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ABSTRACT

Background: Antimicrobial resistance (AMR) is a global health priority. Acne vulgaris is a
common skin condition for which antibiotic use ranges from a few months to years of daily

exposure.

Aim: To systemically search for and synthesise evidence on the risk of treatment-resistant

infections, and other evidence of AMR, following long-term oral antibiotic use for acne.

Design: Embase, MEDLINE, Cochrane and Web of Science databases were searched using

MeSH, EMTREE or other relevant terms and following.a pre-registered protocol.

Method: Search strategies were developed with a librarian and run in July 2019. All searches
date from database inception. The primary outcome was antibiotic treatment failure or
infection caused by a resistant organism. Secondary outcomes included detection of resistant

organisms without an infection, rate of infection, or changes to flora.

Results: 6996 records were identified. 73 full-text articles were shortlisted for full review, of
which five were included. Two investigated rates of infection and three resistance or changes
to microbial flora. Three studies had 35 or fewer participants (range 20-118,496). Three
studies had a ‘serious’ or ‘high’ risk of bias, one ‘moderate’ and one a ‘low’ risk of bias. We
found weak evidence for an association between antibiotic use for acne and subsequent

increased rates of upper respiratory-tract infections and pharyngitis.

Conclusion: There'is a lack of high-quality evidence on the relationship between oral
antibiotics for acne treatment and subsequent AMR sequelae. This needs to be urgently

addressed with rigorously conducted studies.
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How this fits in

Antimicrobial resistance is a global threat and the prolonged use of antibiotics in the

treatment of skin conditions may contribute to this burden.

e Long-term oral antibiotics are frequently used to treat acne in relatively well, young
adult populations.

e This review has highlighted the dearth of high quality studies on the implications of
long-term oral antibiotic use on infectious or antimicrobial resistance sequelae.

e We do not understand how the long-term use of oral antibiotics for acne affects the

subsequent rate of infections, changes to microbiota or antimicrobial resistance and

this systematic review has highlighted an urgent need for rigorous, well conducted

studies investigating the relationship between long-term antibiotics for acne and

antimicrobial resistance.



INTRODUCTION

The world Health Organisation has declared the threat of Antimicrobial Resistance (AMR) a
most urgent crisis.! Currently approximately 700,000 people die per year as a result of AMR
and a report predicted that there will be 50 million deaths per year as a result of AMR by
2050, with a total cumulative cost to lost global production of 100 trillion USD.? Acne
vulgaris is a chronic, inflammatory skin disorder, predominantly of adolescence. It affects 80-
100% of adolescents and 20% have moderate to severe acne.> Topical and oral antibiotics are
commonly prescribed in the treatment of acne. Although there is conflicting information in
international acne guidelines, they generally recommend treatment with an oral or topical
antibiotic for 3 — 6 months.*? Tetracyclines and-macrolides are the two most common oral

antibiotic classes prescribed for people with acne in UK primary care.*

The overuse of antibiotics is a cause of AMR. Exposures to antibiotics selects for bacteria
with spontaneous or acquired mechanisms of resistance. In turn, commensal bacteria also
develop and acquire mechanisms to resist the effects of antibiotics which may give rise to
invasive infection. While we understand that acne is not an infectious disease and the
pathophysiology of acne is-multifactorial with Cutibacterium acnes implied as one step in the
development of an acne lesion, several studies have shown antibiotics for acne leads to
resistant C. acnes.'%:!4 Less is known about whether antibiotic treatment for acne impacts on
bacterial flora at other sites. Despite this, oral antibiotics are considered to have anti-
inflammatory-effects, and their short-term efficacy ensures continued use, alongside other
treatments used for acne such as isotretinoin.!> 1 Given the potential relationship between

exposure.to antibiotics and AMR, this practice may not be sustainable.!”



