of unknown HIV 

tatus, 75.5% (1316/1739) tested HIV-negative at the study atten- 

ance and a further 23.7% (412/1739) within the past year. Where 

inked clinical data were available, 1.7% (36/2082) reported gas- 

rointestinal symptoms. 

The socio-demographic characteristics of the study population 

roadly mirrored those of all MSM attending the clinic during the 

tudy period, although a slightly higher proportion of study partic- 

pants were of an ethnic minority background and born outside of 

he UK (Supplementary Table 2). Among men who reported at least 

ne sexual partner in the past three months, 49.8% (842/1690) of 

tudy participants reported five or more sexual partners compared 
s processed, assessed for eligibility, and tested. 
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Table 1 

Socio-demographic, clinical and behavioural characteristics of the study population. 

Characteristic Number Percentage (%) 

Age group 
16–19 31 1.5 
20–24 241 11.4 
25–29 526 25.0 
30–34 485 23.0 
35–39 337 16.0 
40–49 339 16.1 
50 + 148 7.0 
Missing 9 NA 
Ethnic group 
White 1576 77.8 
Black 76 3.8 
Mixed 131 6.5 
Asian 112 5.5 
Other 130 6.4 
Missing 91 NA 
World region of birth 
UK 953 47.2 
Europe (excluding UK) 581 28.8 
Other 485 24.0 
Missing 97 NA 
Sexual orientation 
Gay 2003 96.2 
Bisexual 54 2.6 
Heterosexual 25 1.2 
Missing 34 
IMD quintile of residence 
1–2 (Most deprived) 1407 67.5 
3 374 17.9 
4–5 (Least deprived) 304 14.6 
Missing 31 NA 
Number of sexual partners (past 3 months) 
0 12 0.7 
1 170 10.0 
2–4 678 39.8 
5–9 440 25.9 
10 + 402 23.6 
Missing 414 NA 
Number of new sexual partners (past 3 
months) 
0 172 10.6 
1 270 16.7 
2–4 588 36.3 
5–9 347 21.4 
10 + 245 15.1 
Missing 494 NA 
Receptive anal sex (past 3 months) 
No 92 4.8 
Yes 1816 95.2 
Missing 208 NA 
Receptive oral sex (past 3 months) 
No 47 2.5 
Yes 1827 97.5 
Missing 242 NA 
Last condomless sex 
Never 184 9.8 
More than 6 weeks ago 437 23.2 
Within 6 weeks 986 52.4 
Within 72 h 275 14.6 
Missing 234 NA 
Interest in specific high-risk practices a 

No 1074 60.5 
Yes 701 39.5 
Missing 341 NA 
Bacterial STI diagnosis (at attendance) 
No/unknown 1632 77.1 
Yes 484 22.9 
Bacterial STI diagnosis (past year) 
No/unknown 1251 59.1 
Yes 865 40.9 
HIV status 
Negative/unknown 1744 82.4 
Living with HIV 372 17.6 
Currently using HIV PrEP ( N = 1744) 
No 930 63.0 
Yes 547 37.0 
Missing 267 NA 

N = 2116 unless otherwise specified. Missing data excluded from percentage calcu- 

lations. Abbreviations: NA, Not applicable; IMD, Index of Multiple Deprivation; STI, 

Sexually Transmitted Infection; PrEP, Pre-exposure prophylaxis. 
a ‘Interest in specific high-risk practices’ refers to data collected via the following 

question: Are you into any of these: Fisting, injecting, bare backing, chemsex. 
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4 
o 19.4% (164/844) of MSM attending clinics participating in the 

nhanced surveillance pilot, and 14% (17/123) of MSM in the gen- 

ral population in Natsal-3. 

207 out of 2116 men had a BEP detected giving an estimated 

verall prevalence of 9.8% (95% CI: 8.5% to 11.1%). Prevalence was 

.8% (95% CI: 0.4% to 1.2%) for Shigella spp., 1.2% (95% CI: 0.8% to 

.8%) for STEC, 1.7% (95% CI: 1.2 to 2.3) for Campylobacter spp. and 

PEC, and 4.9% (95% CI: 4.0% to 5.9%) for EAEC. Salmonella spp. 

ere not detected. 

