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ABSTRACT
KEYWORDS

Commensal bacteria like the Staphylococcal species are part of the skin microbiota, which helps maintain
healthy skin. However, certain factors can lead to these commensals becoming opportunistic pathogens
Antibiotic susceptibility capable of causing diseases like acne vulgaris. Topical and systemic antibiotics have been the main
profiles treatment for acne. However, long-term antibiotic usage could result in the emergence of resistant bacterial
strains and treatment failure. This study evaluated the antibiotic susceptibility patterns of anaerobic bacteria
isolated from clinical acne samples. Skin swabs were collected from 50 acne patients and cultured under
anaerobic conditions. The resulting bacterial isolates were identified using biochemical tests and 16S rRNA
gene sequencing. The antibiotic susceptibility patterns of the confirmed isolates were determined using the
disc diffusion assay for eight commonly prescribed antibiotics for acne treatment. Sequencing results
revealed that S. epidermidis was the most isolated bacterial species (68%, n=34), followed by S. aureus
(8%, n=4). However, a significant proportion of bacterial isolates were susceptible to all eight tested
antibiotics, which is unusual. On the other hand, 26% (n=13) of the tested bacterial species isolates were
found to be resistant to clindamycin, while 36% (18) were resistant to erythromycin and 20% (n=10) were
to tetracycline. Since there has been limited research regarding the antibiotic resistance patterns of
anaerobic acne-associated bacteria in Malaysia, this study can help shed some light on suitable local
prescription practices and raise awareness about the cautious use of antibiotics in treating acne vulgaris.
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Identification and antibiotic susceptibility profiles of anaerobic bacteria isolated from patients with acne vulgaris

1 Introduction

Many of the bacteria found on the skin are not only ubiquitous
but are also harmless. These bacteria help to create an
environment that suppresses the growth of pathogenic bacteria.
The involvement of the microbiome in numerous skin disorders,
such as acne vulgaris, has become the focus of research in recent
decades, particularly when it comes to anaerobic and facultative
anaerobic bacteria since anaerobic bacteria are a common cause
of infections, some of which can be serious and life-threatening.
This is compounded by the fact that these bacteria are frequently
underestimated due to inefficiencies in collecting and transit
protocols and a lack of isolation and susceptibility testing in
many clinical microbiology laboratories (Pauzenberger et al.
2019). The microbiome offers genetic variation, influences
disease symptoms and manifestations, and impacts dynamic
metabolic processes and immunomodulatory competence
(Mawardi et al. 2021).

However, factors such as genetics, as well as alterations in the
chemical and physical environment of the skin, including changes
in pH, hormonal imbalance, or abrasion, may result in a
disproportionate growth of commensal bacteria such as
Cutibacterium acnes and Staphylococcus spp., which causes an
imbalance in the normal skin microflora and can therefore lead to a
localized and/or systemic infection and disease.

Infections caused by such opportunistic pathogens have been
treated with antibiotics for decades, which has led to the
development of antibiotic resistance to routinely used antibiotics,
such as erythromycin as well as clindamycin, have been
documented in many countries (Walsh et al. 2016; Alkhawaja et al.
2020). Furthermore, via horizontal gene transfer, antibiotic
resistance may transfer to other commensal bacteria that colonize
the skin, such as S. aureus. As a result, indiscriminate antibiotic
prescription could lead not only to the emergence of antibiotic
resistance in C. acnes but also to the transmission of resistance to
other species of bacteria (Alkhawaja et al. 2020).

Despite the prevalence of acne vulgaris among the Malaysian
population, little work has been done to evaluate antibiotic
resistance patterns of skin bacteria, including Staphylococcus spp.
isolates. While the association between C. acnes and acne has been
extensively researched, only a few studies have analyzed the
overall bacterial composition of acne patients’ skin and their
susceptibility to antibiotics commonly used to treat acne
conditions. Therefore, this study aimed to determine the antibiotic
susceptibility patterns of anaerobic bacteria isolated from clinical
acne samples from patients treated at the Dermatology Department
of Hospital Tuanku Ja'afar Seremban, Malaysia. This information
would be valuable in identifying the current trend of antibiotic
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resistance among bacterial isolates from acne vulgaris patients and
could aid in more definitive and effective treatment of acne
vulgaris in Malaysian hospitals.

