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Introduction: Combination therapy is widely used for the treatment of acne vulgaris (AV), 
including local anti-inflammatory drugs containing antimicrobials, such as clindamycin or 
erythromycin, to inhibit Cutibacterium acnes (C. acnes) growth and at the same time reduce 
the production of inflammatory mediators. The aim of the study is to compare the anti-
bacterial susceptibility of C. acnes to clindamycin and erythromycin in AV patients com-
pared with healthy patients in the control group (CG).
Methods: The prospective study included 56 patients with clinically diagnosed AV symp-
toms and 12 patients were included in the CG who did not have AV. In the AV group, patient 
specimen was contents of pustules obtained by squeezing pustules, but in the CG, the 
specimen was content of sebaceous glands. All specimens were cultivated on a combined 
Mueller–Hinton solid medium. Identification was done by VITEK2 and followed by deter-
mination of antibacterial susceptibility of the isolated C. acnes strains by E-test.
Results: C. acnes was isolated from samples of 28 (50%) in the AV group, whereas in the 
CG, C. acnes was isolated from 10 samples (80%). Resistance to clindamycin in both groups 
was similar, in 6 (21.4%) samples from patients in the AV group and in 2 (20.0%) samples in 
the CG, but resistance to erythromycin in the AV patients was higher compared to the CG, in 
8 (28.6%) and 1 (10%) accordingly.
Conclusion: Patients with AV have higher rates of resistance to erythromycin than the CG, 
while resistance to clindamycin is comparable. Resistance data showed no statistically 
significant association between use of erythromycin and clindamycin and the development 
of resistance. More C. acnes were identified in the CG than in the AV group.
Keywords: acne vulgaris, Cutibacterium acnes, clindamycin, erythromycin, antibacterial 
susceptibility

Introduction
Acne vulgaris is a common, chronic, inflammatory skin disease, primarily localised 
on the face, neck and back. Clinically, AV manifests with the following lesions: 
comedones, papules, pustules, nodules, cysts. Scarring is also usually present due to 
dermal inflammation in the aforementioned areas. In approximately 85% of the 
cases, acne vulgaris develops in patients aged 12–24 years.1 Persistent AV usually 
starts in puberty; however, the disease continues into adulthood (>25 years of age), 
persists in 41% of the adult women and is localised in the U zone of the face.2,3 

Research shows that 12–22% of the adult women suffer from AV.4

Cutibacterium acnes (C. acnes) is a Gram-positive, anaerobic/microaerophilic 
rod mainly localized in the pilosebaceous unit and constituting 20–70% of the 
stratum corneum of the normal microbiota of the skin.5,6 The pathogenicity of 
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C. acnes is associated with different ribotypes, it has been 
observed that ribotypes 4 and 5 are associated with the 
development of AV. The pathogenicity of C. acnes is also 
affected by the release of lipases, chemotactic factors and 
enzymes that stimulate the breakdown of comedones 
releasing the contents and activating inflammatory cells, 
keratinocytes, and synthesis of proinflammatory factors.7

The typical mechanism of pathogenesis of AV is asso-
ciated with local hypersecretion of sebum, hyperkeratini-
sation of the follicular channel, C. acnes colonization, and 
development of inflammation by activating monocyte 
TLR-2 receptors and inducing the synthesis of proinflam-
matory cytokines IL-12 and IL-8. Elevated perifollicular 
CD4+ T cell counts and IL1α levels have been shown in 
inflammatory areas of acne. Literature on the consumption 
of milk, as well as products with high glycaemic index has 
shown that these are contributing factors to the develop-
ment of AV.8,9 It has been scientifically proven that amino 
acids in milk promote insulin secretion and the synthesis 
of insulin-like growth factor-1 (IGF-1).10,11 IGF-1 induces 
follicular epithelial growth and hyperkeratinisation, and 
elevated serum levels of IGF-1 correlate with the severity 
of AV.12

