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Abstract.
BACKGROUND: Given the coronavirus 2019 (COVID-19) risk, it is essential to develop a comprehensive risk assessment
method to manage the risk of the infectious diseases.
OBJECTIVE: This study aimed to develop a risk assessment method for infectious diseases focusing on COVID-19.
METHOD: This study was based on the fuzzy Delphi method (FDM) and fuzzy analytical hierarchical process (FAHP) in
three steps: (a) designing the preliminary risk assessment algorithm by reviewing the literature, (b) corroborating the designed
structure based on the majority opinions of the expert panel and assigning scores to different factors according to the Delphi
method, and (c) determining the weight of components and their factors based on the FAHP.
RESULTS: The COVID-19 risk index (CVRI) was found to be affected by four components and 19 factors. The four
components consisted of the probability of getting sick (5 factors), disease severity (4 factors), health beliefs level (3 factors),
and exposure rate (6 factors). The identified components and their relevant factors had different weights and effects on the
CVIR. The weights of probability, severity, health beliefs level, and exposure rate components were 0.27, 0.20, 0.14, and
0.38, respectively. The CVRI was found to range from 0.54 to 0.82, defined in three levels.
CONCLUSION: Given the significant effects of identified components, factors, and parameters on the incidence of COVID19 on the one hand and using the FDM and FAHP on the other, the proposed method can be considered as an appropriate
method for managing the risk of COVID-19 and other infectious diseases.
Keywords: COVID-19, fuzzy analytical hierarchical process, fuzzy Delphi, infectious diseases, risk assessment

1. Introduction
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The coronavirus 2019 (COVID-19) outbreak
has been regarded as the biggest challenge that
public health, the international economy, and
national/international policies have been facing in
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to increase public awareness regarding the potential
risks of the disease [12, 13]. Countries have tried
to deal with the disease in different ways, ranging
from social distancing and forcing people to wear
masks to complete lockdowns. All these measures
have been taken to halt the spread of COVID-19 and
reduce the vulnerability of medical and healthcare
systems. Nonetheless, past experiences of fighting
against previous pandemics suggest that for preventive and treatment methods to be effective, the public
needs to be cognizant of the risks of diseases [14].
Although reaching positive clinical results in dealing with the COVID-19 pandemic and treating
COVID-19 patients successfully are vital, it is also
crucially important to assess and manage COVID-19
risk in different work environments. Therefore, bearing the unique characteristics of COVID-19 in mind,
impacting all work sectors and employees, the development of a comprehensive and practical assessment
algorithm for assessing and managing COVID-19
risk in work environments gains immediate significance [6, 15]. Hence, this study aimed to develop a
semi-quantitative method to assess COVID-19 risk.
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the new century [1, 2]. The COVID-19 pandemic
has seriously threatened the health of employees as
the most important sector of societies. The disease is
highly infectious because, as of February 14, 2021, it
has infected 109,252,808 people and killed 2,408,104
patients around the world. Thus, considering such a
critical condition, any measures possible should be
taken to manage the risk of the disease [3].
Although various methods have been proposed
and developed for assessing and managing healththreatening risks in different work environments, the
majority of such methods are based on mechanical,
physical, chemical, and ergonomic dangers known
as the most frequent sources of danger in work
environments. The assessment of biological risks,
particularly infectious diseases such as COVID-19,
is a far cry from the risk assessment of other types
of danger, which has gone mostly unnoticed by
industries and organizations thus far. One of the
most popular methods introduced for risk assessment is the quantitative assessment and determination
of personal and environmental exposure rates and
the comparison of such rates with the permissible
limits [4, 5]. The risk assessment of exposure to
different types of biological dangers and the risk
assessment of diseases resulting from exposure to
such biological dangers are based on a variety of
risk factors including the potential danger of biological factors, the sensitivity of people in exposure, the
disease-causing capability of biological factors, the
durability condition of biological factors in the exposure environment, the availability of preventive health
services, and the readiness of medical and healthcare
systems to deal with biological factors [6, 7].
The evaluation of modern management systems
shows that the identification and assessment of dangers and their risks are necessary steps for these
systems to proceed robustly, and the assessment
and control of such risks can be considered as the
main aim of these systems seeking to develop and
improve their organizations. Moreover, these risk
assessment and management processes can eventually result in the improvement of organizations’
success rate and efficiency. Thus, given the main
consequence of the COVID-19 pandemic that is
endangering people’s lives, any possible measures
aiming to reduce COVID-19 risk can remarkably
increase the efficiency of organizations and factories, hence decreasing the negative socioeconomic
and humanistic impacts of the disease [8–11].
Now that the mortality rate of COVID-19 has risen
substantially across the world, it is of high importance
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2. Materials and methods

