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Background: The gravity point of all management systems in the new approach of global 
worldwide standards includes management and assessment of risks and opportunities. 
Although the spread of COVID-19 as a global pandemic has threatened the health of the 
workforce and caused catastrophic human and economic consequences, the occurrence 
of this global challenge has also created opportunities to pay more attention to the risk 
assessment of biological harmful agents in the workplace. Therefore, this study was 
designed and implemented to analyze the risk of COVID-19 based on fuzzy logic.

Materials and Methods: This cross-sectional and descriptive-analytical study was 
conducted in 5 hospitals and health-treatment centers in Qom City, Iran (2019). The study 
sample included 247 employees of these medical centers. The risk assessment of COVID-19 
is based on the rapid COVID-19 hazard analysis (RCHA) technique in which the risk level 
is calculated based on the three components of disease probability, consequence severity, 
and health belief level. Also, the data were analyzed using fuzzy logic.

Results: The results of the fuzzy analysis of COVID-19 risk in these medical centers 
showed that the studied subjects were placed in five risk levels, including 10.5, 16.25, 
26.75, 38.5, and 56.0. These results revealed that the group of nurses is at the highest 
risk of COVID-19 compared to the other seven groups working in medical centers. The 
definite risk of COVID-19 among people in this group was calculated at four levels equal 
to 16.25, 26.75, 38.5, and 56.0.

Conclusion: The results of fuzzy analysis of COVID-19 risk indicated that the three groups 
of nurses, patient carriers, and ward services have the highest risk, respectively. Therefore, 
these groups should be prioritized in providing suitable solutions to prevent this disease.
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1. Introduction

ith the official announcement of the 
COVID-19 pandemic by the World 
Health Organization (WHO) on 
March 11, 2020, many efforts and 
studies have been made to identify 

the origin of this viral disease, the ways of infections, 
and the methods to prevent it, the treatment mecha-
nisms, as well as the development of a vaccine for the 
virus and it is still under research. The main volume 
of all kinds of studies in the world due to COVID-19 
is known as the largest challenge of the century for 
public health, international economy, and national and 
even the international policies in most fields [1-3].

Today, modern global standards and management sys-
tems establishing and implementing these standards 
show that identifying potentially harmful risks and 
sources, along with the risk assessment of the occur-
rence of an event or disturbance caused by the actu-
alization of these risks, is one of the crucial steps in 
the implementation and optimal establishment of man-
agement systems based on novel worldwide standards 
and perhaps the vital goal of establishing these systems 
is for of the sustainable development and continuous 
improvement. The results of the establishment of new 
structures governing the management of systems, in-
cluding production and service organizations, show 
that the main consequence of identifying and assessing 
the risk of dangers that threaten the health and safety 
of human resources as the main base of a system will 
cause the success of that organization and leads to its 
continuous productivity. Therefore, according to the 
main consequence of the COVID-19 pandemic, which 
affects people’s health, safety, and life, taking any ac-
tion to reduce the risk of COVID-19 can improve the 
efficiency and effectiveness of a working system and 
can return organizational productivity to the initial 
conditions before the outbreak of pandemic [4-7].

COVID-19 threatens the health of human resources 
as the critical pillar of job societies. It has a high vi-
ral speed; therefore according to global statistics until 
January 2, 2021, it has infected 84 480 308 people and 
has caused the death of 1 837 569 people in the world 
in less than a year. Therefore, based on these terrible 
statistics, one should try to reduce the risk of viral in-
fection by using different methods [8, 9].

Although in various working places, different meth-
ods have been developed to analyze the risks threaten-
ing the health and safety of people and assets in the 

working regions, most of these methods and techniques 
are based on dangers and harmful physical, chemical, 
and ergonomic factors in the working area which is 
known as the most common sources of high risk in 
the work environments to date. The risk analysis of 
biological hazard sources, such as the causative agent 
of COVID-19 is very different from the risk analysis of 
ergonomic, chemical, and physical dangers that have 
been used in manufacturing and service industries and 
organizations to date. Due to the existence of standard 
values for exposure to most risks (ergonomic, chemi-
cal and physical), one of the most common methods of 
risk analysis of these hazards includes measuring the 
level of exposure to ergonomic, chemical and physical 
risks by quantifying them and determining the amount 
of individual environmental exposure, and comparing 
the measured values with the standard and permissible 
limits of exposure to these risks [10, 11]. If the risk as-
sessment and analysis of exposure to different types of 
biological risk sources are based on factors, such as the 
hazard potential of the biological agent, the sensitivity 
of the exposed person or persons, the ability to cause 
disease and damage by the biological agent, the stabili-
ty of the biological agent in the exposure environment, 
the access status to primary preventive and therapeutic 
care, as well as the level of preparedness of the ad-
vanced medical system of that society about the source 
of biological risk and other factors [12], in addition, 
the risk of contracting diseases related to harmful bio-
logical factors using a qualitative or semi-quantitative 
method can often be estimated and analyzed.