Combination therapy is widely used in the treatment of 
AV, including local anti-inflammatory drugs containing 
known antimicrobials, such as clindamycin or erythromy-
cin, to inhibit C. acnes growth and at the same time 
reducing the production of inflammatory mediators. 
However, doxycycline is prescribed more frequently.13 

Decreased susceptibility of C. acnes strains to antibiotics 
has been reported in many countries over the past decade, 
indicating that antibiotic-resistant C. acnes is becoming 
a global problem in acne patients.4,14

Objective
To compare the antibacterial susceptibility of C. acnes to 
clindamycin and erythromycin in acne vulgaris (AV) 
patients compared with healthy patients in the control 
group (CG).

Materials and Methods
Ethics
The research was approved by the Ethics Committee of 
Riga Stradiņš University (04.07.2019) (No. 6–2/6/14). The 
study was conducted in accordance with the Declaration of 
Helsinki and the study participants signed an informed 
consent form.

For participants under the age of 18 to be enrolled in 
the study, the parent or legal guardian provided informed 
consent on behalf of the child.

Patient Selection
The prospective study included 68 patients from 
November 2017 to January 2020. The study includes AV 
group and CG. The skin condition of patients included in 
both study groups was clinically evaluated and diagnosis of 
AV was made by a dermatovenerologist in accordance with 
European guidelines by assessing the presence of non- 
inflammatory and inflammatory lesions, determining their 
number, including papules, pustules and deep inflammatory 
lesions (cysts and nodules) on the face, neck, and chest. All 
patients from both study groups answered to of a series of 
questions related to previous antibiotic usage, way of usage 
and skin care.

Acne Vulgaris Group
AV group included 56 patients with clinically diagnosed 
acne vulgaris symptoms (open or closed comedones, 
papules, pustules, or cystic lesions).

Inclusion criteria in the acne vulgaris group:
Grade 1 – comedonal acne (closed or open comedones)
Grade 2 – mild to moderate papulopustular acne
Grade 3 – severe papulopustular acne
Grade 4 – severe nodular acne, acne conglobate
Exclusion criteria in the AV group were defined as 

other skin conditions such as rosacea, perioral dermatitis 
or other manifestations of infection in acne-affected skin.

Control Group
The CG included 12 healthy individuals with no previous 
history of Acne vulgaris or other skin condition. Exclusion 
criteria in the CG included use of topical or systemic antibac-
terial therapy in the previous month, acne vulgaris or other 
chronic inflammatory skin diseases, polycystic ovary 
syndrome.

Collection and Transportation of Patient 
Specimen
In the AV group, the selected patient specimen was pus 
(contents of pustules) obtained by squeezing pustules. 
Prior to specimen collection, the area surrounding the 
skin lesion on the face (T zone, forehead, cheeks, chin) 
was disinfected with an alcohol pad (70%).
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The specimens were transported in AMIES (Medical 
Wire & Equipment, England) transport medium to the 
laboratory within 2 hours. In the CG, specimens were 
collected by obtaining contents of sebaceous glands after 
local disinfection of the skin around the nose. Specimens 
were transported in AMIES transport medium to the 
laboratory within 2 hours.

Cultivation and Separation of Material
C. acnes was cultivated on a combined Mueller–Hinton 
solid medium (E&O Laboratories; Liofilchem) under anae-
robic conditions for 5 days at 37°C (Oxoid ™ AnaeroGen 
™, 7–15% CO2).

Microscopy
Selection criteria for VITEK included growth of C. acnes 
on blood agar and formation of small white colonies on 
MH medium. These colonies were selected for microscopy 
and stained using the Gram staining technique. C. acnes 
are Gr + rods; therefore, VITEK identification was per-
formed following microscopic visualization of Gr + rods.

