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In light of the recently held G7 Health Ministers Meeting, expectations have grown for the G7
summit meeting that will be held in June 2021 in the United Kingdom. At a highly apt time,
in a recent speech, the World Health Organization (WHO) director-general Tedros Adhanom
Ghebreyesus emphasized the need to move away from vaccine nationalism and inequity
in order to escape from the coronavirus disease 2019 (COVID-19) pandemic, and discussed
the need for a new pandemic treaty [1]. A treaty would foster improved sharing, trust, and
accountability, and help to strengthen national, regional, and global capacities for global health
security. Despite the declaration of an international health crisis with the early recognition of
COVID-19 as a public health emergency of international concern (PHEIC), and the emphasis on
solidarity and alliance, nearly all countries and jurisdictions have violated the IHR temporary
recommendations advised by WHO COVID-19 IHR Committee. Although President Biden has
suggested that 500 million doses of the Moderna vaccine will be donated to save lives in lowerincome countries [2], I wonder how advanced countries leading the international community
will overcome this crisis, and how our health diplomats will share our achievements with other
countries.
Even though the strong suppression policy involving non-pharmaceutical interventions
was effective in the first half of the COVID-19 pandemic, the outcome of the battle of the
second half depends on achieving herd immunity through effective vaccines. We have
succeeded in quarantine by rapid testing, contact tracing, and prevention of hospital overload
by implementing designated COVID-19 treatment facilities, but to reach herd immunity in
6 months seems challenging. In Israel, the United Kingdom, and the United States, where
vaccination has been accelerated, the prevalence and mortality rates of COVID-19 are
significantly decreasing. However, it is difficult to achieve full herd immunity and eliminate
COVID-19, because regulatory authorities allowed the emergency use of vaccines and did not
recommend for use in those lesser than 12 years of age (Pfizer-BioNThech) or 18 years of age
(Moderna, Janssen) [3] due to a lack of complete efficacy data. Anyway recent studies on the
efficacy and the safety of the BNT162b2 COVID-19 vaccine in adolescents will facilitate the
achievement of herd immunity [4]. But, outbreaks and reports of severe cases are increasing,
in addition, the emergence of variants of COVID-19 and the decline of antibody titers after
vaccination has suggested the need for booster vaccination, and public health authorities in
some countries are concerned about the increase in patients after the government hastily
lifted guidelines for social distancing and mask-wearing. In the Republic of Korea, early
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vaccine acquisition and rollout were delayed, and vaccine
hesitancy due to controversy regarding the rare event of
cerebral venous sinus thrombosis linked the AstraZeneca
vaccine made an impact on the race towards vaccination.
The one-dose use of the Janssen vaccine targeting veterans
is also scheduled to start after approval by the regulatory
authorities, which will lead to further progress in this race.
This provides an optimistic perspective that 14 million
people will be able to receive the shot. However, more active
persuasion is needed. Infectious diseases have a large
external effect, and in order to protect the entire society, herd
immunity is required to block transmission. A sophisticated
explanatory model is needed for political decision-making
and persuasion of the public. Non-pharmacological
intervention policies, vaccine rollout, and border opening
are inextricably linked with the COVID-19 infection rate and
economic losses. Therefore, modeling to determine which
policy option to choose and at which time to implement it
becomes important, and simulation of the options would help
in decision-making. Although the government has never
clearly stated whether its policy goal regarding COVID-19
is to eliminate the disease or to mitigate its consequences,
the trade-off between different options is the art of decisionmaking for the elimination of COVID-19. Public health
measures, economic losses, democratic solidarity, and civil
liberties are important factors when evaluating pandemic
responses. The Republic of Korea has been recognized as
one of the 5 best Organization of Economic Co-operation
and Development (OECD) countries in terms of eliminating
COVID-19 [5]. The Korean government has aimed to lower
R(t) below 1 and then shift to a mitigation policy once it
falls below 1; thus, the Republic of Korea is an example of a
country with a tight suppression policy, not a country with
an aggressive/moderate elimination policy [6].
Most of all, an authentic attitude on the part of decisionmakers makes it possible to persuade the public to participate
in policy uptake. The government's responsibility is to secure
a safe vaccine and to make decisions transparently. The
responsibility of the media is to provide accurate and detailed
reports on the benefits of vaccines according to the science
and the evidence. The accountability of the people is to get
vaccinated, wear masks, and maintain social distancing.
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No one is safe until everyone is safe. When everyone is
responsible and accountable in their role, COVID-19 will be
eliminated.
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ABSTRACT
The variant B.1.1.7 of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the
RNA virus causing the pandemic more than a year worldwide, was reported from United
Kingdom (UK) in late December 2020. It was reported that mortality increases by 65% and
transmissibility increases by 70%, which may result in an increase of reproduction number
to 1.13−1.55 from 0.75−0.85. To analyze the global increasing trend of the variant B.1.1.7, we
extracted results of B.1.1.7 from GISAID on May 11 and May 12, 2021, and conducted a doseresponse regression. It took 47 days to reach 20% and 121 days to reach 50% among the
sequence submitted from UK. In Korea, cases of B.1.1.7 have increased since the first report of
three cases on December 28, 2020. Positive rate of B.1.1.7 in Korea was 21.6% in the week from
May 9 to May 15, 2021. Detection rate of the variants is expected to increase further and new
variants of SARS-CoV-2 are emerging, so a close monitoring and control would be maintained
for months.
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Introduction
The world has suffered extensively from the severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) pandemic, with 167 million cases and 3.5 million deaths worldwide as of May
23, 2021 [1]. Since its introduction, several mutations have been reported, such as D614G in
China and the 69/70 deletion in Denmark [2−4]. In mid-December 2020, the United Kingdom
(UK) and South Africa reported locally emerged variants, followed by a report a few days later
of a new variant in 4 people entering Japan from Brazil on January 10, 2021 [5]. The variant that
emerged in England (a.k.a., the B.1.1.7 lineage, GR, VOC 202012/01, N501Y, 501Y.V1, or 20I/501Y.
V1) was assessed by the UK’s advisory panel on December 18, 2020, and the Prime Minister
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Boris Johnson mentioned that the B.1.1.7 variant could
increase the transmissibility of SARS-CoV-2 by 70% and/or
the reproduction number (R) by 0.4 [6]. These possibilities
pose global concerns for the impact of the B.1.1.7 variant
on the SARS-CoV-2 pandemic. Here, we summarized the
epidemiological findings of the UK variant and its impact
on transmissibility based on investigations in the UK [7−12],
and analyzed global trends in its spread.

