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Abstract: Several reviews have reported an increased risk of obstructive respiratory diseases in
workers exposed to cleaning or disinfection agents, but they have focused mainly on professional
cleaners. Cleaning and disinfecting are frequently performed activities by healthcare workers. We
conducted a systematic review with meta-analysis to quantify the risk of obstructive respiratory
diseases in healthcare workers exposed to cleaning and disinfection agents. We searched the Medline
and Embase databases until 4 February 2021 to find adequate primary studies. Two independent
reviewers screened the titles/abstracts and the full texts of the studies, as well as performing data
extraction and quality assessment. The literature search yielded 9432 records, and 8 studies were
found through a hand search. After screening, 14 studies were included in the review. All had a high
risk of bias, and most studies dealt with nurses, asthma, and hyperresponsiveness (BHR)-related
symptoms. Only one study investigated COPD. The meta-analysis estimated an increased risk
of new-onset asthma for nurses (Effect size (ES) = 1.67; 95% CI 1.11–2.50) compared with other
occupations and found an increase in the risk of new-onset asthma for nurses exposed to cleaning
and disinfecting surfaces (ES = 1.43; 95% CI 1.09–1.89) and instruments (ES = 1.34; 95% CI 1.09–1.65).
Exposure to specific chemicals such as bleach and glutaraldehyde (GA) increased the risk of asthma
in nurses (bleach ES = 2.44; 95% CI 1.56–3.82; GA ES = 1.91, 95% CI 1.35–2.70). A higher risk for BHR-
related symptoms was observed for nurses exposed to cleaning surfaces (ES = 1.44; 95% CI 1.18–1.78).
Although the overall evidence was rated as low, the limitations found in this review hint at a potential
underestimation of the real risk. These findings highlight the need for reinforced prevention practices
with regard to healthcare workers. Similar research investigating these associations among other
healthcare workers such as rescue service and nursing home personnel is needed.

Keywords: nurses; healthcare workers; clean; disinfect; glutaraldehyde; bleach; asthma; obstructive
respiratory disease; bronchial hyperresponsiveness; COPD

1. Introduction

Nursing and caring professionals constitute a large part of the working population. In
Germany, there are approximately 1.1 million people working in one of these healthcare
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fields, constituting 3.2% of the workforce subject to social security [1,2]. In the European
Union, the share of nurses and midwives in the total workforce on average was 2.2% in
2019, and the absolute numbers have been rising over the past years [3]. The rise in this
occupational group of approximately 11% from 2011 to 2019 has outpaced the increase in
the general population in the European Union during the same time frame [4].

Cleaning and disinfection tasks are a significant part of nursing professionals’ duties,
with the majority being exposed to chemical agents needed for this purpose [5,6]. Beyond
nurses, other healthcare workers such as rescue service workers are also exposed to cleaning
and disinfection agents: in accordance with the framework hygiene plan for rescue and
patient transport services, surfaces in contact with patients are disinfected after each
deployment, and the emergency vehicle is thoroughly cleaned at least once a week [7]. The
exposure to some of these agents, such as formaldehyde, glutaraldehyde (GA), quaternary
ammonium compounds (QAC), and chloramine-T, has been shown to cause asthma [8,9].
The mechanisms behind this process are still not clear, but it is likely that both allergic
and irritant mechanisms are involved [10]. It is thus reasonable to suspect that healthcare
workers are at a higher risk for obstructive respiratory diseases than the general population.

Indeed, several reviews investigating the risk of respiratory diseases in the general
working population and in cleaners due to exposure to cleaning and disinfecting agents
have been published [11–14]. These studies have found a higher risk for professional clean-
ers compared with other nonexposed working populations. However, to our knowledge,
there has not been a systematic review focusing on the risk of obstructive respiratory dis-
eases in healthcare personnel. Such a review can result in prevention strategies to minimize
the occurrence of occupational or work-related asthma among this professional group.

Aims and Objectives

We conducted a systematic review in order to determine whether healthcare workers
with exposure to cleaning or disinfecting agents had an elevated risk of developing ob-
structive respiratory diseases compared with a nonexposed comparison group. Further,
we aimed to quantify the risk due to these exposures by meta-analytical methods.

2. Methods
2.1. Protocol and Registration

Our review on respiratory diseases in healthcare workers was written considering
the guidelines for conducting and reporting meta-analyses of observational studies in
epidemiology (MOOSE) [15] and the Preferred Reporting Items for Systematic reviews
and Meta-Analysis (PRISMA) [16]. The study protocol was registered in PROSPERO
under record number CRD42019139699 and is available at https://www.crd.york.ac.uk/
prospero/display_record.php?RecordID=139699 (accessed on 4 February 2021).

2.2. Eligibility Criteria

We designed our systematic search strategy based on the Population, Exposure, Con-
trol/Comparison, Outcome, and Study Design (PECOS) scheme [17] (Table 1). We included
studies of employable populations of both sexes, between 16 and 70 years old (P), and
excluded studies of the non-employable population, of adolescents and children under
16 years of age, and of elderly people over 70 years of age.

The ideal study would evaluate only nurses or other healthcare workers such as rescue
service personnel with known exposure to cleaning or disinfection agents and compare
them with otherwise similar workers in other occupational groups without any elevated
risk for respiratory diseases due to other exposures (i.e., dusts, chemical irritants, allergenic
substances). However, we also considered other study designs, such as studies using an
internal comparison group (i.e., comparing nurses with and without exposure to cleaning
or disinfectant agents). We therefore divided the included studies into Type A or Type B.
For occupation-based “Type A” studies, we included studies investigating employment
as a healthcare worker, in which at least a high percentage of the nurses were confirmed
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to be exposed to cleaning or disinfectant agents. “Type A” studies must have used an
external comparison population employed in other occupations where an average risk
for respiratory diseases due to other exposures can be assumed, as described above. For
exposure-based “Type B” studies, we included studies investigating the risk of exposure
to cleaning or disinfectant agents in which healthcare workers were at least an important
part of the exposed population, evaluated against either an internal (i.e., other nurses not
exposed to cleaning or disinfectant agents) comparison group or an appropriate external
comparison group (i.e., office workers).