There was no evidence of an association between BEP detec- 

ion and socio-demographic factors (ethnic group, region of birth, 

ndex of Multiple Deprivation quintile or sexual orientation), ex- 

ept that men of mixed ethnic background had a lower prevalence 

han white men (adjusted prevalence ratio [aPR]: 0.37 [95% CI: 0.16 

o 0.89]), though the sample size for men of mixed ethnicity was 

mall ( n = 5/131) ( Table 2 ). 

In univariable and multivariable analyses, BEP detection was 

ositively associated with increasing numbers of total (linear test 

or trend p = 0.003) or new (linear test for trend p < 0.001) sexual

artners in the previous three months and a concurrent (aPR: 1.45 

95% CI: 1.09 to 1.91], p = 0.010) or previous (aPR: 1.41 [95% CI: 

.08 to 1.84] in previous 12 months, p = 0.011) bacterial STI diag- 

osis ( Table 2 ). HIV status was not associated with BEP detection 

aPR: 1.24 [95% CI: 0.89 to 1.73] for men living with HIV compared 

o men who were of HIV-negative/unknown HIV status, p = 0.198). 

owever, after stratifying by current PrEP use (‘HIV risk group’ in 

able 2 ), men without HIV and using PrEP and men living with 

IV were more likely to have a BEP detected than men without 

IV who were not taking PrEP (aPR: 2.06 [95% CI: 1.48 to 2.86] for 

en without HIV taking PrEP and aPR: 1.85 [95% CI: 1.25 to 2.75] 

or men living with HIV, p < 0.001). Sensitivity analyses using sim- 

le imputation methods supported the findings presented in the 

rimary analysis (Supplementary Data). 

In both univariable and multivariable analyses stratifying by 

IV status, BEP detection was strongly associated with STI-risk be- 

aviours among MSM without HIV or of unknown HIV status but 

as not among MSM living with HIV (Supplementary Table 3; Sup- 

lementary Table 4; Supplementary Data). 

A total of 307 specimens (207 BEP-positive and 100 BEP- 

egative) were tested for the presence of mphA. One BEP-positive 

pecimen had insufficient DNA volume to enable mphA testing, and 

ne from the control group generated a negative result for the 

nternal amplification control and was excluded. The mphA gene 

as detected in 32.5% (99/305) of specimens overall; detection was 

igher in BEP-positive specimens compared to the control group 

amples (41.3% [85/206] vs 14.1% [14/99], p < 0.001). Overall, 41.3% 

59/143) and 24.7% (40/162) of specimens from men with and 

ithout a bacterial STI in the past year, respectively, had mphA 

etected ( p = 0.002) ( Fig. 2 ). Among the sub-group with a BEP-

ositive specimen, mphA was detected in 51.5% (53/103) and 31.1% 

32/103) of specimens from those with and without a bacterial STI 

iagnosis in the past year, respectively, ( p = 0.003). Among the 

EP-negative control group, mphA was detected in 15.0% (6/40) and 

3.6% (8/59) of specimens from men with and without a bacterial 

TI in the past year, respectively ( p = 0.840). 

iscussion 

We found that one in ten men attending 56DS or DSE were 

CR positive for a BEP with most reporting no clinical symptoms 

f gastroenteritis. BEP detection was associated with STI-risk be- 

aviours, providing further strong evidence that these pathogens 

re transmitted through sexual contact. The mphA gene was most 

ommon in MSM with BEPs, but also common in those with- 

ut, emphasising the frequency of carriage of resistance to the 

acrolide azithromycin in this population. Among those with 
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Table 2 

Associations of socio-demographic, clinical and behavioural factors with the detection of any bacterial enteric pathogen. 

