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ABSTRACT
Background: The individual Behavior-based vulnerability to COVID-19 imposes risk of
underestimation without objective evaluation. This study aimed to develop a tool for behavior-based
risk of exposure to droplet infection (REDI) during COVID-19 pandemic. Methods: Initial REDI
was developed with four domains (precautions for direct droplet infection, precautions for indirect
droplet infection, precautions in a shared shelter, and precaution in health facilities), then validated
through an online cross-sectional study among 608 non-health facilities’ workers/clients (NHF), 201
clients in health facilities during last month (CIHF), and 386 workers in health facilities (WIHF).
Results: The final model confirmatory factor analysis indicated a good fit of the model [χ2/df =
(1.45-1.86), GFI＝ (0.90-0.96), CFI＝ (0.89-0.96), RMSEA = (0.036-0.048)] among NHF, CIHF,
and WIHF with Cronbach’s values 0.82, 0.80, and 0.87, respectively. Perceived/measured REDI
was 0.28/0.66 (±0.20/0.22) in 72.2% of participants. Conclusion: REDI tool is valid and reliable for
COVID-19 behavior-based risk identification.
Keywords: COVID-19; Confirmatory factor analysis; Infection precaution; Risk of exposure to

droplet infection; Tool development.
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Introduction

The coronavirus disease 2019 (COVID-19)
has become the priority of the global health
agenda in 2020. COVID-19 first emerged as a
respiratory-infectious epidemic in Wuhan,
China, in December 2019 (Tian et al., 2020).
At lightning speed, within 3 months, COVID-
19 had spread to more than 114 countries,
recording more than 18,000 cases and killed
more than 4,000 people. Consequently, WHO
declared COVID-19 a pandemic on March 11,
2020 (WHO, 2020a). Till the time of writing
this paper, the global number of cases and
deaths of COVID-19 are increasing; the latest
number of infected people exceeds 4.7 million
with the number of mortalities over 316,000
(WHO, 2020b). Although the global society
has previously treated with global health
emergencies including Ebola virus in 2014,
Swine Flu in 2009, and SARS in 2003, the

battel against novel Coronavirus (COVID-19)
has yet shown that the global society is not
fully armed to face such health emergency
outbreak. COVID-19 pandemic is a public
health emergency and humanitarian challenge;
COVID-19 has affected not only health but
also the economic and geopolitical aspects.

Asepsis is fundamental even if either is
there a vaccine for COVID-19 or confirmed
treatment; those are not substituting. The
meticulous adherence to the “precautionary
principle” in epidemiology is the best solution
for the individual to decrease the chance of
exposure to infection. If one of the preventive
measures is left out, the risk of infection is still
present (Baral et al., 2020; Machida et al.,
2020). Despite the potentially harmful
consequences for individuals and the public
health of COVID-19, non-adherence to its
control measures was reported.

In the time of widespread use of social
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media and fear from pandemic novel disease
with unknown treatment, non-adherence could
be unintentional when many myths and fake
news were falsely adopted as a base for the
prevention and management of COVID-19
infection (Chesser et al., 2020; Pollak et al.,
2020). For instance, making errors during
donning and doffing personal protective
equipment (PPE) can easily result in
contamination and infection (Aven & Bouder,
2020). Furthermore, to change health behavior,
providing information is not enough: the
primary motives to maximize the adherence to
a new health behaviour is the individual’s
awareness of the degree of threat severity on
his/her life (Yamamoto & Bauer, 2020) and to
how much being susceptible to get the risk
(Jose et al., 2020). As the perceived risk is a
subjective estimation (Lifshitz et al., 2016),
both underestimation of actual threat and
therefore inappropriate degree of defensive
behaviour can occur.Hence, the development of
a tool by which people can correctly identify
and reform their errors and deficits in
precautionary behaviors during the COVID-19
pandemic is of great importance.