Table 1. Study eligibility criteria according to Population, Exposure, Comparison, Outcome, and
Study Design.

Category Inclusion Exclusion

Population (P) Employable population of both
sexes, between 16 and 70 years old

Non-employable population
(for instance, with disabilities
or illnesses that render them
not being able to work,
adolescents and children
(under 16 years of age), and
elderly people (over 70 years
of age)

Exposure
(E)

Type A: Employment as a nurse or
in rescue service with an
occupational exposure to cleaning
or disinfection agents
Type B: Exposure to cleaning or
disinfection agents, in which nurses
or rescue workers were an
important part of the exposed
population

Type A: Employment in
settings with no occupational
exposure to cleaning or
disinfection agents
Type B: Exposure to agents
other than cleaning or
disinfection

Control/Comparator
(C)

Type A: Population employed in
other occupational groups where an
average risk can be presumed
(external comparison group)
Type B: Working population not
exposed to cleaning or disinfection
agents (internal or external
comparison group)

Type A and B: Groups with an
elevated risk for respiratory
diseases, due to exposure to
inorganic/organic dusts,
chemical irritants, and
allergenic substances

Outcome
(O)

Obstructive diseases such as COPD
and asthma: medical diagnosis
such as in doctors’ records, hospital
records, health insurance records;
self-report
Lung function abnormalities:
changes in the objective markers
FEV1, PEF, VC, and other outcomes
of pulmonary function tests
(spirometry, body
plethysmography)

Rhinitis, skin allergies, and
other non-respiratory,
non-obstructive diseases

Study design
(S) Cohort, case-control, cross-sectional

Qualitative studies, studies
with only abstracts,
conference papers/posters,
reviews, letters, editorials;
studies using a convenience
sample, not reporting
response, or with a response
less than 10%

COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory volume in 1 s; PEF, peak expiratory flow;
VC, vital capacity.
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Studies assessing asthma, chronic obstructive pulmonary disease (COPD), or other
obstructive diseases were included, as well as studies assessing lung function abnormalities.
We included cohort, case-control, and cross-sectional study designs and excluded editorials,
qualitative studies, studies only having abstracts, conference papers/posters, reviews, and
letters. The four last types of publications were excluded because their information may
have been preliminary. Furthermore, we excluded studies with a convenience sample,
those not reporting response, or those with a response less than 10% to avoid studies with a
potentially strong selection bias. Only studies published since 1990 in Europe, US, Canada,
and Australia were considered in order to achieve comparable population data. We applied
no language restrictions.

2.3. Information Sources and Search

We searched the electronic literature databases MEDLINE (Pubmed, United States Na-
tional Library of Medicine, Bethesda, MD, USA) and Embase (Ovid, Wolters Kluwer N.V.,
Alphen aan den Rijn, The Netherlands) on 11 June 2019 and updated it on 4 February 2021.
The MEDLINE search string is shown in Figure 1, and the Embase search string was then
accordingly adapted. Additional studies were found manually by combing for relevant
reviews using similar keywords that were used in our search strategy and by examining the
references of the included studies. In addition, key papers were marked, and the citation
tracking factor by Google Scholar was used to find additional relevant studies [18,19].
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2.4. Study Selection and Data Collection

The search results were imported into an Endnote management system database, and
the duplicate references were removed. Two independent scientists (K.R.S. and S.F. for
the original search; S.F. and A.P. for the updated search) screened the titles and abstracts
of the studies in order to exclude studies unrelated to the a priori defined research ques-
tions. Disagreements regarding the inclusion were discussed for a consensus decision. If
disagreement was not resolved, the decision was made by a third reviewer (M.S.). The
full texts of the remaining studies were screened by two independent reviewers (K.R.S.
and S.F. for the original search; S.F. and A.P. for the updated search), and disagreements
were discussed in meetings for consensus finding. The reasons for exclusion were recorded
during the full-text review.

We extracted the following study characteristics:

• study design
• study region
• study population size
• population sampling information (time and type of recruitment, response, and follow-up)
• exposure and exposure assessment
• population characteristics of the exposure and comparison group (sex, age, duration

of employment)
• outcome and outcome assessment
• prevalence or incidence of outcome
• relevant study results, including adjustment for confounders

The data extraction was done by one reviewer (K.R.S., S.F., or M.S.) and checked for
accuracy by a second reviewer (K.R.S., S.F., or M.S.). Whenever there was missing or unclear
information, we tried to obtain it through personal communication with the authors.

2.5. Risk of Bias Assessment

For each included study, two reviewers (K.R.S. and S.F.) assessed the risk of bias as
high, low, or unclear against eight domains of bias, using a tool previously used for other
occupational health reviews [20–23]. The hybrid tool uses SIGN (Scottish Intercollegiate
Guidelines Network 2004) and CASP (Critical Appraisal Skills Program 2004/2006) assess-
ment tools and contains several domains for risk of bias. Examples of reviews using this
tool have been published previously [20,21,24], and the Risk of Bias tool can be found in
the Supplementary Materials.

2.5.1. Recruitment Procedure and Follow-Up

A low-risk study should have avoided selection bias by ensuring an adequate recruit-
ment method, such as randomized sampling. The response for the study should be at
least 50%, and if not, a non-participation analysis should have been performed. For cohort
studies, if the loss to follow-up was below 20% and there was no substantial difference
between the comparison groups, the risk of bias for this domain was rated as low. Similarly,
for a case-control study to be rated as having a low risk of bias for this section, both cases
and control subjects should have had a response of 50% or more, and if this number was
not achieved, the substantial differential selection of cases and controls should have been
excluded by a non-participation analysis.

