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ABSTRACT

Introduction: Work-related exposures contribute to one in six new-onset adult asthma cases and exacerbation of one in five
existing cases, which together are termed ‘work-related asthma’ (WRA). A valid and standardized WRA questionnaire is needed
for workplace surveillance and epidemiological studies. This project aimed to review evidence on WRA questionnaires and algo-
rithms to propose a standardized instrument.

Methods: A scoping review was conducted using PubMed, Embase, and Cochrane databases up to March 2021. Search terms
focused on asthma, occupational diseases, questionnaires, surveys, and algorithms.

High-quality studies were identified and data extracted on instrument construction, validation, and performance. Common
questions were used to develop a questionnaire and algorithm for detecting suspected WRA.

Results: Six studies were included. The final WRA questionnaire consists of eight questions on general asthma symptoms, di-
agnosis, and medication; four on WRA symptoms; and two on work-related ocular-nasal symptoms. The algorithm calculates a
WRA total score (WRATS) based on the general asthma and work-related symptoms. A score of > 1 triggers a referral for further
evaluation.

Conclusion: This is the first WRA questionnaire based on validated questionnaires. Evaluation of its performance and valida-
tion in diverse geographic and occupational settings are needed for further refinement and translation for broader applications.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any

medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
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1 | Introduction

Work-related exposures have a substantial adverse impact on
asthma. Work-related asthma (WRA) includes occupational
asthma (OA), which is either sensitizer or irritant-induced, that
is caused by work, estimated as 16% of new adult-onset asthma
[1]. Tt also includes work-exacerbated asthma, a phenotype of
asthma that is caused for other reasons but is then exacerbated
by work exposures, estimated as 21.5% of people with asthma
[2]. Most OA reflects sensitization to a high or low-molecular
weight agent in the workplace and has a better outcome with
early diagnosis and removal from further exposure to the caus-
ative work sensitizer [3-5]. In addition, the diagnosis of irritant-
induced OA and work-exacerbated asthma can also lead to
improved asthma control by reducing work exposure to asthma
triggers.

The diagnosis of OA is often delayed, mean 2-4years after onset
in some studies [6, 7]. Reported reasons for a delay in diagnosis
include lack of knowledge among healthcare professionals or af-
fected workers, or fear of reporting a suspected association with
work by workers, due to concern about loss of income or job.
Other reasons may include lack of specific questioning by the
physician about a possible work association with asthma symp-
toms [7, 8].

Medical surveillance that includes a patient questionnaire on
asthma has been associated with an earlier diagnosis of OA
from diisocyanates, and milder asthma at the time of diag-
nosis, in studies from Ontario and Quebec in Canada [9, 10].
Similarly, for bakers [11, 12], workers exposed to complex
platinum salts [13] and notably detergent workers [14], worker
questionnaires have been used in addition to skin testing or
serum-specific IgE in medical surveillance programs for the
detection of OA.

Various asthma questionnaires have been used in occupational
settings, each with their strengths and limitations. Previous
standardized and validated instruments were too generic (the
European Community Respiratory Health Survey—ECRHS
population-based surveys) [15] and required adaptation with
OA-specific job-exposure matrices (JEM) [16]. Earlier UK
questionnaire initiatives aimed at being more specific for OA
were inconclusive [17], while others identified items most
useful in specialist centres [18]. Over the past decade, WRA
questionnaires such as the WRASQ(L) were developed for
surveillance [19], but required further validation for broader
use [20].

In a workplace medical surveillance setting, one study reported
that unstructured interviews successfully detected only one fifth
of the OA cases that were subsequently identified [6]. In more
recent years, diagnostic models using simple self-administered
questionnaires [12] and scores based on clinical interviews, spe-
cific skin prick test (SPT) and non-specific bronchial hyperres-
ponsiveness (NSBH) to predict OA from high molecular weight
sensitisers [21] and validated in other European settings were
proposed [22]. These approaches have been suggested to be use-
ful when specific inhalation challenge tests to confirm OA are
inaccessible, thereby reducing diagnostic delays that are associ-
ated with poorer prognosis.

