Journal of Neonatal Surgery
ISSN(Online): 2226-0439
Vol. 14, Issue 21s (2025)
https://www.jneonatalsurg.com OPEN (-} ACCESS
The Role of the Skin Microbiome in Enhancing Acne Treatment Outcomes: A Meta-Analysis
and Statistical Synthesis

Ryan Maasarji', Noura F. Al-Nawaiseh?, Hebatallah F. Sh’yyab?, Sara A. Alkhamaiseh*, Mohammad Al Zaidanin®,
Noor T. Kadhim®, Nour M Alshaer’, Rola Ahmad Khlifat®, Tassnim S. Rawadieh®, Lina K. AlImomani*?

!King Hussein Medical Center, Amman, Jordan.
Email ID: ryanrocky.98@gmail.com , ORCID: https://orcid.org/0009-0006-3378-6638

2Department of Medicine, School of Medicine, Al-Balga Applied University, Balga, Jordan.
Email ID: noura_firas@hotmail.com, ORCID: https://orcid.org/0009-0006-7756-2548
3Department of Medicine, School of Medicine, Al-Balga Applied University, Al-Salt, Jordan.
Email ID: heba.sheyab@yahoo.com, ORCID: https://orcid.org/0009-0001-4111-6785
“Department of Medicine, School of Medicine, Mutah University, Al-Karak, Jordan.

Email ID: Sarahkhamaiseh8@gmail.com, ORCID: https://orcid.org/0009-0008-2652-2153
SAffiliated Ministry of Health, Jordan, Amman

Email ID: Mohammad_alsuadi@hotmail.com , ORCID: https://orcid.org/0009-0001-8279-7601
5Department of Medicine, School of Medicine, Al-Balga Applied University, Balga, Jordan.
Email 1D: noorkadhim2024@gmail.com, ORCID: https://orcid.org/0009-0008-4281-1983
"Department of Medicine, School of Medicine, University of Jordan, Amman, Jordan.

Email ID: nouralshairs@icloud.com , ORCID: https://orcid.org/0009-0003-9599-7308
8Department of Medicine, School of Medicine, University of Mutah, Ma‘an, Jordan.

Email ID: khlifatrola@gmail.com , ORCID: https://orcid.org/0000-0002-9141-0050
°Department of Medicine, School of Medicine, University of Jordan, Amman, Jordan.

Email ID: stasneem372@gmail.com , ORCID: https://orcid.org/0009-0001-4052-2554
YDepartment of Medicine, School of Medicine, Yarmouk University, Irbid, Jordan.

Email ID: momanilina@gmail.com ORCID: https://orcid.org/0009-0003-4075-3779

Cite this paper as: Ryan Maasarji, Noura F. Al-Nawaiseh, Hebatallah F. Sh’yyab, Sara A. Alkhamaiseh, Mohammad Al
Zaidanin, Noor T. Kadhim, Nour M Alshaer, Rola Ahmad Khlifat, Tassnim S. Rawadieh, Lina K. Almomani, (2025). The
Role of the Skin Microbiome in Enhancing Acne Treatment Outcomes: A Meta-Analysis and Statistical Synthesis. Journal
of Neonatal Surgery, 14 (21s), 1202-1209.

ABSTRACT

Acne vulgaris is a chronic inflammatory disorder of the pilosebaceous unit in which cutaneous microbiome dysbiosis plays
a key role. Lesions can be ameliorated with conventional systemic antibiotics but often at the expense of perturbation of
commensal communities. More effective adjunctive therapies will hopefully be newer adjunctive therapies — including
probiotic treatments that try to purposefully modulate the skin microbiota. Five controlled studies (total N = 157) comparing
antibiotic therapy with or without microbiome-targeted intervention were meta-analysed. In this PRISMA systematic search
of PubMed, Embase and Scopus up to May 2025, we retrieved two cohort studies, two randomized controlled trials, and one
case—control study. With negligible heterogeneity (12 = 0%), outcomes were transformed into Hedges’ g and pooled in a
fixed-effects model. To test if microbiome targeted treatments with antibiotics may lead to an improvement in severity scores
compared to treatment with antibiotics alone, we pooled data from two studies and evaluated differences in the effect size
(ES) using Cohen’s d, also known as Hedges’ g. Results support the inclusion of adjuncts that are microbiome-friendly in
acne management. These benefits need to be confirmed in future larger, long term trials with elucidation of the mechanisms
responsible.

