Ann Allergy Asthma Immunol 000 (2022) 1-9

Contents lists available at ScienceDirect

Annals

ot Alergy, ASThma & Inmunology

e

Bleach baths for atopic dermatitis

A systematic review and meta-analysis including unpublished data, Bayesian

interpretation, and GRADE

Layla Bakaa, OSSD*; Jeffrey M. Pernica, MSc, MD, FRCPC, DTMH'; Rachel J. Couban, MISt;
Kelly Jo Tackett, MPH"; Craig N. Burkhart, MD, MS, MPH"; Liz Leins, RN, PgDipACN(Paed), MN';
Joanne Smart, MD, PHD'; Maria Teresa Garcia-Romero, MD, MPHY;

Itzel Guadalupe Elizalde-Jiménez, MD"*; Michael Herd, BSc, MBChB, Dip Paed, FRACP**91¥;
Rachel Netahe Asiniwasis, MD, FRCPC'"; Mark Boguniewicz, MD**; Anna De Benedetto, MD"";
Lina Chen, BSc""; Kathy Ellison, MEd"Y; Winfred Frazier, MD, MPH**;

Matthew Greenhawt, MD, MBA, MSc***; Joey Huynh, MPT

'11: Jennifer LeBovidge, PhD™;

Mary Laura Lind, PhD""'; Peter Lio, MD""; Monica O'Brien, MBS*""; Peck Y. Ong, MD"**;
Jonathan I. Silverberg, MD, PhD, MPH****; Jonathan M. Spergel, MD, PhD'""";
Julie Wang, MD**; Wendy Smith Begolka, MBD****; Lynda Schneider, MD, PhD, FRCPC*;

Derek K. Chu, MD, PhD, FRCPC*,"""

* Evidence in Allergy Group, Department of Medicine, McMaster University, Hamilton, Ontario, Canada

* Department of Pediatrics, Division of Infectious Diseases, McMaster University, Hamilton, Ontario, Canada

* Department of Health Research Methods, Evidence, and Impact, McMaster University, Hamilton, Ontario, Canada
§ Department of Dermatology, The University of North Carolina at Chapel Hill, Chapel Hill, North Carolina

"Royal Children’s Hospital, Allergy & Immunology, Victoria, Australia
Y Department of Dermatology, National Institute of Pediatrics, Mexico City, Mexico

* Ministry of Health, General Directorate of Quality and Education of Health, Mexico City, Mexico

" Paediatric Department, Waitakere Hospital, Waitemata District Health Board, Auckland, New Zealand

't Origins Dermatology Centre, University of Saskatchewan, Regina, Saskatchewan, Canada
 National Jewish Health, Denver, Colorado

Reprints: Derek K. Chu, MD, PhD, FRCPC, Division of Clinical Inmunology & Allergy,
Department of Medicine and Department of Health Research Methods, Evidence and
Impact, McMaster University, Room 3V51 McMaster University Medical Centre, 1280
Main Street West, Hamilton, ON L8S 4K1, Canada; E-mail: chudk@mcmaster.ca.

Disclosures: Dr. De Benedetto is an investigator for Dermira, Kiniksa, Novartis, and
Pfizer and a consultant for dMed Biopharmaceutical Co, Ltd. Dr. Boguniewicz conducts
research at Regeneron and Incyte; and is part of advisory boards and consults for Abb-
Vie, Janssen, LEO Pharma, Lilly, Pfizer, Regeneron, and Sanofi Genzyme. Ms. Begolka
declares receiving research grants from Pfizer; is on the advisory board for Incyte and
Pfizer; received honoraria from Incyte and Pfizer; and is a principal investigator for
Pfizer. Dr. Greenhawt is a consultant for Aquestive; a member of physician and medi-
cal advisory boards for DBV Technologies, Sanofi/Regeneron, Genentech, Nutricia,
Novartis, Acquestive, Allergy Therapeutics, Pfizer, US World Meds, Allergenis, Aravax,
and Prota; a member of the Scientific Advisory Council for the National Peanut Board;
the senior associate editor for the Annals of Allergy, Asthma & Immunology; a member
of the Joint Taskforce on Allergy Practice Parameters; and has received honorarium
for lectures from ImSci, the Allergy and Asthma Foundation of America, and the Med-
LearningGroup. Dr. Garcia-Romero has received honoraria as a speaker from Pierre
Fabre and Sanofi; and has served on an advisory board for Pfizer. Dr. Lind is the co-
founder of Sequitur Health Corporation. Dr. Lio reports receiving research grants/
funding from the National Eczema Association, AOBiome, Regeneron/Sanofi Genzyme,
and AbbVie; is on the speaker's bureau for Regeneron/Sanofi Genzyme, Pfizer, Incyte,
Eli Lilly, LEO, Galderma, and L'Oreal; reports serving on the consulting/advisory
boards for Almirall, ASLAN Pharmaceuticals, Concerto Biosciences, Dermavant, Regen-
eron/Sanofi Genzyme, Pfizer, LEO Pharmaceuticals, AbbVie, Eli Lilly, Micreos, L'Oreal,
Pierre-Fabre, Johnson & Johnson, Level Ex, KPAway, Unilever, Menlo Therapeutics,
Theraplex, IntraDerm, Exeltis, AOBiome, Realm Therapeutics, Altus Labs, Galderma,
Verrica, Arbonne, Amyris, Bodewell, Burt's Bees, My-Or Diagnostics, and Kimberly-
Clark; has a patent pending for a Theraplex product with royalties paid; is a board
member and scientific advisory committee member of the National Eczema

https://doi.org/10.1016/j.anai.2022.03.024

Association; an investor at LearnSkin; and has stock options with Micreos, Altus Labs,
Boston Skin Science, and Concerto Biosciences. Dr. Ong is a consultant for Regeneron,
Sanofi, Janssen, Incyte, and AbbVie. Dr. Pernica reports receiving a grant from MedI-
mmune. Dr. Spergel declares receiving grants or contracts from Novartis, Abbott,
Regeneron, Sanofi, and the National Institutes of Health; receiving royalties or
licenses from UpToDate; receiving consulting fees from Regeneron, Sanofi, Novartis,
Takeda, Allakos, and Alladapt; receiving payment or honoraria for lectures, presenta-
tions, speakers’ bureaus, manuscript writing, or educational events from Medscape
and Rockpointe; and being on the Safety Monitoring Board or Advisory Board of the
National Institute of Allergy and Infectious Disease and of Syneos. Dr. Schneider is on
the Medical Advisory Board for Food Allergy Research and Education and the Data
and Safety Monitoring Board for Alladapt; and an investigator for DBV Technologies
and Regeneron. Dr. Wang reports receiving institutional research funding from
Regeneron, DBV, and Aimmune; consultancy fees from DBV, ALK Abello, and Genen-
tech; being an UpToDate author; and being a member of Joint Task Force on Practice
Parameters. All other authors declare no conflict of interest.

Funding: This work receives funding from the American Academy of Allergy, Asthma &
Immunology and the American College of Allergy, Asthma and Immunology.

Role of the Funding Source:The American College of Allergy, Asthma & Immunology
and the American Academy of Allergy, Asthma & Immunology commissioned this
review through the Joint Task Force on Practice Parameters to inform upcoming guid-
ance on management of atopic dermatitis. The funder contributed to defining the scope
of the review but otherwise had no role in study design and data collection. After agree-
ing to the initial scope of the project, the funder did not have any input in the interpre-
tation of the data, drafting of the manuscript, and submission of the report. The funder
received a copy of the manuscript at time of submission. The review team had the abil-
ity, but not obligation, to consider the funder’s feedback. The first and corresponding
authors had full access to all data in the study and had final responsibility for the deci-
sion to submit for publication.

1081-1206/© 2022 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.


mailto:chudk@mcmaster.ca
https://doi.org/10.1016/j.anai.2022.03.024
http://dx.doi.org/10.1016/j.anai.2022.03.024
http://www.ScienceDirect.com

2

L. Bakaa et al. / Ann Allergy Asthma Immunol 00 (2022) 1-9

% University of Rochester Medical Center, Rochester, New York

" University of Ottawa, Ottawa, Ontario, Canada

9 Westerville, Ohio

*# Department of Family Medicine, UPMC St. Margaret, Pittsburgh, Pennsylvania

" Section of Allergy and Immunology, Children’s Hospital Colorado, Department of Pediatrics, University of Colorado School of Medicine, Aurora, Colorado
't Orthopedic Neurological Rehabilitation, Northridge, California

Ht Division of Immunology, Boston Children’s Hospital, Boston, Massachusetts

555 School for Engineering of Matter, Transport and Energy, Arizona State University, Tempe, Arizona

""" Northwestern University Feinberg School of Medicine, Chicago, Illinois

999 Tufts University School of Medicine, Boston, Massachusetts. Medical Student, Class of 2025

### Children’s Hospital Los Angeles, USC Keck School of Medicine, Los Angeles, California

"™ Department of Dermatology, The George Washington University School of Medicine and Health Sciences, Washington, DC

11t Department of Pediatrics, Perelman School of Medicine at the University of Pennsylvania and Children’s Hospital of Philadelphia, Philadelphia, Pennsylvania
HH Jcahn School of Medicine at Mount Sinai, New York City, New York

$555 National Eczema Association, Novato, California

N The Research Institute of St. Joe’s Hamilton, Hamilton, Ontario, Canada
9999 Current location: Paediatric Department, Whakatane Hospital Bay of Plenty District Health Board, Whakatane, New Zealand

ARTICLE INFO

ABSTRACT

Article history:
Received for publication January 6, 2022.