To date, there has not been a simple, validated questionnaire for
surveillance of WRA.

The aim of this Work-related asthma surveillance question-
naire and algorithm (WAQASS) Task Force was to review
published studies that included a workplace questionnaire or
algorithm and identify validated questions to develop a simple
medical surveillance/epidemiological survey questionnaire
and algorithm for use by occupational medicine practitioners
or in epidemiological research settings, which could then be
validated for further use.

2 | Methods
2.1 | Scoping Review

To identify published WRA questionnaires and algorithms, a liter-
ature search strategy was designed using a combination of Medical
Subject Heading (MeSH) terms with keywords and Boolean opera-
tors that were mentioned in the title or abstract, and was restricted
to human studies. The search terms addressed topics related to
asthma, occupational diseases, questionnaires, surveys, and algo-
rithms. Searches were performed in March 2021 on the three da-
tabases PubMed Central, Excerpta Medica Database (EMBASE),
and Cochrane. The search strategies and the search items are
presented in Appendix S1, specifically in Table S1a for databases
PubMed and EMBASE and Table S1b for Cochrane. The refer-
ences from the literature search were checked to eliminate dupli-
cates and then reviewed in sequential Phases 1 and 2.

In Phase 1, the references were separated into those with and
without abstracts. Only studies published in English were in-
cluded. Each reference with an abstract was independently
reviewed by two different members of the Task Force. They an-
swered the following two questions based on the titles and ab-
stracts of the references. The possible responses for each of the
following questions were Yes, No, and Uncertain:

1. Does the study deal with a questionnaire for medical sur-
veillance/epidemiological survey for WRA?

2. Does the study deal with an algorithm for medical surveil-
lance/epidemiological survey for WRA?

A reference with an abstract was selected for full-text review if
it fulfilled at least one of the following two criteria. Criterion
1 was based on answers to the two questions, which were ful-
filled when both reviewers had recorded at least one Yes re-
sponse to the two screening questions. Criterion 2 required
at least one of the two Task Force members to have recorded
a Yes or Uncertain response to at least one of the questions,
and a word search of the title and abstract identified at least
one of the three words, “algorithm” “valid” and “specificity.”
References that fulfilled Criteria 1 and/or 2 were advanced to
Phase 2.

The references that lacked abstracts underwent a similar re-
view process but were based on the full text article. Two Task
Force members each reviewed half of the full-text articles and
responded to the two questions used with references that had
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abstracts. A Yes answer to at least one of the questions was re-
quired to justify advancing to Phase 2.

Phase 2 involved conducting full-text reviews and applying se-
lection criteria in two sequential steps. In Step 1, two different
members of the Task Force independently reviewed each article
and answered the following Yes/No questions:

1. Does the questionnaire referred to in the article include
WRA questions?

2. Does the algorithm referred to in the article aim to identify
WRA?

Articles that received Yes responses from both reviewers for a
questionnaire or an algorithm or both were advanced to Step
2 of Phase 2. The primary purpose of Step 2 was to confirm
that the questionnaires and algorithms were validated. Each
article was reviewed by a single Task Force member, who re-
corded relevant details about study methods and findings on a
data extraction form. Items on the forms completed by review-
ers addressed quality aspects such as internal consistency, re-
producibility, and validity [23]. Articles that included evidence
for validation of the instruments intended to identify WRA
cases were finally retained.

2.2 | International Survey on the Use of WRA
Questionnaires

A voluntary survey was conducted using a snowball sampling
method. Researchers, clinicians, and other experts who used
questionnaires for work-related asthma surveys, screening, or
surveillance were contacted to obtain and collate questionnaires
in use and to form a reference group for ongoing research col-
laboration on the development of the questionnaire. An e-mail
invitation was sent to potential reference group members who
were identified by Task Force members as currently active in the
field, and a survey link was sent to EAACI Environmental and
Occupational Interest Group members as well. Furthermore,
scientific societies including the American Thoracic Society,
Spanish Allergy and Pneumology Societies, and Society of
Occupational Medicine UK were contacted and requested to
share the invitation with their members.