2.5.2. Exposure Definition and Measurement

If the exposure was accurately and objectively measured by the use of workplace
observations, a validated questionnaire, or a questionnaire asking detailed questions on
job characteristics, including tasks and exposures, then this domain was rated as having a
low risk of bias. If comparing occupational groups (such as in the case of Type A studies),
an adequate comparison nonexposed group should have been chosen. Exposures assessed
with a job exposure matrix (JEM) were classified as having a high risk of bias because of
the lack of accuracy.
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2.5.3. Outcome Source and Validation

To have a low risk of bias, the outcomes must have been objectively and accurately
assessed in order to minimize bias. Examples of objective measurements include medical
records and pulmonary function tests. If the outcomes were self-reported, this domain
received a high risk of bias.

2.5.4. Confounding

A study was considered to have low risk of bias in the confounding domain if the
confounders age, sex, socioeconomic status (SES), and atopy were taken into account.
Lower SES has been associated with a higher prevalence of asthma [25], while atopy may
have an influence on the type of occupation a person chooses [26]. A directed acyclic graph
(DAG) depicting the likely causal paths from exposure to cleaning and disinfection agents
to obstructive respiratory diseases is shown in Figure S1 [27].

2.5.5. Analysis Methods

If adequate statistical models were used to reduce bias and control for confounding,
this domain was considered as having a low risk of bias.

2.5.6. Chronology

If incident diseases were included or if a temporal relation could be established, this
domain was considered low risk.

2.5.7. Blinding of Assessors

If assessors were blinded, this domain was considered low risk.

2.5.8. Funding

This was assessed in two areas: the sources of funding and the involvement of the
funding body in the research. If a study was funded by non-profit organization(s) and
it was not affected by sponsors, the domain was rated as having a low risk of bias. If
the sponsoring organization participated in the data analysis or the study was probably
affected by the sponsors, the domain was considered as having a high risk of bias.

2.5.9. Conflicts of Interest

If the authors reported not having a conflict of interest, the domain was rated as
having a low risk of bias. If at least one author had a conflict of interest, the domain was
considered as having a high risk of bias.

2.5.10. Overall Assessment of Risk of Bias

From the nine domains for risk of bias, we considered the domains described in
Sections 2.5.1–2.5.6 as major domains. Sections 2.5.7–2.5.9 were considered minor domains.
In order for a study to have an overall low risk of bias, every major domain for risk of bias
must have been rated as low risk. If one of the major domains was rated as having high or
unclear risk, the study was judged to have a high overall risk of bias.

2.6. Statistical Analysis

Due to the heterogeneity of outcomes and exposures, it was decided to perform
meta-analyses when at least two primary studies with similar exposures and outcomes
were present. This procedure differed slightly from the PROSPERO protocol, which
indicated a meta-analysis with at least three studies. Random effects models were used
due to the heterogeneity of the studies. In general, we used the I2 value as a measure
of heterogeneity but also considered that the I2 statistic is dependent on the size of the
included studies [28,29]. The occurrence of possible publication biases was evaluated
using funnel plots. Even though Cochrane recommends testing for funnel plot asymmetry
when at least 10 studies are included [30], we decided to use funnel plots even with a



Int. J. Environ. Res. Public Health 2021, 18, 5159 7 of 24

lower study number for visualization, keeping in mind that no strong conclusions can
be made. Odds ratios (ORs) overestimate the relative risk when the prevalence of the
outcome of interest is high (>10%) [31]. Therefore, we converted ORs to prevalence ratios
(PRs) using the formula by Zhang and Yu [31] when the prevalence of the outcome in the
study population was greater than 10%. The statistical analysis was performed with Stata
version 14 (StataCorp LLC, College Station, TX, USA) [32].

2.7. Quality of Evidence Assessment

To assess the quality of the total body of evidence, we used the Grading of Recommen-
dations Assessment, Development, and Evaluation (GRADE) approach [33], following the
example of Hulshof and colleagues [34], with some modifications [20,21,24]. We used three
levels of quality: high, moderate, and low. An initial high level can only be achieved by
having randomized studies. If only observational studies were included, the starting level
would be “moderate”.

The quality of evidence was downgraded a level each for the following criteria:

1. study limitations (risk of bias)
2. indirectness
3. imprecision (range of the confidence intervals of studies greater than 2.0 relative risk)
4. publication bias

The quality of evidence was upgraded a level for each for the following criteria:

1. if the study findings had a large effect size (Relative Risk > 2.0)
2. if a positive dose-response relationship was found
3. if there is presence of residual confounding

We upgraded if “consideration of all plausible residual confounders, biases, or effect
modification would underestimate the effect or suggest a spurious effect when results
show no effect. If a study shows an association despite the presence of residual association,
this would increase the confidence in the association [34]”.

We summed up the downgrading levels first, followed by the upgrading levels to
obtain the final result.

3. Results
3.1. Study Selection

We found a total of 13,029 records in the electronic databases. There were 3597 duplicates
removed, and 9432 records remained for the title and abstract screening. After excluding
9361 records during the title/abstract screening from further consideration and adding
8 studies identified through the hand search, 77 studies were assessed for eligibility. Our
reasons for excluding studies are summarized in the PRISMA flow diagram (Figure 2),
and a list of the studies excluded can be found in Table S1. The most common reasons for
exclusion were irrelevant exposure (n = 11), population (n = 6), irrelevant outcome (n = 5),
convenience sampling or low response (n = 4), study design (n = 5), and articles published
as posters or conference papers (n = 18). The excluded articles with reasons for exclusion
can be found in Table S2. After the full-text screening, we identified 14 articles. Six of
those could be classified as both occupational and exposure-based (Type A and Type B
studies) [35–40], and eight were classified as only exposure-based “Type B” studies [41–48].
Twelve studies investigated asthma [35–43,45,46,48], four studies investigated bronchial
hyperresponsiveness (BHR)-related symptoms [36,38,41,48], and one study investigated
COPD [47]. Three studies dealt with respiratory tract symptoms [42–44].
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3.2. Asthma

