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organizations such as hospitals and nurses are at the front line of hospitals’ response to
bioterrorism. This study examined nurses’ preparedness against bioterrorist attacks and
related factors.

Materials and Methods: This cross-sectional study included 529 nurses from 9 hospitals
in North Khorasan Province, Iran. A questionnaire with three dimensions, knowledge,
risk perception, and personal preparedness, was used to collect data. The scores for
preparedness in the three dimensions and the total score were calculated based on 100
points.

Results: The Mean+SD scores of knowledge, risk perception, personal preparedness and
the total score were 3.57+11.33, 85.95+8.10, 14.95+29.47 and 37.74+6.84, respectively.
There were positive statistical relationships between knowledge and female gender
(P<0.001), holding a bachelor’s degree (P<0.001) and receiving bioterrorism training/
exercises (P<0.001). Also, there were positive relationships between risk perception
and female gender (P<0.05) and holding a master’s degree or higher (P<0.001). In
addition, there were positive statistical relationships between personal preparedness and
female gender (P<0.05), holding a bachelor’s degree (P<0.001), receiving bioterrorism
training (P<0.05) and work experience (P<0.001). Finally, there were positive statistical
relationships between total score of preparedness and female gender (P<0.001) and
receiving bioterrorism training/exercises (P<0.001).

Conclusion: Findings revealed that nurses’ risk perception scored relatively high, but
their knowledge and personal preparedness were alarmingly low. This finding suggests

Keywords: . that while nurses recognize the potential threats posed by bioterrorism, they may lack the
Bioterrorism, Emergency . training to respond effectively. Based on the results of our study, the preparedness of the
preparedness, Nurse, Disasters, . studied nurses toward bioterrorism was low, and various factors contributed to it. Because
COVID-19 . of nurses’ lack of knowledge, bioterrorism training is highly recommended.
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Introduction

oday, bioterrorism has drawn the attention

of organizations active in responding to

emergencies and disasters in any society

[1, 2]. Various types of biological agents

that can be used in a biological attack, the
difficulties in discovering cases of bioterrorism, and,
more importantly, mass casualties in some instances
of biological attacks made their management difficult
and challenging [3-5]. A scenario about the origin of
the COVID-19 pandemic that affected more than seven
million healthcare fatalities all over the world indicated
that it was a bioterrorist attack. The pandemic experi-
ence showed how bioterrorism might be dangerous and
destructive [6, 7].

Among organizations active in responding to emergen-
cies and disasters, the role of hospitals in response to bio-
terrorism is essential. Most of the actions to mitigate the
damages of bioterrorism, detect and identify attacks, an-
nounce early warnings, prevent the spread of the agents
and the increase of infected people, take care of the in-
jured, and treat them are performed in health facilities
[8, 9]. Among different health facilities, hospitals are the
focal point of operations for responding to bioterrorist
attacks and treating casualties [10]. In hospitals, clinical
staff, such as nurses, play a significant role in responding
to bioterrorism [11, 12].

Studies on past incidents showed that nurses had faced
many challenges and problems when responding to bio-
terrorist incidents [13-15]. Concerns about health and
family and lack of personal protective equipment are
some of their challenges [16]. A study on the willingness
of nurses to report at work in emergencies and disasters
showed that among the three scenarios of earthquake,
flood, and epidemic of an unknown infectious disease,
the lowest willingness was related to the epidemic.
Concerns for personal and family safety were the main
reason for their reluctance [11]. Preparing nurses before
confronting bioterrorism attacks is necessary, as this
preparation positively affects their responses and abil-
ity to manage such situations [12]. Identifying the level
of nurses’ preparedness toward bioterrorism and related
factors is the first step in developing interventions to
enhance preparedness. Preparedness for emergencies,
in general, and bioterrorism, in particular, necessitates
addressing different dimensions, including knowledge,
attitude, and practice.