Antimicrobial stewardship, a framework employed to ensure the judicious use of antibiotics,
is effective for other infections in other settings,'® however to ensure its implementation in
acne treatment, evidence is needed to show that using antibiotics for acne increases future
infective episodes and resistance sequelae. Until we have this evidence, there will be little

impetus to change clinical practice.!®

The question of whether antibiotics for acne contribute towards AMR is an evidence gap
which needs to be urgently addressed.?’ This study aims to address this gap by systematically
reviewing published evidence on the association between long-term use of oral antibiotics for
acne and subsequent risk of antibiotic treatment failure, infection caused by a resistant

organism, or other evidence of AMR.

MATERIAL AND METHODS

The review protocol was registered on PROSPERO on the 8t of April 2019 prior to literature

search, (CRD42019121738 — www.crd.york.ac.uk/PROSPERO) and is published in BMJ

Open.?! PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-analyses) and
RECORD Reporting of studies.Conducted Using Observational Routinely collected Data)

guidance was followed.??

LITERATURE SEARCH STRATEGY

We searched EMBASE, Medline, Cochrane and Web of Science. We developed search terms
by finding keywords from relevant articles and by running pilot searches. Searches were

developed alongside a librarian to ensure completeness; in order to keep the searches as broad



as possible we used, for example, the ‘explode’ function on Ovid. The search strategy was
reviewed by all authors. The final searches were undertaken by the lead author who has
medical and search training. Searches were undertaken in July 2019 from inception of the

databases.

Inclusion and Exclusion criteria

We included randomised controlled trials, and both cohort and case-control observational
studies. Conference abstracts were included if the full paper was unpublished but the full
manuscript could be obtained from the authors. Studies were included if they met the above

criteria in addition to the following criteria:

e The study population included participants aged 8 or more with acne, in any healthcare
setting.

e The study investigated oral antibiotics prescribed for acne, for a minimum of 28 days
of daily dosing.

e The comparison group included people who have not been treated with oral antibiotics
for acne (or the general population).

e Studies where outcomes met our primary outcome of antibiotic treatment failure or
infection caused by a resistant organism, or our secondary outcome of the detection of
resistant organisms without an infection, rate of infection or changes to bacterial flora.

Any measure including proxy measures were used.

We excluded ecological studies and studies that did not assess temporality or looked at
specific subtypes of acne, e.g. acne fulminans. We excluded unpublished, ongoing and

studies in grey literature. We excluded studies which only looked at AMR of C. acnes or



those including people under the age of 8 as acne vulgaris is unlikely to present in-children

under 8 years old and tetracyclines are not recommended in younger children.

Exposure and comparator

The exposure was at least 28 days of continuous daily doses of antibiotics for acne. This
duration was chosen as 28 days is the usual minimum duration of therapy for acne and it was
more likely to distinguish between people receiving antibiotics for acne and those receiving
short course antibiotics for an acute infection. We excluded topical antibiotics as these are less
likely to have an effect at sites other than the skin where they are applied. The comparator
group included people with acne who were not treated with oral antibiotics or the general

population.

Outcome

The primary outcome was antibiotic treatment failure (insufficient clinical improvement
following treatment of an infection with an antibiotic), or any infection caused by a resistant
organism. The secondary-outcome was the detection of resistant organisms without a clinical
infection, rate of infection or changes to flora. This included any measure of AMR, for
example, laboratory measures (such as a raised C-reactive protein (an inflammatory marker
which if raised may support the diagnosis of a persistent infection despite prior treatment
with an antibiotic or it can be used to monitor antibiotic treatment response to infection) or
positive culture in the case of a subsequent resistant infection at any body site), patient
observations (such as an elevated temperature and/or pulse rate (which may indicate an
infection-and could represent antibiotic treatment failure if persistent after treatment with an

antibiotic) or proxy measures that may have been used in epidemiological studies, for



example, difficult to treat infections. Antibiotic treatment failure is a proxy for antimicrobial
resistance. The outcome could occur at any time point after at least 28 days of continuous

oral antibiotic exposure for acne. Outcome measures were developed a priori.

