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Background: Previous research revealed a lack of comfort and knowledge regarding

nuclear and radiological events among medical staff. We investigated the awareness

and knowledge of radiological and nuclear events among the Japanese medical staff by

comparing differences by occupation (doctors, nurses, and other medical specialists).

Methods: We conducted a cross-sectional questionnaire survey among trainees

undergoing Japanese disaster medical training courses between July 2014 and February

2016. The differences by occupation were evaluated for all questions on awareness and

knowledge concerning disasters or radiological and nuclear events and demographics.

Results: Among the occupations, there were significant differences in the willingness to

work onsite based on the types of disaster, familiarity with the national disaster medical

response system, the accuracy rate of some knowledge about medical practice and

the risk, and demographic characteristics such as practical experience and educational

degree. The accuracy rates of responses to some questions on knowledge were very

low in all occupations.

Conclusion: There were significant differences in awareness and knowledge of

radiological and nuclear events by occupation. We believe that the results can be used

to develop and modify the content of training courses on radiological and nuclear events

to make such courses beneficial for each healthcare worker.

Keywords: radiological, nuclear, training, education, preparedness, occupation

INTRODUCTION

Although radiological and nuclear events are rare, preparedness for such events is necessary
because they can cause serious damage. Physical and mental health issues have been long-term
problems in the aftermath of nuclear accidents in Fukushima and Chernobyl (1–3). Moreover, the
Fukushima nuclear disaster caused severe damage to the economy, as industrial shipments from
Fukushima fell to 85% in 2011 (1). It also gave rise to social problems such as discordance in families
and communities (1). Therefore, in recent years, many countries have put in place preparedness
for chemical, biological, radiological, nuclear, and explosive (CBRNE) disasters. Such preparedness
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includes the construction of a network of biological dosimetry
(4), investigation of the equipment or systems required for
CBRNE disasters at hospitals and emergencymedical services (5–
7), and assessment of education and training for CBRNE disaster
response (8–10). The recent coronavirus disease 2019 (COVID-
19) pandemic also has the characteristics of a mass casualty, and
intensive care unit (ICU) preparedness to adequately address it
became an urgent global concern. Therefore, several guidelines
for planning and roadmaps that enable ICU preparedness have
been established (11–15). The COVID-19 pandemic was too
intense to manage, and most healthcare providers realized
the importance of preparedness. Efficient educational methods
relevant to CBRNE disasters are needed.

Japan has experienced some major radiological and nuclear
events, such as the FukushimaNo. 1 nuclear power plant accident
and the nuclear bomb detonations in Hiroshima and Nagasaki
(16). Japanese people are aware of the dangers of radiological
and nuclear events because there are 60 nuclear plants across the
nation, and 8 of these were in operation as of December 2021
(17), despite this country being seismically active. Japanese also
have anxiety about radiological and nuclear events based on the
Fukushima nuclear power plant accident experience and their
knowledge of the history of nuclear bombings.

Dallas et al. (18) conducted a questionnaire survey to
compare American and Japanese medical personnel’s willingness
to respond to, their familiarity with, and their relevant knowledge
of, radiological and contamination risks; they found that most
responders were still very uncomfortable with radiological and
nuclear events. The survey targeted people who participated
in various medical and disaster conferences and courses in
the USA and Japan. Compared to US respondents, Japanese
respondents were less likely to be willing to work in a dirty
bomb scenario (−27%) or treat casualties at their hospital
(−5.3%), respectively. Concurrently, they indicated that Japanese
respondents had insufficient knowledge about these events, such
as knowledge about personal protective equipment (PPE) or
internal radioactive contamination.

