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Editorial

The coronavirus disease 2019 (COVID-19) epidemic in the Republic of Korea (ROK) peaked 
around March 20, 2022. COVID-19 is now highly likely to become endemic, and accordingly, 
the government is making policy changes informed by the following considerations. First, 
the vaccination rate is very high. The primary and secondary vaccination rates are 87.7% 
and 86.8%, respectively, and approximately 45 million and 44.5 million people have been 
vaccinated. The vaccination rate is 89.3% in those 60 years of age or older [1]. 

Second, although vaccine escape has increased due to mutations and the transmissibility 
of COVID-19 has increased, the fatality rate is decreasing. More specifically, the cumulative 
fatality rate is 0.09% [2], even though the proportion of unvaccinated children and adolescents 
exceeds 30% and the rate of breakthrough infections in people who have received the third 
dose has reached 16% [3]. This low fatality rate is considered to be the effect of vaccination. 
According to government reports, the third vaccination was 75.0% effective for preventing 
infection (95% confidence interval [CI], 74.1%–75.8%), 91.6% effective for preventing severe 
disease (95% CI, 89.2%–93.4%), and 92.3% effective for preventing death (95% CI, 89.2%–
93.4%) [1]. The use of oral therapeutics may also have helped reduce mortality. 

In light of these decreases in the number of patients and the fatality rate, the government 
significantly relaxed social distancing, while maintaining some restrictions related to 
mask-wearing, shared eating, and events; however, these restrictions will gradually be 
lifted to normalize each sector of society. 

We are then faced with several questions: How long will this decline last? Will new 
mutations occur again? If so, how should we prepare for the next outbreak? These issues 
are the focus of substantial debate. There is a high likelihood of a temporary resurgence 
of Omicron variants this year. From January 2022 to the present, almost one-third of the 
population has been infected; thus, there is a meaningful possibility that variants may 
appear in the ROK. Furthermore, rather than COVID-19 being eliminated, it is possible that 
small-scale outbreaks will continue in the community and then re-emerge when immunity 
wanes. 

Accordingly, evidence supporting policy initiatives should be presented more accurately 
through an immunity survey to improve the secondary booster and basic vaccination rates 
in children before re-emergence. Considering the waning of vaccine-induced immunity, 
it will be necessary to raise the immunity level of target groups starting around October 
to prevent the circulation of COVID-19 and to simultaneously establish a booster vaccine 
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strategy to protect high-risk groups. In order to increase 
the vaccination rate among children who have not yet 
been vaccinated, it is necessary to consider other vaccine 
formulations and include COVID-19 as a target disease for 
immunization requirements for school entrance.  

It is also necessary to develop a mid- to long-term strategy 
to prepare for a new pandemic. First of all, the World Health 
Organization (WHO) prioritization of diseases for research 
and development (R&D) in emergency contexts in 2017 did 
not predict this epidemic. In the long term, the disease list 
for R&D prioritization will be adapted in consideration of the 
occurrence of infectious diseases in the ROK and Northeast 
Asia (i.e., population-dense areas where zoonotic diseases 
are highly likely to occur). The R&D priority list should be 
rearranged to reflect the cultural characteristics of Asian 
countries. Based on this, plans to prepare for an epidemic 
should include monitoring and coordination for early 
detection; education and training of health and medical 
personnel; effective non-pharmaceutical interventions; the 
development of vaccines, therapeutics, and diagnostic tools; 
scaled-up strategies necessary for the epidemic responses; 
and stockpiling of personal protective equipment (PPE). A 
regionalized strategy should be developed. 

In addition, if we narrow the scope of planning by focusing 
on the ROK, it is necessary to think more about the medical 
response—that is, the preparedness that should be made 
for a COVID-19 resurgence later this year. As the number of 
patients increased despite booster vaccinations, screening 
for suspected patients expanded from public health centers to 
respiratory clinics and short-term outpatient clinics for home 
treatment. Confirmed patients were transferred to residential 
treatment centers, respiratory patient management hospitals, 
and critically ill patient management hospitals through 
the triage system of public health centers. Although this 
system was somewhat unreasonable, it effectively mobilized 
limited medical resources thanks to the collaboration of 
the medical community and the shift in the role of public 
hospitals. 

In the surge that peaked around March 20, 2022, the high 
vaccination uptake rate and the attenuated severity of the 
virus due to mutations significantly reduced the demand for 
hospital beds. However, as the number of patients increased 
significantly more than expected, the number of quarantined 
at-home care subjects surged. In consideration of the 
capacity of polymerase chain reaction (PCR) testing and 
the time required for PCR testing at public health centers, 
the system switched to using rapid antigen testing-based 
diagnoses, and 99% of confirmed patients were managed at 
home. 

Accordingly, the at-home management policy was 

reorganized to enable non-face-to-face treatment centered 
on public health centers or medical institutions. The elderly 
and those with underlying diseases were classified into 
intensive care groups, which received a management kit 
from a public health center and were actively managed 
through an app. The general management group was self-
managed, but received counseling through a local clinic, a 
respiratory clinic, or a designated medical institution for 
respiratory treatment. 

However, the ROK’s management system distorts the 
role of primary care institutions in the local community. 
Before October 2021, the number of COVID-19 patients in 
the ROK was lower than in other countries; therefore, it 
was cumbersome to take steps to prepare all primary care 
institutions, which had to be equipped with ventilation 
facilities, infection prevention equipment, auxiliary personnel, 
and PPE (preparation and stocking), as well as systems to 
support PCR sample transfer, quarantine and isolation 
activities, triage of confirmed patients, and education 
and training of medical personnel. Since the Middle East 
respiratory syndrome epidemic in 2015, which started 
with infections associated with medical institutions, the 
importance of infection control and prevention has been 
emphasized, and primary care institutions have avoided 
febrile patients from the beginning of the COVID-19 
pandemic. Therefore, the role of primary care institutions 
in collaboration with public health centers for infectious 
disease management was not developed. 

Other countries that did not have similar experiences to 
those of the ROK had initial difficulties, but in order to fulfill 
the role of primary care, steps were taken to activate non-
face-to-face treatment, home visiting care, and community 
clinics for low-risk subjects. In addition, initial encounters for 
face-to-face care, which are characteristic of primary care, 
were provided for suspected and confirmed cases, contacts, 
people who were anxious about COVID-19 infection, and 
everyone in need of general care, and all efforts were made 
to provide continuous and comprehensive care. 

As a result, those countries learned about the importance 
and value of primary care during the pandemic, which 
resulted in a strong sense of solidarity with local residents, 
a recognition of the importance of supporting medical 
personnel to overcome the difficulties of the pandemic at 
the local level, and an understanding of the need to protect 
primary care functions and provide those that are necessary. 
The mutual interactions between public health specialists 
and primary care providers, as well as the experiences 
gained from the pandemic, are reflected in the education 
and training of primary care physicians and have a large 
impact on health care [4]. 
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Meanwhile, in the 2019 Astana Declaration, the WHO insisted 
that primary health care services should encompass both 
population health and individual-level care. Therefore, while 
maintaining the existing essential health services in the 
setting of COVID-19, it is necessary to promptly take preventive 
measures against potential infections, avert transmission 
risk among contacts or health personnel, strengthen existing 
surveillance systems (e.g., those for influenza-like illnesses 
and severe acute respiratory infections), and communicate 
risk with the community. To achieve these goals, the WHO 
emphasized the need to strengthen community engagement, 
implement vaccination services, and deliver services 
innovatively, and suggested aspects of patient management 
in primary care (e.g., the mobilization of resources and 
diagnostic testing, classification, isolation, evaluation, and 
advice) for the management of suspected or confirmed cases 
[5]. 

In conclusion, while some countries have vertically 
managed health systems, other countries with primary care 
capabilities have management systems that emphasize the 
role of the primary care physician. Despite these differences 
in care systems, countries have adopted mitigation policies 
as the COVID-19 vaccination rate increased and the fatality 
rate decreased. However, in some countries, home care 
was introduced from the beginning of the epidemic as 
infections spread in nursing homes and facilities were 
closed. 

The ROK also considered the role of primary care 
institutions while expanding home care, but it was overlooked 
that the strict quarantine and isolation measures against 
community transmission were more emphasized than the 
comprehensive and continuous patient care inherent to 
primary care. In order to prepare for a future pandemic, the 
disease prevention commissioner, according to the Infectious 
Disease Prevention and Prevention Control Act, must designate 
primary care institutions in advance to manage infectious 
diseases at the county level, with a focus on providing care for 

suspected and confirmed cases, contacts, people concerned 
about infection, and patients with general medical needs. It 
is necessary to preserve the characteristics of primary care 
and supplement the infectious disease management system 
by establishing ventilation facilities, adequately stocking 
PPE for clean rooms, and implementing appropriate testing, 
patient education, and vaccination. 
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Introduction 

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), a beta-coronavirus, was found 
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ABSTRACT

The coronavirus disease 2019 (COVID-19) pandemic rapidly spread globally. Severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2), which causes COVID-19, is a positive-sense 
single-stranded RNA virus with a reported fatality rate ranging from 1% to 7%, and people 
with immune-compromised conditions, children, and older adults are particularly vulnerable. 
Respiratory failure and cytokine storm-induced multiple organ failure are the major causes 
of death. This article highlights the innate and adaptive immune mechanisms of host cells 
activated in response to SARS-CoV-2 infection and possible therapeutic approaches against 
COVID-19. Some potential drugs proven to be effective for other viral diseases are under clinical 
trials now for use against COVID-19. Examples include inhibitors of RNA-dependent RNA 
polymerase (remdesivir, favipiravir, ribavirin), viral protein synthesis (ivermectin, lopinavir/
ritonavir), and fusion of the viral membrane with host cells (chloroquine, hydroxychloroquine, 
nitazoxanide, and umifenovir). This article also presents the intellectual groundwork for 
the ongoing development of vaccines in preclinical and clinical trials, explaining potential 
candidates (live attenuated-whole virus vaccines, inactivated vaccines, subunit vaccines, DNA-
based vaccines, protein-based vaccines, nanoparticle-based vaccines, virus-like particles 
and mRNA-based vaccines). Designing and developing an effective vaccine (both prophylactic 
and therapeutic) would be a long-term solution and the most effective way to eliminate the 
COVID-19 pandemic. 

Keywords: COVID-19; COVID-19 drugs; COVID immune modulator therapies; SARS-CoV-2; 
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to be associated with a pneumonia-associated respiratory 
syndrome that first emerged in Wuhan, China, in December 
2019, and now has affected almost every territory of the world. 
SARS-CoV-2 is a single-stranded RNA (ssRNA) positive-
sense virus, the genome of which is 96% identical to that of 
bat coronavirus. It binds angiotensin-converting enzyme 
2 (ACE2) in human cells through the receptor-binding 
domain (RBD) of its spike (S) protein; ultimately, membrane 
fusion occurs, followed by virus entry into lung cells by 
endocytosis [1,2]. After entry, SARS-CoV-2 hijacks the 
protein synthesis machinery of the host and utilizes it to 
produce its own proteins, through which viral genome 
replication occurs [3]. 

According to the World Health Organization (WHO), the 
fatality rate of COVID-19 is 1% to 7%, although these rates 
should be interpreted with caution. COVID-19 patients show 
severe lung damage and typical pneumonia symptoms [4]. 
About 20% of SARS-CoV-2 infections in immune-compromised 
elderly patients with pre-existing health disorders such as 
hypertension, obesity, diabetes, cardiovascular problems, 
pulmonary fibrosis, interstitial lung disease, and asthma 
would develop severe respiratory illness, such as acute 
respiratory distress syndrome (ARDS), potentially leading to 
death. Furthermore, neurological problems have also been 
reported in experimental animals and humans with SARS-
CoV-2 infection [5]. Although the fatality rate is less than 
1% according to a study conducted in Korea, the rate of 
mortality is considerable due to the unprecedented scale of 
the COVID-19 pandemic [6]. Respiratory failure associated 
with COVID-19, a major cause of death, also occurred with 
previous related diseases, such as Middle East respiratory 
syndrome coronavirus (MERS-CoV), which emerged in 
2012, and the Spanish Flu, which caused a global pandemic 
from 1918 to 1920 [7]. 

Antiviral therapy may shorten the course of COVID-19 and 
improve its outcomes, in addition to conventional treatment. 
Hemodynamic and ventilator support are also being used 
to treat COVID-19 patients [8]. Ventilators are needed to 
support patients with severe cases of COVID-19, through 
various modalities. A large number of patients with severe 
COVID-19 may develop multiple organ failure and lung 
injury, especially in the elderly, due to a cytokine storm, and 
treatment may involve immune-modulators [9]. 

The epidemiological aspects of COVID-19, including data 
collection, compilation, and dissemination, have been 
investigated by numerous studies, which have made steady 
progress, assisted by significant advances in computational 
analysis. Meanwhile, in parallel, virus genome databases and 
molecular technology have enabled us to identify viruses and 

mutations. Screening of chemical libraries is an important 
approach to drug discovery, including large transcriptional 
signature databases and available molecules in different 
cell lines. Studies are being conducted to use these molecules 
for therapies [10]. Several products claimed to be effective 
against SARS-CoV-2 are available on the market. One of 
these is chlorine dioxide (ClO2), which the Food and Drug 
Administration (FDA) warned against using for COVID-19, as 
it causes health risks. The enzymes of SARS-CoV-2 are targeted 
by various strategies that interfere with the viral cycle inside 
the host cell, using antiviral drugs that were previously 
used against MERS-CoV, SARS-CoV, and RNA viruses such 
as hepatitis C virus (HCV), and human immunodeficiency 
virus (HIV). Other target drugs are used to prevent COVID-19 
virus entry at the host cell surface. Another strategy is 
immunomodulation, which includes using non-specific 
interferon (IFN) and immunoglobulins (Igs), such monoclonal 
antibodies and tyrosine kinase inhibitors, for COVID-19 
treatment. Immunomodulation is needed either in the early 
stage of the disease to boost antiviral immunity or in severe 
cases of the disease to suppress the immune response 
when uncontrolled immunity causes organ damage and 
lung injury. Neutralizing antibodies (NAbs) that bind to the 
RBD of the S protein of COVID-19, prevent RBD from binding 
to ACE2 in human cells; therefore, NAbs may also be useful 
for the treatment of COVID-19 [11]. 

This review covers key drugs and vaccines, including 
antiviral/anti-infective agents, that are registered in clinical 
trials for the treatment of COVID-19. This comprehensive 
review will provide a better understanding of immune-related 
therapeutic approaches to combat the COVID-19 pandemic. 

Search Methodology 

Relevant literature was retrieved from databases including 
Scopus, PubMed, Medline, Embase, and Web of Science with 
the following keywords: “severe acute respiratory syndrome 
coronavirus 2,” “vaccines,” “COVID drugs,” “COVID immune 
modulator therapies,” and “immune response.” Preference 
was given to sources published through the end of 2021. 
A total of 300 articles were retrieved, out of which a 85 
were selected for the present study. The selection criteria 
were high-citation articles published in credible journals, 
and most importantly, articles related to drug and vaccine 
therapy; articles on non-relevant topics with few citations 
were excluded. Statistics and approval data about drugs and 
vaccines were also retrieved from the websites of the WHO 
and FDA. 
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Mechanism of Innate and Adaptive Responses 

The innate immune response refers to the primary host 
defensive mechanisms against viral infection. Upon activation, 
intracellular, germline-encoded pathogen recognition 
receptors recognize uncapped mRNA and double-stranded 
RNA as unique pathogen-associated molecular patterns 
[12]. Innate immunity against viral diseases depends on 
the type-1 IFN response and its downstream signaling, 
which modulate a strong adaptive host response and also 
control viral replication. MERS-CoV uses a specific receptor, 
named dipeptidyl peptidase, for entry into the host cell, 
whereas SARS-CoV and SARS-CoV-2 share the same 
structural subdomain of the S protein that binds to the 
same receptor, ACE2 [1]. Several studies have shown that 
both macrophages and dendritic cells (DCs) play significant 
roles, such as the initiation of the immune response in 
mucosal lymphoid tissue and viral destruction. Moreover, 
the S protein of SARS-CoV activates macrophages and DCs, 
leading to pro-inflammatory cytokines overproduction [13]. 

The term “cytokine storm” refers to a rapid increase in 
the level of cytokines released in the human body due to an 
overstimulated host immune response against a pathogenic 
invader. ARDS is considered as an important stage of viral 
pathogenesis as it shows a significant correlation with 
cytokine release syndrome. A potentially fatal unconfined 
or uncontrolled anti-inflammatory response occurs when 
the effector cells of the human immune system release a 
large number of pro-inflammatory cytokines during ARDS 
[14]. The excess production of cytokines and chemokines 
was reported during previous outbreaks of SARS-CoV and 
MERS-CoV. The levels of cytokines such as interleukin (IL)-6 
and IFN-α, as well as pro-inflammatory cytokines including 
CXCL-8, CXCL-10, and CCL-5, were elevated during MERS-
CoV infection. Similarly, high levels of ILs (IL-33, IL-6, IL-18, 
IL-12, IL-1), IFNs (IFN-γ, IFN-α) and tumor necrosis factors 
(TNFs; TNF-β and TNF-α) were observed during SARS-
CoV infection. The overreaction of the immune system in 
the human body induced by the cytokine storm may cause 
sudden death in patients with SARS-CoV-2 infection due to 
serious complications such as multiple organ failure and 
ARDS [15]. 

The humoral B cell and cellular T cell responses are the 
main components of adaptive immunity. Helper T cells 
(Th1) cells are particularly important for adaptive immune 
responses to worm parasites and viruses. T cell responses 
are activated by the cytokine environment produced 
by antigen-presenting cells (APCs). Tc cells, also known 
as cytotoxic T lymphocytes, mainly kill cells infected 
with viruses, while Th cells play an essential role in the 

dictation of the overall mechanisms deployed during the 
adaptive response [16]. A high level of IgG is present in the 
plasma during the convalescent period, and then IgG titers 
disappear after recovery from COVID-19. The accumulation 
of inflammatory macrophages and the production of IL-8/
MCP-1 triggered by anti-S-NAbs may cause severe lung 
injury despite inhibiting viral replication [17]. SARS-CoV-2 
may induce lymphocytopenia through the induction of T 
lymphocyte-mediated apoptosis or programmed cell death. 
Recent studies have suggested that SARS-CoV-2 can infect 
T lymphocytes by either S protein-dependent or ACE2-
mediated membrane fusion [18]. The immunological events 
(innate, adaptive immunity, cytokine antiviral response) 
that occur during SARS-CoV-2 infection are described in 
Figure 1. 

Current Antiviral Drugs for COVID-19 Treatment 

Currently, the treatment of COVID-19 patients is mainly 
based on addressing their symptoms and repurposing 
therapeutic drugs. Therapies are categorized into 2 types 
according to their respective target: directly inhibiting viral 
replication directly by blocking binding to the entry receptor 
on the host cell membrane, or boosting the immune system 
by inhibiting the inflammatory response [19]. The steps 
involved in the SARS-CoV-2 replication cycle (attachment/
endocytosis, membrane fusion, uncoating, translation, 
proteolysis, RNA synthesis, and assembly/exocytosis) provide 
possible targets for effective drug therapy (Figure 2). Table 
1 summarizes the potential targets and mechanisms of 
repurposing therapeutic drugs for COVID-19 treatment. 

Inhibitors of RNA-Dependent RNA Polymerase 

Remdesivir 
Remdesivir, previously named GS-5734, is a monophosphate 
prodrug of an adenosine analogue. The compound 
undergoes chemical conversion by a metabolic process 
and it is converted into an active nucleoside triphosphate 
(NTP) derivative, specifically, a C-adenosine analogue. It 
was discovered during the screening of antimicrobial 
agents with broad-spectrum activity against ssRNA viruses 
(Flaviviridae and Coronaviridae). Remdesivir showed 
promising results during the Ebola virus epidemic due to 
the selectivity of host RNA polymerase against Ebola virus 
infection and its lower 50% effective concentration (EC50) 
[20]. The promising therapeutic potential of remdesivir 
for COVID-19 is due to its strong in vitro, broad-spectrum 
activities against several novel coronaviruses, such as 
SARS-CoV-2, with a low EC90 (1.76 μM) and EC50 (0.77 μM) [21]. 
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The possible mechanism of remdesivir against various 
coronaviruses remains unknown, and several explanations 
of its potential effects have been prepared. First, remdesivir 
with intact 3'-5' exoribonuclease proofreading activity 
interacts with the RNA polymerase activity of non-structural 
protein-12 [22]. NTPs, which are pharmacologically active 
compounds and alternative substrates produced by remdesivir, 
are especially involved in RNA chain termination. Remdesivir 
incorporates active NTPs into viral RNA sequences, thereby 
inhibiting SARS-CoV replication [23]. Additionally, genetic 
barriers made it difficult for coronaviruses to develop 
resistance against remdesivir, suggesting that remdesivir is 
a highly effective therapy for coronaviruses [24]. 

Chest radiography is considered a key component of 
the recovery criteria and disease diagnosis in the Chinese 
government’s Guidelines for the Diagnosis and Treatment of 
Novel Coronavirus (SARS-CoV-2). It should not be included 
in outcome measurements and exclusion/inclusion criteria [25]. 
Several studies on SARS-CoV have shown that remdesivir 
administration was only effective in the earliest stage (prior 
to the initial phase of the immunopathological process during 
pneumonia) [26]. In India, a clinical trial was conducted on 
2,329 patients (of whom 29.69% had diabetes and 20.33% 
had hypertension) receiving oxygen therapy to evaluate the 

safety and efficacy of remdesivir. Of these patients, 65.38% 
were treated with remdesivir for 5 days, and it was overall 
well tolerated with some (n = 119) adverse events like nausea, 
vomiting, and elevated liver enzymes. Death occurred in 
6.77% of patients (mostly among those over 60 years of age), 
and 9.16% of patients showed no improvements. The factors 
associated with mortality included diabetes, age > 60 years, 
and receiving high-intensity oxygen therapy. The remaining 
84% of patients recovered [27]. 

Favipiravir 
The antiviral prodrug favipiravir (T-705), is a purine nucleotide 
analogue that is converted into its active form, T-705-4-
ribofuranosyl-5'-triphosphate (T-705RTP). The agent halts 
viral replication by inhibiting viral RNA polymerase activity. 
Most preclinical data on favipiravir have been obtained from 
its activities against Ebola and influenza viruses. The drug 
also exerts broad-spectrum activity against RNA viruses [28]. 
Favipiravir, with an EC50 of 61.88 μM, was found to be highly 
effective in Vero E6 cells infected with SARS-CoV-2 in vitro 
[29]. 

The entry of the favipiravir prodrug into virus-infected 
cells takes place by endocytosis. The agent then undergoes 
phosphorylation and phosphoribosylation and is converted 
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Figure 1. Description of innate and adaptive responses of human immune system. NK, natural killer; TLRs, toll-like receptors.
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into an active form of favipiravir, T-705 RTP [30]. The drug 
interferes with the process of nucleotide incorporation 
during replication and exerts antiviral effects by selectively 
targeting conserved residues in the catalytic domain of viral 
enzymes, such as RNA-dependent RNA polymerase (RdRp). 
The increased frequency and number of point mutations, 
such as the replacement of cytosine (C) replacement with 
uracil (U) or thymine (T) and the replacement of guanine 
(G) with adenine (A), results from dysregulation in SARS-
CoV replication. Favipiravir is a potential therapy for the 
treatment of human infections with RNA viruses including 

Ebola, influenza, and norovirus [31]. 
Several clinical studies on the effectiveness of favipiravir 

against SARS-CoV-2 infection have been conducted in 
countries such as Japan and China. A randomized clinical 
trial (ChiCTR200030254) revealed that the treatment of 
COVID-19 patients with favipiravir led to a significantly 
higher clinical recovery rate (71.43%) than treatment with 
umifenovir (55.86%). The fever reduction and cough relief 
times in the favipiravir-treated group were shorter than in 
the umifenovir-treated group.  

However, in a clinical trial conducted in Saudi Arabia, 
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Figure 2. Overview of potential targets for therapeutic drugs during the severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) replication cycle. ACE2, angiotensin-converting enzyme 2.
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in which 231 COVID-19 patients (treatment group) were 
treated with favipiravir and a placebo group of 119 patients 
were kept in a similar environment, the median time for 
viral clearance was 10 days in the treatment group versus 8 
days in the placebo group, and the median time for clinical 
recovery was 7 days in both groups. This trial suggests that 
favipiravir does not shorten the time required for viral 
clearance [32]. The available clinical trials indicate that 
favipiravir relieves cough and fever but fails to accelerate 
viral clearance [33]. 

Phase 3, open label, parallel arm and multicentre 
randomized controlled trial (RCT) by AlQahtani et al. [34] 
and a trial by Udwadia et al. [35] for improvement of 
clinical parameters and reduction of SARS-CoV-2 viral-
load was performed. The results showed some clinical 
improvements but no reduction of viral load. According 
to these two trials the fivipiravir did not show significant 
efficacy for treatment of SARS-CoV-2 disease contradicting 
previous results reported by Rahman et al. [36]. The safety 
and efficacy of favipiravir alone or in combination with 
tocilizumab (TCZ) (NCT04310228, ChiCTR2000030894), 
IFN-alpha (ChiCTR2000029600) marboxil,  baloxavir 
(ChiCTR2000029548, ChiCTR2000029544), and chloroquine 

phosphate (NCT04319900, ChiCTR2000030987) [37]. 

Ribavirin 
Ribavirin is a synthetic guanosine nucleoside analogue 
that interrupts DNA and RNA viral replication. The main 
antiviral action of ribavirin is to inhibit RdRp activity. The 
chemical structure of ribavirin restricts viral RNA cap 
synthesis, a process that involves the methylation of natural 
guanosine, thereby protecting RNA from degradation 
[38]. It inhibits the function of inosine-5'-monophosphate 
dehydrogenase, an enzyme involved in the synthesis of the 
common precursor, guanine monophosphate. Ribavirin 
further enhances RNA destabilization by interfering with 
the mechanism of guanosine triphosphate production 
[39]. Ribavirin seems to be a promising candidate for the 
treatment of COVID-19 due to its potent antiviral activity 
against novel coronaviruses. However, ribavirin has limited 
in vitro activity against novel coronaviruses, and large 
concentrations are required to halt SARS-CoV-2 replication. 
Combined therapy and oral administration of high-dose 
ribavirin (1.2−2.4 g) every 8 hours are highly recommended 
[40]. 

Adverse dose-dependent hepatotoxicity associated with 

Table 1. Summary of potential targets and possible mechanisms of therapeutic drugs for the treatment of COVID-19

Drugs for treating 
COVID-19 Target Clinical trial results Mechanism

Remdesivir RdRp Effective only in early stages. Trials showed 
that it was well tolerated.

Inhibits viral RNA synthesis

Favipiravir RdRp Relieved cough and fever and had no role in 
viral clearance.

Inhibits RNA polymerase activity

Ribavirin RdRp Dose-dependent anemia in 60% of patients. 
Increased blood transfusion requirements 
and transaminase levels.

Inhibits RNA capping

Ivermectin Imp α/β1 heterodimer A high dose was found to be safe in 
randomized controlled trials, but it was less 
effective in reducing viral load.

Inhibits nuclear transport of viral and host 
proteins

Lopinavir/ritonavir Viral proteases such 
as 3CL pro

Effectively reduced the viral load, but elevated 
transaminase levels and showed adverse 
effects.

Inhibit viral replication by blocking viral  
3CL proteases

Chloroquine ACE2 receptor and 
endosome

Adverse events were numerically higher and 
the drug was found to be found non-efficient 
against COVID-19.

Inhibits endosomal acidification,  
proteolytic processing, and viral entry

Hydroxychloroquine ACE2 receptor High adverse events and low treatment 
efficacy towards COVID-19.

Inhibits the production of cytokines, such  
as TNF, IL-1, and IL-6

Nitazoxanide Host factors and viral 
proteins

The clinical efficacy statement still remains 
uncertain. No improvements were found 
in viral clearance or time of clinical 
improvement.

Blocks IFN type 1 signaling and cytosolic 
dsRNA sensing during viral replication

Umifenovir S protein, ACE2 The WHO scores were statistically not 
significant; however, highly significant 
results were found in mild or asymptomatic 
patients.

Viral entry inhibitor that blocks S protein 
binding to target cell

COVID-19, coronavirus disease 19; RdRp, RNA-dependent RNA polymerase; Imp, importin; ACE2, angiotensin-converting enzyme 2; TNF, tumor necrosis 
factor; IL, interleukin; IFN, interferon; WHO, World Health Organization.
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ribavirin therapy is a major concern. High concentrations 
of ribavirin caused dose-dependent anemia due to 
hemolysis in > 60% of patients in SARS-CoV-2 clinical 
trials. Similar clinical safety concerns were observed in 
large-scale studies on MERS. Blood transfusions were 
required in approximately 40% of infected individuals 
taking ribavirin in combination with IFN [41]. An elevated 
level of transaminase was reported in 75% of patients with 
SARS who received ribavirin. The application of ribavirin is 
prohibited in pregnancy due to its severe teratogenic effects. 
The substantial toxic effects and insufficient data on ribavirin 
efficacy for several novel coronaviruses suggest that its use 
for COVID-19 treatment may be limited. However, combined 
drug therapy gives the best option for clinical efficacy [42]. 

Inhibitors of Viral Protein Synthesis 

Ivermectin 
Ivermectin has emerged as a pharmaceutical intervention 
in searching for the appropriate treatment for COVID-19. 
Ivermectin has in vitro, broad-spectrum antiviral activities 
against a wide range of RNA viruses. This FDA-approved 
drug also acts as an antiparasitic agent [43]. Several studies 
have confirmed that ivermectin is a specific importin (Imp) 
nuclear import inhibitor. The drug halts HIV-1 replication 
by inhibiting the interaction between the Imp α/β1 
heterodimer, which is crucial for nuclear transport, and the 
HIV-1 integrase protein. Several actions of ivermectin have 
been reported, such as inhibition of viral and host protein 
nuclear import. It was found that ivermectin limits infection 
caused by RNA viruses such as the dengue, West Nile, and 
influenza viruses [44].  

A meta-analysis confirmed that ivermectin has a well-
defined safety profile in humans. High-dose treatment has 
the same outcomes in terms of human safety as standard 
low doses of ivermectin. There is not yet sufficient evidence 
to make specific conclusions regarding the safety profile of 
ivermectin in pregnancy [45,46]. The most important step 
in the further assessment of potential benefits in COVID-19 
patients is monitoring the multiple dosing regimen that 
provides the current approved doses of ivermectin that 
are safe for human use. Several in vitro studies suggested 
that ivermectin is a specific inhibitor of SARS-CoV-2. The 
antiviral action of ivermectin in hSLAM/Vero cells infected 
with SARS-CoV-2 for 2 hours was examined, and it was 
found that the level of viral RNA decreased by ~5,000 
fold after 48 hours. This decrease was possibly due to the 
inhibition of nuclear import in SARS-CoV-2 infection 
mediated by the Impα/β1 heterodimer that interrupts the 
mechanisms of immune evasion, as in other ssRNA viruses. 

Further clinical trials, as well as in vitro and in vivo studies, 
are required to clarify the contribution of ivermectin to 
COVID-19 management [47]. 

Lopinavir/ritonavir 
Lopinavir/ritonavir (LPV/r) is a combination of 2 competitive 
inhibitors: an HIV-1 protease inhibitor and cytochrome 
P-450 (CYP3A4) inhibitor. The orally co-administrated LPV/
r drug comprises fixed doses of lopinavir and ritonavir to 
boost concentrations of protease inhibitors [48]. Lopinavir 
is known to inhibit SARS-CoV replication by blocking 
3C-like proteases. Lopinavir has no effect on cells where 
viral DNA has already integrated. The main antiviral activity 
of lopinavir involves preventing the rapid spread of SARS-
CoV-2 infection in cells. The administered dose of lopinavir 
is higher than that of ritonavir. The co-administered drug is 
a pharmacokinetic enhancer that inhibits the inactivation 
and metabolism of lopinavir [49,50]. Lopinavir blocks the CYP 
system and is responsible for extensive drug interactions 
between ritonavir and lopinavir. LPV/r therapy seems highly 
effective in post-exposure prophylaxis against several 
coronaviruses, such as MERS-CoV [43]. 

An open-label RCT was conducted individually on COVID-19 
patients, in which they received 400 mg/100 mg of oral LPV/
r twice daily with standard care. Adverse effects, such as 
asthenia, diarrhea, and nausea, were frequently reported 
in patients receiving LPV/r treatment [44]. Interestingly, 
several ongoing studies on confirmed COVID-19 cases 
in South Korea have shown that administration of LPV/
r significantly reduced titers of SARS-CoV-2 and, in most 
cases, no SARS-CoV-2 titers were detected. However, a case 
report described a single patient during the initial COVID-19 
outbreak in South Korea [51]. The major concern is LPV/
r induced hepatoxicity, which may exacerbate liver injury 
in patients with SARS-CoV-2 infection during the dosing 
regimen. Importantly, elevated alanine transaminase levels 
are considered as an exclusion criterion in some COVID-19 
clinical trials, which means that LPV/r induced transaminitis 
may reduce the ability of patients to receive other drugs [49]. 

Inhibitors of Virus-Host Cell Membrane Fusion 

Chloroquine 
Chloroquine is a potent, low-cost, and safe drug that is used 
to treat malarial diseases as well as autoimmune disorders 
and also possesses broad-spectrum antiviral activity [18]. 
Research implies that chloroquine can be effectively used 
against COVID-19, as it has been shown to suppress COVID-19 
in vitro [15], thereby potentially reducing the time period 
of the disease course and providing good cure rates [52]. 
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This drug is found to be effective in clinical trials in China 
and was added to the Guidelines for the Diagnosis and 
Treatment of COVID-19 by the National Commission of the 
People’s Republic of China. 

