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Statistical analysis

Due to the heterogeneity of outcomes and exposures across the included studies, meta-analyses were conducted only when at least two primary
studies with similar exposures and health outcomes were available. Health outcomes were categorized into clusters based on their specific
characteristics and relevance to respiratory health, ocular-nasal conditions, and skin conditions. This categorization ensured that the meta-analyses
could provide meaningful and comparable results across different health outcomes.

The statistical methodology utilized a two-tiered approach: a random-effects meta-analysis followed by a meta-regression analysis. The random-
effects model was chosen to generate a pooled effect size across the studies because it accounts for the variability among study contexts, designs,
and populations, implying that the true effect size may vary from study to study. The use of a random-effects framework was predicated on the
presumption of inherent differences across these various factors, making it unrealistic to assume a common effect size. Parameters for the random-
effects model were estimated using the Restricted Maximum Likelihood (REML) method, implemented via the metafor R package (Viechtbauer,
2010). The REML method is advantageous because it provides unbiased estimates of between-study variance even when the number of studies is
small, enhancing the reliability of the meta-analysis results. To quantify the degree of heterogeneity among the study estimates, the 12 statistic was
employed. The 12 statistic describes the percentage of variation across studies due to heterogeneity rather than chance, providing a measure of
inconsistency among the study results. Additionally, the tau-squared (t?) statistic was calculated as a measure of the total between-study variance,
offering a sense of the absolute variability in effect sizes. The Q statistic was used to test the null hypothesis that all studies share a common effect

size, where a significant result indicates the presence of heterogeneity.

Following the random-effects meta-analysis, a meta-regression was performed to explore the impact of study-level characteristics on the observed
effect sizes. Specifically, study design and sample size were included as moderators in the meta-regression model. The inclusion of these
moderators was based on the hypothesis that methodological aspects of the studies, such as the type of study design and the scale of the study (as
indicated by sample size), might systematically influence the reported effects. The meta-regression aimed to identify whether these study-level
characteristics could explain some of the heterogeneity observed in the meta-analysis. The analysis assessed the residual heterogeneity and tested

the significance of the moderators using the QM statistic, which evaluates whether the moderators jointly explain a significant amount of the



variance in effect sizes. The R2 statistic was used to quantify the proportion of heterogeneity explained by the model, indicating how much of the
variability in effect sizes could be attributed to the included moderators.



Table S1. Search strategy

Database Search string

MEDLINE ("healthcare workers"[All Fields] OR "clinical staff"[All Fields] OR "medical personnel"[All Fields] OR "hospital
workers"[All Fields] OR "health workers"[All Fields]) AND (“chlorine"[All Fields] OR "bleach"[All Fields] OR
"disinfect*"[All Fields] OR "chemical exposure"[All Fields] OR "sanitization"[All Fields] OR "cleaning agents"[All
Fields]) AND ("health"[All Fields] OR "safety"[All Fields] OR "effects"[All Fields] OR "risks"[All Fields] OR
"hazards"[All Fields] OR "exposure"[All Fields])

Scopus ALL (("healthcare workers" OR "clinical staff" OR "medical personnel™ OR "hospital workers" OR "health workers" )

AND ( "chlorine™ OR "bleach” OR "disinfect*" OR "chemical exposure" OR "sanitization" OR "cleaning agents" ) AND (
"health" OR "safety" OR "effects" OR "risks" OR "hazards" OR "exposure" ) ) AND ( LIMIT-TO ( OA, "all"*)) AND (
LIMIT-TO (DOCTYPE, "ar") OR LIMIT-TO ( DOCTYPE, "re") ) AND ( EXCLUDE ( SUBJAREA , "SOCI" ) OR
EXCLUDE ( SUBJAREA , "MATE" ) OR EXCLUDE ( SUBJAREA , "COMP" ) OR EXCLUDE ( SUBJAREA ,
"PHYS") OR EXCLUDE ( SUBJAREA , "ENER" ) OR EXCLUDE ( SUBJAREA , "VETE" ) OR EXCLUDE (
SUBJAREA , "BUSI" ) OR EXCLUDE ( SUBJAREA , "PSYC") OR EXCLUDE ( SUBJAREA , "ARTS") OR
EXCLUDE ( SUBJAREA , "MATH") OR EXCLUDE ( SUBJAREA , "EART" ) OR EXCLUDE ( SUBJAREA ,
"ECON") OR EXCLUDE ( SUBJAREA , "DECI" ) OR EXCLUDE ( SUBJAREA , "NEUR" ) OR EXCLUDE (
SUBJAREA , "IMMU" ) OR EXCLUDE ( SUBJAREA , "AGRI" ) ) AND ( LIMIT-TO (LANGUAGE , "English" ) )

ScienceDirect

(healthcare workers OR medical personnel) AND (chlorine OR bleach OR disinfect) AND (health OR safety OR

exposure)




Table S2. Eligibility criteria

Category

Inclusion

Exclusion

Participants/population

Healthcare workers exposed to chemical disinfectant

Healthcare workers other frontline NOT exposed

studies, cross-sectional studies, experimental studies,

and observational studies.