According to the previously mentioned cases, the 
spread of COVID-19 to the working area based on dif-
ferent studies and reports in which the various effects 
of the COVID-19 on the health of workers have been 
pointed out [12-15], Mohammadfam and Mirzaei Ali-
abadi (2020) presented a technique to assess the risk 
of exposure of workers to this disease called, rapid 
COVID-19 hazard analysis (RCHA) [16]. The tech-
nique developed in this study included the analysis of 
COVID-19 risk based on three parameters, including 
the severity of the outcome, the level of the person’s 
health attitude, and the probability of infection. In this 
technique, qualitative and semi-quantitative risk as-
sessment methods have been used to estimate COV-
ID-19 risk [17]. Therefore, to quantify COVID-19 risk 
and reduce or eliminate the errors caused by using peo-
ple’s opinions, this study was designed and conducted 
to analyzing COVID-19 risk based on fuzzy logic.

W
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2. Materials and Methods

Participants

This study was a cross-sectional and descriptive-
analytical survey that was conducted in the health and 
treatment sector as the crucial occupational environ-
ment facing the risk of COVID-19 (2019). This study 
is based on the quick risk analysis technique of CO-
VID-19 designed by Mohammadfam and Mirzaei Ali-
abadi (RCHA) [16] and using fuzzy logic.

Population

The people evaluated in this study were selected from 
the employees working in 5 hospitals and treatment cen-
ters as the crucial occupational environment with the risk 
of COVID-19. The sample size was calculated for this 
study based on the results achieved by Mohammadfam 
et al. (2020) [17], considering the unlimited population 
and the error level of 0.04, including 228 people. Ac-
cording to the selection of samples from 5 hospitals and 
medical centers, proportional distribution sampling or 
classification sampling was used to select the number 
of samples. The factors influenced the study included at 
least one year of work experience and exposure to pa-
tients and companions of patients with or suspected of 
having COVID-19. The exclusion criteria for this study 
included insufficient satisfaction to participate in the 
study. To increase the power of the study and also to pre-
dict the withdrawal of some samples from the study, the 
number of samples that entered the study was 10% more 
than the calculated sample and included 251 people.

Fuzzification of rapid COVID-19 hazard analysis 
(RCHA)

The rapid analysis technique of COVID-19 risk has es-
timated the risk level based on three components, such 
as the probability of the disease, the level of the individ-
ual’s health belief, and the severity of the consequences. 
The probability of disease component is divided into four 
levels from low to very high, the health belief level com-
ponent is divided into four levels from weak to excellent, 
and the consequence severity component is divided into 
six acceptable to catastrophic levels (Table 1) [16]. 

As is common in many risk assessment methods, 
including the method used in this study, the opinion 
of the assessors about the levels of the main compo-
nents of the risk level is usually expressed in the form 
imprecise, inconclusive, and ambiguous linguistic 
expressions, and this makes it difficult to analyze and 

summarize the results [18]. In these cases, quantifying 
the results with the definite scoring methods is faced 
with ambiguity caused by the judgment of people, and 
on the other hand, the changes in the value of linguistic 
expressions are ignored by converting them into num-
bers, and as a result, the subjective judgment of people 
and the choice of priorities have a great impact on the 
results [19]. Since fuzzy logic is a very useful tool to 
measure ambiguous concepts related to people’s men-
tal judgments [18], as a result, it is a powerful tool suit-
able to overcome the mentioned problems and makes 
it possible to obtain more accurate information in the 
form of verbal expressions [20, 21]. Therefore, based 
on the objectives of this study, to weight and quantify 
the mentioned levels for the three main components of 
the risk level, instead of using definite numbers used 
in the study by Mohammadfam and Mirzaei Aliabadi 
[16], triangular fuzzy numbers were used.