For the evaluation of the COVID-19 threat,
there are various tools in the form of online
surveys or mobile applications were developed
and are in-use. Most of these tools focus on the
existing hazard communication by either
tracking the affected cases or diagnosing a
probable risk of the respondents based on the
provided health information (Chatterjee et al.,
2020). To enhance COVID-19 protective
behavior, information has been disseminated
over the world through various official
platforms. Notably, the self-evaluation of
COVID-19 protective behavior didn’t get
enough heed.

Based on the available evidence, COVID-
19 can be transmitted by direct respiratory
droplets and indirect droplets presented on
surfaces, person-to-person contact, and
probably airborne routes (MacIntyre &
Chughtai, 2020). Accordingly, the individual
risk of exposure to droplet infection during
COVID-19 could be comprehensively
evaluated through the followed precautionary
behavior for direct droplet infection (e.g.
maintaining social distancing and wearing a
face mask) and indirect droplet infection (e.g.

frequent hand washing hands with soap or
alcohol, using diluted cholerine and soap, or
exposing the items to heat, and avoiding
touching eyes, nose, and mouth with unwashed
hand or items) (WHO, 2020e).

Importantly, there are two additional
specific groups of precautions that should be
adopted. The first one is related to people in a
shared shelter; they should consider the area
between the entrance and the living space as a
“buffer zone” in which they can get rid of
probable viral contamination in their outerwear,
shoes, and any other items. The second one is
to the persons who deal with a medical facility
by either working in or using it. Health care
facilities have to adopt internal administrative
policies to be followed by their staff and users
to prevent cross-contamination (WHO, 2020c).
Patients attending outpatient or inpatient
departments are at risk if they or their health
care providers are not adherents to such rules
(2020c; Yang et al., 2020). These regulations
should be more specified for hot areas (e.g.
emergency triage, radiology department),
procedures (e.g. tracheal intubation and
respiratory aerosols), and interdepartmental
communication (Mostaghimi et al., 2020;
Noble et al., 2020; Pichi et al., 2020; Samiee
et al., 2020).

Aim of the Study
The present study aimed to develop a

comprehensive simple self-evaluative tool for
the behavior-based risk of exposure to droplet
infection (REDI) among non-health facilities’
workers/clients (NHF), clients in health
facilities during last month (CIHF), and
workers in health facilities (WIHF) during the
time of the COVID-19 pandemic.

Methodology of Tool Development

Target population: The tool is designed to
utilized in a broad range of age (adult and
geriatric), and population categories (NHF,
CIHF, and WIHF). The age started from 16
years old.

Sample size: For factorial analysis, there is
no shortage of recommendations the suggested
minimums for sample size include from 3 to 20
times the number of variables and it is
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preferred to be of 6 times (Mundfrom et al.,
2005).

As the first version of the tool consisted of
30, 38, and 42 items for NHF, CIHF, and
WIHF categories, the minimum required
sample size were collected by multiplying the
number of variables to 6 with sample sizes at
180, 228, and 252, respectively. However, the
collected samples exceeded that numbers.

Study design: cross-sectional research
design.

The tool was developed through 4 stages:

Stage1. Items formation and selection

The first version of the tool was developed
after an in-depth review of COVID-19 related
protective precautions in health facilities and
the general community as recommended by
WHO and the results of related published
evidence. We created the items of the REDI
tool based on the knowledge, behavior, and
practice conceptualization, with four sub-
concepts: 1) precautions to the direct droplet
infection, 2) precautions to the indirect droplet
infection, 3) precautions in a shared shelter,
and 4) precautions in health facilities that
targeted CIHF (either in inpatient or outpatient
units) or WIHF (either medical or non-medical
staff). Accordingly, the tool was designed
differently according to three categories of
people; NHF, CIHF, and WIHF. The initial
version of the tool consisted of 30, 38, and 42
items for NHF, CIHF, and WIHF categories,
respectively.