Materials and Methods
A Short History of the Discovery of the UK Variant
The UK has a coronavirus disease 2019 (COVID-19) surveillance
system including genomic profiling under the COVID-19
Genomics Consortium UK (CoG-UK). As part of an epidemiological
investigation to investigate the increasing trend of COVID-19
cases starting in September 2020 in the UK, available genomic
data from 255 cases in Kent, England (a county in the southeast
region) were analyzed [8]. A large phylogenetic cluster of 117
genomically similar cases was discovered from the samples
of 255 cases in the Kent data collected from November 10 to
18, which was very distinct from the rest of the UK dataset. In
the UK dataset (available genomes of 915 cases on the analysis
date of December 8, 2020), a distinct Kent cluster was observed
mostly from November (828 cases, 90.5%) and to a lesser
extent in October (79 cases, 8.6%), with the earliest records
dating from September (4 cases, 0.4%).
Information regarding the B.1.1.7 variant was simultaneously
or subsequently reported from the UK, either by the government
or research institutes, starting on December 20, 2020. This
paper summarizes the main results of recent reports, which
are: (1) a paper regarding the genomic characteristics of B.1.1.7
reported by researchers from CoG-UK [11]; (2) 4 technical reports
including epidemic and epidemiological characteristics reported
by Public Health England (PHE) from December 20 to January
15 [7−10]; and (3) a mathematical modeling paper on the
transmissibility and reproduction number of B.1.1.7 in the
UK by researchers from Imperial College and CoG-UK [12].

Profile and Nomenclature of the B.1.1.7 Variant
The two earliest samples were collected from Kent on
September 20 and from Greater London on September 21,
2020 [11], and samples continued to be detected through
early December 2020. The new distinct variant belonged
to the B.1.1.7 lineage and the GR clade. The variant involves
non-synonymous mutations or deletions (e.g., N501Y, 69/70
deletion, P681H, and the ORF8 stop codon mutation) in the
receptor binding domain (RBD) of the spike protein, which can
induce an increased ACE2 receptor affinity of the spike protein
of SARS-CoV-2 in the airway [13].
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The variant has been named in several ways based on
different nomenclature systems: (1) “VOC 202012/01,” designated
as a variant of concern (VOC) followed by year, month, and
number [8]; (2) the “B.1.1.7 lineage,” based on the dynamic lineage
nomenclature system of SARS-CoV-2 suggested by Rambaut
et al. (PANGO lineages, cov-lineages.org) [14]; (3) “20I/501Y.V1,”
applying “20I” from the Nextstrain clade naming strategy
combining the year and letter in a system developed 5 years
ago for seasonal influenza and extended for SARS-CoV-2
since January 2020 (nextstrain.org) [15], and “501Y.V1” which
denotes the replacement of asparagine (N) by tyrosine (Y) in
the RBD of the spike protein at position 501. “V1” stands for
the first variant examined of N501Y.