Fuzzy logic is a form of multi-valued logic that is used 
to apply the concept of partial correctness so that the val-
ues are between completely true and completely false. 
This theory is a strong tool to deal with the ambiguity 
and uncertainty of human judgment and evaluation in 
decision-making. According to fuzzy logic, fuzzy logic 
and fuzzy numbers are used instead of Aristotelian log-
ic and classical numbers to value a phenomenon [22]. 
Therefore, in the present study, triangular fuzzy numbers 
were used instead of definite numbers to score different 
levels of the three components of the risk level. Fuzzy 
numbers have different types, the most useful of which 
are triangular fuzzy numbers. A triangular fuzzy number 
is represented as A= (l, m, u) where l, m, and u are defin-
ing a fuzzy set. The upper bound, denoted by u, is the 
maximum value that the fuzzy number A can take. The 
lower limit indicated by l is the minimum value  that the 
fuzzy number A can take. The value of m is the most 
probable value of a fuzzy number.

By definition of risk, the characteristics of the type of 
job, workplace, and risk specification are used for the 
proper estimation and interpretation of the evaluators 
of probability, consequence, and intensity components. 
People’s workplaces were in six levels one to six and the 
risk characteristics according to the risk definition in-
cluded 5 characteristics A, B, C, D, and E (Table 2) [16, 
17]. Relying on the fuzzy analysis of COVID-19 risk, 
the final number or index is obtained from the product 
of these three components of probability, consequence, 
and intensity and has a range between 1.25 and 73.5. 
According to this, the absolute COVID-19 risk is based 
on three levels of risk, including level 1 or acceptable 
(1.25-1.5), level 2 or tolerable, but the need to take cor-
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rective actions and solutions (12.25-5.0) and level 3 or 
unacceptable (25.73-0.5) was divided.

3. Results

A total of 247 employees from five hospitals and 
medical centers participated in this study. The studied 
people include eight groups of doctors and specialists 
(21 people), superintendent (16 people), ward services 
(21 people), receptionist and secretary (19 people), 
nurses (115 people), porters (25 people), and labora-
tory experts (23 people) and Computerized Tomogra-
phy (CT) scan expert (7 people). The Mean±SD age 
and work experience of these people were 36.27±8.42 
and 7.58±4.20 years, respectively. The evaluated people 
included 57.1% women and 42.9% men; 40.1% of the 
studied people were single and 59.9% were married. 
The results of the survey on the level of education of 
the people studied in these health and treatment centers 
showed that almost one-fifth of the people studied had 
a post-secondary education or less (24.7%), 41.7% had 
a bachelor’s degree, and more than 20% had a master’s 

degree (21.5%) and more than 10% had a doctorate and 
specialty education (12.1%). Also, 14.6% of the studied 
subjects had a history of smoking (Table 3).

The findings of the analysis of COVID-19 risk based 
on fuzzy logic in the studied medical centers showed 
that the studied people were placed in five risk levels, in-
cluding 10.5, 16.25, 26.75, 38.5 and 56. The highest and 
lowest frequency of COVID-19 risk was related to the 
risk levels of 16.25 and 10.5 with 31.98% and 12.15%, 
respectively (Figure 1).

Level of definite COVID-19 risk vs percent (red) 
and frequency (blue) 

The evaluation of the results obtained from the cal-
culation and analysis of COVID-19 risk based on 
fuzzy logic showed that of the 247 people studied, 
12.15% were at an acceptable risk level, about one-
third (31.98%) of the people in tolerable risk level and 
more than half of them (55.87%) are in unacceptable 
risk level. These results showed that the highest lev-

Table 1. Levels of probability, health belief, and severity of the consequence of COVID-19 in the Rapid COVID-19 Hazard 
Analysis (RCHA) technique

Fuzzy WeightContingencyBelief LevelFuzzy WeightConsequence Severity

1, 1, 2LowExcellent1, 1, 2Acceptable

1, 2, 3MediumGood1, 2, 3Low

2, 3, 4HighMedium2, 3, 4Medium

3, 4, 4Very highWeak3, 4, 5Severe

5, 6, 6Catastrophic4, 5, 6Critical

Table 2. Workplace levels and hazard specifications

Workplace Levels in the RCHA Technique

Level 1: Single room without close communication
Level 2: Single room and little contact with clients/colleagues

Level 3: Roommate with one person and mostly low contact with clients/colleagues
Level 4: Single room and lots of interaction with clients/colleagues

Level 5: Roommate with one person or more, lots of communication with clients/colleagues
Level 6: Work in the hall/shed and close contact

Risk Characterization in the RCHA Technique

A person with a history of dry cough or chills or sore throat with shortness of breath with or without fever cannot be explained by 
another etiological factor.

A patient with fever or respiratory symptoms(of any severity)
Have a history of close contact with a probable/definite case of COVID-19, within 14 days before the onset of symptoms.