Keywords: Acne Vulgaris; Skin Microbiome; Antibiotics; Probiotics; Meta-analysis, Hedges’ g
INTRODUCTION

In excess of 50 million people are affected by acne vulgaris, mostly in the adolescent and youth age group. Acne has been
one of the most common dermatologic conditions in recent decades due to a significant rise in the global age standardized
prevalence; however, it is estimated that approximately 25% of young women and 20% of young men suffer from clinically
significant acne (2). They develop lesions (comedones, papules, pustules, and nodules) on areas rich in sebaceous areas, i.e.,
the face, back, and chest, that are accompanied by a substantial psychosocial burden, and often leave scars(3). Acne vulgaris
is a common chronic skin condition that can potentially disfigure individuals and predominately occurs in those second and
third decades of life, with approximately 85% of individuals aged 15 — 17 years affected (4). Acnhe and complications of acne
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are not life threatening but can leave permanent scarring effects on the emotional and psychologic well-being of the patient
(5). The dermatological problem, initially described in the 6th AD century and common to at least 85% of the adolescents
and a large portion of adult > 18 years (6,7), has been defined as acne vulgaris.

The pathogenesis of acne is multidimensional and involves a number of factors including an excess sebum production, a
hyperkeratinization of the follicle, an inflammation and a dysbiosis (8). In healthy individuals, the skin is inhabited by a
complex set of bacteria, fungi, and viruses that act to maintain the barrier function and immune homeostasis of the skin.
Increasingly, this community has been implicated in the development of acne through disruption of this community—known
as dyshiosis (9). The ordinary protective effects of the dominant anaerobe Cutibacterium (formerly Propionibacterium) acnes
of the sebaceous sites are disrupted by pathogenic inflammation following overgrowth. Furthermore, more severe disease
presentations are associated with an overrepresentation of opportunistic species such as Staphylococcus epidermidis and
Staphylococcus aureus, and they occur in parallel (10).

In contrast, conventional acne treatments, such as topical retinoids, benzoyl peroxide (BPO), systemic antibiotics, hormonal
agents, and isotretinoin, tend to perturb the microbiome (11) but affect only a single pathogenic pillar nonspecifically. In
meta analysis, BPO is the only standard treatment that alters microbiota diversity, with antibiotics decreasing C. acnes levels
while increasing diversity owed to loss of dominant taxa (12). The adjunctive use of interventions such as topical or oral
probiotics, prebiotics, and botanical extracts, designed to deliberately modulate the microbiome, in order to restore balance
and reduce inflammation, is gaining interest due to concerns around antibiotic resistance and treatment side effects (13).

As more evidence has accumulated that acne treatments affect the cutaneous microbiome, the effect of microbiome targeting
adjuncts on clinical acne outcomes is still unclear. Only a few previous systematic reviews of acne therapy have quantitatively
synthesized treatment efficacy itself, while documenting community shifts, assessments made in some of its parts. As adult
women frequently suffer from persistent or late onset disease (14), there is a need for appropriate, robust and well controlled
trials regarding the modulation of the microbiome in acne.

Research question: Do interventions that modulate the skin microbiome yield superior acne treatment outcomes compared
to standard antibiotic therapy alone?

Null hypothesis (Ho): There is no difference in acne severity outcomes between patients receiving microbiome-targeted
adjuncts and those receiving antibiotics alone.

Alternative hypothesis (H1): Microbiome-modulating adjuncts produce significantly greater improvement in acne severity
than antibiotics alone.

Study objective: To meta-analytically synthesize controlled trials comparing antibiotic therapy with versus without
microbiome-targeted adjuncts, using Hedges’ g to standardize and quantify the overall effect on acne severity.

Literature Review

Research on the interplay between acne therapies and the skin microbiome has gained momentum in recent years, revealing
that conventional antibiotics not only reduce Cutibacterium acnes burdens but also induce broader shifts in microbial
diversity—sometimes with unintended consequences (15). A prospective cohort study involving patients with moderate-to-
severe acne who received oral doxycycline for six weeks demonstrated a significant reduction in the relative abundance of
C. acnes alongside an overall increase in microbial diversity (15). These microbial changes corresponded closely with
reductions in clinical severity scores, underscoring a direct link between antibiotic-induced microbiome modulation and
therapeutic outcomes (15).

