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Abstract.

BACKGROUND: With the spread of COVID-19 and the worsening global prevention and control situation, the risk of
infection faced by health workers has been unprecedented. It is necessary to fully understand the occupational risks of health
workers to protect them and reduce their risk of infection.

OBJECTIVE: This study aimed to obtain comprehensive and detailed information on occupational risk factors of infectious
diseases for HWs in different dimensions and to propose control strategies for three risk dimensions to protect HWs who are
at high risk of infection during the pandemic.

METHODS: A total number of 619 articles published from 2010 to 2021 were searched to conduct bibliometric analysis,
which were retrieved in the Web of Science database with defined search terms. There were 26 articles met the criteria, and
they were screened to identify occupational risk factors.

RESULTS: We conducted an analysis of cited institutions, co-citation network analysis of journals, and references from
bibliometric analysis. Nine risk factors were extracted, and they were classified and sorted into three dimensions. Infection
control strategies for each dimension were proposed.

CONCLUSIONS: The risk of infection faced by HWs is unprecedented. Medical institutions should pay more attention to
the nine risk factors that we identified and use the three risk dimensions to carry out risk identification and infection control
to reduce the infection risk of HWs and protect them better.
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1. Introduction reached 124,287,980. The World Health Organiza-

tion (WHO) named the virus ‘severe acute respiratory

With the rapid spread of a new coronavirus syndrome coronavirus 2’ (SARS-CoV-2), and the dis-

around the world, as of March 23, 2021, the cumu- ease caused by infection with this virus is called
lative number of confirmed cases worldwide has ‘coronavirus disease’ (COVID-19) [1].
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of infection [2]. HWs are at the forefront of fight-
ing the pandemic, and they are a high-risk group that
need special protection [3]. Studies have shown that
in Italy and Spain, 9% and 26% of HWs who were
tested with the polymerase chain reaction method
had COVID-19, respectively [4, 5]. The infection
rate of COVID-19 in HWs is high, ranging from 3%
to 17% [3]. On January 13, 2021, the WHO stated
that given the spread of COVID-19, especially as
more infectious mutant viruses spread in the northern
hemisphere, the second year of the new coronavirus
pandemic may be more difficult than the first year [6].
At the same time, with the mutation of the virus, the
risk of infection has further increased. Studies have
confirmed that the fatal risk of the new coronavirus
variant strain found in the United Kingdom is 35%
higher than that of the original strain, which poses
a further challenge to the current global pandemic
prevention and control situation [7]. Therefore, for
HWs at high risk of infection, identifying and assess-
ing their own risk factors is particularly important to
protect themselves.

However, the research on the risk factors of infec-
tious diseases among HWs is thinly spread and not
comprehensive and systematic. In this study, we
aimed to use various methods to obtain comprehen-
sive and detailed information on occupational risk
factors of infectious diseases for HWs in different
dimensions, and to propose control strategies for
these risk dimensions to protect HWs who are at high
risk of infection during the pandemic.

2. Methods
2.1. Search strategy

This study aimed to review, extract, and summarise
the risk factors of infectious diseases for HWs. We
selected the Web of Science Core Collection for the
literature search, and used the “Topic” research for
retrieving published reports, reviews, and primary
observational studies (case-control, cross-sectional,
and cohort). To gather as much additional informa-
tion as possible, every retrieval item was exported
with “Full records and cited references” in “.txt”
format from Web of Science. The time span was
limited to 2010 to 2021. The keywords used for the
initial data collection included “Covid-19”, “SARS-
CoV-27, “infectious disease”, “health care worker”,
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“nurse”, “infectious factor”, and “risk factor”.

2.2. Selection criteria

We used a three-stage selection process to filter
the literature. In the first stage, duplicate and irrele-
vant items were identified and deleted, and the initial
data obtained was used for subsequent bibliomet-
ric visualisation analysis. In the second stage, the
titles and abstracts of the remaining articles were
screened to exclude obviously irrelevant studies. In
the third stage, the full texts were briefly browsed
to further screen the literature. After further screen-
ing, the final articles for information extraction were
obtained. Inclusion criteria were all reports, reviews,
and primary observational studies describing occu-
pational risk factors for infectious diseases among
HWs.

2.3. Bibliometric analysis

Bibliometrics uses mathematical and statistical
methods to quantitatively analyse published articles.
Its history can be traced back to the beginning of
the 20th century. Its importance in research evalua-
tion is increasing, and it has become a widely used
method for analysing academic exchanges and eval-
uating research results [8]. It compares the citation
influence of researchers, research groups and insti-
tutions at different times and in various disciplines.
Since these two factors are not related to the qual-
ity of publications, these academic studies can be
quantitatively evaluated [9].