This study was conducted based on the fuzzy Delphi method and FAHP.

3. The study steps
The process of carrying out the study consisted
of three steps (Fig. 1). In the first step, the authors
designed the initial algorithm of COVID-19 risk
assessment based on reviewed literature and the
importance and role of different components and factors. In this algorithm, the risk score was measured
by multiplying the four main components of exposure rate, probability of getting sick, disease severity,
and health beliefs level according to the following
equation:
R=E×P ×S×B

(1)

In this step, because each of the four main components was influenced by different factors, and each
factor could have a different condition with a different effect on risk rates, factors and their conditions
were initially extracted after reviewing previous literature. First, different previous studies on COVID-19,
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Fig. 1. The hierarchy of components and factors affecting COVID-19 risk.
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panel was able to modify their opinions based on
the results of the first round. After collecting the
required data in the third Delphi round, the Delphi rounds were finished. In the end, the triangular
fuzzy numbers were turned into crisp numbers so that
each factor’s condition received a specific score. Of
note, the expert panel for conducting the fuzzy Delphi
method consisted of 25 experts with different specialties including risk assessment, epidemiology, health
education, pulmonology, and infectious diseases.
In the third step, it was decided that the weight
of the four main components and their relevant factors be measured based on the opinions of the expert
panel and FAHP because it was hypothesized that
the four components could not exert similar effects
on COVID-19 risk. Accordingly, the hierarchy of
components and their factors affecting COVID-19
risk were developed as observed in Fig. 1, and their
weights were measured based on the FAHP and
expert panel opinions. The expert panel for conducting FAHP consisted of 22 experts with different
specialties including risk assessment, epidemiology,
health education, pulmonology, and infectious diseases.
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its risks, and its characteristics were reviewed. Then,
the presented information in the ninth version of the
COVID-19 diagnosis and treatment flowchart by the
Iran Ministry of Health and Medical Education (January 2021) was scrutinized together with the latest
guidelines issued by the World Health Organization,
International Labor Organization, and the U.S. Center for Disease Control and Prevention (12–15). After
extracting factors and their different conditions, the
initial structure of the risk assessment worksheet,
including components, factors, and conditions, was
developed according to the opinions and brainstorming of the expert panel.
In the second step, the developed worksheet and
its structure had to be corroborated by the majority
opinion of the expert panel. Moreover, since each
of the identified factors could have different conditions, it was necessary to assign a quantitative score
to each factor’s condition based on the expert panel’s
opinions. This step was carried out according to the
fuzzy Delphi method and the majority opinion of the
expert panel in three rounds. In the first round, the
developed worksheet was sent to the experts, and they
were asked to add any conditions that they thought
were missing from the worksheet. After collecting
their opinions, minor suggested modifications were
applied, and the structure of the assessment worksheet was corroborated. In the second round of the
Delphi method, the experts were asked to judge the
effect of each factor’s condition on the main component in the form of linguistic expressions (very
strong, strong, moderate, weak, and very weak). After
collecting their opinions, the expressions were given
quantitative weights according to triangular fuzzy
numbers, and experts’ opinions were finalized. Eventually, in the third Delphi round, to measure the final
scores for components and their factors, the expert

4. Fuzzy logic
Using crisp scoring methods for linguistic expressions can be problematic in two aspects. First, crisp
methods may result in ambiguous people’s judgments, and changes are not appropriately reflected
in linguistic expressions. Second, people’s mental
judgments and their prioritizations heavily affect the
results [16]. Fuzzy logic is a useful tool for measuring ambiguous concepts related to people’s mental
judgments [17]. It is a form of multi-valued logic in
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6. Analytical Hierarchy Process (AHP)
The Analytic Hierarchy Process (AHP) is one
of the most popular, multicriteria methods of
decision-making, mostly used when there are several
qualitative or quantitative criteria in a research design
[22]. The main aim of this process is to determine
factors based on which rival options are compared
to each other [23]. The next step is to measure and