Complementing these findings, a smaller cohort study examined women treated with minocycline for four weeks, with an
eight-week follow-up. Serial sampling of the forehead, cheek, and chin revealed that C. acnes relative abundance fell during
therapy, while Pseudomonas species spiked (16). Upon treatment cessation, C. acnes levels rebounded toward baseline, and
other bacterial populations, such as Streptococcus, increased while Lactobacillus decreased (17). This dynamic “treatment-
rebound” pattern highlights the resilience of the skin microbiota and suggests that monotherapy may provoke compensatory
shifts in non-target taxa (16,18).

A case—control study extended these observations by examining acne patients treated with minocycline over 12 weeks (19).
Treated patients exhibited enrichment of potentially beneficial taxa, such as Bifidobacterium longum and Leuconostoc
mesenteroides, alongside depletion of commensals like Staphylococcus epidermidis and Prevotella nigrescens (20).
Although this study did not include a probiotic adjunct, it revealed that systemic antibiotics can simultaneously diminish
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pathogenic strains while fostering growth of non-target, potentially protective species, indicating complex community-level
effects (21).

Recognizing both the therapeutic benefits and ecological disruptions of antibiotics, investigators have explored adjunctive
probiotic strategies. An open-label randomized trial compared minocycline alone versus minocycline plus an oral
Lactobacillus probiotic over 12 weeks (22). The combination arm achieved significantly greater reductions in total lesion
counts and reported fewer antibiotic-related side effects, suggesting a synergistic effect of probiotic supplementation on
clinical efficacy (23).

Building on this, a double-blind randomized controlled trial involving patients receiving doxycycline with or without an oral
Lactobacillus probiotic over 12 weeks revealed that the adjunctive group experienced significantly greater lesion reductions
on various facial sites, including the forehead, chin, and nose (24) . The probiotic was well tolerated and did not increase
adverse events, highlighting its potential as a safe, efficacy-enhancing adjunct in acne treatment (25).

Limitation of existing literature review

The existing evidence on microbiome-targeted adjuncts in acne therapy, while promising, is constrained by several
methodological limitations. First, most studies have small sample sizes (ranging from as few as four to eighty participants),
which limits statistical power and the ability to detect subtle treatment effects or rare adverse events (13) . Second,
interventions and control conditions vary widely—from different probiotic strains and doses (oral vs. topical) to disparate
comparators (placebo, baseline, or standard care)—making it difficult to isolate the specific contribution of microbiome
modulation (26). Third, follow-up durations have been short (four to twelve weeks), so the long-term durability of clinical
benefits and stability of microbial changes remain unknown. Fourth, only a subset of trials incorporated microbiome
sequencing, and none performed strain-level or functional analyses; as a result, mechanistic insights into which microbial
shifts drive clinical improvement are largely speculative (13). Fifth, the diversity of concurrent co-interventions (e.g., benzoyl
peroxide, retinoids) further complicates attribution of outcomes to probiotic adjuncts alone. Finally, with only five published
controlled trials, formal assessments of publication bias are underpowered, raising the possibility that negative or neutral
findings remain unpublished (27).

These gaps underscore the need for larger, multicenter randomized trials with standardized probiotic formulations and
controls, extended follow-up to assess durability and recurrence, and comprehensive microbiome characterization (including
metagenomic and metabolomic profiling)(28). Comparative studies of different strains, dosages, and delivery modes will
help optimize regimens, while inclusion of diverse populations—especially in underrepresented regions such as the UAE—
will enhance generalizability (29). By addressing these critical deficiencies, future research can more definitively establish
the role of microbiome modulation in acne management and translate microbial insights into robust, evidence-based clinical
interventions.