We included twelve studies that considered asthma as the outcome [35–43,45,46,48],
and four of these studies used the same population group [35–38]. Six studies [35–40]
both compared nurses with an external comparison group and evaluated the risk of
exposure to cleaning or disinfection tasks or chemicals (Types A and B), while six additional
studies [41–43,45,46,48] only evaluated the exposure to cleaning/disinfection tasks or
chemicals in nurses (Type B). The summary of the characteristics for the Type A and Type
B studies is shown in Tables S3 and S4.
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Studies included both males and females in the study population. With respect to study
design, most studies used a cross-sectional design, with the exception of Mirabelli et al. [40], a
prospective cohort in 13 European countries, Dumas et al. 2020 [45], and Dumas et al. 2021 [46],
which used data from the Nurses’ Health Study 2 and 3, respectively. One study was per-
formed in Canada [42], one study was from France [39], and nine studies were conducted in
the United States of America (USA) [35–38,41,43,45,46,48].

Specifically, for “Type A”, most studies used only nurses as the exposed group with
the exception of three studies [35,37,38] that included respiratory and occupational ther-
apists in the exposed group. Only Gonzalez et al. [39] reported that the vast majority of
nurses (>90%) were exposed to disinfectants, while about half of nurses were exposed
to disinfectants or cleaning products in Mirabelli et al. [40]. Arif et al. [36] reported that
most (88%) of the nurse practitioners in the studies worked in clinical settings, such as
in hospitals, clinics, private practices, nursing homes, public schools, or in-home health,
while 12% worked in non-clinical settings.

Regarding “Type B” studies, exposure to cleaning or disinfectant agents was mostly
evaluated by self-report [35,37,39–43,46], while Gonzalez et al. [39] also included work-
place observations for their exposure assessment. Three studies used a JEM to determine
exposure based on the current [45,48] or longest-held jobs [36–38]. The exposure categories
were heterogeneous: several studies focused on patient cleaning, instrument cleaning,
surface cleaning, and sterilization of medical equipment [36–39,41], others also focused on
specific agents, such as exposure to bleach, detergents, ammonia, glutaraldehyde, orthoph-
thaldehyde, formalin, chloramines, and other agents [36,43,46,47,49], and another used
general cleaning as the exposure [43]. One study focused on cleaning frequency [35], while
another one focused on the duration of exposure to high-level disinfectants in years [46].

Several definitions were used for asthma. Six studies [36,38–42,45,46,48] used “new-
onset asthma”, defined as either asthma that started after job entry or as asthma starting since
the study baseline in the case of the prospective cohort studies. Four studies [37,39,41,43]
used “current asthma” as an outcome, defined as either having had asthma in the previous
12 months [37,41], as ever having had asthma [39], or simply as having asthma at the present
time [43]. Arif and Delclos [35] studied three outcomes: work-related asthma symptoms
(symptoms that get better when away from work or worsen when returning to work, without
history of physician-diagnosed asthma), work exacerbated asthma (symptoms that get better
when away from work or worsen on return to work, with history of physician-diagnosed
asthma), and occupational asthma (symptoms that get better when away from work or
worsen on return to work, with history of physician-diagnosed asthma after beginning
work as a healthcare professional). All studies, except for Ellett et al. [43], used self-reported
physician-diagnosed asthma for their outcome assessment. The summary of results of Type
A and Type B studies are shown in Tables S5 and S6 respectively.

3.2.1. Risk of Bias

Type A (occupation-based) Studies.
All included studies were classified as having a high risk of bias (Table 2). The main

reason for the high risk of bias was the exposure domain: either not all members of the
exposed group (nurses) were exposed to cleaning or disinfectant agents [40] or the level of
exposure was not provided [35–39]. Only Gonzalez et al. [39] reported that most nurses and
auxiliary nurses were exposed to cleaning or disinfection tasks. However, the comparison
group used by Gonzalez et al. [39] partly comprised charge nurses, physiotherapists,
and midwives, and since these occupational groups might also be exposed, the exposure
domain for the study was high risk. Other main reasons were that asthma was self-reported
(rather than a documented physician diagnosis), main confounders were not considered
(age, sex, SES, and atopy), and except for Mirabelli et al. [40], all analyses were unadjusted.
Studies reporting “new-onset asthma”, meaning asthma occurring after entry into the
profession, were considered to have a low risk of bias in the chronology domain.
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Table 2. Risk of bias for asthma studies.

Study ID

Major Domains Minor Domains Overall

Recruitment
Procedure and

Follow-Up

Exposure
Definition and
Measurement

Outcome Source
and Validation Confounding Analysis

Method Chronology Assessor
Blinding Funding Conflict of

Interest

Type A (Risk in nurses exposed to cleaning/disinfection agents)

Arif et al. 2009 * [36]
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Type B (exposure-based) Studies.
Likewise, none of the type B studies were rated as high quality. Several studies were

rated as having a high risk of bias in the “recruitment and follow-up” domain due to low
response or high loss to follow-up [40,41,43]. Studies that used JEM as their exposure
assessment or a questionnaire with non-specific questions on exposures received a high
risk in the “exposure” domain [36–38,41,43,48]. Dumas et al. 2020 [45] used a questionnaire
on general cleaning and disinfection tasks (low risk) but used a JEM when evaluating
specific disinfectants (high risk). Both risk of bias levels would then be considered when
evaluating GRADE. Although the exposures were assessed with a previously developed
questionnaire, the questionnaire used was reported to be only “moderate” with respect to
the validity of assessment of cleaning exposures and was comparable to self-report [49].
Gonzalez et al. [39] and Caridi et al. [41] included 18–19% cleaners in the exposed group,
and therefore those studies were also rated as having a high risk of bias in the “exposure
domain”. All studies used self-reported asthma as outcomes, and therefore they were rated
as having high risk in the “outcome” domain. No studies considered all the necessary
confounders (age, sex, SES, and atopy), but most used adequate analysis methods, except
for Ellett et al. 1996 [43] and Patel et al. 2020 [48], which reported unadjusted relative risks.
Most studies also either used “new-onset asthma” to account for chronology or they were
prospective in nature, and they were rated to have low risk of bias in that domain.