Chloroquine is captured in the membrane-bound acidic 
medium and low-pH organelles such as lysosomes, endosomes, 
and digestive vacuoles, and due to its weakly basic nature, it 
interacts with these organelles and increases their pH [53]. 
This action prevents viral entry, replication, and fusion by 
disturbing pH-dependent mechanisms and also inhibits 
glycosylation of viral glycoprotein and host receptor proteins 
[54]. Chloroquine is also effective in preventing the assembly of 
virion particles in Golgi-endoplasmic reticulum intermediate 
compartments [55]. Chloroquine does not alter the biosynthesis 
of viral glycoproteins of the spikes; instead, it affects the 
terminal glycosylation of the ACE2 protein receptor, which 
prevents viral binding to human cells [56]. In cell cultures, 
chloroquine was effective even when viral particles had 
already entered cells by trapping the endosomes via pH 
increase, disturbing fusion of the viral envelope with the 
endosomal membrane [54]. Based on the findings of 1 study, 
a 500-mg oral dose of chloroquine given once or twice a day 
was recommended for COVID-19 treatment [57]. 

Hydroxychloroquine 
Hydroxychloroquine is safe to use, easily available, cost-
effective, and less toxic than chloroquine; furthermore, 
it has been found to show antiviral properties against 
COVID-19 [58]. It has direct-acting antiviral properties, as 
well as immunomodulatory activities [59] that decrease 
the production of TNF-α, IL-1, and IL-6 to downregulate the 
overreaction of the immune system (cytokines), which can 
cause inflammatory effects [60]. Host cell autophagy and 
the activities of lysosome-induced mechanisms are also 
blocked by this drug . According to a study, patients with 
severe COVID-19 had high cytokine concentrations in 
their blood, indicating that excessive cytokine production 
or overreaction of the immune system aggravates this 
condition. Hydroxychloroquine also inhibits the entry of 
virus particles into the cell by blocking the glycosylation 
of host receptors, thereby preventing the fusion of viral S 
proteins with the host receptor ACE2 [61]. 

A study conducted in France observed that when 
COVID-19 patients were treated with hydroxychloroquine, 
they showed a reduction of viral load followed by complete 
removal of the virus. Combined hydroxychloroquine and 
azithromycin therapy showed high efficiency in lowering 
the viral titer [62]; however, their regular use increases the 
risk of heart problems, such as heart attack [63]. An oral 
dose of hydroxychloroquine of 400 mg once a day [49] or 

400 mg twice a day for 2 days followed by a 200-mg dose 
twice regularly is recommended [58]. 

Nitazoxanide 
Nitazoxanide is an FDA-approved drug used for the 
treatment of several protozoal infections such as giardia. 
In Brazil, this drug is used to treat norovirus and rotavirus 
infections due to its broad antiviral activity and safe history 
[64]. Nitazoxanide has also been used for the treatment of 
hepatitis B and C [65]. Nitazoxanide interferes with viral 
infections through enhancing the activity of the immune 
system and host cellular defense mechanisms [66,67] by 
increasing foreign nucleic acid-sensing mechanisms and 
type I IFN pathways [66]. 

Many studies have demonstrated that nitazoxanide can be 
utilized for the treatment of coronaviruses if viral content is 
in the low micromolar range [68]. Viral-induced blockage of 
IFN mechanisms (of the host) is inhibited by nitazoxanide, 
and a low 50% inhibitory concentration was obtained for all 
coronavirus infections [60]. 

Umifenovir 
Umifenovir, also referred to using its brand name, Arbidol, is 
also used for treating influenza infections [69] in countries 
such as Russia and China. It prevents the entry of virus 
particles into the cells and acts as an entry inhibitor, since 
it inhibits the fusion of the viral membrane with host cell 
endosomes during the endocytosis process by targeting the 
viral glycoprotein hemagglutinin [70]. Umifenovir was found 
to contain a potential inhibitory factor that helps to reduce 
the synthesis of viral progeny in vitro [71]. Umifenovir has 
antiviral properties that reduced the growth of viruses in 
cultured cells [72]. It can be used by itself for the treatment 
of COVID-19 infection, as well as in combination with other 
drugs [60]. Furthermore, a study showed that a umifenovir 
dose of 10 to 30 µM reduced the concentration of coronavirus 
up to 60 times as compared to the control group. It was used 
in China for the treatment of COVID-19 infections [73]. 

Convalescent Serum Therapy 

Convalescent serum therapy is a type of passive antibody 
therapy in which blood serum containing NAbs from a 
patient who has recovered from an infection is taken and 
administered to treat another infected patient [74]. The final 
goal is the same as a vaccine (i.e., to generate antibodies 
against the infectious agent), but in this therapy the 
antibodies are already available. However, to enhance the 
efficiency of convalescent serum therapy, it is suggested to 
utilize hyperimmune-IgG from people who recovered recently 
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from COVID-19 for the large-scale production of antibodies 
[75]. Potential serum donors should be from the same area as 
the recipient patient because specific viral strains are present 
in certain geographic areas. This therapeutic approach can 
regulate phagocytosis and cytotoxicity, as well as producing 
an additional viral neutralizing effect in combination with 
antiviral drugs [76]. 

The viral load and severity of the symptoms of COVID-19 
define the required amount of antibodies for convalescent 
serum therapy; however, NAbs in a very small amount can 
be efficient in treating the early symptoms of COVID-19. 
This passive immunity usually lasts for weeks or months 
[76]. The optimal timing of antibody use depends on the rate 
of mutation of the viral agent, although antibodies can be 
collected and stored for a long time. Hence, serum should 
be used within a few days of collection, and the antibodies 
cannot be effective if used beyond the context of a specific 
outbreak [77]. The major limitation of this therapy is the 
non-availability of matched control subjects who were not 
on antibody therapy. 

Immune Modulator Therapies 

Immune modulator therapies are medications used to 
reduce the overreaction of the immune response to prevent 
permanent damage. The types of immune modulator 
therapies include non-specific therapies and targeted 
cell therapies. Non-specific therapies suppress the entire 
immune system, which is very effective but involves more 
side effects, whereas targeted cell therapies suppress 
specific proteins/cells of the immune system to stop its 
overreaction. The 3 distinct phases of COVID-19 are the early 
phase (immune response is suppressed by viral replication 
via kappa light chain), the pulmonary phase (activation of 
the immune system after hypoxia development), and the 
hyperinflammatory phase (when ARDS, cytokine storm, and 
septic shock occur). At this stage, the IL levels are very high, 
and the Infectious Diseases Society of America recommended 
using certain immune modulators—even steroids—to 
treat this condition [78]. Dexamethasone (DEX) is highly 
recommended [79] and a United Kingdom RECOVERY 
trial showed the benefits of low-dose DEX in patients 
who required high-intensity oxygen therapy and were on 
mechanical ventilation [80]. Another immune modulator 
used to treat high IL-6 levels, which drive the cytokine storm, 
is TCZ [78], and retrospective data from China have shown the 
effectiveness of TCZ in COVID-19 patients [81]. Cumulative 
data showed that TCZ is not highly effective in COVID-19 
patients; however, some RCTs have reported contradictory 
findings [82]. The manufacturer of TCZ conducted 2 RCTs: 

the COVACTA and EMPACTA trials [83]. The COVACTA trial 
showed no mortality differences, whereas the EMPACTA trial 
showed a reduction in the need for mechanical ventilation 
with no impact on the survival rate in COVID-19 patients who 
received TCZ and standard of care. The largest RCTs on the 
clinical efficacy of TCZ are the RECOVERY and REMAP-CAP 
trials, both of which demonstrated mortality benefits and a 
decrease in mechanical ventilation therapy. The RECOVERY 
trial clearly reported the efficacy of combined TCZ and DEX in 
comparison with DEX monotherapy, with mortality rates of 
29% and 35%, respectively [84]. 

Vaccines 

Vaccines are biological preparations that stimulate the 
immune response against pathogenic microorganisms. 
Effective and safe vaccine production is critical to control the 
rapid spread of SARS-CoV-2, and vaccines help prevent SARS-
CoV-2 re-infection. Antiviral vaccines are categorized into 
the following 7 types: live attenuated-whole virus inactivated, 
subunit, DNA-based, protein-based, nanoparticle, virus-like 
particles (VLPs), and mRNA-based vaccines. As of February 
2022, global research and development efforts focusing on 
vaccines include 114 candidate vaccines in clinical trials, 75 
preclinical trials in animals, and 14 approved for emergency 
use. Table 2 summarizes the immunogenic composition, 
advantages, and leading companies developing vaccines for 
COVID-19.  

Whole-Cell Killed and Live-Attenuated Vaccines 
Live attenuated and inactivated vaccines are based on the 
antigenic properties of weakened and killed forms of viruses. 
Inactivated vaccines are composed of inactivated entire 
virus particles, mainly derived from toxoids or viruses. These 
specific virus-derived components lose their pathogenicity 
by chemical modification [85]. Inactivated vaccines provide 
major advantages due to their inherent immunogenicity 
and their capability to trigger toll-like receptors (TLRs), such 
as TLR7/8, TLR3, and TLR9. However, additional testing is 
required to ensure the safety of live attenuated vaccines. An 
increase in infectivity has been observed in immunization 
with inactivated whole SARS-CoV-2 and live coronavirus 
vaccines in several studies, and this is considered a major 
problem regarding the safety of coronavirus vaccines [86]. 
Another problem is the excretion of attenuated SARS-CoV-2 
viral particles and their transmission to non-vaccinated 
people [87], and there may be chances of recombination 
between circulating and vaccine viral strains, which may 
induce the generation of new strains [88]. 

Currently, 4 live attenuated vaccines have entered clinical 
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trials in humans [89]. Sinopharm and Sinovac have entered 
phase 3 clinical trials and are 79.3% effective [90]. Johnson 
& Johnson is producing a similar vaccine to that for Ebola 
by expressing an important part of SARS-CoV-2 in an 
adenovirus vector [91]. 

A live attenuated influenza vaccine expressing the S 
protein of SARS-CoV-2 was prepared by researchers at Hong 
Kong University. The Codagenix company is introducing 
various SARS-CoV-2 vaccine strategies, including “codon 
deoptimization,” a technology that reduces virus virulence. 
Moreover, Codagenix, in collaboration with India’s Serum 
Institute, Ltd., is developing a promising SARS-CoV-2 live 
virus vaccine that is currently in preclinical trials. This 
technology has allowed the rapid production of COVID-19 
vaccine candidates by using viral deoptimization to recode 
viral genome sequences, thereby providing synthetic 
“rationally designed” SARS-CoV-2 attenuated vaccines [92]. 

Subunit Vaccines 
Subunit vaccines contain 1 or multiple antigens that stimulate 
host immune responses due to their strong immunogenicity. 
Generally, subunit vaccines can be easily produced and are 
very safe, but adjuvants are also added to initiate strong 
protective cell-mediated responses [93]. Vaccines targeting 
the S protein neutralize viral infections due to their ability 
to produce antibodies that may block membrane fusion 
and virus binding. In the case of SARS-CoV-2, the S protein is 
largely involved in membrane fusion and receptor binding [94]; 
hence, the main targets for subunit vaccines are coronavirus 
structural proteins such as the S protein, which is the major 

antigenic determinant, as it elicits NAbs and host defense 
mechanisms [95]. 

Clover Biopharmaceuticals used the “Trimer-Tag” 
technology to produce trimeric fusion proteins of SARS-
CoV-2 for subunit vaccine development. The RBD located 
in the SARS-CoV-2 S protein was recognized. The Vector 
Institute in Russia designed a subunit vaccine named 
EpiVacCorona, which has entered a phase 3 clinical trial 
[96]. Forty-six subunit vaccines from different research 
institutes have entered preclinical trials to date [97]. Several 
studies suggested the interaction between the SARS-CoV-2 
RBD and ACE2 is slightly different from the SARS-CoV-
ACE2 interaction, since the SARS-CoV-2 RBD binds more 
tightly to the ACE2 receptor. Therefore, coronavirus subunit 
vaccines have great potential for preventing COVID-19 
[98]. Subunit vaccines have the advantage of reducing host 
immunoprecipitation, thereby preventing the docking 
of RBD to the ACE2 receptor. The high similarity (greater 
than 80%) in the amino acid sequences of SARS-CoV-2 and 
SARS-CoV RBDs and their ability of binding to the same 
ACE2 receptor make them a promising target for either 
subunit or protein vaccines [86]. 

DNA-Based Vaccines 
DNA-based vaccines induce immune responses after 
translation into proteins [70]. It is easy to produce these 
genetic vaccines, with a low production cost, and their 
purification is very convenient, unlike recombinant protein-
based vaccines. As nucleic acid structures are simple, they 
obviate the risk of protein misfolding, which is a concern 

Table 2. Summary of immunogens, advantages, and leading companies of potential vaccine candidates for the treatment 
of COVID-19

Vaccine candidate Immunogen Advantages Company

Whole-cell killed and live-
attenuated vaccines

Whole inactivated SARS-CoV-2 NAbs induction Codagenix
Mutant SARS-CoV-2 Induction of B and T cell responses and 

site-directed mutagenesis
Subunit vaccines RBD, N, and full-length S protein Induction of both humoral and cellular 

responses
Clover Biopharmaceutical

DNA-based vaccines Full-length S protein Induction of both B and T cell responses Inovio Pharmaceuticals
Protein-based vaccines Hybrid peptide (antigen epitope and 

invariant peptide chain)
Enhance immunogenicity Generex
Extensive MHC-II and invariant chain 

interaction
Nanoparticle-based vaccines Liposome encapsulated nano-VLPs Rapid immune responses Novavax

High level of neutralizing IgGs
Virus-like particle vaccines E, M, S, and RBD Highly repetitive antigen display Medicago
mRNA-based vaccines mRNA-1273, a molecule encoding the 

SARS-CoV-2 S protein
High potency to induce neutralizing IgGs Moderna
Efficient activation of both CD8+ and 

CD4+ cells
COVID-19, coronavirus disease 2019; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; NAb, neutralizing antibody; RBD, receptor-binding 
domain; N, nucleocapsid; S, spike; MHC, major histocompatibility complex; VLP, virus-like particle; E, envelope protein; M, membrane protein; IgG, 
immunoglobulin G.
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for recombinant protein-based vaccines [99]. However, the 
ability to induce immunogenicity may be influenced by 
factors such as the quantity of plasmid delivered, the most 
suitable time interval, and the route of genetic vaccine 
administration [70]. 

Immunogens that can be utilized for the production of DNA 
vaccines were listed in patent application WO2015081155, 
which focused on protein or amino acid sequences derived 
from the S proteins of MERS-CoV. Humoral and cell-
mediated immune responses are stimulated by the viral S 
protein consensus sequences, and the level of NAbs and IgG 
titers is also enhanced. Increased amounts of immune cells, 
such as CD3+CD4+ and CD3+CD8+, are produced, leading to 
the production of IFN-γ, TNF-α, and IL-2 [3]. 

The patent application WO2005081716 mentioned some 
procedures for stimulating the immune response, such as 
T cell mediated responses (CD8+) induced in response to 
antigens of SARS-CoV-2. The gene gun delivery method 
was used to deliver chimeric nucleic acids in vivo using 
DNA-coated gold particles into an animal model (mice). 
These nucleic acids were transcribed and then translated 
into calreticulin, which was associated with an antigenic 
peptide of SARS-CoV. The immune system of the mice was 
stimulated, involving both humoral and cell-mediated 
immune responses, which were induced due to the fusion 
of calreticulin and nucleocapsid. Decreased titers were 
observed in vaccinated mice against the vaccinia vector, 
which was inserted to express the N protein of SARS-CoV 
[3]. 

Inovio Pharmaceuticals produced a genetic vaccine 
named INO-4800, a potential DNA vaccine [70]. It entered 
a phase 2 clinical trial, and it was found that grade 1 and 2 
adverse effects were present that did not increase with the 
second dose [100]. Karolinska Institute / Cobra Biologics 
produced a DNA vaccine that has entered a phase 1 clinical 
trial [101], and a plasmid DNA vaccine by Osaka University 
has entered phase 2/3 clinical trials [102]. 

Protein-Based Vaccines 
A protein vaccine was produced against SARS-CoV by 
GlaxoSmithKline (GSK), which was able to stimulate the 
immune response in animal models. Engineering of a 
structural protein immunogen and an adjuvant with an 
oil-protein emulsion was done, and its insertion in animal 
models was able to stimulate a strong immune response, 
such as NAbs and antiviral IgG antibodies [3]. 

A collaboration was done between Chinese company 
Clover Biopharmaceuticals and GSK at the end of February 
2020 to analyze and select a potential candidate for COVID-19 
vaccine development. The COVID-19 S-Trimer was produced 

by Clover Biopharmaceuticals, and GSK presented the 
adjuvant system. S-Trimer is a COVID-19 trimeric S protein 
subunit that can serve as a potential vaccine candidate. 
This spike protein plays a role in viral entry into host cells 
by binding to the ACE2 host cell surface receptor. Thus, this 
trimeric S protein can serve as a primary target antigen 
for vaccine production. The S protein was synthesized 
using the expression system of mammalian cell cultures. 
The trimer-tag technology was used for Trimer-S protein 
production, which is a novel drug development platform 
for synthesizing new fusion proteins that are covalently 
trimerized [3].  

The University of Oxford has produced a protein-based 
vaccine composed of the COVID-19 S protein nucleotide 
sequence and non-replicating adenovirus vector. The 
significance of using this non-replicating virus is its 
comparative safety for young people, especially children, 
and people with pre-existing diseases. As COVID-19 uses 
the ACE2 receptors of the host cell membrane, adenoviral 
vectors mainly target the respiratory and gastrointestinal 
epithelium, which are crucial sites of expression of ACE2 
receptors. This vaccine is under clinical trials [22,70]. 

Generex, along with some Chinese companies, is developing 
a COVID-19 vaccine. Hybrid viral peptides were produced 
utilizing the process of immune system activation. The 
composition of these hybrid peptides includes an invariant 
chain peptide for APC, an invariant chain and antigen 
epitope linking structure, and an antigen epitope that binds 
to the major histocompatibility complex II molecule [3]. 

Nanoparticle-Based Vaccines 
Nanoparticle-based strategies for vaccine production are 
considered as an alternative to conventional strategies 
for the incorporation of antigens. Nanoparticles have 
dimensions similar to those of viruses and proteins, with 
examples including polymeric nanoparticles, liposomes, self-
assembled nanoparticles, VLPs, and inorganic nanoparticles 
[103]. Antigenic epitopes are conjugated with nanoparticles 
(natural or synthetic) either through encapsulation or by 
covalent linkage, so these particles can act as viruses to 
elicit an immune response [104]. These nanoparticles can 
be delivered through mucosal sites (e.g., oral or intranasal 
routes), subcutaneously, or intramuscularly [105]. 

Novavax is a clinical-stage biotechnology company that is 
developing a COVID-19 vaccine using the S protein antigen 
of the coronavirus and conjugating it with matrix adjuvant 
in order to enhance the immune response and to stimulate 
high amounts of NAbs using recombinant nanoparticle-
based technology. The expression system for this vaccine is 
a baculovirus system, in which this protein was expressed 
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in a stable form. In preclinical trials, NVX CoV2373 elicited 
antibodies that play a role in blocking the virus spike protein 
from binding to targeted receptors. A saponin-based matrix 
(patented by Novavax) was found to have a potential effect in 
stimulating the entry of APCs towards the site of injection. A 
phase 1 clinical trial was started in May 2020 and the results 
showed 90% efficacy in US and 86.3% efficacy in UK with 
none of safety concerns reported. 

VLPs Vaccines 
The multi-protein structures of viral antigens are self-
assembled to form non-infectious VLPs that closely resemble 
the morphological organization of native virions [106]. VLPs 
are highly immunogenic as compared to subunit vaccines 
for 2 specific reasons: their particulate nature and display 
of highly repetitive virus-specific epitopes arrayed on the 
membrane surface. The interaction between VLPs and 
APCs, such as DCs, is due to the particular nature of VLPs, 
which induce a potent humoral and cell-mediated immune 
response [106,107]. 

VLPs are produced by expressing MERS- and SARS-
CoV-specific antigens in recombinant vector systems that 
provide important guidelines for vaccine development 
against COVID-19. The production of coronavirus VLPs is 
based either simultaneously or individually on structural 
proteins, such as E, S, N, and M of SARS-CoV, expressed in Sf9 
insect cells and baculovirus [108]. The patterns of protein 
glycosylation have a major impact on the protective capacity 
and immunogenicity of VLPs. Glycoengineered Nicotiana 
benthamiana has been developed, in which the α-1,3-
fucosyltransferase (FucT) and β-1,2-xylosyltransferase 
(XylT) genes are knocked out, which significantly reduced 
the production of core α-1,3-fucosylated and xylosylated 
proteins with no phenotypic variation [109]. The Medicago 
company used heterologous expression systems to develop 
VLP vaccines within 3 weeks after the SARS-CoV-2 S protein 
sequence was identified. The company has a high production 
capacity (10 million doses of VLPs within a month). Until the 
end of 2021, 5 VLPs vaccine against COVID-19 are in clinical 
trials and 17 more are in preclinical stages [110]. 

mRNA-Based Vaccines 
mRNA is an intermediate molecule between the translation 
of a protein-encoding DNA sequence and the synthesis of 
proteins by cytosolic ribosomes. Two basic types of RNA-
based vaccines have recently been studied: self-amplifying 
mRNA derived from viruses and non-replicating mRNA 
[111]. Antiviral mRNA-based vaccines hold 4 major efficacy 
and safety advantages over traditional vaccines. First, 
virally derived mRNA-based vaccines reduce potential 

risks, such as mutagenesis induced by retrotransposon 
insertion and infectious diseases, since mRNA is naturally 
degraded in the cell’s microenvironment [112]. Second, the 
high efficacy of immunogens due to structural modification 
of engineered mRNA improves its translation efficacy and 
stability. Third, mRNA vaccines possess a very high potency 
to elicit powerful antiviral NAbs with 1 or 2 combined low-
dose passive immunizations [113]. The NAbs activate both 
CD4+ and CD8+ T cells, inducing a strong host immune 
response [114]. Fourth, the production of appropriate mRNA 
vaccine doses on a large scale to treat massive populations 
is facilitated by engineered structurally modified mRNA 
production. These parameters are considered very crucial 
for making mRNA-1273, the most suitable vaccine that 
elicits a rapid immune response against COVID-19 [115,116]. 

The important steps for the production of mRNA-based 
vaccines are the selection of specific antigens, optimization 
of codons, the modification and screening of nucleotides, 
optimization of delivery vehicles, the induction of immune 
responses against selected antigens, and testing for safety 
to assess risk associated with vaccines [117]. An mRNA 
vaccine has not yet been approved to be released on the 
market. The safety evaluation and establishment of quality 
standards may take a longer time. The Moderna company 
developed the mRNA-1273 vaccine, an mRNA molecule 
that encodes the SARS-CoV-2 S protein. The company has 
manufactured this vaccine in clinical batches for animal 
experiments and is also planning to conduct the first 
clinical trial in 20 to 25 healthy individuals in April, 2021. The 
Bluebird pharmaceutical company, in collaboration with 
Jiaotong University and Fudan University, used 2 different 
procedures to develop mRNA vaccines against SARS-CoV-2. 
The first uses an mRNA molecule that can express the 
RBD and S protein of SARS-CoV-2, and it is under clinical 
trials on mice to evaluate vaccine efficacy. The second uses 
mRNA for in vivo expression [92]. 

Future Perspectives 

The emergence of the third outbreak of viruses related to 
Coronaviridae within the first 2 decades of the 21st century 
has shown the world that there is a need to improve research 
on therapeutic issues and to develop a more systematic 
approach in order to identify potential targeted agents for 
therapeutic purposes. Viral genetic recombination, rapid 
mutations, and inter-species transmission pose a serious 
threat to global health [54]. The outbreak of COVID-19 has 
challenged our existing public health measures and current 
antiviral strategies [70]. 

A determined effort is needed in order to synthesize 
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potential drugs, vaccines, and antiviral strategies in order to 
tackle coronavirus infections to eliminate the devastating 
impacts of viruses on human health and healthcare systems. 
The COVID-19 pandemic has shown the importance of 
developing broad-spectrum antiviral drugs and the need to 
apply artificial intelligence to the field of drug development 
in order to produce efficient therapeutic candidates relatively 
rapidly and at much less cost as compared to the traditional 
expensive and labor-intensive methods. In order to fulfill 
long-term drug development goals, inhibitors targeting 
viral replication and infectious cycles should be identified, 
as well as determining the viral agents responsible for the 
development of symptoms and associated disease and 
death of the host. Animal models should be established that 
can demonstrate the stages of viral diseases in humans, as 
well as vaccine candidates fulfilling the criteria of safety and 
efficacy. Collaboration between pharmaceutical companies 
and research institutes is needed in order to produce drug 
candidates more rapidly, with increased therapeutic potential 
and improved access for patients [3,54]. 

Vaccines for COVID-19 must fulfill the criteria of being 
effective for all people including persons over the age of 60, 
individuals having chronic infections, and frontline health 
care workers. All existing vaccine strategies have their own 
benefits as well as limitations. There is a need to modify 
current strategies rapidly, and then safety and efficacy must 
be evaluated for modified strategies [118]. 

A tremendous amount of data and literature related to the 
study of COVID-19 structure, genome, genomic mutations, 
and potential therapeutic targets has already been gathered, 
and the field is continuing to make progress, implying 
that there is a need to continue advancing our research 
methodology and interpretations. All the published data 
have been extracted from small-scale clinical trials, which 
may result in an increased risk of bias or imprecise results. 
Large-scale clinical trials are needed in order to support 
the evidence of the efficacy and safety of antiviral strategies 
[49]. 

Conclusion 

COVID-19 has proven to be a global threat inflicting adverse 
effects on human health and healthcare systems, as well as 
global economic losses. This article presents a comprehensive 
intellectual framework related to the research and development 
of SARS-CoV-2-related immune mechanisms, auspicious 
drugs, and potential vaccine candidates. Due to the immediate 
need for COVID-19 treatment and the lack of specific drugs, 
vaccines, and therapeutic agents targeting this virus, the best 
current strategy used for rapid treatment is drug repurposing, 

as there is no officially approved drug to tackle COVID-19. 
Drugs that were previously effective against other RNA 
viruses, including SARS-CoV, MERS-CoV, HCV, Ebola, and 
influenza, as well as anti-inflammatory drugs, are being 
considered for treatment against COVID-19. Some drugs 
target the viral replication cycle, while others act as agents 
to boost the activity of the immune system. Apart from 
developing new drugs and clinical and preclinical trials 
for old drugs, the design and development of therapeutic 
and prophylactic vaccines are indispensable for long-
term applications; nonetheless, safety and efficacy trials of 
vaccines present a major challenge. The most effective way 
of controlling the ongoing spread of the COVID-19 pandemic 
is to follow appropriate standard operating procedures 
and preventive measures, use personal protection kits, 
implement social distancing, maintain good hygiene, and 
take steps to promote early diagnoses, which may contribute 
to a decrease in viral transmission, preservation of lives, and 
a reduced burden on the medical system and economy. 
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Introduction 

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is the etiological agent of 
coronavirus disease 2019 (COVID-19). This disease was first documented in Wuhan, Hubei 
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ABSTRACT

Objectives: Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is the causative 
agent of coronavirus disease 2019 (COVID-19). The COVID-19 incidence and mortality rates are 
low in Nigeria compared to global trends. This research mapped the evolution of SARS-CoV-2 
circulating in Nigeria and globally to determine whether the Nigerian isolates are genetically 
distinct from strains circulating in regions of the world with a high disease burden. 
Methods: Bayesian phylogenetics using BEAST 2.0, genetic similarity analyses, and genome-
wide mutational analyses were used to characterize the strains of SARS-CoV-2 isolated in 
Nigeria. 
Results: SARS-CoV-2 strains isolated in Nigeria showed multiple lineages and possible 
introductions from Europe and Asia. Phylogenetic clustering and sequence similarity analyses 
demonstrated that Nigerian isolates were not genetically distinct from strains isolated in other 
parts of the globe. Mutational analysis demonstrated that the D614G mutation in the spike 
protein, the P323L mutation in open reading frame 1b (and more specifically in NSP12), and the 
R203K/ G204R mutation pair in the nucleocapsid protein were most prevalent in the Nigerian 
isolates. 
Conclusion: The SARS-CoV-2 strains in Nigeria were neither phylogenetically nor genetically 
distinct from virus strains circulating in other countries of the world. Thus, differences in 
SARS-CoV-2 genomes are not a plausible explanation for the attenuated COVID-19 outcomes 
in Nigeria. 
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Province, China in December 2019 and was later recognized 
as a pandemic by the World Health Organization (WHO) 
in March of the following year [1]. The first documentation 
of COVID-19 in Nigeria was on February 27, 2020, after an 
Italian citizen who worked in Lagos, Nigeria, returned from 
Milan, Italy on February 25 [2].  

The COVID-19 outbreak in Sub-Saharan Africa and 
Nigeria has not mirrored that of the rest of the world 
despite realities such as poor health care systems for 
testing, reporting, tracing, and treating cases, lack of access 
to clean water, poor living conditions that make social 
distancing difficult, and the high burden of comorbidities 
and infectious diseases such as HIV [3–7]. Among African 
countries, Nigeria and a few others have been recognized 
as particular hotspots for the importation of COVID-19 
from China [8,9]. Even the WHO had major concerns for 
Africa, estimating a death toll of up to 190,000 people [10]. 
However, this projection has not yet materialized, and 
Nigeria and most Sub-Saharan African countries have had 
relatively few cases of infection, morbidity, and mortality 
from COVID-19 according to statistical data provided by the 
WHO [11]. The low level of COVID-19 testing in Nigeria may 
partly account for this disparity. However, this study did not 
seek to test this hypothesis; instead, it considered another 
factor that may have contributed to the attenuated disease 
outcomes— namely, mutations. Mutations are random in 
nature, and disadvantageous mutations are more likely 
than advantageous mutations. It is worth considering 
whether the strains that entered Nigeria were naturally less 
transmissible and/or fatal than those that have circulated 
elsewhere in the world. A first step in examining this 
hypothesis is to compare the genomes of SARS-CoV-2 
circulating in Nigeria with virus genomes from other parts 
of the world. Therefore, this study sought to characterize 
the identity of SARS-CoV-2 strains isolated within Nigeria 
by comparative phylogenetic and mutational analysis with 
strains obtained elsewhere in the world. 

Materials and Methods 

Data Acquisition and Sequence Alignment 
SARS-CoV-2 genomes were obtained from the Global Initiative 
to Share All Influenza Data (GISAID) website (http://gisaid.
com). A total of 230 sequences were collected; 100 of them 
were Nigerian sequences; which were randomly picked 
(from a total of 408 complete and high-coverage Nigerian 
SARS-CoV-2 genomes as of May 29, 2021), while the other 130 
sequences, which included the reference Wuhan sequence 
(EPI_ISL_402125), were randomly picked from the rest of 
the world with a major focus on the 31 countries analysed 

in Table 1 along with Nigeria. The sequence IDs (GISAID, 
Pango, and Nextclade) of the 230 genomes, as well as 
the acknowledgement list of the sequence submitters 
of all 230 isolates, are shown in the supplementary data 
(Tables S1 and S2). Although the sequences were randomly 
chosen, only complete and high-coverage genomes were 
selected for analyses. Two sequence groups were created; 
the first contained only the Nigerian isolates and the 
reference sequence, and the other contained all isolates. 
The sequence groups were then aligned using MAFFT (for 
multiple alignment using fast Fourier transformation) 
[12]. After alignment, the Nigerian sequence group had a 
length of 29,903 nucleotides, while the second sequence 
group containing all local and global isolates had a length of 
30,009 nucleotides. 

COVID-19 statistical data, such as total cases, total deaths, 
total cases and deaths per 1 million population, and tests 
per 1 million cases for all countries and regions of the 
world were obtained from Worldometer’s website using the 
Wayback Machine to access the COVID-19 statistics from 
November 30, 2020 at 22:52:43 WAT (West Africa Time). 

Bayesian Phylogenetics 
The sequence alignments were entered into Bayesian 
Evolutionary Analysis Utility (BEAUti) to set up the parameters 
of the Bayesian analysis [13]. The tips of all taxa were dated 
with their corresponding collection date, the substitution 
model was set to general time reversible, and the gamma 
category count was set to 4. The strict clock model and 
coalescent exponential population tree prior were selected, 
and a monophyletic group was specified as a tree prior, 
excluding the Wuhan reference sequence (this was done 
in order to specify the Wuhan reference sequence as an 
outgroup). Finally, the analysis was set to run for 10 million 
generations. The above steps were repeated for the second 
sequence group (all 230 isolates); the only difference this 
time around was that a relaxed clock model was selected 
instead of the strict clock model. XML-formatted files were 
generated and inputted into the BEAST 2.0 program (BEAST 
Developers; https://www.beast2.org/), which ran Markov-
chain Monte Carlo analyses using the specified parameters. 

Maximum clade credibility trees were generated with the 
use of the package TreeAnnotator from the “trees” files that 
were output by the BEAST analyses. The maximum clade 
credibility trees were visualized using FigTree (http://tree.
bio.ed.ac.uk/software/figtree/). A timescale was generated 
by selecting the “Reverse Axis” option in the Scale Axis 
panel and setting the “Offset by” option in the Time Scale 
panel to the collection time (in decimal dates) of the most 
recently collected sequence sample, which corresponded to 
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2021.36 (that is, May 13, 2021).  

Sequence Similarity Matrices 
A sequence similarity matrix for the amino acid transcripts 
of the Nigerian sequence group was generated using the 
Base-by-Base bioinformatics program [14]. The coding 
regions for all isolates in this group were extracted, translated, 
concatenated, and then realigned before their similarity 
was assessed. The extraction of the nucleotide-coding 
regions was made possible by the annotation provided by the 
National Center for Biotechnology Information. 

Genome-Wide Mutational Analysis 
After obtaining the amino acid coding sequences of all open 
reading frames (ORFs) within the SARS-CoV-2 genome 
for the Nigerian sequence group, each ORF was manually 
examined to note amino acid differences from the Wuhan 

reference sequence. 

Results 

The COVID-19 Epidemic Was Mild in Nigeria Compared 
to the Rest of the World 
Table 1 shows COVID-19 cases, deaths, and test statistics 
in 32 countries (as of November 30, 2020). Nigeria’s cases 
and deaths per 1 million population were among the lowest 
of the 32 countries presented in Table 1. In fact, Nigeria 
is among the 5 countries that have the lowest cases and 
deaths per 1 million population alongside other countries, 
such as China, New Zealand, Senegal, Singapore, and Taiwan 
(Table 1). However, the very low COVID-19 case count in 
Nigeria needs to be interpreted in the context that Nigeria’s 
rate of COVID-19 tests per 1 million population is among the 
lowest in the world (Table 1). 