Understanding and Legibility among the
age range of 16 years old to the geriatrics either
for public or for those who were in contact with
any health facility (clients, medical-surgical
staff, critical care practitioners) in a month
prior to the study. For health care workers, the
indicative items related to emergency triage,
inpatient precautions and the recommended
administrative rules in health care services
were carefully stated.

As a self-evaluative tool, the questions were
answered on a true/false basis with an
additional “Not sure” option. The correct
answer coded as “zero” item risk and the
incorrect one encoded “one” for risk, with
higher scores indicating higher REDI.

Stage2. Content validity

In terms of content validity, a panel of 5
experts in medical and nursing education was
asked to individually evaluate the preliminary
tool items for appropriateness,
representativeness, and explicitness using a
three-point Likert scale (1 to 3): 1= should be
deleted, 2= relevant but an adjustment is
required, and 3= relevant, clear, and precise.
Some experts advised us to collect some items
into one. Items with a mean score of less than
two were deleted resulting in 20, 25, and 32
items for NHF, CIHF, and WIHF categories,
respectively (second version of REDI tool).

Stage3. Data collection

This was a cross-sectional study conducted
online over 40 days (from 11 April to 21 May
2020) because of the difficulty to collect data
by interviewing people during the COVID-19
pandemic.

The samples were of snow-ball type;
relying on social media platforms, the
invitation to participate in the study was
posted/reposted to Facebook groups. The
authors searched for and posted the invitation
in social groups containing words like “youth,
help, medical, Nurse, doctors, hospital, clinic,
medical consultation”. This poster contained a
brief introduction about the objective,
procedures, voluntary choice of participation,
declarations of confidentiality, and notes for
filling in the tool, as well as the link of the
online tool for each tool category. In the same
poster, there was a special link for each group
category to enable every participant to fill the
related tool form. Persons who were aged 16
years or more, could read in Arabic, and agreed
upon the posted invitation to participate in the
study were instructed to fill in the tool
according to his/her category via clicking the
link. The online tool form permitted the
participant to view his/her incorrect answer
with a commentary brief paragraph for the
items that require justifications or knowledge.
Eventually, a convenience sample of 1,195
participants was recruited (608, 201, and 386
for NHF, CIHF, and WIHF, respectively). Men
and women were nearly equally represented;
47.6% were male. The age of participants
ranged from 16 to 71 years old (34.6± 10.5).
About 71.9 % of participants reported
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university education or higher (Table 1). In the
WIHF group, the participants from nursing
and medical staff accounted for 61.4 % and
16.8 %, respectively. The subjectively
perceived self-risk of exposure to droplet
infection were requested in percentage from
the respondents with a question: “Based on
your protective behaviors against COVID- 19
infection, to what extent do you perceive
yourself safe from exposure to infection?”.
However, it was reported from only 863
(72.2%) in all participants.

Stage4. Factorial validity, internal consistency,
and reliability:

Factorial validity was investigated by using
the confirmatory factor analysis (CFA) for each
tool of each category separately. At first, CFA
was conducted and items that yielded a factor
loading value less than 0.4 were eliminated
from the tool unless there was a theoretical
significance. After that, the goodness of fit for
the REDI tool of each population category was
testified. The goodness of fit of each model to
its data was determined using multiple
indicators. The model was fit if the goodness of
fit index (GFI) > 0.850, the adjusted GFI
(AGFI) > 0.800, and the root-mean-square
residual (RMSR) <0.050. To examine the
internal reliability, inter-subscales correlations
were obtained with Cronbach’s alpha
coefficient. The SPSS Version 21.0 statistical
software was used for the descriptive analysis,
goodness of fit analysis, and Cronbach’s alpha
reliability tests while the CFA was conducted
using AMOS 20.0 statistical software.