Received in revised form March 22, 2022.
Accepted for publication March 24, 2022.

Background: Bleach bathing is frequently recommended to treat atopic dermatitis (AD), but its efficacy and
safety are uncertain.

Objective: To systematically synthesize randomized controlled trials (RCTs) addressing bleach baths for AD.
Methods: We searched MEDLINE, EMBASE, CENTRAL, and GREAT from inception to December 29, 2021, for RCTs
assigning patients with AD to bleach vs no bleach baths. Paired reviewers independently and in duplicate
screened records, extracted data, and assessed risk of bias (Cochrane version 2) and GRADE quality of evidence.
We obtained unpublished data, harmonized individual patient data and did Frequentist and Bayesian random-
effects meta-analyses.

Results: There were 10 RCTs that enrolled 307 participants (median of mean age 7.2 years, Eczema Area Severity
Index baseline mean of means 27.57 [median SD, 10.74]) for a median of 6 weeks (range, 4-10). We confirmed that
other trials registered globally were terminated. Bleach baths probably improve AD severity (22% vs 32% improved
Eczema Area Severity Index by 50% [ratio of means 0.78, 95% credible interval 0.59-0.99]; moderate certainty) and
may slightly reduce skin Staphylococcal aureus colonization (risk ratio, 0.89 [95% confidence interval, 0.73-1.09]; low
certainty). Adverse events, mostly dry skin and irritation, along with itch, patient-reported disease severity, sleep qual-
ity, quality of life, and risk of AD flares were not clearly different between groups and of low to very low certainty.
Conclusion: In patients with moderate-to-severe AD, bleach baths probably improve clinician-reported severity
by a relative 22%. One in 10 will likely improve severity by 50%. Changes in other patient-important outcomes

are uncertain. These findings support optimal eczema care and the need for additional large clinical trials.
Trial Registration: PROSPERO Identifier: CRD42021238486.
© 2022 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.

Introduction

Atopic dermatitis (AD; typically referred to as eczema or atopic
eczema)' affects up to 13.0% of children and 4.9% of adults
worldwide.” It typically starts in infancy, is characterized by dry,
inflamed, and itchy skin, and is often complicated by sleep distur-
bance, impaired quality of life,*® and skin infections.

Bathing in dilute bleach (sodium hypochlorite; NaOCl) is a com-
mon adjunctive treatment for AD. Administration of this treatment
includes 1/4 to 1/2 cup of 5% to 6% bleach in a full bathtub (approxi-
mately 40 gallons of water) for a final concentration approximately
0.005%, applied for 10 minutes, 2 to 3 times per week.”® Bleach’s
antiseptic properties, recognized since the 18th century as a treat-
ment of battlefield wounds,” are hypothesized to improve AD sever-
ity by decreasing the Staphylococcus aureus (S aureus) bacteria that
typically colonizes AD skin lesions,'®!" without risk of bacterial
resistance.'>'> Bleach concentrations recommended for AD, how-
ever, have been reported to not be antistaphylococcal in vitro'* and
may directly exert beneficial anti-inflammatory effects on eczema-
tous skin independent of their antistaphylococcal effects.'®

Despite the common use of bleach baths to treat AD, evidence
regarding efficacy and safety is unclear. There were 3 systematic
reviews'>1%17 that narratively synthesized observational data along
with 5 randomized controlled trials (RCTs) and were uncertain
whether they provided added benefit above usual bathing practices
with water only. The American Academy of Allergy, Asthma & Immu-
nology and the American College of Allergy, Asthma and Immunology
thus identified the practice of bleach baths as a priority to clarify for

its upcoming practice parameter guideline update.® We systemati-
cally reviewed published and unpublished RCTs addressing the effi-
cacy and safety of bleach baths for AD.

Methods

We completed this systematic review and meta-analysis accord-
ing to Cochrane'® and Grading of Recommendations, Assessment,
Development, and Evaluation (GRADE) guidance'® and report it
according to Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines.?° This review was prospectively
registered (PROSPERO identifier: CRD4202123848).

Search Strategy and Selection Criteria

We searched MEDLINE, EMBASE, CENTRAL, and the World Health
Organization International Clinical Trials Registry Platform for RCTs
in any language comparing bleach baths to no bleach baths for
patients with AD (see eAppendix 1 for the full search strategy). For-
ward and backward citation analysis of all included studies in our
analysis and related systematic reviews listed in the Global Resource
for Eczema Trials database using all Web of Science databases, includ-
ing clinical experts on the guideline panel, identified additional
potentially relevant studies. We contacted authors to obtain unpub-
lished, missing, or clarification of data.

Calibrated paired reviewers independently screened records for
titles and abstracts, followed by full texts, in duplicate for eligibility.
We resolved discrepancies by consensus.
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Figure 1. Study selection flowchart

Outcomes and Data Collection

Paired investigators independently extracted data in duplicate
using a standardized, pilot-tested data extraction form on Micro-
soft Excel. We collected information on study characteristics,
baseline demographics, control and intervention details, and out-
come data. For data present only in graph form, we extracted val-
ues using WebPlotDigitizer 4.4 software.’! We solved
discrepancies by consensus.

Outcomes of interest were determined by a multidisciplinary col-
laborative panel consisting of patient and family partners with AD,
clinicians (allergists, dermatologists, pediatricians, family medicine
physicians, psychologists, nurse practitioners, pharmacists), and
methodologists and aligned with the Harmonizing Outcome Meas-
ures for Eczema initiative.”*** The panel deemed critical outcomes
for decision-making about bleach baths to include the following: cli-
nician-reported severity; patient-reported severity (ie, extent of AD
activity); patient-reported itch; adverse events of intervention; long-

term control; flare (ie, event of AD activity requiring escalation of
treatment); and infection. The panel further defined effects by ratio
of means (RoMs) as trivial (RoM > 0.8), small (RoM < 0.8), moderate
(RoM < 0.6), and large (RoM < 0.3).

Risk of Bias Assessment

We used the Cochrane Risk of Bias assessment tool to assess risk
of bias on a per outcome basis for each study independently and in
duplicate. Two reviewers each assigned the risk of bias as “low,”
“some concerns,” or “high” for the following 6 domains: randomiza-
tion process; deviation from intended outcome; missing outcome
data; selection of reported results; measurement of outcome; and
other bias.”* We dichotomized “some concern” categories as proba-
bly low or probably high. Overall bias judgment rated studies as high
risk of bias overall if 1 or more domain ratings were probably high
risk of bias or high risk of bias and low risk of bias overall if all domain



Table 1

Characteristics of Included Studies

Baseline clinician-reported
severity, EASI mean (SD)*

Severity strata based
on original scale®”

Comparator

Intervention

Male
n (%)

Age, mean
(SD)

n

Follow-up

(mo)

Country

Author, year

21.0(10.65)

Water bath Moderate-severe

0.005% bleach, biw

1.14(1.41) 13

21

United States

Gonzalez et al,*' 2016

29.0 (10.74)

Mild-severe

Water bath

0.0042% bleach, 5 min, biw

51(413) 10

16

15

New Zealand

ACTRN12611000260921

(62.5)
23(57.5)

38.2(9.68)

Moderate -severe

0.005% bleach, 10 min, tiw Water bath

12.1(4.2)

40

People’s Republic of 1

Hon et al,** 2016

China
United States

19.3 (11.76)

Moderate-severe, with clinical

Water bath, petrolatum

0.005% bleach, 5-10 min, biw, mupir-

15(48.4)

7.1 (4.75)

Huang et al,>® 2009

intranasal, cephalexin infection at baseline

ocin ung intranasal bid 5 consecu-
tive d/mo, cephalexin 50 mg/kg/d

tid initial 10 d
0.006% bleach, biw, 10-15 min

50 mg/kg/d tid initial 10 d

33.6(11.27)
30.41(6.22)

Moderate-severe

Water bath

11(39.3)
23(56.1)

11.04 (2.52)

28

Mexico

Khadka et al,*® 2021

Moderate-severe

Emollient baths (liquid paraffin

0.005% bleach, tiw, cephalexin 15

41 4.3(3.88)

15

ACTRN12610000215022  Australia

95% v/|v) tiw, cephalexin

mg/kg/d tid initial 10 d

15 mg/kg/d tid initial 10 d

Water bath

27.08(21.3)

Mild-severe

0.005% bleach, 10 min, once

6(60)

60 min 10 27.30(11.51)

United States

Shi et al,** 2016
NCT03619161
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11.84 (8.74)

Water bath + bathroom cleaning Mild-moderate

0.005% bleach, 5-10 min, biw

7.19(533) 28(483)

58

United States

with bleach
Water bath

37.7 (13.69)

Moderate-severe

0.005% bleach, 10 min, biw, rinse

13(30.95)

11.8(6.92)

36

Malaysia

Wong et al**, 2013

with water, aqueous cream

Abbreviations: bid, twice a day; biw, twice a week; EASI, Eczema Area Severity Index; tid, 3 times a day; tiw, 3 times a week; ung, ointment; v/v, volume (of solute) per volume (of solvent).