In Japan, the disaster medical assistance team (DMAT),
which consists of doctors, nurses, and logistics personnel, is a
nationwide medical system that is activated when large-scale
disasters occur. Although there are other disaster response
systems that consist of registered members, DMAT contains
the largest number of registrants. The DMAT training course
was modified following the Great East Japan Earthquake (19);
however, it does not contain educational content for CBRNE
disasters. This is because activities that need to be performed
during CBRNE disasters are distinctive and accompanied by
significant hazards for general healthcare workers. Therefore, it
would be effective to separate the training program for CBRNE
disasters from the normal disaster training course and to target
medical staff who are knowledgeable about the medical team’s
activities during normal large-scale disasters (20). Based on

Abbreviations: CBRNE, Chemical, Biological, Radiological, Nuclear, and

Explosive; COVID-19, Coronavirus disease 2019; DMAT, Disaster medical

assistance team; ICU, Intensive care unit; IRB, Institutional Review Board; PPE,

Personal protective equipment.

the different occupations, the DMAT training course includes
separate programs for doctors, nurses, and logistics personnel
because of differences by occupation in roles at disaster sites and
the educational basis (19). There might also be some differences
in the level of awareness or knowledge of CBRNE disasters by
different occupations.

Therefore, we conducted a survey of the Japan DMAT training
course trainees using the same anonymous questionnaire that
Dallas et al. (18).

This survey aimed to determine the level of awareness and
knowledge of radiological and nuclear events of medical staff
with interest in disaster medicine who were able to be the
main member to work in such disasters in Japan. We also
aimed to investigate the differences between doctors, nurses,
and other specialists. Moreover, we also investigated suggestions
for improvement of advanced CBRNE disaster education and
training courses, considering the different backgrounds of the
medical workers.

MATERIALS AND METHODS

We conducted a cross-sectional questionnaire survey. In this
survey, paper questionnaires were distributed to trainees who
participated in the Japan DMAT training course in Tokyo
(between July 2014 and February 2016) and Hyogo (between
September 2014 and February 2016). The trainees were hospital
medical staff who intended to work at disaster sites during large-
scale disasters. Doctors and nurses with any specialty could
participate in this course. Logistics personnel included hospital
clerks, pharmacists, radiologists, and other medical professional
technologists. The questionnaires were distributed during the
course and collected until the end of each course.

The questionnaire, which was the same Japanese version
used in the previous survey (18), contained 22 questions
divided into four sections: 1) willingness to manage exposed
casualties, 2) familiarity—local and country disaster system, 3)
familiarity—radiological and nuclear contamination risks, and
4) demographic and practice description. Five questions were
about willingness to work during CBRNE disasters or familiarity
with such disasters, six were to verify respondents’ knowledge
about radiological and nuclear contamination, and 11 were about
respondents’ background and demographic characteristics. The
English version of this questionnaire is shown in the previous
article (18) and the Supplementary Material.

The Japan DMAT secretariat implemented the distribution
and collection of the questionnaires. The data obtained from
the questionnaires were analyzed at the Department of Acute
Critical Care and Disaster Medicine, Tokyo Medical and
Dental University.

To evaluate the differences by occupation, the Kruskal-Wallis
test was used for continuous variables and the chi-square test
for categorical variables. If there were significant differences on
univariate analysis, binary logistic regression analysis adjusted
for year of birth, sex, and radiation/nuclear experience was
conducted for the question items. A P < 0.05 was considered
statistically significant. All analyses were performed using IBM
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SPSS Statistics for Windows, version 25 (IBM Corp., Armonk,
N.Y., USA).

The survey was approved by the Institutional Review Board
(IRB) of the University of Texas Southwestern Medical Center,
which reported the previous survey (18). The IRB determined on
November 18, 2013, that this survey was exempt in accordance
with 45 CFR 46.101(b) (IRB number: STU 082013-073).

RESULTS

During the survey period, 1,620 questionnaires were distributed
during the Japan DMAT training courses. We obtained responses
from 904 respondents (55.8%). Since we excluded respondents
whose type of occupation (doctor, nurse, or logistics) data
were missing, 774 responses (47.8%) were finally analyzed.
Regarding occupation, 342 (44.2%), 284 (36.7%), and 148
(19.1%) of respondents were doctors, nurses, and logistics
personnel, respectively.