Factor n/N Row% Unadjusted PR (95% CI) p-value Adjusted PR (95% CI) p-value 

Clinic ( N = 2116) 

DSE 174/1709 10.2 1.00 0.210 1.00 0.139 

56DS 33/407 8.1 0.80 (0.56–1.14) 0.76 (0.53–1.09) 

Age group ( N = 2107) 

16–24 19/272 7.0 1.00 0.173 1.00 0.268 

25–34 98/1011 9.7 1.39 (0.86–2.23) 0.068 a 1.35 (0.84–2.17) 0.112 a 

35 + 90/824 10.9 1.56 (0.97–2.52) 1.49 (0.92–2.43) 

Ethnic group ( N = 2025) 

White 169/1576 10.7 1.00 0.161 1.00 0.198 

Black 8/76 10.5 0.98 (0.50–1.92) 0.97 (0.50–1.90) 

Mixed 5/131 3.8 0.36 (0.15–0.85) 0.37 (0.16–0.89) 

Asian 10/112 8.9 0.83 (0.45–1.53) 0.88 (0.48–1.62) 

Other 10/130 7.7 0.72 (0.39–1.32) 0.72 (0.39–1.32) 

Region of birth ( N = 2019) 

UK 90/953 9.4 1.00 0.546 1.00 0.575 

Europe 65/581 11.2 1.18 (0.87–1.60) 1.17 (0.87–1.59) 

Rest of world 49/485 10.1 1.07 (0.77–1.49) 1.04 (0.75–1.45) 

IMD quintile of residence ( N = 2085) 

1–2 (Most deprived) 144/1407 10.2 1.00 0.611 1.00 0.604 

3 33/374 8.8 0.86 (0.60–1.24) 0.86 (0.60–1.23) 

4–5 (Least deprived) 27/304 8.9 0.87 (0.59–1.28) 0.87 (0.58–1.28) 

Sexual orientation ( N = 2082) 

Gay 200/2003 10.0 1.00 0.298 1.00 0.357 

Bisexual/heterosexual 5/79 6.3 0.63 (0.27–1.50) 0.67 (0.28–1.58) 

HIV status ( N = 2116) 

HIV-negative/unknown 163/1744 9.4 1.00 0.141 1.00 0.198 

Living with HIV 44/372 11.8 1.27 (0.92–1.73) 1.24 (0.89–1.73) 

HIV risk group ( N = 1849) 

HIV-negative/unknown HIV status, not on HIV PrEP 60/930 6.5 1.00 < 0.001 1.00 < 0.001 

HIV-negative, on HIV PrEP 74/547 13.5 2.10 (1.52–2.90) 2.06 (1.48–2.86) 

Living with HIV 44/372 11.8 1.83 (1.27–2.65) 1.85 (1.25–2.75) 

Bacterial STI diagnosed at attendance ( N = 2116) 

No/unknown 145/1632 8.9 1.00 0.010 1.00 0.010 

Yes 62/484 12.8 1.44 (1.09–1.91) 1.45 (1.09–1.91) 

Bacterial STI diagnosed in past year ( N = 2116) 

No/unknown 103/1251 8.2 1.00 0.004 1.00 0.011 

Yes 104/865 12.0 1.46 (1.13–1.89) 1.41 (1.08–1.84) 

Interest in specific high-risk practices b ( N = 1775 ) 

No 97/1074 9.0 1.00 0.036 1.00 0.102 

Yes 85/701 12.1 1.34 (1.02–1.77) 1.27 (0.95–1.69) 

Number of sexual partners in last 3 months ( N = 1702 ) 

0–1 14/182 7.7 1.00 0.005 1.00 0.010 

2–4 52/678 7.7 1.00 (0.57–1.76) < 0.001 a 0.97 (0.55–1.72) 0.003 a 

5–9 47/440 10.7 1.39 (0.78–2.46) 1.34 (0.75–2.37) 

10 + 57/402 14.2 1.84 (1.06–3.22) 1.74 (1.00–3.05) 

Number of new sexual partners in last 3 months ( N = 1622 ) 

0–1 28/442 6.3 1.00 < 0.001 1.00 < 0.001 

2–4 54/588 9.2 1.45 (0.93–2.25) < 0.001 a 1.47 (0.95–2.26) < 0.001 a 

5–9 45/347 13.0 2.05 (1.30–3.21) 2.02 (1.29–3.16) 

10 + 38/245 15.5 2.45 (1.54–3.89) 2.40 (1.51–3.80) 

Receptive anal sex in last 3 months ( N = 1908 ) 