products to chemical disinfectant products
Exposure(s) Occupational exposure to chlorine-based disinfectants | Healthcare workers in settings with no
applied by spray or their gas (aerosolized form) occupational exposure to chemical disinfectant
products or their gas (aerosolized form)
Comparator(s)/control Healthcare workers exposed to chemical disinfectant | Groups with an elevated risk for respiratory
different than chlorine-based products and/or applied | issues, eye conditions, or skin problems due to
by different application methods exposure to other products.
Outcome Respiratory (asthma, chronic obstructive pulmonary Other medical conditions usually not related to
disease (COPD), or other obstructive diseases), eye disinfectants exposure
(pain, worse sight than before, painful eyes) and skin
symptoms (skin reactions, burning and dermatitis).
Study design Case reports, case series, cohort studies, case-control | Qualitative studies, studies with only abstracts,

conference papers/posters, reviews, letters,

editorials.




Table S3. Data extraction template for included studies

sampling, volunteers
from a specific

population).

participants and their

age range or mean age.

measurements, use of

specific equipment).

laboratory tests,

surveys).

Authors, Risk of bias Study Type of recruitment, Sex, age Sample size Exposure (category), Outcome (cluster) Adjustment
Year, study objective population assessment assessment confounding
design
Authors, Results of Main aim or How participants The demographics of The total The methods used to The methods used to | Any confounding
year of bias objective of were recruited for the participants, number of measure or assess the measure the variables that the study
publication, assessment | the study the study (e.g., including the participants in exposure of interest outcomes of interest | adjusted for in its
Type of study random sampling, percentage of male the study. (e.g., self-reported (e.g., clinical analysis (e.g., age, sex,
conducted convenience and female questionnaires, direct evaluations, smoking status,

socioeconomic status).




Table S4. Risk of bias instrument

HINT: We are looking for selection bias:
- Were the cases and control subjects representative of
the same defined population (“study base”;

geographically and/or temporally)? #

Major risk of bias domains Risk Criteria
1. Recruitment procedure & follow-up (in cohort studies): Low = Cohort recruitment was acceptable. #
= Baseline response level is acceptable (50% or more) OR
For cohort studies is <50% and >30%, but substantial differential selection
HINT: We are looking for selection bias: could be excluded (e. g. by a non-responder analysis).
- Was the cohort representative of a defined population? = Loss to follow-up is below 20% in total and not different
# between the two groups (up to 10% difference). *
- Was everybody included who should have been High = Cohort recruitment was not acceptable. #
included? # = Response not reported/ not calculable.
= Total loss to follow-up is larger than acceptable (20% or
PRELIMINARY RULING: If the cohort recruitment is based on more) * OR drop out differs between the groups by more
a convenient/ self-reported sampling OR if response is <10%, than 10%* OR the reasons for drop out considerably
the study will be excluded from analysis. differ between exposed and non-exposed groups. *
For case-control studies Low = Case selection and recruitment were acceptable. #

Control subjects’ selection and recruitment were
acceptable. #

Non-response was less than 50% for cases and/or control
subjects OR it was >50% and <70%, but substantial
differential selection of cases and control subjects could

be excluded (e.g., by a non-responder analysis) *




- Was there an established reliable system for selecting High Case selection and recruitment were not acceptable. #
all the cases? # Control subjects’ selection and recruitment were not
- The same exclusion criteria are used for both cases and acceptable. #
controls. # Non-response was >70% for cases or control subjects OR
- Comparison is made between participants and non- it was >50% and<70%, but substantial differential
participants to establish their similarities or differences. selection of cases and control subjects could not be
# excluded. *
Response not reported/ not calculable
PRELIMINARY RULING: If the recruitment is based on a
convenient/ self-reported sampling OR if response is <10%, the
study will be excluded from analysis.
For cross-sectional studies Low Recruitment of the study population was acceptable. #
Non-response was less than 50% OR it was >50% and
HINT: We are looking for selection bias: <70%, but substantial differential selection of the study
- Was the study population representative of a defined population could be excluded (e.g., by a non-responder
population? # analysis). *
- Was everybody included who should have been High Recruitment of the study population was not acceptable. #
included? # Non-response was >70% OR it was >50% and <70%, but
substantial differential selection of the
PRELIMINARY RULING: If the recruitment is based on a study population could not be excluded. *
convenient/ self-reported sampling OR if response is <10%, the Response not reported/ not calculable.
study will be excluded from analysis.
2. Exposure definition and measurement Low Exposure definition included at least basic job

characteristics (e.g., job tasks, length of employment).




Exposure was accurately measured to minimize bias: use
of external validation, validated questionnaire or exposure
IS connected to a task) #

Adequate comparison group of non-exposed workers

(e.g., office workers) included.

High Exposure does not cover basic job characteristics.
Exposure was not accurately measured (e.g., use of JEM
only) #

Different methods were used to measure exposure in
different groups/ cases and control subjects (in case-
control studies).

No adequate comparison group of non-exposed workers
included

Unclear Not reported

3. Outcome, Source and validation Low Outcome was accurately/ objectively measured to
minimize bias
Measurement methods were similar in the different
groups. #

High Outcome was not accurately or subjectively measured
(e.g., self-reported physician diagnosis or questionnaire).
#

Measurement methods were different in the groups.