Demographic and background data are shown in Table 1.
Significant differences were observed among occupations in
terms of year of birth (p < 0.05) and practical experience of
disasters or public health emergencies; the doctors were the most
experienced (p< 0.01), and the nurses were the least experienced

(p < 0.05). There were significantly fewer male nurses (p <

0.01), and nurses were the least affiliated with a disaster medical
response team (p < 0.01). Doctors were most likely doctorate
holders (p < 0.01). Logistics personnel who participated in the
Japan DMAT training courses rarely belonged to a university (p
< 0.01), but they tended to complete multiple disaster training
courses (p< 0.05). No significant differences were found in other
background data by occupations. The rate of respondents who
had experience in the radiation/nuclear science field was 16.8%
(doctor 16.7%, nurse 15.8%, and logistics 18.9%).

The most important disaster type that may prevent medical
staff from coming to work was nuclear bomb detonation for all
occupations (Figure 1). The percentage of nurses who consider
biological disasters the most important event preventing them
from going to work was lower than those of other occupations
(p < 0.01). Logistics personnel tended to consider that the
nuclear power plant accident was not so important to prevent
them from coming to work (p < 0.05). The most important
condition for medical staff to be willing to come to work after
a nuclear detonation was their family’s safety, except for nurses
(p < 0.01; Figure 2). Some respondents never intended to work
after a nuclear detonation, and the rate of unwillingness was
the highest among nurses (p < 0.05). However, the significant

TABLE 1 | Respondents’ demographic and background data.

Occupation

Doctor (n = 342) Nurse (n = 284) Logistics (n = 148)

Year of birth, median (IQR) 1977 (1970, 1982) 1980 (1975, 1984) 1982 (1977, 1986)

Sex, n (%) Male 283 (84.9) 129 (45.7) 135 (91.2)

Country of medical practice, n (%) Japan 342 (100.0) 284 (100.0) 148 (100.0)

Highest educational degree, n (%) Undergraduate 6 (1.8) 8 (2.8) 3 (2.0)

Graduate 159 (46.5) 120 (42.3) 113 (76.4)

Doctorate 135 (39.5) 10 (3.5) 11 (7.4)

No response 42 (12.3) 146 (51.4) 21 (14.2)

Type of medical practice, n (%) Clinic 1 (0.3) 0 (0.0) 0 (0.0)

Hospital 267 (78.1) 227 (79.9) 126 (85.1)

University 70 (20.5) 55 (19.4) 15 (10.1)

Other 3 (0.9) 1 (0.4) 3 (2.0)

No response 1 (0.3) 1 (0.4) 4 (2.7)

Experience of radiation/nuclear science field, n (%) Yes 57 (16.7) 45 (15.8) 28 (18.9)

Field of specialty, n (%) Emergency 130 (38.0) Clerk 27 (18.2)

Surgical 126 (36.8) Radiologist 22 (14.9)

Internal 43 (12.6) NA Other technologists 74 (50.0)

Radiology 5 (1.5) Unknown 25 (16.9)

Other 38 (11.1)

Affiliation with some type of disaster response team, n (%) Yes 218 (63.7) 149 (52.5) 95 (64.2)

Experience of responding to a disaster or emergency, n (%) Yes 76 (22.2) 39 (13.7) 24 (16.2)

Number of training courses completed, n (%) 0 302 (88.3) 258 (90.8) 138 (93.2)

1 30 (8.8) 17 (6.0) 8 (5.4)

2–4 7 (2.0) 7 (2.5) 1 (6.8)

5 or more 0 (0.0) 0 (0.0) 1 (6.8)

No response 3 (0.9) 2 (0.7) 0 (0.0)

IQR, interquartile range; NA, not applicable.
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FIGURE 1 | The most important event that may prevent the respondent from coming to work. *p < 0.05, **p < 0.01. NPP indicates nuclear power plant. Chart

showing response to Question 1.