2Estimated values for scales other than EASI as detailed in the Methods section.

ratings were probably low risk of bias or low risk of bias. We used
additional tools to assess risk of bias tailored to cluster-randomized,
parallel-group trials, randomized crossover trials, and randomized
parallel-group trials.'®

Analysis

We analyzed all outcomes on an intention-to-treat basis, that is, all
patients according to their assigned randomized arms. Frequentist Der-
Simonian and Laird and Frequentist and Bayesian generic inverse vari-
ance random-effects models generated pooled results to account for
correlated data structures (eg, crossover or split-body study designs).

We summarized dichotomous outcomes using risk ratio (RR) and
corresponding 95% credible interval (Crl) or confidence interval (CI).
We combined continuous outcomes across studies using the mean
difference (MD) and RoM. In case of studies reporting the same con-
struct with different scales, we analyzed after conversion using linear
transformation to a common scale and did sensitivity analyses
according to standardized mean difference (SMD). To facilitate
interpretability, we dichotomized clinician-reported severity into
probability to improve by a 50% reduction and analyzed S aureus col-
onization as either growth or no growth when reported as a continu-
ous measure.

We used GRADE to assess the certainty of the evidence
based on assessment of risk of bias, heterogeneity, imprecision,
inconsistency, and publication bias, and used Making GRADE the Irre-
sistible Choice application?’ to present the summary of findings table
following standardized GRADE terminology.*°

Prespecified sensitivity analyses to test the robustness of the find-
ings included different time points across studies reporting clinician-
reported severity, lesion-based S. aureus colonization, and varying
severity of adverse events, and for additional analyses, using SMD
and MD measurements, or different scales used to measure clinician-
reported severity. In cases where SD values required estimation, we
used a correlation coefficient of 0.7 and sensitivity analyses using the
more conservative coefficient of 0.5.

We considered credibility of subgroup analyses using the follow-
ing 8-core assessments from the Instrument to assess the Credibility
of Effect Modification Analyses®': comparison of modifier based on
between or within trials; similarity of results within trials; number of
trials; consistency of observed effect direction with hypothesized
direction a priori; credibility of interaction test (ie., P value); number
of effect modifiers tested; use of random-effects model; and determi-
nation of cut points for continuous variables. Overall credibility judg-
ment rated effect modifiers as very low credibility overall if all
responses definitely or probably decrease credibility and high credi-
bility overall if no responses definitely or probably decrease credibil-
ity. We used previously defined severity strata®’ to define the AD
severity of the populations in the included studies.

We accounted for paired outcomes in crossover trials or split-
body studies in a sensitivity analysis by using paired t tests for contin-
uous outcomes. We analyzed individual patient data using analysis of
covariance adjusting for baseline values and including a treatment by
baseline interaction term for continuous outcomes and x? tests for
proportions. We accounted for missing data using multiple imputa-
tion with chained equations where applicable.

We performed analyses using Stata (versions 14.2 and 16; Stata-
Corp, College Station, Texas) and RevMan (version 5.3; The Nordic
Cochrane Centre, Copenhagen, Denmark). For Bayesian analyses,
we used established informative priors for between-study hetero-
geneity,>>>> hybrid Metropolis-Hastings sampling with blocked
parameters, a 10,000-sample burn-in, 40,000 Markov Chain Monte
Carlo (MCMC) samples, and confirmed convergence visually using
overlain trace and density plots. We report associated posterior
mean effects and 95% Crls.

19,25,26
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Author, Year

Moderate-severe

RoM (95% CI) Bleach, » No bleach,n Weight, %

1
I
Gonzalez 2016 € : 0.61(0.02,20.84) 9 9 0.54
Huang 2009 —I—E—— 0.51(0.17, 1.56) 9 13 4.65
Khadka 2021 —-I-"- 0.68 (0.37, 1.25) 14 14 11.84
ACTRN12610000215022 —.':- 0.62 (0.42, 0.92) 18 17 18.55
Wong 2013 —:.+- 0.79 (0.52, 1.21) 18 18 17.52
Rnadom, subtotal (I2 = 0%) 0 0.68 (0.53, 0.88) 53.08
1
:
Mild-Moderate :
ACTRN12611000260921 —‘- 0.68 (0.45, 1.03) 7 5 17.86
Random, subtotal Q 0.68 (0.45, 1.03) 17.86
I
Severe :
Hon 2015 E . 1.09 (0.94, 1.27) 40 40 29.06
Random, subtotal : D 1.09 (0.94, 1.27) 29.06
I
Random, Overall (12 = 55%) 0.78 (0.60, 1.01) 115 116 100.00

Bayesian with UMIN000018583 (n =26), Overall (12: 33%)

OO

0.78 (0.59, 0.99) 128 129

I I
02 05 1

Favors dilute bleach bathing

I
2

I
5

Favors usual bathing

Figure 2. Forest plot showing estimates for the association of bleach baths with clinician-reported severity. CI, confidence interval; RoM, ratio of means.CI = confidence interval.

RoM = ratio of means.
Results

We screened 2559 records and ultimately included 12 reports repre-
senting 10 RCTs, 4 unpublished (NCT03619161, ACTRN12610000215022,
ACTRN12611000260921, and UMINO00018583) and 6 published*®*
(Fig 1). We received individual patient data from 3 trials
(ACTRN12610000215022 and NCT03619161).>° One group did not share
data on their 26-patient RCT (UMIN000018583); however, their stated
qualitative findings suggested some difference in severity favoring bleach
interventions (eAppendix 2). Correspondence with other authors
revealed that they terminated all other trials registered globally
(NCT03775590,  NCT02582788, NCT01631617,  NCT01286220,
NCT04001855, NCT01826630, NCT02241174). The most commonly cited
reason was disruption owing to the coronavirus disease 2019 (COVID-19)
pandemic precluding any data collection, and therefore, 0 enrolled
patients (eAppendix 2).

Table 1 summarizes the characteristics of the included studies (see
eTable 1 for each study’s detailed inclusion and exclusion criteria). The

Table 2
Anticipated Absolute Effects of Bleach Baths vs No Bleach Baths for Atopic Dermatitis
Clinician-Reported Severity (EASI)

EASI categories EASI score, Difference with bleach baths vs no bleach baths
no bleach
ean Lower 95% Crl Upper 95% Crl

Mild 1 -0.2 -04 —-0.01
Mild-moderate 10 -22 -4.1 -0.1
Moderate 20 -4.4 -8.2 -0.2
Moderate-severe 30 —6.6 -12.3 -03

Severe 40 —-8.8 -16.4 -04

Severe 50 -11.0 -20.5 -0.5

Severe 60 -13.2 —24.6 -0.6

Severe 70 -15.4 —28.7 -0.7

Abbreviations: Crl, credible interval; EASI, Eczema Area Severity Index.

included studies enrolled 307 patients with mild-to-severe baseline
AD severity (Scoring Atopic Dermatitis baseline mean of means 44.27
[median SD across trials, 13.21]); Eczema Area Severity Index (EASI)
baseline mean of means 23.38 (median SD across trials, 11.76); median
patients 28, interquartile (IQR) range 14-41; median of mean age
7.2 years (IQR, 4.7-12.0); 50.5% women; and a median follow-up of 6
weeks (IQR, 4-10). Estimated AD severity across all studies on a com-
mon scale (EASI) was mean of means 27.57 (median SD across trials,
10.74). Furthermore, 2 studies, 1 published*”*® and 1 unpublished
(NCT03619161), reported a history of bacterial infection.

Risk of bias was mostly low or probably low across all outcomes
(eAppendix 3). One study was at high risk of bias for early termina-
tion (ACTRN12611000260921) and one was probably high risk of
bias owing to imbalance in baseline characteristics.>’® Risk of bias,
however, did not modify overall pooled estimates. We did not iden-
tify strong evidence of publication bias (eFig. 2).No credible effect
modifiers were identified for use of antibiotics at study start; age;
publication status; different durations of intervention; frequency of
bleach baths; regimented topical cortical steroid use; emollient use;
type of comparator; history of bacterial infection; and risk of bias.