Table 1. COVID-19 cases, deaths, and tests in 32 random countries as of November 30, 2020

Country Total case Total death Total case/1 M population Death/1 M population Test/1 M population

Algeria 82,221 2,410 1,861 55 -
Argentina 1,418,807 38,473 31,274 848 85,375
Australia 27,902 908 1,089 35 390,289
Canada 374,051 12,076 9,875 319 301,291
China 86,530 4,634 60 3 111,163
Denmark 80,481 837 13,874 144 1,280,256
Egypt 115,541 6,636 1,120 64 9,697
Finland 24,912 399 4,493 72 348,911
France 2,222,488 52,731 34,018 807 315,590
Germany 1,068,980 16,830 12,742 201 332,072
Greece 105,271 2,406 10,121 231 228,189
Iceland 5,392 26 15,759 76 1,140,016
India 9,462,739 137,649 6,829 99 101,313
Ireland 72,544 2,053 14,624 414 396,069
Israel 336,160 2,864 36,549 311 609,406
Italy 1,601,554 55,576 26,505 920 363,181
Japan 146,760 2,119 1,162 17 27,729
Kazakhstan 131,659 1,990 6,977 105 222,942
New Zealand 2,056 25 411 5 254,998
Nigeria 67,412 1,173 324 6 3,632
Norway 35,971 332 6,614 61 408,924
Pakistan 398,024 8,025 1,788 36 24,742
Peru 962,530 35,923 29,026 1,083 152,566
Senegal 16,089 333 951 20 13,642
Singapore 58,218 29 9,919 5 757,851
South Africa 790,004 21,535 13,251 361 90,295
Spain 1,664,945 45,069 35,604 964 491,694
Sweden 243,129 6,681 24,012 660 313,550
Taiwan 675 7 28 0 4,629
United Arab Emirates 168,860 572 16,989 58 1,682,936
United Kingdom 1,629,657 58,448 23,954 859 639,079
United States of America 13,874,550 273,963 41,815 826 583,206

M, million; -, data  unavailable.
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SARS-Cov-2 Isolated from Nigeria Resolved into 
Multiple Clades and Lineages 
The Bayesian phylogenetic analysis of the Nigerian sequence 
group produced a phylogenetic tree showing that the SARS-
CoV-2 strains circulating in Nigeria clustered into multiple 
clades (Figure 1). At the time of data collection (May 29, 
2021), there were 7 clades of SARS-CoV-2 circulating in 
Nigeria, including G (B.1), GH (B.1), GR (B.1.1), GR (L.3), GRY 
(B.1.1.7), V (B), and S (A), with lineage frequencies of 7%, 
10%, 32%, 16%, 24%, 4%, and 7%, respectively. The Nigerian 
isolates belonging to the S (A) and V (B) clades are shown as 
ancestral as they were closer to the reference Wuhan strain, 
whereas the GRY (B.1.1.7) clade was the most distant from 
the reference strain (Figure 1). 

Time-Scaled Maximum Clade Credibility Trees of 
SARS-CoV-2 
One aim of the Bayesian phylogenetic analyses was to 
identify the strains of SARS-CoV-2 circulating in Nigeria 
and possible regions from which they were imported. 
The clustering patterns of the Nigerian strains within the 
broader global cluster are depicted in Figures 2 and 3. The 
strict and relaxed clock phylogenies produced slightly 
different versions of the evolutionary history of SARS-
CoV-2 worldwide. Although the clustering of isolates in the 
clock phylogenies was mostly similar, the overall branching 
patterns of some clades showed variance. 

According to the strict clock Bayesian phylogenetic analyses, 
the Nigerian isolates of the GRY(B.1.1.7) clade clustered most 
closely with isolates from Israel (EPI_ISL_2182149 [B.1.17])  
and India (EPI_ISL_2017759 [B.1.1]) (Figure 2). The isolates of 
the GR (B.1.1) clade in Nigeria were very diverse, and Figures 
1–3 depict the diversity of this clade (highlighted in pink 
and appropriately labeled). The Bayesian phylogenetic 
analyses demonstrated that the GR (B.1.1) clade can be 
divided into at least 3 distinct sub-clades (Figure 1). As a 
result of this clade’s diversity, it clustered with a host of 
isolates from different regions all over the globe (Figures 
2 and 3), including isolates from Peru (EPI_ISL_1111139 
[B.1.1.348], EPI_ISL_1111445 [B.1.1]), Ecuador (EPI_ISL_660069 
[B.1 .1 .203]),  Argentina (EPI_ISL_2105573 [P.2],  EPI_
ISL_2135164 [P.2]), South Africa (EPI_ISL_498093 [B.1.1], 
EPI_ISL_2285331 [B.1.1.448]), Iceland (EPI_ISL_829280 
[B.1.1.170], EPI_ISL_1586502 [B.1.1]), and Germany (EPI_
ISL_572397 [B.1.1], EPI_ISL_574259 [B.1.1]) (Figure 2). GISAID 
analyses have previously depicted another distinct GR sub-
clade other than GR (B.1.1) that has been designated with a 
different Pango lineage (L.3). The Nigerian isolates of this 
clade clustered most closely with other GR (B.1.1) isolates, 
probably because there were no foreign representatives 

of this clade. Notable examples were from Germany (EPI_
ISL_732563 [B.1.1]) and Greece (EPI_ISL_451310 [B.1.1]). The 
Nigerian isolates belonging to the GH (B.1) clade (colored 
yellow) clustered notably with isolates from France (EPI_
ISL_560644 [B.1], EPI_ISL_2293487 [B.1.160]), Colombia 
(EPI_ISL_445219 [B.1]), Norway (EPI_ISL_2226159 [B.1]), 
Israel (EPI_ISL_447432 [B.1]), and Egypt (EPI_ISL_2232405 
[B.1.170]) (Figure 2). The Nigerian isolates of the G (B.1) 
clade (colored red) most closely clustered with other B.1 
isolates, with noteworthy isolates from New Zealand (EPI_
ISL_637094 [B.1]), India (EPI_ISL_1544153 [B.1]), and other 
African nations such as Senegal (EPI_ISL_1827949 [B.1], 
EPI_ISL_1167163 [B.1]), and South Africa (EPI_ISL_464129 
[B.1.8]) (Figure 2). It is also important to note that, unlike 
what is clearly shown in Figure 1, the G clade more closely 
clustered with the GR (B.1.1) and GR (L.3) set of clades 
instead of the GH (B.1) clade. The Nigerian isolates within 
the V (B) clade clustered most closely with the other foreign 
isolates belonging to this clade. The V (B) clade did not have 
many representative isolates. Finally, the Nigerian isolates 
of the S (A) clade most closely clustered with the foreign 
representatives of this clade (Figure 2). This clade also 
did not have many representative isolates. There were no 
Nigerian isolate representatives belonging to the L (B), GR (C, 
N, P, and R), GV (B.1.177), GK (AY and B.1.617.2), and O (B) clades. 

Another phylogenetic tree was constructed, this time 
using the relaxed clock model. Both trees were highly 
similar, except for a few differences. The GRY (B.1.1.7) clade 
in the relaxed-clock tree was basically identical to its 
counterpart in the strict-clock tree; clustering most closely 
with the exact same 2 sequences from India and Israel 
(Figures 2 and 3). As in the strict clock phylogenetic tree, the 
GR (B.1.1) clade was very diverse and clustered with a host 
of isolates from widely different global regions (Figures 2 
and 3). Its common clustering patterns were also evident 
in the relaxed-clock tree. One major difference between 
the 2 clock trees is apparent in the GR (L.3) clade. While 
in the strict-clock tree, this clade most closely clustered 
with isolates EPI_ISL_732563 (B.1.1) and EPI_ISL_451310 
(B.1) from Germany and Greece, respectively, the relaxed-
clock tree did not show support for such close clustering 
patterns. Instead, the isolates of the L.3 lineage clustered most 
closely with 2 sequences from Italy and the United States; EPI_
ISL_528947 (B.1.1) and EPI_ISL_1823584 (B.1.1.263) (Figure 3).  
The clustering patterns of the GH (B.1) clade were very 
similar for both clock trees; the same group of isolates that 
clustered with this clade in the strict-clock tree also closely 
clustered in the relaxed-clock tree (Figures 2 and 3). The G 
(B.1) clade here was also very similar to its counterpart in 
the strict-clock tree, also exhibiting a closer relationship 
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Figure 1. Strict clock Bayesian phylogeny of 100 full-genome severe acute respiratory syndrome coronavirus 2 Nigerian isolates 
plus the reference Wuhan isolate (hCoV-19/Wuhan/Hu-1/2019|EPI_ISL_402125|2019-12-31). The parameters included a general 
time reversible substitution model, the gamma category count set to 4, a coalescent exponential tree prior, and a custom tree prior 
to specify the Wuhan isolate “Wuhan/Hu-1/2019” as an outgroup. The analysis was run for 10 million generations.
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Figure 2. Strict clock time-scaled Bayesian phylogeny of 230 full-genome severe acute respiratory syndrome coronavirus 2 global 
isolates, including the reference Wuhan isolate (hCoV-19/Wuhan/Hu-1/2019|EPI_ISL_402125|2019-12-31). The parameters included 
a general time reversible substitution model, the gamma category count set to 4, a coalescent exponential tree prior, and a custom 
tree prior to specify the Wuhan isolate “Wuhan/Hu-1/2019” as an outgroup. The branches of all isolates are colored according to 
the Global Initiative to Share All Influenza Data clade and Pango lineage they belong to. However, the taxon labels of the Nigerian 
isolates are left colored in the default black, while the other isolates are colored depending on their clade.
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Figure 3. Relaxed clock time-scaled Bayesian phylogeny of 230 full-genome severe acute respiratory syndrome coronavirus 2 
global isolates, including the reference Wuhan isolate (hCoV-19/Wuhan/Hu-1/2019|EPI_ISL_402125|2019-12-31). The parameters 
included a general time reversible substitution model, the gamma category count set to 4, a coalescent exponential tree prior, and 
a custom tree prior to specify the Wuhan isolate “Wuhan/Hu-1/2019” as an outgroup. The Nigerian isolates are highlighted in red. 
The branches of all isolates are colored according to the Global Initiative to Share All Influenza Data clade and Pango lineage they 
belong to. However, the taxon labels of the Nigerian isolates are left colored in the default black, while the other isolates are colored 
depending on their clade.
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with the GR (B.1.1 and L. 3) set of clades than with the GH 
(B.1) clade, as suggested in Figure 1. The V (B) and S(A) clades 
in the relaxed-clock tree showcased a similar clustering 
pattern as in its strict clock counterpart (Figures 2 and 
3). Finally, another major difference between the 2 clock 
trees was the positioning of the V (B), O (B), L (B), and S (A) 
clades on the trees. In the strict-clock tree, the V (B) and O 
(B) pair is shown to be more ancestral to the L (B) and S (A) 
pair (barring the Wuhan reference sequence), while in the 
relaxed-clock tree, the S (A) clade was depicted as being 
more ancestral to the other 3 clades, which formed a cluster 
(Figures 2 and 3). 

Sequence Similarity Matrix of Isolates Correlated 
with Phylogenetic Grouping 
As a means of evaluating the similarity of Nigerian isolates 
to one another and to the reference, a sequence similarity 
matrix is shown in Table 2. Isolates are represented by their 
GISAID accession identification/GISAID clade/Pango lineage. 
All isolates were highly similar, showing a similarity score 
of no less than 99.5% (Table 2). On average, isolates within 
the same clade were more similar than those of different 
clades. For example, the average sequence similarity value 
of isolates within a clade was 99.93%, while the average 
sequence similarity value of all isolates across different 
clades was only 99.84%. However, this was not always the 
case. As shown in Table 2, the S (A) clade was an exception to 
this rule. The intra-clade similarity score was only 99.76%, 
while the average inter-clade similarity score between the S 
clade and all other clades was 99.78% (Table 2).  

D614G Was a Predominant Mutation in the S Gene 
of Nigerian Isolates, and Other SNPs and Deletions 
Occurred in Other Parts of the Genome 
The D614G mutation in the spike (S) protein has received 
intense attention because of its association with increased 
infectivity. To check for the prevalence of this mutation in the 
available Nigerian isolates, position 614 of the S protein in 
respect to the reference Wuhan sequence was examined. 
This examination revealed that the D614G mutation existed 
in numerous Nigerian isolates (Table 3). A majority of the 
Nigerian isolates were G variants, only 10 isolates were D 
variants, and the isolate EPI_ISL_1173243 had an “N” amino 
acid at locus 614 of the S gene. 

Tables 3–5 depict all single-nucleotide polymorphisms 
(SNPs) and deletions in all genes of the Nigerian isolates 
in comparison to the Wuhan reference sequence. Each 
isolate is represented by its GISAID accession identification 
number (Tables 3–5). Apart from the nucleotide substitutions 
observed at the 614th position of the spike gene, many other 

mutations occurred throughout the SARS-CoV-2 genome, 
most of which were SNPs. A few indels and run-on mutations 
were also noted. Twenty-nine amino acid mutations were 
present in over 10% of all Nigerian isolates. Out of these 29 
mutations, 4 were present in over 70% of Nigerian isolates. 
These 4 were P323L in NSP12 (87.0%) (RNA-dependent RNA 
polymerase) of ORF1ab, D614G (88.0%) in the spike protein, 
and R203K (72.0%) and G204R (72.0%) in the nucleocapsid 
protein (ORFN). 

Discussion 

The observation of a mild COVID-19 epidemic in Nigeria 
from the onset of the epidemic through November 30, 
2020 is indeed unexpected, as the Nigerian numbers best 
those of some countries that are believed to have handled 
the pandemic better [15–17]. Several hypotheses have 
been suggested to suggest this, primarily centering on the 
early action taken by Africa against the infection, likely 
fueled by African countries’ familiarity with emerging 
infectious diseases, a warmer climate, a reduced genetic 
predisposition to the disease as a result of the reduced 
expression of ACE2 (the receptor implicated SARS-CoV-2 
infectivity) in Africans, and a relatively young population 
[3,4,9,18–22]. Nonetheless, it should also be noted that only 
3,632 tests were recorded per 1 million Nigerians, the lowest 
among the 32 countries shown in Table 1. As a result, the 
supposed mild COVID-19 epidemic in Nigeria is clouded 
by the fact that COVID-19 testing in that time period was 
very underwhelming. The proportion of COVID-19 tests 
per population should be considered as an important 
factor when interpreting the response of the country to the 
pandemic. 

One aim of the Bayesian phylogenetic analyses in the 
present study was to identify the strains of SARS-CoV-2 
circulating in Nigeria and possible regions from which 
they were imported. Bayesian trees with both strict and 
relaxed clock phylogenies showed that the individual SARS-
CoV-2 clades in Nigeria clustered with and likely originated 
from various countries around the world. Some clades 
were likely imported from Asia, while others were likely 
imported from various countries in Europe and South 
America. The importation of SARS-CoV-2 from China into 
Nigeria is a very feasible occurrence considering air traffic 
flow patterns and bilateral trade agreements between the 2 
nations [23–27]. The importation of COVID-19 from Europe 
is also as likely; in fact, Nigeria’s index case was a man from 
Italy who traveled to Nigeria [2]. Other evidence supporting 
the importation of SARS-CoV-2 from Europe has been 
highlighted by 2 independent studies [28,29]. Therefore, 
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Table 4. Mutational profile of ORF1ab and all its constituent non-structural proteins showing single-nucleotide 
polymorphisms and deletions

ORF1ab 
polyproteins Isolate Mutation Isolate Mutation Isolate Mutation Isolate Mutation Isolate Mutation

NSP1 729932 P6H
872614 Q66R
872609 +2 Del 141-143

NSP2 985099 G29C 985238 P106L 729976 H208Y 730038 Q431H
906283 K82Q 1173243 K110N 729976 T256I 729930 T528I
730029 +2 T85I 941293 D155G 1035818 +12 L266F 455426 D582G
729993 K102E 730042 G165D 730013 A336V 455431 +3 P585S

906303 N168D 729976 Q376K 729995 T601A
NSP3 729978 +1 P108L 2241981 G250R 527889 T428I 729930 S1038F 527901 H1307Y

729978 +1 P108L 729930 G307C 527912 G476D 906285 T1063I 1093440 +23 I1412T
906283 S176G 872616 V325F 872604 A480V 730042 P1103L 1173243 I1426T
1093440 +22 T183I 1173243 S370L 729957 P822S 1093440 Y1185C 730042 P1469H
872614 Del 206-207 2241981 P395L 729993 P874S 1093467 +1 T1189I 729976 A1527V
906296 A231V 729966 D411Y 1093440 +23 A890D 730013 I1239T 527889 Q1756H

487099 P968H 527901 L1244F 1035818 +12 P1921L
NSP4 729925 V30F

985238 D217G
1035818 +12 Y300S

NSP5 527889 G15S
2241981 T21I
1235659 P241L
1173243 A255V
527901 +1 A260V

NSP6 906285 W31C 729966 A136V
1035813 +17 L37F 906296 L146F
487109 +1 A46V 906285 +1 V149F
985060 A51V 730038 V182F
1093440 +25 Del 106-108 729993 C197F

1035818 +12 P198L
NSP7 872622 L71F

1242025 +1 A80V
NSP8 729930 R51C

1235659 +1 T145I
872616 T148I
729957 A152V

NSP12 (RNA-
dependent RNA 
polymerase)

1173243 T141I 1093467 +1 P323F

1093440 +22 P227L 730013 A529V
527889 G228D 730006 G774C
1093442 +1 V299F 455426 T806I
1035813 +87 P323L 729985 Q822H

NSP13 
(Helicase)

729985 S38L 985078 V98F

1173243 +1 S74L 729966 D105G
729978 +1 S74P 1093467 G118C
985238 P77L 487109 +1 V169F

1035818 A296T
NSP14 730020 +3 A119S 527889 F326L

1093467 D222Y 487113 S418I
1173243 T250I 941284 +2 P451S

NSP15 1715380 K12N 729957 R206M
985129 S147I
455426 S154F

NSP16 729995 A83S
1093467 A116S
730020 +2 K182N

ORF, open reading frame.
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with the observation that Nigerian isolates of SARS-CoV-2 
were likely imported from Asia and Europe, the assumption 
that the strains circulating within Nigeria are different 
from strains circulating globally does not hold. This, in 
turn, does not explain the low transmissibility and fatality 
of the strains within Nigeria, especially considering the 
fact that most of the regions they are believed to have been 
imported from did not have attenuated disease outcomes, 
as highlighted in Table 1. 

The sequence similarity analyses suggested that there 
was not much divergence between Nigerian isolates from 
the reference sequence (and from all SARS-CoV-2 isolates 
in general); therefore, the virus genome alone may not 
be a sufficient variable to explain the milder outcomes of 
COVID-19 in Nigeria. Other factors such as early action 
taken against COVID-19, a warmer climate, reduced genetic 
predisposition to the disease as a result of a reduced expression 
of ACE2, and a relatively young population may singly or in 
combination account for the attenuated disease outcomes 
in Nigeria. The sequence similarity matrix of Nigerian isolates 
corresponded to the phylogenetic groupings of clades; isolates 
within the same phylogenetic clade tended to have more 
similar sequences than isolates from different clades. This 
observation is significant because it further supports the 
result obtained via Bayesian phylogenetic inference. 

The mutational analysis demonstrated that there were 
only very few non-synonymous substitutions in the genomes 
of Nigerian isolates compared to the reference Wuhan 
strain. Most non-synonymous mutations were present in 1 
or a few isolates, although a few existed in numerous isolates. 
The D614G, P323L, R203K, and G204R mutations occurred 
in numerous Nigerian isolates. This same set of mutations 
was also discovered to be predominant in a SARS-CoV-2 
epidemiological study conducted in Morocco [30]. 

There was an 88% prevalence of the D614G mutation in 
Nigerian isolates, and most of the D614G variants belonged 
to the S (A) clade of SARS-CoV-2, most likely because this 
clade is believed to be ancestral. Although this mutation 
is believed to be a relatively new mutation absent in the 
ancestral lineage, it has gained traction and is currently 
a dominant mutation in the population of SARS-CoV-2 
worldwide, including in Nigeria and Africa [28,31,32]. Although 
there is a possibility that the G614 variant is evolutionarily 
favored over the D variant, there is no evidence of impact on 
disease severity and on therapeutic development [31,33–35]. 
The G variant, however, has been associated with increased 
transmission fitness, viral loads, and younger patient age 
[36,37]. 

The P323L mutation was also another predominant mutation 
in the Nigerian isolates studied, with a prevalence of 87%. 
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This mutation has been highlighted in the literature, and it 
was touted as an important variant in a large-scale study 
[38]. The P323L mutation may cause structural changes in 
NSP12, altering its interaction with NSP8 and affecting viral 
replication in host cells [39,40]. 

The R203K and G204R mutations were both present in 
ORFN, the nucleocapsid protein. These mutations have 
previously been identified in other studies [32,39,41]. 
Research on this mutation pair has shown that viruses 
possessing these mutations gain a replication advantage 
over the R203 and G204 variants [42]. This mutation pair 
has shown increased infectivity in the lung cells of humans 
and in hamsters [42]. In a study that modeled and analysed 
mutant protein structures, R203K and G204R were identified 
as mutations that caused significant changes to protein 
structure; moreover, this mutation pair also affected the 
affinity of intra-viral protein interactions [43]. 

Overall, we have shown that the SARS-CoV-2 strains 
circulating in Nigeria as of May 29, 2021 clustered into 
7 different clades and were introduced into the country 
through multiple and unrelated introductions from Asia, 
Europe, South America, and Africa. The Nigerian SARS-
CoV-2 isolates were also not genetically and phylogenetically 
distinct from strains circulating in other parts of the world. 
Future work will aim to associate the identified mutations 
with phenotypic characteristics through functional analysis. 
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Introduction 

Since the first case of coronavirus disease 2019 (COVID-19) was reported in China in December 
2019, the world has been experiencing an unprecedented highly infectious global pandemic 
[1−3]. In South Korea, after the first COVID-19 case was reported on January 20, 2020, the 

Received: September 29, 2021 
Revised: February 28, 2022 
Accepted: April 4, 2022 

Corresponding author: 
Heeyoung Lee 
Center for Preventive Medicine 
and Public Health, Seoul 
National University Bundang 
Hospital, 82 Gumi-ro 173beon-
gil, Bundang-gu, Seongnam 
13620, Korea 
E-mail: wanderingstone@gmail.
com  

COVID-19 outbreak response at a nursing hospital in 
South Korea in the post-vaccination era, including an 
estimation of the effectiveness of the first shot of the 
Oxford-AstraZeneca COVID-19 vaccine (ChAdOx1-S)  
Chanhee Kim1 , Geon Kang1 , Sun Gu Kang1 , Heeyoung Lee2  
1Infectious Disease Control Center, Gyeonggi Provincial Government, Suwon, Korea 
2Center for Preventive Medicine and Public Health, Seoul National University Bundang Hospital, Seongnam, Korea 

ABSTRACT

Objectives: We descriptively reviewed a coronavirus disease 2019 (COVID-19) outbreak at a 
nursing hospital in Gyeonggi Province (South Korea) and assessed the effectiveness of the first 
dose of the Oxford-AstraZeneca vaccine in a real-world population. 
Methods: The general process of the epidemiological investigation included a public health 
intervention. The relative risk (RR) of vaccinated and unvaccinated groups was calculated and 
compared to confirm the risk of severe acute respiratory syndrome coronavirus-2 (SARS-
CoV-2) infection, and vaccine effectiveness was evaluated based on the calculated RR. 
Results: The population at risk was confined to ward E among 8 wards of Hospital X, where the 
outbreak occurred. This population comprised 55 people, including 39 patients, 12 nurses, and 
4 caregivers, and 19 cases were identified. The RR between the vaccinated and unvaccinated 
groups was 0.04, resulting in a vaccine effectiveness of 95.3%. The vaccination rate of the non-
patients in ward E was the lowest in the entire hospital, whereas the overall vaccination rate of 
the combined patient and non-patient groups in ward E was the third lowest. 
Conclusion: The first dose of the Oxford-AstraZeneca vaccine (ChAdOx1-S) was effective in 
preventing SARS-CoV-2 infection. To prevent COVID-19 outbreaks in medical facilities, it is 
important to prioritize the vaccination of healthcare providers. 

Keywords: COVID-19; Disease outbreaks; Immunization; SARS-CoV-2; Vaccination; Vaccines  

pISSN 2210-9099 eISSN 2233-6052
https://doi.org/10.24171/j.phrp.2021.0262

Osong Public Health Res Perspect 2022;13(2):114-122

Original Article

© 2022 Korea Disease Control and Prevention Agency. 
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

114 https://ophrp.org

http://orcid.org/0000-0003-0441-4107
http://orcid.org/0000-0002-6127-6890
http://orcid.org/0000-0001-9747-0591
http://orcid.org/0000-0003-4830-9851


epidemic has continued to spread mainly in metropolitan 
areas, except for the unusual cluster of infections in Daegu 
and Gyeongbuk Province in February and March 2020, 
respectively [4−6].  

In December 2020, the American pharmaceutical companies, 
Pfizer and BioNTech, received emergency approval for the use 
of vaccines in the United Kingdom, and the response to the 
COVID-19 pandemic entered a new phase [7,8]. In February 
2021, the administration of COVID-19 vaccines to workers and 
residents of nursing homes, and other healthcare workers, 
was initiated in South Korea. Since June 2021, the target 
vaccinated population has been gradually expanding [9−11]. 
The older population in long-term care facilities in South 
Korea was prioritized for vaccination due to their high fatality 
rates from severe acute respiratory syndrome coronavirus-2 
(SARS-CoV-2) infection [11,12].  

Our study introduces the response to a COVID-19 outbreak 
among the staff and residents of long-term care hospital, (i.e., 
one of the first vaccinated populations in South Korea). Using 
real-world data from this outbreak, we also analyzed the 
effectiveness of the COVID-19 vaccine among this partially 
vaccinated population. Although the efficacy of vaccines can 
be confirmed using data published by the pharmaceutical 
companies in restricted laboratory environments, vaccine 
effectiveness (VE) is difficult to confirm unless data are 
obtained from actual populations in real clinical settings 
[13,14]. Hence, COVID-19 outbreaks in long-term care 
facilities provide a valuable opportunity to investigate VE in 
a real-world population. 

Materials and Methods 

Hospital X 
Hospital X (a nursing hospital located in Seongnam) is a single 
building with a total of 8 floors. This hospital specializes in 
rehabilitation treatment and operates various treatment 
programs such as physical therapy, manual therapy, and 
occupational therapy. At the time of the outbreak, 180 of 
the 204 hospital rooms were actually used, and there were 
4 inpatient wards, which were operated across 6 floors. The 
hospital had a total of 172 employees, consisting of doctors, 
nurses, therapists, caregivers, pharmacists, nutritionists, 
administrators, and cleaners. 

Since the inpatients and employees of nursing hospitals 
were one of the first populations to be vaccinated in South 
Korea, most of the inpatients and employees of Hospital X 
were recommended to be vaccinated. However, employees 
who had a medical history or vaccination hesitancy and 
inpatients whose families disagreed with vaccination 
refused to be vaccinated. Those who agreed to be vaccinated 

received the vaccines between February 26 and March 
29, 2021. Thus, the period from the first vaccination to the 
identification of the index case ranged from 40 to 71 days. 

Other than vaccination, the institution’s policies to 
prevent the influx of COVID-19 included regular reverse-
transcription polymerase chain reaction (RT-PCR) tests 
for employees twice a week, prohibition of family visiting, 
and only allowing patients to leave for regular check-ups 
or medical requests to a higher-level hospital. At nursing 
hospitals, there is no mandatory regulation that requires 
dedicated personnel for infection control; therefore, at 
Hospital X, the head of the nursing department managed 
these hospital policies while acting as an infection control 
officer. In the process of the epidemiological investigation, the 
head of the nursing department also played a major role in 
delivering measures to block transmission or communicating 
data requests for epidemiological investigation. 

Data Collection 
On May 8, 2021, when the index case was reported at 
Hospital X in Seongnam, an in-facility risk assessment was 
carried out at the nursing hospital to determine whether 
there was a need to moderate the degree of existing 
measures, as cases were increasing. Individual, in-depth 
epidemiological investigations were carried out for the 
cases, the contacts were investigated, and the route of 
infection was determined based on transfer history, medical 
records, and outgoing history. The observation period was 
from May 5, 2021 (2 days before the sample collection date 
of the index case: i.e., May 7, 2021), when the index patient 
was assumed to have been infectious, to 2 weeks after the 
last case was identified, considering that the known longest 
incubation period of COVID-19 is 2 weeks [15−17]. 

This study reviewed the reports of the epidemiological 
investigations conducted. Data on the dates of symptom 
onset and sample collection, age, occupation, sex, vaccination 
status, vaccine type, and vaccination date were analyzed. The 
distribution of cases within the hospital identified during the 
epidemiological investigations and public health measures 
was determined. 

Study Design 
We introduced measures implemented to prevent further 
transmission along with the overall epidemiological 
investigation process during the COVID-19 outbreak in 
the nursing hospital. We also estimated VE using the data 
collected from the entire investigation process. Since the 
outbreak was confined to ward E among 8 wards of Hospital 
X, we compared the relative risk (RR) of vaccinated and 
unvaccinated groups in ward E using the data collected 
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by epidemiological investigation. As Hospital X targeted 
elderly people, ward E was also composed of aged patients 

Case Definition 
Based on the COVID-19 guidelines of the Korea Disease 
Control and Prevention Agency (KDCA), a confirmed case 
was defined as an individual who was confirmed to be 
positive for SARS-CoV-2, according to the diagnostic test 
standards, regardless of clinical features, from May 5, 
2021 to June 8, 2021 [15]. As of May 8, 2021, when the index 
patient was reported, none of the staff and patients at the 
nursing hospital had received a second dose of the vaccine, 
and those who had been vaccinated had only received the 
first dose of the Oxford-AstraZeneca vaccine (ChAdOx1-S). 
Therefore, we defined vaccinated individuals as those 
who had received the first dose of the Oxford-AstraZeneca 
vaccine before the COVID-19 outbreak on May 7, 2021. 

Among 341 people who belonged to Hospital X, including 
staff and patients, those who were admitted to or worked 
at ward E, where the outbreak occurred, were defined as 
the population at risk. A patient was defined as a person 
admitted to ward E of Hospital X from May 5 to June 8, 2021, 
while staff referred to people who worked in ward E of 
Hospital X during the same period. Among the several job 
categories at Hospital X, only nurses and caregivers were 
included as the population at risk since confirmed cases 
were not reported from other job categories. As a result, 55 
people were defined as the population at risk, including 39 
patients, 12 nurses, and 4 caregivers. 

Laboratory Tests 
After the identification of the index case, upper respiratory 
tract specimens collected from nasopharyngeal and/
or oropharyngeal swabs of the at-risk population were 
analyzed for the presence of SARS-CoV-2 using RT-PCR [18]. 
Data on the vaccination history of the at-risk population 
were collected. The RT-PCR assays were performed by 
private institutions in South Korea, including Seegene, 
Green Cross Laboratories, Lab Genomics, and Seoul Clinical 
Laboratories. Next-generation sequencing (NGS) was also 
performed by the Division of Emerging Infectious Diseases 
of the KDCA to identify the strain of the virus. 

Statistical Analysis 
The differences in the characteristics between the infected 
and uninfected groups were estimated using the chi-square 
test for categorical variables, and the 2-sample t-test for 
continuous variables. A p < 0.05 was considered to indicate 
statistical significance. R ver. 4.1.0 (The R Foundation, 
Vienna, Austria; https://www.r-project.org/) was used to 

perform the statistical analysis. Regarding vaccination 
history, the RR of vaccinated and unvaccinated groups 
was calculated and compared to determine the risk of 
SARS-CoV-2 infection, and VE was evaluated based on the 
calculated RR reduction using the following formula [19]:  

Risk among unvaccinated group−Risk among vaccinated group  

Risk among unvaccinated group 

Results 

Epidemiological Investigation 
The index case was a patient of Hospital X. On May 7, 2021, 
she underwent an RT-PCR test for COVID-19 to prepare 
for her transfer to a general hospital for spinal stenosis 
treatment, and tested positive the next day. Except for 
leaving the premises on April 25, 2021 for an outpatient visit 
to a general hospital, the patient had no known external 
movements and did not complain of any COVID-19-related 
symptoms at the time of diagnosis; therefore, the origin 
of the outbreak was unknown. In addition, South Korea 
implemented cyclic preemptive screening tests for facilities 
used by vulnerable groups, such as nursing hospitals, once 
a week. Consequently, every staff member was confirmed 
negative until May 7, 2021. Therefore, it would be difficult 
to conclude that the origin of the outbreak was the hospital 
staff. 

Following the identification of the index case, 2 more 
patients were confirmed positive. Both patients had gone 
out for outpatient visits to general hospitals on April 27, 2021. 
However, because they were diagnosed with asymptomatic 
SARS-CoV-2 infections, the route of infection could not be 
confirmed for these 3 patients, including the index case. 
The first case could not be identified because no additional 
confirmed cases were noted among the family members 
who accompanied all 3 patients when they left the hospital 
or when they visited patients in the hospital. 

Based on the instructions of the epidemiological investigator 
of the Gyeonggi Provincial Government, the nursing hospital 
conducted complete examinations thrice weekly, and those 
who showed clinical symptoms were immediately tested. An 
additional 16 cases were identified. After May 25, 2021, when 
the nineteenth case was confirmed, monitoring continued 
for 2 more weeks, and no additional cases were reported; 
therefore, monitoring was terminated (Figure 1). The 19 
cases consisted of 16 inpatients, 2 nurses, and 1 caregiver. 

All cases were distributed in ward E, and Figure 2 shows 
the distribution of the location of cases in ward E. In the 
room of the index patient, all patients were confirmed to be 
positive for COVID-19, and cases were reported in almost 

Relative risk reduction = = 1−RR 
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every room. Some cases were observed in patients receiving 
physical therapy; however, there were no confirmed cases in 
other occupational groups, such as therapists and doctors, 
in other wards or facilities in the hospital. 