Results and Discussion:
Confirmatory factor analyses were

conducted for the second version of the REDI
tool of each category to evaluate items’ loading
values for deletion. All items loading > 0.40
were maintained in addition to three items in
NHF category (loading from 0.35 to 0.38)
(Figure 1), eight items in CIHF population
(loading from 0.31 to 0.38) (Figure 2), and nine
items in WIHF category (loading from 0.31 to
0.38) (Figure 3). The resulting tool consisted of
16 items distributed across three domains:
precautions for direct droplet infection (6items),
precautions for indirect droplet infection (5
items), and precaution in a shared shelter (5

items) for the NHF population. The same items
and domains were included for the other
population categories with an additional
fourth domain for precaution in health facilities
which contained four and nine items for CIHF
and WIHF, respectively (Table 2).

Confirmatory factor analyses represented a
good fit to the model as indicated by RMSEA,
the RMS (standardized residual), GFI, AGFI,
Non-Normed Fit Index (NNFI), and Normed
Fit Index (NFI). The X2 values for the three
models of the three categories remained
significant, probably due to the effect of large
sample size and small discrepancies (Table 3).

The correlation coefficients among the
latent variables (domains) ranged from 0.35 to
0.72 in the NHF group (three domains), 0.35 to
0.72 in the CIHF group (four domains), and
0.33 to 0.78 in the WIHF group (four domains).
The error variances of the items in NHF
(Figures 1), CIHF (Figures 2), and WIHF
(Figures 3) were (0.75 to 0.96), (0.52 to 0.91),
and (0.60 to 0.96), respectively. There is no
negative error variance or large error variances
appeared. Regarding the internal consistency,
the value of Cronbach’s a for the REDI tool in
the NHF category (N = 608) was 0.82 while it
was 0.80 in the CIHF category (N=201) and
0.87 in the WIHF category (N=386).

Subjective perceived REDI was reported
from 863 (72.2%) participants and it was
0.28±0.20, and 89.5% of them reported that
they were frequently exposed to COVID-19
information from official sites. However, the
measured REDI for them was 0.66±0.22.
Importantly, the reported risk was the highest
among NHF (0.31±0.20) whereas the measured
REDI scored the highest in CIHF (0.70±0.19)
and WHIF (0.69±0.20) (Table 4). These results
implied that the utilization of the REDI tool
could uncover the masked orunidentified items
of risk for COVID-19 infection.

Finally, Domains of (precautions to the
direct droplet infection, precautions to the
indirect droplet infection, and precautions in a
shared shelter) are represented in the first 16
items and to be used NHF population.
Population of CIHF and WIHF have the same
previous items of the 3 domains with additional
fourth domain for precaution in health facilities
which included four items for CIHF and nine
items for WIHF (Table 5).
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Table 1. Basic characteristics of the study participants:

N %
Age (years) < 30 396 33.1%

30 - < 40 480 40.2%
40 -< 50 212 17.7%
50 -< 60 76 6.4%
≥ 60 31 2.6%

Mean ± SD 34.6±10.5
Male 569 47.6%
Level of education Read & write/primary 41 3.4%

Secondary 295 24.7%
University and more 859 71.9%

Taking news from official sites 1070 89.5%
Non-health facilities’ workers/clients (NHF) 608 50.9%
Clients in health facilities (CIHF) 201 16.8%
Workers in health facilities (WHF) 386 32.3%

Table 2. Domains and items of the Risk of Exposure to Droplet Infection tool:
Precautions of direct droplet infection

1. Everywhere in public: safe social distance
2. Wear approved face-covering
3. face-covering: right donning
4. face-covering: Right doffing
5. Hand washing after doffing face-covering
6. Avoid face to face opposition in a shared close unsafe spacePrecautions of indirect droplet infection
7. Public contact without precautions*
8. Right handwashing
9. avoid touching the three (mouth, nose, and eye) with unclean hand/item.
10. Wash hand after any sharing places or services
11. Using the recommended killers of virus (temperature or cleansers)Precautions in a shared shelter
12. Using any ordinary household cleansers to kill the virus*
13. Buffer zone
14. Taking off shoes before entering
15. Taking off the outerwear before touching anything
16. Hand washing before touching anything at homePrecautions in health facilities for Clients
1. On entrance: face covering is obligatory.
2. Starting with measuring body temperature asking about symptoms of infection
3. The health care providers wear personal protective equipment
4. Safe social distance