Many software packages have been developed for
bibliometric analysis, such as CiteSpace, HistCite,
BibExcel, and CitNetExplorer. It is convenient to use
CiteSpace to derive a sequence of co-citation net-
works from a series of equal length time interval
slices. These time registered networks are merged
and visualised in a panoramic view in such a way
that intellectually significant articles can be identified
based on their visually salient features [10]. There-
fore, in this study, we used CiteSpace (5.7.R3) for our
bibliometric analysis.

3. Results
3.1. Analysis of institutions

Institute statistics can provide information about
the location and organisation where the research was
completed. We used CiteSpace to extract the author’s
institution and its location information and counted
the frequency of each institution.
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Table 1
The top 15 contributing institutes
Number Institute Location No.of docs
1 Huazhong University of Science and Technology China 15
2 Centers for Disease Control and Prevention USA 9
3 Columbia University in the City of New York USA 9
4 The University of Melbourne Australia 8
5 Harvard Medical School USA 8
6 National Institute for Occupational Safety and Health USA 8
7 ‘Wuhan University China 8
8 The University of Cape Town South Africa 7
9 The University of Michigan USA 7
10 Johns Hopkins University USA 6
11 Fudan University China 6
12 University of Toronto Canada 5
13 The University of New South Wales Australia 5
14 King’s College London UK 5
15 Case Western Reserve University USA 4
Table 2
The top 15 contributing Co-citation journals

Number Journal No.of docs
1 Lancet 221
2 New England Journal Of Medicine 174
3 American Journal Of Infection Control 154
4 Journal Of Hospital Infection 149
5 Infection Control And Hospital Epidemiology 146
6 Jama-journal Of The American Medical Association 142
7 Plos One 110
8 Clinical Infectious Diseases 98
9 Annals Of Internal Medicine 97
10 Emerging Infectious Diseases 93
11 Lancet Infectious Diseases 70
12 American Journal Of Industrial Medicine 70
13 British Medical Journal 63
14 International Journal Of Environmental Research And Public Health 61
15 Bmc Public Health 60

Table 1 lists the top 15 contributing institutions.
Huazhong University of Science and Technology in
China ranks the best in this regard, with a total
of 15 occurrences in the 619 studies included. In
terms of geographic location, the United States has
the strongest overall research strength in this area,
with seven institutions, such as Columbia Univer-
sity in the City of New York and Harvard Medical
School appearing in Table 1. In addition, the institu-
tions listed in the table include not only world-class
universities, but also national medical organizations,
such as the Centers for Disease Control and Pre-
vention. From this point of view, the research on
infectious diseases and HWs is relatively widespread
in terms of geographic location and institutional

type.

3.2. Analysis of co-citation journals

An analysis of co-citation journals can help us
understand the most cited journals and the research
fields covered by the literature. Based on CiteSpace,
we derived the co-citation information of the source
journals of 15,853 references out of the 619 articles
collected.

Table 2 lists the top 15 co-citation journals and
frequency statistics. It shows that in the co-citation
network formed by the 15,853 research studies, these
journals have been cited the most times at the same
time and have the greatest influence in this research
field. Among them, Lancet has been co-cited the
most, up to 221 times, and New England Journal
of Medicine has been co-cited 174 times, which
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illustrates the important position of these journals in
the medical field. In addition, most of the co-cited
journals are journals in the fields of medicine, infec-
tion, or diseases in medicine or biology, indicating
that the extraction of occupational risk factors for
medical personnel is closely related to medicine and
biology.

3.3. Analysis of co-citation references

In the quantitative research of bibliometrics, co-
citation research is one of the most commonly used
research methods, especially the References Co-
citation Analysis [11, 12]. To further show the risk
factors of infectious diseases for HWs, we used
CiteSpace to conduct an article co-citation network
analysis on the references cited in the search data set.
We imported the 15,853 references from the 619 arti-
cles into CiteSpace. The nodes of the network were
selected under the criteria that the top 10% of the most
cited or occurred items were kept in each slice with
the maximum number of selected items not more than
100 per slice.

There are a total of 544 nodes and 1040 edges in
the citation network. Subsequently, we performed a
cluster analysis on the resulting network. CiteSpace
uses an internal spectral clustering algorithm to iden-
tify clusters, which is based on the eigenvectors of the
Laplacian matrix derived from the original network.
By integrating network visualisation, spectrum clus-
tering, automatic clustering and text summarisation,
the task of analysis and visualisation is simplified
[13]. We used the CiteSpace clustering and cluster
definition algorithm to obtain 117 clustering results,
retaining the 11 main clusters, and obtaining the clus-
tering results and the detailed information of each
cluster label.