Outcomes

Atopic Dermatitis Severity

There were 8 studies that reported clinician-reported severity
(n = 257) (ACTRN12611000260921, ACTRN12610000215022,
UMIN000018583).262841-4 We harmonized all available data for this
outcome with Bayesian approaches, including estimated data from
the 26-patient RCT (UMINO00018583). Bleach baths probably
improve AD severity compared with no bleach baths (RoM 0.78 [95%
Crl, 0.59-0.99]; moderate certainty) (Fig 2). Effects were seen as soon
as 4 weeks (eFig 3). Sensitivity analyses accounting for variation
within studies were robust to findings (eTable 2). Anticipated
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Author, Year Severity
Gonzalez 2016 Moderate-severe
ACTRN12611000260921 Mild-Moderate
Hon 2015 Severe

Huang 2009 Moderate-severe
Khadka 2021 Moderate-severe
ACTRN12610000215022 Moderate-severe
Wong 2013 Moderate-severe

Overall (12=0.02)

Bayesian with UMIN000018583 (1= 26), Overall (2= 0.07)

RR (95% CI) Bleach
(nIN)
1.00 (0.61, 1.64) 79

6.75 (0.44, 102.80) a7

0.50 (0.0, 5.30) 1/40

2.89(0.97, 8.63) 6/9
1.33(0.63, 2.84) 8/14
1.73 (0.82, 3.64) 1118
1.00 (0.29, 3.39) 4/18
1.33 (0.94, 1.89) 41/115
1.45(1.00, 2.14) 50/128

No bleach Weight, %
(nIN)

719

0/5

2/40

3/13

6/14

6/17

4/18

28/116

32/129

39.39

1.65

2.19

19.24

19.91

100.00

100.00

T !
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Figure 3. Probability (RR) to improve clinician-reported eczema severity by 50%. CI, confidence interval; RR, risk ratio.Note reversal of direction of x-axis. RR=relative risk.

Table 3

A
) Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% ClI M-H, Random, 95% CI
Khadka 2021 3 12 7 13 3.1% 0.46 [0.15, 1.40]
ACTRN12610000215022 7 18 11 17 8.3% 0.60[0.31, 1.18]
Hon 2015 27 40 31 40 51.5% 0.87[0.66, 1.14]
Huang 2009 7 9 10 13 18.1% 1.01[0.64, 1.60] b a
ACTRN12611000260921 3 s 2 5 2.0% 1.07[0.27, 4.23] T
Wong 2013 11 18 10 18 12.5% 1.10[0.63, 1.91] T
Gonzalez 2016 5 9 4 9 4.4% 1.25 [0.49, 3.19] —
Total (95% CI) 113 115 100.0% 0.89[0.73, 1.09] @
Total events 63 75 '
Heterogeneity: Tau? = 0.00; x> = 4.19, df = 6 (P = 0.65); I* = 0% ; + t J
Test for overall effect: Z = 1.13 (P = 0.26) 001 ,%305 Bleach Favors no é?each 100
(B) Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, d 95% ClI M-H, d 95% CI
ACTRN12610000215022 2 18 0 17 2.8% 4.74 [0.24, 92.07] {
ACTRN12611000260921 1 5 1 74 3.9% 1.40[0.11, 17.45] f
Hon 2015 23; 40 15 40 68.6% 0.87[0.48, 1.58]
Huang 2009 1 9 0 13 2.6% 4.20[0.19, 92.86]
Khadka 2021 0 12 0 13 Not estimable
Shi 2016 0 10 0 10 Not estimable
Wong 2013 5 18 5 18 22.2% 1.00 [0.35, 2.87] I
Total (95% CI) 112 118 100.0% 1.00 [0.61, 1.64]
Total events 22 21
Heterogeneity: Tau? = 0.00; x>= 2.26, df = 4 (P = 0.69); I* = 0% 40 o1 051 1 150 00

Test for overall effect: Z = 0.02 (P = 0.99)

Favors Bleach Favors No Bleach

Figure 4. (A) S aureus colonization risk ratio; (B) Adverse events risk ratio. CI, confidence interval; M-H, Mantel-Haenszel.

Bayesian Analysis of Eczema Severity (Incorporating the Patient Perspective or the skeptical and optimistic perspectives) by RoM

Prior Plain language prior Probability to improve eczema severity by at leasta [x] ...
Type, N(mean, variance) Text Trivial effect( Small effect( Moderate effect( Large effect(
RoM > 0.8) RoM < 0.8) RoM < 0.6) RoM < 0.3)
Noninformative (weak pessimistic) Bleach baths have no effect and can worsen eczema 452 54.8 2.8 Highly improbable
(N[o,1])
Weak optimistic Bleach baths slightly improve eczema 41.7 58.2 2.6 Highly improbable
(N[-0.29,0.15])
Strong optimistic Bleach baths greatly improve eczema 36.8 63.2 4.5 Highly improbable

(N[-0.69,0.35])

Abbreviation: RoM, ratio of means.
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absolute effects of bleach baths vs no bleach baths for AD clinician-
reported severity are in Table 2.

Across the included study populations, the pooled probability for
AD severity to improve by 50% from baseline was 32% in the dilute
bleach bathing group vs 22% in the control group (RR, 1.45 [95% Crl,
1.00-2.14]) (Fig 3).

S. aureus Colonization

There were 7 studies (n = 228) that reported how bleach
baths affected S. aureus colonization (ACTRN12611000260921,
ACTRN12610000215022).°5-284143 Bleach may slightly decrease
the chance of having a positive result of S. aureus skin culture
(RR, 0.89 [95% CI, 0.73-1.09]; RD, —0.09 [-0.21 to 0.03], low
certainty) (Fig 4A).

Adverse Events

There were 7 studies (n = 234) that reported adverse events
(ACTRN12611000260921, ACTRN12610000215022)64%4243  Bleach-
based interventions seem to cause little or no adverse effects (RR, 0.98
[95% (I, 0.60-1.61]; RD, 0.03 [95% CI, —0.05 to 0.10]) (Fig 4B). Most
reported adverse events were mild and consisted of dry skin and irrita-
tion (xerosis and irritation, n = 5; dryness, n = 10; itch, n = 9; burning,
n = 11). Furthermore, 3 studies (ACTRN12611000260921)*-842
reported hospitalization with a total of 3 events (bleach, n = 1; control,
n = 2). The hospitalization event in the bleach intervention was associ-
ated with incompliance and the development of a skin infection.?*°

Additional Outcomes

Additional outcomes included patient-reported itch, sleep
quality, patient-reported AD severity, AD flare, and quality of life
(eFig 3). There were 3 studies®®*>*3 (n = 144) that showed bleach
baths may not improve patient-reported itch (pruritus visual ana-
log scale [VAS]: 0-10, lower better; MD, —0.39 [95% CI, —1.85 to
1.08], low certainty). Furthermore, bleach baths may not improve
sleep quality (2 studies,*®*? n = 108, sleep scale 0-10, lower bet-
ter; MD, —0.37 [95% CI, —1.51 to 0.76], low certainty). In addition,
there were 2 studies (NCT03619161)** (n = 89) that reported
patient-reported severity (Patient-Oriented Eczema Measure
[POEM] MD, 0.99 [95% CI, —6.16 to 8.15], low certainty). The out-
comes flare (NCT03619161) and quality of life*> were reported in
a single study each and were extremely imprecise (flare: n = 55;
RR, 0.63 [95% CI, 0.07-5.67], very low certainty; quality of life—
Children’s Dermatology Life Quality Index [CDLQI]: n = 40; MD,
—1.60 [-4.21 to 1.01], low certainty). No study reported data on
long-term control (eg, RECAP) or occurrences of infection. Out-
come scales are summarized in eTable 2.

Additional Analyses

Subgroup analysis for clinician-reported severity and the RoM
showed no interaction by antibiotics at study start, age, publication
status, different durations of intervention, analysis methods, or risk
of bias (eTable 3). Credibility of subgroup analyses using the ICEMAN
reveals very low to low credibility for all potential effect modifiers.

To facilitate interpretability, and to incorporate pessimistic and
optimistic views regarding the efficacy of bleach baths, we did sensi-
tivity analyses using a Bayesian framework (Table 3). Bayesian infer-
ence differs from frequentist statistics by accounting for uncertainty
and quantifying the plausibility that any outcome effect is true rather
than focusing on hypothesis testing.**

A summary of all findings is shown in Table 4.

Discussion

This systematic review and meta-analysis of 307 patients with
moderate-to-severe AD in all available published and unpublished
trials provides moderate-quality evidence that dilute bleach baths
reduce clinician-reported AD severity by a relative 22% (MD in EASI
of —6.06 for a baseline score of 27.57; 10 per 100 patients will
improve severity by 50%) and cause little to no difference in adverse
events. Many trials focused on surrogate microbiological outcomes
rather than patient-relevant ones, such as patient-reported severity,
patient-reported itch, long-term control, sleep quality, quality of life,
and escalation of treatment.

Our findings are consistent with mechanistic data showing that
bleach baths exert beneficial anti-inflammatory effects.'* The relation
between this and the microbiome, however, is less clear. We found
low certainty evidence that bleach baths led to little to no difference
in S. aureus burden, and similar effects of bleach baths in RCTs that
co-administered antibiotics with bleach baths vs those that did not.
Furthermore, the effects of bleach baths on S. aureus burden were
inconsistent, transient, and did not clearly correlate with patient-
important outcomes. Robust studies are required to better under-
stand whether bleach baths function through their antimicrobial
activity (including microbes other than S. aureus), direct-inflamma-
tory activity, or some combination thereof. The skin microbiome pro-
file of AD extends beyond S. aureus with influences of dysbiosis as an
evolving topic of interest.*>*¢

The low certainty evidence for harms of bleach baths is in contrast
to the higher certainty for its benefits. Patients self-administering
bleach baths must carefully handle and dilute household cleaning
solutions putting them at risk for injury and adverse effects.*” One
study?®?° reported hospitalization associated with incompliance
with bleach interventions. Narrative reviews and our guideline pan-
el's clinical experience are also consistent with the potential for
bleach bathing may sometimes result in improper administration
and adverse events.” Robust RCTs are clearly required to improve
the evidence for safety of bleach baths for AD.