The survey inquired about the name and purpose of the ques-
tionnaire that the responder used; the languages and coun-
tries it was used in; whether it was modified from another
questionnaire; and whether it was published (Appendix S2a).
The responders were invited to share their questionnaire fol-
lowed by a reminder if it was not received. Each questionnaire
was evaluated by two reviewers. The questionnaires that in-
cluded WRA-related questions (i.e., presence of respiratory,
rhinitis, ocular or skin symptoms at work; time-relationship
of symptoms and work shift; appearance and/or worsening
and/or improvement of symptoms with work shift) were then
selected for further analysis. In this analysis, an assessment
was made as to whether the questionnaire included questions
about general asthma; for different phenotypes of WRA; and
symptoms related to work. The questionnaire was also eval-
uated to assess whether there was a specific focus on certain

industry sectors or exposures; the presence of questions on
the onset of symptoms related to exposure, improvement of
asthma symptoms away from work or worsening with work,
and whether a question of physician-diagnosed asthma was
included.

Responders that were interested in participating in the reference
group were contacted through a second survey to distinguish
those collaborators that worked with WRA and to evaluate the
context in which the questionnaire was used (Appendix S2b). The
reference group was then formed based on information received
about who had worked with WRA or had specific expertise in con-
ducting surveys. Furthermore, at least one participant from each
country was included in the group (Figure 1). Data obtained from
the respondent questionnaires were analyzed using STATA 17 sta-
tistical software (StataCorp, College Station, Texas, USA).

2.3 | WRA Questionnaire and Algorithm
Development

The actual questions from each original questionnaire of the se-
lected articles were tabulated and sorted per component (general
versus work-related asthma) and further stratified between upper
or lower respiratory symptoms for each component. Questions
that were selected for general asthma and upper airway symptoms
were phrased according to the validated ECRHS III questionnaire
(https://www.ecrhs.org/questionnaires-and-protocols).

The questions on work-related symptoms were then organized
into two subcomponents: WRA symptoms and work-related
ocular-nasal symptoms. All questions were organized in a
logical sequence and numbered accordingly to produce the
WAQASS questionnaire.

The WAQASS algorithm was developed using the framework
of the algorithm proposed by the ERS taskforce statement [24]
and further guided by the two algorithms [25, 26] and the scor-
ing system developed by Suarthana et al. [27]. The scoring was
based on the anticipated level of responses to the WAQASS
questionnaire. All items in the questionnaire were previously
validated in their respective study. They were listed, and each
response was given equal weight based on the expert opinion of
task force members. The cut-off chosen for referrals for further
assessments to confirm WRA was also established based on the
expert opinion of the members of the task force.

3 | Results
3.1 | Scoping Review

The initial numerical yields from the systematic search-
ing of the three databases are presented in the two tables in
Appendix S1. The resulting 1651 references included 22 du-
plicates that were excluded to provide 1629 unique references.
The fate of these 1629 references is described in the following
text and summarized in Figure S1 in Appendix S1. They in-
cluded 1550 with abstracts and 79 without abstracts. Phase 1
review of the 1550 references with abstracts produced 35 that
fulfilled only Criteria 1, 51 that fulfilled only Criteria 2, and
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https://www.ecrhs.org/questionnaires-and-protocols

WRA survey responders

(n=104)
( Incomplete responses (n=39)
LNot interested in participating (n=5)
. . . Responders interested in participating in
Questionnaires currently in use the reference group
(=2 ) (n=60)
Screened for:
Questionnaires without WRA items . Working in the field of WRA
(n=7)

. Expertise with questionnaires

WRA questionnaires
(n=22)

. At least one participant per country

Reference group
(n=40)

FIGURE1 | Flowchartinternational survey of questionnaires and formation of reference group. WRA, work-related asthma.