Methodology
Search Strategy and Selection Criteria

A systematic literature search was conducted through PubMed, Embase, and Scopus up to May 2025. The search was
performed using the following keywords: “acne”, “skin microbiome”, “probiotic”, “prebiotic”, and “antibiotic”. Titles and
abstracts from the retrieved studies were screened by two independent reviewers for relevance. Only studies that met specific
inclusion criteria were considered for this meta-analysis. The inclusion criteria were: (1) controlled clinical studies, such as
cohort studies, randomized controlled trials (RCTs), or case—control studies, that compared antibiotic therapy with versus
without a microbiome-targeted adjunct, such as probiotics; (2) studies involving adults or adolescents diagnosed with acne
vulgaris; (3) studies that reported quantitative acne severity outcomes, such as lesion counts or severity scores, with means
and standard deviations, or studies that provided sufficient data to compute these values; (4) studies with a follow-up period
of <12 weeks. Exclusion criteria were: animal studies, review articles, and studies that did not report outcome data on acne
severity or lacked control groups.

PRISMA Flow Diagram

While adhering to the PRISMA guidelines (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) the search
and selection process was carried out. A PRISMA flow diagram was constructed to list the amount of studies identified,
screened excluded and included into the final analysis. This flow diagram presents a simple summary of the protocols used
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in the study selection process, which guarantees that the steps taken were followed as required with regard to identifying, the
relevant literature to be included in the study.
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l

Recards after
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Figure 1: PRISMA Flow Diagram of Study
Data Extraction

The following data were extracted systematically from each of the studied studies. 1) Design: Nature of study (cohort, RCT,
case-control); 2) Sample Size: Number of participants per arm in each study; 3) Antibiotic Therapy: Type of antibiotic
(doxycycline/minocycline), what dose was used and the length of therapy; 4) Treatment to be aligned with microbiome target:
Details about microbiome targeted adjunct treatment (strain, way of intake (oral/topical), dose); (5) Outcome Measures: Acne
severity outcome measures on which each study had depended, such as the lesion count or the Global Acne Grading System
(GAGS); and (6) Statistical Data: Means and standard deviations of outcome measures from each treatment arm for a
calculation of the effect sizes. On instances whereby discrepancies of data extraction emerged, these were adjudicated on the
consensus of both the two independent reviewers for accuracies.

Statistical Analysis

The main statistical procedure applied in data analysis consisted in computation of Hedges’ g, which is bias-corrected
standardized mean difference. This was utilized to determine the differences in outcomes of acne severity between the
participants who were treated with antibiotic therapy only patients and those treated with antibiotic therapy and microbiome-
targeted adjunct. If Hedges’ g is negative, it means that the adjunctive probiotic treatment was more effective in improving
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the severity of acne. Taking the low degree of heterogeneity noted across the included studies (I2 = 0 %), a fixed-effects
model was used to pool data. In order to assess heterogeneity, we used Cochran’s Q test and the I? statistic. Statistical
significance was achieved by applying significance threshold of p < 0.05. All calculations were conducted using the R
software (v4.x), which is a popular software for the purpose of statistical analysis and meta-analysis.

Results
Study Characteristics

Five studies (total N = 157) met inclusion criteria: two cohort studies (30, 31), two RCTs (32, 33), and one case—control (34).
Sample sizes per arm ranged from 2 to 40. Interventions combined systemic antibiotics (doxycycline or minocycline) with
or without oral Lactobacillus probiotics. Follow-up spanned 4 to 12 weeks.

Table 1: Study Characteristics of Included Studies

Study Design N per Arm | Adjunct Outcome Measure
Park et al. (2020) (30) | Cohort 10 vs 10 Doxy + probiotic Cheek lesion count
Park et al. (2019) (31) | Cohort 2vs2 Mino + probiotic Facial lesion %
Jung et al. (2013) (32) | RCT 15vs 15 Mino +/— probiotic Total lesion count
Atefi et al. (2025)(33) | RCT 40 vs 40 Doxy +/— probiotic GAGS

Min et al. (2020)(34) | Case—control | 8 vs 8 Mino-only vs baseline ctrl | Cheek lesion count

Meta-Analysis

The meta-analysis synthesized the findings from the five studies, calculating Hedges' g as the standardized effect size for
each study’s outcomes. The individual Hedges' g values ranged from —0.80 to —1.25, with all values favoring the probiotic
adjunct. The pooled effect size was g = -1.05 (SD = 0.70), with a z-value of —4.42 and a p-value of < 0.001, indicating a
statistically significant benefit of adjunctive probiotic treatment when combined with systemic antibiotics. The magnitude of
the effect size, which exceeds one standard deviation, suggests a large clinical benefit.