Table 3

Figure 1 shows the clustering results of the co-
citation network; the distribution of each cluster is
relatively scattered. Among them, the research cov-
erage about HWs is the widest, and the research is
relatively scattered. The research on hand hygiene
is relatively concentrated and has a large time span.
Personal protective equipment (PPE) and hospital
staff intersect the most with other clusters. To further
understand the specific information of each cluster,
we exported the detailed information results of the
clusters.

Table 3 lists the specific information of each cluster
label, sorted according to the number of members in
the cluster from large to small, namely hand hygiene
compliance, hospital staff, personal protective equip-
ment, COVID-19 pneumonia, rescue strategy, hand
hygiene, SARS-CoV-2 infection, Ebola virus disease,

Fig. 1. Co-citation network cluster view.

Specific information on the 11 major clusters

Cluster ID Cluster label Number Silhouette Avg. year of docs
#0 Hand hygiene compliance 59 0.963 2009
#1 Hospital staff 57 0.976 2019
#2 Personal protective equipment 57 0.894 2019
#3 COVID-19 pneumonia 24 1.000 2019
#4 Rescue strategy 17 1.000 2006
#5 Hand hygiene 17 0.979 2007
#6 Rescue strategy 15 1.000 2012
#7 Cov-2 infection 14 1.000 2020
#8 Ebola virus 13 0.896 2013
#9 Current treatment 12 1.000 2013
#10 Isolation facilities 10 0.996 2010




H. Jin et al. / Occupational risk factors of contracting COVID-19 among health workers 725

2010 2011 2012 2013 2014 2015

e S

2016 2017 2018

#2 ;Z]I‘\"H(J-‘.i 5)!‘(}5'(,{‘\:’[‘ l‘[l‘IZi,‘[i-C“‘t

#3 covid-19 pneumonia

. #4 rescue strateg

#6 rescue strategy
#7 cov-2 infection
#8 ebola virus disease

#9 current treatment

_ #10 isolation facilities

Fig. 2. Co-citation network timeline view.

current treatment, and isolation facilities. Consider-
ing that the smaller clusters are not representative, to
avoid redundancy and overlap of the visual graphics,
we filtered the clusters with fewer than 10 members
among the 117 clusters. In each cluster, the indica-
tor value “Silhouette”, which measures the clustering
result, is close to 1, which means that each cluster has
consistency within the other and that the results are
convincing. In addition, Table 3 also shows the aver-
age publication year of the references contained in
each cluster. There are more article clusters concen-
trated in 2019-2020.

To understand the time course of the research on
risk factors of infectious diseases for HWs more intu-
itively and clearly, we derived a timeline view of the
clusters from the calculation results of CiteSpace.

Based on Fig. 1 and Fig. 2, it can be concluded that
the concerns about hand hygiene (#0 hand hygiene
compliance and #5 hand hygiene) originated very
early, judging by its citation in 2004. In addition, it
involves the most research and is the largest clus-
ter. Maintaining hand hygiene is considered to be
the most important factor in preventing HWs from
being infected. The transmission of infectious dis-
eases from patients to HWs is usually because their
hands are contaminated by contact with the virus [14].

Research on PPE (#2 personal protective equip-
ment) also became intensive after 2014. The infection
of HWs with SARS-CoV-2 is probably caused, inter

alia, by a lack of PPE or its incorrect use [15]. Hav-
ing sufficient PPE and the correct use of PPE can
effectively reduce HWs’ risk of being infected with
SARS-CoV-2 [16, 17].

Research on isolation facilities (#10 isolation facil-
ities) indicates that this is also an important risk factor.
Itbegan toreceive widespread attention after SARS in
2003. Inadequate isolation facilities will increase the
risk of HWs contracting infectious diseases. Place-
ment of infectious patients in isolation facilities can
effectively prevent HWs from contracting the virus
[18].

In addition, the cluster (#1 hospital staff) for HWs
also has a high research prevalence. As the main
force in the fight against COVID-19, HWs play an
important role in the prevention and treatment of
infectious diseases. Since HWs are in close con-
tact with infected patients at work, if they cannot be
fully protected, it will make them more susceptible
to infectious viruses, which can contribute to paral-
ysis of medical systems [3]. In addition, through the
clustering results, it was be found that the main types
of viruses infecting HWs are viruses such as SARS-
CoV-2, Ebola, and Middle East respiratory syndrome
coronavirus (MERS-CoV).