22 that met both criteria, for a total of 108. From the review of
articles for the 79 references without abstracts, 12 fulfilled the
selection criteria of having at least one Yes answer to the two
screening questions. The other 67 references included 45 with
No to both questions, 1 was a duplicate that had been missed
earlier in the review process, and 21 could not be evaluated.
The final 21 articles included 17 that could not be located and
4in alanguage other than English that had been missed in the
initial selection of references for review. From the completion
of Phase 1 reviews, a total of 120 references were advanced to
Phase 2.

Phase 2 used full-text reviews of the 120 articles selected in
Phase 1 to confirm that they dealt with a questionnaire and/or
algorithm for medical surveillance/epidemiological survey for
WRA. Phase 2 was accomplished in two sequential steps. The
Step 1 review produced 39 references that addressed question-
naires and/or algorithms to identify WRA cases in primary
level medical surveillance or research settings: 19 addressed
questionnaires only, 5 addressed algorithms only, and 15 ad-
dressed both. In Step 2 of Phase 2, an additional critical re-
view of study methods determined that six articles included
evidence for validation of questionnaires and algorithms in-
tended to identify WRA cases. These articles accounted for
five questionnaires [12, 25, 27-29] (Appendix S3 contains the
detailed summary information of questionnaire items) and
two algorithms [25, 26] are described in Table 1. The symp-
tom model by Suarthana et al. [27] after external validation,
and the Pralong et al. [28] model, after bootstrapping, re-
vealed similar values for area under the curve (AUC)=0.69.
The model by Jonaid et al. [12] produced an AUC of 0.87 after
bootstrapping and contained work-related lower respiratory
symptoms, work-related conjunctivitis, and medication use in
the last year. Other questionnaires identified from reviewed
articles are presented in Appendix S4, which demonstrated

a diverse range of specific occupational contexts where they
were used.

3.2 | International Survey of WRA Questionnaires

The international survey was answered by 104 members of
the respective societies previously described. This component
yielded 29 questionnaires, of which 7 questionnaires only con-
tained general asthma questions (i.e., asthma control test),
while the other 22 questionnaires included WRA-related ques-
tions that were evaluated for further details (Appendix S5).
Among these questionnaires, five were based on the ECRHS
and four on the Work-Related Asthma Survey Questionnaire
(WRASQ). Three questionnaires were targeted for clinical
purposes only, seven for epidemiological survey, six for med-
ical screening and surveillance, and six for more than one of
these purposes.

Most of the questionnaires included general asthma (18/22) and
occupational allergic asthma (20/22) questions, whereas four
had occupational irritant-induced asthma questions. A total
of 14 questionnaires covered occupational conjunctivitis, 13
occupational rhinitis, and 5 occupational urticaria. Most ques-
tionnaires did not target specific industrial sectors (16/22) or
exposure types (13/22). A total of 16 questionnaires included
questions about the onset of symptoms related to work, 18 im-
provements of asthma away from work, and 20 worsening of
asthma when working. Physician diagnosis of asthma was in-
quired in two questionnaires.

Another outcome of the international survey was the for-
mation of a reference group, following the 104 responses to
the international survey. Sixty respondents confirmed their
willingness to be part of the WAQASS reference group. The
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reference group finally comprised 40 participants that re-
sponded to the second survey, which provided further in-
sights into their practices and experience in diverse settings
(Figure 1). Respondents were from 26 different countries,
with 15 participants from Europe, 13 from Africa, 7 from Asia,
4 from North America, and 1 from South America. Twenty-six
reference group members reported the context in which they
are involved with WRA aspects. In 13 cases, this was in clin-
ical practice, 3 in epidemiologic population surveys, and 4 in
workplace surveys, with the remaining 6 involved in at least
two of these contexts.