Fuzzy weights
(triangular)

9
9
7
6
5
4
3
2
1

(8, 9, 9)
(7, 8, 9)
(6, 7, 8)
(5, 6, 7)
(4, 5, 6)
(3, 4, 5)
(2, 3, 4)
(1, 2, 3)
(1, 1, 1)

determine the relative weights (values) of criteria and
sub-criteria by pairwise comparisons and based on
expert judgments. The experts compare the selected
criteria and decide on the score of each criterion in
comparison to another one. In other words, the row
variables are compared together pairwise and given
weights. The comparison and weighing are recorded
in a K × K matrix. The pairwise comparison is done
based on weighing the row variable against the column variable with the weighing scores ranging from
1 to 9 in a form of linguistic expressions (Table 1).
It should be mentioned that the pairwise comparison matrix is an inverse matrix, meaning that if the
value of the row variable ‘a’ compared to the column variable ‘b’ equals two, the index values of the
row variable ‘b’ compared to the column variable ‘a’
equal 0.5 [24].
Different studies have combined the fuzzy method
with AHP to form hybrid methods under the umbrella
term FAHP to rank and weigh criteria and subcriteria. The current study used the FAHP method
introduced by Chang because it is easier to conduct
with precise results. As every type of error and incompatibility in comparisons can seriously influence the
final results, it is essential to corroborate the validity
of the expert panel’s responses and data. If the incompatibility rate is below 0.1, the comparisons are said
to be compatible, corroborating the responses of the
expert panel [25]. Hence, the incompatibility rates
of all pairwise comparison matrixes were measured,
and incompatible responses were removed from the
study.
After collecting the required information from the
expert panel and corroborating the validity of the data,
pairwise comparison matrixes were formed based on
the opinions of the expert panel. Various methods
have been introduced for measuring the mean matrix
and the relative weights of criteria and sub-criteria
such as the row sum, column sum, arithmetic mean,

TE

The fuzzy Delphi technique is a qualitative method
aiming to reach consensus over a group of people’s
decisions. In other words, it is used to extract the
majority opinions of a group of experts to reach a final
judgment regarding a specific topic [19]. The fuzzy
version of the Delphi method is a method in which
fuzzy numbers are employed to reach final judgments
based on experts’ opinions. The main advantage of
this method is its simplicity to reach consensus and
final decisions close to reality [20]. Therefore, the
fuzzy Delphi method was used in this study. The
selection of expert panel in the Delphi method is goaloriented and according to the knowledge, experience,
and expertise of experts in particular fields of study
[21]. Generally, an expert panel consisting of 10 to
18 experts will be enough to reach valid results [19,
20].

Numerical
weights

F

Linguistic expressions

D

5. The fuzzy Delphi method

Table 1
Linguistic expressions and their equivalent fuzzy weights

O
O

which the accuracy values of variables can be any real
number ranging from zero to one [18]. This method
is a robust instrument to fight against ambiguities and
mistrusts in people’s mental judgments and evaluations [16].
There are different types of fuzzy numbers with triangular fuzzy numbers being the most practical ones.
A triangular fuzzy number is shown as A = (l, m, u)
in which l, m, and u represent a fuzzy set. The upper
bound (u) is a maximum value that the fuzzy number
A can take. The lower bound is the minimum value
that the fuzzy number A can take. The ‘m’ value is
the most probable value of a fuzzy number [16]. The
membership function of a triangular fuzzy number is:
⎧
0,
x<l
⎪
⎪
⎪
⎪
⎨ (x − l)/(m − l), l ≤ x ≤ m
μÃ =
(u − x)/(u − m), m ≤ x ≤ u
⎪
⎪
⎪
⎪
⎩
0
x≥u
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ease, reaction to other people’s hygienic behaviors,
and health awareness and knowledge. Finally, the
exposure level component was comprised of work
environment conditions, contact level at work (distance), contact level at work (time), contact with
patients in the past 14 days, using transportation systems in the past 14 days, and presence in the crowds
in the past 14 days. It should be noted that the weights
of different conditions of each of the 18 factors were
measured and determined according to the opinions
of the expert panel using the fuzzy Delphi method
(Appendix).