3.2.2. Synthesis of Results

Type A Studies.
We used three studies for the meta-analysis, of which there are four results because we

considered separate risks for nurses and auxiliary nurses in Gonzalez et al. 2014 [39]. We
selected Delclos et al. 2007 [38] out of the four studies using the same population [35–38],
first because Delclos et al. 2007, like Gonzalez et al. [39] and Mirabelli et al. [40], used
self-reported asthma as the outcome, and we wanted to avoid outcome heterogeneity.
Moreover, Delclos et al. 2007 [38] used physicians as the comparison group, which we
deemed an appropriate comparison group. Arif et al. 2009 [36], on the other hand, used a
combination of physicians and respiratory and occupational therapists, with the latter two
occupational categories most likely also being exposed to cleaning or disinfectant agents.

The pooled relative risk of nurses reporting a new onset of asthma (asthma after start-
ing their professional careers) was 1.67 (95% CI 1.11–2.50) (Figure 3). The corresponding
funnel plot shows no evidence of publication bias (Figure S2).

Type B Studies
For the Type B studies, we again had to choose between the four studies using

the same study population [35–38]. This time though, we chose Arif et al. 2009 [36]
for the meta-analysis, because it used “new-onset asthma” as the outcome, and unlike
Delclos et al. 2007 [38], Arif et al. 2009 [36] adjusted for the important confounders age
and sex (in addition to smoking, ethnicity, body mass index (BMI), and seniority). We
included all other studies that used “new-onset asthma” as the outcome [39–41,48] or were
prospective in nature [40,45,46] to increase between-study homogeneity.

In our first meta-analysis, we used the Gonzalez et al. “general cleaning” category
for the pooled risk. This resulted in a pooled relative risk of exposure to cleaning or
disinfecting surfaces in nurses of 1.43 (95% CI 1.09–1.89) (Figure 4). The corresponding
funnel plot (Figure S3) did not indicate publication bias. In a sensitivity analysis, we used
the Gonzalez et al. category of “general disinfection”, which yielded a similar relative risk
1.46 (95% CI 1.08–1.97) (Figure S4).

We used four studies to estimate the risk of nurses exposed to instrument clean-
ing/disinfection/sterilization [36,41,42,45]. The pooled RR was 1.59, 95% CI (1.19–2.13),
shown in Figure 5. HLDs are used to disinfect medical devices chemically. We therefore
included Dumas et al. 2021 [46], which investigated in a sensitivity analysis the association
of exposure to HLDs on asthma. The pooled RR was similar with the addition of the study
(RR = 1.35, 95% CI 1.14–1.59) (Figure S5).
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Two studies were included to calculate the pooled risk of use of adhesives or solvents
or chemicals in patient care [36,41]. The risk was raised but was not statistically significant
(ES = 1.39; 95% CI: 0.90–2.16) (Figure S6).

For the pooled risks of exposure to specific chemicals, there were enough studies to
perform a meta-analysis for bleach and glutaraldehyde exposure in nurses. This time we
chose Arif et al. 2012 [35] out of the four studies [35–38], simply because it was the only
study of the four that presented risks due to exposures to specific chemicals. However,
Arif et al. 2012 [35] evaluated work-related asthma (WRAS), work-exacerbated asthma
(WEA), and occupational asthma (OA) instead of new-onset asthma, so we chose to evalu-
ate the pooled effect using these outcomes separately as sensitivity analyses. For exposure
to bleach, the pooled relative risk was 2.44 (95% CI (1.56–3.82)) when choosing WRAS
for Arif et al. 2012 [35] and new-onset asthma for Gonzalez et al. [39], Mirabelli et al. [40],
and Patel et al. 2020 [48] (Figure 6). When using WEA for Arif et al. 2012 [35], the rela-
tive risk slightly decreased (RR = 2.18; 95% CI 1.34–3.55) and further decreased when
using OA (RR = 2.08; 95 CI 1.24–3.49) (Figures S7 and S8). Nonetheless, all risk eleva-
tions were statistically significant. For the exposure of glutaraldehyde (GA) in nurses,
we again used Arif et al. 2012 [35], Gonzalez et al. 2014 [39], Dumas et al. 2020 [45], and
Patel et al. 2020 [48] with similar sensitivity analyses (Figures S9–S11). Again, the risks de-
creased when using WRAS (RR = 1.91; 95% CI 1.35–2.70), WEA (RR = 1.76; 95% CI 1.20–2.59),
and OA 1.70 (RR = 1.14–2.53) as outcomes for Arif et al. 2012 [35]. The relative risk was
statistically significant for all analyses regarding GA.
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3.3. Bronchial Hyperresponsiveness (BHR)-Related Symptoms

We included four cross-sectional studies [36,37,41,48] investigating bronchial hyper-
responsiveness (BHR)-related symptoms as an outcome. Two USA studies, which used
the same study population, [36,38] were classified as both Type A (investigating the risk
of nurses in comparison with a control group) and B (studying the risk of exposure to
cleaning/disinfection tasks in nurses), while the other studies [41,48], also from the USA,
were classified as Type B. The study characteristics and results for the Type A and B studies
included are shown in Tables S7–S10.

3.3.1. Risk of Bias

Type A Studies.
Both included studies used the same study population and both received a high overall

risk of bias [36,38] (Table 3). Arif et al. 2009 [36] used a comparison group comprising physi-
cians, respiratory therapists, occupational therapists, and “others”. Delclos et al. 2007 [38]
used physicians as the comparison group, which we considered an adequate group, but
neither study reported the amount cleaning or disinfection agents to which nurses were
exposed. Both studies did not use a physician diagnosis for the outcome, did not consider
confounders, and their analysis was univariable.