Public Health Intervention 
As more cases were identified, the measures taken by the 
epidemiological investigators were also upgraded step-by-
step. As the first 3 patients were staying in the same room, 
the initial measures involved the quarantine of staff and 
patients who entered the room. However, on May 13 and 14, 
as cases were identified in 2 more rooms, the entire ward 
E was sealed and was established as a contaminated zone. 
Cohort isolation was implemented for all staff members in 
ward E. However, as more cases were reported, most of the 
staff and caregivers self-quarantined, and the remaining 
patients who had to continue treatment were distributed to 
other nursing hospitals equipped with isolation beds. 

In the at-risk population, screening tests were performed 
thrice weekly. The first screening was conducted on May 
8, when the index case was identified, which resulted in 
the identification of 2 more cases. Subsequently, periodic 

screening was performed every 2 to 3 days, so that additional 
cases could be rapidly detected. Among inpatients, 12 of 16 
cases were detected before the onset of symptoms.  

Since the first 3 confirmed cases were found in the same 
room (Figure 2, Room D), dispersion was not considered. 
Instead, patients staying in Room D were classified for cohort 
isolation. However, as more confirmed cases were identified, 
it was decided to transfer the rest of the patients (i.e., to 
disperse the ward). Three nursing hospitals, 2 located in 
Seoul and 1 located in Gyeonggi Province, helped disperse the 
rest of the patients. Among 19 confirmed cases, 16 cases were 
patients and 9 of them were diagnosed with COVID-19 after 
dispersion. The positive conversion of these cases seemed 
to have been due to exposure before dispersion except for 
1 case. This is because the hospital where the contacts were 
isolated provided a single or double room for each patient to 
prevent further transmission of the disease after dispersion. 
Double rooms were arranged for contacts who had shared 
the same room in Hospital X before dispersion. 

Vaccine Effectiveness 
Among all wards, Ward F showed the lowest vaccination 
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Figure 1. Epidemiological curve of the coronavirus disease 2019 outbreak at Hospital X, Seongnam, South Korea. Reported data 
were used for asymptomatic cases.
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Figure 2. Distribution of cases in ward E, Seongnam, South Korea.

rate (28.6%), and ward E, where the outbreak originated, 
had the third-lowest vaccination rate (54.5%) (Table 1). The 
vaccination rate of the patient group was 43.6%, and that 
of the non-patient group was 77.5%. The vaccination rate of 
patients in ward E was similar to those of wards B and C, and 
was higher than those of wards A and D. The vaccination 
rate of non-patients in ward E (62.5%) was the lowest in the 
entire hospital. Given the estimated RR of 0.04, the VE was 
calculated as 95.3% (Table 2). However, as the size of the 
population was relatively low, the confidence interval of the 
VE was wide, from 67.7% to 99.3%. 

Epidemiological and Clinical Characteristics 
A total of 181 patients had been admitted to the hospital 
since May 5, 2021, when the index patient was estimated to 
have started being infectious, and 16 of them were confirmed as 
positive for COVID-19. Among the 156 staff members, including 
doctors, nurses, nursing assistants, therapists, caregivers, and 
other hospital staff members, 3 were confirmed as positive 
for COVID-19. Among several characteristics, the vaccination 
rate showed a statistically significant difference between the 

Table 1. Vaccination status of patients and staff members 
of each ward in Hospital X, Seongnam, South Korea

Location
Proportion of vaccinated

Total
Patient Staff

Ward A 8/35 (22.9) 13/20 (65.0) 21/55 (38.2)
Ward B 17/34 (50.0) 19/26 (73.1) 36/60 (60.0)
Ward C 17/33 (51.5) 11/17 (64.7) 28/50 (56.0)
Ward D 17/36 (47.2) 14/19 (73.7) 31/55 (56.4)
Ward E 20/39 (51.3) 10/16 (62.5) 30/55 (54.5)
Ward F 0/4 (0.0) 2/3 (66.7) 2/7 (28.6)
Others 0/0 (0.0) 55/59 (93.2) 55/59 (93.2)
Total 79/181 (43.6) 124/160 (77.5) 203/341 (59.5)

Data are presented as vaccinated n/total n (%) or n (%).
Vaccinated, people who received the first dose of the Oxford-AstraZeneca 
coronavirus disease 2019 vaccine (ChAdOx1-S); patient, people who were 
admitted to ward E of Hospital X from May 5, 2021 to June 8, 2021; staff 
member, nurses and caregivers who worked at ward E of Hospital X from 
May 5, 2021 to June 8, 2021.

infected and non-infected groups (Table 3). Among cases 
(the infected group), only 1 case was vaccinated, whereas 
52.8% of the non-infected group were vaccinated. 
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As the outbreak occurred in a nursing hospital, most 
confirmed cases were inpatients; hence, they were transferred 
to general or nursing hospitals for isolation and treatment 
because of their old age-related issues and underlying 
diseases (Table 4). The 2 patients assigned to the residential 
treatment center were a caregiver and a nurse. All inpatients 
were assigned to either general hospitals (including tertiary 
hospitals) or nursing hospitals. At the end of the monitoring 
period, 3 deaths were reported, resulting in a fatality rate of 
15.8%. 

NGS Results 
Although 18 of 19 confirmed cases were not vaccinated, 1 
case was a person who had received the first dose of the 
Oxford-AstraZeneca vaccine. NGS revealed that there were 
6 cases, including 1 vaccinated case, of the B.1.1.7. (Alpha) 

variant in this outbreak, which was first identified in the 
United Kingdom [20]. 

According to the KDCA guidelines for the management 
of patients with variants of COVID-19, the abovementioned 
6 cases were classified as confirmed cases of variants [21]. 
The remaining 13 cases were classified as epidemiologically 
related cases, and were managed in a similar way to 
confirmed variant cases, because their contact history 
involved no other sources of infection. 

Discussion 

This study described the process and results of an epidemiological 
investigation of a COVID-19 outbreak at a nursing hospital in 
Gyeonggi Province and estimated the VE by calculating the RR of 
the infected and uninfected groups according to their COVID-19 

Table 2. Effectiveness of the COVID-19 vaccine among the population at risk at Hospital X, Seongnam, South Korea

Vaccination status
Infection status

Risk Vaccine effectiveness (%) p
Infected (n = 19) Uninfected (n = 36)

Vaccinated 1 29 0.03 95.3 (67.7–99.3)a) < 0.05
Unvaccinated 18 7 0.72 - -

COVID-19, coronavirus disease 2019.
a)Data are presented as 95% confidence interval.

Table 3. Characteristics of the COVID-19 outbreak at ward E of Hospital X, Seongnam, South Korea

Characteristic Infected (n = 19) Uninfected (n = 36) p

Age (y) 74.4 (50–96) 64.8 (25–93) 0.031
Female sex 15 (78.9) 19 (52.8) 0.037
Vaccinated 1 (5.3) 29 (80.6) < 0.05
Days from first vaccination to identification of the index case 44 (44) 53.4 (40–71) -
Patient 16 (84.2) 23 (63.9) 0.079
Staff 3 (15.8) 13 (36.1) -

Data are presented as mean (range) or n (%).
COVID-19, coronavirus disease 2019; patient, people who were admitted to ward E of Hospital X from May 5, 2021 to June 8, 2021; staff, nurses and 
caregivers who worked at ward E of Hospital X from May 5, 2021 to June 8, 2021.

Table 4. Types of medical facilities where the COVID-19 confirmed cases from Hospital X were transferred to for isolation 
and treatment
Status of confirmed cases Tertiary hospital General hospital Nursing hospital Residential treatment center Total (%)
Survived 0 6 8 2 16 (84.2)

Patient 0 5 8 0 13
Staff 0 1 0 2 3

Deceased 1 2 0 0 3 (15.8)
Patient 1 2 0 0 3
Staff 0 0 0 0 0

Total (%) 1 (5.3) 8 (42.1) 8 (42.1) 2 (10.5) 19 (100)
COVID-19, coronavirus disease 2019; patient, people who were admitted to ward E of Hospital X from May 5, 2021 to June 8, 2021; staff, nurses and 
caregivers who worked at ward E of Hospital X from May 5, 2021 to June 8, 2021.
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vaccination history. We confirmed that the first dose of the 
Oxford-AstraZeneca vaccine was effective in preventing 
SARS-CoV-2 infection. In addition, the vaccination rate of 
patients in ward E was similar to or higher than that of other 
wards. However, the vaccination rate of the non-patient 
group was the lowest in the entire hospital, suggesting the 
importance of vaccinating healthcare providers. 

Considering the high number of long-term and bedridden 
patients in most nursing hospitals, we speculate that the 
outbreak originated from a staff member or visitor who 
could move around freely. However, even if the disease was 
introduced through another route, the staff were likely to 
have played a key role in the transmission of the disease (e.g., 
through contact with caregivers or healthcare providers) 
[22]. Therefore, our results suggest that it is necessary to 
encourage vaccination among staff. 

Previous studies have reported that regardless of the 
origin of the outbreak, staff members continued the chain 
of infection during infectious disease outbreaks at nursing 
facilities [23−25]. This is also evident from the fact that 
healthcare-associated infections have become a standard 
categorization used when classifying infectious diseases. 
To prevent the spread of infectious diseases transmitted 
through contacts, the chain of infection must be broken 
at the level of healthcare workers. This can be achieved 
through various interventions, such as hand hygiene and 
mask-wearing. However, for infectious diseases that are 
preventable by vaccination, such as COVID-19, vaccination 
can be one of the most effective interventions to break the 
chain of infection. 

In addition, conducting periodic screening tests for 
COVID-19 at high-risk facilities among a wider range of 
people could have reduced the scale of the epidemic. Since 
South Korea’s periodic screening tests for COVID-19 at 
high-risk facilities only targeted employees of the facilities, 
asymptomatic infections in patients of Hospital X were 
not quickly recognized. Considering that an asymptomatic 
infection originating from employees could infect patients, 
and vulnerable patients demonstrate faster onset of 
symptoms, screening of patients or residents of high-risk 
facilities would have helped reduce the size of the outbreak. 

Another implication that can be derived from this study 
is that nursing hospitals also need a systematic infection 
control program. The importance of infection control is 
emerging due to the historically unprecedented COVID-19 
pandemic. The COVID-19 pandemic situation revealed 
that more thorough infection control is needed in nursing 
hospitals because they are facilities where a large number 
of vulnerable people are in close proximity. Currently, 
in Korea, it is not mandatory to designate a person in 

charge of infection control in nursing hospitals; therefore, 
improvements in this area are needed. 

The efficacy of the Oxford-AstraZeneca vaccine has 
already been demonstrated in clinical trials [7,26,27] and 
in studies based in the United Kingdom, the first country 
in the world to start vaccinating its citizens. According to 
a VE study conducted among British healthcare workers, 
COVID-19 vaccination had a preventive effect against the 
Alpha variant [28]. Another study in the United Kingdom, 
on patients aged ≥ 80 years, reported that COVID-19 
vaccination reduced the risks of both infection and serious 
disease progression [29]. Therefore, to reduce the burden of 
the COVID-19 pandemic, more extensive vaccination should 
be performed, and the active vaccination of healthcare 
workers is essential to protect the residents and patients of 
medical facilities. 

However, the VE of our study is higher than reported in 
previous studies. According to a cohort study conducted 
in England, which involved 750 participants aged 50 to 
89 years, the VE in participants who were not previously 
infected and were vaccinated with the first dose of the 
AstraZeneca vaccine ranged from 43% to 55% [30]. Another 
study conducted in England showed a 78% reduction in 
risk in the vaccinated population [31]. The difference in VE 
between previous studies and our study may have been 
because the sample size of our study was insufficient to 
calculate a stable RR, as shown by the wide confidence 
interval (Table 3). The lack of an appropriate sample size 
may have led to an overestimation of the VE.  

This study had some limitations. First, the source of the 
infection could not be identified during the epidemiological 
investigation; thus, the exact origin of the outbreak 
could not be established. Since most of the cases were 
asymptomatic, it was difficult to determine the relationship 
between cases, and the high proportion of inpatients 
among cases hindered the ability to obtain accurate 
information on symptoms. The other limitation of our study 
is the likelihood that VE was overestimated, which may 
have been due to the small sample size of our study (n = 19). 
The level of exposure or severity of inpatient cases may 
have also resulted in overestimation. However, the level of 
exposure of inpatients was estimated by indirect measures, 
such as the testimony of medical staff and caregivers, since 
most inpatients were not able to explain their own status 
or experience. Furthermore, the underlying diseases and 
severity of the inpatients in ward E were not fully collected 
since the investigation of the medical information of people 
who were not confirmed as COVID-19 cases was limited. 

Nevertheless, our study provided meaningful results on 
the effectiveness of the Oxford-AstraZeneca vaccine, as 
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most previous studies have focused on the Pfizer vaccine. 
This is also the first study in South Korea to evaluate VE based 
on the results of an on-site epidemiological investigation. 
When more vaccination-related data become available in 
the future, future studies on VE can be conducted on larger 
populations in South Korea and in other countries where 
vaccinations have been administered [32,33]. 
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ABSTRACT

Objectives: The aim of this study was to explore the spatiotemporal clustering of reported 
malaria cases and to study the effects of various environmental and physiographic factors on 
malaria incidence in Bareilly district, Uttar Pradesh, India. 
Methods: Malaria surveillance data were collected from the state health department and 
cleaned into an analyzable format. These data were analyzed along with meteorological, 
physiographic, and 2019 population data, which were obtained from the Indian Meteorological 
Department, National Aeronautics and Space Administration web portal, the Bhuvan platform 
of the Indian Space Research Organization, and the 2011 Census of India. 
Results: In total, 46,717 malaria cases were reported in Bareilly district in 2019, of which 25.99% 
were Plasmodium vivax cases and 74.01% were P. falciparum cases. The reported malaria 
cases in the district showed clustering, with significant spatial autocorrelation (Moran’s I 
value = 0.63), and space-time clustering (p < 0.01). A significant positive correlation was found 
between monthly malaria incidence and the monthly mean temperature (with a lag of 1−2 
months) and rainfall (with a lag of 1 month). A significant negative correlation was detected 
between the elevation of blocks (i.e., intermediate-level administrative districts) and annual 
malaria reporting. 
Conclusion: The presence of space-time clustering of malaria cases and its correlation 
with meteorological and physiographic factors indicate that routine spatial analysis of the 
surveillance data could help control and manage malaria outbreaks in the district. 

Keywords: Cluster analysis; Geographical information systems; Malaria; Meteorological; 
Spatiotemporal; Surveillance  
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Introduction 

Malaria, which is caused by mosquito bites, is among the 
most severe and fatal diseases worldwide. The disease is 
caused by a parasite that is transmitted to humans from 
infected female Anopheles mosquitos. Various parasite 
species cause malarial infection, but Plasmodium falciparum 
and P. vivax are common organisms that cause the most 
severe cases of malaria. In particular, P. falciparum is the 
deadliest species.  

Malaria is highly prevalent in poor tropical and subtropical 
areas worldwide, where it is known to be a major cause of 
mortality and illness. The most susceptible groups to malaria 
are young children and pregnant women [1]. The global 
burden of malaria in 2018 was estimated at 228 million 
cases and 405,000 deaths. P. falciparum cases accounted 
for 50% of estimated cases in the southeast Asian region, 
causing 8 million cases and 11,600 deaths [2]. 

In the Indian context, the National Vector Borne Disease 
Control Program reports from 2018 and 2019 showed that 
the total number of malaria cases in 2018 was 429,928, 
with 96 deaths. Similarly, there were 339,494 malaria 
cases in 2019 with 77 deaths, and the highest numbers of 
malaria cases were seen in Uttar Pradesh, Chhattisgarh, 
Jharkhand, Gujarat, Meghalaya, Odisha, and West Bengal 
[3]. The numbers of reported cases in Uttar Pradesh in 2018 
and 2019 were 86,486 and 92,732, respectively, and Bareilly 
district had an annual parasital incidence (API) of 7.32 per 
1,000 population according to the 2018 report [3]. Bareilly 
district shares boundaries with Pilibhit and Shahjahanpur 
on the eastern side, Rampur on the western side, Badaun on 
the southern side, and Udham Singh Nagar (Uttarakhand) 
on the northern side, and it contains 2.23% of the total 
population of Uttar Pradesh. P. falciparum, which causes the 
deadliest malaria infections, accounted for 46.49% of the 
cases in Bareilly district in 2018 [3]. In 2018, Uttar Pradesh 
state was classified as category 2, meaning that the overall 
state has an API under 1 per 1,000 population, but multiple 
districts of the state have APIs of more than 1. In Uttar 
Pradesh, 3 districts have an API of more than 1, and Bareilly 
district had the highest API. The National Framework 
for Malaria Elimination in India 2016−2030 set a goal to 
eliminate malaria throughout the country by 2030 and 
reduce malaria incidence to an API of less than 1 by 2024. 

This study will provide useful data for predicting malaria 
outbreaks so that malaria control activities and resource 
allocation can be planned early. Routine monitoring and 
surveillance for malaria will reduce the transmission of 
malaria. In geographical information system (GIS)-based 
studies, geo-coded data are captured, stored, analyzed, 

retrieved, and depicted for analysis and planning in 
healthcare. Although some studies using GIS have been 
conducted in northern Uttar Pradesh [4], no GIS-based 
research has been conducted previously in Bareilly district; 
therefore, the present study will improve the surveillance 
quality of the district. GIS technology was used to perform 
malaria mapping, identify associations between malaria 
incidence and environmental factors, locate malaria 
hotspots. Geospatial analysis was used to point out different 
regions of the map within a defined area. The aim of the 
study was to explore the spatiotemporal clustering of 
reported malaria cases in Bareilly district and to study 
the effect of environmental and physiographic factors on 
malaria incidence in 2019. As mentioned above, the API of 
Bareilly district was 7.32 per 1,000 population in 2018, and P. 
falciparum accounted for 46.49% [3]; these data indicate a 
critical problem, so this study will be helpful for predicting 
malaria outbreaks and planning malaria control activities 
and resource allocation in advance. 

Materials and Methods 

The study was conducted in Bareilly district, which belongs 
to Uttar Pradesh, as shown in Figure 1. Bareilly district is 
located between latitudes 28⁰10′ to 28⁰54′ N and longitudes 
78⁰58′ to 79⁰47′ E. The total area of Bareilly district is 4,120 
km2, with a population of 4,448,359 as per the 2011 census 
of India. Bareilly is divided into 6 tehsils (townships), namely 
Bareilly, Aonla, Baheri, Faridpur, Meerganj, Nawabganj. 
Bareilly have 17 block panchayats (intermediate-level 
councils) and 1,007 gram panchayats (village councils) in 
the district. The total number of community health centers 
(CHCs) is 15. The climate of Bareilly district is mainly humid 
subtropical. In May and June, the warmest months, the 
temperature fluctuates between 30°C and 40°C, while from 
September to January, the temperature goes down and 
fluctuates between 8°C and 15°C. January is considered the 
coolest month in Bareilly district, while July and August are 
considered monsoon months. The main river that flows 
from the west to southeast region of the district is the 
Ramganga. The northern area of Bareilly, which shares a 
border with Uttarakhand state, has a higher elevation than 
other regions. Sugarcane, cereals, cotton and wood are the 
main products of Bareilly district. Annual surveillance data 
of reported malaria cases at the block level are collected by 
the District Malaria Office at the district hospital of Bareilly. 
On a monthly basis, block-wise incidence data of reported 
malaria cases are collected from by the District Malaria 
Office at the district hospital of Bareilly. Lists of reported 
malaria cases at the village level in 2019 were collected by 
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block CHCs of Bareilly district. Daily meteorological data 
for 2019 of Bareilly district on temperature and rainfall 
were bought from the Indian Meteorological Department 
(regional center: Lucknow, Uttar Pradesh) for research 
purposes. Daily meteorological parameters at the block 
level for 2019 were collected by MERRA-2 (Modern-Era 
Retrospective Analysis for Research and Applications, 
version 2) from the National Aeronautics and Space 
Administration (NASA). Data on the normalized difference 
vegetation index (NDVI) for Bareilly district were collected 
from the Bhuvan geo-platform of the Indian Space Research 
Organization (ISRO), with a spatial resolution of 8 km and a 
radiometric resolution of 8 bits per pixel [5]. Elevation data 
for Bareilly district were collected from the NASA earth 
science data portal. Village and block-level population data 
and area data were obtained from the 2011 Census of India. 
Simple linear growth was assumed for projections of the 
population density in 2019 [6]. The Uttar Pradesh village-

level shape file was downloaded from the Socioeconomic 
Data and Application Centre of the NASA web portal. The 
Uttar Pradesh administrative and block-level shapefile for 
Bareilly district was collected from the geospatial resources 
at Achutha Menon Centre for Health Science Studies at our 
institute. Choropleth mapping was done for the block level 
shapefile of Bareilly district using the latitude and longitude 
coordinates from the shapefile for each block. Maps were 
created for malaria indicators, such as the API, the annual 
falciparum incidence (AFI), slide positivity rate (SPR), the 
annual blood examination rate (ABER), and the percentage 
of P. falciparum cases (Pf%). Maps of the population density 
and literacy rate of Bareilly district were also created. R 
software (https://www.r-project.org/) version R-4.0.3 was 
used for data cleaning and analysis of secondary data, to 
extract the Bareilly district shape file for the block and 
village level, and to extract daily meteorological parameters 
at the block level for 2019 using the centroid of each block. 

Map of Bareilly district block level

20 km

200 km

500 km

Figure 1. Location of Bareilly district in Uttar Pradesh, blocks names: 1, Baheri; 2, Shergarh; 3, Meerganj; 4, Ramnagar; 
5, Aonla; 6, Bhamora; 7, Faridpur; 8, Kuandanda; 9, Dalel Nagar; 10, Nawabganj; 11, Mundia Nabi Baksh; 12, Bhojipura; 
13, Fatehganj West; 14, Kyara; 15, Bithri Chainpur; 16, Majhgawan.
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Latitude and longitude finder software was used to convert 
centroid coordinates values into the decimal format using 
an online resource (https://www.latlong.net/). R software 
was used to perform a spatial autocorrelation analysis, and 
both global and local measures were analyzed. The Moran’s 
I-test was used to analyze spatial autocorrelation. The global 
Moran’s I estimation was done to test the null hypothesis 
that there would be complete spatial randomness (CSR) of 
malaria prevalence in the whole area of Bareilly district. The 
range of Moran’s I is between −1 and +1, with a value close 
to 0 meaning that there is CSR, a positive value showing 
positive spatial autocorrelation, and a negative value 
showing negative spatial autocorrelation [7]. Moran’s I lags 
were also analyzed to study the range of autocorrelation. To 
identify hotspot areas at the local level, the local indicator 
of spatial association (LISA) model was used to evaluate 
the existence of clusters in the spatial arrangement by 
using a neighbors list based on regions with contiguous 
boundaries (i.e., sharing 1 or more boundary points). 
To evaluate the significance of the Moran’s I value, the 
Monte-Carlo permutation test was performed with the 
hypothesis that the malaria prevalence in Bareilly district 
is spatially random. A cluster map was also produced with 
local Moran’s I estimates, the Getis Ord Gi* statistic, which 
were categorized as high-high, low-low, high-low, and 
low-high. A high-high cluster means that there is a higher 
incidence of malaria in neighboring regions, whereas a low-
low cluster means there is a low incidence of malaria in 
neighboring regions. Both high-low and low-high clusters 
were observed as outliers. The permutation test was done 
to check the significance level of the Moran’s I-test (i.e., to 
check whether spatial autocorrelation was significant). 
The associations between meteorological factors and 
malaria incidence were analyzed using monthly means of 
temperature and rainfall and the total number of malaria 
cases for each month. Pearson correlation analysis was 
performed at the block level. The total number of blocks 
was 17, so 34 Pearson correlation tests were performed for 
associations: 17 tests to check the association of monthly 
average temperature with monthly total malaria cases, as 
well as 17 tests for associations of monthly rainfall with total 
monthly cases of malaria. Raster data and metadata were 
obtained from the ISRO Bhuvan portal. Half-monthly data 
were available, and the total number of files downloaded 
was 24 for 2019. For analysis, data were aggregated 
quarterly. Using the R software, the average values for 
the NDVI index were obtained. NDVI values lie between 
−1 to +1, with values near +1 indicating high vegetation. 
Using the R software, the components of NDVI were 
determined using the average values at the block level. The 

components of the NDVI extracted were grass/cropland, 
forest, and agroforestry. The grass/cropland values ranged 
from 0.20579 to 0.37035; similarly, the agroforestry values 
lay between 0.37036 and 0.51073 [8]. Pearson correlation 
tests were performed using data categorized at quarterly 
intervals for NDVI components individually and relative to 
the corresponding reported malaria cases. For elevation 
data, 5 tiles of raster files covering the extent of Bareilly 
district coordinates were downloaded in the TIFF format. 
All raster files were merged, the shapefile of Bareilly district 
was overlayered with raster data, and the average mean 
elevation of each block of Bareilly district was estimated 
using the R software. The average elevation data were 
combined with the reported malaria data. 

IRB/IACUC Approval 
Ethical clearance for the study was provided by the Institutional 
Ethical Committee of Sree Chitra Institute of Medical Sciences 
and Technology (SCTIMST), Thiruvananthapuram (IEC No: IEC 
/1581 on November 20, 2020).  

Results 

The total number of reported malaria cases for 2019 was 
46,717, out of which 25.99% were P. falciparum and 74.01% 
were P. vivax cases. Slightly more than half (52.3%) of total 
cases were in male inhabitants, and 47.7% were in female 
residents of the district. The distribution of cases by age, 
as determined using line list data, was as follows: 23.7% of 
cases were under 10 years of age, 38.8% of cases were 11 to 
24 years of age, 23.8% of cases were 25 to 49 years of age, 
6.41% of cases were 50 to 63 years of age, and 1.2% of cases 
were ≥ 64 years of age. The largest proportion of cases was 
found in the age category of 11 to 24 years. 

Figure 2 shows the block level distribution of the number 
of reported malaria cases. There were more cases in the 
southern block than in other regions. Table 1 gives the 
epidemiological profile of the reported cases of malaria. 
Figure 2 shows the occurrence rate of reported malaria 
cases per 1,000 population at the block level, revealing that 
Majhgawan, Bhamora, Aonla, and Ramnagar blocks had 
higher incidence rates than other blocks. Figure 3 presents 
a choropleth map showing the distribution of the API at the 
block level; blocks situated in the southern region of the 
district had APIs between 40−60, for which reason they can 
be considered higher-transmission areas. The choropleth 
map for Pf% at the block level indicates that the Pf% was 
higher in the blocks situated in the southern region than 
in other blocks, meaning that the risk of malaria from P. 
falciparum was higher (Figure 3). The choropleth map in 
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Figure 3 shows that the AFI was higher among the blocks 
situated in the southern and western regions. Mainly in 
the southern region, many blocks had AFIs > 20, indicating 
a higher transmission of P. falciparum cases and showed 
similar trends for slide falciparum rate (SFR), indicating 
that the southern region blocks had higher SFRs than other 
regions (Figure 3). In Figure 4, the choropleth map shows 
that the SPR in blocks situated in the southern region was 
higher than in other regions. Figure 4 also shows that the 
ABER was > 10% in Majhgawan, Bhamora, and Aonla blocks, 
which lie in the southern region of Bareilly district, whereas 
other blocks had ABER values < 10%, which is a concern. 

Spatial autocorrelation estimates are done to explore 

the geographical clustering of data. The global Moran’s I 
performed for the data found an autocorrelation of 0.630, 
which was significant at the level of < 0.001. Figure 5 shows 
a Moran’s I scatter plot with high-high clusters in the upper 
right column and low-low clusters in the lower left column. 
The significant high-high clusters were mainly present in 
the southern region of Bareilly district. An analysis at the 
block level showed clusters in the Majhgawan, Bhamora, 
Aonla, and Ramnagar blocks. The blocks shaded in red in 
Figure 5 are hotspot areas. The darkness of the colours 
represents the intensity of the Getis Ord Gi* statistic 
values, which is the indicator of LISA. A cluster analysis was 
conducted using line list data, and the villages that formed 
the primary clusters are shown on the map. 

In the Pearson correlation analysis, a significant positive 
relationship was found between monthly rainfall and 
monthly malaria incidence with a 1-month lag in most 
blocks (p < 0.01), as shown in Table 2. High-malaria-burden 
blocks (mainly Majhgawan, Aonla, and Ramnagar) showed a 
very strong association between monthly malaria incidence 
and monthly rainfall with a 1-month lag, as shown in Table 
2. Similarly, Table 3 indicates that the 3 blocks (Majhgawan, 
Bhamora, and Aonla) that accounted for more than 50% of 
all cases showed a high correlation between the monthly 
mean temperature and monthly malaria incidence with a 
lag of 2 months. The peak burden of malaria cases in 2019 
was mainly reported in August to October, just after the 
monsoon rainfall. The maximum rainfall occurred from July 
to August in 2019. 

The Pearson correlation test was carried out to determine 
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Figure 2. Choropleth map showing the distribution of annual reported malaria cases and incidence rate of malaria 
cases in Bareilly district 2019.

Table 1. Epidemiological indicators of malaria incidence 
in Bareilly district in 2019 (based on line list data collected 
from Bareilly district)

Parameter Value

Population 5,007,329
Blood samples+rapid diagnostic test 294,432
Total positives 46,717
Pf% 25.99
Pv% 74.01
Annual blood examination rate% 5.88
Annual parasital incidence 9.3297
Slide positivity rate 15.9
Slide falciparum rate 4.124
Annual falciparum incidence 2.42

Pf%, percentage of cases caused by Plasmodium falciparum; Pv%, 
percentage of cases caused by P. vivax.
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the statistical significance of the relationship between 
the mean elevation of blocks in Bareilly district and the 
reported malaria incidence. A negative correlation (−0.494) 
was found between the mean elevation of blocks in Bareilly 
district and block-level malaria incidence (p < 0.05). The 
Pearson correlation test was also used to evaluate the 
association of the quarterly mean NDVI value and quarterly 
malaria incidence, and the average correlation was 0.36. The 
correlation analysis between monthly rainfall and monthly 
cases showed a strong and significant association with a lag 
of 1 month, with coefficients lying between 0.61−0.80. 

Discussion 

The study explored the spatial distribution of the reported 
malaria cases in Bareilly district in 2019 to identify hotspot 

areas. The malaria burden increased to 46,717 cases in 
2019 from 37,387 cases in 2018. Significant positive spatial 
autocorrelation was found (0.63), showing that malaria 
incidence was clustered. Space-time clusters were mainly 
found in the southern and southwest regions covering 3 
blocks of Bareilly district (Majhgawan, Bhamora, and Aonla). 
This information will be useful for the surveillance unit of 
the district as monitoring activities and surveillance can 
be strengthened in hotspots to prevent further outbreaks. 
Disease control activities and awareness programs 
regarding malaria should be increased. 

The malaria burden in Bareilly district increased from 
2018 to 2019. P. vivax and P. falciparum were responsible 
for malaria incidence [9]. Most cases were found to be 
concentrated in the southern region of Bareilly district. The 
annual API for the district was 9.32 per 1,000 inhabitants 
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Figure 3. Choropleth maps showing the annual parasital incidence (API), percentage of cases caused by Plasmodium 
falciparum (Pf%), annual falciparum incidence (AFI), and slide falciparum rate (SFR) in Bareilly district at the block level.
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Table 2. Correlations between monthly malaria incidence 
and monthly rainfall in 2019 for each block

Block name M1 M2 M3

Shergarh 0.608* 0.738** 0.430
Bhamora 0.458 0.775** 0.535
Meerganj 0.455 0.800** 0.545
Fatehganj West 0.543* 0.404 0.243
Nawabganj 0.570* 0.528 0.201
Kuandanda 0.750** 0.520 0.171
Bithri Chainpur 0.332 −0.003 −0.030
Bhadpura 0.516 0.378 0.165
Baheri 0.726** 0.040 −0.157
Mundia Nabi Baksh 0.742** 0.670* 0.363
Majhgawan 0.416 0.759** 0.602*
Aonla 0.204 0.753** 0.721*
Ramnagar 0.638* 0.742** 0.334
Faridpur 0.838* 0.614* 0.085
Bhojipura 0.765** 0.264 −0.014
Kyara 0.614* 0.635* 0.449
Bareilly Urban 0.664* 0.558 0.228

M1, M2, and M3 are months.
*p < 0.05, **p < 0.01.

Table 3. Correlations between monthly malaria incidence 
and monthly temperature in 2019 for each block

Blocks name M1 M2 M3 M4

Shergarh 0.538 0.731** 0.778** 0.720**
Bhamora 0.266 0.407 0.523 0.657*
Meerganj 0.255 0.386 0.526 0.659*
Fatehganj West 0.643* 0.834** 0.797** 0.597*
Nawabganj 0.594* 0.787** 0.824** 0.648*
Kuandanda 0.492 0.728** 0.811** 0.707**
Bithri Chainpur 0.658* 0.836** 0.702* 0.339
Bhadpura 0.646* 0.833** 0.796** 0.572
Baheri 0.398 0.690* 0.674* 0.467
Mundia Nabi Baksh 0.297 0.619* 0.819* 0.840*
Majhgawan 0.260 0.416 0.520 0.661*
Aonla 0.044 0.179 0.318 0.581*
Ramnagar 0.497 0.688* 0.759** 0.706*
Faridpur 0.485 0.703* 0.829** 0.715**
Bhojipura 0.506 0.766** 0.788** 0.588*
Kyara 0.452 0.696* 0.776** 0.752**
Bareilly Urban 0.565* 0.774** 0.799** 0.684*

M1, M2, M3, and M4 are months.
*p < 0.05,**p < 0.01.

in 2019, which is higher than 2018, and 7 blocks had APIs of 
more than 10 per 1,000 inhabitants, indicating that these 
were highly endemic regions. Pf% declined to 25.9 in 2019 
compared to the previous year [3]. The ABER was 5.88% 
for the district; however, as per guidelines, ABER should be 
> 10% (i.e., more than 10% of the population should receive 

blood slide examinations and rapid diagnostic tests) [3]. 
The study found significant positive spatial autocorrelation 
(0.63), showing that malaria incidence was clustered. 
Another study in Zimbabwe presented a spatial analysis 
of reported malaria cases from 2011 to 2016 and found 
significant positive spatial autocorrelations in all years 
[10]. A significant negative correlation was found between 
the elevation of blocks and annual malaria cases of the 
block. In other words, there was a decrease in the cases 
with an increase in elevation. Bareilly district is not a high-
altitude area, and the difference in elevation between the 
northern and southern regions of Bareilly is merely 30 to 
40 meters; however, the district has several rivers, such 
as the Ramganga (a tributary of the holy river Ganga) and 
rivers of local importance passing through the southern 
region of district. Therefore, it is possible that when rainfall 
occurs, water comes to the southern region from the 
northern region and the consequent waterlogging might 
create congenial conditions for the development of vector 
population to build up its density above the critical level 
required for active transmission of malaria [10]. This could 
explain the much higher number of reported malaria cases 
in the southern region than in the northern region. 