FIGURE 2 | Conditions for willingness to come to work in the event of a nuclear detonation. *p < 0.05, **p < 0.01. PPE ndicates personal protective equipment.

Chart showing response to Question 4.

differences observed in univariate analysis were diminished on
binary logistic regression analysis. All occupations preferred
to work at the hospital they belonged to rather than at the
disaster site under the possibility of radio-nuclear contamination
(Supplementary Figure 2).

The results of familiarity with the disaster medical response
team are shown in Figure 3. There were significant differences
among the occupations regarding familiarity, and nurses were

less familiar with the disaster response team than other
occupations (p < 0.01) per univariate analysis. After binary
logistic regression analysis, sex was the only influencing factor on
familiarity (p= 0.002, OR 1.796 [1.244–2.593]).

The highest accuracy rate about the respondents’ knowledge
was obtained on the disaster team present in Japan for all
occupations, from 79.2, 83.0, and 86.5% among nurses, logistics
personnel, and doctors, respectively (Figure 4; Question 7).
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FIGURE 3 | Familiarity with disaster response teams. *p < 0.001. Chart

showing response to Question 6.

About half of all respondents provided accurate responses
about decontamination procedures needed for patients with
trauma emergencies or burn injuries under the situation of
a nuclear detonation (Question 12). However, the accuracy
rates for the other questions were extremely low. There were
significant differences in accuracy rate among occupations
when the respondents were required to select the highest
priority patient who needed treatment (Question 5; p <

0.01), and about the number of healthcare providers who
were put at risk by treating patients contaminated with
radiological material in all radio-nuclear events since World
War II (Question 10; p < 0.01) per univariate analysis.
Doctors as occupation tended to influence the accuracy rate
for Question 5 (p = 0.062, OR 2.280 [0.959–2.725]) and
nurses as occupation influenced the accuracy rate for Question
10 (p = 0.007 OR 0.092 [0.016–0.529]) on binary logistic
regression analysis. The accuracy rates of responses on proper
PPE (Question 13) and internal exposure (Question 14)
were very low, but no significant differences occurred among
occupation groups.

DISCUSSION

We conducted a questionnaire survey of participants in the Japan
DMAT training course. Our analysis revealed some differences in
respondents’ awareness and knowledge by occupation.

All occupations were unwilling to work during nuclear
bomb explosions. In situations of radiological and nuclear
events, family safety and availability of appropriate PPE were
the important conditions for respondents to attend work.
Some respondents never intended to engage in radiological
and nuclear events even if these conditions were fulfilled.
Male respondents were more familiar with the disaster medical

response team, and there were no significant differences
among occupations after adjusting for year of birth, sex, and
radiation/nuclear experience. The occupation tended to influence
the accuracy rate of some questions that required knowledge
in this study. Background of the occupations might be some
of the reasons for their accuracy of knowledge. This study
could not demonstrate relevance between the knowledge and
willingness and risk perception because few questions required
straight answers. In a cross-sectional online questionnaire
survey of nuclear medicine technologists, Van Dyke et al.
reported that attending radiological preparedness training in
the last 5 years was significantly associated with increased
willingness to respond to radiological and nuclear events (8).
Sheikh et al. conducted a cross-sectional online survey of
emergency medicine residents and their faculty; they found
that physicians who had received training were significantly
more knowledgeable and felt significantly more comfortable
in caring for victims, performing decontamination procedures,
diagnosing and managing acute radiation syndrome and internal
contamination, and using detection equipment in radiological
disasters (9). The respondents in this study comprised doctors,
nurses, and logistic personnel in various specialties, and a low
rate of them had experience in the radiation/nuclear science
field. Moreover, these respondents answered the questionnaire
during disaster medical training courses, and their awareness
and willingness of radiological and nuclear events might be
improved. It demands caution to compare the results of this study
with those of other previous studies because the backgrounds
of subjects and research methods were different. Nevertheless,
periodic training and knowledge updates are needed to increase
the willingness of medical staff to respond to radiological and
nuclear events.