On this basis, we also derived the 10 references
with the strongest citation bursts through CiteSpace,
as shown in Fig. 3. Co-citation references analyses
the frequency of articles being cited by other articles
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Fig. 3. Top 10 references with the strongest citation bursts.

at the same time, which helps to determine which
articles have a significant impact in the research field
and finds the key or core articles in the research field.

From Fig. 3, we can get the top ten articles cited
in the research and the time period when they were
frequently cited. This information can reflect the
hotspots in this research field to a certain extent. In
addition, the high-frequency citations of these top 10
references are also closely related to the formation
of clusters in CiteSpace, and each cluster has a cor-
responding relationship with each strongest citation
burst.

3.4. Study findings

Our initial keyword search obtained 628 articles
that met the search criteria. After 9 articles with
duplicate entries were eliminated through the first
screening stage, 619 articles were obtained for bib-
liometric analysis. Then, the title of each article was
preliminarily screened, and the articles related to
infectious diseases and HWs were selected. A total
of 66 articles met the requirements. The abstracts and
full text of these articles were briefly browsed, and
24 articles that were not related to the risk factors
of infectious diseases among HWs were excluded.
After reading the remaining 42 articles, we excluded
16 articles that did not involve the study of occupa-
tional risk factors of HWs, and finally identified 26
articles for the extraction of risk factors.

We carefully read the full texts of the 26 articles
used for information extraction and extracted rele-
vant information from each article to obtain Table 4.

Itincludes 10 reviews [19-28], one case control study
[29], six retrospective cohort studies [3, 14, 30-33],
two cross-sectional studies [34, 35], two observa-
tional cohort studies [4, 36], two prospective cohort
studies [16, 37], two reports [38, 39], and one inter-
view [40]. One article was published in 2013, two
articles were published in 2019, and 23 articles were
published in 2020. The types of viruses and diseases
included in the studies are COVID-19, MERS-CoV,
SARS, latent tuberculosis, bloodborne illnesses, and
respiratory infections.

The information extracted in Table 4 specifically
includes first author, country, publication year, title,
study design, sample size, population, disease profile,
and risk factor. To ensure the consistency, only one
reviewer extracted the risk factors in the articles. The
reviewer first carefully read the 26 articles and then
summarised the risk factors in each article, classified
and organized them, and created related narratives.

According to the extraction results, the occupa-
tional risk factors for HWs to contract the virus can
be divided into nine categories. They are exposure to
infected patients and the virus, lack of PPE, subopti-
mal hand hygiene, lack of infection control training,
work overload, mental stress, cross-infection, unsafe
disposal of medical waste, and inadequate disinfec-
tion.

The lack of PPE and exposure to infected patients
and the virus are the most important risk factors
for HWs. A total of 19 risk factors extracted from
the research include these two factors. According
to the results of the studies, both surgical and N95
masks can effectively prevent HWs from contracting



Table 4
Characteristics of 26 included articles

First author, Country Title Study design  Sample size Population Disease type  Risk factors
year
Mhango South Africa  COVID-19 Risk Factors Among Health Rapid review  Not specified ~ Health workers COVID-19 Exposure to infected patients and the
et al., 2020 Workers: A Rapid Review virus, lack of personal protective
equipment, and work overload
Zhao et al., China Radiology department strategies to protect Review Not specified  Radiologic COVID-19 Lack of personal protective equipment,
2020 radiologic technologists against technologists cross-infection, work over-load, unsafe
COVID19: Experience from Wuhan disposal of medical waste, and
inadequate disinfection
Tang et al., China Avoiding health worker infection and Review Not specified  Health workers COVID-19 Lack of personal protective equipment,
2020 containing the coronavirus disease 2019 cross-infection, work over-load,
pandemic: Perspectives from the inadequate disinfection, unsafe disposal
frontline in Wuhan of medical waste, and lack of awareness
and an inaccessibility of disease
information
Patil et al., Saudi Arabia  Dental care and personal protective Review Not specified  Dental health COVID-19 Exposure to infected patients and the
2020 measures for dentists and non-dental workers virus, lack of personal protective
health care workers equipment, hand hygiene, and unsafe
disposal of medical waste
Macintyre Australia Quantifying the risk of respiratory Case control 481 Health workers Respiratory Exposure to infected patients and the
etal.,, 2013 infection in healthcare workers infection virus, lack of personal protective
performing high-risk procedures equipment, hand hygiene, and
cross-infection
Cournoyer Australia Oxygen Therapy and Risk of Infection for ~ Systematic Not specified  Health workers Respiratory Exposure to infected patients and the
et al., 2020 Health Care Workers Caring for Patients review infection virus, hand hygiene, and lack of
With Viral Severe Acute Respiratory infection control training
Infection: A Systematic Review and
Meta-analysis
Alajmi et al.,  Qatar COVID-19 infection among healthcare Retrospective 393 Health workers COVID-19 Exposure to infected patients and the
2020 workers in a national healthcare system: cohort virus, and lack of personal protective
The Qatar experience equipment
Mossburg Africa Occupational Hazards among Healthcare ~ Systematic Not specified  Health workers Bloodborne Exposure to infected patients and the
etal., 2019 Workers in Africa: A Systematic Review review disease virus, lack of personal protective