3.3 | WAQASS Questionnaire and Algorithm

Questions from the six accepted articles were pooled and sorted.
The selection of specific questions for incorporation was based
on a process in the following order:

+ Level of evidence as per summary evidence of the six vali-
dated studies—only those questions that were significant in
the final models in these studies were chosen (Table 1).

« All questions were incorporated into their respective com-
ponents, irrespective of how many times they were present
across the studies.

« Where a similar question of a particular sub-component
was present in more than one study, the question from the
more recently cited study was chosen, unless the clarity of
the question from an earlier cited study was formulated in
a better way or if it was more explicit by mentioning a time
period for the particular symptom.

» None of the questions from “secondary level” evidence of
validation were included, although most of these questions
consistently appeared in other studies that had primary
level evidence of validation. Furthermore, the variables of
“age” and “duration of work” were also not included.

The proposed WAQASS questionnaire for WRA screening and
surveillance is presented in Figure 2. It contains eight questions
on general asthma symptoms, diagnosis, and medication; four
on work-related asthma symptoms; and two on work-related
ocular-nasal symptoms.

The WAQASS algorithm is intended to be used in medical sur-
veillance to guide actions based on responses to the questions
and the computation of the total score (Figure 3).

Asthma evaluation occurs in two steps:

« Ask general asthma questions to compute the general
asthma total score (GATS)

« If affirmative, then proceed to work-related asthma symp-
toms to obtain the work-related asthma symptom score
(WRASS)

The specificity of the questions for WRA increases if:

+ Asthma-related symptoms occur at work or immediately on
returning home from work

« Asthma-related symptoms start within 24 h after an incident
at work involving exposure to high levels of vapors, gases,
dust, or fumes

« Asthma-related symptoms improve on extended periods
away from work

« Work-related nasal or ocular symptoms present, which are
assigned their own work-related ocular-nasal symptom
score (WRONSS)

The work-related asthma total score (WRATS) is computed by
summing the WRASS and the WRONSS.

If the GATS >0, this prompts further questioning to assess for
the presence and scoring of work-related asthma symptoms
(WRASS) and work-related ocular-nasal symptoms (WRONSS).
If the WRATS is> 1, this prompts specialist referral for occupa-
tional history, clinical assessment, and tests to confirm WRA
diagnosis, so that the worker can be managed accordingly. If the
GATSis>0butthe WRATSis < 1, then the worker is managed by
the physician according to general asthma/rhinitis guidelines,
and the worker is enrolled for ongoing regular surveillance.

4 | Discussion

4.1 | When/How to Use the WAQASS
Questionnaire and Algorithm

Worldwide, especially in developing countries, WRA remains
under-recognized and poorly diagnosed [30]. Diagnosing WRA
is challenging due to delayed referral by general practitioners
[31]. The European Respiratory Society Task Force on the
Management of Work-related Asthma recommended the ad-
ministration of a brief respiratory questionnaire to workers as
the first step in a worker surveillance program for WRA [24].
Furthermore, the use of a standardized questionnaire for epide-
miological surveys would enhance the comparability of findings
across studies, thereby providing further insights on WRA dis-
ease burden and its risk factors.

The WAQASS questionnaire constitutes a further refinement of
questionnaires and approaches used previously. Depending on
the context, the questionnaire can be either self-administered or
interviewer/nurse assisted either in medical surveillance or re-
search settings. The former method is used where literacy levels
are generally high and the latter where levels are low. The first
component of the proposed questionnaire contains questions on
general asthma as contained in the ECRHS III questionnaire,
which has been previously validated and used in various coun-
tries and contexts [32]. Given the united airway concept [33] and
to establish an association with the workplace, the second com-
ponent of the proposed questionnaire comprises work-related
asthma and ocular-nasal symptoms. It is important to supple-
ment these questions with context-specific exposure informa-
tion where this is appropriate and taking into consideration the
ability of workers to provide such information in a reliable man-
ner. This is based on the premise that exposures vary in differ-
ent work settings, are multiple and quite diverse, with specific
exposure information often difficult to obtain from individual
workers.
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WAQASS QUESTIONNAIRE

Asthma-related symptoms
1.1 Have you had wheezing or whistling in your chest at any time in the last 12 months?