There was a similar tendency of awareness for a biological
disaster such as a pandemic to a radiological and nuclear event. In
the recent COVID-19 pandemic, several survey results revealed
that approximately 61–93% of nurses were willing to participate
in the care of patients with COVID-19 (21, 22). The safety of
family and oneself, training, communication, and compensation
are the major concerns for healthcare workers to attend work
under the COVID-19 and other pandemic situations (21–24).
These tendencies are consistent with the results of our survey.

The accuracy rate for some questions about respondents’
knowledge was low in this survey. A few respondents answered
practical questions correctly, such as determining treatment
priority (Question 5), selecting proper PPE (Question 13), and
treating trauma patients with internal radioactive contamination
(Question 14). In addition, respondents rarely chose the correct
answer for the question on historical knowledge about the
number of healthcare providers who were put at risk by treating
contaminated patients in all radio-nuclear events since World
War II (Question 10). In particular, incorrect responses tended
to be over-protective and over-fearful, such as selecting a
higher level of PPE (Question 13), indicating higher perception
in treating patients with internal radioactive contamination
(Question 14), and estimating a larger number of healthcare
providers who were put at risk while engaging in radiological
and nuclear events (Question 10). There were differences
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FIGURE 4 | Accuracy rate of responses about the respondent’s knowledge of the medical practice and the risk.

among occupations in the accuracy rates for Questions 5 and
10, although the accuracy rate was low in all occupations.
Dallas et al. suggested that Japanese respondents (61%) were
much more likely to state that they did not know what
type of PPE was needed for radioactive contamination than
American respondents (15%) (18). Likewise, for the question
about the perception of their risk in treating patients with
internal radioactive contamination, an overwhelming majority
of Japanese respondents indicated that they did not know, and
they tended to estimate a higher risk of radioactive exposure
(18). These misconceptions might be attributed to Japanese
people’s fearfulness regarding radiological and nuclear events
based on the experiences of the Fukushima nuclear power
plant accident (1) or knowledge of the history of nuclear
bombings in Japan (16). Therefore, a training program for
such disasters is needed to provide precise knowledge and
eliminate anxiety.

Education on disasters involving radiological and nuclear
events or CBRNE disasters is a pressing issue. A previous study
by Sheikh et al. (9) indicated that respondents preferred packaged
educational materials, classroom teaching at the workplace,
drills, and case-based scenarios rather than online training and
classroom teaching at a location other than the workplace. They
also suggested that knowledge gaps in these areas could be due
to reasons such as unappealing training formats, incomplete
or limited availability of radiation-response training, or lack
of opportunity for hands-on training with radiation detectors.
Blumenthal et al. proposed a training strategy with members
of the healthcare delivery system classified into four tiers,

with tasks identified for each tier, along with the radiation-
relevant knowledge needed to perform these tasks (10). This
strategy is similar to that of the Japan DMAT training course,
which includes separate programs by occupation (doctors,
nurses, and logistics personnel) (19). It is controversial, and
more investigations are expected to determine which type of
training course is better to achieve a high educational effect.
However, the separate program for each group divided by
background or experience might elevate the motivation and
comprehension level.

Both medical and technical knowledge (toxicology, biology,
and radiology) are needed to engage CBRNE disaster events as
medical team members. Our research suggests that background
knowledge may be different between occupations. Therefore, it
is reasonable to prepare separate training programs for each
occupation, to improve the knowledge level of each.