O
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and geometric mean. In this study, the geometric
mean was used. To measure the weights of options in
this method, first, the mean of standard matrix rows
is calculated and then normalized. Next, the relative
weights of criteria and sub-criteria are measured, and
the most effective factors and sub-factors are identified [25]. In an AHP, the final weights of options are
calculated by multiplying the significance of criteria
by the weights of options. To do so, the hierarchical
combination principle is used, yielding a priority vector taking into account all the responses and opinions
of the expert panel in a hierarchical fashion [26].

5

8.2. FAHP results
7. Ethics approval

PR

After conducting the fuzzy Delphi method and
determining the structure of the COVID-19 risk
assessment framework and weighing different conditions of components, the FAHP was used to determine
the weights of components and their factors. In this
step, the AHP questionnaires were distributed among
the expert panel. The questionnaires were then collected, and the validity of every questionnaire and
pairwise comparison matrixes were corroborated by
analyzing the incompatibility rates, hence removing
invalid questionnaires. The mean fuzzy matrix and
final normalized weights of the four components as
well as their factors are presented in Tables 2–6.
The incompatibility rate of this matrix (Table 2)
was CRg = 0.008 and CRm = 0.004. The COVID-19
risk was calculated based on the determined weights
according to Equation 2:

D

The study program was approved by the
National Committee for Ethics in Medical Research
(IR.MUQ.REC.1399.228). All procedures for studies involving human participants were performed in
accordance with the ethical standards of the institutional and/or national research committee.
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8.1. Delphi Results
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In the Delphi phase of the study, 25 experts
including six risk assessment specialists, four epidemiologists, six health education specialists, four
infectious disease specialists, and five pulmonologists formed the expert panel. The mean and work
experience of the panel were 41.52 ± 6.38 and
8.72 ± 3.24 years, respectively. They all had a doctorate or higher degree.
The final results of the Delphi method showed that
the final risk rate was influenced by four components and 18 factors. The four components consisted
of the probability of getting sick (five factors),
disease severity (four factors), health beliefs level
(three factors), and exposure rate (six factors). The
results demonstrated that factors of the probability
component comprised ventilation condition of the
workplace, family conditions, working conditions of
other family members (family members living with
the person in the same house), hand hygiene, and caring about respiratory hygiene. The disease severity
component included age conditions, clinical symptoms and effects, susceptibility level, and access to
diagnostic tests. The health beliefs level component
consisted of belief in the infectious nature of the dis-

CVRI = 0.380E × 0.274P × 0.204S × 0.142B
(2)
CVRI: COVID-19 risk index
E: exposure
P: probability
S: severity, B: health beliefs
The incompatibility rate of this matrix was
CRg = 0.016 and CRm = 0.007 (Table 3). Based on
the observed results, the exposure level was measured
according to Equation 3:
Exposure =

(EWi × ei )
NE

(3)

ei The Score of exposure parameters
EWi Weight of exposure sub-factors
NE : Number of exposure sub-factors
The incompatibility rate of this matrix was
CRg = 0.002 and CRm = 0.0008 (Table 4). Based on
the observed results, the probability factor was mea-
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Table 2
The mean fuzzy matrix and final normalized weights of COVID-19 risk
Exposure

Exposure
Probability
Severity
Health beliefs

1.00
0.61
0.41
0.44

1.00
0.83
0.53
0.55

Probability
1.00
1.17
0.80
0.75

0.86
1.00
0.61
0.52

1.20
1.00
0.89
0.70

Severity
1.63
1.00
1.29
1.02

1.25
0.77
1.00
0.61

1.88
1.13
1.00
0.83

Health beliefs
2.44
1.63
1.00
1.22

1.33
0.98
0.82
1.00

1.83
1.43
1.21
1.00

Normalized weights

2.26
1.92
1.65
1.00

0.38
0.27
0.20
0.14

Table 3
The mean fuzzy matrix and final normalized weights of exposure level parameters
Contact
level at
work (time)