Unclear Not reported




4. Confounding and effect modification

Low

If risk estimators were calculated, major confounding
factors (at least age, sex, atopy) were considered.

If only prevalence or incidence was assessed, at least sex
& age (at least mean values for the study population) are

described.

High

Major confounding factors or effect modifiers were not

considered.

Unclear

Not reported

5. Analysis method: methods to reduce
research specific bias

Low

Authors used adequate statistical models to reduce bias
(e.g., standardization, matching, adjustment in
multivariate model, stratification, propensity scoring). §
For prevalences, matching/stratification may not be
required as long as a good description of the age structure

and immunization status of the population is given.

High

Authors did not use adequate statistical models to reduce

bias.

Unclear

Not reported

6. Chronology

Low

Incident diseases were included. #
Temporal relation may be established (exposure precedes

the outcome). #

High

Prevalent diseases were included OR prevalent diseases
of baseline were not excluded (in cohort studies). #

Temporal relation cannot be established.

Unclear

Not reported




Minor risk of bias domains Risk Criteria
7. Blinding of assessors Low = Assessors were blinded
High = Assessors were not blinded
Unclear *= Not reported
8. Funding Low =  Grant/ non-profit-organizations*
= Study was clearly not affected by sponsors. *
High = Sponsoring organization participated in data analysis.
= Study was probably affected by sponsors.
Unclear » Industry, combined industry grant*, unclear if study was
affected by
" SpONSOrs.
* Not reported.
9. Conflict of interest Low = Reported not having conflict of interest or clear from
report/ communication that study was not affected by
author(s) affiliation. *
High = Conflict of interest exists (at least one author). *
Unclear = Not reported.
Overall Assessment Low = |ow risk in all major domains

General rule for rating




Table S5. Quantitative data extracted from included studies

Chlorine-base products

Study Specific product Health outcome Health condition OR p-value Sample size

clusters (95% CI)

Dumas et al., 2017 Bleach Poorer asthma control Respiratory 1.55 0.02 1884
(1.14-2.1)

Dumas et al., 2012 Bleach 2.11 >0.05 212
(0.88-5.03)

Gonzalez et al., 2014 Bleach New-onset asthma Respiratory 2.08 0.1 543
(0.86-5.0)

Garrido et al., 2022 Bleach Respiratory symptoms Respiratory 2.46 >0.05 307
(1.01-6.89)

Kobos et al., 2022 Bleach Skin Disorder Skin 1.79 0.05 559
(1.14-2.8)

Mehtar et al., 2016 Chlorine 0,05% Respiratory conditions Respiratory 32.95 <0.001 1550
(22.0-49.0)

Mehtar et al., 2016 Chlorine 0,05% Eye conditions Ocular-nasal 30.95 <0.001 1550
(21.0-43.0)

Mehtar et al., 2016 Chlorine 0,05% Skin conditions Skin 22.95 <0.001 1550
(15.0-32.0)

Mwanga et al., 2023 Bleach WRONS* Ocular-nasal 1.12 >0.05 697
(0.7-1.78)

Mwanga et al., 2023 Bleach WRONS** Ocular-nasal 0.69 >0.05 697
(0.34-1.42)

Mwanga et al., 2023 Bleach WRONS*** Ocular-nasal 2.37 <0.001 697
(1.3-4.34)

Mwanga et al., 2023 Bleach Work-related Asthma* Respiratory 0.65 >0.05 697
(0.32-1.33)

Mwanga et al., 2023 Bleach Work-related Respiratory 0.24 >0.05 697
Asthma** (0.06-1.03)

Mwanga et al., 2023 Bleach Work-related Respiratory 1.16 >0.05 697
Asthma*** (0.49-2.75)

Ndlela & Naidoo, 2023 Chlorine Breathless with Respiratory 1.26 >0.05 174
Wheeze (0.45-3.46)

Ndlela & Naidoo, 2023 Chlorine Wheeze without cold Respiratory 1.48 >0.05 174
(0.59-3.68)

Ndlela & Naidoo, 2023 Chlorine Shortness of Breath Respiratory 1.27 >0.05 174

(0.48-3.21)