Precautions in health facilities for health workers
1. For all (workers and non-workers): face-mask is obligatory inside hospital, as tolerated.
2. No attendance of workers with fever or respiratory symptoms
3. Frontline triage-staff on hospital entrance
4. the interdepartmental contact communication is prohibited
5. Isolated cases have to wear mask if they are going to go outside the isolation area
6. Disinfection after any transfer of the infected/suspected cases
7. Isolation room/area for conduct with the confirmed/suspected COVID-19 cases
8. Strict protection during procedures possibly associated with respiratory droplets
9. In-work gathering for food or relaxation*
*item is reversely stated.
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Table 3. The goodness of fit statistics for comparative models of the REDI tool across three
population categories*
X2 df P CM/DF RMSEA RMS GFI AGFI NNFI NFI CFI

NHF 174.74 98 <0.001 1.78 0.036 0.01 0.96 0.95 0.91 0.95 0.96
CIHF 229.54 158 <0.001 1.45 0.048 0.01 0.90 0.87 0.73 0.87 0.89
WIHF 513.26 266 <0.001 1.93 0.049 0.01 0.90 0.88 0.81 0.88 0.89
*The model for each category represents factors, correlated factors, and error covariances.
NHF= non-health facilities’ workers/clients; CIHF= clients in health facilities; WIHF= workers

in health facilities; RMSEA = Root Mean Squared Error of Approximation; RMS =
standardized residual, GFI = the Goodness of Fit Index; AGFI = Adjusted Goodness of Fit
Index; NNFI = Non-Normed Fit Index; NFI = Normed Fit Index; CFI = Comparative Fit
Index.

Figure 1: The measurement model of the REDI tool for non-health facilities’
workers/clients
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Figure 2: The measurement model of the REDI tool for clients in health facilities
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Figure 3: The measurement model of the REDI tool for workers in health facilities

Table 4. Mean percentages of perceived and measured risk of exposure to droplet infection
among study participants

Perceived riskMean ±
SD

Measured riskMean
± SD

NHF (N=507) 0.31±0.20 0.64±0.23
CIHF (N=141) 0.29±0.21 0.70±0.19
WIHF (N=215) 0.24±0.15 0.69±0.20
All participants (N= 863) 0.28±0.20 0.66±0.22
NHF= non-health facilities’ workers/clients; CIHF= clients in health facilities; WIHF= workers
in health facilities.
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Table 5. English Version of Behavior-based Risk of Exposure to Droplet Infection Tool
during COVID-19 pandemic

Please read each statement and circle the answer that describes your practice during the last month
by either yes or no, or not sure.

1. while in public, do you commit to the safe social distance (one meter or more)?
2. Do you wear the approved face-covering type by the trusted health organizations?
3. Do you wear the mask with gaps left around the nose or put it down to the mustache for rest?
4. Do you take off the face mask starting from front of the face to back?
5. Do you wash your hands after taking off the face mask?
6. Do you always keep your face away from the face of others in a shared close unsafe space such as in

medical examination or transportation?
7. Do you shake hands with people?
8. Do you include whole hands with friction for 20 seconds when washing them with soap or rubbing them

with alcohol?
9. Do you avoid touching your hands or things like the phone to the three (mouth, nose, and eye) before

washing or sanitizing it?
10. Do you wash your hands after dealing with anything shared with others either places (such as medical

clinics - toilets) or things (such as banknotes – paper files)?
11. Do you use the recommended virus killers such as (soap - diluted chlorine - alcohol 60% - exposure to a