Analysis of Global Trends of B.1.1.7 Based on the Reports
of GISAID
GISAID is a publicly accessible database launched in 2008
that contains genomic information on influenza viruses and
SARS-CoV-2. Information on 6 SARS-CoV-2 variants (B.1.1.7,
B.1.351, P.1, B.1.429 & B.1.427, B.1.525, and B.1.617) is provided
through the web-based platform as of May 26, 2021 [16]. A
weekly report of relative variant genome frequency per region
provided as a graph from GISAID was extracted on May 11 and
May 12, 2021 and analyzed using dose-response regression
in MedCalc version 19.8 (MedCalc Software Ltd., Ostend,
Belgium).

Results
Epidemic of the Variant in the UK
Through routine genomic surveillance of SARS-CoV-2 in the
UK, a total of 6,008 cases of the B.1.1.7 variant were identified
as of January 4, 2021 [9]. Geographically, the B.1.1.7 variant has
largely been reported in the Southeast region and Greater
London compared to other regions, although the samples are
non-random and not representative of all COVID-19 cases
in the country (Figure 1A). Instances of local authorities
identifying the B.1.1.7 variant increased steeply from late
October to early December (Figure 1C) [12].
Since the genomic surveillance program includes only
a small fraction of COVID-19 cases and it takes 2 weeks to
analyze the results from testing using whole-genome scans,
the UK researchers used a proxy to indicate the presence
of the B.1.1.7 variant: S gene target failure (SGTF) [10,12]. The
UK has a high-throughput national testing program including
4 types of tests known as pillars [8]. Pillar 2 is the UK government
testing program, including lighthouse laboratories and specially
arranged laboratories from the public, private, and academic
sectors. SGTF was observed from the results using a Thermo
Fisher (TaqPath) probe in the lighthouse laboratories. Coincidently,

https://doi.org/10.24171/j.phrp.2021.0037

ondon

North East
England

Yeonju Kim et al.
North West
England

A

Yorkshire

B

London

00 seq
01

North East
England

East
Midlands
West
Midlands

Yorkshire

Eastern
England
Greater
London

VOC-202012/01 per 100 seq
No VOC-202012/01
0.01–1.59
1.60–3.99
4.00–8.99
9.00–17.99
18.00–40.99
≥41.00
Data suppressed

South West
England

South East
England

East
Midlands
West
Midlands

Eastern
England
Greater
London

(A)

(B)

C

North West
England

South West
England

South East
England

200

(B)

200

100

0
Oct-01

Nov-01

LTLAs with VOC

LTLAs with VOC

(A)
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SGTF, whereas
0
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sequences, based on an analysis of 14,950 tested samples from
October 12 to December 27, 2020 that had both sequencing
and SGTF results. In addition, the weekly proportion of the
B.1.1.7 variant among all Δ69−70 sequences among all pillar
2 sequences increased from 3% in the week of October 12 to
88% in the week of November 16 and over 98% in the week of
December 7, suggesting that the B.1.1.7 variant is correlated with
SGTF [9].
Correlated with the spatial distribution of B.1.1.7 cases (Figure 1A),
the SGTF cases were predominantly distributed in the southeast
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Figure 1.

(A) SARS-CoV-2 B.1.1.7 cases per 100 sequences in England by local
authorities from September 20, 2020 to January 4, 2021 (extracted from
Chand et al. [9]). (B) Nine regions in England (map downloaded from
Wikipedia). (C) Local authorities of identifying SARS-CoV-2 B.1.1.7 cases
in England from October 1 to December 5, 2020 (extracted from Volz et al.
[12]). LTLA, lower tier local authority; VOC, variant of concern.

region and Greater London, spreading out to other regions in later
weeks (Figure 2A) [9]. The proportion of SGTF cases increased
every week in every region in England since September 1, and
SGTF cases accounted for more than 50% of all tested cases in
Nov-01
Dec-01
most of the regions except Yorkshire and Humber. In particular, it
comprised over 75% of cases in the east of England, London, and
southeast since December (Figure 2B) [7]. Volz et al. [12] examined
(C)
the time trend of cases in the SGTF group (S−) and non-SGTF
group (S+) separately, and reported that the S− group consistently
increased, while the incidence of the S+ group was controlled
under the lockdown (Figure 2C).
The sex distribution was similar between the S− and S+
groups (Figure 3A). The number of SGTF cases was largest in
the age group of 25 to 59, while the proportion of the S− group
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Proportion of Pillar 2 COVID-19 cases with SGTF among those tested in TaqPath Labs, by local authority
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similarly increased in recent weeks in every age group, reaching
76.2% in those aged under 25, 77.1% in those aged between 25
and 59, and 74.5% in those aged over 60 in the most recent week
of January 5, 2021 (Figure 3B) [7].