Ndlela & Naidoo, 2023 Chlorine Chronic Cough Respiratory 1.13 >0.05 174
(0.45-2.08)
Ndlela & Naidoo, 2023 Chlorine Chronic Phlegm Respiratory 0.64 >0.05 174
(0.19-2.14)
Ndlela & Naidoo, 2023 Chlorine Breathlessness Respiratory 1.04 >0.05 174
(0.41-2.64)
Ndlela & Naidoo, 2023 Bleach Breathless with Respiratory 1.39 >0.05 174
Wheeze (0.47-4.08)
Ndlela & Naidoo, 2023 Bleach Wheeze without cold Respiratory 0.8 >0.05 174
(0.31-2.05)
Ndlela & Naidoo, 2023 Bleach Shortness of Breath Respiratory 1.68 >0.05 174
(0.55-5.14)
Ndlela & Naidoo, 2023 Bleach Chronic Cough Respiratory 15 >0.05 174
(0.61-3.65)
Ndlela & Naidoo, 2023 Bleach Chronic Phlegm Respiratory 0.34 >0.05 174
(0.97-1.2)
Ndlela & Naidoo, 2023 Bleach Breathlessness Respiratory 1.33 >0.05 174
(0.48-3.68)
Suetal., 2019 Chlorine U-Asthma Respiratory 3.11 0.003 885
(1.46-6.63)
Suetal., 2019 Chlorine Asthma exacerbations Respiratory 2.71 0.011 885
(1.25-5.86)
Patel et al, 2023 Bleach New asthma onset Respiratory 1.91 <0.05 2,421
(1.10-3.33)
Glutaraldehyde
Study Specific product Health outcome Health outcome OR (95% CI) p-value Sample size
cluster
Gonzalez et al., 2014 GU New-onset asthma Respiratory 3.01 0.06 248
(0.92-9.86)
Dumas et al., 2017 GU Poorer asthma control Respiratory 1.54 0.02 2193
(1.15-2.06)
Norbéck, 1988 GU Nasal catarrh Ocular-nasal 3.0 0.04 107
(NA-NA)
Dumas et al., 2020 GU Asthma incidence Respiratory (HR)1.11 >0.05 35,665
(0.88-1.41)
Dumas et al., 2021 GU Asthma incidence Respiratory (HR) 1.61 >0.05 1,869
(1.00-2.59)
Norbéck, 1988 GU Nasal obstruction Respiratory 2.9 0.03 107

(NA-NA)




Norbé&ck, 1988 GU Smarting of the throat Respiratory 3.6 0.02 107
(NA-NA)
Norbé&ck, 1988 GU Headache Neurological 2.6 0.04 107
(NA-NA)
Norbé&ck, 1988 GU Nausea Gastrointestinal 4.9 0.05 107
(NA-NA)
Norbéack, 1988 GU Rashes on the hands Skin 4.4 0.0009 107
(NA-NA)
Norbéck, 1988 GU Eczema Skin 6.2 0.002 107
(NA-NA)
Mwanga et al., 2023 GU WRONS* Ocular-nasal 1.2 >0.05 697
(0.56-2.57)
Mwanga et al., 2023 GU WRONS** Ocular-nasal 0.57 >0.05 697
(0.17-1.95)
Mwanga et al., 2023 GU WRONS*** Ocular-nasal 3.69 <0.05 697
(1.3-10.45)
Mwanga et al., 2023 GU Work-related Asthma* Respiratory 0.88 >0.05 697
(0.29-2.66)
Mwanga et al., 2023 GU Work-related Respiratory 0.79 >0.05 697
Asthma** (0.18-3.57)
Mwanga et al., 2023 GU Work-related Respiratory 1.45 >0.05 697
Asthma*** (0.3-6.95)
Patel et al., 2023 GU New onset asthma Respiratory 1.24 (0.78-1.95) >0.05 2,421
Quaternary Ammonium Compounds
Study Specific product Health outcome Health outcome OR (95% CI) p-value Sample size
cluster
Gonzalez et al., 2014 QACs New asthma Respiratory 7.56 0.005 543
(1.84-31.05)
Gonzalez et al., 2014 QACs Nasal symptoms Ocular-nasal 3.21 0.005 543
(1.42-7.22)
Dumas et al., 2017 QACs Poorer asthma control Respiratory 1.31 0.14 4102
(0.97-1.75)
Kobos et al., 2022 QACs Skin Disorders Skin 2.49 0.05 559
(1.25-4.94)
Suetal., 2019 QACs Mild asthma Respiratory 0.64 NA 2030
(0.35-1.19)
Suetal., 2019 QACs U-Asthma Respiratory 1.29 NA 2030
(0.47-3.49)
Suetal., 2019 QACs Asthma exacerbations Respiratory 1.37 NA 2030




(0.48-3.9)

Ndlela & Naidoo, 2023 QACs Breathless with Respiratory 0.95 >0.05 174
Wheeze (0.33-2.73)
Ndlela & Naidoo, 2023 QACs Wheeze without cold Respiratory 1.28 >0.05 174
(0.49-3.33)
Ndlela & Naidoo, 2023 QACs Shortness of Breath Respiratory 3.44 <0.05 174
(1.13-10.51)
Ndlela & Naidoo, 2023 QACs Chronic Cough Respiratory 0.69 >0.05 174
(0.26-1.82)
Ndlela & Naidoo, 2023 QACs Chronic Phlegm Respiratory 0.59 >0.05 174
(0.18-1.91)
Ndlela & Naidoo, 2023 QACs Breathlessness Respiratory 1.72 >0.05 174
(0.66-4.47)
Mwanga et al., 2023 QACs WRONS Ocular-nasal 1.04 >0.05 697
(0.33-3.26)
Mwanga et al., 2023 QACs Work-related Asthma Respiratory 2.7 >0.05 697
(0.71-10.23)
Patel et al, 2023 QACs New asthma onset Respiratory 1.91 <0.05 2,421
(1.10-3.33)
Peracetic acid, acetic acid and hydrogen peroxide
Study Specific product Health outcome Health outcome OR (95% CI) p-value Sample size
cluster
Dalton et al., 2023 PAA, AA, and HP Inflammation Respiratory NA NA 38
Otterspoor and Farrell, PAA increased safe-work related incident reporting NA NA 64
2019
Casey et al., 2017 PAA, AA, and HP watery eyes Ocular-nasal 2.88 >0.05 163
(NA-NA)
Kobos et al., 2022 HP Allergic Reactions Immunological 6.12 0.05 559
(1.18-44.47)
Hawley et al., 2018 PAA, AA, and HP eye (44%), upper airway (58%), and lower airway (34%) symptoms | 50
Blackley et al., 2023 PAA, AA, and HP Nasal irritation Ocular-nasal 191 NA 67
(1.12-3.23)
Blackley et al., 2023 PAA, AA, and HP Eye irritation Ocular-nasal 1.72 NA 67
(1.14-2.6)
Use of spraying
Study Exposure Health outcome Health outcome OR (95% CI) p-value Sample size
cluster
Lee etal., 2014 high exposure SRCE CRS 1.79 >0.05 183