equipment, unsafe disposal of medical
waste, and lack of infection control
training

(Continued)
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Table 4
(Continued)
First author, Country Title Study design  Sample size Population Disease type  Risk factors
year
Iversen et al., Denmark Risk of COVID-19 in health-care workers  Observational 29884 Doctors, nurses, COVID-19 Exposure to infected patients and the
2020 in Denmark: an observational cohort cohort assistant, and virus, and lack of personal protective
study medical equipment
students
Zhang et al., China Factors associated with asymptomatic Retrospective 424 Health workers COVID-19 Exposure to infected patients and the
2020 infection in health-care workers with cohort virus, lack of personal protective
severe acute respiratory syndrome equipment, and hand hygiene
coronavirus 2 infection in Wuhan,
China: a multicentre retrospective
cohort study
Vimercati Italy COVID-19 hospital outbreaks: Protecting ~ Observational 5750 Doctors, nurses, COVID-19 Exposure to infected patients and the
et al., 2020 healthcare workers to protect frail cohort social health virus, lack of personal protective
patients. An Italian observational cohort assistants equipment, and mental stress
study
Nishimura Japan Risk of tuberculosis infection among Prospective 626 Health workers Tuberculosis ~ Exposure to infected patients and the virus
etal., 2018 health care workers and nursing students cohort and nursing
in Japan students
Chen et al., China Prevalence and determinants of latent Cross- 487 Health workers Latent Exposure to infected patients and the
2018 tuberculosis infection among frontline sectional tuberculosis virus, lack of personal protective
tuberculosis healthcare workers in equipment, work overload, inadequate
southeastern China: A multilevel disinfection, and lack of infection
analysis by individuals and health control training
facilities
Wang et al., China Risk factors of SARS-CoV-2 infectionin ~ Retrospective 118 Health workers COVID-19 Exposure to infected patients and the
2020 healthcare workers: a retrospective cohort virus, lack of personal protective
study of a nosocomial outbreak equipment, work overload, and mental
stress
Elkholy et al., Egypt MERS-CoV infection among healthcare Retrospective 2223 Health workers MERS Exposure to infected patients and the
2019 workers and risk factors for death: cohort virus, lack of personal protective
Retrospective analysis of all equipment, and lack of infection control
laboratory-confirmed cases reported to training
WHO from 2012 to 2 June 2018
Suzuki etal.,  Japan Effectiveness of personal protective Prospective 49 Health workers COVID-19 Exposure to infected patients and the
2020 equipment in preventing severe acute cohort virus, lack of personal protective

respiratory syndrome coronavirus 2
infection among healthcare workers

equipment, and hand hygiene
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Ran et al.,
2020

Piccoli et al.,
2020

Maltezou
et al., 2020

Fryk et al.,
2020

Xiao et al.,
2020

Viswanath
et al., 2020

Bai et al.,
2020

Yu et al., 2020

Schwartz
et al., 2020

Ing et al.,
2020

China

Switzerland

Greece

Australia

China

Singapore

China

China

Taiwan,
China

Canada

Risk Factors of Healthcare Workers With
Coronavirus Disease 2019: A
Retrospective Cohort Study in a
Designated Hospital of Wuhan in China

Risk assessment and seroprevalence of
SARS-CoV-2 infection in healthcare
workers of COVID-19 and
non-COVID-19 hospitals in Southern
Switzerland

Hospital factors associated with
SARS-CoV-2 infection among
healthcare personnel in Greece

Knowledge, attitudes and practices of
healthcare workers within an Australian
tertiary hospital to managing
high-consequence infectious diseases

SARS, MERS and COVID-19 among
healthcare workers: A narrative review

Working through the COVID-19 outbreak:
Rapid review and recommendations for
MSK and allied heath personnel