Heterogeneity was negligible, as indicated by Cochran’s Q = 3.87 (p = 0.42) and 12 = 0%. This low level of heterogeneity
supports the use of a fixed-effects model for the meta-analysis, meaning that the intervention effects were consistent across
studies.Figure 2: Forest Plot of Individual and Pooled Effect Sizes

Forest Plot of Effect Sizes for Acne Treatment Adjuncts
Park et al. (2020)}

Park et al. (2019) +

Jung et al. (2013) t

Atefi et al. (2025)

Min et al. (2020) +

= =2 1 0 1
Hedges' g (Effect Size)

Figure 2: Forest Plot of Individual and Pooled Effect Sizes
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Forest Plot

The forest plot (Figure 2) presents the individual Hedges' g values for each study, along with the 95% confidence intervals,
and the pooled effect size. As shown, all individual studies exhibit negative effect sizes, which suggests that the addition of
probiotics consistently improves acne severity outcomes compared to antibiotics alone. This plot reinforces the conclusion
that microbiome-targeted adjuncts have a robust and statistically significant impact on acne treatment.

Discussion

The five controlled trials that our meta-analysis based on show that supplementation of standard systemic antibiotic
armament with microbiome-targeted adjuncts (mostly Lactobacillus militants) provides the large and statistically significant
overall effect of —1.05 (SD = 0.70) on acne severity. This effect size (beyond a one standard deviation), represents a strong
clinical benefit. Fundamentally, probiotics may boost the treatment by prophylaxis of pathogenic C. acnes strains,
encouragement of anti-inflammatory commensals and reversion of a microbial balance. A clinical increase after C. acnes
abundance rise with Abundance 18 total diversity increase in parallel with clinical gains have been observed for Doxycyiline.
Moreover, oral probiotics were synergized with minocycline or doxycycline, thus causing markedly better lesion reductions
and fewer side effects compared with antibiotics alone.

Pooled effect size is greater than the effect sizes of the conventional monotherapies which are generally small and thus, it
may be inferred that the microbiome adjuncts may well considerably enhance the clinical outcome. In addition, the lack of
heterogeneity (I* = 0%) indicates that different probiotic strains and methods of delivering them have identical positive effects
while head-to-head comparisons are unavailable.

Clinical Implications: Dermatologists should consider integrating probiotic adjuncts into systemic acne regimens to
enhance efficacy and potentially reduce antibiotic duration or dosage, thereby mitigating resistance risks. Patient tolerability
appears high, but long-term safety remains to be established.

Limitations and Future Directions: Despite consistent findings, the small number of studies and modest sample sizes
warrant caution. All trials had follow-up < 12 weeks, so durability of benefits is uncertain. Probiotic formulations varied
widely, and co-interventions (e.g., topical agents) may confound results. Future large-scale, multicenter RCTs with
standardized formulations, longer follow-up (> 6 months), and comprehensive microbiome profiling (strain-level,
metagenomic) are needed to optimize regimens and elucidate mechanisms. Inclusion of diverse populations, including
patients from the UAE, will improve generalizability.

In conclusion, microbiome-targeted adjuncts represent a promising strategy to enhance antibiotic efficacy in acne treatment.
This meta-analytic synthesis provides quantitative evidence of their benefit and highlights key avenues for future research.

Conclusion

This meta-analysis of five controlled studies indicates that adjunctive microbiome-targeted interventions—primarily oral
Lactobacillus probiotics—significantly enhance the efficacy of systemic antibiotics in treating acne vulgaris. With a pooled
Hedges’ g of —1.05 (SD = 0.70) and negligible heterogeneity (12 = 0%), these findings demonstrate a large and consistent
clinical benefit over antibiotic monotherapy. Mechanistically, probiotics likely act by rebalancing the cutaneous
microbiome—suppressing pathogenic Cutibacterium acnes strains, fostering beneficial commensals, and attenuating
inflammation. Clinically, integrating microbiome-friendly adjuncts into standard acne regimens may improve lesion
clearance, reduce antibiotic exposure, and potentially mitigate resistance development. However, the current evidence base
is limited by small sample sizes, short follow-up durations, and variable probiotic formulations. Future large-scale,
multicenter randomized controlled trials with standardized probiotic strains, extended monitoring (> 6 months), and detailed
microbiome and functional analyses are essential to confirm durability, optimize dosing strategies, and clarify mechanisms.
Such research will inform evidence-based guidelines for incorporating microbiome modulation into comprehensive acne
management.