Identification and Determination of 
Antibacterial Susceptibility
C. acnes was identified by VITEK2 ANC ID cards 
(bioMérieux) after preparation of bacterial suspensions 
with different optical densities from 2.7 to 3.3 according 
to McFarland. Antibacterial susceptibility testing was per-
formed using commercial E-tests for clindamycin and 
erythromycin with determination of MIC (minimum inhi-
bitory concentration) in the identified C. acnes samples. 
Bacterial suspension for antibacterial susceptibility testing 
was prepared according to the manufacturer’s recommen-
dations with an optical density of 0.5 McFarland. 
Cultivation was performed using combined blood agar 
and Mueller–Hinton solid medium under anaerobic condi-
tions for 5 days at 37°C (Oxoid™ AnaeroGen™, 7–15% 
CO2). We analysed minimum inhibitory concentrations of 
erythromycin and clindamycin; a lower MIC means that 
lower concentrations of antibacterial agents are required to 
inhibit the growth of C. acnes. Strains that did not show 
any MIC value within the specified range were considered 
resistant in our study.

Statistical Data Processing
Data processing was performed using Microsoft Excel 
2013 and IBM SPSS Statistics 26.0.

For quantitative data, assumptions were tested, includ-
ing whether they were subject to normal distribution by 
using the Shapiro–Wilk test. Appropriate statistical test 
was then selected. To determine if there is a difference in 
the age distribution between groups, the Mann–Whitney 
U-test was used. Fisher’s exact test was used for qualita-
tive data to determine statistically significant associations. 
A p value of <0.05 was considered statistically significant.

Results
Pustular samples were obtained from 56 patients with AV 
and 12 CG. Patients’ age ranged from 12 to 35 years, with 
a median age of 22 years (interquartile range 20–25 years), 
of which 49 were female and 19 were male.

AV patients were aged 12 to 35 years, median age 22 
years (IQR = 20–25 years), of which 49 were women and 
17 men. In the acne group, 22 (39.2%) patients had acne 
comedonica, 25 (44.6%) had acne papulopustulosa mod-
erate form, acne papulopustulosa severe form was diag-
nosed in 8 (14.2%) and acne nodulocystica was found in 1 
(1.7%) of the patients. Systemic clindamycin was used by 
2 (3.5%); erythromycin by 2 (3.5%); doxycycline by 6 
(10.7%) and other antibiotics by 6 (10.7%) patients.

The study participants also used topical antibacterial 
agents, 5 (8.9%) patients used an agent containing clinda-
mycin and 3 (5.3%) used one that contained erythromycin. 
Fourteen (25%) patients used agents that did not contain 
any of the previously mentioned active substances and 44 
(78.5%) patients, according to their medical history, did 
not use any topical agents.

Analysis of skin care habits showed that 45 (80.3%) or 
most participants used skin cleansing products twice a day, 
15 (26.7%) did not use any products, 4 (7.1%) used 1 
product daily and 2 (3.5%) participants used a product 
more than twice a day.

Analysis of Results by Group
Of the 56 patients with AV, C. acnes was isolated from 
samples of 28 (50%) patients and no growth was detected 
in samples of 28 (50%) patients, whereas in the CG, 
comprised of 12 individuals, C. acnes was isolated from 
10 (80%) samples.

In regards to use of oral antibiotics, erythromycin was 
taken by 1 (3.6%) patient in the group with growth of 
C. acnes (group 1) and in 1 (3.6%) patient in the AV group 
without growth of C. acnes (group 2), amoxicillin was 
taken by 4 (14.3%) patients in group 1 and 2 (7.1%) 
patients in group 2. No patients (0.0%) used clindamycin 
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in group 1, yet 2 (7.1%) patients used it in group 2, and 
doxycycline was used by 4 (14.3%) patients in group 1 
and by 2 (7.1%) in group 2. No participants in the CG used 
antibiotics (according to the study exclusion criteria).

In the AV group, median age was 22 years (IQR = 
19.5–25.8). In the CG, median age was 20 years (IQR = 
20–21.3). Results of Mann–Whitney U-test show that 
the difference in distribution of patients’ age between 
groups was not statistically significant (U= 176.5; 
p=0.230).