(0.81-3.96)




Leeetal., 2014 high exposure Respiratory symptoms Respiratory 1.98 >0.05 183
(0.87-4.51)
Leeetal., 2014 medium exposure SRCE CRS 2.82 <0.05 183
(1.16-6.82)
Lee etal., 2014 NA Respiratory symptoms Respiratory 3.16 <0.05 18
(1.24-8.04)
Mwanga et al., 2023 medium exposure HASS Respiratory 5.01 <0.01 697
(1.8-13.91)
Dumas et al., 2012 NA Current asthma Respiratory 2.87 <0.05 724
(1.02-8.11)
Mehtar et al., 2016 NA Respiratory conditions Respiratory 32.95 <0.001 1550
(22-49)
Mehtar et al., 2016 NA Eye conditions Ocular-nasal 30.95 <0.001 1550
(21-43)
Mehtar et al., 2016 NA Skin conditions Skin conditions 22.95 <0.001 1550
(15-32)
Gonzalez et al., 2014 NA New-onset asthma Respiratory 1.3 0.53 543
(0.56-3.04)
Patel et al, 2023 New asthma onset Respiratory 1.92 <0.05 2,421
(1.12-3.47)
General disinfection tasks
Study tasks Exposure Health outcome Health outcome OR p-value Sample
cluster (95% size
Cl)
Caridi et al., 2019 Clean Fixed Surfaces NA moderate Respiratory 3.10 <0.05 2,030
exacerbation (1.25-
7.67)
Caridi et al., 2019 Clean Fixed Surfaces NA Current asthma Respiratory 1.84 <0.05 2,030
(1.26,
2.68)
Caridi et al., 2019 Clean Fixed Surfaces NA bronchial hyper- Respiratory 1.38 <0.05 2,030
responsiveness- (1.08-
related 1.77)
symptoms
Gonzalez et al., 2014 general disinfection NA New-onset asthma Respiratory 4.68 0.03 543
(1.08-
20.22)
Gonzalez et al., 2014 dilution of disinfectants NA New-onset asthma Respiratory 4.56 0.049 543
(1-20.29)




Dumas et al., 2012 cleaning/disinfecting tasks moderate/high Current asthma Respiratory 2.32 <0.05 724
intensity (1.11-
4.86)

Leeetal., 2014 Mopping, wet cleaning, and medium SRCE CRS 1.36 >0.05 183
damp wiping exposure (0.52-
3.61)

Lee etal., 2014 Mopping, wet cleaning, and high exposure SRCE CRS 1.62 >0.05 183
damp wiping (0.58-
4.55)

Leeetal., 2014 Mopping, wet cleaning, and medium Respiratory Respiratory 2.3 >0.05 183
damp wiping exposure symptoms (0.74-
7.17)

Leeetal., 2014 Mopping, wet cleaning, and high exposure Respiratory Respiratory 3.11 >0.05 183
damp wiping symptoms (0.94-
10.3)

Mwanga et al., 2023 Manually sterilise/disinfection | >100 min/week WRONS Ocular-nasal 2.92 <0.01 37
medical instruments (1.33-
6.41)

OR = Odds ratio, 95% CI = 95% confidence interval, WRONS = Work-related ocular-nasal symptoms, * = Exposed versus not exposed, **= exposed 1-99
min/week, ***= exposed >100 min/week, U-Asthma = Undiagnosed/untreated asthma, GU = glutaraldehyde, CH = Cohort study, CR = Cross-sectional study,
CA = Case control study, CS = Case study, SRCE = Symptoms related to chemical exposure, CRS= Chemical-related symptoms, HASS = Higher Asthma
Symptom Score, NA = Not applicable, HR = hazard rate




Table S6. Excluded studies and reasons for exclusion

Reference
(o = outcome, i = intervention, p = population, d = design, b = background article, t -= publication type, | =
language, u = Update available, r = only research protocol, n = reports not retrieved

Reasons for exclusion

(0]

d

b

(L. AD et al., 1993)

(T. AD et al., 1991)

(Afework et al., 2023)

X

(Agathos & HA, 1982)

(Agthe et al., 2009)

(Ahmed-Lecheheb et al., 2012)

(Alexandre et al., 2021)

(Alexis DESCATHA Jean-Baptiste BARBE-RICHAUD, Jeremy BLOTTIAUX, 2022)