The present survey had some limitations. First, it was a
self-report questionnaire survey. However, the questionnaire
contained questions that required the respondents to select clear
distinctive alternatives that were specific, unlike questionnaires
with responses on a Likert scale where the alternatives are based
on subjectivity, making it difficult to interpret the reasons for the
choice of responses. Second, the response rates of this survey were
55.8% (904/1,620) and 47.8% (774/1,620) for initial responders
and those included in the final analysis, respectively. Moreover,
because the paper questionnaire was distributed, it was difficult
to check blanks in answer columns for each question, and 14.4%
of respondents were lost to a missing indication of occupation.
The online survey might be more suitable for pointing out no
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answers and useful for increasing the response rate. Despite the
low response rates, the 774 respondents included in the study
constituted a sufficient number for the analysis. Third, since this
survey targeted medical staff who underwent a disaster training
course and intended to work at disaster sites, the cohort is
considered a highly motivated group for disaster medicine and
CBRNE events. Therefore, this cohort could be biased. It requires
caution to interpret the result of this study and to compare it
with previous studies because the questionnaire was distributed
during the training course, and the awareness and knowledge
were improved more than usual or that at baseline. Nevertheless,
our subjects were the main candidates who are engaged in such
disaster events, and the results of this survey are useful to modify
the curricula of the current stratified type of disaster training
course in Japan.

In conclusion, our survey revealed differences in levels of
knowledge of radiological and nuclear events by healthcare
occupation. Japanese people’s fearfulness regarding radiological
and nuclear events based on the experiences of the Fukushima
nuclear power plant accident or knowledge of the history of
nuclear bombings in Japan may explain the results of this
research. The differences might be based on the educational
background of each occupation. The results can be useful in the
development and improvement of training courses for managing
radiological and nuclear events. The development of a course that
could compensate for the lack of knowledge of each healthcare
worker would be beneficial.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed
and approved by Institutional Review Board (IRB) of the
University of Texas Southwestern Medical Center. Written
informed consent for participation was not required for this
study in accordance with the national legislation and the
institutional requirements.

AUTHOR CONTRIBUTIONS

KO designed the study, analyzed the data and was a major
contributor in writing the manuscript. TO, NK, YK, YO, and
RS designed the study and revised manuscript. All authors
participated in the discussion about the interpretation of data.
All authors contributed to the article and approved the
submitted version.

ACKNOWLEDGMENTS

We would like to thank the staff of the Japan Disaster medical
assistance team (DMAT) Secretariat for their support of this
study. Especially, Hisayoshi Kondo, and Yuichi Koido, Japan
DMAT Secretariat, National Hospital Organization Disaster
Medical Center.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fpubh.
2022.808148/full#supplementary-material

REFERENCES

1. Ohto H, Yasumura S, Maeda M, Kainuma H, Fujimori K, Nollet KE.

From devastation to recovery and revival in the aftermath of Fukushima’s

nuclear power plants accident. Asia Pac J Public Health. (2017) 29:10S–7S.

doi: 10.1177/1010539516675700

2. Hasegawa A, Tanigawa K, Ohtsuru A, Yabe H, Maeda M, Shigemura J, et

al. Health effects of radiation and other health problems in the aftermath of

nuclear accidents, with an emphasis on Fukushima. Lancet. (2015) 386:479–

88. doi: 10.1016/S0140-6736(15)61106-0

3. Zablotska LB. 30 years after the Chernobyl nuclear accident: time for reflection

and re-evaluation of current disaster preparedness plans. J Urban Health.

(2016) 93:407–13. doi: 10.1007/s11524-016-0053-x

4. Kulka U, Abend M, Ainsbury E, Badie C, Barquinero JF, Barrios L,

et al. RENEB—Running the European Network of biological dosimetry

and physical retrospective dosimetry. Int J Radiat Biol. (2017) 93:2–14.

doi: 10.1080/09553002.2016.1230239

5. Mortelmans LJM, Gaakeer MI, Dieltiens G, Anseeuw K, Sabbe MB.

Are Dutch hospitals prepared for chemical, biological, or radionuclear

incidents? A survey study. Prehosp Disaster Med. (2017) 32:483–91.