___Yes(1)_No(0)

1.2 Have you woken up with a feeling of tightness in your chest at any time in the last 12 months?
Yes (1) No (0)

Note: For questions 1.3-1.6, "attack” is regarded as an episode of a flare-up or sudden worsening of
symptom/s

1.3 Have you had an attack of shortness of breath that came on during the day when you were at rest at
any time in the last 12 months?

___ Yes(1)_No(0)

1.4 Have you had an attack of shortness of breath that came on following strenuous activity or exercise
at any time in the last 12 months?

_ Yes(1)_No(0)

1.5 Have you been woken by an attack of shortness of breath at any time in the last 12 months?

__Yes(1)__ _No(0)

1.6 Have you been woken by an attack of coughing at any time in the last 12 months?

~_Yes(1) _ No(0)

Asthma diagnosis
2. Have you ever had asthma?

Yes (1) No (0)
2.1 IF "YES": Was this confirmed by a doctor?

_ Yes(1)_No(0)

Asthma medication
3.1 Have you used any inhaled medicines to help your breathing at any time in the last 12 months?

___Yes(1)_No(0)

FIGURE2 | WAQASS questionnaire.

Score
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Optional question for countries in which inhaled medicines are generally not accessible

3.2 Have you used any pills, capsules, tablets or medicines, other than inhaled medicines or antibiotics,
to help your breathing at any time in the last 12 months?

~_Yes(1) _ No(0)

GENERAL ASTHMA TOTAL SCORE (GATS)

Work-related asthma symptoms

4.1 Does being at your current workplace ever cause:
4.1.1 Wheezing

__Yes(1)__ _No(0)

4.1.2 Shortness of breath

_ Yes(1)__ No(0)

4.1.3 Cough

_ Yes(1)__ No(0)

4.1.4 Afeeling of chest tightness

~__Yes (1) _ No(0)

4.1.5 Asthma attack/s (episode of a flare-up or sudden worsening of symptoms)

__Yes(1)__ _No(0)

4.2. Do you have any of the following breathing problems once you have returned home after work:

4.2.1 Wheezing

_ Yes(1)__ No(0)

4.2.2 Shortness of breath

_ Yes(1)__ No(0)

4.2.3 Cough

_ Yes(1)__ No(0)

4.2.4 Afeeling of chest tightness
_ Yes(1)___ No(0)

4.2.5 Asthma attack/s (episode of a flare-up or sudden worsening of symptoms)

_ Yes(1)_No(0)

FIGURE2 | (Continued)

The WAQASS algorithm aims to serve as a framework to for-
malize decision-making and improve the efficiency of ongoing
medical surveillance programs. It begins with a set of general
asthma questionnaire items to identify workers with asthma,

either by having asthma symptoms, an asthma diagnosis, or re-
ceiving treatment for asthma. This step excludes workers with-
out evidence of asthma from ongoing steps in the algorithm. For
those who fulfill these asthma criteria, the subsequent group of
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4.3 If 'YES' to either 4.1 or 4.2: Do these breathing problems diminish or stop during the weekend or
during holidays?

__ Yes(1)_No(0)

4.4 Have you ever been involved in an incident at work that exposed you to high levels of vapours,
gases, dusts or fumes?

_ Yes(0)_No(0)

4.4.1 If 'YES'to 4.4: Did you experience respiratory symptoms within 24 hours following the incident?

_ Yes(1)__No(0)

WORK-RELATED ASTHMA SYMPTOM SCORE (WRASS)

Work-related ocular-nasal symptoms
5.1 Do you have sneezing, runny or a blocked nose, which start at or are aggravated by your work?