The clinical and research implications of our findings showing a
probable modest effect in improving 1 of 8 prespecified patient-
important outcomes suggests at least 3 things. First, recommenda-
tions for bleach baths to treat AD should carefully consider the wide
availability and low cost of bleach against the residual uncertainty in
other outcomes, albeit clinical opinion suggests that it is generally
safe, and in context of patient values and preferences. Second, the rel-
ative decrease of 22% in AD severity provides patient-important relief
in those with high disease activity (eg, a patient with an EASI of 40
might improve by 8.8 points) and likely will be of trivial benefit in
those presenting with low disease activity (eg, a patient with an EASI
of 10 might improve by 2.2 points) (Table 2). Third, large definitive
RCTs are required to fully inform the benefits and harms of bleach
baths and to further understand and confirm the mechanism of
bleach on AD. Termination of all other RCTs globally further under-
scores this (eAppendix 1). A target trial sample size depends on sever-
ity of AD. A target trial sample size calculation defined by a power of
0.95 and a significance level of 0.05 suggests that a 200-patient RCT
with moderate-severe AD could prove definitive (eTable 4).

The strengths of our review include a comprehensive search strat-
egy with no language restrictions, incorporation of previously unpub-
lished data, Bayesian analyses, multistakeholder input, focus on
patient-important effects, and conduct and interpretation according
to Cochrane and GRADE standards. Compared with previous
reviews,'>!®17 we include more than double the number of RCTs and
participants. We corresponded with authors globally and confirmed
termination of all other RCTs around the world.

There are several limitations. One author did not share any precise
quantitative data regarding their 26-patient RCT, though their
description of their findings and our Bayesian analyses addressed
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this. The included studies were heterogeneous and had typically
small populations that powered their studies using surrogate out-
comes as primary end points rather than patient-relevant ones, and 1
study was terminated early (ACTRN12611000260921). We addressed
these using structured risk of bias appraisal and GRADE ratings and
provide sample size estimates of what a definitive RCT might require.
Few studies reported other patient-important outcomes, such as
patient-reported severity, quality of life, and adverse effects, which
we appraised using GRADE and acknowledge in the Summary of
Findings (Table 4).

This review, synthesizing the totality of evidence to date and with
no more trials registered, provides moderate-quality evidence that
bleach baths 2 to 3 times per week probably improve AD severity by
a modest amount and possibly promote little to no adverse events.
These findings support patients, clinicians, researchers, and policy-
makers in striving for optimal outcomes for patients with AD.
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eAppendix 1. Search Strategy
EMBASE

. exp hypochlorite/

. exp hypochlorite sodium/ or exp bleaching agent/
. hypochlorite.mp.

. hypochlorite sodium.mp.

. bleach.mp.

. lor2or3or4or5

. eczema.mp. or exp eczema/

. dermatitis.mp. or exp atopic dermatitis/ or exp dermatitis/
. neurodermatitis.mp. or exp neurodermatitis/

10. Besnier$ Prurigo.mp.

11. 7or8or9or 10

12. 6and 11

OooNOUL A WN =

MEDLINE

1. exp Eczema/ or eczema.mp.
2. exp Dermatitis/ or exp Dermatitis, Atopic/ or dermatitis.mp.
3. neurodermatitis.mp. or exp Neurodermatitis/
4. Besnier$ Prurigo.mp.
5.1or2or3or4

6. Sodium Hypochlorite/
7. hypochlorite.mp. or exp Hypochlorous Acid/
8. bleach.mp.

9. Sodium Hypochlorite.mp.

10. 6or7or8or9
11. 5and 10
CENTRAL

. MeSH descriptor: [Eczema] explode all trees

. MeSH descriptor: [Dermatitis, Atopic] explode all trees

. MeSH descriptor: [Neurodermatitis] explode all trees

. MeSH descriptor: [Dermatitis] explode all trees

. eczema or dermatitis or neurodermatitis:ti,ab,kw

. besnier$ prurigo:ti,ab,kw

. {or #1-#6}

. MeSH descriptor: [Sodium Hypochlorite] explode all trees

. MeSH descriptor: [Hypochlorous Acid] explode all trees

. sodium hypochlorite or hypochlorite or hypochlorous acid
or bleach:ti,ab,kw

11. {or #8-#10})

12. #7 and #11

QLW NOUTL A WN =

—_

ICTRP

- Bleach or Hypochlorite
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eAppendix 2. Correspondence With Authors

Study ID Information received

NCT03775590 Date: January 26, 2021
Contact: Megha Tollefson
Emailed response: Study is withdrawn/terminated and has no data
Reason for termination: Difficulty enrolling patients and COVID-19 pandemic
NCT01631617 Date: February 23, 2021
Contact: Heidi Kong
Emailed response: Study is withdrawn/terminated and has no data
Reason for termination: Difficulty enrolling patients
NCT02241174 Date: February 23, 2021
Contact: Jamaine Cruz
Study status: Withdrawn/terminated and has no data
NCT01826630 Date: February 23, 2021
Contact: Matthew Zirwas
Emailed response: Study is withdrawn/terminated and has no data
NCT02582788 Date: February 23, 2021
Contact: Megha Tollefson
Study status: Withdrawn/terminated and has no data
NCT01286220 Date: March 4, 2021
Contact: Amit Pandya
Emailed response: Study is withdrawn/terminated and has no data
Reason for termination: Logistical errors
UMINO000018583 Date: April 13,2021
Contact: Hiroshi Kawasaki
Emailed response: qualitative data shared
“We performed a clinical study on bleach bath therapy in 26 patients with atopic dermatitis.
What we learned from this study is that there are differences in therapeutic effects depending on the case. Although the number of cases is small and there
are some differences in severity, we think that about 70% of the patients showed a good effect.
Currently, we are analyzing whether this difference in therapeutic effect is related to the difference in skin microbiome, and we plan to publish the results
after this analysis.”
NCT04001855 Date: June 15, 2021
Contact: Vivian Shi
Emailed response: Portion of raw data set was lost and they will no longer seek publication; no data shared.

eAppendix 3. Cochrane Risk of Bias

- Low risk of bias ’

Probably low risk of Probably high risk of High risk of bias
bias bias

Study Randomization | Deviations from | Missing Measurement | Selection of | Other Overall
(Parallel) intended outcome data | of outcome reported
intervention * results

Gonzalez 2016
ACTRN12611000260921
Huang 2009 i

Khadka 2021
ACTRN12610000215022
NCT03619161

Wong 2013

Selection of | Other Bias | Overall
reported

results

Measurement
of outcome

Missing
outcome
data

Deviations from
intended
intervention

Randomization

Study
(Cross-
over)

Hon 2015

Study Randomization | Patient Deviations from | Missing Measurement | Selection of | Other Bias | Overall
(Split-body) recruitment intended outcome of outcome reported

intervention data results
Shi 2016

+ Probably high risk of bias for early termination
I Probably high risk of bias due to imbalance in baseline characteristics

“Some studies suggested it may be difficult to blind participants to intervention owing to the potential smell of dilute bleach. Deviations from
the intended intervention, however, would be unlikely, and if present would have led to smaller estimated effects than those found, and regard-
less, outcome assessors were blinded to clinician-adjudicated outcomes (eg, EASI).

PProbably high risk of bias for early termination.

‘Probably high risk of bias owing to imbalance in baseline characteristics.
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eTable 1
Inclusion and Exclusion Criteria
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Study Inclusion Criteria

Exclusion Criteria

Gonzalez et al,*' 2016 3 mo to 5 yo, moderate-to-severe AD

ACTRN12611000260921 1-15 yo with AD

Hon et al,*? 2016 4-18 yo, moderate-severe SCORAD (>15), teaching hospital
clinic, with S aureus colonization (skin swab cultures)

Huang et al,*® 2009 6 mo to 17 yo, moderate-severe AD (per IGA), signs of skin
infection (weeping, crusting, or pustules)

Khadka et al,>® 2021 5-18 yo, moderate-to-severe SCORAD 25+

ACTRN12610000215022 6 mo to 18 yo, SCORAD 25+

Shi et al,** 2016 8-65 yo, diagnosed with AD by a board-certified dermatolo-
gist at UC Davis

NCT03619161 6 mo to 17 yo, moderate-severe AD (10% BSA, on a class 1
topical steroid or systemic immunosuppressive agent)

Wong et al,** 2013 2-30 yo, moderate-severe AD (per Rajka and Langeland 1989)

Patients with concurrent chronic inflammatory skin disorders or using/had used systemic or top-
ical antibiotics for AD in the prior 2 wk

Antibiotics within 6 wk before enrolment or history of adverse reactions to bleach

Oral antibiotics in past 4 wk, intercurrent illness for 2 wk before study, and coexisting skin dis-
eases other than eczema

Current or recent use (within the past 8 wk) of topical or oral antibiotic preparations and allergy
to cephalosporins or mupirocin

No topical or systemic antibiotics in past month

Known sensitivity to bleach; had treatment with diluted bleach baths, antiseptic bath oils,
diluted salt baths; or antibiotics therapy within 4 wk before randomization and has
clinical signs of a current viral skin infection

Those who are pregnant, prisoners, or cognitively impaired

Patient or family member having a sensitivity to bleach or patient having used bleach baths
within the previous 2 mo

Known sensitivity to bleach, had eczema herpeticum or other cutaneous infections, patients who
were on systemic antibiotics or systemic corticosteroids at the time of recruitment or during
the study period, those on other antiseptic baths, and patients who were pregnant or lactating

Abbreviations: AD, atopic dermatitis; BSA, body surface area; IGA, Investigator Global Assessment; mo, month old; SCORAD, Scoring Atopic Dermatitis; yo, year old.