XXX | X

(Alimohammadi & Naderi, 2021)

(Alnimr et al., 2021)

(Ambrosino et al., 2022)

X

(Amini Tapouk et al., 2020)

(Amlét et al., 2017)

(Amr & Bollinger, 2004)

(Angelova-Fischer et al., 2016)

(Anggraini & Lestari, 2022)

(Antolin et al., 2021)

(Archangelidi et al., 2021)

(Assadian et al., 2021)

(Astrid et al., 2021)

(Azmi et al., 2021)

(Babic¢ et al., 2020)

(Baccolini et al., 2019)

(Barbaud, 2002)

(Bardaweel et al., 2023)

(Batalla et al., 2012)

(Bauer et al., 2023)

(Bédard et al., 2014)

(Berger et al., 2022)




Reference
(o = outcome, i = intervention, p = population, d = design, b = background article, t -= publication type, | =
language, u = Update available, r = only research protocol, n = reports not retrieved

Reasons for exclusion

0

p

d

b

(Bernardini et al., 1983)

(Bessonneau et al., 2013)

(Bhat et al., 2022)

(Bijlsma & Cohen, 2016)

(Brune et al., 2021)

(Burgaz et al., 1992)

(Byrns et al., 2017)

(Caetano et al., 2021)

XXX | X

(Carling, 2021)

(Carling et al., 2023)

X

(Carol Sharma et al., 2023)

(Carvalho & Conte-Junior, 2021)

(CCetal., 2011)

(Cebeci et al., 2021)
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Table S7. Risk of bias assessment for included studies

Major domains

Minor domains

Study

Recruitment
procedure and
follow-up

Exposure
definition and
measurement

Outcome
source and
validation

Confounding

Analysis
method

Chronology

Assessor
blinding

Funding

Conflict
of interest

OVERALL

(Blackley et al.,
2023)

(Caridi et al.,
2019)

(Casey et al.,
2017)

o

o

Q00

(Chang et al.,
2018)

(%)
(%)

(Dalton et al.,
2023)

(Ding et al.,
2021)

(Dumas et al.,
2012)

(Dumas et al.,
2020)

o

(Dumas, et al.,
2021)

00

(Dumas, et al.,
2017)

(Estrin et al.,
1987)

(Gannon et al.,
1995)

(Garrido et al.,
2022)

00

(Gaskins et al.,
2017)

(Gonzalez et al.,
2014)

(Hawley et al.,
2018)

(Kobos et al.,
2022)

0000000

Q00000000000

Q0000000000000




(Kurth et al.,
2017)

(Laborde-
Castérot et al.,
2012)

(Lee etal., 2014)

(Mac Hovcova et
al., 2013)

(Mehtar et al.,
2016)

00000

(Mwanga et al.,
2023)

(Nayebzadeh,
2007)

QOO0 00

(Ndlela &
Naidoo, 2023)

(Nettis et al.,
2002)

o

(Norbéck, 1988)

0000000000000

(Otterspoor &
Farrell, 2019) 6 6 Q
(Patel et al.,
2023)
(F.C.Suetal,
2019) e
Low risk; Unclear; e High risk; Q Not applicable




Table S8. Studies excluded from the meta-analysis and reasons for exclusion

Intervention/Exposure assessed

Study excluded from meta-analysis

Reason for exclusion

Chlorine-based products

(Mehtar et al., 2016)

Not comparable exposure. It assessed direct spraying of chlorine on

healthcare workers rather than environmental exposure alone.

(Dumas et al., 2020)

Not comparable outcome (the study estimated adjusted hazard ratio
instead of odds ratio)

(Kobos et al., 2022)

Not comparable outcome (skin disorder was quantified instead of
respiratory conditions)

Glutaraldehyde

(Dumas et al., 2020)

Not comparable outcome (the study estimated adjusted hazard ratio

instead of odds ratio)

(Dumas, Gaskins, et al., 2021)

Not comparable outcome (the study estimated adjusted hazard ratio

instead of odds ratio)

(Gannon et al., 1995)

Not comparable outcome (the study estimated prevalence instead of

odds ratio)

(Nayebzadeh, 2007)

Not comparable exposure. It assessed the effect of indoor ventilation

on glutaraldehyde concentration in air

(Norback, 1988)

Not comparable outcome (the study estimated prevalence instead of

odds ratio)

QACs

(Dumas et al., 2020)

Not comparable outcome (the study estimated adjusted hazard ratio

instead of odds ratio)

(Kobos et al., 2022)

Not comparable outcome (FeNO levels were quantified as proxy for

respiratory conditions)




(Mwanga et al., 2023)

Not comparable outcome (skin disorder was quantified instead of
respiratory conditions)

Use of spray

(Mehtar et al., 2016)

Not comparable exposure. It assessed direct spraying of chlorine on

healthcare workers rather than environmental exposure alone.