Medical staff
A combination of two or more of the above

RCHA: Rapid COVID-19 Hazard Analysis.
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el of COVID-19 risk belongs to the group of nurses 
with a definite risk level of 56.0. The lowest level of 
COVID-19 risk was related to six groups of medical 
doctors and specialists, supervisors, receptionists and 
ward secretaries, laboratory experts and CT scan ex-
perts with a definite risk level equal to 5.10.

The results of fuzzy analysis of COVID-19 risk re-
vealed that the group of nurses is in four risk levels and 
seven other groups, including groups of doctors and 
specialists, supervisors, ward services, receptionists and 
secretaries, patients’ carriers, laboratory experts and CT 
scan experts, each of them is in two risk levels. In the 

group of medical doctors and specialists, 8 people faced 
a risk level of 10.5 and 13 people faced a risk level of 
16.25. The level of COVID-19 risk was estimated 10.5 
for 7 people from the group of supervisors and 16.25 for 
9 people. In the service group, 6 people faced a risk level 
of 16.25 and 15 people faced a risk level of 38.5. The 
level of COVID-19 risk in 8 and 11 people in the recep-
tionist group was calculated 10.5 and 16.25, respectively. 
In the patients’ porters group, 11 people faced a risk level 
of 26.75 and 14 people faced a risk level of 38.5. Five 
laboratory experts and 2 CT scan department experts 
have a definite COVID-19 risk equal to 10.5. In addi-
tion, the level of COVID-19 risk was estimated 16.25 for 

Table 3. Descriptive information of the studied people

Mean±SD/No.(%) Variables 

36.27±8.42 Age (y)

7.58±4.20History (y)

141(57.1)Women 
Sexuality 

106(42.9)Men 

99(40.1)Single 
Marital status 

148(59.9)Married 

61(24.7)Associate degree and less

Education 
103(41.7)Bachelor’s degree

53(21.5)Master’s degree

30(12.1)Medical doctors and specialties

36(14.6)History of smoking

Soltanzadeh et al. Risk Analysis of COVID-19 Infection. HDQ. 2022; 8(1):55-64
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18 laboratory experts and 5 CT scan department experts. 
Calculating the COVID-19 risk based on fuzzy logic in 
the group of nurses with four different risk levels showed 
that 17 people face a risk level of 16.25 and 21 people 
face a risk level of 26.75. This analysis showed that the 
definite risk level of COVID-19 was calculated as 38.5 
for 33 people and 56.0 for 44 people (Table 4).

4. Discussion

The results of various studies have shown that the 
spread of the COVID-19 has caused countless chal-
lenges in the human, economic, social, and even po-
litical fields. Its prevalence reduced the level and rate 
of organizational productivity, including the effective-
ness of providing products and services, and directly 
and indirectly caused all kinds of damage to the human 
resources of organizations [14, 23]. Due to its high con-

tagiousness and the need to provide various types of 
medical services in treatment centers and hospitals, one 
of the crucial centers of COVID-19 risk includes these 
centers [24, 25]. Previous findings have shown that the 
epidemic of viral diseases, in addition to infecting work-
ers, can also affect the job performance of people in the 
workplace and cause them unable to perform their job 
duties. Also, the physical and mental effects of these 
diseases can have a lasting impact on people’s general 
health and lead to the accidents and injuries in the work-
place. Therefore, protecting the physical and mental 
health of employees is essential to control this pandemic 
and reduce the risk of contracting it [26, 27]. The results 
of Mohammadfam et al.’s study in three occupational 
environments, including bank, postal and medical cen-
ter employees, showed that the level of COVID-19 risk 
is high for all the people studied [17].

Table 4. Results of analysis of COVID-19 risk based on fuzzy logic in the studied subjects(n=247)

Definite
Risk Level 

Fuzzy Risk 
Level

Consequence
Severity

Belief
LevelContingencyWorkplace

(Level 1-6)

Hazard Charac-
teristic (A, B, C, 

D, E)

Job/Work-
place

10.55, 6, 245, 6, 61, 1, 21, 1, 26E
Medical doctors 
and specialists 16.255, 12, 365, 6, 61, 2, 31, 1, 25E