No 7/92 7.6 1.00 0.475 1.00 0.547 

Yes 180/1816 9.9 1.30 (0.63–2.69) 1.25 (0.61–2.54) 

Receptive oral sex in last 3 months ( N = 1874 ) 

No 6/47 12.8 1.00 0.486 1.00 0.410 

Yes 178/1827 9.7 0.76 (0.36–1.63) 0.73 (0.35–1.54) 

Last condomless sex ( N = 1882 ) 

Never/more than 6 weeks ago 54/621 8.7 1.00 0.062 1.00 0.098 

Within 6 weeks 99/986 10.0 1.15 (0.84–1.58) 1.11 (0.81–1.53) 

Within 72 h 38/275 13.8 1.59 (1.08–2.35) 1.52 (1.03–2.26) 

Gastrointestinal symptoms ( N = 2082 ) 

No/unknown 201/2046 9.8 1.00 0.410 1.00 0.184 

Yes 5/36 13.9 1.41 (0.62–3.22) 1.78 (0.76–4.18) 

Total numbers vary for each question due to missing data. Unadjusted and adjusted prevalence ratios (PRs) and 95% confidence intervals (CIs) calculated using modified 

Poisson regression with robust error variance. Overall p-values by Wald test or linear test for trend. 

Abbreviations: IMD, Index of Multiple Deprivation; STI, Sexually Transmitted Infection; PrEP, Pre-Exposure Prophylaxis. 
a Adjusted Models: Each factor adjusted in a separate model for age group (linear term), clinic and HIV status. 
b ‘Interest in specific high-risk practices’ refers to data collected via the following question: “Are you into any of these: Fisting, injecting, bare backing, chemsex”. 

5 



H.D. Mitchell, G. Whitlock, J. Zdravkov et al. Journal of Infection xxx (xxxx) xxx 

ARTICLE IN PRESS 

JID: YJINF [m5G; November 19, 2022;14:43 ] 

Fig. 2. Detection of mphA by bacterial STI history in the past year stratified by bacterial enteric pathogen detection. 
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EPs, mphA was strongly associated with a bacterial STI diagno- 

is in the past year, likely reflecting a strong selective pressure 

hrough prior macrolide usage - azithromycin was used as part of 

rst-line therapy for bacterial STIs prior to and during the study 

eriod. 22 

The main strength of this study was the large and unselected 

ample of MSM attending the UK’s largest SHC, regardless of symp- 

oms. The use of residual rectal swabs with an opt-out approach 

aximised the proportion of men attending the clinic who were 

ncluded in the study and avoided selection bias. The study pro- 

ides the most robust estimates of BEP prevalence among MSM in 

he UK to date. To our knowledge, this is also the first study to ex-

lore carriage of mphA in MSM, and its relationship with BEPs and 

acterial STI diagnoses. 

The main limitation was that our analyses used only rou- 

inely collected data due to the opt-out study design. For example, 

e could not collect additional information about gastrointestinal 

ymptoms, antimicrobial exposure, travel history, occupational ex- 

osure, food consumption, participant knowledge of BEP transmis- 

ion, or specific sexual practices facilitating faecal-oral transmis- 

ion (such as direct oral-anal contact), all of which could have 

elped interpretation. Routinely collected data may be biased by 

ystematic differences in data collection due to inaccurate recall or 

eporting, or missing responses. For some variables, there was a 

igh proportion of missing data (Supplementary Data), potentially 

eading to biased estimates in risk factor analyses. However, sensi- 

ivity analyses assessing the impact of missing data were broadly 

oncordant with the main results. Another limitation was that our 

CR only detected the presence of the mphA gene, so we have 

ikely underestimated off-target effects of antibiotic use in this 

opulation. 

Our findings show that BEPs were present in the gastrointesti- 

al tract of MSM attending 56DS and DSE, including pathogens as- 

ociated with recent outbreaks globally. Although not directly com- 

arable, our prevalence estimates were generally higher than in 

symptomatic people included in a UK general population study, 23 

lthough this was conducted over 20 years ago and the incidence 

f enteric infections has since changed. 24 Differences in study 

opulation characteristics, specimen type and testing methodology 

lso hamper comparisons. 25 A more recent general population co- 

ort study among people who developed symptoms did not detect 

higella spp. and the prevalence of EAEC was considerably lower 
6 
han in our study. 26 In contrast, Campylobacter spp. were detected 

ore frequently, which is consistent with this organism being the 

ost common cause of gastrointestinal illness in the UK through 

he consumption of contaminated food. 27 While the detection of 

almonella spp. was low in the general population cohort, this BEP 

as entirely absent in our study. 