Analysis of use of topical agents (Table 1) in the acne 
group (n = 28) showed that 17 (60.7%) patients did not use 
local antimicrobials; 2 (97.1%) used a topical agent con-
taining clindamycin; no patients (0.0%) used an erythro-
mycin containing agent (0.0%); 9 (32.1%) patients used 
neither erythromycin nor clindamycin.

In the CG (n = 12), none of the participants (0%) had 
used topical agents containing clindamycin or erythromy-
cin for treatment of AV.

Analysis of patients (n = 28) in the group with no growth 
or undetectable growth of C. acnes and a clinical diagnosis of 
AV shows that 17 (60.7%) patients did not use local agents; 3 
(10.7%) used a clindamycin containing topical agent; 3 
(10.7%) used erythromycin containing agents, while 5 

(17.9%) used topical agents containing neither erythromycin 
nor clindamycin.

Clindamycin
In the AV group, none of the respondents used antibacter-
ial agents containing clindamycin; therefore, we cannot 
conclude whether the possible resistance in these cases is 
related to previous treatment with clindamycin. In the 
group with no use of clindamycin, isolates from 22 
(78.6%) patients were sensitive and resistance to clinda-
mycin was observed in 6 (21.4%) patients.

Erythromycin
With Fisher’s exact test, we concluded that there was no 
statistically significant association between antibiotic use 
and the development of erythromycin resistance in the AV 
group (p> 0.999) (Table 2).

Resistance to erythromycin in the acne group was 
observed in 0 (0.0%) participants in the erythromycin 
arm, whereas it was observed in the 8 (29.6%) participants 
who had not used erythromycin. In the CG, resistance was 
observed in 1 (100%) participant who did not use erythro-
mycin-containing antibacterial agents (Figure 1.)

Table 1 Use of Topical Antibacterial Agents

Acne Group (n=56) Control Group (n=12)

Positive for C. acnes 
(n=28)

Negative for C. acnes 
(n=28)

Positive for C. acnes 
(n=10)

Negative for C. acnes 
(n=2)

Does not use 17 (60.7) 17 (60.7) 10 (100.0) 0 (0)
Contains clindamycin 2 (7.1) 3 (10.7) 0 (0.0) 0 (0.0)

Contains erythromycin 0 (0.0) 3 (10.7) 0 (0.0) 0 (0.0)

Others antibiotics 9 (32.1) 5 (17.9) 0 (0.0) 0 (0.0)

Table 2 C. acnes Susceptibility to Antibacterial Agents

Antibiotics C. acnes Group (n=28) Control Group (n=10)

Sensitive, 
N (%)

Resistant, 
N (%)

p value Sensitive, 
N (%)

Resistant, 
N (%)

p value

Clindamycin – –
Using 0 (0.0) 0 (0.0) 0 (0.0) (0.0)

Not using 22 (78.6) 6 (21.4) 8 (80.0) 2 (20.00)

Erythromycin >0.999 –
Using 1 (100.0) 0 (0.0) 0 (0.0) 0 (0.0)

Not using 19 (70.4) 8 (29.6) 9 (90.0) 1 (10.0)

Notes: p value - Fisher's Exact test “–“, not possible to use Fisher's Exact test due to zero patients in the “using” group (there were no patients who used clindamycin 
therefore no statistical analysis was applied.)
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Discussion
In our study we found higher resistance to erythromycin 
in the AV group compared to the CG whereas suscept-
ibility to clindamycin was similar in both groups. 
A significant association between diagnosis of AV or 
prior administration of antibiotics and development of 
resistance was not found (p > 0.05). However, it should 
be noted that the amount of samples was insufficient, 
and it is not known whether a statistically significant 
association would emerge if there were more partici-
pants. Upon analysis of the design of our study, we 
conclude that the groups were not homogeneous. It 
may be the reason why no association was found 
between antibiotic use and development of resistance. 
To improve the study design, it is necessary to create 
comparable groups in regards to age and gender and to 
consider the severity of acne.