Clinician Reported Severity

Change from baseline — EASI (Linear transformation)
Control

Experimental Mean Difference Mean Diffarence
or Mean SO Totad Mean 50 Total IV, Randam, 95% C1 1V, Ramdom, 95% O
16,1 CFB Corr = 0.7
ACTRNI2EL00D0215022 -17.63 2474 1B (1304 1839 17 5.2k -449[-1B.BE 9.90
ACTRNI26 11000260021 -6.7 066 b 08 o § 93 -5.00[-14.20,2.40] -
Gongatez 2010 ~16.8 2168 9 -1 659 9 M 4%0[-1291,2091]
Mon 2013 043 92 w0 -143 a4 40 1w 300 |-102, 7.02) 1
Huang 2009 -15.3 2466 9 32 B33 11 A% -12.10(-28.54, 464 =
Oadha 2021 1821 B2 14 7 2759 14 3% -451[-25.18, 16.16]
Wong 2013 -1454 1222 18 -374 332 15 1LSK -10,80 |-16.65, -4.95] ——
Subeotal (95% C1 1ns 1I6 402%  -4.47[-10.84, 1.90] -
Mererogeneity Tow' « S840 X% « 1730, df « 0 (P « 00081 ¥ « 63%
Test for overall effect 2 = L3BP = 0170
16.2 CFB Cort = 0.5
ACTRNIZELO000215022  -07.63 2543 I8 -15 140748 174200543 17 568 —449(-18:12.9.14| E—
ACTRNIZG11000260921 -67 913 7 -08 465188134 S 96% -590(-13.80.200| o
Gonzadez 2016 -168 2068 9 -21.3 254611469 9 29%  4.50(-16.93, 25.93|
Han 2015 043 922 &0 3426506 314313251 40 13.0% 100 (<103, 7.02] T
Huang 2009 -153 232 ] <32 78738112 13 46K -12.)0(-27.85, 165] vt
Kradka 2071 SIA21 2656 14 15701767 25050844 14 JA% -651(-25.0%, 14.94]
Wong 2013 -1454 1222 18 “1744 33152 18 1L5% -10.80 |-16.65, -4.95| -
Subsotal (95% C0 s 116 508% -4.49(-10.71,173) -
Hoterogensity. Tay' = 37.56 X = 1756, df = 6P = 0.0071 ¥ = 65X
Tast for conrall effact 2 = 181 (P = 0L16)
Total (95% €O 30 232 1000% 441 [-8.49,-034) <t
Heserogeneity Tau' = 28.73 2 = 34.37, 0f = 13 {P = 0.00090 I = &3X 5 o ) % %
Test for owerall affect Z = 2.12 (P = 0.03)
Test for subgroup Giffervnces: 32 = 0.00.df = § 1P = 1.00), = 0% FINDORS BRSR il s S0
Ratio of Change from Baseline Means
Experimental Control Ratio of Means Ratswo of Means
Study or Subgroup logiRatio of Means]  SE Total  Yatal Weight IV, R 5%l 1V, Random, 95% O
1.7.1 Corr = 0.7
ACTRN120610000215022 -0.29 0.52 18 17 10.2% 0.75(0.27, 2.0M —
ACTRN1261 1000260821 -2131 273 ? 5 08N 0.82[0.00, 25.05]
Conzalez 2016 0.24 06 9 9 aex 1,27 1039, 4.12) —_t
Han 2015 207 339 40 40 0.4% 7.92 (001, 6089.24) *
Huang 2000 -L56 09 L] 13 47 0210004, 1.23) —
Khadka 2021 -0.28 068 14 SUN 1 0.76 {0.20, 2.87) —_—
2013 -1,36 029 18 15 170N 0.26 [0.15, 0.45) g

Subtotal (95% Cn 115 116 4885%  0.51[026,098) e
Meterogeneity: Tau' « 027, X* = 983, df = 6 1P « 0131 1* = 9%
Tesl far overal effect: 2 = 2.01 4P = 0,04}
1.2.2 Corr = 0.5
ACTRNI2610000215022 -0,29 040 18 17 1098 0.75 [0.29, 1.95) —p—
ACTRN1261 1000260921 -2.11 2.6% 7 §  07%  0.12[0.00, 21.41)
Conzalez 2016 0.24 057 49 9 %I 1270042, 3.89] —
Hon 2015 207 1.39 &0 40 0.4% 7.92 [0.01, 5089.24]
Huang 2009 -1.56 0.85% 9 13 528 0.21 (0.04, 1.11) ——
Khadka 2021 -0.28 064 14 4 T9% 0.76 [0.22, 2.65) T A
Woag 2013 ‘L36 029 18 18 17.0% 0.26 [0.15, 0.45) —
Subtotal (95% C0 1ms 116 $12% 032 (027, 100} >
Heterngeowity: Tau' = 0.20; X% = 10.52, dF = 6 (P = 0.104 V' = 43%
Test for overall effect: 2 = 197 {p = 0.05)
Total (95% €Iy 230 232 1000%  050[033,0.77) e
Heterogeneity: Tau® = 0.20, X° = 20.36, 0f = 13 1P = 0,095 ¥ = 36% I oh % 208

Test for overall effect: 2 = 1,16 4P = 0,002}
Test for subgrowp differences 1* = 0.00, &f = 1 (P = .98, I = 0%

eFigure 1. Funnel plots. MD, mean difference; RD, risk difference; RR, risk ratio.
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Patient reported severity
Mean Difference — Linear Transformation POEM

Experimental Comtrof Mean Difference Mean Difference
Study or Subgroup  Mean Difference SE Towd  Total We W, Random, 95% O W, Randam, 95% C)
NCTO3619161 0.89 .75 17 36 948N 0.89(-6.46 824|
Worg 2013 2.83908794 159592773 15 is 5.2% 1.B4 [-28.44, 34.12|
Total (95% €1y 35 54 1000% 099 [-6.16, 8.15]

Heterogeneity: Tau’ = 0.00:7 = 0.01, df = 1 1P = 0.92): 1 = 0%
Test for overal affect 2 « 0.27 1P = 0.79)

Standard Mean Difference
Std. Mean Difference
1V, Random, 95% CI

Study or roup  Std. Mean Difference  SE Welght

20 -0 6 10 20
faovours Bleach Favowrs no Meach

Std. Mean Difference
IV, Random, 95% C|

NCTO3619161 <008 029 959%  -0.08[-0.65, 0.49]
Wonyg 2013 025 14 4.1% 0.25 [-2.49, 2.99)
Total (95% CI) 1000% -0.07 [-0.62, 0.49]

-

Heterogeneity: Tau® = 0,00, ¢ = 0,05, df = 1 (P = 0.82), V' = 0% _i :b 3 3 ‘
Test for overall effect 2 = 0.23 (P = 0,82) Favors Bleach Favors No Bleach
Patient reported itch
Linear Transformation — Subjective SCORAD (Pruritus)
Experimantal Control Mean Difference Mean Difference
Study or Subgroup _Mean  SD Total Mean SD Total Weight IV, Random, 95% CI IV, Randam, 95% C1
Hon 201% 6.9 133 a0 6.6 2,06 A0 41.8%  0.30 [-0.46, 1.06) -t
Khadka 2021 208 219 14 474 323 14 245% -2.66[-4.70,-0.62] —w—
Wong 2013 346 237 18 305 19 18 33.7% 0.41[-0.93,1.75) I B
Total (95% CN 72 72 1000% -0.39|-1.85, 1.08| ’-
Heterogeneity Taw’ = 119, 7" = 7.44,df = 2 (P= 0.02), ' = 73X * % ) 3 1
Test for averall effoct: Z = 0.52 (P = 0,60) Favors Bleach Favors fio Rleach
Flare
Experimental Control Risk Ratio Risk Ratio
Study or Subgroup _E Total E Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
NCT03619161 1 19 3 36 100.0% 0.63 {0.07, 5.67|
Total (95% CI) 19 36 100.0% 0.63 [0.07, 567]
Total events 1 3
Heterogeneity. Not applicable k + + 4
Test for overall effect: Z = 0.41 (P = 0.68) i F‘:'v:n Bleach Favors No(lglmh we
Sleep quality
Experimental Control Mean Difference Mean Difference
Study or Subgroup  Mean SO Total Mean SO Total Weight IV, Random, 95% CI IV, Random, 95% CI
Khadka 2021 1.3 1.82 14 215 302 14 37.8% -0.85(-2.70.1.00)
Hon 2015 567 332 a0 5.75 325 a0 62.2% -0.08[-152, 1.36)
Total (95% C1) 54 54 100.0% -0.37[-1.51,0.76)

Hoterogeneity: Tau’ = 0,00; 2 = 0.42, df = 1 (P= 0,52); I’ = ON
Test for overall effect: Z = (.64 (P = 0.52)

Quality of life

+ 3 " +

-4 -2 [ 2 4
Favors Bleach Favors Not Bleach

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SO Total Mean SD Total Weight IV, Rand, 95% Q1 1V, Random, 95% C1
Hon 2015 847 56 40 1007 6.3 40 100.0X -160[-4.21, 101
Total (95% C1) a0 40 100.0% -160[-421,101]  ——nm—
Heterogeneity. Not applicable " 2 ) 2 )
Test for overall effect: 2 = 1,20 (P = 0.23)

eFigure 1 Continued.