doi: 10.1017/S1049023X17006513

6. Stevens G, Jones A, Smith G, Nelson J, Agho K, Taylor M, et al. Determinants

of paramedic response readiness for CBRNE threats. Biosecur Bioterror. (2010)

8:193–202. doi: 10.1089/bsp.2009.0061

7. Jama TJ, Kuisma MJ. Preparedness of Finnish emergency medical

services for chemical emergencies. Prehosp Disaster Med. (2016) 31:392–6.

doi: 10.1017/S1049023X16000546

8. Van Dyke ME, McCormick LC, Bolus NE, Pevear J, Kazzi ZN.

Radiological emergency preparedness: a survey of nuclear medicine

technologists in the United States. J Nucl Med Technol. (2013) 41:223–30.

doi: 10.2967/jnmt.113.124677

9. Sheikh S, McCormick LC, Pevear J, Adoff S, Walter FG, Kazzi ZN.

Radiological preparedness-awareness and attitudes: a cross-sectional survey

of emergency medicine residents and physicians at three academic

institutions in the United States. Clin Toxicol (Phila). (2012) 50:34–8.

doi: 10.3109/15563650.2011.637047

10. Blumenthal DJ, Bader JL, Christensen D, Koerner J, Cuellar J, Hinds S, et

al. A sustainable training strategy for improving health care following a

catastrophic radiological or nuclear incident. Prehosp Disaster Med. (2014)

29:80–6. doi: 10.1017/S1049023X1400003X

11. Coccolini F, Sartelli M, Kluger Y, Pikoulis E, Karamagioli E, Moore

EE, et al. COVID-19 the showdown for mass casualty preparedness

and management: the Cassandra Syndrome. World J Emerg Surg.

(2020) 15:26.doi: 10.1186/s13017-020-00304-5

12. Aziz S, Arabi YM, Alhazzani W, Evans L, Citerio G, Fischkoff K, et

al. Managing ICU surge during the COVID-19 crisis: rapid guidelines.

Intensive Care Med. (2020) 46:1303–25. doi: 10.1007/s00134-020-06

092-5

13. Goh KJ, Wong J, Tien JC, Ng SY, DuuWen SD, Phua GC, et al. Preparing your

intensive care unit for the COVID-19 pandemic: practical considerations and

strategies. Crit Care. (2020) 24:215. doi: 10.1186/s13054-020-02916-4

14. Griffin KM, Karas MG, Ivascu NS, Lief L. Hospital preparedness for COVID-

19: a practical guide from a critical care perspective. Am J Respir Crit Care

Med. (2020) 201:1337–44. doi: 10.1164/rccm.202004-1037CP

Frontiers in Public Health | www.frontiersin.org 7 March 2022 | Volume 10 | Article 808148

https://www.frontiersin.org/articles/10.3389/fpubh.2022.808148/full#supplementary-material
https://doi.org/10.1177/1010539516675700
https://doi.org/10.1016/S0140-6736(15)61106-0
https://doi.org/10.1007/s11524-016-0053-x
https://doi.org/10.1080/09553002.2016.1230239
https://doi.org/10.1017/S1049023X17006513
https://doi.org/10.1089/bsp.2009.0061
https://doi.org/10.1017/S1049023X16000546
https://doi.org/10.2967/jnmt.113.124677
https://doi.org/10.3109/15563650.2011.637047
https://doi.org/10.1017/S1049023X1400003X
https://doi.org/10.1186/s13017-020-00304-5
https://doi.org/10.1007/s00134-020-06092-5
https://doi.org/10.1186/s13054-020-02916-4
https://doi.org/10.1164/rccm.202004-1037CP
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Ochiai et al. Medical Workers and Radio-Nuclear Events

15. Kanwar A, Heppler S, Kanwar K, Brown CK. A survey of SARS-CoV-2

preparedness among hospitals in Idaho. Infect Control Hosp Epidemiol. (2020)

11:1–25. doi: 10.1017/ice.2020.218

16. Clancey G, Chhem R. Hiroshima, Nagasaki, and Fukushima. Lancet. (2015)

386:405–6. doi: 10.1016/S0140-6736(15)61414-3

17. Information concerning nuclear power plants in Japan. Agency for

Natural Resources and Energy, Ministry of Economy, Trade and Industry

website. (2021). Available online at: http://www.enecho.meti.go.jp/category/

electricity_and_gas/nuclear/001/. (accessed on December 17, 2021).