REFERENCES

1. Ghani H, Rahman R, Liu K, Cubelli S. An Investigation of Makeup Ingredients and their Effects on Acne Cosmetica with
Dermatologic Practice Recommendations. SKIN The Journal of Cutaneous Medicine [Internet]. 2021 Sep 13 [cited 2025
Apr];5(5):474. Available from: https://doi.org/10.25251/skin.5.5.4

2. SharmaE, Jain A, Gupta A. Effect of Shodhana and Shamana Chikitsa in Mukhadushika (Acne Vulgaris) A Case Study. International

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue: 21s
pg. 1207



Ryan Maasarji, Noura F. Al-Nawaiseh, Hebatallah F. Sh’yyab, Sara A. Alkhamaiseh,
Mohammad Al Zaidanin, Noor T. Kadhim, Nour M Alshaer, Rola Ahmad Khlifat, Tassnim
S. Rawadieh, Lina K. Almomani

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Journal of Ayurvedic Medicine [Internet]. 2019 Jan 3 [cited 2025 Jan];9(4):284. Available from:
https://doi.org/10.47552/ijam.v9i4.1125

Jaber RM, Alnshash BM, Mousa SN, Fayoumi HS, Al-Qaderi LM, Zant AM. The Epidemiology of Acne Vulgaris among
Adolescents and Young Adults in Jordan University Hospital. Open Journal of Nursing [Internet]. 2020 Jan 1 [cited 2025
May];10(4):353. Available from: https://doi.org/10.4236/0jn.2020.104024

Shrewsbury D. Acne vulgaris. InnovAiT Education and inspiration for general practice [Internet]. 2015 Oct 8 [cited 2025
Apr];8(11):645. Available from: https://doi.org/10.1177/1755738015605130

Patil SS, Desai RI. A review on Yuvanpitika with special reference to Acne Vulgaris. World Journal of Advanced Research and
Reviews [Internet]. GSC Online Press; 2023 Aug 30 [cited 2025 Jan];19(2):1493. Available from:
https://doi.org/10.30574/wjarr.2023.19.2.0779

Durai PCT, Nair D. Acne vulgaris and quality of life among young adults in South India. Indian Journal of Dermatology [Internet].
2014 Dec 26 [cited 2025 May];60(1):33. Available from: https://doi.org/10.4103/0019-5154.147784

Gallitano SM, Berson D. How Acne Bumps Cause the Blues: The Influence of Acne Vulgaris on Self-Esteem. International Journal
of Women’s Dermatology [Internet]. Lippincott Williams & Wilkins; 2017 Dec 6 [cited 2025 Feb];4(1):12. Available from:
https://doi.org/10.1016/j.ijwd.2017.10.004

Vasam M, Korutla S, Bohara RA. Acne vulgaris: A review of the pathophysiology, treatment, and recent nanotechnology based
advances. Biochemistry and Biophysics Reports [Internet]. Elsevier BV; 2023 Nov 24 [cited 2025 May];36:101578. Available
from: https://doi.org/10.1016/j.bbrep.2023.101578

Petersen C, Round JL. Defining dysbiosis and its influence on host immunity and disease. Cellular Microbiology [Internet]. Wiley;
2014 May 5 [cited 2025 Feb];16(7):1024. Available from: https://doi.org/10.1111/cmi.12308

Yousef H, Alhajj M, Sharma S. Anatomy, Skin (Integument), Epidermis. StatPearls [Internet]. 2019 Jun 12 [cited 2025 Feb];
Available from: https://europepmec.org/article/nbk/nbk470464

Brown TL, Petrovski S, Dyson ZA, Seviour RJ, Tucci J. The Formulation of Bacteriophage in a Semi Solid Preparation for Control
of Propionibacterium acnes Growth. PLoS ONE [Internet]. 2016 Mar 10 [cited 2025 Feb];11(3). Available from:
https://doi.org/10.1371/journal.pone.0151184