temperature of 56 degrees Celsius or higher)?
12. Do you use other household methods to kill the virus, such as using vinegar, or the refrigerator?
13. Do you take a little space in the entrance to your house in which you deal with your belongings by

disinfection or disposal before entering the house?
14. Do you take off your shoes before entering the house?
15. Do you gently take off your outerwear before touching anything at home?
16. Do you avoid touching anything at home before washing or disinfecting your hands?
If you visited a health facility for health checkups or hospitalization during the last month, please
continue here.
1. Did the medical facility ask you to wear the face mask before entrance?
2. Was your temperature measured and were you asked about any flu-like symptoms before any contact with

you?
3. Was the health care provider who dealt with you wearing the personal protective equipment?
4. Did the medical facility commit to the distance between the people (such as the waiting area, the

emergency beds, and inpatient beds)
If you worked in a health facility during the last month, please continue here.
1. Does the medical facility / department obligate everyone (workers and patients) to wear a medical mask as

soon as it enters (as tolerated)?
2. Did the medical facility prohibit the attendance of any worker with fever or respiratory symptoms?
3. Was there a frontline triage-staff on hospital entrance to find out the suspected COVID-19 cases?
4. Have you replaced face-to-face communication in reports, follow-ups, etc., to be all via phone or messages,

unless it is insufficient?
5. In the event that a COVID-19 case goes outside his/her isolation area: Is he/she obligated to wear a medical

mask, as tolerated?
6. If a confirmed and suspected COVID-19 case is transferred from one department to another or for an

examination such as x-rays: Is disinfection of contact surfaces done immediately afterwards?
7. Did the conduct with COVID-19 cases is done in isolation area?
8. Did you wear the recommended personal protective equipment during procedures possibly associated with

respiratory droplets?
9. Did you meet up with your colleagues for food or a little relaxation while in the medical facility?
-Reproduced/translated with the author's own permission, contact Email: shriefsayed@mu.edu.eg
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Conclusion and Recommendation:

To the best of our knowledge, this is the
first study to develop and validate a simple
individually comprehensive evaluative tool for
the REDI during the COVID-19 pandemic. Our
work resulted in three population-specific self-
evaluative tool-categories; the first 16 items
(three domains) for all populations with an
additional fourth domain for precaution in
health facilities which included four items for
CIHF and nine items for WIHF (Table 5). The
final evaluation of the tool showed good
content validity and reliability by a cross-
sectional online-based study.

Practical Use of the REDI tool:

This tool is primarily developed for a
comprehensive evaluation of personal and
interdependent preventive behavior against the
REDI of COVID-19. Still, it can be used for the
educative and behavior reforming method as it
may alarm the person of his/her wrong
practices or precaution’s deficiency. Further,
the REDI tool emphasizes the interdependent
role of COVID-19precautions’ adherence to
health facilities. The tool can be also utilized
for other respiratory epidemic diseases
transmitted by direct and indirect droplet
infection. We suggest that the REDI tool can be
easily distributed through online surveys or
phone applications everywhere to help people
evaluate and reform their behavior to prevent
infection. To be used in another context, the
tool needs further validation in groups speaking
other languages and in other cultures. This tool
can be also utilized by all health care workers
and especially by nurses from all categories (e.g.
medical-surgical, geriatric, community,
administration) as an evaluative and
educational measure either in public or in
health care facilities.

Study strengths and limitations:

Of note, this study included some
limitations that should be addressed. First,
participants were recruited from people using
internet social media; the pros and cons of
using online surveys were described elsewhere
(Arafa et al., 2019). Although our sample

could be well-representative for NHF, CIHF,
and WIHF regarding their sociodemographic
characteristics, the possibility of selection bias
cannot be excluded. Despite these limitations,
this study was conducted during a phase of
ongoing progressive increase of cases and
deaths related to the COVID-19 pandemic, thus,
it can uncover errors and deficits in protective
behaviors.
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