Iilealthin
Emergencies and [dlisasters (0luarterly

Most studies in this field focused on some, but not all
dimensions. One of these studies examined nurses’ and
doctors’ knowledge and attitudes toward bioterrorism in
the emergency department of hospitals in Ghana by using
qualitative methods [17]. A cross-sectional study inves-
tigated nurses’ preparedness against biological incidents
and bioterrorism in public hospitals in Saudi Arabia [18].
This study measured nurses’ necessary knowledge and
skills to manage biological disasters. Ghahremani et al.
assessed the impact of simulation versus workshops on
nursing students’ knowledge and practical skills about
bioterrorism preparedness [19]. Their research involved
40 nursing students randomly assigned to either work-
shop or simulation groups. Data collection tools included
questionnaires, a bioterrorism knowledge scale, and a per-
formance measurement checklist. The workshop group
scored lower than the simulation group in various knowl-
edge and performance areas. The study focused solely on
knowledge and skills, not preparedness attitudes.

In contrast to Ghahremani’s study, Khoshnudi et al.
examined the impact of education on knowledge and at-
titude [20]. Through a quasi-experimental study, they as-
sessed the effects of bioterrorism education, delivered by
two different methods—Ilectures and booklets—on the
knowledge and attitudes of 80 nursing staff of a military
hospital. A significant increase in the knowledge score
of the lecture group was observed. Conversely, there was
no statistically significant difference in attitude scores of
the lecture and booklet groups [20]. Practice, as a di-
mension of preparedness, was neglected in Khoshnudi’s
study. The present study examined nurses’ preparedness
against bioterrorist attacks and related factors to bridge
the knowledge gap in this crucial field.

Materials and Methods

The current study has a cross-sectional design.
Participants and sampling

The study aimed to estimate hospital nurses’ prepared-
ness against bioterrorist attacks. To this end, a sample
size 529 was determined using PASS software, version
23.0.2 considering an effect size of 0.1, a type I error
of 0.05, and a test power of 0.9. The sample was cho-
sen from 9 public hospitals in North Khorasan Province,
Iran. A stratified sampling method was used in this study.
Every hospital was considered a stratum and nurses were
chosen by random sampling. They could participate in
the study if they had at least one year of work experi-
ence. Moreover, no exclusion criteria were applied.
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Data collection tool

Since a comprehensive questionnaire was not found or
available that simultaneously measures all three dimen-
sions of nurses’ preparedness against bioterrorist attacks,
a mixed questionnaire was designed by merging the di-
mensions of two questionnaires: One used in Hamzeh
Pourur’s study and the other in Rebmann’s study [21,
22]. The first part measured participants’ knowledge
about bioterrorist attacks through 30 yes/no questions.
One score was given to the “yes” option and zero to the
“no” option. The second dimension was the risk percep-
tion of biological attacks. This dimension consisted of
six items on a 5-point Likert scale (strongly agree=4,
agree=3, neither agree nor disagree=2, disagree=1 and
strongly disagree=0). The third dimension consisted of 9
items, with yes/no options, which measured study partic-
ipants’ actions to prepare against bioterrorism. One score
was given to the “yes” option and zero score to the “no”
option. Scores of each dimension were transformed to a
scale of 100. The mean scores of the three dimensions,
knowledge, risk perception and personal preparedness,
were considered total preparedness. Since all dimen-
sions’ minimum and maximum scores were 0 and 100,
the midpoint (50) was used as the cutoff. Scores of 50
or above were considered a high level of preparedness,
while scores below 50 indicated a low level.

To assure the validity of the questionnaire, the content
validity ratio (CVR) was calculated using the opinions of
10 experts. The value of CVR for all questions was more
than 0.62, which confirmed the validity of the question-
naire. Internal consistency was evaluated by calculat-
ing the Cronbach a coefficient, equal to 0.82, meaning
acceptable consistency. The reliability was assessed by
test re-testing a sample of 30 participants. The estimated
intraclass correlation coefficient (ICC) was 0.91, which
indicated the reliability of the questionnaire.

Data gathering

One of the researchers went to the target hospitals where
the sample individuals worked, distributed the question-
naires and collected the completed questionnaires.