Type B Studies.
All included studies received a high overall risk of bias. Arif et al. 2009 [36],

Delclos et al. 2007 [38], and Patel et al. 2020 [48] used a JEM as the exposure assess-
ment and were therefore rated as having a high risk of bias in the exposure domain.
Caridi et al. 2019 [41] investigated the risk of exposure to cleaning tasks in a mixed work
group composed of nurses, cleaners, laboratory technicians, operating technicians, oper-
ating room technicians, and respiratory therapists, and hence the exposure domain was
considered high risk. All four studies used a self-reported outcome, and no study consid-
ered the confounders of age, sex, or SES. Additionally, the response rate for Caridi et al.
2019 was low (13%), and therefore the recruitment procedure was also considered high risk.
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Table 3. Risk of bias for bronchial hyperresponsiveness (BHR)-related symptoms.

Study ID

Major Domains Minor Domains

OverallRecruitment
Procedure and

Follow-Up

Exposure
Definition and
Measurement

Outcome Source
and Validation Confounding Analysis

Method Chronology Assessor
Blinding Funding Conflict of

Interest

Type A (Risk in nurses exposed to cleaning/disinfection agents)

Arif et al. 2009 * [36]
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3.3.2. Synthesis of Results

No meta-analysis could be done for the bronchial hyperresponsiveness risk of nurses ex-
posed to cleaning/disinfection agents compared with a reference population (Type A studies).

Arif et al. 2009 [36] and Delclos et al. 2007 [38], which used the same study pop-
ulation, were both similar in terms of exposure and outcome assessments. However,
Arif et al. 2009 [36] was chosen for the Type B meta-analysis because it adjusted for age
and sex. For Type B studies, the risk of exposure to cleaning surfaces on BHR-related
symptoms in nurses was 1.44 (95% CI 1.18–1.76) (Figure 7). The risk of exposure to cleaning
or sterilizing equipment on BHR-related symptoms was similar at 1.44 (95% CI 1.13–1.84)
(Figure S12), and there was no elevated risk from using chemicals in patient care on BHR-
related symptoms (ES = 1.02; 95% CI: 0.81–1.29) (Figure S13).
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3.4. Work-Related and Respiratory Symptoms

There were three cross-sectional studies investigating the association of exposure to
cleaning or sterilization on general respiratory symptoms [42–44] one originated from the
United Kingdom (UK) [44], one from Canada [42], and one from USA [43]. Two studies
evaluated exposure to glutaraldehyde [43,45]: Vyas et al. [45] evaluated nurses working
in endoscopy units using questionnaires and site inspections as exposure assessments,
while Dimich-Ward et al. [42] evaluated sterilization using glutaraldehyde on respiratory
and physical therapists [42]. Ellett et al. [43] evaluated the general use of disinfectants on
post-anesthesia nurses.

This category had diverse outcome definitions. For instance, Vyas et al. 2000 [44]
evaluated work-related symptoms, meaning symptoms improving on rest days or symp-
toms experienced as more severe during a work shift, including chronic bronchitis, per-
sistent cough, chest tightness, shortness of breath, and wheeze. The authors defined
“lower respiratory tract symptoms” as having any of the above-mentioned symptoms.
Dimich-Ward et al. [42] used “respiratory symptoms at any time in the last 12 months”,
meaning asthma attack, wheeze, chest tightness, and other respiratory symptoms. We must
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note that the results for reported asthma (defined as self-reported physician-diagnosed
asthma since entering the profession) were used in our section entitled “asthma” but were
taken to also mean “respiratory symptoms”. Finally, Ellett et al. [43] used “respiratory
problems” as their outcome, with no further definition. A summary of the characteristics
and outcomes can be found in Tables S11 and S12.

All studies were evaluated as having high risk of bias due to the exposure and
outcome assessments because not all confounders were considered and because a temporal
relationship could not be established (Table S13).

3.5. Chronic Obstructive Pulmonary Disease (COPD)

Only one study investigating the association between occupational exposure to dis-
infectants among female nurses was included. Dumas et al. 2019 [47] used the Nurses’
Health Study II, a prospective cohort of USA registered nurses, for their study population.
Tables S14 and S15 show the characteristics and results for the study. Nurses who had no
history of COPD in 2009 were followed-up with questionnaires regarding their occupa-
tional exposures and frequency to disinfection, while exposure to specific disinfectants was
evaluated using a JEM. The COPD outcome was assessed through self-reported physician-
diagnosed COPD. The analysis controlled for age, smoking status, race, ethnicity, and body
mass index but did not control for SES. The study was evaluated as having a high risk of
bias (Table S16). The results of the study show a higher risk of developing COPD for nurses
exposed to any disinfectants (HR= 1.35; 95% CI: 1.14–1.59). When a more stringent case def-
inition for COPD is used, the risk is still increased, but it is not statistically significant. The
authors also show a positive dose–response effect with the frequency of any disinfectant
use (never, less than once a week, 1–3 times a week, 4–7 times a week) but most notably
for cleaning surfaces. Exposure to formaldehyde, glutaraldehyde, hypochlorite bleach,
hydrogen peroxide, alcohol, and QACs using a JEM were all associated with a higher risk
of COPD, with statistically significant results for all mentioned except for formaldehyde.

3.6. Quality of Evidence Assessment

For the Type A studies (risk of new-onset asthma in nurses), the assessment of evidence
resulted in an overall low quality of evidence for the risk of new-onset asthma on nurses
(Table 4). We downgraded twice because all the evidence came from the high risk of bias
studies and because we could not determine whether publication bias was present due
to the low number of studies in the meta-analysis. We upgraded once because not all
nurses in the study populations were exposed to cleaning or disinfection agents, most
likely resulting in an underestimation of the risk. For the Type B studies (exposure to
cleaning/disinfection agents), the assessment of evidence was also low, mostly because all
studies were of high risk and because Gonzalez et al. 2014 and Caridi et al. 2019 contained
cleaners in the exposure group, which resulted in the downgrade of the indirectness
of evidence category. Furthermore, publication bias was unclear. In addition, for the
risk of new-onset asthma by exposure to bleach, Mirabelli et al. 2007 combined the two
heterogeneous categories “ammonia and/or bleach”. We upgraded for the large effect
estimate category for new-onset asthma by exposure to bleach.
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Table 4. Assessment of evidence for the risk of studied outcomes based on Grading of Recommendations, Assessment, Development, and Evaluation (GRADE) framework.