The median age of patients was about 36 years old, with a
sex distribution of 48.6% male and 51.4% female (Table 1). The
proportion of Asians was slightly higher in the wild-type group.
Compared to the wild-type group, the B.1.1.7 variant group showed
a lower hospitalization rate (0.9% vs. 1.5%), a higher case fatality
rate (0.89% vs. 0.73%; odds ratio, 1.21), and a lower re-infection
rate (1.13 vs. 1.70 per 1,000), but all results were statistically nonsignificant [10]. However, from an updated result published
on January 21, 2021 in a SAGE Meeting Paper, the relative
risk of death within 28 days after having a polymerase chain
reaction (PCR) test was 1.65 in SGTF cases versus non-SGTF
cases (95% confidence interval [CI], 1.21−2.25) [17].
SGTF cases (n =392,628)
The secondary attack rate was analyzed from the contact

Epidemiological Characteristics of B.1.1.7
The preliminary results of a case-case comparison study reported
epidemiological characteristics including the hospitalization
and fatality rates [10]. In total, 1,769 cases of the B.1.1.7 variant were
identified from September 20 to December 15, 2020 based on the
specimen date. The cases were 1:1 frequency-matched to wild-type
(non-SGTF) cases by sex, age group, upper tier local authority of
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Table 1. Epidemiologic characteristics of 3,538 VOC and non-VOC cases in England
VOC group
(n = 1,769)

Characteristic

Wild type group
(n = 1,769)

p

Median age (y)
Sex (%)
Male
Female
Race (%)
White
Black
Asian
Residential typea) (%)

36

35

NR
NR

48.6
51.4

48.6
51.4

75.2
5.9
10.1
63.5

Proportion of White and Black
similar to VOC group

Hospitalization rate (case, %)
Case fatality rate (case, %)b)
Reinfection rate (/1,000)c)

16 (0.9)
12/1,340 (0.89)
1.13

26 (1.5)
10/1,360 (0.73)
1.70

NR

13.5
56.1

< 0.01
0.16
0.65
1.00

Organized from Chand et al. [10].
VOC, variant of concern; PHE, Public Health England; NR, not reported.
a)
Resides in residential cluster. b)Men and women who have passed 28 days since the last date of sample collection (n = 2,700). In another report
discussed at the SAGE meeting of PHE, United Kingdom on January 21, 2021 [16], it was updated to 104 deaths in non-S gene target failure (SGTF) cases
(0.2%) and 65 deaths in SGTF cases (0.1%) with a risk ratio of 1.65 (95% confidence interval, 1.21−2.25). c)Those with positive results of polymerase chain
reaction (PCR) within 90 days of the last date of positive PCR.

Table 2. Attack rate of severe acute respiratory syndrome coronavirus 2 in United Kingdom grouped by test type and the
test results
Test type
Whole genome sequencing
VOC
Non-VOC
No sequence data
TaqPath assay
SGTF (S−)
Non-SGTF (S+)
No SGTF data

Contacts of
the group
956,519
9,228
11,269
936,022
956,519
262,769
262,232
431,518

Contacts
become cases
121,072
1,361
1,244
118,467
121,072
39,277
28,770
53,025

Attack rate (%)
12.7
14.7
11.0
12.7
12.7
14.9
11.0
12.3

Organized from Chand et al. [9].
VOC, variant of concern; SGTF, S gene target failure.

tracing data in the NHS Test and Trace in the UK [9]. In total,
956,519 contacts were reported to the NHS Test and Trace
from November 30 to December 20, 2020. To examine the
attack rate by B.1.1.7 status or SGTF positivity, the attack rate
was calculated by test type (whole-genome scanning or PCR
by TaqPath) (Table 2) [9]. The attack rate of the B.1.1.7 group
was 14.7% and that of the SGTF group was 14.9%; these rates
were higher than those of the non-B.1.1.7 group (11.0%) and
the non-SGTF group (11.0%). The average attack rate of total
cases and contacts was 12.7%.

effect, Bayesian), the additive effect size of time-varying
reproduction number (Rt) of the B.1.1.7 variant was between
0.36 to 0.68 compared to the non-B.1.1.7 group. In detail, the Rt
was estimated to be 0.48 to 0.68 higher in B.1.1.7 variant cases
and 0.36 to 0.52 higher in SGTF cases compared to other
variants. The mean Rt difference was 0.51 (95% CI, −0.09 to
1.10) and the mean ratio of the Rt of B.1.1.7 and non-B.1.1.7
groups was 1.56 (95% CI, 0.92−2.28), as estimated using SGTF
frequencies in data from November 1 to December 12, 2020
[12].