General disinfection tasks

(Kurth et al., 2017)

Not comparable outcome (the study estimated prevalence ratio

instead of odds ratio)




Table S9. Funnel plots

Funnel plots depicting the relationship between the odds ratios and their standard errors for studies examining the effect of different disinfectant
application methods on respiratory conditions. The vertical line represents the overall effect estimate, while the diagonal lines indicate the
expected 95% confidence intervals.
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Table S10. Meta-regression results

Chlorine-Based Product

Term Estimate Standard error Z-value P-value Cl-low Cl-high
Interceptor 0.899542361 0.533658667 1.685613702 0.091870228 -0.146409406 1.945494128
Cohort study -0.208983712 0.601206218 -0.347607369 0.728135071 -1.387326247 0.969358823
Cross-sectional -0.472434729 0.565937523 -0.83478248 0.403840192 -1.581651891 0.636782434
Sample size 2.01625E-06 0.000170671 0.011813671 0.990574274 -0.000332493 0.000336525
Glutaraldehyde

Interceptor 0.646345117 0.562761884 1.148523266 0.250752614 -0.456647907 1.749338141
Cross-sectional -0.23242841 0.333461942 -0.697016303 0.485792591 -0.886001807 0.421144987
Sample size -9.78398E-05 0.000236422 -0.413836307 0.678993993 -0.000561217 0.000365538
QACs

Cross-sectional NA NA NA NA NA NA
Interceptor* 0.341209601 0.3298921 1.034306676 0.300992817 -0.305367033 0.987786236
Sample size -2.73782E-05 0.000139854 -0.195762986 0.844795682 -0.000301487 0.000246731
Use of spray

Interceptor 1.11053465 0.645399991 1.720692077 0.085306715 -0.154426087 2.375495387
Cross-sectional -0.217259761 0.666291779 -0.326073002 0.744369123 -1.52316765 1.088648129
Sample size -7.76556E-05 0.000249054 -0.311802051 0.755190965 -0.000565792 0.000410481
General Disinfection Tasks (GDT)

Interceptor 1.044237549 0.408096836 2.558798444 0.010503462 0.244382448 1.84409265
Cross-sectional 0.200128937 0.454762923 0.440073117 0.659884152 -0.691190014 1.091447888




Sample size -0.000279931 0.0002168 -1.291198793

0.196634754

-0.000704851

0.000144988

*Only sample size was included as moderator as all included studies were cross-sectional studies




Table S11. Leave-one-out analysis results

Forest plots showing the odds ratios (OR) with 95% confidence intervals (CI) for respiratory conditions associated with different disinfectants
and application methods exposure after omitting individual studies. The square shapes represent the individual results. The diamond shape

represents the overall effect estimate from the common effect model.

Leave-one-out chlorine-based products

Study OR 95%-CI Odds Ratio OR 95%-Cl P-value Tau2 Tau [2
Omitting Dumas et al., 2012 1.70 [1.39;2.07] —+— 170 [1.39;2.07] <0.01 0 00%
Omitting Dumas et al_, 2017 1.84 [1.43;2.36] —i—'— 184 [143;236] <0.01 0 00%
Omitting Garrido et al_, 2022 169 [1.38;2.06] —+— 169 [1.38;2.06] <0.01 0 00%
Omitting Gonzalez et al_, 2014 1.70 [1.39;2.07] —+=— 170 [1.39;207] <0.01 0 0 0%
Omitting Mwanga et al., 2023 175 [143;214] —— 175 [143;214] <0.01 0 0 0%
Omitting Ndlela & Naidoo, 2023 (I) 1.73 [1.42;2.11] —a— 173 [1.42;211] <0.01 0 0 0%
Omitting Ndlela & Naidoo, 2023 (Il) 1.76 [1.44;2.16] —+— 176 [1.44;2.16] <0.01 0 00%
Omitting Ndlela & Naidoo, 2023 (lll) 1.75 [1.44;2.14] —+— 175 [144;214] <001 0 00%
Omitting Patel et al, 2023 1.69 [1.37;2.08] — 169 [1.37,2.08] <0.01 0 00%
Omitting Su et al., 2019(%) 164 [1.34;201] —+— 164 [1.34,201 <0.01 0 00%
Omitting Su et al., 2019(*) 1.66 [1.36;2.03] - 166 [1.36;2.03] <0.01 0 0 0%
Common effect model 1.71 [1.41; 2.08] I f::'“::T 1.71 [1.41; 2.08] <0.01 0 00%
05 1 2

Odds Ratio




Leave-one-out glutaraldehyde

Study OR 95%-Cl
Omitting Dumas et al., 2017 1.28 [0.88; 1.86]
Omitting Mwanga et al., 2023(*) 1.47 [1.16; 1.86]
Omitting Mwanga et al., 2023 (**) 146 [1.15; 1.84]
Omitting Mwanga et al., 2023(**) 1.43 [1.14;1.81]
Omitting Gonzalez et al., 2014 1.39 [1.10;1.76]
Omitting Patel et al_, 2023 1.51 [1.16;1.97]

Common effect model 1.44 [1.14; 1.81]

Leave-one-out QACs

Study OR 95%-ClI
Omitting Gonzalez et al., 2014 125 [1.01;1.54]
Omitting Ndlela & Naidoo, 2023 (I) 1.30 [1.05; 1.61]
Omitting Ndlela & Naidoo, 2023 (Il) 1.34 [1.08; 1.66]
Omitting Ndlela & Naidoo, 2023 (lll) 1.28 [1.04; 1.59]
Omitting Patel et al, 2023 1.22 [0.97;153]
Omitting Dumas et al., 2017 129 [0.96;1.73]
Omitting Su et al., 2019(%) 143 [1.14;1.78]
Omitting Su et al., 2019(**) 1.30 [1.05;1.61]
Omitting Su et al., 2019(™%) 1.30 [1.05;1.60]