Furthermore, the Bareilly district is agricultural and 
cropland has a high likelihood of undergoing waterlogging. 
A positive correlation was found between the NDVI and 
malaria incidence, with a correlation coefficient of 0.36. The 
major vegetation cover of Bareilly district is agricultural/
cropland. Studies have found that grass/cropland has a 
significant influence on changing the trends of malaria 
incidence [11]. A previous study found that cropland and 
agricultural land provided a suitable environment for malaria 
vectors, subsequently increasing malaria transmission [12]. 

In a study in the Philippines, a spatial analysis of malaria 
incidence for 2016 showed spatial autocorrelation of 0.45 
and 0.44 by using the queen and rook criteria [13]. Another 
study in Zimbabwe showed that spatial analysis with 
reported malaria cases from 2011 to 2016 had significant 
positive spatial autocorrelations in all years [14]. A study in 
China showed a clear significant positive spatial correlation 
from 2004 to 2011 [15]. 

A study in Sri Lanka showed a similar association between 
monthly average rainfall and monthly malaria incidence with 
the lag of 1 to 3 months [16]. Another study in Dehradun, India 
showed an association between monthly average rainfall 
and monthly malaria incidence with a 1-month lag [17]. 
The study also found that the average mean temperature 
had a substantial influence on malaria incidence with a 
lag of 1 to 2 months in different blocks. This clearly shows 
that malaria took a 2-month period to become infectious. 
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A low mean average monthly temperature provides a 
suitable environment for mosquitos to breed so that they 
can transmit the infection to humans. A study in Tibet also 
showed that the monthly average temperature played an 
important role in malaria transmission, with a lag time 
of 2 months [18]. Another study in Iran showed a positive 
association between the monthly mean temperature 
and malaria incidence and a rise in malaria cases with 
a 1-month lag [19]. A study in Bhutan also showed a rise 
in temperature with a 1-month lag, and the temperature 
was found to have a large influence on malaria incidence 
[20]. Cases increased due to rainfall with a lag of 1 month, 
indicating that rainfall is followed by the development 
of temporary water bodies, which provide a suitable 
environment for malaria mosquitos to breed and infect 
humans. Data on the lag period between meteorological 
variables and malaria incidence will be helpful for the 
authorities to plan malaria control strategies as early as 
possible to control further malaria outbreaks. 

Conclusion 

Overall, the malaria burden in Bareilly district predominantly 
observed from July to October, with a peak in malaria 
incidence in September. Malaria occurrence at the block 
level was spatially clustered in the district, and all clusters 
were located in the southern region of Bareilly district. 
A statistically significant association was also found 
between reported monthly malaria cases and monthly 
mean temperature with a lag of 2 months. A positive 
association between rainfall and malaria incidence with a 
lag of 1 month was found in most blocks, which is a highly 
significant finding. Vegetation coverage was also associated 
with malaria incidence, showing that areas covered with 
cropland influenced the pattern of malaria incidence. The 
presence of space-time clustering of malaria cases and its 
correlation with meteorological and physiographic factors 
indicate that routine spatial analysis of surveillance data 
could help control and manage malaria outbreaks in the 
district. 

Limitations 
The disease surveillance data used in the study were 
obtained from the health department of Uttar Pradesh 
and might not reflect the actual occurrence of malaria in 
the state, especially from the private sector. Point pattern 
analysis was not possible as the exact incidence locations of 
the cases were not traceable; therefore, an area-based data 
analysis was conducted. 
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ABSTRACT

Objectives: We described the trends and epidemiological characteristics of varicella outbreaks 
from 2016 to 2020 in the Republic of Korea. 
Methods: We investigated variables such as the outbreak setting, age of patients, vaccination 
status, and lesion count. The collected data were analyzed with the Cochrane-Armitage trend 
test and Kruskal-Wallis test. These statistical tests were performed using R ver. 4.0.3. 
Results: The number of varicella outbreaks increased from 2016 to 2018; however, after a slight 
decrease in the number of outbreaks in 2019, the number fell sharply in 2020. The median size 
of outbreaks decreased from 8 to 9 cases during 2016−2019 to 6 cases in 2020. The median 
duration of outbreaks was 18 days during 2016−2017, 28 days in 2018, 29 days in 2019, and 
15 days in 2020. Varicella outbreaks occurred most frequently in elementary schools, and 
vaccination coverage of patients increased from 89.4% in 2016 to 97.2% in 2019. The median age 
of patients with outbreak-related varicella decreased from 8 years in 2016 to 6 years in 2020. 
Conclusion: Significant changes were observed in the age of patients with outbreak-related 
varicella. Ongoing monitoring of varicella outbreaks should be conducted. Further research 
will be needed to measure the disease burden of varicella and enable evidence-based policy 
decisions. 
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Introduction 

Varicella usually occurs in children. It is a primary infection 
caused by varicella-zoster virus. This virus afflicts only 
human beings and causes acute infections. It is transmitted 
through direct contact with infected people. Moreover, the 
presence of this virus in respiratory secretions allows it to 
be transmitted through airborne channels. In most cases, 
the symptoms of varicella are relatively mild; however, 
complications such as secondary bacterial infections, 
pneumonia, and congenital varicella syndrome occur in 
some patients. The incubation period for varicella is 10 to 21 
days, and the clinical symptoms of varicella usually occur 
14 to 16 days after being exposed to the virus. Varicella is 
a highly infectious disease, and the chances of secondary 
infection are about 61% to 100% in susceptible people 
that come into contact with a patient in their household 
[1]. Patients cannot usually avoid contact with the source 
of the infection because varicella can spread before 
symptoms occur. Furthermore, it is not easy to implement 
preventive measures such as vaccination or immunoglobulin 
administration within 72 hours after the exposure, except for 
household members, since it takes quite a long time for a 
person exposed to the virus to be recognized. 

The Republic of Korea included varicella in the National 
Immunization Program (NIP) in 2005, designating it as a 
notifiable infectious disease for monitoring. Prior to that 
change, the government monitored the occurrence of 
varicella with the pediatric communicable diseases sentinel 
surveillance system. We expected that the NIP would 
reduce the incidence of varicella. However the number of 
varicella patients reported to the National Infectious Disease 
Surveillance System (NIDSS) continued to increase [2], 
which has been analyzed as being attributable to physicians’ 
heightened awareness and increased legal responsibility 
to recognize and report notifiable diseases [3]. Thereby, 
criticisms were raised about the effectiveness of varicella 
vaccines [4,5], but assessments of the exact effectiveness 
of vaccine policies are limited by the lack of incidence data 
prior to the launch of the NIP. 

After the NIP was launched in the United States of America 
(USA), there was a reduction in varicella outbreaks [6], 
and the effectiveness of vaccines has been reported [7]. 
Furthermore, since a high number of breakthrough varicella 
cases occurred after the 1-dose vaccination in children [8], 
a 2-dose varicella vaccination policy was adopted in 2007. 

Although varicella vaccines have not been included in 
the NIP of China, the country has recently recommended 
a single-dose varicella vaccine, investigated the varicella 
vaccination coverage, and conducted ongoing research 

on the development of varicella and the effectiveness of 
varicella vaccines [9,10]. 

In preliminary studies, varicella outbreaks have been 
mostly reported in daycare centers, kindergartens, and 
schools. A study was conducted on varicella outbreaks in 
daycare centers in New Hampshire, USA [7]. Scientists 
found that breakthrough varicella is also transmissible, 
similar to wild-type varicella. They also reported that varicella 
developed in 28.5% of children in daycare centers; the efficacy 
of the vaccine was 44% in that study. It was found that the 
risk of vaccine failure increased after a long duration of time 
in patients who were vaccinated in a timely manner. Another 
study investigated outbreaks of varicella in kindergartens and 
elementary schools in Michigan, USA [11]. They reported that 
breakthrough infection was likely to occur in subjects after 
4 years since vaccination. In Italy, a study was conducted 
on varicella outbreaks in kindergartens in 2009 [12]. They 
reported that the attack rates for unvaccinated and vaccinated 
children were 72.3% and 12.7%, respectively. Therefore, the 
overall vaccine efficacy was 82.4%. 

Preliminary studies on trends in varicella incidence in 
the Republic of Korea used data from the National Health 
Insurance Service (NHIS) and the NIDSS, including a study 
calculating the attack rates of varicella and herpes zoster 
based on NHIS data from 2003 to 2015 and researching 
the impact of varicella vaccination on varicella and herpes 
zoster considering demographic changes over time [13], 
a study assessing the age, period and birth cohort effects 
on varicella incidence using NIDSS data from 2006 to 2017 
[14], and a study analyzing the NHIS data from 2011 to 2018 
and the National Immunization Registry data of the Korea 
Disease Control and Prevention Agency (KDCA) with the 
aim of evaluating varicella incidence and vaccination [15]. 

We described the trends and epidemiological characteristics 
of varicella outbreaks that were reported to the NIDSS during 
2016−2020. An investigation of all outbreak-related cases 
was also conducted.  

Materials and Methods  

Study Design 
This is a case series of varicella outbreak-related patients 
reported to the KDCA from 2016 to 2020. 

Varicella Surveillance and Case Investigations 
Since varicella was designated as a notifiable infectious 
disease in July 2005, the Republic of Korea changed the way 
of monitoring varicella from the pediatric communicable 
diseases sentinel surveillance system to the mandatory 
surveillance system. According to Infections Disease 

https://doi.org/10.24171/j.phrp.2022.0087

Epidemiological characteristics of varicella outbreaks

134



Control and Prevention Act, physicians who have treated 
varicella patients must report them to the local public 
health centers within 24 hours. Furthermore, public health 
centers must report cases to the KDCA via municipal or 
provincial internet-based surveillance systems. 

According to the guidelines for preventable disease 
management and vaccines, if complications or deaths occur 
in varicella patients or varicella occurs in special groups, 
such as pregnant women or newborns, public health centers 
should conduct a case investigation within 3 days. If 2 or 
more children in daycare centers, kindergartens, and schools 
are infected in the same class within 3 weeks, or if at least 2 
children are infected at an institution with a total number 
of people less than 20, those cases should be reported as 
an outbreak and go through a case investigation without 
delay. A case study document includes information on 
the following parameters: patients’ personal information, 
inclusion in high-risk groups, clinical symptoms and progress, 
visits to medical institutions, laboratory findings, vaccination 
history, investigation of sources of infection, and contact 
tracing [16]. 

The results of varicella patients’ surveillance and case 
investigations are managed through an internet-based 
system (hereinafter referred to as the “Integrated System”). 

Data Collection 
We used the case investigation data of varicella patients 
registered in the Integrated System after being recognized 
as cases of outbreaks among all varicella patients reported 
to the NIDSS from 2016 to 2020. 

Definitions 
The variables related to group characteristics were as 
follows: outbreak settings, time of outbreak initiation, size 
of outbreaks, duration of outbreaks, percentage of people 
vaccinated, and the attack rate. The individual characteristics 
were as follows: the age of patients, the date of onset of disease 
symptoms, vaccination status, the date of vaccination, the 
interval between vaccination and incidence, and lesion 
count. 

The outbreak settings were classified into 4 categories: 
daycare centers, kindergartens, elementary schools, and 
others. The time of outbreak initiation was reported in terms 
of years and months based on the date of symptom onset of 
the index patient. The size of outbreaks was divided into 4 
categories: 2 to 9 cases, 10 to 24 cases, 25 to 49 cases, and 50 
or more cases. In cases that occurred within households, 
all secondary infections were epidemiologically linked 
to outbreaks and included in the case investigations. The 
duration of outbreaks was defined as the number of days 

between the index patient's date of symptom onset and that 
of the last patient. The percentage of vaccinated patients 
denoted the fraction of vaccinated patients in the group, 
being classified into 0%, 1% to 89%, 90% to 99%, and 100%. 
The total number of people in an institution was used as the 
denominator for the attack rate. 

Regarding the individual characteristics, patients’ age 
was classified into 6 groups: younger than 1 year old, 1 to 
3 years old, 4 to 6 years old, 7 to 12 years old, 13 to 18 years 
old, and older than 19 years old. The vaccination status was 
classified into 3 categories (unvaccinated, 1 dose, and 2 
doses). The interval between vaccination and occurrence was 
determined from the date of last vaccination to the date of 
symptom onset, and this interval was calculated in units of 
months. The lesion count was used as an indicator of disease 
severity. If the lesion count was less than 50, then the 
varicella infection was defined as mild; however, if it was 
more than 50, then the infection was moderate. The number 
of lesions was counted at the time when the patient was 
diagnosed with varicella. Vaccination history was obtained 
through internet-based records, baby journals, or patients’ 
and caregivers’ memories. 

The vaccination coverage presented in Figure 1, which 
refers to the percentage of children who completed the 
recommended 1-dose vaccination to prevent varicella, was 
calculated using birth cohort-based survey data on the 
vaccination rate [17−21]. 

Statistical Analysis 
The collected data were entered into MS Excel (Microsoft 
Corp., Redmond, WA, USA), and the analysis was performed 
by using R ver. 4.0.3 (The R Foundation, Vienna, Austria; 
https://www.r-project.org/). We used the Cochrane-Armitage 
trend test and the Kruskal-Wallis test, with the level of 
statistical significance set at p < 0.05. 

Ethics Statement 
The Institutional Review Board of the KDCA approved the 
protocol (IRB No. 2022-03-09-PE-A). 

Results 

In total, 344,917 varicella patients were reported from 
January 1, 2016 to December 31, 2020, of which 18,055 
patients (5.2%) were identified as involved in outbreaks, 
and the total number of outbreaks was 1,302. The number 
of outbreak-related cases was 159 in 2016, 388 in 2017, 431 
in 2018, 297 in 2019, and 45 in 2020. The highest number of 
cases was detected in 2018 (431 cases). The lowest number 
of cases was detected in 2020 (45 cases). The number of 
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outbreak-related cases was likewise the highest in 2018 
(6,642 cases), and the lowest number of outbreak-related 
cases was in 2020 (309 cases). Except for 2020, a tendency 
was observed for outbreak cases to increase from 2016 to 
2019 (p < 0.001) (Table 1). 

The number of outbreaks was highest from April to May 
and October to November, and the number of outbreak-
related cases peaked twice a year, in May and November 
(Figure 2). 

The median number of patients per outbreak per year 
decreased from 9 (range, 2−122) in 2018 to 6 (range, 2−19) 
in 2020 (p = 0.021). From 2016 to 2019, ≥ 50% of outbreaks 
involved than 10 cases, whereas this held true for 80% of 
outbreaks in 2020. Approximately 5% of outbreaks each 
year had more than 50 cases. The median duration of 
outbreaks was 18 days in 2016 and 2017, 29 and 28 days in 
2018 and 2019, and 15 days in 2020 (p < 0.001) (Table 1). 

The proportion of varicella outbreaks in elementary 
schools decreased from 64.8% in 2016 to 24.4% in 2020 
(p = 0.004). The percentage of outbreaks in which all (100%) 
patients were vaccinated increased from 47.4% in 2016 to 
60.8% in 2017, 74.2% in 2018, 78.3% in 2019, and 58.1% in 
2020 (p < 0.001). On the contrary, the number of outbreaks 
in which no (0%) patients were vaccinated also slightly 

increased from 1.5% in 2016 (2 outbreaks) to 0% in 2017, 0.9% 
in 2018 (4 outbreaks), 0.7% in 2019 (2 outbreaks) to 16.3% in 
2020 (7 outbreaks) (p < 0.001) (Table 1). 

In the past 5 years, the median age of patients involved 
in varicella outbreaks decreased from 8 years in 2016 to 6 
years in 2020 (p < 0.001). The distribution pattern of patients’ 
ages also changed (Table 2). In 2020, 9.7% of patients were 3 
years old or younger, 43.0% were 4 to 6 years old, 33.3% were 
7 to 12 years old, and 13.9% were 13 years old or older. The 
percentage of 4- to 6-year-old patients increased, and that 
of 7- to 12-year-old patients decreased (p < 0.001) (Table 2). 

The percentage of vaccinated patients in outbreaks 
increased from 89.4% in 2016 to 97.2% in 2019, but decreased 
slightly to 86.6% in 2020 (Figure 1, Table 2). The proportion 
of vaccinated patients tended to increase in all age groups 
(p < 0.001). The percentage of outbreak-related patients with 
fewer than 50 lesions was 84.0% in 2016 and 87.7% in 2020, 
showing no significant difference (p = 0.280) (Table 2). 

Discussion 

From 2016 to 2018, the number of varicella outbreaks 
increased, after which it slightly decreased in 2019 and 
then fell sharply in 2020, when the coronavirus disease 
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Table 1. The characteristics of varicella outbreaks in Korea, 2016−2020

Characteristic 2016 2017 2018 2019 2020 p for trend test
a)

Total number of outbreaks 159 388 431 297 45
Outbreak-related cases
 Totalb) 2,112 (3.9) 5,249 (6.6) 6,642 (6.9) 3,743 (4.5) 309 (1.0) < 0.001
 No. per outbreak 8 (2−96) 8 (2−161) 9 (2−122) 8 (2−96) 6 (2−19) 0.021c)

Outbreak size (case)
  < 10 93 (58.5) 220 (56.7) 228 (52.9) 156 (52.5) 36 (80.0) 0.964
 10−24 41 (25.8) 114 (29.4) 125 (29.0) 102 (34.3) 9 (20.0) 0.283
 25−49 19 (11.9) 39 (10.1) 55 (12.8) 32 (10.8) 0 (0) 0.399
  ≥ 50 6 (3.8) 15 (3.9) 23 (5.3) 7 (2.4) 0 (0) 0.291
Outbreak setting
 Daycare 29 (18.2) 70 (18.0) 60 (13.9) 51 (17.2) 16 (35.6) 0.499
 Preschool 16 (10.1) 50 (12.9) 65 (15.1) 41 (13.8) 3 (6.7) 0.569
 Elementary school 103 (64.8) 239 (61.6) 270 (62.6) 177 (59.6) 11 (24.4) 0.004
 Other 11 (6.9) 29 (7.5) 36 (8.4) 28 (9.4) 15 (33.3) 0.001
Attack rate (%) 3.0 (0.26−60.0) 3.5 (0.23−53.3) 3.1 (0.14−81.8) 2.5 (0.13−81.8) 6.9 (0.4−35.7) 0.001c) 

Duration of outbreak (d) 18 (0−119) 18 (0−125) 29 (0−136)  28 (0−143) 15 (0−53) 0.001c) 

Proportion of vaccinated case (%)
 0 2 (1.5) 0 (0) 4 (0.9) 2 (0.7) 7 (16.3) < 0.001
 1−89 51 (37.8) 81 (23.0) 46 (10.7) 24 (8.1) 9 (20.9) < 0.001
 90−99 18 (13.3) 57 (16.2) 61 (14.2) 38 (12.9) 2 (4.7) 0.172
 100 64 (47.4) 214 (60.8) 319 (74.2) 231 (78.3) 25 (58.1) < 0.001

Data are presented as n (%) or median (range).
a)Determined by use of the Cochrane-Armitage trend test, unless otherwise specified. b)The percentage listed is the proportion of outbreak-associated 
varicella cases among the total number of cases reported during that period. c)The Kruskal-Wallis test was used to test for associations among the raw 
data rather than for trends over time.
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Figure 2. The cumulative monthly number of outbreaks, outbreak-associated varicella cases, and total varicella 
cases that were reported in the Republic of Korea, 2016−2020. COVID-19, coronavirus disease 2019.

2019 (COVID-19) pandemic occurred. Lee et al. [22] analyzed 
NIDSS data from 2006 to 2018. In another study conducted 
by Lee et al. [14], the data were analyzed from 2006 to 2017. 
In these studies, the annual incidence of varicella was found 
to increase. 

In our study, the number of varicella outbreaks was 
highest from April to May and from October to November, 
and the number of outbreak-related cases peaked twice a 
year, in May and November. Similar patterns were observed 
in cases unrelated to outbreaks, but in winter, the peak 
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tended to appear 1 month later than the peak of outbreaks. 
In the Republic of Korea, the school semester starts in early 
March and late August. Schools then have vacations in late 
July and late December. The incidence of varicella usually 
began to rise about a month after the start of the semester; 
it peaked during the semester and appeared to decline 
during vacations. A similar pattern was found in a related 
study conducted in Shanghai, China [9]. The researchers 
found that outbreaks peaked soon after the opening 
of school campuses but declined during vacations. An 
explanation for this is that children are close to each other 
in common spaces in schools. 

In our study, the size of the varicella outbreaks decreased 
from 8 to 9 cases per outbreak during 2016-2019 to 6 cases 
in 2020. Furthermore, the duration of varicella outbreaks 
changed at 2-year intervals: 18 days in 2016 and 2017, 28 
days in 2018 and 29 days in 2019, and 15 days in 2020. Except 
for 2020, varicella outbreaks occurred most frequently in 
elementary schools, and most of the patients were in lower 
grades (grades 1 to 2), with their ages being 7 and 8. In the 

7- to 12-year-old group of patients, the rate of vaccination 
increased from 74.9% in 2016 to 98.0% in 2019. 

In a study conducted in the USA that described the impact 
of varicella vaccination programs on the epidemiology of 
varicella outbreaks [23], the size of outbreaks decreased from 
15 cases during 1995−1998 to 9 cases during 2002−2005. 
Moreover, the duration of outbreaks decreased from 44.5 
days to 30 days. The proportion of varicella outbreaks that 
occurred in elementary schools increased, while that in 
childcare facilities decreased. The age of patients increased 
from 6 years to 9 years. After the implementation of the 
immunization policy, the rate of vaccination in patients 
increased from 1% to 46.3% within 10 years. 

In a recent study from the USA reporting the epidemiology 
of varicella outbreaks after a routine 2-dose varicella 
vaccination program [24], the size of outbreaks was 7 cases, 
the duration of outbreaks was 29 days, and the percentage 
of 1- to 9-year-old patients was 68%. Furthermore, 39% 
of outbreaks occurred in elementary schools, 18% in 
kindergartens, 42% in other locations, and 1% in unidentified 

Table 2. The characteristics of outbreak-associated varicella cases in Korea, 2016−2020

Characteristic 2016 2017 2018 2019 2020 p-value for trend test
a)

Age of patients (y) 8 (0−43) 7 (0−42) 8 (0−62) 7 (1−45) 6 (0−44) < 0.001
Total patients, by age (y)
  < 1 1 (0.0) 2 (0.0) 4 (0.1) 0 (0.0) 3 (1.0) 0.118
 1−3 85 (4.0) 239 (4.6) 156 (2.3) 77 (2.1) 27 (8.7) < 0.001
 4−6 420 (19.9) 1,593 (30.3) 1,819 (27.4) 1,132 (30.2) 133 (43.0) < 0.001
 7−12 1,550 (73.4) 3,235 (61.6) 4,505 (67.8) 2,401 (64.1) 103 (33.3) < 0.001
 13−18 45 (2.1) 169 (3.2) 134 (2.0) 98 (2.6) 17 (5.5) 0.844
  ≥ 19 11 (0.5) 11 (0.2) 24 (0.4) 35 (0.9) 26 (8.4) < 0.001
Time since vaccination (mo) 83 (0−149) 77 (0−444) 80 (0−244) 79 (0−250) 64 (0−170) < 0.001b)

Vaccination status (n = 17,360)
 Unvaccinated 192 (10.6) 282 (5.8) 248 (3.7) 103 (2.8) 39 (13.4) < 0.001
 1 dose 1,583 (87.0) 4,404 (90.0) 5,920 (89.2) 3,331 (89.6) 237 (81.2) 0.921
 2 doses 44 (2.4) 207 (4.2) 469 (7.1) 285 (7.6) 16 (5.4) < 0.001
Vaccinated patients, by age (y) 

(n = 16,496)c)

 1−3 78 (90.7) 217 (90.0) 153 (95.6) 70 (90.9) 22 (77.3) 0.271
 4−6 385 (91.7) 1,467 (92.1) 1,809 (99.5) 1,120 (98.9) 127 (95.5) < 0.001
 7−12 1,161 (74.9) 2,880 (89.0) 4,352 (96.6) 2,352 (98.0) 88 (85.4) < 0.001
 13−18 3 (6.7) 44 (26.0) 73 (54.5) 72 (73.5) 15 (88.2) < 0.001
  ≥ 19 0 (0.0) 3 (27.3) 2 (8.3) 2 (5.7) 1 (3.8) 0.371
Lesion count (case)
  < 50 1,775 (84.0) 4,396 (83.7) 5,735 (86.3) 3,123 (83.4) 271 (87.7) 0.280

  ≥ 50 337 (16.0) 853 (16.3) 907 (13.7) 620 (16.6) 38 (12.3) 0.280

Data are presented as median (range) or n (%).
a)Determined by use of the Cochrane-Armitage trend test, unless otherwise specified. b)The Kruskal-Wallis test was used to test for associations 
among the raw data rather than for trends over time. c)The percentage listed is the proportion of vaccinated patients among the total patients 
during that period.

https://doi.org/10.24171/j.phrp.2022.0087

Epidemiological characteristics of varicella outbreaks

138



places. The percentage of unvaccinated patients was 77%, 
while 62% of vaccinated patients had received 1 vaccine 
dose. 

In a study that investigated varicella outbreaks in schools 
in Shanghai, China [10], the average size of outbreaks was 
12.5 cases, the average duration of outbreaks was 75.5 days, 
the average age of cases was 10.8 years, and the percentage 
of patients who had received 1 vaccine dose was 50.6%. 

Our study showed similar characteristics to those of 
varicella outbreaks in the USA, after a 1-dose varicella 
vaccination program [23]. After the introduction of a routine 
2-dose varicella vaccination program in the USA, no significant 
changes were found in the size, duration, or setting of 
outbreaks; however, the number of varicella outbreaks and 
breakthrough cases decreased. This positive effect has 
implications for policy decisions. 

The median age of patients with outbreak-related 
varicella decreased from 8 years in 2016 to 6 years in 2020. 
The age distribution changed; the proportion of patients 
who were 4 to 6 years old increased, that of patients who 
were 7 to 12 years old decreased, and that of patients 19 
years or older slightly increased. Further studies need to be 
carried out to understand age changes related to outbreaks. 

In recent outbreaks, varicella cases have mainly occurred 
among unvaccinated patients in the age group of 19 years 
old and older. This group of patients includes international 
students and foreign workers. Further investigations and 
policy reviews need to be conducted in order to prevent and 
manage infectious diseases in groups with poor vaccination 
rates and groups related to high-risk facilities. 

In the Republic of Korea, an increasing number of vaccinated 
patients in outbreaks was observed. These results are similar 
to prior reports of an increase in breakthrough infections after 
a 1-dose varicella vaccination program in studies conducted 
in the USA [23,25,26]. Recent epidemiological studies in the 
Republic of Korea have reported that the 1-dose varicella 
vaccine had a limited ability to suppress the incidence of 
varicella [13,15]. 

Due to the COVID-19 pandemic in 2020, we strengthened 
measures for infection control, such as mask-wearing, hand 
sanitizer use, ventilation, and social distancing. The total incidence 
of varicella, including outbreaks, has decreased dramatically 
due to these measures. Thus, a different epidemiological pattern 
was observed in 2020. 

Because of the high vaccination rate, post-exposure 
vaccination is usually not performed in Korea. This is especially 
true while managing instances of varicella outbreaks. Instead, 
local public health centers restrict patients from going 
to school or work. They also monitor the symptom onset 
of contacts, thereby effectively introducing necessary 

containment measures. Nevertheless, outbreaks can still 
occur in schools due to breakthrough infections. In such 
cases, there are hardly any adequate interventional measures, 
making it difficult to prevent the spread of breakthrough 
infections. Therefore, scientific research studies must focus 
on developing effective and applicable prevention practices 
other than vaccination. These steps would help manage 
varicella, which is an infectious disease transmitted through 
the air. 

This study has some limitations. Firstly, the diagnosis 
of varicella is challenging, and in some cases it might be 
misclassified as a closely-related skin infection. In particular, 
physicians tend to over-diagnose varicella as they are 
legally compelled to recognize and report varicella patients 
to the governmental authorities. These factors would lead 
to an overestimation of varicella cases. Meanwhile, not 
all patients with varicella may visit medical institutions 
because varicella has relatively mild clinical symptoms in 
patients who have been vaccinated earlier. Vaccination 
history can be obtained from internet-based records, baby 
journals, and vaccinations that caregivers remember. In our 
study, we obtained vaccination history through internet-
based records, baby journals, and patients’ or caregivers’ 
memories. However, the memory of patients and caregivers 
may be faulty. Patients have been administered various 
kinds of vaccines, which have been manufactured by 
domestic and foreign companies in Korea. To assess the 
control of breakthrough infections, we recommend asking 
vaccinated patients about the brand name of the vaccine; 
those data were not available in the registry. 

Despite these limitations, our study established important 
implications, as it analyzed the epidemiological characteristics 
of varicella in the Republic of Korea by applying research 
methods that have been used in other countries, including 
the USA. 

Conclusion 

This study described the trends and epidemiological 
characteristics of varicella outbreaks in the Republic of 
Korea. The number of outbreaks tended to increase from 
2016 to 2019. The vaccination rate of outbreak-related 
patients increased across all age groups over the past 5 
years. However, an increase in breakthrough infections was 
also observed during the same period. Although the size of 
outbreaks did not change, their duration increased. Varicella 
outbreaks occurred most frequently in elementary schools, 
and most patients were in the age group of 7 to 8 years. 
Their characteristics were similar to those of other related 
studies conducted in other countries. All these studies were 

https://doi.org/10.24171/j.phrp.2022.0087

Eun-Young Kim et al.

139



conducted among patients who had received a single dose 
of the varicella vaccine. 

The age of patients with outbreak-related varicella 
changed; the median age decreased and the proportion of 
patients who were 4 to 6 years old increased. However, the 
proportion of patients aged 7 to 12 years decreased. Further 
research studies need to investigate changes in age groups. 
Ongoing monitoring and further research on outbreaks 
and breakthrough infections will be needed to measure 
the disease burden of varicella and enable evidence-based 
policy decisions. 
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Introduction 

Prediabetes is an intermediate metabolic state that is characterized by increased blood glucose 
levels when compared to normal levels, although not as high as the diagnostic cut-off for 
diabetes [1,2]. Because individuals with prediabetes do not experience distinctive signs and 
symptoms, they can be at high risk of developing type 2 diabetes and cardiovascular disease 
(CVD) [3,4]. According to the National Diabetes Statistics report in 2020, 34.5% of adults over 18 
years of age in the United States had prediabetes [5]. In Korea, the prevalence of prediabetes 
in adults over 30 years was 26.9% in 2018, and the prevalence has continued to increase [6]. 
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Notably, 14.2% to 24.6% of cases of prediabetes in adults 
over 45 years of age progressed to type 2 diabetes within 
10 years [7] and 32.2% of individuals with a diagnosis of 
type 2 diabetes had CVD approximately 10 years after being 
diagnosed [8]. Thus, the long-term healthcare burden of 
unmanaged prediabetes causes substantial public health 
problems. In this context, we emphasize the need for 
early identification of at-risk individuals and the early 
management of prediabetes before the development of 
type 2 diabetes [9,10]. Identification of the factors associated 
with prediabetes is required for early intervention and 
detection of high-risk individuals with prediabetes [11]. 
Sociodemographic factors (e.g., age, sex, and education 
level), cardiometabolic factors (e.g., dyslipidemia and 
hypertension), and behavioral factors (e.g., smoking habits 
and physical activity) associated with prediabetes have been 
identified in previous studies [11−14]. However, the reported 
risk factors for prediabetes have been inconsistent among 
studies [14,15]. Differences in ethnicity and sex might have 
contributed to these disparities among studies, in addition 
to differing definitions of prediabetes [11,16]. 

In previous studies, the prevalence of prediabetes and the 
factors associated with prediabetes differed according to 
ethnicity [10,17]. Furthermore, in individual ethnic groups, 
factors associated with prediabetes varied according to sex 
[10,11,16]. According to a systematic review by Siddiqui et al. 
[14], smoking and alcohol consumption were significantly 
associated with prediabetes in males, while poor dietary 
habits were strongly associated with prediabetes in females. 
That study emphasized the identification of sex differences 
in factors associated with prediabetes, which would be 
helpful for developing sex-specific prevention strategies for 
those at risk of type 2 diabetes [14]. 

According to a conceptual model that explains the 
development of risk factors and health status related to 
CVD [18], risk factors and health status (e.g., obesity, type 2 
diabetes, and dyslipidemia) related to CVD were associated 
with sociodemographic determinants (e.g., age, sex, education 
level, household socioeconomic status), internal health 
resources/burdens (e.g., psychosocial discomfort), external 
health resources/burdens (e.g., social support and familial 
status), and health behaviors (e.g., diet, smoking habit, 
physical activity). Based on a literature review, this study 
categorized the factors associated with prediabetes into 
sociodemographic factors (age, sex, education level, and 
household socioeconomic status), internal health resources/
burdens (stress and depression), external health resources/
burdens (living with a spouse, and a family history of type 2 
diabetes), and health behaviors (habit of eating out, current 
and past smoking, current alcohol consumption, physical 

activity, and sedentary behavior). Adjustments were also 
made for CVD risk factors (covariates) that are significantly 
associated with prediabetes, including adiposity (obesity), 
abdominal obesity, hypertension, high triglyceride (TG) levels, 
low levels of high-density lipoprotein cholesterol (HDL-C), 
and high total cholesterol levels. 

This study aimed to identify the associations of sociodemographic, 
internal health resources/burdens, external health resources/
burdens, and health behavioral factors with prediabetes after 
controlling for covariates according to sex in Korean adults. 