~__Yes(1) __ No(0)

5.2 Do you have itchy, watery or red eyes, which start at or are aggravated by your work?

__ Yes(1)_No(0)

WORK-RELATED OCULAR-NASAL SYMPTOM SCORE (WRONSS)
WORK-RELATED ASTHMA TOTAL SCORE (WRATS) = WRASS + WRONSS

FIGURE2 | (Continued)

Surveillance of Has asthma-related

yvoé;ers for symptoms OR No No action - review need
using - asthma diagnosis OR for ongoing surveillance
WAQASS asthma treatment

questionnaire (GATS>0)

Yes
_E’ Has WR asthma symptoms Specialist referral for
S § (WRASS =1) occupational history,
5 8 clinical assessment, tests
§ ) Has WR ocular-nasal symptoms to confirm WRA diagnosis
hag = (WRONSS = 1)
c® = WRATS 21
w Not WRA

Confirmed WRA
No
Manage according to general

Manage WRA accordingly

asthmal/rhinitis guidelines

FIGURE 3 | WAQASS algorithm for primary care setting workplace surveillance. GATS, general asthma total score (Q1.1-3.2); WRASS, work-
related asthma symptom score (Q4.1-4.4), WRONSS, work-related ocular-nasal symptom score (Q5.1-5.2), WRATS, work-related asthma total score

(WRASS + WRONSS).

3270

Allergy, 2025

850807 SUOWILIOD 8RO 8|qed![dde aLp Aq peusenob ae S9oie YO 8SN JO Sa|NnJ 10} A%euq1 78Ul U0 /8|1 UO (SUORIPUOO-PUE-SW.BI W0 A8 | 1M ARIq 1 BU1 [UO//:SANY) SUORIPUOD Pue SWie 1 8y} 89S *[9202/20/02] U0 Akeid)Taulluo A8|IM ‘[01U0D 8sess|q 104 S1eleD AQ 99T |B/TTTT 0T/I0P/W0 A8 | 1M AeIq Ul uo//Sdny Woly papeo|umoqd ‘2T ‘SZ0Z ‘S666865T



questions aims to assess the association between the lower re-
spiratory and ocular or nasal symptoms with workplace expo-
sure. Further diagnostic workup by a specialist is recommended
for workers who have work-related symptoms.

Thisalgorithm haschosen the threshold cut-off score of WRATS > 1
for referral, is based on expert opinion of the panel based on clin-
ical as well as historical performance of the identified question-
naires and algorithms. In the study reported by Suarthana [27],
work-related upper and lower respiratory symptoms were found to
have equal clinical significance, as reflected by the equal weight-
ing in the predictive model. The expert panel opted to assign an
equal weighting to both components, such that workers presenting
with symptoms from either component were deemed eligible for
referral for further diagnostic evaluation. Furthermore, the expert
opinion for the proposed threshold is also based on the perfor-
mance of the questionnaires or algorithms, the specific aspects of
which are summarized in Table 1. It is evident that the sensitivity
and specificity varied widely for the three studies that reported
these values [26, 27, 29]. The sensitivity ranged between 46% and
88%, while the specificity was between 43% and 100%. With these
results as a guide for the likely performance of the new algorithm,
it is not possible to predict how it will perform since the question-
naire was compiled from individual questions from one or more
of these questionnaires. While the assessment of the model's diag-
nostic performance remains an important consideration, this was
beyond the scope of the current study. The panel recommended
therefore that a validation study of the entire questionnaire would
be an important next step in order to assess the impact of differen-
tial symptom weighting on the diagnostic accuracy and referral
outcomes.

In the WAQASS algorithm, workers with evidence of asthma,
as well as workers with work-related ocular or nasal symp-
toms (WRONS) but who do not have WRA symptoms, should
be referred for further evaluation by a specialist. After taking
relevant clinical and occupational histories, a more detailed as-
sessment will be made to determine whether further diagnostic
tests for WRA are needed. In some WRA cases, the patients ini-
tially report only work-related rhinitis symptoms, which should
be taken into account given that they may represent a precursor
to the development of WRA [6].