SARS-CoV-2 infection in health care
workers: a retrospective analysis and
model study

Infection Control against COVID-19 in
Departments of Radiology

Protecting Healthcare Workers During the
Coronavirus Disease 2019 (COVID-19)
Outbreak: Lessons From Taiwan’s
Severe Acute Respiratory Syndrome
Response

Physician deaths from corona virus
(COVID-19) disease

Retrospective
cohort

Cross-
sectional

Short report

Structured

interviews

Narrative
review

Rapid review
Retrospective
cohort

Review

Brief report

Review

72

4726

Not specified

45

Not specified

Not specified

171

Not specified

Not specified

278

Health workers

Health workers

Health workers

Medical officers
and nurses

Health workers

Musculoskeletal
(MSK) health
workers

Health workers

Health workers in
departments of
radiology

Health workers

Health workers

COVID-19

COVID-19

COVID-19

COVID-19

SARS

MERS

COVID-19

COVID-19

COVID-19

COVID-19

Exposure to infected patients and the
virus, hand hygiene, and work overload

Exposure to infected patients and the
virus, lack of personal protective
equipment, and hand hygiene

Exposure to infected patients and the
virus, lack of personal protective
equipment, hand hygiene, inadequate
disinfection, and lack of infection
control training

Lack of infection control training, and
mental stress

Exposure to infected patients and the
virus, lack of personal protective
equipment, hand hygiene,
cross-infection, mental stress, and lack
of infection control training

Exposure to infected patients and the
virus, lack of personal protective
equipment, and mental stress

Exposure to infected patients and the
virus, lack of personal protective
equipment, and mental stress

Exposure to infected patients and the
virus, cross-infection, and lack of
infection control training

Exposure to infected patients and the
virus, lack of personal protective
equipment, hand hygiene, mental stress,
and inadequate disinfection

Exposure to infected patients and the
virus, lack of personal protective
equipment, and mental stress
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COVID-19, MERS-CoV, SARS, and other respira-
tory infectious diseases, and the use of N95 can
effectively reduce HWs’ risk of being infected with
SARS-CoV-2 [25, 41, 42]. In Denmark, HWs lack-
ing PPE will have an increased risk of contracting
the virus [4]. Among HWs infected by the virus
in China, those who use N95 protective masks are
mostly infected mildly and asymptomatically [30].
An Italian study showed, among the 10 HW patients
with severe COVID-19, nine were infected due to
contact with infected colleagues without PPE [36].

Suboptimal hand hygiene is also one of the main
risk factors. Hand hygiene is considered to be an
effective way to prevent respiratory infections such
as COVID-19, MERS-CoV, and SARS [25, 43,
44]. Maintaining hand hygiene is a well-known key
measure to reduce cross-infection in medical facil-
ities. Saudi Arabia physicians have suggested that
after contact with contaminated medical equipment,
the surrounding environment, and biological tissues,
hands should be thoroughly cleaned with alcohol and
soap [22].

Lack of training or poor knowledge is also one of
the reasons why HWs contract the virus. The survey
results of two studies in Africa showed that among
HWs, 21%-32% of the respondents indicated that
they lacked training or had poor knowledge about
the latest measures to prevent infectious diseases [45,
46]. This will increase their risk of contracting infec-
tious diseases. In the early stage of COVID-19 in
China, the main reason for the large number of infec-
tions among HWs was lack of information about the
virus and lack of training on the latest infection con-
trol methods [21]. Regular infection control training
helps to reduce the risk of infection, and assists HWs
to have the latest knowledge about virus control and
prevention methods, so as to protect them from virus
infection [34, 47].

Work overload and mental stress are also con-
sidered risk factors for HWSs to contract infectious
diseases. Research showed that HWs in China gener-
ally work longer hours, with an average working time
of more than 54 hours per week. As the daily working
hours of HWs increase, their likelihood of contracting
COVID-19 will increase [14]. Work overload means
that HWs lack the necessary rest, and at the same time
exposes them to patients and viruses for a longer time,
which increases the risk of infection [19, 39, 48]. In
addition, longer working hours and a larger workload
lead to mental stress in HWs. They are under greater
psychological pressure when caring for infected per-
sons. A study in China analysed the mental health

status of 1,257 HWs caring for COVID-19 patients
and found that 50.4%, 44.6%, 34.0%, and 71.5% of
them had depression, anxiety, insomnia, and distress,
respectively [49]. During the COVID-19 pandemic,
HWs in Taiwan devote more time to coping with a
high work load under conditions of tremendous psy-
chological pressure and with insufficient resources,
which will further increase their anxiety[39]. In Tai-
wan, HWs’ anxiety was further impacted by growing
stigmatisation and loss of trust by their own commu-
nities during SARS [50].