16.255, 12, 365, 6, 61, 2, 31, 1, 26E

Nurses group
26.755, 24, 545, 6, 61, 2, 31, 2, 36E

38.510, 364, 725, 6, 62, 3, 41, 2, 36E

56.020, 54, 965, 6, 62, 3, 42, 3, 46E

10.55, 6, 245, 6, 61, 1, 21, 1, 26E
Supervisors 

group
16.255, 12, 365, 6, 61, 2, 31, 1, 26E

16.255, 12, 365, 6, 61, 2, 31, 1, 26E
Ward services 

group
38.510, 364, 725, 6, 62, 3, 41, 2, 36E

10.55, 6, 245, 6, 61, 1, 21, 1, 26DReceptionist 
and secretary 

group 16.255, 12, 365, 6, 61, 2, 31, 1, 26E

26.755, 24, 545, 6, 61, 2, 31, 2, 36D
Patients carriers 

group
38.510, 364, 725, 6, 62, 3, 41, 2, 36E

10.55, 6, 245, 6, 61, 1, 21, 1, 25D
Laboratory 

experts group
16.255, 12, 365, 6, 61, 2, 31, 1, 25E

10.55, 6, 245, 6, 61, 1, 21, 1, 25ECT scan experts 
group

16.255, 12, 365, 6, 61, 2, 31, 1, 25E
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Although Mohammadfam and Mirzaei Aliabadi in 
their studies have designed, presented, and implemented 
RCHA to screen people suspected of COVID-19 disease 
in work environments [16, 17], the review of these stud-
ies and attention to the types of the consequences and 
direct and collateral damage caused by COVID-19 show 
that the error of diagnosis and human estimation can ex-
ist in this risk assessment, despite the qualitative assess-
ment and semi-quantitative estimation of COVID-19 
risk based on this method can lead to a good estimate of 
COVID-19 risk. Therefore, this study was designed and 
implemented with the approach of applying fuzzy logic 
and based on RCHA in medical environments.

The results of this study indicated that more than half of 
the people studied are at high risk of COVID-19. Findings 
stated that the combination of fuzzy logic and RCHA can 
help or lead to a more accurate estimate of exposure to 
COVID-19 risk. The results of the fuzzy analysis of CO-
VID-19 risk showed that the lowest and highest definite 
risk estimates were equal to 10.5 and 56.0. These results 
revealed that the group of nurses has the highest risk of 
COVID-19 compared to the other seven groups work-
ing in the studied medical centers, including the group 
of doctors and specialists, supervisors, ward services, re-
ceptionists and secretaries, patients’ carriers, laboratory 
experts, and CT scan experts. These results showed that 
the definite COVID-19 risk in nurses is 16.25, 26.75, 
38.5, and 56.0 in four levels. In addition, they indicat-
ed that after group of nurses, group of patient carriers 
with a definite risk level of 26.75 and 38.5 as well as the 
group of ward services with a definite risk level of 16.25 
and 38.5 respectively, have the highest COVID-19 risk. 
Therefore, it shows that the risk of COVID-19 in these 
three occupational groups in medical centers is very high, 
and due to the high prevalence of it, protective and health 
measures should be taken according to the risk level for 
these three groups. In addition, these three groups should 
be prioritized in the design and implementation of vari-
ous strategies to reduce COVID-19 risk. In addition, the 
results of Schröder’s study (2020) show that despite the 
low lethality of the COVID-19 compared to other viral 
and infectious diseases, such as Severe Acute Respira-
tory Syndrome (SARS) and Middle East Respiratory 
Syndrome (MERS), the risk of this disease is high due 
to its high contagion power in environments with high 
communication possibilities. Therefore, implementing a 
risk assessment program in which parameters, such as 
time of exposure to the source (for example, infected 
people), and distance to the source can lead to measures 
that causes a reduction in the incidence of this disease 
[28]. Also, the results of Chatterjee’s study (2020) show 
that the development of a risk assessment tool is very 

useful for creating awareness and decision-making, and 
the results of this assessment can be very effective for the 
response and the management of COVID-19 [29].

Based on the findings as well as the purpose of design-
ing and implementing in this study, which included the 
analysis of COVID-19 risk based on fuzzy logic, the 
use of fuzzy logic according to the instructions provid-
ed can act as a suitable complement to the technique 
of quick analysis of the risk of COVID-19, therefore 
this approach can be used as a simple, fast, low-cost 
and high-accuracy method to assess COVID-19 risk 
for various purposes, including the screening of work-
places for COVID-19 to determine priorities to design 
and implement corrective measures as well as a crite-
rion for macro-management decisions.

5. Conclusion

The results of the study indicated that the use of fuzzy 
logic to assess the COVID-19 risk based on the devel-
oped method (RCHA) can lead to an acceptable and ap-
propriate estimate of it, especially in high-risk jobs, such 
as working in medical centers. Also, the results of the 
fuzzy analysis of COVID-19 risk demonstrated that it was 
higher for the three groups of nurses, patient carriers, and 
ward services. Therefore, in designing and implementing 
the necessary strategies to reduce COVID-19 risk, these 
groups should be prioritized for the COVID-19.
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