ELIGIBILITY ASSESSMENT AND DATA EXTRACTION

Covidence, an online literature review data management programme was used to facilitate the
systematic review process.?® All titles and abstracts were uploaded to Covidence. Duplicates
were removed and three reviewers, KB, LYL and JB independently screened the search
results based on title and abstract. Each title/abstract needed two votes to undergo full-text
review. Conflicts were resolved by the involvement of a 4" reviewer not involved in the

screening process, SML.

Full text papers were assessed independently by the same reviewers. The extraction of the
first included record was piloted by all reviewers and discrepancies were discussed. (RoB2)
(the Cochrane risk of Bias 2 tool) was used to assess the risk of bias in randomised studies
and (ROBINS-I) (Risk of Bias in Non-randomised studies of Interventions) tool was used to
assess the risk of bias in non-randomised studies.?**> GRADE (Grading of
Recommendations, Assessment, Development and Evaluations) was used to make an overall
assessment of the quality of evidence.?® Pairs of reviewers made independent assessments of

the risk of bias.

RESULTS
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A total of 6996 records were identified for title and abstract screening after de-duplication
(Figure 1). Of these, 73 full-text articles were shortlisted for full-text review. We could not
obtain the full-text of one study despite contacting library repositories in both the UK and
USA as well as contacting authors, therefore this study was excluded. Overall, five studies
were included in the systematic review.2’-3! The reasons the full-text papers were excluded
are in appendix A. The characteristics of the included studies are’ summarised in
supplementary Table 1, and study results, risk of bias and overall GRADE assessment are

summarised in supplementary table 2 and tables 1-3.

Study characteristics

None of the five included studies measured our primary outcomes; three studies investigated
the carriage or antimicrobial resistant bacteria-using bacterial cultural methods and two
studies investigated the rate of infection following antibiotics for acne. Only one study was a
randomised controlled trial (Borglund.1984); the remaining four were all cohort studies, two
of which were undertaken involving patients solely in the UK, and one of those used
routinely collected medical records from UK general practice. All studies were from high or
upper-middle income countries (three studies from the UK, one from Sweden and one from
Turkey). Study sizes ranged from 20 to 118,496 participants and three studies had 35 or
fewer included individuals. The mean age of study participants ranged from 17.6 to 21.7

years (age range 15 to 38 years).

Given the heterogeneity of included studies, particularly with regard to outcomes, it was not
possible to perform a meta-analysis. We therefore report the results of this systematic review

narratively.
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Borglund et al 1984 investigated changes in the quantity and resistance patterns of skin and
intestinal flora in a randomised controlled trial comparing topical clindamycin 1%-along with
a tablet placebo and tetracycline 250mg twice a day orally along with a topical placebo. 3¢
The authors reported pronounced reductions in the numbers of Streptococci, Enterococci,
Fusobacteria and Enterobacteria in the colon during the treatment period with oral
tetracycline and, in particular, new colonisation with tetracycline resistance strains was noted.
The flora normalised to pre-treatment levels 8 weeks after treatment was stopped. Resistance
to tetracycline during treatment was seen in 40% of the Staphylococcal and Enterococcal

isolates from the skin.

Two of the studies (Margolis et al 2005 and 2012), investigated the rate of infections
following the use of antibiotics for acne. The first used routinely collected electronic health
records from the UK (Clinical Practice Research Datalink, formerly General Practice
Research Datalink) (n=118,496) to evaluate the association between oral antibiotics
prescribed for acne and subsequent upper respiratory tract infections (URTI) and urinary tract
infections (UTI).?” The authors identified statistically significant associations between being
prescribed a long-term oral antibiotic for acne (n=197) and having a subsequent consultation
coded for a URTI (odds ratio-(OR) = 2.75 (95% confidence interval (CI) 2.37-3.18) or UTI
(in women; OR = 1.87 (95% CI 1.38-2.53) (information received via communication with
authors (numbers of UTT in men too small for analysis)). The number of individuals with a

UTI diagnosis who had received an oral antibiotic for their acne was not reported.