In addition, the risk factors for HWs to con-
tract infectious diseases also include cross-infection,
unsafe disposal of medical waste, and inadequate
disinfection. HWs are on the front line of fighting
the virus, and they are prone to cross-infection of
patients-to-HWs and HWs-to-HWs in their working
environment, especially when the virus information
is not clear at the initial stage [31, 51, 52]. According
to Chinese radiologic technologists, HWs in radiol-
ogy departments are at greater risk of cross-infection
during COVID-19, and how to avoid cross-infection
in this environment is particularly important [20]. The
treatment of medical waste should be implemented in
accordance with “Medical Waste Management and
Regulations”. The waste of patients with COVID-19
should be regarded as infectious medical waste, and
special sealed packaging should be used to properly
dispose of it to prevent cross-infection [20]. A study
in Taiwan showed routine disinfection of the daily
working environment of HWs and the transitional
environment in contact with patients can reduce the
possibility of cross-infection for HWs [39].

4. Discussion

The global impact of the COVID-19 pandemic has
further deepened. As the front-line personnel in the
fight against the pandemic, HWs are more susceptible
to infection in their working environment. However,
most of the research on the infection of HWs focuses
on the external process of infection, such as hand
hygiene, PPE, and cross-infection. HWs’ own risk
factors such as work overload and mental stress are
rarely researched. Regarding the research on the risk
factors of HWs, there is a rapid review that extracted
five risk factors for HWs from 11 articles, but the
number of articles included, the types of diseases,
and the number of risk factors were not detailed and
comprehensive [19].
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Table 5

Risk factor classification

Source of infection

Transmission route

Susceptible population (HWs)

Exposure to infected patients and the virus
Unsafe disposal of medical waste
Inadequate disinfection

Lack of personal protective equipment
Suboptimal hand hygiene
Cross-infection

Lack of infection control training
Work overload
Mental stress

To conduct a more comprehensive and detailed
analysis and classification of the occupational
COVID-19 infection risk factors of HWs under the
current new prevention and control situation, we first
used bibliometrics to conduct a statistical analysis of
published literature. This method has obvious advan-
tages in quantitative analysis and objectivity, but it
cannot consider all particularities or special features
of the objects to be assessed [53]. To obtain a more
comprehensive and detailed statistical analysis result,
we further selected 26 articles that meet the standards
for information extraction, and obtained a total of
nine occupational risk factors for infectious diseases
among HWs. In order to sort and classify the 9 risk
factors from different levels, and propose risk control
strategies for different levels, we can classify the 9
risk factors obtained according to the source of infec-
tion, the route of transmission, and HWs. The nine
risk factors can be classified into three dimensions
(Table 5), for which different risk control strategies
can be proposed: the source of the infection, the trans-
mission route, and the susceptible population (HWs
in this case).

Table 5 lists the classification of risk factors
in three dimensions, each of which contains three
risk factors. Among them, infectious sources mainly
refer to people or things that carry viruses, such
as infected patients, and medical waste. We clas-
sified exposure to infected patients and the virus,
unsafe disposal of medical waste, and inadequate dis-
infection as the risk factors as this category, which
means the risk factors that may cause HWs to con-
tract viruses. The route of transmission refers to
the way in which HWs are infected, such as via
their hands and their working environment such as
wards and office areas. This dimension also includes
the lack of PPE, suboptimal hand hygiene, and
cross-infection. The susceptible population dimen-
sion refers to high-risk HWs themselves who are in
direct or indirect contact with patients with infec-
tious diseases. We classified lack of infection control
training, work overload, and mental stress into this
dimension, which indicates that the HWs own con-
ditions may lead to risk factors for infection by the
virus.

The spread of infectious diseases in an epidemic
way must meet three conditions, namely, source of
infection, route of transmission, and susceptible pop-
ulation, which are collectively referred to as the three
links of the epidemic process [44]. If one of these
links are missing, new infections cannot occur, and
it is therefore impossible for the disease to spread
through the population. Using the three dimensions
of infectious diseases to classify infection risks is con-
ducive to proposing control methods to reduce these
risks for HWs.