Using public
transportation
systems

Presence in the
crowds in
the past 14 days

Work
Normalized
environment
weights
conditions

3.47

1.75 2.82 3.86

0.30

0.61 0.71 0.91 1.00 1.00 1.00 0.93 1.34 1.83 1.25 1.77 2.20 1.46 2.13

2.73

1.54 2.22 2.82

0.22

0.46 0.58 0.83 0.55 0.75 1.08 1.00 1.00 1.00 1.10 1.45 1.71 1.21 1.79

2.29

1.37 2.19 2.94

0.18

0.42 0.53 0.77 0.45 0.57 0.80 0.58 0.69 0.91 1.00 1.00 1.00 0.84 1.20

1.65

1.13 1.62 2.02

0.12

0.29 0.39 0.64 0.37 0.47 0.69 0.44 0.56 0.83 0.62 0.85 1.21 1.00 1.00

1.00

1.25 1.94 2.56

0.13

0.26 0.35 0.57 0.35 0.45 0.65 0.34 0.46 0.73 0.50 0.62 0.88 0.39 0.51

0.80

1.00 1.00 1.00

0.05
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1.00 1.00 1.00 1.10 1.40 1.63 1.21 1.74 2.18 1.29 1.87 2.37 1.55 2.53

TE

Contact with
patients
Contact level at
work (distance)
Contact level at
work (time)
Using public
transportation
systems
Presence in the
crowds in the
past 14 days
Work environment
conditions

Contact
level at work
(distance)

F

Contact
with
patients

Table 4
The mean fuzzy matrix and final normalized weights of probability parameters

1.00 1.00 1.00
0.55 0.82 1.25

0.80
1.00

R
R

Family conditions
Working
conditions of
other family
members
Caring about
Respiratory
hygiene
Hand hygiene
Ventilation
condition of
work place

Working
conditions of other
family members

EC

Family
conditions

Caring about
Respiratory
hygiene

Hand
hygiene

Ventilation
condition of the
workplace

Normalized
weights

1.22
1.00

1.83
1.00

1.13 1.71 2.32 1.29 2.00 2.61 1.48
0.86 1.13 1.42 1.10 1.54 1.89 1.17

2.31
1.82

3.07
2.37

0.33
0.25

0.70

0.88

1.16

1.00 1.00 1.00 0.90 1.29 1.65 1.07

1.51

1.87

0.20

0.38 0.50 0.77
0.33 0.43 0.68

0.53
0.42

0.65
0.55

0.91
0.85

0.61 0.78 1.11 1.00 1.00 1.00 0.82
0.54 0.66 0.94 0.64 0.85 1.22 1.00

1.17
1.00

1.57
1.00

0.13
0.09

C

O

0.43 0.58 0.89

sured according to Equation 5:

sured according to Equation 4:

Probability =

(PWi × pi )
Np

(4)

pi : The Score of Probability Parameters
PWi : Weight of Probability sub-factors
NP : Number of Probability sub-factors
The incompatibility rate of this matrix was
CRg = 0.004 and CRm = 0.002 (Table 5). Based on
the observed results, the probability factor was mea-

Severity =

(SWi × si )
NS

(5)

Si : The Score of severity parameters
SWi : Weight of severity sub-factors
NS : Number of severity sub-factors
The incompatibility rate of this matrix was
CRg = 0.0002 and CRm = 0.00004 (Table 6). Based
on the observed results, the probability factor was
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Table 5
The mean fuzzy matrix and final normalized weights of disease severity parameters
Susceptibility
level
Susceptibility level
Clinical symptoms and effects
Access to diagnostic tests
Age conditions