Materials and Methods 

Study Design and Population 
A cross-sectional study design was applied with a secondary 
analysis of the Korean National Health and Nutrition Examination 
Survey (KNHANES) from 2015 to 2019. A total of 39,759 adults 
aged ≥20 years (18,181 males and 21,578 females) participated in 
the KNHANES. Among them, 26,170 adults who had prediabetes 
(11,838 individuals) and normal blood glucose levels (15,332 
individuals) were primarily selected after excluding 13,589 
adults, including pregnant females and individuals who 
were diagnosed and treated for stroke, angina, myocardial 
infarction, and diabetes. Finally, 13,595 adults (5,565 males, 
8,030 females) aged ≥ 20 years were included in the data 
analysis after excluding 13,575 individuals who had incomplete 
questionnaires, physical examinations (e.g., weight, height), 
and laboratory tests (e.g., fasting plasma glucose [FPG] and 
hemoglobin A1c [HbA1c]) that provided the measurements 
for the variables used in this study (Figure 1).  

Measurements 

Dependent variable 
Prediabetes 
Following the Korean Diabetes Association diagnostic criteria 
[6,19], the definition of prediabetes was an FPG of 100 to 125 
mg/dL and/or an HbA1c of 5.7% to 6.4%. In addition, a normal 
blood glucose level was defined as an FPG of < 100 mg/dL 
and/or an HbA1c of < 5.7%. 

Independent variables 
Sociodemographic factors 
Age was categorized into 20s to 30s, 40s to 50s, and ≥ 60s. 
Sex was categorized as male or female. Education level 
was categorized as less than middle school graduation, 
high school graduation, or college graduation. Household 
socioeconomic status was categorized as low, middle, and 
high. 
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Internal health resources/burdens 
Daily stress was determined with a single question, with 
response categories of “severe,” “a little,” and “not at all.” To 
evaluate depression, respondents were asked if they had 
been diagnosed with depression by a psychiatrist, with a 
response of yes or no. 

External health resources/burdens 
Marital status was categorized as living with a spouse or 
living without a spouse (separated, divorced, bereaved, 
and unmarried). The family history of type 2 diabetes was 
categorized as yes or no. 

Health behaviors 
To evaluate the habit of eating out, the average frequency 
of eating out in the previous year was determined with 
a single question, and the response was categorized as 
“more than once a day” or “less than once a day.” Smoking 
habits were categorized as current, past, or never, and 
current alcohol consumption was categorized as “yes” or 
“no.” For the intensity of physical activity (work, travel to 
and from places, and leisure), metabolic equivalent task 
(MET)-minutes were calculated from activities in a week 

[20]; > 600 MET-minutes a week was considered moderate 
to vigorous intensity and < 600 MET-minutes a week was 
considered low intensity. To evaluate sedentary behavior, 
the number of hours spent sitting or lying down in a day 
was determined with a single question, and sedentary hours 
a day were categorized as < 8 hours a day or ≥ 8 hours a 
day, with the latter being considered prolonged sedentary 
behavior [21]. 

Covariates 
To evaluate adiposity, body mass index (BMI) was calculated 
using height and weight. Based on BMI, participants were 
categorized as non-obese or obese. The non-obese category 
included underweight ( < 18.5 kg/m2) and normal weight 
( ≥ 18.5 kg/m2 and < 23 kg/m2), and the obese category included 
overweight ( ≥ 23 kg/m2 and < 25 kg/m2) and obesity ( > 25 kg/m2) 
[22]. Abdominal obesity was assessed by waist circumference: 
a waist circumference > 90 cm in males and > 85 cm in 
females indicated abdominal obesity [22]. Hypertension was 
regarded as a blood pressure > 130/85 mmHg and/or use of 
antihypertensive therapy. Other covariates included high total 
cholesterol, high TG (TG > 150 mg/dL and/or treatment for 
hypertriglyceridemia), and low HDL-C (HDL-C < 50 mg/dL  

Participants

13,595 adults

(5,565 males and 8,030 females)

KNHANES 2015–2019

39,759 adults (age ≥20 yr)

(18,181 males and 21,578 females)

26,170 Adults with

prediabetes/normal blood glucose levels

Excluded (n = 12,575)

Excluded with multiple exclusion criteria ( n = 8,529) 

- Incomplete questionnaire (n = 7,593)
- Data missing for physical examination (n = 6,003)
- Data missing for laboratory tests (n = 7,509)

Excluded (n = 13,589)

Excluded with multiple exclusion criteria ( n = 1,300) 

- Pregnancy (n = 140)
- Stroke, angina and myocardial infarction (n = 11,821)
- Diabetes (n = 2,928)

Figure 1. Sampling process. KNHANES, Korean National Health and Nutrition Examination Survey.
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and/or therapy for low HDL-C).  

Statistical Analysis  
Complex sampling analysis was performed with IBM SPSS 
ver. 26.0 (IBM Corp., Armonk, NY, USA) following the data 
analysis guidelines recommended by the KNHANES. The 
characteristics of prediabetes, sociodemographic factors, 
internal and external health resources/burdens, health 
behavior, and covariates were analyzed using frequencies 
and percentages. As the first step in logistic regression 
analysis, univariate logistic regression was conducted to 
identify the association between each independent and 
outcome variable. Controlling for covariates, multivariate 
logistic regression analysis was then performed to identify 
the factors associated with prediabetes according to sex in 
Korean adults. 

IRB/IACUC Approval 
This study was approved by the Institutional Review Board 
of Chungnam National University and was exempted from 
review because it was a secondary analysis (202111-SB-
242-01). 

Results 

The prevalence of prediabetes was 40.9% in males and 
34.4% in females (Table 1). The sociodemographic, internal 
health resources/burdens, external health resources/
burdens, and health behavioral characteristics of the males 
and females are presented in Table 1. 

The factors associated with prediabetes in males are 
presented in Table 2. In the univariate logistic model for 
prediabetes in males, age and education level were the 
sociodemographic factors associated with the prevalence of 
prediabetes. The following age groups were associated with 
a lower likelihood of developing prediabetes in males: 20s 
to 30s (crude odds ratio [COR], 0.17; 95% confidence interval 
[CI], 0.15–0.19; p < 0.001) and 40s to 50s (COR, 0.61; 95% CI, 
0.54–0.68; p < 0.001). The following factors were associated 
with a higher risk of developing prediabetes in males: (1) 
lower education level (less than middle school graduation) 
(COR, 1.26; 95% CI, 1.14–1.40; p < 0.001); (2) among internal 
health resources/burdens, severe stress (COR, 1.28; 95% 
CI, 1.14–1.47; p < 0.001) or “a little” stress (COR, 1.22; 95% CI, 
1.10–1.37; p < 0.001); (3) among external resources/burdens, 
a positive family history of type 2 diabetes (COR, 1.38; 95% 
CI, 1.27–1.51; p < 0.001); and (4) among health behaviors, 
eating out more than once a day (COR, 1.28; 95% CI, 1.16–1.39; 
p < 0.001), current smoking (COR, 1.98; 95% CI, 1.78–2.19; 
p < 0.001), previous smoking (COR, 2.63; 95% CI, 2.38–2.90; 

p < 0.001), low-intensity physical activity (COR, 1.49; 95% CI, 
1.32–1.67; p < 0.001), and prolonged sedentary behavior for 
≥ 8 hours a day (COR, 1.39; 95% CI, 1.28–1.52; p < 0.001). 

In the multivariate logistic model for prediabetes in males, 
age was associated with the prevalence of prediabetes. 
Participants in their 20s to 30s (adjusted odds ratio [AOR], 
0.28; 95% CI, 0.22–0.36; p < 0.001) and 40s to 50s (AOR, 
0.64; 95% CI, 0.51–0.79; p < 0.001) had a lower likelihood of 
developing prediabetes. Among external health resources/
burdens, a family history of type 2 diabetes was also 
associated with a higher likelihood of developing prediabetes 
(AOR, 1.17; 95% CI, 1.01–1.35, p = 0.037). Among health 
behaviors, current smoking (AOR, 1.35; 95% CI, 1.13–1.63, 
p = 0.001) and past smoking (AOR, 1.29; 95% CI, 1.09–1.53, 
p = 0.004) were associated with a higher likelihood of 
developing prediabetes. Low-intensity physical activity 
(AOR, 1.37; 95% CI, 1.19–1.59; p < 0.001) and prolonged 
sedentary behavior for ≥ 8 hours a day (AOR, 1.22; 95% CI, 
1.06–1.41, p = 0.006) were associated with a higher likelihood 
of developing prediabetes in males. The logistic regression 
model was found to fit the study variables (F = 33.29, p < 0.001). 

The factors associated with prediabetes in females are 
presented in Table 3. In the univariate logistic model for 
prediabetes in females, the sociodemographic factors of age 
and education level were associated with the prevalence 
of prediabetes. Younger age groups were associated with 
a lower likelihood of developing prediabetes: 20s to 30s 
(COR, 0.09; 95% CI, 0.08–0.10; p < 0.001) and 40s to 50s (COR, 
0.34; 95% CI, 0.31–0.37; p < 0.001). The following factors 
were associated with a higher likelihood of developing 
prediabetes in females: (1) lower education level (less than 
middle school graduation) (COR, 2.91; 95% CI, 2.64–3.20; 
p < 0.001); (2) among internal health resources/burdens, 
severe stress (COR, 1.89; 95% CI, 1.67–2.13; p < 0.001), “a little” 
stress (COR, 1.61; 95% CI, 1.45–1.79; p < 0.001), and depression 
(COR, 1.46; 95% CI, 1.24–1.72; p < 0.001); (3) among external 
health resources/burdens, a family history of type 2 diabetes 
(COR, 1.41; 95% CI, 1.31–1.53; p < 0.001); and (4) among health 
behaviors, eating out more than once a day (COR, 1.92; 95% 
CI, 1.72–2.17; p < 0.001), a history of smoking (COR, 1.52; 95% 
CI, 1.27–1.82; p < 0.001), current alcohol consumption (COR, 
1.61; 95% CI, 1.47–1.75; p < 0.001), low-intensity physical 
activity (COR, 1.27; 95% CI, 1.14–1.39; p < 0.001), and prolonged 
sedentary behavior for ≥ 8 hours a day (COR, 1.36; 95% CI, 
1.26–1.46; p < 0.001). 

In the multivariate logistic model for prediabetes in 
females, lower education level (less than middle school 
graduation) showed an association with a higher likelihood 
of developing prediabetes (AOR, 1.21; 95% CI, 1.04–1.41, 
p = 0.014). The logistic regression model was found to fit the 

https://doi.org/10.24171/j.phrp.2022.0053

Jin Suk Ra

145



Table 1. Characteristics of prediabetes: sociodemographic factors, internal health resources/burdens, external health 
resources/burdens, and health behaviors according to the participants’ sex

Variable Category Males (n = 5,565) Females (n = 8,030)

Prediabetes Yes 2,564 (40.9) 3,121 (34.4)
No 3,001 (59.1) 4,909 (65.6)

Sociodemographic factors
 Age (y) 20s−30s 1,982 (45.2) 2,513 (38.8)
  40s−50s 2,047 (38.3) 3,415 (42.4)
  ≥ 60s 1,536 (16.5) 2,102 (18.8)
 Education level Less than graduation of middle school 934 (11.5) 2,087 (20.4)
  Graduation of high school 1,931 (36.8) 2,609 (34.8)
  More than graduation of college 2,700 (51.7) 3,334 (44.8)
 Household socioeconomic status High 2,412 (42.3) 3,390 (41.8)
  Middle 1,100 (20.3) 1,640 (20.0)
  Low 2,053 (37.4) 3,000 (38.2)
Internal health resources/burdens
 Stress Severe 1,349 (26.4) 2,252 (29.8)
  A little 3,315 (59.4) 4,669 (57.8)
  Not at all 901 (14.2) 1,109 (12.4)
 Depression Yes 128 (2.2) 449 (5.3)

No 5,437 (97.8) 7,581 (94.7)
External health resources/burdens
 Marital status Living with a spouse 3,845 (62.6) 5,577 (66.9)
  Living without a spouse 1,720 (37.4) 2,453 (33.1)
 Family history of type 2 diabetes Yes 3,152 (56.6) 5,142 (62.6)
  No 2,413 (43.4) 2,888 (37.4)
Health behaviors
 Eating out ≥ 1 time/d 2,132 (42.8) 1,258 (17.6)
  < 1 time/d 3,433 (57.2) 6,772 (82.4)
 Smoking habits Current 1,721 (32.7) 346 (4.3)

Past 2,369 (38.5) 492 (6.1)
Never 1,475 (28.8) 7,192 (89.6)

 Current alcohol consumption Yes 4,785 (86.0) 5,592 (72.7)
  No 780 (14.0) 2,438 (27.3)
 Physical activity Low intensity 1,620 (26.7) 3,003 (36.0)
  Moderate and vigorous intensity 3,945 (73.3) 5,027 (64.0)
 Sedentary behavior ≥ 8 h/d 3,175 (58.5) 4,164 (53.0)
  < 8 h/d 2,390 (41.5) 3,866 (47.0)
Covariates
 Adiposity Obesity 3,729 (67.2) 3,708 (43.3)
  Non-obesity 1,836 (32.8) 4,322 (56.7)
 Abdominal obesity Yes 1,736 (30.5) 1,822 (20.3)
  No 3,829 (69.5) 6,208 (79.7)
 Hypertension Yes 1,555 (23.4) 1,710 (17.3)
  No 4,010 (76.6) 6,320 (82.7)
 High triglyceride Yes 2,228 (38.8) 2,048 (22.5)
  No 3,337 (61.2) 5,982 (77.5)
 Low HDL-C Yes 3,472 (61.1) 3,145 (35.9)
  No 2,093 (38.9) 4,885 (64.1)
 High total cholesterol Yes 2,269 (41.2) 3,422 (40.8)
  No 3,296 (58.8) 4,608 (59.2)

Data are presented as unweighted n and weighted proportion (%).
HDL-C, high-density lipoprotein cholesterol.
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Table 2. Factors associated with prediabetes in males

Variable Category
Crude odds ratio Adjusted odds ratio

Ratio (95% CI) p Ratio (95% CI) p

Sociodemographic factors
 Age (ref. ≥ 60 y) 20s−30s 0.17 (0.15−0.19) < 0.001 0.28 (0.22−0.36) < 0.001

40s−50s 0.61 (0.54−0.68) < 0.001 0.64 (0.51−0.79) < 0.001
 Education level (ref. more than  

college graduation)
Less than middle school 

graduation
1.26 (1.14−1.40) < 0.001 1.17 (0.93−1.48) 0.188

High school graduation 1.01 (0.91−1.12) 0.839 0.89 (0.72−1.09) 0.247
 Household socioeconomic status  

(ref. high)
Middle 1.08 (0.97−1.21) 0.164 1.12 (0.94−1.34) 0.192

Low 1.03 (0.94−1.13) 0.573 0.95 (0.80−1.12) 0.513
Internal health resources/burdens
 Stress (ref. not at all) Severe 1.28 (1.14−1.47) < 0.001 0.92 (0.74−1.16) 0.490
  A little 1.22 (1.10−1.37) < 0.001 0.93 (0.77−1.13) 0.458
  Depression (ref. no) Yes 1.23 (0.93−1.64) 0.149 1.30 (0.79−2.13) 0.306
External health resources/burdens
 Marital status (ref. living without a 

spouse)
Living with a spouse 0.87 (0.70−1.06) 0.864 1.02 (0.84−1.23) 0.882

 Family history of type 2 diabetes  
(ref. no)

Yes 1.38 (1.27−1.51) < 0.001 1.17 (1.01−1.35) 0.037

Health behaviors
 Eating out (ref. < 1 time/d) ≥ 1 time/d 1.28 (1.16−1.39) < 0.001 1.10 (0.96−1.28) 0.176
 Smoking experience (ref. never) Current 1.98 (1.78−2.19) < 0.001 1.35 (1.13−1.63) 0.001
  Past 2.63 (2.38−2.90) < 0.001 1.29 (1.09−1.53) 0.004
 Current alcohol consumption 

experience (ref. no)
Yes 0.97 (0.88−1.08) 0.584 0.86 (0.69−1.07) 0.164

 Physical activity (ref. moderate and 
vigorous intensity)

Low intensity 1.49 (1.32−1.67) < 0.001 1.37 (1.19−1.59) < 0.001

 Sedentary behavior (ref. < 8 h/d) ≥ 8 h/d 1.39 (1.28−1.52) < 0.001 1.22 (1.06−1.41) 0.006
Covariates
 Adiposity (ref. no obesity) Obesity 2.13 (1.96−2.33) < 0.001 1.50 (1.27−1.76) < 0.001
 Abdominal obesity (ref. no) Yes 2.42 (2.21−2.66) < 0.001 1.72 (1.46−2.02) < 0.001
  Hypertension (ref. no) Yes 3.04 (2.74−3.36) < 0.001 1.38 (1.16−1.63) < 0.001
 High triglyceride (ref. no) Yes 2.48 (2.27−2.72) < 0.001 1.53 (1.31−1.79) < 0.001
 Low HDL-C (ref. no) Yes 1.51 (1.38−1.64) < 0.001 0.99 (0.85−1.15) 0.902
 High total cholesterol (ref. no) Yes 1.73 (1.58−1.89) < 0.001 1.27 (1.10−1.46) 0.001

CI, confidence interval; Ref., reference; HDL-C, high-density lipoprotein cholesterol.

study variables (F = 46.28, p < 0.001). 

Discussion 

This study identified the factors associated with prediabetes 
according to sex in Korean adults and showed that the 
prevalence of prediabetes was higher in Korean males 
than in Korean females. Previous studies also reported a 
higher prevalence of prediabetes in males [16,23,24]. Sex 
differences in the prevalence of impaired fasting glucose 
were associated with biological, psychosocial, and health 
behavior factors [25]. In previous studies, in addition to the 

common non-modifiable biological risk factors (e.g., age, 
family history), males had more lifestyle-related risk factors 
such as smoking and binge alcohol drinking than females 
[16,26]. 

Similarly, the current study showed that a current or 
past smoking habit, low-intensity physical activity, and 
prolonged sedentary behaviors are associated with a 
higher risk of prediabetes in Korean males only. In previous 
epidemiological studies, smoking was also associated with 
the development of type 2 diabetes [27,28]. The nicotine 
in cigarettes binds to nicotinic acetylcholine receptors in 
neuronal and non-neuronal or visceral organs, and these 
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receptors participate in signaling within metabolic tissues 
(e.g., pancreatic islets, adipose tissue) [29]. Thus, nicotine 
exposure might lead to a proinflammatory metabolic state 
that could affect insulin sensitivity and beta-cell function 
[29]. In addition, Zoli and Picciotto [30] suggested that 
smoking might be associated with adverse fat distribution, 
including abdominal obesity, which contributes to worse 
glucose intolerance and insulin sensitivity. According to a 
cohort study of Korean adults [31], smoking was significantly 
associated with an increased probability of treatment for 
type 2 diabetes in both males and females. The risk increased 
in a dose-dependent manner as the amount of cumulative 
smoking increased [31]. Furthermore, the cumulative dose-

dependent influence of smoking on the development of 
type 2 diabetes continued after smoking cessation, although 
smoking cessation had a beneficial effect on reducing the 
risk of type 2 diabetes [32]. Because the smoking prevalence 
in Korea is higher in males and females, a current and past 
smoking history might be more significantly associated 
with the development of prediabetes in males and females. 
Similarly, in a previous study of Koreans in their 20s–30s, 
current smoking was associated with prediabetes in males 
only. In this context, smoking prevention and smoking 
cessation should be emphasized as a means of preventing 
prediabetes in adults, especially for males who have a higher 
prevalence of smoking. 

Table 3. Factors associated with prediabetes according in females

Variable Category
Crude odds ratio Adjusted odds ratio

Ratio (95% CI) p Ratio (95% CI) p

Sociodemographic factors
 Age (ref. ≥ 60 y) 20s−30s 0.09 (0.08−0.10) < 0.001 0.20 (0.19−0.25) < 0.001
  40s−50s 0.34 (0.31−0.37) < 0.001 0.52 (0.44−0.62) < 0.001
 Education level (ref. more than college 

graduation)
Less than middle school 

graduation
2.91 (2.64−3.20) < 0.001 1.21 (1.04−1.41) 0.014

  High school graduation 0.98 (1.50−1.82) 0.852 0.99 (0.86−1.14) 0.878
  Household socioeconomic status  

(ref. high)
Middle 1.07 (0.97−1.19) 0.159 1.08 (0.91−1.27) 0.385

  Low 1.11 (1.02−1.21) 0.015 1.14 (0.99−1.32) 0.073
Internal health resources/burdens
 Stress (ref. not at all) Severe 1.89 (1.67−2.13) < 0.001 0.82 (0.67−1.02) 0.069
  A little 1.61 (1.45−1.79) < 0.001 0.93 (0.77−1.12) 0.418
 Depression (ref. no) Yes 1.46 (1.24−1.72) < 0.001 1.23 (0.96−1.58) 0.097
External health resources/burdens
 Marital status (ref. living without a 

spouse)
Living with a spouse 1.02 (0.84−1.23) 0.839 1.12 (0.98−1.29) 0.101

 Family history of type 2 diabetes  
(ref. no)

Yes 1.41 (1.31−1.53) < 0.001 1.18 (1.04−1.35) 0.012

Health behaviors
 Eating out (ref. < 1 time/d) ≥ 1 time/d 1.92 (1.72−2.17) < 0.001 1.10 (0.92−1.31) 0.294
 Smoking experience (ref. never) Current 0.91 (0.76−1.08) 0.257 1.30 (0.95−1.78) 0.101
  Past 1.52 (1.27−1.82) < 0.001 0.96 (0.74−1.25) 0.782
 Current alcohol consumption (ref. no) Yes 1.61 (1.47−1.75) < 0.001 0.94 (0.82−1.08) 0.390
 Physical activity (ref. moderate and 

vigorous intensity)
Low intensity 1.27 (1.14−1.39) < 0.001 1.02 (0.90−1.15) 0.813

 Sedentary behavior (ref. < 8 h/d) ≥ 8 h/d 1.36 (1.26−1.46) < 0.001 0.91 (0.81−1.03) 0.125
Covariates
 Adiposity (ref. no obesity) Obesity 3.11 (2.89−3.35) < 0.001 1.51 (1.32−1.73) < 0.001
 Abdominal obesity (ref. no) Yes 4.03 (3.68−4.42) < 0.001 1.66 (1.41−1.96) < 0.001
 Hypertension (ref. no) Yes 4.41 (4.03−4.83) < 0.001 1.32 (1.13−1.55) 0.001
 High ttriglyceride (ref. no) Yes 3.78 (3.48−4.12) < 0.001 1.57 (1.35−1.83) < 0.001
 Low HDL-C (ref. no) Yes 2.59 (2.40−2.80) < 0.001 1.41 (1.22−1.62) < 0.001
 High total cholesterol (ref. no) Yes 1.76 (1.63−1.89) < 0.001 1.42 (1.25−1.61) < 0.001

CI, confidence interval; Ref., reference; HDL-C, high-density lipoprotein cholesterol.
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Physical activity showed an inverse association with 
insulin resistance as a fundamental contributor to impaired 
fasting glucose in individuals with or without prediabetes 
[33]. According to a systematic review, physical activity was 
effective in improving oral glucose tolerance in individuals 
with prediabetes [34]. In addition, a meta-analysis of 
randomized trial studies showed that physical activity had 
a beneficial effect on reducing fasting blood glucose and 
HbA1c levels in healthy individuals as well as individuals 
with prediabetes and type 2 diabetes [35]. Robles-Ordaz et 
al. [24] reported the preventive effects of physical activity 
on prediabetes in males and females aged > 20 years. 
However, the beneficial effects of physical activity on insulin 
sensitivity were dose-dependent, with a combination of 
intensity, duration, and frequency [36]. Bird and Hawley [37] 
reported that moderate-intensity physical activity of ≥ 30 
minutes per day for 3 to 5 days a week was associated with 
improved insulin sensitivity and glycemic control. Moreover, 
they suggested that repeated regular physical activity 
produced beneficial long-term effects on insulin sensitivity 
[37]. Males are more likely to participate in physical activities 
such as exercise, leisure, and social activities than females. In 
Korea, this may be associated with the traditional Confucian 
Korean culture, which recommends differing types of 
activity for males and females. From an early age, Korean 
males mainly participate in dynamic physical activities, 
while females are more involved in static sedentary 
behaviors. Thus, the association between activity levels and 
prediabetes might be more significant for males than for 
females. In a 10-year longitudinal study of Chinese adults 
who have similar cultural backgrounds, increased physical 
activity was effective in resolving prediabetes and restoring 
normal glucose levels in males only [38]. Regular moderate 
and vigorous physical activity should be encouraged to 
prevent prediabetes among adults. 

According to a systematic review [39], increased sitting 
time may also result in the increased occurrence of type 2 
diabetes. Hamilton et al. [40] reported that the contractile 
activity of skeletal muscle has a critical inf luence on 
the development of type 2 diabetes. Similarly, objective 
sedentary time and insulin sensitivity were inversely 
associated [41]. Sedentary behaviors include sitting and 
reclining positions such as during TV watching and might 
be associated with eating more snacks during a time when 
metabolic activities are at resting levels [42,43]. Thus, 
prolonged sedentary behavior during waking time can 
result in increased adiposity (BMI) from increased calorie 
intake and reduced energy metabolism. According to 
Kautzky-Willer et al. [44], increasing adiposity resulted 
in reduced insulin sensitivity in both males and females, 

although females tended to have better insulin sensitivity 
than males. They also proposed that sex hormones (estrogen) 
might demonstrate antidiabetic effects [44]. Therefore, 
even when increased adiposity is associated with prolonged 
sedentary behavior, males might show a worse decrease in 
insulin sensitivity than females. In this context, sedentary 
behaviors should be reduced to prevent prediabetes among 
adults with increased insulin resistance. Replacing 30 
minutes of sitting time with low-intensity activity improved 
insulin sensitivity by 5% in individuals with a greater risk 
of type 2 diabetes [45]. Physical activity, even low-intensity 
physical activity, should replace sedentary behavior to 
help prevent prediabetes. Based on the results of this 
study, males tended to have more risky health behaviors 
associated with prediabetes. To develop sex-specific 
intervention strategies for the prevention of prediabetes, 
healthcare providers need to be aware of the development 
of prediabetes in males and be able to detect the risky 
health behaviors associated with prediabetes. 

Individuals with high education levels have greater 
access to health-related resources that provide information 
and assistance in following a healthy lifestyle [46]. Despite 
the association of lower education levels to increased 
glucose intolerance in males, the effect of educational 
inequality (lower education levels in females) on glucose 
intolerance in females was much more significant in a 
previous study [46]. Furthermore, educational inequality 
among individuals with glucose intolerances such as type 
2 diabetes was more prominent in Korean and Chinese 
females than Korean and Chinese males, regardless 
of socioeconomic status [47,48]. Traditionally, Korean 
society has regarded males as being superior to females, 
and education was prioritized accordingly, although this 
males superiority was a stronger influence decades ago. 
Therefore, elderly Korean females had lower education 
levels compared to males of the same age. Accordingly, in 
a previous study of adults aged > 45 years from China, a 
culture similar to Korea’s, data showed that educational 
inequality was more prevalent in females than in males [46]. 
Data also revealed that females with low education levels 
tended not to follow the behavioral guidelines for obesity 
prevention [46] and showed maladaptive reactions to health 
information for the prevention of CVDs, ultimately rejecting 
the health promotion behaviors meant to prevent CVDs 
[49]. To encourage and promote healthy behaviors among 
individuals with low education levels, sufficient support 
should be provided to help these individuals successfully 
incorporate the health information into their lifestyles.  

Age and a family history of type 2 diabetes have often 
been associated with prediabetes and type 2 diabetes 

https://doi.org/10.24171/j.phrp.2022.0053

Jin Suk Ra

149



[25,50], and age is a strong determinant of type 2 diabetes 
[25]. In one study, the prevalence of type 2 diabetes increased 
with age up to approximately 65 years, with no significant 
change in prevalence in later ages [51]. Similarly, according to 
a previous study conducted in adults aged 35 to 64 years in 
China and Sweden, the prevalence of prediabetes gradually 
increased with age in males and females [25]. In addition, 
in a previous meta-analysis, individuals with a family 
history of type 2 diabetes showed a 1.4-fold increased risk 
of prediabetes [50]. Thus, Wagner et al. [50] proposed that 
a family history of type 2 diabetes might be linked to hepatic 
insulin resistance, and Katulanda et al. [52] proposed that 
a family history might reflect genetic vulnerability as a 
meaningful predictor and assessment tool for prediabetes 
and type 2 diabetes. Finally, older individuals and those 
with a family history of type 2 diabetes should be routinely 
screened for prediabetes as a primary risk group for 
prediabetes. 

Using national data, this study identified sex differences 
in the factors associated with prediabetes in Korean adults. 
However, this study had several limitations. First, because 
we used a cross-sectional design, a causal association 
between prediabetes and the potentially associated factors 
was not confirmed. Therefore, longitudinal cohort studies 
are required. Second, although the age of the participants 
ranged from the 20s to 60s, this study did not identify the 
factors associated with prediabetes according to age. Thus, 
future studies should report age differences among the 
factors associated with prediabetes. Third, in previous studies, 
ethnic differences were found in the factors associated with 
prediabetes. Thus, further studies should focus on comparing 
the factors associated with prediabetes according to race or 
ethnicity. 

Conclusion 

The results of this study showed a higher rate of prediabetes 
in Korean males than in Korean females. Age and a family 
history of type 2 diabetes were associated with prediabetes 
in both males and females. However, regarding health 
behaviors, current and past smoking habits, low-intensity 
physical activity, and prolonged sedentary behavior were 
significant factors in male but not in females. Thus, sex-
specific prevention strategies for prediabetes should be 
developed, and older individuals and those with a family 
history of type 2 diabetes should be screened for the risk of 
prediabetes. 
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ABSTRACT

Objectives: The aim of this study was to elucidate the effect of application-based antenatal 
education based on social cognitive theory (SCT) on Health Promoting Lifestyle Profile II 
(HPLP II) scores, compliance with iron tablet consumption, and readiness for childbirth and 
complications among pregnant women in Denpasar, Bali, Indonesia. 
Methods: This randomized controlled trial included 71 pregnant women in the treatment 
group and 74 pregnant women in the control group. The treatment group application-based 
antenatal education based on SCT, while the control group attended a conventional pregnancy 
class. Iron tablet consumption was verified by counting the remaining iron tablets. Information 
on participants’ lifestyles was collected using the HPLP II questionnaire with the help of an 
assistant. The collected data were statistically analyzed using IBM SPSS ver. 24.0. 
Results: The antenatal education intervention effectively increased the HPLP II score by 0.32 
points (2.62 ± 0.331 before the intervention and 2.94 ± 0.273 after). Meanwhile, the control group 
had a 0.13-point increase (p = 0.001), from 2.67 ± 0.336 to 2.80 ± 0.275. There was no significant 
difference in iron tablet consumption (p = 0.333) or readiness for delivery and complications 
(p = 0.557) between the treatment and control groups. 
Conclusion: Application-based antenatal education with SCT effectively increased the HPLP II 
scores of pregnant women in Denpasar, Bali. Although there was no significant difference in 
iron tablet consumption or readiness for delivery and complications, the values increased to a 
greater extent in the treatment group than in the control group. This education model is more 
suited to urban pregnant women who employed and have good internet access. 
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Introduction 

Pregnancy and childbirth are complex processes associated 
with physiological, psychological, and emotional changes 
[1,2]. Lifestyle during pregnancy has a tremendous impact 
on the health of the mother and the baby. The term “lifestyle” 
encompasses a broad range of phenomena, including the 
mother’s and her family’s responsibility for health, nutrition 
intake during pregnancy, physical activities, interpersonal 
relationships, stress management, and spirituality [3]. 
Antenatal education is a factor that influences lifestyle 
during pregnancy is antenatal education [4]. 

Studies in several countries have shown that there 
are many problems in antenatal education related to its 
technical aspects or results. The individual face-to-face 
method in Indonesia still faces some problems, such as 
limited information, poor planning, and little to no follow-
up [5]. The participants’ attendance was also low due to 
time, transport, and financial constraints, as well as the lack 
of a classroom [6,7]. Conventional classes have shown low 
effectiveness for improving pregnant women’s health and 
psychosocial status, as well as babies’ health [4,8]. 

Antenatal education involves efforts to improve pregnant 
women’s knowledge and behavior. Moreover, it could be 
reinforced further with a proper model to modify behavior. 
The social cognitive theory (SCT) model is a model that views 
human behavior as molded by 3 components: individual 
(self-efficacy), environment, and behavior [9–13]. One way to 
increase self-efficacy is social modeling. A pregnant woman 
who sees other mothers succeed in their pregnancies by 
engaging in a healthy lifestyle can increase her confidence 
in doing the same. A model can influence another person 
by his/her behavior and way of thinking [10]. 

Environmental factors are also important in changing a 
person’s behavior; for instance, providing infrastructure 
or new resources can ease the new behavior [10]. The 
application of digital technology as a medium for education 
on antenatal behavior is one example. Computer applications 
have been extensively used for antenatal education due 
to their ability to solve constraints of time, distance, fee, 
and access, as well as limited human resources. Pregnant 
women can conveniently access information in the form of 
text, pictures, videos, discussion forums, and other relevant 
features [14]. Shamizadeh et al. [15] reported that a physical 
activity intervention with an SCT model effectively reduced 
diabetes risk. An intervention using the SCT framework 
could increase the physical activity and improve the diet 
of cancer patients [16]. Abdi et al. [17] observed that digital 
media were effective for a lifestyle intervention. An SCT 
model intervention could contribute to teenagers’ sell-

efficacy to practice a healthy lifestyle, reduce snacking, 
maintain body mass index (BMI),  and reduce waist 
circumference [18]. 

The availability of antenatal care in Indonesia has been 
reported to be quite good (86%) [19]. However, the participation 
rate of pregnant women was only 19.2% [20]. Furthermore, 
face-to-face or individual-based learning is not considered 
effective by the authorities [5]. As described above, many 
applied education methods still have problems in terms of 
implementations and results, so innovations to address 
this issue are direly needed. Antenatal education and the 
SCT model are expected to overcome various problems in 
educational methods. Thus, this study aimed to determine 
the effect of a web application-based antenatal education 
program using an SCT model on Health Promoting Lifestyle 
Profile II (HPLP II) scores, compliance with iron tablet 
consumption, and readiness for childbirth and complications 
among pregnant women in Denpasar City, Bali, Indonesia. 