2 Materials and Methods
2.1 Ethical clearance

Before the commencement of the study, the Research & Ethics
Committee of INTI International University (INTI/UEC/2018/001)
as well as the Medical Research and Ethics Committee (MREC)
(21-1891-61558[2]) under the National Medical Research Register
(NMRR-21-1891-61558), granted the ethics approval. Patients
who participated in this study were asked to complete an informed
consent form using the Patient Information Sheet (PIS) authorized
by the MREC before collecting the acne samples.

2.2 Clinical sample collection

Trained dermatologists collected acne samples at the
Dermatology Clinic of Hospital Tuanku Jaafar Seremban
(HTJS). Patients who were taking antibiotics, undergoing other
types of medical treatment, pregnant mothers or below the age of
18 years were excluded from this study. The acne samples were
collected from the nodules, papules, and pustules on the patients'
jaw, cheeks, and forehead. The external skin area of the acne
lesions was swabbed with an alcohol pad before the collection
using the Amies transport media with charcoal (Microscience).
The acne swabs were delivered to INTI International University's
Molecular Biology Laboratory 1 within 24 to 48 hours of
collection for processing.

2.3 Isolation and growth of bacterial isolates

The acne swabs were cultured on nutrient agar and incubated under
anoxic conditions at 37°C. Colonies with different morphology
were sub-cultured to obtain pure cultures for further analysis.
Gram staining, catalase test, oxidase test, and subculturing on
MSA were performed for preliminary identification of the
individual cultures (Shoaib et al. 2020).

2.4 16S rRNA analysis of bacterial isolates

DNA of each bacterial isolate from pure, overnight cultures was
extracted in a cell lysis buffer (L00mM Tris-HCI, pH8.0, 10mM
EDTA, pH8.0, 0.5% Tween-20, 1% Triton-X) using the boiling
method (Dimitrakopoulou et al. 2020). The 16S rRNA gene was
amplified using universal primers pA (5'-AGA GTT TGA TCC
TGG CTC AG-3') and pH (5-ACG GGC GGT GTG TAC AAG-
3") with Promega Go-Taq Green Master Mix. PCR amplification
was performed in a Biorad thermocycler with the following
thermocycling profile: an initial denaturation step at 95°C for 3
mins, followed by 30 cycles consisting of 95°C for 30s, 55°C for
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1 min and 72°C for 1 min, as well as a final extension step at
72°C for 10 mins (Alnabati et al. 2021). Following the PCR
amplification of the 16S rRNA gene, the PCR products with a
size of 1530 bp were partially sequenced at Apical Scientific
Sdn. Bhd. using the universal primers pA and pH. BioEdit
version 7.2 was used to evaluate the acquired sequencing results,
and the obtained sequences were then matched with those in
DNA databases using NCBI Blast queries (Souwmiya et al.
2015).

2.5 Antibiotic susceptibility of bacterial isolates

Antibiotic susceptibility of the bacterial isolates was tested using 8
different antibiotic discs including cefoxitin (30ug), clindamycin
(2ug), doxycycline (30ug), erythromycin (15ug), levofloxacin
(5ug), minocycline (30pg), tetracycline (30pg), as well as
trimethoprim-sulfamethoxazole (12.5/23.75 pg). A single colony
of the pure bacterial isolates was inoculated into 3 mL of nutrient
broth (OXOID) and incubated under anaerobic conditions for 16-
18 hours at 37°C. Approximately 100 pL of the culture was
dispensed into 3 mL of sterile water, vortexed, and compared to a
0.5 McFarland standard. Fifty microliters of the culture with
confirmed turbidity were lawned on Mueller-Hinton agar using a
sterile wooden applicator and dried for about one minute. The
antibiotic discs were placed on the surface of the agar, while a
sterile empty disc immersed in sterile water that acts as the
negative control was placed on the agar using sterile forceps and
gently pressed . This procedure was performed in triplicates in a
laminar airflow cabinet . The agar plates with the antibiotic discs
were then incubated for 24 hoursat 37T under anaerobic
conditions, and the antimicrobial activity of each disk was
determined by measuring the diameter of the zone of inhibition.
The results were interpreted as resistant, intermediate, or sensitive
according to the Clinical and Laboratory Standards Institute
(CLSI) guidelines (CLSI 2021).