Data analysis

The data were analyzed using descriptive statistics,
including Mean+SD, frequency and percentage. Also,
the Mann-Whitney, Spearman and Kruskal-Wallis tests
were performed for inferential statistics.
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Results

The response rate was 47%. Demographic information
of participants is shown in Table 1.

Most participants were married women, with a 10+6.50
mean of working years and had a bachelor’s degree. The
majority of studied nurses had permanent employment
contracts. Only 1.5% attended bioterrorism prepared-
ness exercises.

According to Table 2, knowledge obtained the low-
est (3.57£11.33) and risk perception the highest score
(85.95+8.10) of the maximum possible score (100).
Scores of all dimensions except perception were below
50 (midpoint).

As shown in Table 3, there was a statistically signifi-
cant relationship between gender and all dimensions of
preparedness against bioterrorism attacks. Women were
more prepared than men in all dimensions (P<0.05).
The results showed a statistically significant relation-
ship between the level of education and preparedness
in terms of knowledge, risk perception, and personal
preparedness (P<0.001). Study participants with a bach-
elor’s degree obtained higher scores on knowledge, risk
perception and personal preparedness than those with a
master’s degree or higher.

Work experience had an inverse statistically significant
relationship with the dimension of personal prepared-
ness. The participants with more work experience had
less personal preparedness (P<0.001). Furthermore,
there was a significant relationship between training
and participating in bioterrorism exercises with different
dimensions of preparedness (P<0.001). Those who had
previously attended bioterrorism preparedness courses
had higher scores on knowledge and personal and total
preparedness against bioterrorism. Moreover, those who
participated in bioterrorism exercises had significantly
higher knowledge and total preparedness scores.

The findings showed a statistically significant re-
lationship between the dimensions of bioterrorism
knowledge and risk perception and the dimension of
personal preparedness. Those with higher knowledge
and risk perception had higher personal preparedness
(P<0.001) (Table 4).

Discussion

The current study showed that the least preparedness
against biological attacks was in the knowledge dimen-
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Table 1. Demographic information of participants
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Variables

MeantSD/No. (%)

Years of work experience
Female
Gender
Male
Single
Marital status
Married
Permanent
Employment status Temporary
Others
Bachelor’s degree

Education level
Master’s degree and higher

Yes
Bioterrorism training
No
. . Yes
Bioterrorism preparedness
exercises
No

10.09+6.5
330(62.4)
199(37.6)
174(32.9)
355(67.1)
247(46.7)
136(25.7)
146(27.6)
371(70.1)
158(29.9)
16(3)
513(97)
8(1.5)

521(98.5)

sion, and the level of knowledge was much lower than
the average (3.57 out of 100). These findings are consis-
tent with other studies, such as the study of Hartwig et
al. in the USA and Gorji et al. in Iran [23, 24]. The find-
ings of Gorji et al. showed that 91.7% of study partici-
pants had inadequate knowledge about bioterrorism, and
93.3% had a low attitude towards bioterrorism [24]. The
weakness and absence of specific courses on bioterror-
ism in nursing curricula and the lack of continuous oc-
cupational training can be the leading causes of this issue
[25]. Because the direct relationship between knowledge
and preparedness to work during pandemics and biologi-
cal attacks has been well proved in previous studies [26],

Table 2. Mean scores of preparedness dimensions
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it is necessary to design and implement special training
programs to increase nurses’ knowledge of bioterrorism.

The present study shows that women are significantly
more prepared for bioterrorist attacks than men, con-
sistent with Lee and Kim’s study investigating nurses’
preparedness against bioterrorism and related factors in
hospitals in South Korea [25]. The reason might be the
increased involvement and engagement of female staff
in educational programs on disaster preparedness, re-
sulting in higher preparedness, as claimed by Hamzeh
Pour and Khajehnasiri [27]. They examined the impact
of education on the knowledge and attitudes of bio-
logical sciences students regarding bioterrorism. Their

Dimension of Preparedness MeanzSD
Knowledge 3.57+11.33

Risk perception 85.9548.1
Personal preparedness 14.95+29.47
Total preparedness 37.74+6.84

Iilealthin
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Table 3. Relationships between dimensions of preparedness and demographic information of study participants