Materials and Methods 

Research Design 
This research was an experimental study using a randomized 
controlled trial design. The treatment group comprised 
pregnant women who received web application-based 
antenatal education using an SCT model. The control group 
comprised pregnant women who attended antenatal 
education classes for pregnant women at midwife clinics and 
Denpasar City health centers. The classes for pregnant women 
were an antenatal education program. The samples were 
recruited from all pregnant women who received pregnancy 
examinations at midwifery independent practices and public 
health centers in Denpasar City. The inclusion criteria were as 
follows: (1) parity 1 to 4 and a healthy condition, (2) gestational 
age of 13 to 20 weeks after the intervention, (3) having and 
being able to use a smartphone, (4) an educational level of 
junior high school or higher, and (5) voluntary agreement 
to participate in the research. The exclusion criterion was 
unwanted pregnancy.  

Study outcomes 
This present study evaluated readiness for childbirth and 
complications, HPLP II scores, and compliance with iron 
tablet consumption. 

Sample size 
The sample size was calculated based on a previous study 
that used a website-based education intervention for 
breastfeeding [21,22]. Compared to the previous study, this 
study developed an application with differences in terms 
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of features, methods for promoting behavior changes, and 
the topic of the intervention. The calculation yielded a total 
number of 53 participants per group with a significance level 
of 5% and a power of 80%. The sample size was increased 
based on an anticipated drop-out rate of 20% (11 people). 
Thus, the sample was designed to include 64 individuals in 
each group. 

Randomization 
There were 11 health centers and 15 midwife clinics that 
provided classes for pregnant women. The health centers 
did not charge fees, whereas the midwife clinics asked for 
payments, as health centers are managed by the government, 
while midwife clinics are private institutions in Denpasar. 
Fifty pregnant women visited the health centers each month. 
Six health centers and 4 midwife clinics were selected 
randomly. The midwives contacted pregnant women who 
met the inclusion criteria to ask whether they would be 
willing to participate in this study. Simple random sampling 
was used to determine the treatment group and the control 
group. All participants provided informed consent before 
randomization. This study was approved by the Research 
Ethics Commission of the Faculty of Medicine, Udayana 
University (2019.03.1.0889). 

The antenatal education model 
The application of an SCT model for antenatal education 
had several stages, including (1) reviewing literature studies 
field studies were used to determine the implementation 
and ongoing problems of antenatal education; (2) designing 
an antenatal education model by the research team; (3) 
conducting an expert specialist doctor, midwives, and 
nutritionists; (4) conducting model trials involving midwives 
at health centers to assess the feasibility of service programs; 
and (5) improving the model according to input from the 
implementing midwives. Thus, a final antenatal education 
model was obtained. 

Intervention 
The web application-based antenatal education program 
was designed based on the SCT model, including social 
persuasion and social modeling [12]. According to the concept 
of the SCT model, individuals received the intervention using 
social persuasion and social modeling; the environment 
was considered to be the antenatal education app, and 
the behavioral factor was changes in individuals and the 
environment after the intervention [12].  

After informed consent and randomization, the pregnant 
women in the treatment group were given a pretest during 
the antenatal care visit. The pretest, including the HPLP II, 

readiness for delivery and pregnancy-related complications, 
and iron tablet consumption, was given by a trained midwife. 
The subjects were trained to use the application after the 
pretest and then given an explanation about the study 
intervention, including the schedule for face-to-face 
meetings, and the application, which gave pregnant women 
access to the necessary information and had features 
enabling interactive education. Face-to-face discussions 
were held during antenatal care and an midwives provided 
an explanation, suggestions, and discussion regarding 
accessing the information in the application. The intervention 
included at least 4 face-to-face meetings during antenatal 
care and 10 instances of accessing the provided discussion 
feature in the application, including 4 times during face-
to-face meetings. The minimum number of face-to-face 
sessions was based on the frequency of classes for pregnant 
women in Indonesia [23]. The intervention was carried out 
in a 3-month period, and the post-test was administered 
after that. Thirty iron tablets (60 mg) were administered 
at each antenatal visit, 1 tablet was taken per day and 
consumption was evaluated at each antenatal care visit. 

The features available in the application comprised 
(1) information about pregnancy danger signs, a healthy 
lifestyle during pregnancy, nutrition for mothers and babies, 
pregnancy checks, pregnancy development, labor, and post-
birth care; (2) brainstorming with peer groups, peer models, 
and staff; and (3) videos from peer models describing their 
experiences of the process of pregnancy and childbirth. 
Social persuasion and social modeling were applied to 
pregnant women. This study was conducted in 4 meetings. 
Social persuasion was performed by providing explanations, 
suggestions, advice, guidance, and discussions with pregnant 
women and their husbands [13]. Social modeling was applied 
by giving pregnant women information about successful 
experiences of pregnancy and childbirth and allowing them 
to have discussions with peer models in the application 
[10]. The peer models were pregnant women who had good 
experiences of pregnancy and childbirth and also had been 
examined in the same place as the treatment group. 

Class for conventional pregnant women 
The class for pregnant women was a face-to-face antenatal 
education program implemented in health service agencies 
in Denpasar City, Bali. The minimum frequency of antenatal 
care was 4 times during pregnancy [24]. The class activities 
for pregnant women were conducted at least 4 times. At 
each 120-minute meeting, participants received 3 materials. 
The first meeting was held at the time of the participant’s 
initial presentation to the clinic, regardless of the specific 
gestational age. The activity process consisted of a general 
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explanation, brainstorming, evaluation, and physical activities. 
The materials were about pregnancy, childbirth, postpartum 
depression, family planning, and baby care. 

Data Collection 
Research assistants conducted interviews with pregnant 
women who met the inclusion criteria. Then, pregnant 
women were asked to answer the HPLP II questionnaire. 
The treatment group was given training on how to use 
the application and the intervention process. The control 
group comprised pregnant women who attended classes. 
The post-test was conducted to assess the outcomes. The 
interview guide for preparedness for labor and complications 
consisted of 8 questions referenced from Jhpiego. The HPLP II 
questionnaire is based on Walker et al. [3]. The HPLP II is used 
to assess a person’s health behavior pattern using 6 indicators: 
(1) spiritual development, (2) interpersonal relationships, (3) 
nutrition, (4) physical activity, (5) responsibility for health, and 
(6) stress management. A total of 52 statement items were 
measured according to a Likert scale: 1, never; 2, sometimes; 3, 
often; 4, routinely. The final score was obtained by calculating 
the average individual responses. This questionnaire has 
been tested in a cross-sectional study to measure HPLP 
II in nursing students in Jakarta, Indonesia. The results 
showed that r = 0.883 to 0.893, with α = 0.934 [25]. The 
midwives reviewed the data on compliance with iron tablet 
consumption after asking the pregnant woman. This 
information was then documented in the medical record.  

Statistical Analysis 
The collected data were analyzed using the paired t-test 
to determine the effectiveness of the intervention to 
increase HPLP II. The McNemar test was used to evaluate the 
effectiveness of the intervention on increasing awareness and 
iron consumption. Analysis of covariance was conducted to 
evaluate the differences in HPLP II values between the groups 
and the influence of covariates. The chi-square test was 
used to compare readiness for childbirth and complications 
between the treatment and control groups and differences in 
iron tablet consumption. The statistical tests were performed 
in IBM SPSS ver. 24.0 (IBM Corp., Armonk, NY, USA).  

Results 

Table 1 presents the general characteristics of the subjects 
in this study. The majority of the pregnant women were 
20 to 35 years old (86.7%), and the lowest proportion was 
< 20 years old (4.2%). The youngest participant was 16 
years old, while the oldest was 40 years old, and the mean 
age was 27 ± 5.47 years. Most participants had a basic and 

middle-level education (67.7%), while the rest had a higher 
education (23.3%). More than half of the subjects were 
working (67.5%) and the rest were unemployed (32.5%). 
Most subjects (79.2%) had an income above the regional 
minimum salary with a mean income of  Indonesian Rupiah 
4,610,000.00. The percentage of multigravida women was 60%, 
and the percentage of women during the third trimester 
was also 60%. Significant differences were not found in any 
of the recorded parameters (p > 0.05). 

Figure 1 presents the research flow during data collection. 
There were 214 pregnant women who met the inclusion 
criteria, but 6 refused to participate in the present study. 
All participants provided informed consent. Ten patients in 
the treatment group were not included due to transfer to 
another place (n = 4) and refusal (n = 6), and 2 patients in the 
control groups were excluded due to transfer into another 
place (n = 1) and refusal (n = 1). Thus, the final treatment 
and control groups comprised 92 and 101 participants, 
respectively. After the intervention process, there were 71 
participants in the treatment group and 74 participants in 
the control group. 

Treatment Effect on HPLP II 
Table 2 presents the results for changes in HPLP II before 
and after treatment. We found increases in the mean HPLP 
II scores in the treatment and control groups. The mean 

Table 1. Characteristics of research subjects in the treatment 
group and control group

Characteristic
Group

pTreatment  
(n = 71)

Control  
(n = 74)

Age (y) 0.921
  < 20 and > 35 10 (14.1) 10 (13.5)
 20–35 61 (85.9) 64 (86.5)
Occupation 0.672
 Employed 33 (46.5) 37 (50.0)
 Unemployed 38 (53.5) 37 (50.0)
Education 0.942
  Intermediate 56 (78.9) 58 (78.4)
  Higher education 15 (21.1) 16 (21.6)
Salary (US$) 0.388
  < 178.24 8 (11.3) 12 (16.2)

  ≥ 178.24 63 (88.7) 62 (83.8)
Gravidity 0.932
  Primigravida 35 (49.3) 37 (50.0)
  Multigravida 36 (50.7) 37 (50.0)

Data are presented as n (%). The p-values are based on the chi-square test; 
p < 0.05 is considered to indicate a statistically significant difference.
US$, United States dollar.
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score of the treatment group before and after treatment 
was 2.62 and 2.94, respectively, showing an increase of 0.32 
points. The mean score of the control group before and 
after treatment was 2.67 and 2.80, respectively, showing an 
increase of 0.13 points. The difference between the treatment 
and control groups was statistically significant (p < 0.001). 
The analysis showed that application-based antenatal 
education with the SCT model effectively increased HPLP 
II scores in the treatment and control groups, with a larger 
difference in the treatment group than in the control group. 
The mean score of HPLP II (2.94) in the treatment group 
was higher than in the control group (2.80). There was a 
significant difference in the mean HPLP II score (p = 0.001) 

between the treatment (2.94) and control (2.79) groups. This 
study showed that application-based antenatal education 
with the SCT model was more effective in increasing HPLP 
II scores than conventional classes. As shown in Table 3, no 
variables were significantly associated with changes in the 
HPLP II (p > 0.05). 

Treatment Effect on Readiness for Childbirth and 
Complications 
Table 4 shows that increased readiness for childbirth was 
found in both groups and according to all indicators. There 
was a significant increase (p < 0.05) in readiness for labor 
and complications in the treatment (59% increase) and 

214 Subjects who met the inclusion 
criteria

205 Randomization

102 Intervention group

92 Total subjects

71 Follow through to completion 

Transfer into another 
4 Place 
6 Refused 

19 Did not complete the study (busy) 
1 Transfer into another place 
1 Preterm birth 

Transfer into another 
1 Place 
1 Refused 

22 Did not complete the study (busy) 
5 Transfer into another place

103 Control group

101 Total subjects

74 Follow through to completion 

9 Refused

Figure 1. Research flow.

Table 2. Results of HPLP II analysis before and after treatment

Parameter
Treatment group Control group

Mean Adjusted 
mean p Observed 

powerBefore After Difference Before After Difference

Mean 2.62 2.94 0.32 2.67 2.80 0.13
Minimum 1.81 2.29 1.70 2.02
Maximum 3.35 3.97 3.40 3.40
Standard deviation 0.331 0.273 0.336 0.275
Paired t-test 0.000 0.000
HPLP II
 Treatment 2.94 2.94 0.001 0.896
 Control 2.80 2.79

HPLP II, Health Promoting Lifestyle Profile II.
The p-values are based on the paired t-test, The p-value is based on analysis of covariance, with p < 0.05, considered to indicate statistical significance.
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Table 3. Effects of covariates on HPLP II results

Independent covariate F p Observed power

Age 3.347 0.069 0.443
Occupation 0.739 0.392 0.137
Education 2.039 0.156 0.294
Salary 1.139 0.289 0.185
Gravidity 0.525 0.470 0.111

HPLP II, Health Promoting Lifestyle Profile II.

Table 4. Overview of readiness for childbirth and complications

No. Variable Treatment group  
(n = 71)

Control group  
(n = 74)

Before
 1 Ability to explain spontaneously the 3 danger signs of pregnancy 49 (69.0) 47 (63.5)
 2 Ability to explain spontaneously the 3 danger signs of labor 25 (35.2) 25 (33.8)
 3 Ability to explain spontaneously the 3 signs of danger of the puerperium 25 (35.2) 26 (35.1)
 4 Ability to explain spontaneously the 3danger signs of newborns 23 (32.4) 17 (23.0)
 5 Plan to prepare financial resources for childbirth 64 (90.1) 71 (95.9)
 6 Knowledge of the financial support system in the community 36 (50.7) 36 (48.6)
 7 Preparing transportation and knowing the transportation system 35 (49.3) 34 (45.9)
 8 Knowledge of the blood donation system 35 (49.3) 39 (52.7)
After
 1 Ability to explain spontaneously the 3 danger signs of pregnancy 58 (81.7) 59 (79.7)
 2 Ability to explain spontaneously the 3 danger signs of labor 48 (67.6) 48 (64.9)
 3 Ability to explain spontaneously the 3 signs of danger of the puerperium 46 (64.8) 43 (58.1)
 4 Ability to explain spontaneously the 3 danger signs of newborns 46 (64.8) 47 (63.5)
 5 Plan to prepare financial resources for childbirth 71 (100) 74 (100)
 6 Knowledge of the financial support system in the community 64 (90.1) 64 (86.5)
 7 Preparing transportation and knowing the transportation system 62 (87.3) 59 (79.7)
 8 Knowledge of the blood donation system 63 (88.7) 61 (82.4)

Data are presented as n (%).

Table 5. Changes in readiness variables for childbirth before and after treatment

Variable Group Before After Difference p

Treatment (n = 71) Less preparation 46 (64.8) 4 (5.6) 42 (59.2) 0.000
Good preparation 25 (35.2) 67 (94.4) 42 (59.2)

Control (n = 74) Less preparation 48 (64.9) 6 (8.1) 42 (56.8) 0.000
Good preparation 26 (35.1) 68 (91.9) 42 (56.8)

Data are presented as n (%). The p-values are based on the McNemar test (p < 0.05).

Table 6. Differences in readiness for childbirth between the treatment and control groups

Readiness for labor and complications
Group

COR 95% CI p
Treatment (n = 71) Control (n = 74)

Less preparation 4 (5.6) 6 (8.1) 0.677 0.183–2.506 0.557
Good preparation 67 (94.4) 68 (91.9)

Data are presented as n (%). The p-value is based on the chi-square test.
COR, crude odds ratio; CI, confidence interval.

control (56.8% increase) groups (Table 5). Table 6 shows no 
difference in readiness for childbirth (p = 0.557) between the 
treatment (94.4%) and control (91.9%) groups.  

Treatment Effect on Iron Tablet Consumption  
As shown in Table 7, there was a significant increase (p > 0.05) 
in compliance with iron tablet consumption in treatment 
(31% increase) and control (12.2% increase). No significant 
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difference in compliance with iron tablet consumption was 
found between the treatment (95.8%) and control (91.9%) 
groups (Table 8). 

Discussion 

This study aimed to determine the effectiveness of 
application-based antenatal care with an SCT model in 
increasing HPLP II, iron tablet consumption, and readiness 
for delivery and pregnancy complications. The mean HPLP 
II scores showed a significant increase in the treatment and 
control groups. It was higher in the treatment group than in 
the control group. There was also a significant difference in 
the mean HPLP II score between the treatment and control 
groups. These findings show that the implementation of 
the antenatal education intervention with the SCT model is 
more effective in increasing HPLP II than the conventional 
classroom education method for pregnant women. The 
initial scores of the HPLP II were not significantly different 
between the 2 groups. The intervention using application-
based antenatal education with an SCT model increased 
the HPLP II scores. According to SCT, a person’s behavior 
is the result of dynamic interactions between individuals 
(cognitive), their environment, and their behavior. The 
basis of behavior change according to the SCT is increased 
self-efficacy. Self-efficacy is a strong predictor initiating a 
healthy lifestyle during pregnancy [26,27]. This study used 
social modeling and persuasion to increase self-efficacy. 
The intervention addressed the environment by providing 
the pregnant women with web-based antenatal education 
as a medium through which they could seek out health-
and pregnancy-related information. Behavioral change 
was facilitated by giving participants a new structure or 
resource to make it easy to engage in the new behavior [10]. 

This application was more practical than conventional 
media, such as books, since it can be accessed easily using 
a smartphone. The application created an opportunity for 
pregnant women to access validated information according 
to their needs. Furthermore, the discussion feature in the 
application could enhance users’ understanding of the 
provided information. Social persuasion in this study was 
done by giving suggestions, advice, and guidance about all 
the relevant health education provided by the application, 
which was done 4 times during antenatal care visits. Social 
persuasion has been found to increase pregnant women’s 
motivation to reach their goals [10]. Social modeling was 
done by telling the success stories of other pregnant women 
who engaged in a healthy lifestyle. Moreover, a peer model 
was also provided through the discussion group inside the 
application. According to Bandura, seeing another person 
with similar experiences succeed in pregnancy can increase 
a person’s confidence level. If a person believes that he or 
she can create a desirable output, then he or she will have 
the initiative to act [10]. 

Several studies have shown that the SCT model was 
effective for reducing diabetes risk [15] and intervening 
upon individuals’ lifestyles when combined with digital 
media [17]. A lifestyle intervention with the SCT model 
effectively improved healthy lifestyle, reduced snacking 
behavior, and decreased BMI and waist circumference in 
teenagers [18]. 

These results are in line with a study by Evans et al. [28], 
who reported increases in pregnant woman’s awareness of 
consuming vitamins and nutritious foods for fetal development 
after a health app intervention. Another study also found 
that a mobile health intervention effectively increased the 
presence of pregnant women at antenatal and postnatal care, 
as well as children’s vaccination [29]. Huang et al. [22] similarly 

Table 7. Changes in compliance with iron tablet consumption before and after treatment

Variable Group Before After p

Compliance with iron tablet consumption Treatment (n = 71) 46 (64.8) 68 (95.8) 0.000

Control (n = 74) 59 (79.7) 68 (91.9) 0.035

Data are presented as n (%). The p-values are based on the McNemar test (p < 0.05).

Table 8. Comparison of compliance with iron tablet consumption after treatment

Iron tablet consumption (%)
Group

COR 95% CI p
Treatment (n = 71) Control (n = 74)

< 80 3 (4.2) 6 (8.1) 0.500 0.120–2.081 0.333

≥ 80 68 (95.8) 68 (91.9)

Data are presented as n (%). The p-value is based on the chi-square test.
COR, crude odds ratio; CI, confidence interval.
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found that women who received web-based breastfeeding 
education had higher mean breastfeeding knowledge scores, 
more positive attitudes about breastfeeding, and higher 
breastfeeding rates. The results of the post-test analysis 
showed no differences in the 2 variables. Conventional classes 
for pregnant women are a suitable method of education 
if they are implemented according to standards. A key 
problem in antenatal education in Indonesia is the low 
participation rate in antenatal care activities. A preliminary 
study conducted prior to the research described herein found 
that the participation of pregnant women in class activities in 
Denpasar City was very low (10%). Nationally, participation 
of pregnant women in class activities was found to be 
19.2%, whereas 80% of public health centers were ready 
to hold classes for pregnant women [19]. In this study, the 
control group included pregnant women who attended 
conventional classes for pregnant women according to the 
extant standards, which indicates that both groups received 
equal treatment. 

Conclusion 

Web application-based antenatal education using an SCT 
model in Denpasar City, Bali, Indonesia effectively improved 
HPLP II scores in pregnant women, as shown by significantly 
better scores in the treatment group than in the control group. 
However, there were no significant differences in iron tablet 
consumption and readiness for labor and complications 
between the treatment group and the control group. Both 
antenatal education models were effective in improving 
pregnant women’s behavior. The conventional model could 
be implemented in areas with a good participation rate, 
while the application-based model may be effective for 
busy pregnant women who have better internet access. This 
study is different from other studies, as it employed an SCT 
model with social modeling, social persuasion, and digital 
media innovation in antenatal education to change pregnant 
mothers’ behavior. A limitation of this study is the duration 
of evaluation. Behavior changes were only observed for 3 
months. To achieve more comprehensive and consistent 
behavior changes, it is advised to increase the length of the 
intervention to 6 months. 
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ABSTRACT

Objectives: Relatively few studies have assessed risk factors for coronavirus disease 2019 
(COVID-19) in public facilities used by children and adolescents. This study presents an analysis 
of a COVID-19 outbreak that occurred in a taekwondo gym in Korea, predominantly among 
children and adolescents, with the aim of providing insights on managing COVID-19 outbreaks 
in similar facilities. 
Methods: All 108 taekwondo gym students and staff received COVID-19 tests. A survey and 
closed-circuit television analyses were used to identify risk factors. A univariate analysis was 
conducted, followed by multivariate logistic regression analysis with backward elimination for 
variables with a significance level < 0.10 in the univariate analysis. 
Results: COVID-19 was confirmed in 30 of 108 subjects at the taekwondo gym (attack rate, 
27.8%). The outbreak started in an adult class student. This student transmitted the virus to the 
staff, who consequently transmitted the virus to adolescent students. In the univariate analysis, 
the relative risk for younger age (≤9 years) was 2.14 (95% confidence interval [CI], 1.01–4.54; 
p = 0.054), and that for food consumption inside the gym was 2.12 (95% CI, 1.04–4.30; p = 0.048). 
In the multivariate logistic regression analysis, the odds ratio for younger age was 2.96 (95% CI, 
1.07–8.20; p = 0.036), and that for food consumption inside the gym was 3.00 (95% CI, 1.10–8.17; 
p = 0.032). 
Conclusion: Food consumption inside the facility and young age were significant risk factors 
for COVID-19 transmission in this taekwondo gym. Food consumption should be prohibited in 
sports facilities, and infection prevention education for young students is also required. 
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Introduction 

Coronavirus disease 2019 (COVID-19), which is caused by 
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), first became known in December 2019, when a case 
of pneumonia of unknown cause that occurred in Wuhan, 
Hubei Province, China was notified to the World Health 
Organization (WHO) Country Office in China [1]. The WHO 
then declared a public health emergency of international 
concern on January 30, 2020 owing to the international 
spread of COVID-19 and declared it a pandemic on March 11, 
2020. As of July 21, 2021, there were more than 190 million 
confirmed cases of COVID-19 worldwide and more than 4 
million deaths (fatality rate, 2.15%). The United States has 
the highest number of COVID-19 cases, followed by India, 
Brazil, Russia, and France [2]. 

The main symptoms of COVID-19 include fever, cough, 
shortness of breath, chills, myalgia, headache, sore throat, 
loss of smell and taste, and pneumonia [3]. COVID-19 severity 
varies with age, and its fatality rate is higher in older individuals 
[4]. Following research findings that children are less likely 
to become infected and have a lower transmission rate 
[5], a recent study found that children’s immune systems 
fight SARS-CoV-2 faster and more aggressively than those 
of adults [6]. Several vaccines effective against COVID-19 
have been developed, and vaccination is being conducted 
mainly in developed countries [7]. All people are eligible 
for COVID-19 vaccination, except pregnant women and 
children aged under 18 years, who were not included in 
the clinical trials during the vaccine development process. 
However, this may change depending on additional clinical 
results (e.g., for the Pfizer-BioNTech COVID-19 vaccines, 
approval has been granted for children aged 16 years or 
younger) [8]. 

Since the first case on January 20, 2020, the Republic 
of Korea (Korea) has been stably managing the COVID-19 
pandemic with the 3T strategy (tracing, testing, and 
treating) and social distancing [9]. As of July 21, 2021, 
there were 182,265 domestic COVID-19 patients and 2,060 
cumulative deaths, with a fatality rate of 1.13% [10]. The 
main route of COVID-19 transmission is known to be via 
respiratory droplets of an infected individual. Several 
major domestic COVID-19 outbreaks occurred in enclosed 
spaces. Not wearing a mask (or insufficient use of masks), 
drinking or eating after exercise, basement floors, airtight 
structures, vigorous movements, and shouting have been 
pointed out as risk factors, particularly in indoor sports 
facilities; however, these factors have not been confirmed 
through targeted research in Korea [11,12]. 

After a COVID-19 case was confirmed in a student at a 

taekwondo gym located in North Gyeongsang Province on 
January 26, 2021, an outbreak centered around the students 
at the taekwondo gym occurred. In Korea, taekwondo gyms, 
which are indoor facilities where COVID-19 can spread 
effectively, are mainly visited by children and adolescents. 
In addition, this outbreak occurred before a full-fledged 
vaccination drive was implemented in Korea; therefore, 
vaccination did not influence the spread of COVID-19 at 
this time. This study was conducted to identify risk factors 
for COVID-19 transmission and provide insights on how 
to manage COVID-19 risk in taekwondo gyms and similar 
facilities. 

Materials and Methods 

Ethical Approval 
The data were collected as part of the public health response 
to the COVID-19 pandemic. This paper was submitted to 
the Institutional Review Board of Korea Disease Control 
and Prevention Agency (IRB no. 2021-10-02-PE-A) for a 
bioethics examination, and it was approved (2021-10-18). 

Subjects 
The people present in the taekwondo gym included 103 
students (5 adults and 98 high school or lower grades) 
and 5 staff members. The index case was confirmed on 
January 26, 2021 after being tested at a Public Health 
Center screening clinic on January 25, 2021. After the index 
case was reported, reverse-transcription (RT) polymerase 
chain reaction (PCR) diagnostic tests for SARS-CoV-2 were 
administered to all taekwondo gym students and staff 
members, regardless of symptoms. Confirmed COVID-19 
cases were defined as those with a positive real-time RT-
PCR result. In this outbreak, the virus was introduced into 
gyms during an adult class and then spread within the gym 
through the staff. Therefore, all students and faculty who 
entered the taekwondo studio were considered as exposed 
and selected as subjects for research. We conducted a 
retrospective cohort study of 98 students in high school or 
lower grades to confirm the process of transmission from 
the staff to students. 

Management of COVID-19 Transmission 
The Gyeongbuk Regional Disease Response Center of the 
Korea Disease Control and Prevention Agency (KDCA) 
cooperated with the North Gyeongsang Province Provincial 
Government and Public Health Center to control the 
outbreak by managing the confirmed cases and exposed 
individuals. The confirmed cases were transferred to a 
hospital or a community treatment center depending 
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on severity. According to Korea’s COVID-19 management 
guidelines, the exposure range was set to 2 days before the 
symptom onset (2 days before the sample collection date for 
cases without symptoms) [13]. Close contacts were classified 
based on an evaluation of risk levels such as exposure range 
(time, place, etc.) with confirmed patients and whether or 
not a person wore a mask [13]. If an individual was classified 
as exposed, self-quarantine and active monitoring were 
implemented for 14 days [14]. If symptoms occurred during 
the quarantine period, SARS-CoV-2 testing was performed, 
and all exposed individuals were tested 1 day before being 
released from quarantine. The building in which the taekwondo 
gym was located also operated 6 other facilities, leading 
to a possibility that COVID-19 could have spread through 
communal restrooms or stairs. Therefore, SARS-CoV-2 
testing was conducted for all staff members of all 6 facilities, 
and measures were taken to ensure that those who visited 
the building were tested via an emergency disaster text 
message sent by North Gyeongsang Province. In addition, 
the entire building in which the taekwondo gym was located 
was temporarily closed and disinfected. 

Data Collection 
Using the Basic Epidemiological Survey of the 9-5 edition 
of the Korean COVID-19 Response Guidelines (for local 
governments), data on demographic characteristics, exposure 
history, presence of symptoms, and date of symptom onset 
were obtained via interviews [13]. In addition, to confirm 
the presence of symptoms and the date of symptom onset, 
subjects’ history of medical institution visits and credit card 
usage were checked using the epidemiological information 
support system and the exposure history and date of 
symptom onset were reconfirmed through re-interviews 
based on the identified information. On February 3, 2021, 
a questionnaire was prepared to retrospectively identify 
risk factors related to COVID-19 transmission within the 
taekwondo gym based on site visits and analyses of closed-
circuit television (CCTV) analyses. The survey was conducted 
on February 4, 2021 for students, and the questionnaire 
items included risk factors, such as conversations within 
the gym, physical contact during class, consumption of 
food, and preventive measures, such as wearing masks in 
the gym or using hand sanitizer upon entry. 

Laboratory Test Method 
The taekwondo gym students visited the local Public 
Health Center screening clinic to provide upper respiratory 
tract samples. According to the management guidelines, 
lower respiratory tract samples were also collected when 
symptoms such as sputum were present [13]. The collected 

specimens were tested at the North Gyeongsang Province 
Institute of Health and Environment and a diagnostic test 
consignment agency (Seegene, Seoul, Korea) certified in 
Korea [14]. The diagnosis was conducted by detecting a specific  
gene of SARS-CoV-2 using RT-PCR. For this diagnostic 
method, it is recommended to proceed with E gene PCR as a 
screening test and use PCR for the RdRp region of the orf1b 
gene as a confirmatory test in order to judge the result as 
positive [15]. 

Statistical Analysis 
Statistical analysis was performed using IBM SPSS ver. 22.0 
(IBM Corp., Armonk, NY, USA). To identify potential risk 
factors for transmission and evaluate their associations, 
relative risks (RRs) and 95% confidence intervals (CIs) were 
calculated; additionally, the Fisher exact test was performed 
in the univariate analysis. Multivariate logistic regression 
analysis with backward elimination was performed for 
variables with a significance p < 0.10 in the univariate 
analysis to calculate odds ratios and 95% CIs. The statistical 
significance was set to p < 0.05. 

Results 

Occurrence 
The index case was a student at the taekwondo gym who 
experienced mild fever (37.3°C) and headache on January 
22, 2021 and subsequently developed a fever of 39.0°C 
on January 23, 2021. The symptoms persisted despite 
the administration of antipyretics, and the student tested 
positive for COVID-19 on January 26, 2021. An epidemiological 
investigation confirmed that the student had visited the 
taekwondo gym 2 days before symptom onset. Therefore, all 
staff members and students of the taekwondo gym, family 
members and acquaintances of the first confirmed case, 
and instructors and students using the same building were 
tested for COVID-19 regardless of their symptoms. Fifty-six 
individuals (2.1%) out of a total of 2,631 individuals tested 
positive for COVID-19. The confirmed cases consisted of 30 
individuals (27.8%) among the 108 taekwondo gym students 
and staff members, 23 (23.7%) of the 97 family members of 
the confirmed case, and 3 (0.8%) of the 383 acquaintances 
of the first confirmed case. There were no additional cases 
among the instructors and students using the same building. 

General Characteristics of the Taekwondo Gym Cases 
Among the 30 cases identified among the taekwondo gym 
students and staff members, 19 (63.3%) were observed in 
male subjects. The age group of ≤ 9 years was the most 
common, with 15 cases (50.0%). Two out of the 5 staff 
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members (40.0%), 5 out of the 5 adult students (100.0%), 
and 23 out of the 98 adolescent students (23.5%) tested 
positive for COVID-19. The attack rate was the highest for 
the participants in the adult classes, as they gathered for tea 
time before class and were shown not to be wearing masks 
upon CCTV analysis. Fever (40.0%) was the most common 
symptom among the 23 cases who showed symptoms as of 
the confirmed date, followed by sore throat (26.7%), cough 
(20.0%), and rhinorrhea (20.0%). As of the confirmed date, 7 
cases (23.3%) did not have symptoms (Table 1). There were 
no fatal cases among the taekwondo gym students and staff 
members. 

First Case and Epi-Curve of the Taekwondo Gym 
Based on the first day of symptom onset, the first confirmed 
case in the taekwondo gym was an attendee of an adult 
class who experienced rhinorrhea and a stuffy nose on 

January 18, 2021 and started experiencing a slight loss of 
smell and taste thereafter without fever. The first case 
participated in the adult class at 8 PM on January 19–21, 
2021. Six (excluding the index case) adult class students 
and staff members were classified as secondary cases 
(date of occurrence or confirmation: January 20–27). The 
classes for students (i.e., children and adolescents) were 
operated from 1 PM to 7 PM, and the virus was suspected of 
having spread between the adult and student classes via 
the staff members. The COVID-19 cases in the student class 
were classified as tertiary cases (the date of occurrence or 
confirmation: January 21–February 2, 2021) (Figure 1). 

Transmission Risk Factors in the Student Classes of 
the Taekwondo Gym 
In the classes at the taekwondo gym, a total of 6 sessions 
were held per day only on weekdays, and each class 
was separated into the first and second floors. The body 
temperature was checked at the entrance before class, 
and hand sanitizer was provided for use. A CCTV analysis 
revealed that the staff members were wearing masks 
during class but failed to keep them on properly throughout 
the entire class owing to the need to give instructions and 
physical contact. The windows were closed during class, 
and ventilation was conducted for approximately 5 minutes 
after a 50-minute class. Among the staff members, 1 person 
conducting the class and 1 person operating the gym vehicle 
tested positive for COVID-19. A total of 92 of the 98 students 
(93.9%) participated in the survey that was conducted to 
identify risk factors related to the transmission of tertiary 
cases, which are presumed to have been transmitted via the 
staff members. The univariate analysis showed that the RR 
of the younger age group ( ≤ 9 years of age) was 2.14 (95% 
CI, 1.01–4.54; p = 0.054). In addition, people who consumed 
food in the gym (38.0% of subjects) had a RR of 2.12 (95% 
CI, 1.04–4.30; p = 0.048). The proportions of people who 
sanitized their hands at the entrance and always wore a 
mask were 95.6% and 79.3%, respectively. The RRs of hand 
sanitization at the entrance (RR, 0.48; 95% CI, 0.17–1.36) and 
always wearing a mask (RR, 0.59; 95% CI, 0.29–1.24) were low 
but not statistically significant (Table 2). In the multivariate 
logistic regression analysis for younger age and food 
consumption in the gym, both of which had a significance 
level < 0.1, the odds ratio for younger age was 2.96 (95% CI, 
1.07–8.20; p = 0.036), reflecting a statistically significant risk 
increase. Likewise, a statistically significant risk elevation 
was found for food consumption in the gym, which had an 
odds ratio of 3.00 (95% CI, 1.10–8.17, p = 0.032) (Table 3). 