The second study-by Margolis et al was a cohort study in 2012 (n=579) which investigated
the risk of developing pharyngitis in students with acne receiving antibiotic treatment who
were based on one university campus in North America.?® 36 (6.2%) individuals took an oral
antibiotic for their acne. 4/36 (11.3%) of those taking an antibiotic for acne reported an
episode of pharyngitis compared to 18/543 (3.3%) of those not taking an antibiotic for their

12



acne. The OR associating oral antibiotic use with pharyngitis was 4.34 (95% CI 1.51-12.47)

using mixed model multivariable regression.

The final two studies investigated changing resistance patterns amongst flora following
exposure to oral antibiotics for acne. Adams et al studied the changing pattern of bowel flora
resistance in 26 individuals comprising patients with acne receiving oral erythromycin (n=6)
and tetracycline (n=5) and family members living in the same household as the acne patient.
31 Patients who had received tetracycline for acne and their relatives developed greater
numbers of tetracycline E. coli resistant isolates Conversely the numbers of erythromycin
resistant E. coli isolates decreased in acne patients receiving an antibiotic for acne but

increased in their relatives.

The other study aimed to investigate changes in-the microbial flora of the nose, oropharynx
and faeces following use of systemic isotretinoin (n=20) and oral antibiotic therapy (n=15).%°
The authors describe it as a randomised controlled trial, however patients were placed into
treatment groups based on acne severity with no description of any random element to
treatment allocation. The methods stated that logistic regression was used in analyses,
however no odds ratios were presented. The study reported that antibiotics caused less
differentiation (which authors defined as the isolation of Salmonella spp., Shigella spp.,
Pseudomonas aeruingosa and Extended Spectrum Beta-lactamase (ESBL) positive Gram

negative bacilli) of microbial flora compared to isotretinoin at all the cultured sites.
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DISCUSSION

Summary

This systematic review found five studies which met our inclusion criteria: All studies
investigated our secondary outcomes: the detection of resistant organisms without an
infection or the rate of infection. No studies in the review addressed our primary outcome of
antibiotic treatment failure or infection caused by a resistant organism. Overall across all
outcomes we found low or very low quality of evidence supporting long-term oral antibiotics

for acne being associated with infectious outcomes or antimicrobial resistance (table 3).

The mechanisms for how C. acnes (the bacterium pathophysiologically implicated in the
formation of an acne lesion) becomes resistant to topical antibiotics used to treat acne are
well described, but oral antibiotic treatments for acne are distributed throughout the body and
used to treat infections at other sites, and we do not fully understand the impact of their use
on the spread of antimicrobial resistance-and risk of treatment-resistant infections.?>33 There
are reviews aiming to summarise the evidence of antimicrobial resistance secondary to
antibiotics for acne however this'is the first systematic review to our knowledge which aims
to address infectious outcomes and resistance of flora other than C. acnes as a result of oral

antibiotics for acne.

Strengths and limitations

Strengths of our systematic review include following a pre-specified protocol published on
PROSPERO and BMJ Open, designing and reporting the review following PRISMA

guidance, undertaking a comprehensive search developed in collaboration with a librarian,
having no language or time limits, completing a full bias risk assessment and reporting the

overall quality of evidence using GRADE. In addition, the screening process was undertaken

14



by medical healthcare professionals with epidemiological training.??> Limitations included not
searching the grey literature, and the lack of studies from developing countries where

antibiotics may be used for acne and may be bought over the counter.