Risk
Quality of
Study
Limitations: ↓

Indirectness of
Evidence: ↓ Inconsistency: ↓

Imprecision,
Range
Confidence
Interval Effect
Size > 2.0: ↓

Publication Bias,
Yes or Unclear: ↓

Effect Estimate
>2.0: ↑
>5.0: ↑↑

Dose–Response
Effect: ↑

Residual
Confounding: ↑

Overall
Certainty
(High,
Moderate, Low)

New-onset asthma in nurses yes ↓ 1 no (-) no (-) no (-) unclear ↓ no (-) no (-) yes ↑ 2 low
New-onset asthma by
cleaning/disinfecting surfaces
in nurses

yes ↓ 1 yes ↓ 3 no (-) no (-) unclear ↓ no (-) no (-) no (-) low

New-onset asthma by
instrument clean-
ing/disinfecting/sterilization

yes ↓ 1 yes ↓ 4 no (-) no (-) unclear ↓ no (-) no (-) no (-) low

New-onset asthma by
exposure to bleach yes ↓ 1 yes ↓ 5 no (-) yes (-)↓ 6 unclear ↓ yes ↑ 7 no (-) no (-) low

New-onset asthma by
exposure to glutaraldehyde yes ↓ 1 no (-) no (-) no (-) unclear ↓ no (-) no (-) no (-) low

Bronchial hyperresponsiveness
(BHR)-related symptoms by
cleaning surfaces

yes ↓ 1 yes ↓ 8 no (-) no (-) unclear ↓ no (-) no (-) no (-) low

BHR-related symptoms by
instrument clean-
ing/disinfecting/sterilization

yes ↓ 1 yes ↓ 8 no (-) no (-) unclear ↓ no (-) no (-) no (-) low

1 All the evidence comes from high risk of bias studies. 2 Not all nurses in the study population were exposed to cleaning/disinfecting agents. As the study included exposed and nonexposed nurses, this would
likely result in an underestimation of the risk. 3 The study population was exposed to cleaners for two studies (Gonzalez et al. 2014 and Caridi et al. 2019), which most likely will result in an overestimation of the
risk. 4 The study population was exposed to cleaners (18%) for one study (Caridi et al. 2019), which may result in an overestimation of the risk. 5 The study population was exposed to cleaners in Gonzalez et al.
2014, which most likely will result in an overestimation of the risk; Mirabelli et al. 2007 combines the two heterogeneous categories “ammonia and/or bleach”. 6 Pooled confidence interval range >2 (1.56–3.82).
7 The pooled effect estimate was 2.44 (greater than 2.0 but less than 5.0); 95% CI (1.56–3.82). 8 The study population was exposed to cleaners in Caridi et al. 2019, which most likely will result in an overestimation
of the risk.
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4. Discussion

To our knowledge, this is the first comprehensive systematic review and meta-analysis
on the risk of cleaning and disinfection agents to healthcare workers. Our review found a
67% increased risk of new-onset asthma for nurses compared with the nonexposed com-
parison group and a 43% increased risk of new-onset asthma for nurses who cleaned or dis-
infected surfaces. Nurses who cleaned or disinfected instruments had a 34% increased risk
of new-onset asthma. Nurses exposed to bleach or glutaraldehyde in the workplace had,
respectively, 2.4- and 1.9-times increased risk of asthma than their nonexposed counterparts.
Furthermore, nurses exposed to cleaning tasks had a 44% increased risk of BHR-related
symptoms. The quality of evidence was low for the risks and exposures investigated.

4.1. Strengths and Limitations

Among the main strengths of this systematic review are the independent assessment
by two reviewers of the title-abstract screening, the full-text screening, and the study quality.
No restrictions in terms of publication language were made. Furthermore, a hand search
complemented the systematic review to find additional relevant studies. The study design
was published a priori on PROSPERO. Our review applied the latest recommendations on
the conduct of systematic reviews of human observational studies, including the assessment
of the methodological quality of the included studies [50].

The certainty of the results of the present systematic review is limited by the mainly
low methodological quality of the included studies used to answer our research question.
None of the included studies had an overall low risk of bias, and a sensitivity analysis
studying only high-quality studies could not be undertaken.

A major reason for the high risk of bias assessment was the exposure assessment.
An ideal study would have compared only nurses who were exposed to cleaning or
disinfection agents with another nonexposed occupational group in which an average
risk of obstructive respiratory disease could be assumed. In most of the studies, either
groups of nurses or healthcare workers (both exposed and nonexposed) were compared
with another occupational group (Type A studies) or in some studies a mix of occupational
groups (some including nurses and cleaners) exposed to cleaning/disinfection agents were
compared with the same occupational (but nonexposed) group (Type B). In neither of these
two cases can an unbiased effect of nurses exposed to disinfection/cleaning agents be
calculated—information bias can lead to an underestimate (as in the first comparison) or
an under- or overestimate (as in the second comparison) of the actual risk. The exposed
population in Gonzalez et al. [39] and Caridi et al. [41] comprised not only nurses: 17–18%
were professional cleaners. Cleaners may be more likely to be exposed to cleaning and
disinfectant agents than nurses and may therefore have a higher risk for asthma. Therefore,
for these two studies, the nurses’ risk for asthma might be an overestimate of the actual
risk. In addition, exposures were evaluated using JEMs or self-reports. A more accurate
assessment would include workplace observations, as was done by Gonzalez et al. [39].

The outcome assessment was mainly done by self-report via questionnaire. A more
objective assessment would include assessment through exams (via spirometry, body
plethysmography, or changes in the objective markers such as forced expiratory volume in
one second (FEV1)) or through hospital or medical records.