1.00
0.58
0.44
0.34

1.00
0.68
0.54
0.44

1.00
0.88
0.73
0.64

Clinical symptoms
and effects
1.13
1.00
0.53
0.41

1.48
1.00
0.65
0.52

1.74
1.00
0.91
0.78

Access to
diagnostic tests
1.37
1.10
1.00
0.61

1.87
1.54
1.00
0.83

Age
conditions

2.29
1.89
1.00
1.22

1.55
1.29
0.82
1.00

2.28
1.92
1.21
1.00

Normalized
weights

2.95
2.47
1.65
1.00

0.47
0.34
0.14
0.06

1.00

1.00

1.00

1.07

1.42

0.59

0.70

0.94

1.00

1.00

0.50

0.63

0.91

0.61

0.87

Health awareness
and knowledge

Normalized
weights

1.69

1.10

1.59

1.99

0.48

1.00

0.79

1.14

1.61

0.29

1.28

1.00

1.00

1.00

0.23

D

PR

Reaction to other people’s
hygienic behaviors
Belief in the infectious nature of
the disease
Health awareness and knowledge

Belief in the infectious
nature of the disease

O
O

Reaction to other
people’s hygienic behaviors

F

Table 6
The mean fuzzy matrix and final normalized weights of health belief level parameters

TE

Fig. 2. Continuous variables changing into ordinal variables.
Table 7
Risk ranking
Definition

CVIR

Acceptable
Tolerable
Non-acceptable

≥0.63
0.63–0.73
0.73≥

EC

Level

9. Discussion

R
R

1
2
3

O

measured according to Equation 6:

C

Health Beliefs =

(BWi × bi )
NB

(6)

Bi The score of health beliefs parameters
BWi Weight of health beliefs sub-factors
NB : Number of health beliefs sub-factors
The result of all the above-mentioned matrixes was
a risk index ranging from 0.54 to 0.82. To rank the
risk in this study, three levels were introduced. The
three levels were introduced in the following manner
(Fig. 2):
Accordingly, the decision-making levels of
COVID-19 risk are depicted in Table 7 based on this
method.