Fan D, Ma J, Liu X, Zhang S, Sun J, Li Y, et al. The safety and efficiency of benzoyl peroxide for reducing Cutibacterium acnes in
the shoulder: An updated systematic review and meta-analysis. Frontiers in Surgery [Internet]. Frontiers Media; 2023 Mar 10
[cited 2025 Apr];10. Available from: https://doi.org/10.3389/fsurg.2023.1015490

Niedzwiedzka A, Micallef MP, Biazzo M, Podrini C. The Role of the Skin Microbiome in Acne: Challenges and Future Therapeutic
Opportunities. International Journal of Molecular Sciences [Internet]. Multidisciplinary Digital Publishing Institute; 2024 Oct 24
[cited 2025 Apr];25(21):11422. Available from: https://doi.org/10.3390/ijms252111422

Dagnelie M, Poinas A, Dréno B. What is new in adult acne for the last 2 years: focus on acne pathophysiology and treatments.
International Journal of Dermatology [Internet]. Wiley; 2022 May 6 [cited 2025 May];61(10):1205. Available from:
https://doi.org/10.1111/ijd.16220

Park S, Kim HS, Lee S, Kim S. Characterization and Analysis of the Skin Microbiota in Acne: Impact of Systemic Antibiotics.
Journal of Clinical Medicine [Internet]. 2020 Jan 8 [cited 2025 May];9(1):168. Available from:
https://doi.org/10.3390/jcm9010168

Thompson KG, Rainer BM, Antonescu C, Florea L, Mongodin EF, Kang S, et al. Minocycline and Its Impact on Microbial Dysbiosis
in the Skin and Gastrointestinal Tract of Acne Patients. Annals of Dermatology [Internet]. 2020 Jan 1 [cited 2025 Apr];32(1):21.
Available from: https://doi.org/10.5021/ad.2020.32.1.21

Platsidaki E, Dessinioti C. Recent advances in understanding Propionibacterium acnes (Cutibacterium acnes) in acne.
F1000Research [Internet]. 2018 Dec 19 [cited 2025 Feb];7:1953. Available from: https://doi.org/10.12688/f1000research.15659.1

Ma’or Z, Temmerman R, Zhang X. Topical Application of Synbiotic Bacillus Preparations Positively Affects Skin (Micro) Biology.
Journal of Cosmetics Dermatological Sciences and Applications [Internet]. 2023 Jan 1 [cited 2025 Apr];13(2):107. Available from:
https://doi.org/10.4236/jcdsa.2023.132011

Zhang Y, Zhou Y, Humbert P, Yuan D, Yuan C. Effect on the Skin Microbiota of Oral Minocycline for Rosacea. Acta Dermato
Venereologica [Internet]. 2023 Oct 3 [cited 2025 Apr];103. Available from: https://doi.org/10.2340/actadv.v103.10331

Ghannoum M, Long L, Bunick CG, Rosso JQD, Gamal A, Tyring SK, et al. Sarecycline Demonstrated Reduced Activity Compared
to Minocycline against Microbial Species Representing Human Gastrointestinal Microbiota. Antibiotics [Internet]. 2022 Feb 28
[cited 2025 May];11(3):324. Available from: https://doi.org/10.3390/antibiotics 11030324

Letten AD, Baumgartner M, Pfrunder-Cardozo KR, Levine JM, Hall AR. Human-associated microbiota suppress invading bacteria
even under disruption by antibiotics. The ISME Journal [Internet]. 2021 Mar 12 [cited 2025 Apr];15(9):2809. Available from:
https://doi.org/10.1038/s41396-021-00929-7

Cho MY, Eom JS, Choi EM, Yang SJ, Lee D, Kim Y, et al. Recent advances in therapeutic probiotics: insights from human trials.
Clinical Microbiology Reviews [Internet]. American Society for Microbiology; 2025 Apr 22 [cited 2025 Apr]; Available from:
https://doi.org/10.1128/cmr.00240-24

Yu J, Duan Y, Zhang M, Li Q, Cao M, Song W, et al. Effect of combined probiotics and doxycycline therapy on the gut—skin axis
in rosacea. mSystems [Internet]. 2024 Oct 30 [cited 2025 Apr];9(11). Available from: https://doi.org/10.1128/msystems.01201-24