Overall, the association between BEP detection and STI-risk 

ehaviours strengthens the evidence that transmission of these 

athogens is an important public health concern for MSM. The as- 

ociation was less clear in MSM living with HIV, possibly because 

his group was generally more likely to report STI-risk behaviours 

ompared to other MSM. However, caution is needed in interpre- 

ation due to the small sample size. 

Our prevalence estimates are comparable to a study carried 

ut among 519 asymptomatic (defined as no diarrhoea in the past 

wo weeks) MSM attending a SHC in Melbourne, Australia during 

ovember 2018 and February 2019. 28 In that study, prevalence of 

t least one bacterial, viral or protozoan enteric pathogen in rectal 

wabs was 11.0% (95% CI: 8.4% to 14.0%) and detection was inde- 

endently associated with direct oral-anal contact in the past 12 

onths and group sex in the past month. In contrast to our study, 

here was no evidence that the detection of enteric pathogens dif- 

ered by HIV or PrEP status. 

As with other STIs, our findings suggest that partner change is 

n important component in the spread of BEPs in MSM. In turn, 

his suggests that MSM at highest risk of BEPs would benefit from 

argeted health education and risk reduction advice (for exam- 

le, on the risks of sexual behaviours that facilitate transmission 

f enteric pathogens), while those diagnosed should be given ap- 

ropriate advice to prevent transmission, and their partners no- 

ified. The absence of symptoms in most men strongly suggests 

hat asymptomatic carriage may be facilitating widespread trans- 

ission in this population and is potentially a significant barrier 

o effective control since asymptomatic screening for BEPs is not 

ecommended. Important knowledge gaps include the duration of 

nfectiousness (pathogens with a longer duration of infectiousness 

an persist in the population) and the probability of transmis- 

ion between an asymptomatic carrier and a susceptible person, 

hich might better inform control measures. There are likely to be 

iological differences between individual BEPs that influence the 

robability of the pathogen being transmitted through sexual con- 

act in MSM. 
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The higher prevalence of mphA detected among men with a BEP 

s consistent with the gene often being present in these pathogens, 

lthough it is likely that mphA was also present in other gut or- 

anisms. Our findings emphasise that frequent antimicrobial use 

n this population has important potential consequences for the 

evelopment of resistance in both pathogenic and non-pathogenic 

ut microbes. The latter might act as a reservoir for AMR genes 

hat can be transferred to other pathogens. 12 Since 2018, STI treat- 

ent guidelines have shifted away from the use of azithromycin 

ue to the development and spread of resistance in target and 

on-target pathogens. 22 For instance, gonorrhoea treatment guide- 

ines were updated in early 2019 to single dose ceftriaxone ther- 

py from the previously recommended dual therapy of ceftriaxone 

nd azithromycin. 29 However, the recent rise in cases of extremely 

rug resistant Shigella sonnei (including genes conferring resistance 

o ceftriaxone) among MSM in the UK and Europe continues to 

mphasise the importance of antimicrobial stewardship and ap- 

ropriate clinical management. 30 , 31 There are also concerns about 

he potential overuse of antimicrobials in this population as pro- 

hylaxis for bacterial STIs. Although not currently recommended, 

tudies have reported that up to 10% of MSM taking PrEP have 

sed antibiotics to prevent STIs, 32-34 primarily doxycycline, but the 

se of other antibiotics, including azithromycin, has also been re- 

orted. 35 MSM reporting STI-risk behaviours acquire more STIs and 

EPs and have greater exposure to antimicrobials. There is clearly 

 need to review current guidelines on antimicrobial use in MSM; 

he parallel syndemics of increasingly resistant sexually transmis- 

ible pathogens need to be addressed holistically. 
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