5. epidermidis
S. aureus

5. caprae

5. lugdunensis
5. capitis

B.cereus

B. thuringienesis

B. spp.

5. marcescens

‘F.
0%
Figure 1 The proportion of anaerobic bacterial species isolated from acne samples based on the sequencing data
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2.6 Statistical analysis

The diameter of the zone of inhibition was analyzed for significant
differences using the one-way ANOVA to compare the mean
differences between groups influenced by one independent
variable and to understand if there was any effect on the dependent
variable or any significant difference from each other. Significance
was accepted at P <0.05.

3 Results
3.1 Anaerobic bacteria isolated from acne samples

Out of 50 sequenced isolates, 68% (n=34) were identified as
Staphylococcus epidermidis, followed by S. aureus 8% (n=4) and
S. marcescens 6% (n=3), with each isolate matching with
sequences that had Query Cover of 100 percent and E- value of
0.0. The lower the E-value, the more significant the match.
Furthermore, a 100% query cover indicates the target sequence in
the database spans the whole query sequence (Figure 1).

3.2 Antimicrobial susceptibility of bacterial isolates

A significant proportion of bacterial isolates were susceptible to all
eight tested antibiotics. However, 26% (n=13) of the tested
bacterial species isolates were resistant to clindamycin, while
resistance to erythromycin was detected in 36% (n=18) of bacterial
isolates. Resistance to cefoxitin was detected in 6% (n=3) of
isolates, with 2% (n=1) exhibiting intermediate susceptibility. Only
2% (n=1) of bacterial isolates were found to be resistant to
sulfamethoxazole-trimethoprim as well as doxycycline, while
resistance to levofloxacin was detected in 2% (n=1) of isolates.
Out of the 50 isolates screened, 20% (n=10) of isolates exhibited
resistance to tetracycline, and 4% (n=2) of bacterial isolates
exhibited intermediate susceptibility to tetracycline. The
susceptibility rates of the tested isolates are depicted in Figure 2.

40% 60% 80%
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Figure 2 Antibiotic susceptibility rates of bacterial isolates against eight types of antibiotics
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4 Discussion

The 16S rRNA gene sequencing showed that the anaerobic
cultures of the acne samples were comprised predominantly of
Staphylococcus epidermidis, followed by S. aureus and Serratia
marcescens. This result is consistent with the findings reported by
Alkhawaja et al. (2020) and Sitohang et al. (2019). Conversely, a
study by Legiawati et al. (2023) reported that C. acnes was the
most isolated pathogen from acne vulgaris, followed by S.
epidermidis. However, a comparison cannot be made since C.
acnes was not reported in this study. Due to the high isolation rate
and growing understanding of the human skin microbiome,
questions concerning the role of skin commensals, including S.
epidermidis, in the physiopathology of acne have arisen. S.
epidermidis has been observed to increase inflammatory acne.
Furthermore, an imbalance of skin commensals in favour of S.
epidermidis may aggravate sebaceous unit inflammation, although
the specific pathway that triggers this inflammation has not yet
been elucidated (Tabri 2018). Conversely, several studies have
reported an antagonistic role played by S. epidermidis against C.
acnes, in which S. epidermidis limits the in vivo proliferation of C.
acnes by producing succinic acid, a fatty acid fermentation product
that possesses antimicrobial activity (Claudel et al. 2019). The
relative proportion of S. aureus isolated in this study was
significantly lower than that of S. epidermidis, which is concurrent
with the abovementioned studies. This is because there is no
reported causal link between S. aureus and the development of
acne vulgaris, but rather an indirect relationship whereby S. aureus
can cause secondary infections of acne lesions in some patients
(Totte et al. 2016).

In our study, 6% of swab samples were cultivated with a Gram-
negative bacteria (S. marcescens), which is not a typical skin

commensal. Long-term antibiotic treatment alters the typical
follicular microbial community, making the presence of Gram-
negative bacteria more prevalent (Sun and Chang 2017). Gram-
negative folliculitis should be suspected in acne vulgaris patients
who have been on long-term antibiotics and have primarily
inflammatory lesions, such as pustules, nodules, or papules (Tan et
al. 2017).