Dimen- Personal
Demo- . i i
: sions of Knowledge Risk Perception Preparedness Total Preparedness
graphic Prepared-
Variables p MeantSD P MeantSD P MeantSD P MeantSD P
Male 0.65t4.13 85+7.05 14.46+30.98 36+4.35
Gender <0.001' 0.045" 0.025" <0.001'
Female 5.34+13.68 86.5218.63 15.25+28.56 38.79t7.79
Marital Married 3.4549.89 86.19+7.55 0 37.78+6.46
stZ?ui 0.471° 0.571° 0.815° 0.312°
Single 3.83+13.83 85.45+9.13 14.94+28.78 37.6417.58
Bachelor’s ) 64413, 85.0448.95 19.97+33.08 38.5147.85
Education degree . . . .
evel Master’s <0.001 <0.001 <0.001 0.103
degreeand  0.61+2.6 88.1+5.05 3.16+11.96 35.91+2.74
higher
I Yes 26.87+29.8 88.12+10.46 30.55+28.54 53.58+12.54
"i;ir;‘i’r:'gsm <0.001" 0.355" 0.003" <0.001"
No 2.85£9.42 85.88+8.02 14.46+29.39 37.2445.96
Bi°te"°”§_m Yes 54.58+21.45 90+13.8 18.05+23.71 65.33+3.70
s or <0.001° 0.210° 0.121° <0.001°
cises No 2.799.13 85.89+7.99 14.9+29.57 37.3145.95
Permanent  5.88+15.26 85.4518.01 13.27+27.36 38.3618.13
Employ-  porary  2.04$596  0290°  863747.03 01745 172343415 0270° 36.95:471 09745
ment Status
Others 2.28+6.3 86.4749.29 15.97+28.63 37.4816.07
Years of
work experi- - 0.162° - 0.083* - <0.001° - 0.476°
ence

I3lealthin
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"The Mann-Whitney U test, The Kruskal-Wallis test, “The Spearman test.

study results indicate that although the mean knowledge
scores of male and female students were similar before
the intervention, the scores for female students increased
significantly, suggesting greater engagement of female
participants in the educational program [27].

The current study had a negative statistical relationship
between work experience and preparedness. People with
more years of service are less prepared. The findings of
Grimes and Mendias also show such a relationship [28].

They investigated the intention of nurses to respond to a
bioterrorist attack in a situation with a risk of infection
for themselves and their families. They asked the study
participants to express their intention to take care of a
patient who was the victim of a bioterrorist attack on a
10-point Likert scale. They found a positive relationship
between knowledge about bioterrorism and experiences
of working in emergencies of infectious diseases and
the intention to take care of the victims. Those who had
children and more years of work experience were less

Table 4. The relationships between different dimensions of preparedness

Dimensions of Pre- Knowledge Risk Perception Personal Preparedness
paredness Correlation 5 Correlation o Correlation I
. P . . P . P
coefficient coefficient coefficient
Knowledge 1.000 - -0.061 0.161 0.265 <0.001
Risk perception -0.061 0.161 1.000 - 0.246 <0.001
Personal preparedness 0.265 <0.001 0.246 <0.001 1.000 -

®The Spearman test.
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likely to respond to a bioterrorist attack [28]. The lower
preparedness of long-term employees might be related
to the gradual loss of the knowledge and skills acquired
during academic studies over time and the lack of moti-
vation or ability to prepare and respond to emergencies
due to work pressure and personal and family respon-
sibilities. However, Fohrman et al. found a significant
relationship between service years and bioterrorism pre-
paredness. Work experience contributes to skill develop-
ment [29]. Differences in context and study environment
may explain the inconsistency.

In our study, a negative relationship was observed be-
tween the level of education and preparedness, which is
consistent with the findings of some other studies [30-
32]. One of them evaluated the knowledge, skills, and
personal preparedness of military healthcare workers for
participating in global health emergency missions in the
USA [31]. The study participants’ knowledge, skills, and
individual preparedness were average. The results of re-
gression analysis showed that six variables had a statisti-
cally significant relationship with preparedness: Disaster
and bioterrorism training, disaster experience, education
level, work experience, and experience of participat-
ing in global health missions. The relationship between
education level and preparedness was inverse [31]. The
reason might be that nurses holding bachelor’s degrees
are the leading target group and participants in training
courses and bioterrorism exercises.