Table 1. General characteristics of coronavirus disease 
2019 cases in a taekwondo gym (n = 30)

Characteristic n (%)

Age (y)
 0–9 15 (50.0)
 10–19 8 (26.7)
 20–29 2 (6.7)
  ≥ 30 5 (16.7)
Sex
 Male 19 (63.3)
 Female 11 (36.7)
Occupation
 Staff 2 (6.7)
 Student 28 (93.3)
Class (student, n = 28)
 High school or lower grades 23 (82.1)
 Adult students 5 (17.9)
Clinical symptoms
 Cases with symptoms at confirmed dates 23 (76.7)
  Fever 12 (40.0)
  Cough 6 (20.0)
  Sputum 2 (6.7)
  Sore throat 8 (26.7)
  Dyspnea 0
  Rhinorrhea 6 (20.0)
  Myalgia 4 (13.3)
  Headache 4 (13.3)
  Loss of taste 1 (3.3)
  Loss of smell 2 (6.7)
  Diarrhea 0
  Abdominal pain 1 (3.3)
  Vomiting 0
 Cases without symptoms on the confirmed date 7 (23.3)

https://doi.org/10.24171/j.phrp.2021.0295

Seung Hwan Shin et al.

165



Discussion 

In total, 30 of the 108 individuals (27.8%) related to the 
taekwondo gym were confirmed to have COVID-19, and 

the adult class had the highest attack rate at 100.0%. The 
adult class held a before-class tea time, and the class was 
conducted without wearing masks. The cases associated 
with the taekwondo gym were presumed to have been 
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Figure 1. Epidemic curve of an outbreak in a taekwondo gym (symptomatic cases). (A) Transmission in the taekwondo gym. 
(B) Occupation in the taekwondo gym.
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Table 2. Risk factors for coronavirus disease 2019 transmission among students in high school or lower grades in a 
taekwondo gym

Characteristic Category Tertiary cases/total AR (%) Relative risk (95% CI) p
a)

Sex Male 19/68 27.9 1.68 (0.63–4.43) 0.411
Female 4/24 16.7 Reference

Age (y) ≤ 9 15/43 34.9 2.14 (1.01–4.54) 0.054
10–19 8/49 16.3 Reference

Class site First floor 21/79 26.6 1.73 (0.46–6.51) 0.506
Second floor 2/13 15.4 Reference

Use of hand sanitizer at the entrance Yes 21/88 23.9 0.48 (0.17–1.36) 0.259
No 2/4 50.0 Reference

Mask wearing inside the gym (always) Yes 16/73 21.9 0.59 (0.29–1.24) 0.234
No 7/19 36.8 Reference

Conversation inside the gym Yes 19/70 27.1 1.49 (0.57–3.92) 0.574
No 4/22 18.2 Reference

Physical contact during the class Yes 9/37 24.3 0.96 (0.46–1.98) 1.000
No 14/55 25.5 Reference

Food consumption inside the gym Yes 13/35 37.1 2.12 (1.04–4.30) 0.048
No 10/57 17.5 Reference

Use of the changing room Yes 15/66 22.7 0.74 (0.36–1.53) 0.434
No 8/26 30.8 Reference

Use of the toilet Yes 13/51 25.5 1.05 (0.51–2.14) 1.000
No 10/41 24.4 Reference

Use of the gym car Yes 18/72 25 1.00 (0.42–2.36) 1.000
No 5/20 25 Reference

AR, attack rate; CI, confidence interval.
a)The Fisher exact test was used.

Table 3. Multivariate logistic regression to determine risk factors for coronavirus disease 2019 transmission in a 
taekwondo gym

Characteristic Category Odds ratio (95% CI) p-value

Age (y) ≤ 9 2.96 (1.07–8.20) 0.036
10–19 Reference

Food consumption inside the gym Yes 3.00 (1.10–8.17) 0.032
No Reference

CI, confidence interval.

transmitted to the staff members through the first case 
among the adult class members and subsequently to the 
student class members via the staff members. A survey 
conducted among the taekwondo gym class members 
revealed that food consumption in the gym and younger age 
were significant risk factors according to the multivariate 
analysis. 

In domestic fitness centers where people engage in 
physical activities similar to those in the taekwondo gym 
in the current study, COVID-19 outbreaks were detected 7 
days after the day of symptom onset of the first case, and 
the attack rate was 23.2%, which was lower than that of the 
taekwondo gym in this study (27.8%) [12]. In a call center 

in Korea where continuous conversations occurred, a 
COVID-19 outbreak were detected 16 days after the day of 
symptom onset of the first case, and the attack rate was 
8.5%; however, the attack rate in the same space on the 
floor where most of the confirmed cases occurred was 
43.5% [16]. The attack rate can be affected by the place of 
contact, the time it takes for an index case to be found, and 
mask wearing. In the current study, it took only 8 days to 
recognize the symptoms of the first case, and a high rate of 
mask wearing was noted; however, it was relatively easy for 
COVID-19 transmission to occur owing to extensive physical 
contact, raising of voices, or vigorous exercise. 

Even though the taekwondo gym described herein 
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conducted body temperature measurements, the first case 
was not detected as the individual did not exhibit fever 
symptoms. More than 40% of COVID-19 cases may not have 
a fever [17]; therefore, it may be difficult to detect patients 
with COVID-19 simply via body temperature monitoring. 
The most common symptom of the confirmed cases from 
the taekwondo gym as of the confirmed date was fever, 
followed by sore throat, cough, and rhinorrhea. In addition 
to fever, screening for respiratory symptoms, such as sore 
throat, cough, and rhinorrhea, was thought to be helpful 
in preventing the spread of the virus early. The rate of 
asymptomatic presentation of all confirmed cases from the 
taekwondo gym was 23.3% as of the confirmed date. This 
rate was higher (26.1%) among those 19 years or younger. 
In a study investigating the clinical and epidemiological 
characteristics of 36 children with COVID-19 in China, 
the rate of asymptomatic cases was 28% on the day of 
admission, which was similar to that in this study [18]. 

The multivariate analysis showed that the attack rate 
was significantly higher among people who consumed 
food in the gym. There is no evidence that COVID-19 can 
be transmitted via the ingestion of food. Although it is true 
that COVID-19 can be transmitted by touching a surface 
or object that has the virus on it and then touching one’s 
mouth, nose, or eyes, this is not believed to be the primary 
route of transmission of the virus [19]. Instead, COVID-19 
spreads from person to person mainly through respiratory 
droplets released when coughing, sneezing, and talking 
[19]. In addition, a study conducted in the United States 
showed that one can become infected with COVID-19 
through close contact with a confirmed case or by eating or 
drinking in places where confirmed cases of COVID-19 had 
occurred. The rate of spread may be increased while eating 
or drinking, as it is impossible to maintain proper mask 
wearing during these activities [20]. The consumption of 
food in the gym may have been a significant risk factor 
because of improper mask wearing while eating rather than 
the possibility of direct transmission through food. 

In this outbreak, the attack rate was significantly higher 
in the age group of ≤ 9 years than in the age group of 10 
to 19 years. According to a report released by the WHO in 
September 2020, children aged under 18 years accounted 
for approximately 8.5% of the reported cases, had a relatively 
low fatality rate compared to other age groups, and mostly 
showed mild symptoms [21]. However, at the taekwondo 
gym in this study, the attack rate was higher in younger 
age groups. The attack rate for the taekwondo gym-related 
cases may be different from the clinical picture as tests 
were performed regardless of the presence or absence of 
symptoms. In other cases of COVID-19 outbreaks, such as in 

daycare facilities, the attack rate was also higher in younger 
age groups [22]. A reason for this may be that younger 
children find it more difficult to adhere to preventative 
behaviors, such as mask wearing or not touching their 
mouth or nose with their hands. 

The building in which the taekwondo gym was located 
had 4 floors, on which 6 academies were operated, and each 
floor was observed to have communal restrooms. However, 
there were no additional cases at any other academies 
besides the taekwondo gym. This may have been because 
of the high rate of mask wearing among the students of 
other academies (79.3%) and the short contact time in the 
restrooms. In addition, the taekwondo gym had a secondary 
attack rate of 23.7% in families. This is higher than the rates 
of 11.8% from the results of a survey conducted among 
10,592 domestic contacts [23] and 16.6% from a meta-
analysis of 54 studies [24]. The high proportion of cases in 
the younger age groups in the taekwondo gym indicates 
that the secondary attack rate may have been higher owing 
to close contact with family members. 

It is known that proper mask wearing can prevent the 
spread of COVID-19. A study examining the usage patterns 
in 6 colleges where mask wearing was compulsory during 
September to November 2020 found that wearing a 
face mask correctly could limit the spread of COVID-19. 
Additionally, higher education institutions suggest that 
masks must be worn indoors and outdoors within 6 feet 
(1.82 meters) [25]. Although mask wearing lowered the 
transmission of COVID-19 in this taekwondo gym outbreak, 
its effect was not statistically significant. This is because the 
number of students examined was small and there was a 
possibility of improper mask wearing; additionally, although 
the classes were conducted with masks, the possibility of 
high-concentration droplet exposure owing to vigorous 
and high-energy activities in a dense space was confirmed 
through CCTV analysis. In addition, hand hygiene is a very 
important factor in the infection control of COVID-19, and 
several studies have confirmed that handwashing affects 
the incidence of respiratory diseases [26]. In this taekwondo 
gym, the use of hand disinfection at the entrance lowered 
the attack rate, although not to a statistically significant 
extent. It is possible that transmission within the taekwondo 
gym could have been prevented if hand disinfection had 
been performed during or after class; however, hand 
disinfection was only performed at the entrance.  

This study had the following limitations. First, it was 
not possible to check the number of times the taekwondo 
gym students participated in classes conducted by staff 
members with confirmed COVID-19 infections. Although 
the class hours and the staff in charge of the class were not 
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clearly defined, the staff member who tested positive was 
in charge of 4 out of 6 classes. Second, it was not possible to 
assess the distance between the students and staff members 
with confirmed COVID-19 during class, because there was 
no assigned seating for students, and staff members with 
confirmed COVID-19 were constantly moving around during 
class. Third, the route of infection of the first case was not 
identified. Additional interviews and an analysis of the 
Epidemic Intelligence Support System of existing COVID-19 
cases were conducted over the course of the study, but the 
details could not be established. 

Younger age ( ≤ 9 years) and food consumption in the gym 
were found to be significant risk factors in this outbreak. 
In the adult class, all adult individuals were infected by 
consuming food together without a mask. In a dense 
environment where intense exercise takes place, as in a 
taekwondo gym, it is necessary to follow the principles of 
infection prevention even more thoroughly, and intensive 
management is required for younger age groups. In 
addition, although body temperature monitoring was 
performed at the entrance of the facility, the first case 
was detected 8 days after symptom onset, indicating that 
further transmission within the taekwondo gym could 
not have been prevented. Therefore, it is necessary to 
prevent transmission within the group by more thoroughly 
monitoring respiratory symptoms, such as sore throat 
and rhinorrhea, in addition to fever. After recognizing the 
outbreak of COVID-19 in the taekwondo gym, the further 
outbreak was managed through aggressive measures, such 
as halting of the operation of the other academies in the 
same building and testing all contacts. Although various 
outbreaks are currently occurring and responses to these 
outbreaks are being prioritized, the data presented herein 
provide valuable evidence for responding to COVID-19 by 
conducting an investigation regarding the route of infection 
and infectivity with an analysis of the source of infection 
and confirmation of the transmission route. 
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Board's database or the board members' recommendation. 
The referees are then requested to evaluate the manuscript 
based on originality, validity, presentation, and importance  
and interest, and, when considered necessary, statistics.

• Acceptance of a manuscript depends on the evaluation, 
critiques, and recommended decision made by the referees. 
A referee may recommend “accept,” “minor revision,” “major 
revision,” and “reject.” If there are conflicting decisions 
between referees, or between the author and referee(s), 
the Editor-in-Chief has the full right to decide whether the 
manuscript will be published in the journal. Three repeated 
decisions of “major revisions” are equivalent to rejection,  
and rejected papers will not be considered further.

• The reviewed manuscript with comments, recommendations, 
and revisions is returned to the corresponding author. The 
corresponding author is to submit the revised manuscript 

https://dx.doi.org/10.3346/jkms.2017.32.7.1051
https://www.ncbi.nlm.nih.gov/pmc/journals/2151/
http://www.sherpa.ac.uk/
https://mc04.manuscriptcentral.com/osongphrp
https://mc04.manuscriptcentral.com/osongphrp
mailto:ophrp@korea.kr
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accompanied by point-to-point replies to the comments 
given by the editor and how the revisions have been 
made. There should be a reasonable explanation for any 
noncompliance with the recommendations. In cases where 
references, tables, or figures are moved, added, or deleted 
during the revision process, renumbering must be done so 
that all references, tables, and figures are cited in numeric 
order. If the revised paper is not received within 2 months 
of decision, the manuscript is considered to have been 
withdrawn.

• When the final decision on the acceptance of the manuscript 
is made, the Editorial Office notifies the corresponding 
author. The peer-review process takes approximately 8−12 
weeks.

MANUSCRIPT PREPARATION

General Requirements

All manuscripts must be in grammatically correct English 
and should be created using MS Word. The manuscript 
must be double-spaced and written in an A4 page format. 
Do not leave a space between paragraphs. Only a single font 
(preferably Times New Roman) should be used in 11 point 
with margins of 2.5 cm.

• All pages including the title page should be paginated 
consecutively. All numbers should be written in Arabic 
numerals throughout the manuscript except for the 
first word of the sentence. Texts should be justified on 
both sides and not hyphenated and headings should be 
in bold letters, aligned in the center. If possible, avoid 
using abbreviated words at the beginning of sentences.

• Abbreviations: Where a term/definition is repeatedly 
referred to (i.e., 3 times in the text), it is written in full 
when it first appears, followed by the subsequent 
abbreviation in parentheses (even if it was previously 
defined in the abstract); thereafter, the abbreviation is 
used.

• Gene nomenclature: Current standard international  
nomenclature for genes should be adhered to. Genes  
should be typed in italic font and include the accession  
number. For human genes, use the genetic notation and 
symbols approved by the HUGO Gene Nomenclature 
Committee (http://www.genenames.org/) or refer to 
PubMed (http://www.ncbi.nlm.nih.gov/sites/entrez).

• Units: Système International (SI) units must be used, 
with the exception of blood pressure values, which are 
to be reported in mmHg. Please use the metric system  
for expressions of length, area, mass, and volume. There 
should be a space between the numerals and the unit 

symbol. When indicating time, the 24-hour system is to 
be used.

• Math formulae: Present simple formulae in the line of  
normal text where possible and use the solidus (/) 
instead of a horizontal line for small fractional terms, 
e.g., X/Y. In principle, variables are to be presented in 
italics. Powers of e are often more conveniently denoted 
by “exp.” Number consecutively any equations that have 
to be displayed separately from the text (if referred to 
explicitly in the text).

Reporting Guidelines for Specific Study Designs

For specific study designs, such as randomized control 
studies, studies of diagnostic accuracy, meta-analyses, 
observational studies, and non-randomized studies, authors 
are encouraged to consult the reporting guidelines relevant 
to their specific research design. A good source of reporting 
guidelines is the EQUATOR Network (https://www.equator-
network.org/) and NLM (https://www.nlm.nih.gov/services/
research_report_guide.html).

Manuscript Types

PHPR publishes editorials, original articles, review articles, 
guidelines, data profiles (including cohort profiles), special 
articles, short communications, viewpoints, commentaries, 
editorials, commentaries, and correspondence, and book 
reviews.

• Original articles are papers containing results of basic 
and clinical investigations, which are sufficiently well 
documented to be acceptable to critical readers. These 
articles should be written in the following format: title 
page; abstract and keywords; main body (introduction, 
materials and methods, results, discussion, conclusion [if 
any]); references; and tables and figure legends. Manuscript 
limitations are 5,000 words, excluding the abstract, 
references, and tables and figure legends.

• Review articles provide concise reviews of subjects 
important to medical researchers, and can be written by 
an invited medical expert. These have the same format 
as original articles, but the details may be more flexible 
depending on the content. Manuscript limitations 
are 6,500 words from introduction to conclusion, 100 
references, 10 figures and 10 tables. The abstract should 
not exceed 200 words, and must be written as one 
unstructured paragraph.

• Guidelines are similar to original articles, but provide 
evidence-based recommendations expected to impact 

http://www.genenames.org/
http://www.ncbi.nlm.nih.gov/sites/entrez
https://www.equator-network.org/
https://www.equator-network.org/
https://www.nlm.nih.gov/services/research_report_guide.html
https://www.nlm.nih.gov/services/research_report_guide.html
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clinical research and practice. This category can include 
consensus-based statements of reporting standards or 
clinical practice guidelines.

• Data Profiles (including Cohort Profiles) present large 
data sets from specific populations that could be 
analyzed in epidemiological studies. Data Profiles 
should be structured with the following headings in 
the main text: Introduction, Collection, Data Resource 
Use, Strengths and Weaknesses, and Access. Cohort 
Profiles present up-to-date information about 
large population-based cohorts for which long-term 
data collection is planned. Data Profiles should be 
structured with the following headings in the main 
text: Introduction, Study Participants, Measurements, 
Key Findings, Strengths and Weaknesses, and Access. 
The main text of Data and Cohort Profiles is limited to 
4,000 words, with an unstructured abstract of up to 
200 words, a maximum of 7 tables and figures, and no 
more than 40 references.

• Special Articles deal with topics or issues that are relevant 
to public health, but without following a traditional study 
format. For example, articles in this category may address 
scientific methodology, wide-ranging ethical and social 
issues, scientific methodology, or other scholarly topics. 
Reports from consensus committees and working groups 
can be published as Special Articles. This category has 
a main text limit of 3,500 words, with an unstructured 
abstract of no more than 200 words, a maximum of 7 
tables and figures, and no more than 40 references.

• Brief reports deal with issues of importance to biomedical 
researchers. The maximum length of the manuscript  
should be 2,000 words, including tables and figures.

• Short communications follow the general rules of the 
original article. The maximum length of the manuscript 
should be 3,000 words, including tables and figures.

• Viewpoints may deal with almost any topic deemed 
to be important in the fields of public health, ethics, 
health law, prevention, or health policy, and are not 
typically written in response to a specific article. 
Viewpoints should have a clear focus and present 
material in a well-organized and scholarly manner, 
but should not contain novel research findings or 
previously unpublished data. Although we welcome 
unsolicited viewpoint contributions, we request that 
authors contact the Editorial Office (ophrp@korea.kr) 
prior to submission to confirm that the proposed topic 
is suitable for the journal. The main text of Viewpoints 
is limited to 3,000 words, with an unstructured abstract 
of up to 150 words, a maximum of 4 tables and figures, 
and no more than 30 references.

• Editorials provide invited perspective on an area of  
PHRP, dealing with very active fields of research, current 
interests, fresh insights, and debates. An abstract is not 
required and a brief unstructured text should be prepared.  
Although editorials are normally invited or written by an 
editor, unsolicited editorials may be submitted. Manuscript  
limitations are 1,000 words and 20 references.

• Commentaries are brief articles with a narrow focus. The 
journal commissions most commentaries, but unsolicited 
commentaries will also be considered. Commentaries 
may undergo peer review. The length of commentaries 
should be limited to 1,000 words, 10 references, and 1 figure 
or small table.

• Correspondence is a comment from readers regarding 
a published article with a reply from the authors of the 
article. Manuscript limitations are 500 words, 2 tables/
figures, and 5 references.

• Book reviews may be published. Please dispatch a book 
to the editorial office if you think the book is essential to  
public health personnel.

Title Page

Title page should include (1) the title of the article (less 
than 50 words); (2) name of the authors (first name, middle 
initial, last name in capitals) and institutional affiliation 
including the name of department(s) and institution(s) of 
each author; (3) name, full address (including the postal 
code) of the institutional affiliation, telephone and e-mail 
address of the corresponding author; (4) a running title of 
50 characters or less including blank spaces; and (5) notes 
(disclaimers). Notes include ethics approval and consent 
to participate, conflict of interest, funding, availability of 
data, authors’ contributions, additional contributions, and 
ORCID of all authors. All contributors who do not meet the 
criteria for authorship as defined above should be listed in 
an additional contribution section. Examples of those who 
might be acknowledged include a person who provided 
purely technical help, writing assistance, or a department 
chair who provided only general support. Authors should  
disclose whether they had any writing assistance and identify  
the entity that paid for this assistance.

Abstract and Keywords

An abstract and 3−6 relevant keywords (in alphabetical order) 
are required. Abstracts should be no more than 250 words 
in length. Abstracts should be structured, with the following 
section headings: Objectives, Methods, Results, Conclusion. 
For selecting keywords, refer to the MeSH browser (http://

http://www.ncbi.nlm.nih.gov/mesh
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www.ncbi.nlm.nih.gov/mesh).

Main Body

• Introduction should provide concise yet sufficient 
background information about the study to provide the 
readers with a better understanding of the study, avoiding 
a detailed literature survey or a summary of the results.

• Materials and methods should contain detailed procedures 
of the study or experiment including investigation period, 
methods of subject selection, and information on subjects 
such as age, sex or gender, and other significant features,  
in order to enable the experiment to be repeated. A procedure 
that has been already published or standardized should be 
described only briefly using literature citations. Clinical 
trials or experiments involving laboratory animals or  
pathogens must elaborate on the animal care and use and  
experimental protocols, in addition to mentioning approval  
from the relevant committees. The sources of special 
equipment and chemicals must be stated with the name 
and location of the manufacturer (city and country). All 
statistical procedures used in the study and criteria for 
determining significance levels must be described. Ensure 
correct use of the terms “sex” (when reporting biological 
factors) and “gender” (identity, psychosocial or cultural 
factors). Unless inappropriate, report the sex and/or gender  
of study participants, the sex of animals or cells, and  
describe the methods used to determine sex or gender. If 
the study involved an exclusive population (only one sex, 
for example), authors should justify why, except in obvious 
cases (e.g., prostate cancer). Authors should define how 
they determined race or ethnicity, and justify its relevance. 
Institutional Review Board approval and informed consent 
procedures can be described as follows: The study protocol 
was approved by the Institutional Review Board of OOO 
(IRB No: OO-OO-OO). Informed consent was confirmed (or 
waived) by the IRB.

• Results should be presented in logical sequence. Only 
the most important observations should be emphasized 
or summarized, and the main or the most important 
findings should be mentioned first. Tables and figures 
must be numbered in the order they are cited in the 
text, kept to a minimum, and should not be repeated.  
Supplementary materials and other details can be 
separately presented in an appendix. The authors 
should state the statistical method used to analyze the 
results (statistical significance of differences) with the 
probability values given in parentheses.

• Discussion should contain an interpretation and explanation 
of the results and important aspects of the study, followed 

by the conclusions drawn from them. Information already 
mentioned in the Introduction or Results sections should 
not be repeated and the main conclusions of the study may 
be presented in the discussion.

• Conclusion (if any) must be linked with the purpose of 
the study stated in the abstract, and clearly supported 
by the data produced in the study. New hypotheses may 
be stated when warranted, but must be clearly labeled.

References

Authors are responsible for the accuracy and completeness 
of their references and for correct text citations.

• References are presented with [ ] following a surname in 
the main text, such as Kim [1] and Kim et al. [2]. When a 
reference is cited within the content, it is shown as [3] or 
[4,5] at the end. References should be searchable online.

• The last names and initials of all the authors (up to 
3) should be included. For articles with more than 3 
authors, list the first 3 authors only followed by “et al.”

• References cited in tables or figure legends should be 
included in sequence at the point where the table or 
figure is first mentioned in the main text.

• Do not cite abstracts unless they are the only available 
reference to an important concept.

• Uncompleted work or work that has not yet been accepted 
for publication (i.e., an “unpublished observation” or 
“personal communication” should not be cited as a 
reference). In the references list, references should be 
limited to those cited in the text and listed in the order 
in which they appear in the text. The journals should 
be abbreviated according to the style used in the list of 
journals indexed in the NLM Journal Catalog (http://www.
ncbi.nlm.nih.gov/nlmcatalog/journals).

• Use of DOI is highly encouraged. Note that missing data 
will be highlighted at the proof stage for the author to 
correct.

• Other types of references not described below should 
follow the ICMJE Recommendations (https://www.nlm.
nih.gov/bsd/uniform_requirements.html).

Please refer to the following examples.

• Journal articles
1. Park AK, Kim IH, Kim J, et al. Genomic surveillance of 

SARS-CoV-2: distribution of clades in the Republic of 
Korea in 2020. Osong Public Health Res Perspect 2021; 
12:37-43.

2. Hyun J, Lee JH, Park Y, et al. Interim epidemiological and 

http://www.ncbi.nlm.nih.gov/mesh
http://www.ncbi.nlm.nih.gov/nlmcatalog/journals
http://www.ncbi.nlm.nih.gov/nlmcatalog/journals
https://www.nlm.nih.gov/bsd/uniform_requirements.html
https://www.nlm.nih.gov/bsd/uniform_requirements.html
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clinical characteristic of COVID-19 28 cases in South 
Korea. Public Health Wkly Rep 2020;13:464-74. Korean.

3. Gultekin V, Allmer J. Novel perspectives for SARS-CoV-2  
genome browsing. J Integr Bioinform 2021 Mar 15 
[Epub]. https://doi.org/10.1515/jib-2021-0001.

• Books
4. Riffenburgh RH, Gillen DL. Statistics in medicine. 4th 

ed. London: Academic Press; 2020.
5. Miller DD. Minerals. In: Damodaran S, Parkin KL, editors. 

Fennema’s food chemistry. 5th ed. Boca Raton, FL: CRC 
Press; 2017. p. 627-80.

6. Ministry of Employment and Labor. Statistics on occupational 
injuries and illnesses, 2008. Gwacheon, KR: Ministry of  
Employment and Labor; 2009.

• Websites
7. World Health Organization (WHO). COVID-19 vaccines  

[Internet]. Geneva: WHO; 2021 [cited 2021 Mar 15]. Available  
from: https://www.who.int/emergencies/diseases/novel 
-coronavirus-2019/covid-19-vaccines.

• Conference papers
8. Christensen S, Oppacher F. An analysis of Koza's computational 

effort statistic for genetic programming. In: EuroGP 2002: 
Proceedings of the 5th European Conference on Genetic 
Programming; 2002 Apr 3-5; Kinsdale, IE. Berlin: Springer; 
2002. p. 182-91.

• Dissertation
9. Park HY. The role of the thrombomodulin gene in the 

development of myocardial infarction [dissertation]. 
Seoul: Yonsei University; 2000.

Tables and Figures

Tables should be simple, self-explanatory, and supplemental, 
and should not duplicate the text or figures. Each table must 
be on a separate page, not exceeding 1 page when printed, 
and have a concise and informative title. The tables should 
be numbered with Arabic numerals in consecutive order. 
Each column should be appropriately headed with units 
in parentheses if numerical measures are given. All units 
of measurements and concentrations must be indicated. 
Footnotes are followed by the source notes, other general 
notes, abbreviation, notes on specific parts of the table (a), b), c), 
d)…), and notes on level of probability (*, **, *** for p).

Figures should be numbered with Arabic numerals 
consecutively in figure legends. The figures must not be 
interfered and must be clearly seen. The legend for each 
light microscopic image should include name of the stain 
and magnification. Electron microscopic images should 
contain an internal scale marker. All figures may be altered 
in size by the editor. The legends should briefly describe 

the data shown, explain abbreviations or reference points, 
and identify all units, mathematical expressions, abscissas, 
ordinates, and symbols.

Figures that are drawn or photographed professionally 
should be sent as JPG or PPT files. However, if an article receives 
approval for publication, files must be submitted as .tiff or 
.pdf. Each figure must have a caption explaining the figure. 
The preferred size of the images is 8 × 8 cm but 16.5 cm in  
width × 8 cm in length is also acceptable. It is authors’ full  
responsibility to submit images of sufficient quality for 
accurate reproduction and to approve the final color galley  
proof. All images must be correctly exposed, sharply focused,  
and prepared in files of 500 dpi or more.

When tables and figures are mentioned together in the 
text, they should be presented in parentheses as follows: 
(Table 1; Figure 1), (Tables 1, 2; Figures 1−3).

Appendix and Supplemental Data

If any materials are not enough to be included in the main text 
such as questionnaires, they can be listed in the Appendix. 
Any supplementary materials that help the understanding of 
readers or contain too great an amount of data to be included 
in the main text may be placed as supplementary data. Not 
only a recording of the abstract, text, audio or video files, but 
also data files should be added here.

FINAL PREPARATION FOR PUBLICATION

Final Version

After the paper has been accepted for publication, the author(s) 
should submit the final version of the manuscript. The names 
and affiliations of the authors should be double-checked, and 
if the originally submitted image files were of poor resolution, 
higher-resolution image files should be submitted at this  
time. Symbols (e.g., circles, triangles, squares), letters (e.g., words, 
 abbreviations), and numbers should be large enough to be 
legible on reduction to the journal’s column widths. All symbols 
must be defined in the figure caption. If references, tables, 
or figures are moved, added, or deleted during the revision 
process, renumber them to reflect such changes so that all 
tables, references, and figures are cited in numeric order.

Manuscript Corrections

Before publication, the manuscript editor will correct the manuscript 
such that it meets the standard publication format. The author 
(s) must respond within 48 hours when the manuscript editor 
contacts the corresponding author for revisions. If the response 
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is delayed, the manuscript’s publication may be postponed to  
the next issue.

Proofs and Reprints

The author(s) will receive the final version of the manuscript 
as a PDF file. Upon receipt, the author(s) must notify the 
editorial office of any errors found in the file within 48 hours. 
Any errors found after this time are the responsibility of the 
author(s) and will have to be corrected as an erratum.

Errata and Corrigenda

To correct errors in published articles, the corresponding 
author should contact the journal’s editorial office with a 

detailed description of the proposed correction. Corrections 
that profoundly affect the interpretation or conclusions of 
the article will be reviewed by the editors. Corrections will be 
published as corrigenda (corrections of the author’s errors) or 
errata (corrections of the publisher’s errors) in a later issue of 
the journal.

ARTICLE PROCESSING CHARGES

The author does not have pay publication charges for open 
access. The KDCA will pay to make the article open access.

NOTICE: These recently revised instructions for authors will 
be applied beginning with the April 2022 issue.
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Author’s checklist

General Requirements

□ The corresponding author (or the representative author of the co-corresponding authors) is the submitter of 
this manuscript.

□ All manuscripts should be written in English.
□ The main document with manuscript text and tables should be prepared in an MS Word (docx) or RTF file 

format.
□ Manuscripts should be double-spaced in A4-size pages.
□ Manuscripts should include line numbers.
□ All pages should be numbered consecutively, starting with the abstract.

Title Page

□ The title page and the rest of the manuscript text are prepared separately in two files (not combined together).
□ The title page is arranged in the following order: article title, authors’ full name(s), affiliation(s), and corresponding 

author’s information, running title (less than 50 characters), notes.
□ The notes section including (1) ethics approval and consent to participate, (2) conflicts of interest, (3) funding, 

(4) availability of data, (5) author contributions, (6) additional contributions, and ORCID is in title page, not in the 
manuscript.

Abstract

□ The abstract does not exceed 250 words (Objectives, Methods, Results, Conclusion) for original articles and 
200 words for reviews. Up to 3−6 keywords are listed at the bottom of the abstract.

Main Text

□ The manuscript is organized according to following sequence: Title page, Abstract and keywords, Main text, 
References, Tables, and Figure legends.

Tables and Figures

□ All tables and figures are numbered in the order of their appearance in a main text.
□ Tables are included at the end of the manuscript as editable text and not as images.
□ Figures are as separate files, in jpg, ppt, tiff, or pdf format.

References

□ References are listed in proper format.
□ All references listed in the reference section are cited in the text and vice versa.
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Copyright transfer form

Copyright Transfer and Conflict of Interest Disclosure Form

Title of the paper:                          

                             

I. Copyright Transfer Form

The authors hereby transfer all copyrights in and to the manuscript named above in all forms and media, now or 
hereafter known, to the Korea Disease Control and Prevention Agency effective if and when the paper is accepted 
for publication in the Osong Public Health and Research Perspectives. The authors reserve all proprietary right 
other than copyright, such as patent rights.
Everyone who is listed as an author in this article should have made a substantial, direct, intellectual contribution 
to the work and should take public responsibility for it.
This paper contains works that have not previously published or not under consideration for publication in 
other journals.

II. Conflict of Interest Disclosure Form

All authors are responsible for recognizing any conflict of interest that could bias their work in the acknowledgments, 
disclosing all financial support and any other personal connections. 

Please check the appropriate box below:

□ No author of this paper has a conflict of interest, including specific financial interests, relationships, and/or 
affiliations relevant to the subject matter or materials included in this manuscript. 

OR
□ The authors certify that all conflicts of interest, as applicable to each author, including specific financial 

interests, relationships, and/or affiliations relevant to the subject matter or materials are disclosed in the 
manuscript.
(Please describe in detail about these interests.)

                            

                            

                            

These interests may include one or more of the following: employment; consultancy within the past two years; 
ownership interests – including stock options – in a start-up company, the stock of which is not publicly traded; 
ownership interest - including stock options but excluding indirect investments through mutual funds and the 
like - in a publicly traded company; research funding; honoraria directly received from an entity; paid expert 
testimony within the past two years; any other financial relationship (e.g., receiving royalties); membership on 
another entity’s Board of Directors or its advisory committees (whether for profit or not for profit).

□ All authors certify that the work followed the research ethics and have approved the submission of the 
manuscript for publication.
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