18. Dallas CE, Klein KR, Lehman T, Kodama T, Harris CA, Swienton RE.

Readiness for radiological and nuclear events among emergency medical

personnel. Front Public Health. (2017) 5:202. doi: 10.3389/fpubh.2017.00202

19. Anan H, Akasaka O, Kondo H, Nakayama S, Morino K, Homma M,

et al. Experience from the great east japan earthquake response as the

basis for revising the japanese disaster medical assistance team (DMAT)

training program. Disaster Med Public Health Prep. (2014) 8:477–84.

doi: 10.1017/dmp.2014.113

20. Anan H, Otomo Y, Kondo H, Homma M, Koido Y, Morino K,

et al. Development of mass-casualty life support-CBRNE (MCLS-

CBRNE) in Japan. Prehosp Disaster Med. (2016) 31:547–50.

doi: 10.1017/S1049023X16000686

21. Wu B, Zhao Y, Xu D, Wang Y, Niu N, Zhang M, et al. Factors associated with

nurses’ willingness to participate in care of patients with COVID-19: a survey

in China. J Nurs Manag. (2020) 28:1704–12. doi: 10.1111/jonm.13126

22. Lord H, Loveday C, Moxham L, Fernandez R. Effective communication is

key to intensive care nurses’ willingness to provide nursing care amidst

the COVID-19 pandemic. Intensive Crit Care Nurs. (2021) 62:102946.

doi: 10.1016/j.iccn.2020.102946

23. Imai H. Trust is a key factor in the willingness of health professionals to

work during the COVID-19 outbreak: experience from the H1N1 pandemic

in Japan 2009. Psychiatry Clin Neurosci. (2020) 74:329–30. doi: 10.1111/pcn.12

995

24. Almaghrabi RH, Alfaraidi HA, Al Hebshi WA, Albaadani MM.

Healthcare workers experience in dealing with coronavirus (COVID-

19) pandemic. Saudi Med J. (2020) 41:657–60. doi: 10.15537/smj.2020.6.

25101

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2022 Ochiai, Oka, Kato, Kondo, Otomo and Swienton.

This is an open-access article distributed under the terms of the Creative

Commons Attribution License (CC BY). The use, distribution or reproduction

in other forums is permitted, provided the original author(s) and the

copyright owner(s) are credited and that the original publication in this

journal is cited, in accordance with accepted academic practice. No use,

distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Public Health | www.frontiersin.org 8 March 2022 | Volume 10 | Article 808148

https://doi.org/10.1017/ice.2020.218
https://doi.org/10.1016/S0140-6736(15)61414-3
http://www.enecho.meti.go.jp/category/electricity_and_gas/nuclear/001/
http://www.enecho.meti.go.jp/category/electricity_and_gas/nuclear/001/
https://doi.org/10.3389/fpubh.2017.00202
https://doi.org/10.1017/dmp.2014.113
https://doi.org/10.1017/S1049023X16000686
https://doi.org/10.1111/jonm.13126
https://doi.org/10.1016/j.iccn.2020.102946
https://doi.org/10.1111/pcn.12995
https://doi.org/10.15537/smj.2020.6.25101
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

	Differences in the Awareness and Knowledge of Radiological and Nuclear Events Among Medical Workers in Japan
	Introduction
	Materials and Methods
	Results
	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Acknowledgments
	Supplementary Material
	References