Favours Bleach Favours no Bleach
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eFigure 2. Bleach interventions at different time points. Cl, confidence interval.
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eTable 2
Sensitivity Analyses
Characteristic Clinician-reported severity—SMD (Hedges’ g) Clinician-reported severity—RoM

Varying outcome scales
SCORAD
EASI
IGA
BSA
Change from baseline—linear transformation
CORR = 0.5

CORR =0.7

SMD, —0.39 (95% CI, —0.77 to —0.00)
SMD, —0.37 (95% CI, —0.75 to 0.00)

SMD, —0.42 (95% CI, —0.81 to —0.04)
SMD, —0.44 (95% CI, —0.86 to —0.03)

SCORAD MD, —6.43 (95% CI, —15.33 to 2.47)
EASI MD, —4.49 (95% CI, —10.72 to 1.73)
SCORAD MD, —6.40 (95% CI, —15.50 to 2.71)
EASI MD, —4.47 (95% CI, —10.83 to 1.89)

Change from baseline (SMD and ratio of changes from baseline)

CORR = 0.5
CORR =0.7
Time point of intervention
First follow-up
Previous follow-up
Variations within studies
Khadka—no multiple imputation
Hon—unpaired t test (n = 20)
S aureus colonization
Greatest S aureus colonization
Lesional S aureus colonization
Adverse events
Sensitivity analysis
Varying severity
Any AE
Mild AE
AE leading to hospitalization

SMD, —0.31 (95% CI, —0.76 to 0.14)
SMD, —0.30 (95% CI, —0.74 t0 0.15)

SMD, —0.30 (95% CI, —0.66 to 0.05)
SMD, —0.39 (95% CI, —0.77 to —0.01)

SMD, —0.38 (95% CI, —0.77 to 0.00)
SMD, —0.41 (95% CI, —0.75 to —0.07)

RR, 0.89 (95% CI, 0.73-1.09)
RR, 0.87 (95% CI, 0.63-1.19)
Risk ratio

0.98 (95% CI, 0.60-1.61)
1.29 (95% CI, 0.68-2.46)
0.78 (95% CI, 0.13-4.71)

RoM, 0.78 (95% CI, 0.61-1.01)
RoM, 0.77 (95% Cl, 0.59-1.02)
RoM, 0.77 (95% CI, 0.60-1.00)
RoM, 0.73 (95% Cl, 0.55-0.98)

N/A
N/A
RoM, 0.51 (95% CI, 0.27-0.99)
RoM, 0.51 (95% Cl, 0.26-0.98)

RoM, 0.83 (95% CI, 0.67-1.02)
RoM, 0.78 (95% Cl, 0.61-1.01)

RoM, 0.79 (95% Cl, 0.61-1.02)
RoM, 0.78 (95% CI, 0.62-0.99)

Risk difference

0.04 (95% Cl, —0.05 to 0.10)
0.04 (95% Cl, —0.03 t0 0.11)
—0.01 (95% CI, —0.06 to 0.03)

Abbreviations: AE, adverse event; BSA, body surface area; Cl, confidence interval; EASI, Eczema Area Severity Index; IGA, Investigator Global Assessment; MD, mean difference, N/A,
not applicable; RoM, ratio of means; RR, risk ratio; SCORAD, Scoring Atopic Dermatitis; SMD, Standardized Mean Difference.



ARTICLE IN PRESS

9.e7 L. Bakaa et al. / Ann Allergy Asthma Immunol 00 (2022) 1-9
Experimental Control Ratio of Means Ratio of Means

St or Subgrou log[Ratio of Means SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.30.2 4 weeks
Gonzalez 2016 -05 1.8 9 9 05% 0.61[0.02, 20.65]
Huang 2009 -0.19 0.27 11 14 22.5% 0.83 [0.49, 1.40] —-r
Khadka 2021 -0.16 0.25 14 14 26.3% 0.85[0.52, 1.39] -
Wong 2013 -0.23 0.18 18 18 50.7%  0.79[0.56, 1.13] ﬂ-
Subtotal (95% CI) 52 55 100.0% 0.82 [0.63, 1.05]

Heterogeneity: Tau® = 0.00; ¥*> = 0.08, df = 3 (P = 0.99); I = 0%
Test for overall effect: 2 = 1,59 (P = 0.11)

1.30.3 6-8 weeks

ACTRN12610000215022 -0.48 0.19 18 17 32.6% 0.62 [0.43, 0.90] =i
ACTRN12611000260921 -0.38 0.21 7 5 26.7% 0.68 [0.45, 1.03] =
Khadka 2021 -0.57 0.29 14 14 14.0% 0.57 [0.32, 1.00] —
Wong 2013 -0.47 0.21 18 18 26.7%  0.63[0.41,0.94] -
Subtotal (95% CI) 57 54 100.0% 0.63 [0.51, 0.78] *
Heterogeneity: Tau® = 0.00; X’ = 0.30, df = 3 (P = 0.96); 17 = 0%

Test for overall effect: Z = 4.27 (P < 0.01)

1.30.4 12 weeks

ACTRN12610000215022 -0.46 0.23 17 12 27.8%  0.63[0.40, 0.99] -
Hon 2015 0.09 0.08 40 40 41.1% 1.09 [0.94, 1.28] -
Huang 2009 -0.68 0.57 9 13 9.7% 0.51[0.17, 1,55] S i
Khadka 2021 -0.38 0.31 14 14 21.4% 0.68[0.37, 1.26) —
Subtotal (95% C1) 80 79 100.0%  0.79 (0.53, 1.17] <

Heterogeneity: Tau® = 0.09: Chi* = 8.19, df = 3 (P = 0.04); I = 63%
Test for overall effect: 2 = 1,19 (P = 0.23)

0.01 0.1 10 100
Test for subaroup differences: ¢t = 2.67, df = 2 (P = 0.26), I = 25.2% Favors Bleach Favors no Bleach
Experimental Control Ratio of Means Ratio of Means
Study or Subgroup log|[Ratio of Means] _ SE Total _ Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.30.2 4 weeks
Conzalez 2016 -0.5 1.8 9 9 0.1%  0.61[0.02, 20.65]
Hon 2015 0.09 0.08 40 40  72.0% 1.09 [0.94, 1.28] b
Huang 2009 -0.19 0.27 11 14 6.3% 0.83 [0.49, 1.40] e
Khadka 2021 -0.16 0.25 14 14 7.4% 0.85 [0.52, 1.39] —
Wong 2013 -0.23 0.18 18 18 14.2% 0.79 [0.56, 1,13] ~eT
Subtotal (95% CI) 92 95 100.0% 1.01 [0.88, 1.15] L]
Heterogeneity: Tau® = 0.00,x* = 3.87, df = 4 (P = 0.42). I' = 0%
Test for overall effect: Z = 0.11 (P = 0.91)
1.30.3 6-8 weeks
ACTRN12610000215022 -0.48 0.19 18 17 32.6% 0.62 [0.43, 0.90] -
ACTRN12611000260921 -0.38 0.21 7 5 26.7% 0.68 [0.45, 1.03] —
Khadka 2021 -0.57 0.29 14 14 14.0% 0.57 [0.32, 1.00] —1
Wong 2013 -0.47 0.21 18 18 26.7% 0.63 [0.41, 0.94] =
Subtotal (95% CI) 57 54 100.0% 0.63 [0.51, 0.78) *
Heterogeneity: Tau’ = 0.00:%* = 0.30, df = 3 (P = 0.96); I = 0%
Test for overall effect: Z = 4,27 (P < 0.0001)
1.30.4 12 weeks
ACTRN12610000215022 -0.46 023 17 12 S58.4%  0.63[0.40,0.99] —-
Huang 2009 -0.68 0.57 9 13 9.5% 0.51[0.17, 1.55] —r
Khadka 2021 -0.38 0.31 14 14 32.1% 0.68 [0.37, 1.26] —_
Subtotal (95% CI) 40 39 100.0% 0.63 [0.45, 0.90] L 3
Heterogeneity: Tau® = 0.00; ¥*= 0.21, df = 2 (P = 0.90); ¥ = 0%
Test for overall effect. Z = 2,59 (P = 0.010)
0.01 0.1 10 100

Favors Bleach Favors no Bleach
Test for subaroup differences: X* = 16.73, df = 2 (P = 0.0002), I = 88.0% vors

eFigure 3. Additional outcomes. Cl, confidence interval; EASI, Eczema Area Severity Index; POEM, Patient-Oriented Eczema Measure; SCORAD, Scoring Atopic Dermatitis.
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eTable 3
Outcome Scale
Measure Range of scale Direction of scale

Clinician-reported severity
SCORAD
EASI
IGA
BSA
Patient-reported itch
VAS

Subjective SCORAD—itch
Patient-reported severity
POEM
Quality of life
CDLQI

Lower better
Lower better
Lower better
Lower better

Lower better
Lower better

Lower better

Lower better

Abbreviations: BSA, body surface area; CDLQI, children dermatology life quality index;
ented Eczema Measure; SCORAD, Scoring Atopic Dermatitis; VAS, visual analog scale.