Furthermore, EUCAST guidelines do not establish 
clinical breakpoints determining bacterial resistance for 
C. acnes, therefore C. acnes were assumed to be resis-
tant when the MIC value was not detectable. Perhaps 
more precise data regarding susceptibility of C. acnes 
could be acquired if the clinical breakpoints for E-tests 

were determined or an option to use other methods 
existed.

In our study, growth rates of C. acnes were higher in 
the CG compared to the AV group. A possible reason 
might be that patients in the acne group had received 
prior treatment and more frequently followed 
a meticulous skincare regimen potentially eradicating 
C. acnes, even though we did not find any significant 
association in our study.

We observed that isolates resistant to clindamycin were 
also mostly resistant to erythromycin. Other European stu-
dies have shown similar results, resistance to erythromycin 
and clindamycin exceeded 70% in acne vulgaris patients in 
France and was as high as 91% in Spain.4 Cross-resistance 
to both antibiotics is more common and its development 
correlates with antibiotic-prescribing habits.15

When assessing resistance and prior use of antibiotics 
in the AV group, results of questionnaires showed that 
none of the respondents had used clindamycin before and 
only one had used erythromycin; thus, a significant asso-
ciation could not be established. In order to draw conclu-
sions, inclusion criteria should also incorporate previous 
administration of the aforementioned antibiotics. It would 

Figure 1 Minimum inhibitory concentration (MIC) distribution in isolated C. acnes samples. R (resistance) = MIC >256 (not detectable).
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also be useful to analyse resistance towards other antibio-
tics used in the treatment of AV such as doxycycline and 
minocycline.

In research done by Ross et al, data showed that 
resistance was observed in individuals who had not pre-
viously used antibiotics and in dermatologists specialised 
in the treatment of acne. Meanwhile, doctors working in 
other types of outpatient institutions did not have the 
resistant strains. Interpersonal contact and use of local 
agents were mentioned as possible reasons.16

The development of resistance could also be due to the 
presence of Staphylococcus aureus (S. aureus) and 
Staphylococcus epidermidis (S. epidermidis) in the skin 
microbiota, which a decrease in susceptibility to erythro-
mycin and clindamycin has been observed.17

Sari et al reported that the most common bacteria in AV 
patients are S. epidermidis (47.5%) and C. acnes (21.2%).18

Study conducted by Jusuf et al concerning microorgan-
isms in non-inflammatory lesions (closed comedones) 
found eight other bacteria such as S. epidermidis 
(52.5%), Staphylococcus hominis (12.5%), 
Staphylococcus haemolyticus (7.5%), S. aureus (5.0%) 
and others besides C. acnes (17.5%), whereas increased 
growth of C. acnes (25.0%), S. epidermidis (42.5%), 
S. hominis (22.5%), S. aureus (12.5%) and other bacteria 
was found in inflammatory lesions.3,19 Resistance may be 
transferred vertically (via plasmids) to S. epidermidis, 
which in turn may transfer resistance in the same way to 
S. aureus permitting rapid development of resistance. In 
C. acnes, resistance develops via vertically transmitted 
mutational changes, a process that takes longer.

Development of resistance could also be associated 
with age and disease severity, which can vary among 
biotypes and phylotypes of C. acnes, and duration of the 
disease. Another potential mechanism of resistance to 
erythromycin involves spot mutations in the peptidyl 
transferase 23S RNA region.15

Conclusions
Patients with AV have higher rates of resistance to ery-
thromycin than the CG, while resistance to clindamycin is 
comparable. Resistance data showed no statistically sig-
nificant association between use of erythromycin and clin-
damycin and the development of resistance. More C. acnes 
were identified in the CG than in the AV group.

Disclosure
The authors report no conflicts of interest in this work.
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