In order to investigate the total effect between occupational exposure to disinfectants
and chronic respiratory diseases such as asthma, studies must adjust for age, sex, atopy,
and socio-economic status (SES). Only a few studies adjusted for atopy, but no studies
adjusted for SES. The lack of adjustment for SES may lead to an overestimation of the
risk. Nonetheless, several studies did adjust for smoking, BMI, the use of latex gloves, and
ethnicity. Smoking, BMI, and ethnicity could indeed be confounders via the SES pathway
(see Figure S1). However, they are as well in the causal pathway between the exposure and
outcome, which could result in an underestimation of the risk. First, we take BMI as an
example, also depicted in the DAG in Figure S1. Although indeed BMI can be a confounder
via the SES causal pathway, the nursing occupation, involving frequent movement, will
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be associated with lower BMI. In turn BMI influences the development of asthma [51],
indicating that BMI is an intermediary factor. Similarly, work-related stress caused by
the profession can influence BMI. Similarly, smoking may be a confounder via the SES
or age pathway. However, smoking is also an intermediary factor. Some jobs associated
with higher stress, such as nursing, may lead to increased smoking, which in turn will
increase the risk of obstructive respiratory diseases. The use of latex gloves is also in the
causal pathway, as the occupation is associated with a higher use of latex gloves. In turn,
latex gloves will also cause asthma. Such causal mechanisms should be looked at in detail
while deciding which variables to adjust for in the analysis, as they may lead to under- or
overestimation of the risks.

A major limitation was the potential for a healthy worker effect, which would un-
derestimate the effect size. It has been shown that workplace-based asthma studies are
particularly prone to healthy worker bias [26]. One study has shown that nurses with a
history of asthma were more likely to move to jobs with lower exposure to disinfectants [52].
Four [40,45–47] out of fourteen studies in this review were prospective in nature, while
the others were cross-sectional studies especially affected by such biases. Nevertheless,
even prospective studies might suffer from healthy worker biases. In a sensitivity anal-
ysis using age as a proxy for duration of occupation, Dumas et al. 2021 [46] stratified
by the nurses’ age at baseline and found that younger nurses exposed to HLDs had a
higher risk of incident asthma than older nurses exposed to HLDs (<34 years: HR = 1.75;
95% CI 1.03–2.98; ≥34 years: HR = 1.26; 95% CI 0.90–1.78). Future studies should consider
design and such analyses to correct or depict the likelihood of a healthy worker effect.
Prospective studies investigating healthcare workers at the start of their careers should be
able minimize healthy worker effects.

The included studies encompassed mainly nurses, respiratory therapists, and phys-
iotherapists. There were no studies investigating the risk of asthma on other groups,
such as rescue service personnel or on nursing home workers, although this occupational
group may be equally or more exposed to cleaning and disinfection agents than other
healthcare personnel.

4.2. Agreement with Other Studies and Reviews

This review is in agreement with other reviews that have found an increased risk of
workers (mostly professional cleaners) exposed to cleaning and disinfecting agents [11–14].
It is known that some common agents used for cleaning and disinfecting are responsi-
ble for occupational asthma, such as chloramine-T, formaldehyde, glutaraldehyde (GA),
quaternary ammonium compounds (QACs), and bleach [8,53]. Indeed, in our review,
the highest risk for asthma was seen for nurses exposed to bleach and GA. Although a
meta-analysis could not be made for QACs because of the lack of studies specifying this
agent, Gonzalez et al. [39] reported a more than 6-fold risk of new-onset asthma for nurses
exposed to those cleaning agents.

4.3. Implications for Practice

Germany recognizes obstructive respiratory diseases caused either by allergenic or
chemical-irritative/toxic substances as occupational diseases. In 2016, the Institution for
Statutory Social Accident Insurance and Prevention in the Health Care and Welfare Services
(BGW) in Germany received 381 reports of obstructive respiratory diseases, indicating a
suspicion of disease due to the occupation. Only about 8% of the reports corresponded to
workers in hospitals and clinics [54]. In the year 2019, 58 reports of a suspected indication
of obstructive airway disease due to allergenic or toxic substances in healthcare workers
working in hospitals, clinics, inpatient geriatric care, or outpatient services were received
by the BGW (M. Dulon, personal communication) [55].

In the decade spanning the years 2010–2019, the German Social Accident Insurance
(DGUV) confirmed a total of 120 cases of obstructive respiratory diseases due to allergenic
or toxic substances as occupational diseases in healthcare workers (including nurses,
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midwives, and rescue service personnel). Almost half of those cases (47%) were determined
to have been caused by disinfection or cleaning agents [56].

A recent review found that patients, employers, and healthcare professionals lack
awareness and underreport work-related asthma [57]. Therefore, it is possible that the
above numbers do not reflect the current burden of obstructive respiratory diseases in
healthcare personnel. Primary care physicians should take detailed workplace histories
of their patients, along with improving asthma diagnosis. The above review found that
patients may not be aware that exposure to cleaning agents may result in asthma, and
about half of the workers thought that the asthma symptoms they were experiencing were
normal [57]. Because of fear of stigma, even if workers are aware of the association between
agents and asthma, they still may underreport their symptoms for fear of losing their job or
may be forced to change their job. Importantly, employers should be sensitized to the link
between cleaning and disinfection tasks and asthma. Alternative cleaning products that are
safer for the respiratory system should be made available by manufacturers and employers.

5. Conclusions

In this systematic review, evidence of an increased risk of asthma in nurses exposed
to cleaning or disinfection agents was found. Although the overall evidence was rated
as low, the limitations found in this review hint at a potential underestimation of the real
risk. These findings highlight the obligation for prevention practices. There is a need to
sensitize healthcare workers (as patients), as well as primary care physicians and employers.
Alternative cleaning products that are safer for the respiratory system should be made
available to nurses.
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to cleaning/disinfection agents (Type A), Table S6: Results for included studies on risk of expo-
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