The disk diffusion assay carried out revealed that all 8 tested
antibiotics were effective against a significant majority of the
tested bacterial strains, suggesting that the rate of resistance in this
particular study was much lower than that of similar studies
(Ruchiatan et al. 2023; Gamil et al. 2023). The greatest proportion
of isolates exhibiting resistance were mainly against 2 antibiotics,
i.e. clindamycin and erythromycin. Both the topical antibiotics
clindamycin and erythromycin are the most prescribed antibiotics
for Acne vulgaris. As such, resistance to these antibiotics is
frequently observed in patients undergoing a long-term
(approximately 6 to 8 weeks) of monotherapy using one of these
antibiotics (Alkhawaja et al. 2020).

Alkhawaja et al. (2020) documented the incidence of cross-
resistance to both clindamycin and erythromycin in both S.
epidermidis and S. aureus. The presence of the erm(X) resistance
gene, which confers resistance to the macrolide, Lincosamide, and
Streptogramin B (MLS) group of antibiotics, is suspected to be the
cause of cross-resistance between erythromycin and clindamycin.
This explains why antibiotic resistance patterns in isolates from the
same patient are similar, implying gene transfer between species.

Gram-positive bacteria develop resistance to macrolides through
ribosomal RNA methylation, enzymatic inactivation of the antibiotic,
and active reflux. Erythromycin ribosome methylases (Erm) are
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enzymes that methylate rRNA and are encoded by the erm gene. In
resistant bacteria, the erm proteins dimethylate the A2058 residue of
23S rRNA, located within the ribosome's \VV-domain. This prevents
the antibiotic from binding, resulting in the macrolide losing its
effectiveness and causing the bacteria to become resistant to the
macrolide antibiotic (Munita and Arias 2016). In terms of enzymatic
inactivation of macrolides, esterases and phosphotransferases are
synthesized to inhibit antibiotics by interacting with them, preventing
antibiotics from attaching to the bacteria's binding sites. Active
efflux confers resistance to macrolides in bacteria by actively
pumping out the antibiotics, reducing the antimicrobial's overall
efficiency (Munita and Arias 2016).

In the patients of this current study, the resistance to the
tetracyclines was lower than resistance to erythromycin and
clindamycin. Further analysis revealed that tetracycline had the
highest resistance among the three antibiotics in the tetracycline
group, with a single isolate showing intermediate susceptibility to
doxycycline and no resistance to minocycline. This lack of
resistance to minocycline and reduced resistance rate to the
tetracycline group compared to erythromycin and clindamycin
appears to corroborate findings by Sutcliffe et al. (2020).

Many patients participating in this study have received treatment
with benzoyl peroxide (BPO). Benzoyl peroxide, a commonly
utilized acne treatment, is a potent non-antibiotic antibacterial
agent with keratolytic, anti-inflammatory, and wound-healing
qualities (Yang et al. 2020). A cross-sectional study by Sardana et
al. (2016) comparing different routes of acne treatment, such as
antibiotics and benzoyl peroxide, reported that the treatment group
with benzoyl peroxide had the least number of resistant strains.
Therefore, it could be postulated that benzoyl peroxide treatment
resulted in a significant proportion of the tested isolates being
susceptible to the antibiotics used in this study.

Conclusion

In this study, S. epidermidis was the most commonly isolated
bacterium from the acne sample, followed by S. aureus. In contrast
to previous research, most bacterial isolates were found to be
sensitive to all eight antibiotics tested. This is an important result
because numerous investigations of a similar nature have found a
large proportion of resistant bacteria, which indicates that when
physicians cautiously prescribe antibiotics and when patient
compliance is satisfactory, antibiotic resistance can be minimized.
The use of alternative, non-antibiotic acne treatment, such as
benzoyl peroxide, may be another factor in the low resistance rates
among isolates found in this study. On the other hand, bacterial
resistance was mostly found against clindamycin and
erythromycin. It is, therefore, crucial to practice appropriate
prescription and use of antibiotics to prevent the emergence of
antibiotic and multi-drug-resistant bacteria.
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