Common effect model 1.30 [1.06; 1.60]

Odds Ratio
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OR 95%-Cl

1.28
1.47

[0.88; 1.86]
[1.16; 1.86]
1.46 [1.15;1.84]
143 [1.14;1.81]
1.39 [1.10; 1.76]
151 [1.16:1.97]

1.44 [1.14; 1.81]

OR

1.25
1.30
1.34
1.28
1.22
1.29

[1.01;1.54]
[1.05; 1.61]
[1.08; 1.66]
[1.04; 1.59]
[0.97:153]
[0.96; 1.73]
[1.14:1.78]
[1.05; 1.61]
[1.05; 1.60]

1.30
1.30

1.30 [1.06; 1.60]

P-value

0.20
<0.01
<0.01
<0.01
<0.01
<0.01

<0.01

95%-Cl P-value

0.04
0.02
<0.01
0.02
0.08
0.09
<0.01 <
0.02
0.02

0.01

Tau2 Tau 12
0 0 0%
0 0 0%
0 0 0%
<0.0001 0.0011 0%
0 0 0%
0 0 0%

0 0 0%

Tau2 Tau 12
0.0515 0.2270
0.1393 0.3733
0.1023 0.3198
0.1265 0.3556
0.0897 0.2995
0.1853 0.4304
0.0001 0.0022
0.1368 0.3699
0.1336 0.3655

21%
53%
47%
52%
45%
53%
23%
53%
53%

0.0999 0.3161 46%




Leave-one-out use of spray

Study OR 95%-ClI
Omitting Lee et al, 2014(*) 2.14
Omitting Lee et al, 2014(™) 2.31
Omitting Mwanga et al_, 2023 2.05
Omitting Dumas etal, 2012 2.19
Omitting Patel et al_, 2023 242

Omitting Gonzalez et al_, 2014 2.49

[1.50; 3.06]
[1.61;3.32]
[1.44;2.91]
[1.54; 3.11]
[1.60; 3.65]
[1.73; 3.58]

Common effect model 2.25 [1.61; 3.14]

Leave-one-out general disinfection tasks

Study OR 95%-Cl
Omitting Gonzalez et al., 2014 (/) 2.14 [1.61;2.84]

Omitting Gonzalez et al_, 2014 (//) 2.14 [1.61; 2.84]

Omitting Dumas et al., 2012 218 [1.61;2.94]
Omitting Caridi et al., 2019(%) 272 [1.80;4.10]
Omitting Caridi etal, 2019(**)  2.12 [1.58; 2.84]

Omitting Caridi et al., 2019(*)
Omitting Lee et al.,, 2014 (1)
Omitting Lee et al., 2014 (1)

224 [1.69;2.97]
219 [1.65;2.92]
216 [1.62;2.87]

Common effect model 2.20 [1.66; 2.90]

Odds Ratio

OR
—=— 214 [1.50;3.06]
—&— 231 [161;3.32)
—5— 205 [1.44,291]
—5— 219 [1.54;3.11]
—FE— 242 [160;365]
—E— 249 [1.73;3.58]

~=Ii_b=- 2.25 [1.61; 3.14]

95%-Cl P-value

Tau2 Tau 12
<0.01 <0.0001 0.0009 9%
<001 0.0263 0.1623 18%
<0.01 0 0 0%
<0.01 <0.0001 0.0009 16%
<0.01 0.0401 0.2002 14%
<0.01 0 0 0%

<0.01 <0.0001 0.0007 0%

05 1 2
Odds Ratio
Odds Ratio OR 95%-Cl P-value Tau2 Tau 12
— - 214 [161;284] <0.01 0 0 0%
— g 214 [161;284] <001 0 0 0%
—. 218 [161;294] <001 0.0123 0.1108 0%
—a— 2.72 [1.80;4.10] <0.01 0 0 0%
— 212 [158;284] <001 0 0 0%
—aa 224 [169;297] <001 0.0069 0.0832 0%
— 219 [165;292] <0.01 0.0021 0.0453 0%
—— 216 [162;287] <0.01 0 0 0%
<f::> 2.20 [1.66; 2.90] <0.01 0 0 0%
. E—
05 1 2

Odds Ratio




Table S12. Ratio of odds ratios for disinfectant products and application methods

The table shows the comparison of the relative odds ratio (ROR) for different disinfectants and application methods. 95% confidence interval
(95%Cl), General disinfection tasks (GDTSs).

Disinfectants

Intervention ROR 95% CIROR p-value

Chlorine-based products

Glutaraldehyde 0.84 [0.67,1.06] 0.002 HI—

QACs 0.76 [0.62,094] 0.012 =

1
Relstive Odds Ratio




Application methods

Intervention

Use of spray

General disinfection tasks

ROR

0.98

95% CIROR

[0.74, 1.29]

p-value

0.000

—l—

as

1
Relative Odds Ratio
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