Implications for research and practice

This review has highlighted the dearth of high-quality scientific research on the implications
of long-term oral antibiotic use for acne on infectious or antimicrobial resistance sequelae.
The impact that use of oral antibiotics for acne has on microbial resistance in commensal
organisms and difficult to treat infections caused by organisms resistant to common
antibiotics remains unclear. The degree to which cross-resistance to antibiotic classes other
than the one prescribed for acne is also unclear. 3*3% Given the predicted impact of
antimicrobial resistance upon death rates in the order of one death every three seconds by
2050 and the widespread use of long-term oral antibiotics for acne in a relatively healthy,
young population 2, it is imperative to understand how these antibiotics may contribute to the
burden of antimicrobial resistance with high quality prospective studies, so that practice can

be modified if needed.

Supplementary table 1:-Study characteristics (author year, design, study period, Setting,
Study population at recruitment, exposure definition and ascertainment, Comparator
definition and ascertainment, Outcome type, Outcome definition and ascertainment).

Supplementary table 2: Study results (First author and publication year, design, population
size (N), follow up time, people with outcome [or exposure for case-control studies] (N, %),
statistical analysis methods used, main reported results, adjusted for).

Table 1: Risk of bias summary showing judgements about each risk of bias domain in
ROBINS I and overall bias assessment.

15



Table 2: Rob2 Risk of Bias assessment.

Table 3: Summary of findings (GRADE assessment of quality of evidence).

Appendix A: Excluded studies after full-text review with reasons.
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Borglund 1984 RoB2

Domain 1 Randomisation process

Domain 2 Deviations from intended interventions
Domain 3 Missing outcome data

Domain 4 Measurement of the outcome

Domain 5 Selection of the reported results
Overall Risk of bas

LYL

High

High

Low

Some concerns
Some concerns
High

KB

High

High

Low

Some concerns
Some concerns
High

Table 2: Rob2 Risk of Bias assessment for randomised controlled trial: Borglund 1984 et al.



No' studies Study design Risk of bias Inconsistency  Indirectness Imprecision Other considerations No' patients  Quality
Rate of infection

No: publication bias, Intervention
large effect, plausible Total: 79807,
confounding, dose Control total: DD
2 Cohort Not serious Not serious Not Serious Serious response gradient 33792 LOW a,b
Detection of resistant organisms without an infection / Changes to flora/microbiota
No: publication bias, Intervention
large effect, plausible total: 36, 23]
1RCT and 2 confounding, dose Control total: VERY LOW
3  cohort studies Serious Not serious Not serious Serious response gradient 45 c,d,ef,dg

Explanations

a. Selection bias - students selected from one university campus.

b. Imprecise estimates: wide 95% confidence intervals.

c. Patients not randomised to treatment - selection

bias.

d. Confounding factors not reported or incorporated in analysis.

e. Follow up inconsistent between treatment groups.

f. Confidence intervals not reported and small sample

size.

g. No 95% confidence intervals reported: predominantly numbers and percentages
reported.

Table 3: Summary of findings (GRADE assessment of quality of evidence).



Domain 1: Bias due to Domain 2: Bias in selection of Domain 3: Bias in classification Domain 4 ITT: Bias due to
confounding participants into the study of interventions deviations from intended
interventions: effects of

assignment to intervention

First author, publication
year

Margolis 2005 Low Low Low Low Low Low NI NI
Margolis 2012 Low Low Moderate ' Moderate Low Low NI NI
Basak 2013 Critical Critical Moderate Moderate Low Low NI NI
Adams 1985 Critical Critical NI NI Low Low NI NI
Domain 4 PP: Bias due to Domain 5: Bias due to missing  Domain 6: Bias in measurement Domain 7: Bias in selection of Overall bias assessment across
deviations from intended data of outcomes the reported result all domains

interventions: Effect of starting
and adhering to intervention

NI NI Low Low Low Low Low Low Low Low

NI NI Moderate Moderate Serious Serious Low Low Moderate Moderate
NI NI Low Low Low Low Serious Serious Serious Serious
NI NI NI NI Moderate Moderate Moderate Moderate Serious Serious

Table 1: Risk of bias summary showing judgements about each risk of bias domain in ROBINS I and overall bias assessment.