4.2 | Strength, Limitations, and Future Research

One possible limitation of the approach in the review of the lit-
erature is that a scoping review rather than a systematic review
was conducted. Although the literature search was systematic, it
is possible that other relevant references could have been identi-
fied if a different set of search terms and additional databases had
been used. However, Munn et al. have suggested that scoping re-
views are preferred over systematic reviews when the objective of
a project is to identify knowledge gaps or scope a body of literature
[34]. The Task Force members therefore considered that a scoping
review was appropriate for this project, and it was the collective ex-
pert opinion of members that few, if any, relevant published articles
were missed given the process that was followed. Furthermore,
the six selected questionnaires/algorithms were validated inter-
nally or externally, further strengthening the approach that was
used and confidence in the instruments that were included.

The WAQASS algorithm was derived from published validated
questionnaires and models including the prognostic models
to predict animal health apprentices who would develop labo-
ratory animal sensitization and respiratory symptoms at work
[25]. The models evaluated a questionnaire, with and without
common diagnostic tests (i.e., SPT and NSBH to methacholine).
These models could serve as a framework to identify individuals
with a high probability of developing OA in the future and could
be used to support career counseling and health surveillance
programs. However, in these models, the predictive value of
adding SPT and/or NSBH testing for OA seemed to be limited in
a relatively healthy population. The ability of the questionnaire
alone to discriminate sensitized from non-sensitized appren-
tices was comparable to that of SPT or BR testing on its own.
Furthermore, their use in pre-employment or pre-placement
screenings is uncertain since the predictive value of the model
was relatively low. The WAQASS algorithm itself is, therefore,
not aimed at pre-employment or pre-placement screening.

It is important to note that existing evidence may be biased to-
ward questionnaires for identifying allergic occupational asthma
caused by high molecular weight (HMW) agents, since this phe-
notype is relatively easier to study due to well-understood mech-
anisms and available diagnostic tools. Furthermore, the Task
Force focused on detecting WRA and did not specifically search
for questionnaires to detect WRONS. Therefore, the algorithm
is unlikely to identify all workers with WRONS unless they also
have asthma symptoms. However, there are some situations
where it would be helpful to identify non-asthmatic workers
with WRONS due to their increased risk of developing WRA.
For example, detergent enzyme industry workers who are sen-
sitized and have WRONS may be moved to different areas away
from exposure [14].

Taking a thorough occupational and medical history is essen-
tial in confirming the diagnosis of WRA. The choice of diag-
nostic tests to further investigate workers referred from the
primary level is beyond the scope of this Task Force. However,
Vandenplas et al. recommended confirming occupational
asthma with NSBH using a methacholine or histamine chal-
lenge test accompanied by immunological sensitization to work-
place agents using either specific SPT or specific IgE as the first
line of diagnostic tests [35]. The second line of tests may include
either serial peak expiratory flow recordings, or NSBH test off-
work versus at work, or specific inhalation challenges (SIC),
depending on their availability in clinical practice. In line with
this recommendation, Canadian researchers demonstrated that
adding NSBH test and specific SPT with workplace agents to a
clinical interview model resulted in an excellent discriminative
ability in identifying workers at a high risk of having positive
SIC in workers exposed to HMW agents [21]. The models were
successfully validated using European data as previously high-
lighted [22].

5 | Conclusion

As with any model, evaluation of the validity and clinical use-
fulness of the WAQASS questionnaires in decision-making
is essential. Hence, the next step is to initiate a multinational
collaborative study to validate the WAQASS questionnaires and
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algorithm, including transcultural validation in different lan-
guages, and testing whether results are consistent across differ-
ent ways of administering the questionnaires (e.g., full-length
or abbreviated form, self- vs. interviewer-administered, online
digital- vs. paper-based). Furthermore, an evaluation of its per-
formance and validation in workplace-based medical surveil-
lance and epidemiological research settings is required to enable
further refinement.
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