EASI, Eczema Area Severity Index; IGA, Investigator Global Assessment; POEM, Patient-Ori-

eTable 4

Subgroup Analyses

Subgroups Clinician-reported severity S aureus colonization Adverse events

Subgroup analysis

Use of Abx at study start
Without Abx RoM, 0.86 (95% CI, 0.66-1.11) RR, 0.91 (95% CI, 0.72-1.14) RR, 0.90 (95% CI, 0.54-1.50)
With Abx RoM, 0.61 (95% CI, 0.42-0.88) RR, 0.45 (95% CI, 0.04-4.48) RR, 4.47 (95% CI, 0.52-38.09)
Pinteraction .14 .55 .15
Credibility Very low Very low Very low

Age
Pediatric RoM, 0.76 (95% CI, 0.55-1.05) RR, 0.80 (95% CI, 0.54-1.20) RR, 0.98 (95% CI, 0.56-1.72)

Pediatric and adult
Pinteraction
Credibility
Publication status
Published
Unpublished
Pinteraction
Credibility
RoB
Low RoB
High RoB
Pinteraction
Credibility
Follow-up for intervention
<3 mo
>3 mo
Pinteraction
Credibility
Comparator
Water baths
No water baths
Pinteraction
Credibility
Regimented TCS
No TCS
TCS
Pinteraction
Credibility
Timing of bath
5-10 min
10-15 min
Pinteraction
Credibility
Frequency of bath
1 x -2 x [wk
3 x [wk
Pinteraction
Credibility
Emollient
Emollient use
No emollient use
Pinteraction
Credibility
History of bacterial infection
No history
History

Pinteraction

Credibility

RoM, 0.79 (95% CI, 0.52-1.21)
.88
Very low

RoM, 0.91 (95% CI, 0.71-1.17)
RoM, 0.65 (95% CI, 0.49-0.86)
.08

Low

RoM, 0.82 (95% CI, 0.61-1.11)
RoM, 0.66 (95% ClI, 0.45-0.97)
.38

Very low

RoM, 0.81 (95% CI, 0.60-1.09)
RoM, 0.64 (95% CI, 0.38-1.09)
45

Very low

RoM, 0.79 (95% CI, 0.59-1.05)
RoM, 0.68 (95% CI, 0.37-1.25)
.68

Very low

RoM, 0.79 (95% ClI, 0.48-1.30)
RoM, 0.72 (95% CI, 0.55-0.94)
.76

Very low

RoM, 0.79 (95% CI, 0.59-1.05)
RoM, 0.68 (95% CI, 0.37-1.25)
.68

Very low

RoM, 0.71 (95% CI, 0.55-0.92)
RoM, 0.85 (95% (1, 0.49-1.47)
.56

Very low

RoM, 0.77 (95% CI, 0.59-1.02)
RoM, 0.61 (95% CI, 0.02-20.84)
.89

Very low

RoM, 0.79 (95% CI, 0.61-1.04)
RoM, 0.51 (95% CI, 0.17-1.56)
45

Very low

RR, 1.10 (95% CI, 0.63-1.91)
37
Very low

RR, 0.92 (95% CI, 0.75-1.13)
RR, 0.43 (95% CI, 0.07-2.76)
42

Very low

RR, 0.78 (95% CI, 0.48-1.25)
RR, 1.02 (95% CI, 0.66-1.57)
41

Very low

RR, 0.87 (95% CI, 0.56-1.34)
RR, 0.78 (95% CI, 0.33-1.80)
.82

Very low

RR, 0.91 (95% CI, 0.67-1.25)
RR, 0.46 (95% CI, 0.15-1.40)
.25

Very low

RR, 0.73 (95% CI, 0.40-1.34)
RR, 0.99 (95% CI, 0.66-1.51)
41

Very low

RR, 0.91 (95% CI, 0.67-1.25)
RR, 0.46 (95% CI, 0.15-1.40)
.25

Very low

RR, 1.00 (95% CI, 0.74-1.36)
RR, 0.43 (95% CI, 0.07-2.64)
37

Very low

RR, 0.83 (95% CI, 0.58-1.18)
RR, 1.25 (95% CI, 0.49-3.19)
42

Very low

RR, 0.81 (95% CI, 0.53-1.23)
RR, 1.01 (95% CI, 0.64-1.60)
A48

Very low

RR, 1.00 (95% CI, 0.35-2.87)
97
Very low

RR, 0.94 (95% CI, 0.56-1.57)
RR, 1.96 (95% CI, 0.28-13.82)
47

Very low

RR, 0.94 (95% CI, 0.56-1.58)
RR, 1.81 (95% CI, 0.25-13.19)
.53

Very low

RR, 0.95 (95% CI, 0.57-1.56)
RR, 4.20 (95% CI, 0.19-92.86)
35

Very low

RR, 0.98 (95% CI, 0.60-1.61)
Not estimable

N/A

Very low

RR, 1.11 (95% CI, 0.47-2.61)
RR, 1.00 (95% CI, 0.38-2.65)
.87

Very low

RR, 0.98 (95% CI, 0.60-1.61)
Not estimable

N/A

Very low

RR, 1.14 (95% CI, 0.45-2.89)
RR, 1.09 (95% (I, 0.34-3.51)
.96

Very low

RR, 0.98 (95% CI, 0.60-1.61)
Not estimable

N/A

Very low

RR, 0.95 (95% CI, 0.57-1.56)
RR, 4.20 (95% CI, 0.19-92.86)
35

Very low

Abbreviations: Abx, antibiotic; Cl, confidence interval; EASI, Eczema Area Severity Index; N/A, not available; RoB, risk of bias; RoM, ratio of means; RR, risk ratio; TCS, topical

corticosteroid.
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Sample size and power calculations for future bleach bath RCTs

Between-group difference in clinician-reported severity

Assumptions:

1. Common SD in both groups

2.1:1 randomization
3. No loss to follow-up

4. Full adherence

Statistic: between-group difference comparison of means by t test
Hypotheses: Ho: m2 = m1 vs Ha: m2 ! = m1
Median severity of included studies (moderate-severe, EASI = 27.57)

Alpha Power N N1 N2 Delta ml m2 SD
0.05 0.8 122 61 61 —6.06 27.57 21.51 11.76
0.05 0.9 162 81 81 —6.06 27.57 21.51 11.76
0.05 0.95 198 99 99 —6.06 27.57 21.51 11.76
Severe (EASI = 40)
Alpha Power N N1 N2 Delta ml m2 SD
0.05 0.8 60 30 30 -8.8 40 31.2 11.76
0.05 0.8 94 47 47 -8.8 40 31.2 15
0.05 0.8 166 83 83 -8.8 40 31.2 20
0.05 0.9 78 39 39 -838 40 31.2 11.76
0.05 0.9 126 63 63 -8.8 40 31.2 15
0.05 0.9 220 110 110 -838 40 31.2 20
0.05 0.95 96 48 48 -88 40 31.2 11.76
0.05 0.95 154 77 77 -838 40 31.2 15
0.05 0.95 272 136 136 -8.8 40 31.2 20
Mild (EASI = 10)
Alpha Power N N1 N2 Delta ml m2 SD
0.05 0.8 900 450 450 -22 10 7.8 11.76
0.05 0.8 418 209 209 -2.2 10 7.8 8
0.05 0.8 166 83 83 -22 10 7.8 5
0.05 0.9 1204 602 602 -22 10 7.8 11.76
0.05 0.9 558 279 279 -22 10 7.8 8
0.05 0.9 220 110 110 -2.2 10 7.8 5
0.05 0.95 1488 744 744 -22 10 7.8 11.76
0.05 0.95 690 345 345 -22 10 7.8 8
0.05 0.95 272 136 136 —22 10 7.8 5
Proportion to achieve 50% improvement
Assumptions:

1. 1:1 randomization

2. No continuity correction

3. No loss to follow-up

4. Full adherence
Estimated sample sizes for a 2-sample proportions test using Pearson's 2 test
Hypotheses: Hy: p2 = p1 vs Hy: p2 ! = p1
XZ
Alpha Power N N1 N2 Delta pl p2
0.05 0.8 610 305 305 0.1012 0.2248 0.3259
0.05 0.9 816 408 408 0.1012 0.2248 0.3259
0.05 0.95 1008 504 504 0.1012 0.2248 0.3259

Abbreviations: EASI, Eczema Area Severity Index; RCT, randomized controlled trial.