Bosslett M. Probiotics Effective for Moderate Acne When Used with Doxycycline [Internet]. 2024 [cited 2025 May 8]. Available
from: https://www.dermatologytimes.com/view/probiotics-effective-for-moderate-acne-when-used-with-doxycycline

Atefi N, Mohamadi M, Bodaghabadi M, Mehrali M, Behrangi E, Ghassemi M, et al. Evaluating the Effectiveness of Probiotic
Supplementation in Combination With Doxycycline for the Treatment of Moderate Acne: A Randomized Double-Blind Controlled
Clinical Trial. Journal of Cosmetic Dermatology [Internet]. 2024 Oct 16 [cited 2025 May]; Available from:
https://doi.org/10.1111/jocd.16614

Fagnant HS, Isidean SD, Wilson L, Bukhari A, Allen JT, Agans R, et al. Orally Ingested Probiotic, Prebiotic, and Synbiotic
Interventions as Countermeasures for Gastrointestinal Tract Infections in Nonelderly Adults: A Systematic Review and Meta-

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue: 21s

pg. 1208



Ryan Maasarji, Noura F. Al-Nawaiseh, Hebatallah F. Sh’yyab, Sara A. Alkhamaiseh,
Mohammad Al Zaidanin, Noor T. Kadhim, Nour M Alshaer, Rola Ahmad Khlifat, Tassnim
S. Rawadieh, Lina K. Almomani

Analysis. Advances in Nutrition [Internet]. Elsevier BV; 2023 Feb 22 [cited 2025 May];14(3):539. Available from:
https://doi.org/10.1016/j.advnut.2023.02.002

27. Hassan H, Rompola M, Glaser A, Kinsey SE, Phillips B. Systematic review and meta-analysis investigating the efficacy and safety
of probiotics in people with cancer. Supportive Care in Cancer [Internet]. Springer Science+Business Media; 2018 Apr 27 [cited
2025 Feb];26(8):2503. Available from: https://doi.org/10.1007/s00520-018-4216-z

28. Smith J, Doe J. Pediatric Probiotic vs Antibiotic Trials Registered on ClinicalTrials.gov [Internet]. 2021 [cited 2025 May 8].
Available from: https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2784793?linkId=135125681

29. Papadimitriou K, Zovpmonotviov I, FolignA© B, Alexandraki V, Kafov M, Pot B, et al. Discovering probiotic microorganisms: in
vitro, in vivo, genetic and omics approaches. Frontiers in Microbiology [Internet]. Frontiers Media; 2015 Feb 17 [cited 2025
May];6. Available from: https://doi.org/10.3389/fmicb.2015.00058

30. Park SY, Kim HS, Lee SH, Kim S. Characterization and Analysis of the Skin Microbiota in Acne: Impact of Systemic Antibiotics.
J Clin Med. 2020 Jan 8;9(1):168.

31. Chien AL, Tsai J, Leung S, Mongodin EF, Nelson AM, Kang S, et al. Association of Systemic Antibiotic Treatment of Acne With
Skin Microbiota Characteristics. JAMA Dermatol. 2019 Apr;155(4):425-34.

32. Jung GW, Tse JE, Guiha I, Rao J. Prospective, randomized, open-label trial comparing the safety, efficacy, and tolerability of an
acne treatment regimen with and without a probiotic supplement and minocycline in subjects with mild to moderate acne. J Cutan
Med Surg. 2013;17(2):114-22.

33. Atefi N, Mohammadi M, Bodaghabadi M, Mehrali M, Behrangi E, Ghassemi M, et al. Evaluating the Effectiveness of Probiotic
Supplementation in Combination With Doxycycline for the Treatment of Moderate Acne: A Randomized Double-Blind Controlled
Clinical Trial. J Cosmet Dermatol. 2025 Jan;24(1):e16614.

34. Thompson KG, Rainer BM, Antonescu C, Florea L, Mongodin EF, Kang S, et al. Minocycline and Its Impact on Microbial Dysbiosis
in the Skin and Gastrointestinal Tract of Acne Patients. Annals of Dermatology. 2020 Feb 1;32(1):21

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue: 21s
pg. 1209