The infectious COVID-19 outbreak has precipitated a worldwide health crisis in the current century
killing more than 2.5 million people across the world.
Since the onset of the COVID-19 pandemic, countries, and governments have to impose different types
of limitations to reduce the incidence of the disease.
Such limitations have caused global recessions with
economic consequences not fully unfolded yet. Generally, the incidence of COVID-19 has brought about
various hygienic, economic, social, cultural, and even
political effects on the countries around the globe
[27].
Assessing the risk of infectious diseases with a
biological nature is a key step for taking protective
and preventive health measures to control and manage pandemics [14, 28]. The risk assessment process
of biological dangers and infectious diseases, such as
COVID-19, is different from the risk assessment process of other harmful factors in work environments
conducted thus far [4, 5]. Therefore, this study aimed
to develop an assessment method for the risk of infectious diseases focusing on COVID-19 based on the
fuzzy Delphi method and fuzzy analytical hierarchy
process (FAHP). Accordingly, the study followed two
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(0.06). Various studies have revealed that COVID19 presents graver threats to people using Cortone
and people with cardiovascular diseases, pulmonary
complications, and congenital immunodeficiency
disorders. Likewise, cancer patients, patients undergoing chemotherapy, people with chronic kidney
diseases, people suffering from diabetes, and the
elderly (particularly more than 50 years of age) have
been reported to be more susceptible to COVID-19
with more severe symptoms [33, 34].
As for the health beliefs component, the highest
weight indexes were observed in reaction to other
people’s hygienic behaviors (0.48) and belief in the
infectious nature of the disease (0.29). The lowest weight index belonged to the health awareness
and knowledge factor (0.23). People’s responsibility
towards and awareness of appropriate personal and
public health in a pandemic period is a key parameter
affecting health beliefs and culture in societies. Past
studies have proved that societies with appropriate
health awareness and knowledge can react more efficiently to pandemics and hence control them more
successfully [35].
All components and their relevant factors are
among the most effective variables affecting the
incidence of infectious diseases such as COVID-19
across the world. Thus, focusing on the abovementioned parameters and trying to develop a
practical risk assessment algorithm, the current study
sought to optimally assess COVID-19 risk and hence
emphasize appropriate, practical measures needed to
be taken in work environments to prevent the spread
of the disease. This study is the first of its kind trying to present a scientific, accurate, and practical
method for assessing COVID-19 risk in work environments. Accordingly, the findings of this study can
result in a fresh and innovative approach to assessing
the risk of infectious diseases in work environments.
The limitation of the study was the impossibility of
implementing appropriate interventionist measures
in the research design and evaluating the efficiency
of the introduced risk assessment method due to time
boundaries. Consequently, it is suggested that future
studies include a large sample size in their research
design and evaluate the effectiveness of this fuzzy
risk assessment method in managing COVID-19 risk.
Furthermore, designing and development of a risk
assessment method for infectious diseases based on
more parameters and variables can be considered in
future studies. These parameters can be specific to
the type of infectious disease or application of risk
assessment method.
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aims: (1) develop a method for assessing the risk
of biological dangers in work environments with a
high COVID-19 risk, and (2) use a precise, scientific,
and practical approach such as FAHP to identify and
determine risk levels in work environments.
The results of the study revealed that the final
risk level is under the influence of four components
(probability, disease severity, health belief level, and
exposure rate) and 18 relevant factors. The normalized weights of the four components were found to be
0.27, 0.20, 0.14, and 0.38, respectively. These findings demonstrate that the most important component
for COVID-19 risk is the exposure rate. The highest normalized weight indexes in the exposure rate
component belonged to the following factors: contact with COVID-19 patients (0.30), contact level
at work (distance) (0.22), and contact level at work
(time) (0.18). The lowest normalized weight index
belonged to the work environment conditions. Previous studies have demonstrated that the factor of
contact with COVID-19 patients is the most important risk factor for COVID-19. The exposure level
component is the main reason behind posing a real
risk to the healthcare personnel [29, 30]. It has been
shown that individuals’ contact level with colleagues
and clients at the workplace is another significant risk
factor for COVID-19 as the highest incidence rate has
been recorded in those occupations in which there is
a high contact level in terms of distance and time with
other people [31].
The highest weight indexes in the effective factors of the probability component belonged to family
conditions (0.33), working conditions of other family
members (0.25), and caring about respiratory hygiene
(0.20). The lowest weight, however, belonged to the
ventilation condition of the workplace (0.9). Previous
research has reported that among the most effective
factors in preventing the spread of the disease and
reducing the number of deaths are the living condition of the people in the household, the degree to
which individuals care about health issues, and the
contact level of individuals with other people around
them at the workplace. Respiratory hygiene has been
also mentioned by the WHO together with social distancing, hand washing, and mask-wearing as the most
effective strategies to prevent the spread of COVID19 [32].
The factors with the highest weight indexes
observed in the disease severity component were
susceptibility to COVID-19 (0.47) and clinical symptoms and effects (0.34). The lowest weights belonged
to access to diagnostic tests (0.14) and age conditions
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10. Conclusion

Supplementary materials

The results of this study demonstrated that the final
COVID-19 risk is affected by four components and 18
relevant factors including probability (five factors),
disease severity (four factors), health beliefs level
(three factors), and exposure rate (six factors). Given
the significant effects of identified components, factors, and parameters on the incidence of COVID-19 in
work environments and the benefits of using the Delphi method and FAHP, the proposed risk assessment
method in this study can be considered an effective
method for the optimal management of COVID-19
risk.

The appendix is available from https://dx.doi.org/
10.3233/WOR-220084.
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Risk assessment of novel coronavirus COVID-19 outbreaks
outside China. Journal of clinical medicine. 2020;9(2):571.
Ozdemir Y, Gul M, Celik E. Assessment of occupational
hazards and associated risks in fuzzy environment: A
case study of a university chemical laboratory. Human
and Ecological Risk Assessment: An International Journal.
2017;23(4):895-924.
Eisler R. Handbook of chemical risk assessment: Health
hazards to humans, plants, and animals, three volume set.
2000.
Burdorf A, Porru F, Rugulies R. The COVID-19 (Coronavirus) pandemic: Consequences for occupational health.
Scandinavian Journal of Work, Environment & Health.
2020;46(3):229-30.
Carvalhais C, Querido M, Pereira CC, Santos J. Biological
risk assessment: A challenge for occupational health and
safety practitioners during the COVID-19 (SARS-CoV-2)
Pandemic. Work. 2021(Preprint):1-11.
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