In comparison, nurses with a higher level of education
are usually senior nurses and have managerial positions,
making them reluctant to participate in such programs.
Therefore, they lack knowledge and, consequently, pre-
paredness for bioterrorist attacks. The negative relation-
ship between education level and preparedness could also
be rooted in the particular nature of bioterrorism [32].

Contrary to our study, a systematic review that sought
to synthesize the literature on preparedness for disaster
response among nurses found that higher academic qual-
ifications are related to increased preparedness for disas-
ters [33]. This finding could be attributed to the distinc-
tion among biological attacks, man-made incidents, and
natural disasters. The present study focused on bioterror-
ism, but the systematic review encompassed all disaster
types. The unknown nature of biological attacks and the
ensuing uncertainty tend to leave individuals, regardless
of their educational background, ill-prepared for such
instances. Academic training can have little impact on
their preparedness.

Iilealthin
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The current study shows a statistically significant re-
lationship between bioterrorism training and exercises
with preparedness, which is consistent with the findings
of Crane et al. [34]. They investigated the preparedness
and willingness of healthcare workers to respond to bio-
terrorist attacks and related factors in a state of the USA.
Of 2279 study participants, 50.54% were nurses; only
32% of nurses declared their willingness to participate in
a biological attack response operation. Gender, race, and
training/exercise on bioterrorism were predicting factors
for preparedness. Logistic regression analysis indicated
that the preparedness chance of trained healthcare work-
ers on bioterrorism was 2.86 times more than others [34].
Educational programs enhance knowledge and contrib-
ute to increased preparedness. Chang and Kim’s study
proved this claim, too. Through a quasi-experimental
study, they examined the effect of training on bioterror-
ism on nurses’ knowledge, attitude, and competencies
to respond to bioterrorist attacks in South Korea. They
held 10 training sessions using mobile phones for the ex-
perimental group for three weeks and found significant
differences between the experimental and control groups
in all three dimensions of preparedness. Post-test after
the intervention showed that the experimental group had
higher knowledge, attitude, and competencies than the
control group [35].

In the present study, there was a statistically significant
relationship between knowledge risk perception and
personal preparedness, similar to Setyawati et al. and
Yousefi et al. [36, 37]. Setyawati et al. aimed to deter-
mine the factors affecting the preparedness of hospital
nurses in Bangkok, Thailand, and found a significant
relationship between the knowledge of disasters and the
level of preparedness [36]. Yousefi et al. also observed
a similar relationship. They conducted a systematic re-
view of Iranian studies and declared that the levels of
knowledge and performance of nurses towards disasters
were average, and their attitude level was high [37]. The
reason might be rooted in the fact that higher knowledge
leads to better performance and preparation [38].

One of the strengths of the present study is its multi-
center nature. The study participants were chosen from
nurses from 9 hospitals in a province’s cities. Moreover,
all dimensions of preparedness, including knowledge,
attitude, and practice, were studied. The practice has not
been studied in many studies in this field. One limitation
of the study was the low response rate. However, we ex-
plained the study’s benefits to the target group and tried
to convince them to participate.
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Conclusion

In total, the preparedness of the studied nurses against
bioterrorism was low. Various factors are related to
preparedness, knowledge being the main one. It seems
that the relationship of other factors with preparedness
is affected by knowledge. It determines the relationship
between other factors and preparedness. Therefore, it is
strongly recommended that, due to the very low level
of knowledge, appropriate educational interventions
and exercises be designed and implemented to increase
nurses’ preparedness against bioterrorism. The train-
ing programs should be continuous and comprehensive
and include all nurses, particularly senior nurses. Future
studies should investigate the effect of different methods
of training and exercises on the preparedness of different
employees, not only nurses but also doctors.
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