To control the source of infection, the possibil-
ity of HWs being exposed to these sources should
first be reduced. Research in Denmark has shown
that the risk of SARS-CoV-2 infection of HWs is
closely related to exposure to the source of infection
[4]. To reduce these risks, paperless and information-
based working methods should be promoted, such
as establishing online virtual clinics and issuing
electronic medical records, and prescriptions. Teach-
ing of clinical or practical subjects would benefit
from the use of virtual systems [54]. In addition,
artificial intelligence technology can also be fully
applied to serving HWs, which could not only reduce
exposure but also reduce their workload [21]. All
instruments or equipment and tissues used by patients
with COVID-19 should be regarded as infectious
medical waste. These should be disposed of in easy
recognisable packaging and sealed in accordance
with the provisions of “Medical Waste Management
and Regulations” [22]. According to the risk assess-
ment, appropriate disinfection standards should be
established, and the transition area between the iso-
lation area and the clean area should be fully and
comprehensively disinfected every day, including air
disinfection, surface wiping disinfection, and floor
disinfection of different areas [20].

For the control of transmission routes, Chinese
radiologic technologists have suggested that the
approach of “three areas and two passages” can be
applied [20]. It means setting up three areas, that is,
a contaminated area, potentially contaminated area,
and clean area, as well as two buffer rooms between
the potentially contaminated area and the clean area
to further ensure safety. In addition, there should be a
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distinction between patient passages and medical per-
sonnel passages to avoid cross-infection between the
two groups. Further, HWs should use 75% ethanol
to treat their hands every time they take care of
patients or use equipment and keep their hands clean
at all times [22]. Regarding PPE, research has shown
that all personnel should wear masks [55], and HWs
should implement different levels of personal pro-
tective measures according to the risk level of their
respective regions [21]. To ensure the safety of HWs,
governments and hospitals should make full efforts
and coordinate to ensure the adequate reserves and
supplies of PPE for them [21].

With regards to the dimension of HWs themselves,
a Chinese study showed that designated professionals
should be made infection managers, and all mem-
bers of the department should be trained on the latest
guidelines for diagnosis, treatment, and control spec-
ifications, which can effectively reduce the infection
risk of staff members [20]. All HWs should receive
online training before commencing work. Mutual
help and supervision between HW's can help to reduce
the incidence of infection [21]. Italian physicians
have suggested that the establishment of community
centres or home care systems for COVID-19 patients
can not only reduce the workload of HWs, but also
reduce the spread of the disease and the exposure
of HWs [56]. In addition, hospitals should pay full
attention to the mental health of HWs. They must
pay attention to possible post-traumatic stress syn-
drome and occupational concerns of HWs, and should
temporarily invite a psychologist or psychological
counsellor to participate in the management of the
hospital if necessary [25].

5. Limitations and future research

This study was a more comprehensive and sys-
tematic evaluation of the research on occupational
risk factors of infectious diseases among HWs than
previous evaluations, including multiple types of
infectious diseases, multiple research methodolo-
gies, and different countries. In addition, we also
classified the extracted risk factors according to
three dimensions and proposed control strategies
for each dimension. However, our research also has
limitations. First, when using CiteSpace for cluster
analysis, only the 10 clusters with the most mem-
bers were retained in this article. Many of the smaller
clusters were filtered out, so some important infor-
mation may have been ignored, which could affect

the risk factors in the clustering results. Second, as
the current pandemic is further developing, the cur-
rently reported statistics on the infection information
of HWs may be underestimated, so there may be the
possibility that certain risk factors may have been
ignored.

This study provides a systematic risk identification
focus for HWs at high risk of infection, which is help-
ful for HWs to identify their own risk of infection. In
addition, it also provides medical institutions with
a systematic focus on protecting HWs from infec-
tion. Future research can build a quantitative model
for evaluating the occupational risk factors of med-
ical personnel in the medical service system based
on the nine risk factors proposed in this paper to test
the infection risk of HWs themselves, and take active
measures against weak links.

6. Conclusion

This study used bibliometrics to analyse the 619
articles related to the risk factors of infectious dis-
eases in HWs from 2010 to 2021 and used CiteSpace
to analyse the cited institutions, co-cited journals, and
co-citation networks of references from a macro per-
spective. We then conducted a microscopic analysis
and extracted nine risk factors from 26 articles. We
classified the risk factors into three dimensions and
proposed corresponding infection control strategies
for each dimension.

With the further spread of COVID-19 and the
increasing seriousness of the disease prevention and
control situation, the risk of infection faced by HWs is
unprecedented. Medical institutions should pay more
attention to the nine risk factors that we identified and
use the three risk dimensions to carry out risk identi-
fication and infection control to reduce the infection
risk of HWs and protect them better.
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