Transmissibility of B.1.1.7

Increasing Trend of B.1.1.7 by Continents

Volz et al. assessed the associations of the B.1.1.7 variant with
the SARS-CoV-2 reproduction number [12,18]. To summarize
the results from regression models (fixed effect, random

Since the first week when B.1.1.7 was reported in the UK
and each continent, the days taken to reach a 20% positive
rate among the sequences submitted to GISAID was 47 days
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was 178 days for B.1.1.7 to reach 50% among the reported
sequences to GISAID (Figure 4F). In Asia, the growth rate of
1.0 been slower than the global average: it took 140
B.1.1.7 has
days to reach a 20% positive rate of B.1.1.7, and it has not yet
reached 50% as of May 12, 2021 (Figure 4E).
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Discussion
It was found that B.1.1.7 emerged in September 2020 in
southeast England, and its prevalence dramatically increased
through December 2020. More than half of COVID-19 cases
throughout England and more than 75% in east England and
Greater London were estimated to be B.1.1.7 as of December
15, 2020. The reproduction number was estimated to be 1.57fold higher in the B.1.1.7 group compared to the non-VOC
group. Transmissibility and fatality rates were 70% [12] and
65% [17] higher in the B.1.1.7 group than in the non-B.1.1.7
group, respectively. The secondary attack rate of the B.1.1.7
variant was also higher (14.7%) than that of the non-B.1.1.7
group (11.0%) [9].
In the PHE reports, SGTF was used as a proxy for 501Y.V1.
Since SGTF is a result of 69/70 deletion, which has arisen
multiple times through the global SARS-CoV-2 pandemic,
SGTF testing detects any variant containing the 69/70
deletion, including but not necessarily limited to the B.1.1.7
variant. The PHE recognized this concern and examined
the weekly percentage of B.1.1.7 in all cases of 69/70 deletion
detected through pillar 2, and found that it was 80% since
November 9, over 90% since November 23, and over 98%
since December 7, and was therefore confident in applying
SGTF as a proxy for the B.1.1.7 variant [9].
SARS-CoV-2 is a rapidly-evolving RNA virus that is suggested
to have 1 to 2 mutations per month [19]. The first widely
distributed mutation was the spike mutation D614G, which first
emerged from China in late January or early February 2020
and rapidly spread geographically and temporally, and became
the dominant genotype globally in May 2020 [4]. The D614G
mutation is expected not to be associated with a greater
severity, but to be associated with a higher viral load and to
affect younger people; thus, it may have contributed to the
second wave in Korea, Europe, and worldwide. A distinct
characteristic of B.1.1.7 compared to D614G is that the proportion
of B.1.1.7 cases has been consistent across age groups, although
the number of affected individuals was highest in the age
group of 25 to 49 years old in the UK.
Just a few days after B.1.1.7 was reported, a similar variant
(including N501Y, but not Δ69−70) was reported from South
Africa in samples from October 2020 [20] (named the B.1.351
lineage, GH, or 20C/501Y.V2), followed by reports from
Botswana and Zambia [21,22]. As of January 25, 2021, the
World Health Organization (WHO) reported that B.1.1.7 had
been detected in 70 countries in all 6 WHO regions and 501Y.
V2 in 31 countries [23]. A few days later, another emerging
variant from Brazil was reported from travelers entering
Japan (named the P.1 variant, GR, B.1.1.28., 20B, or E484K) [5].
This variant includes mutations of N501Y, E484K, K417T, and
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a deletion in ORF1b (del11288-11296) in the spike protein. In
addition to the P.1 variant, a distinct but similar variant was
reported in Brazil (P.2, B.1.1.28., E484K mutation), expanding
to 8 countries including Japan, Korea, and Singapore in Asia
as of January 25, 2021 [23].
Distinct from B.1.1.7, the B.1.351 and P.1 variants can escape
the neutralizing antibody responses of plasma antibody
treatment, thereby reducing the efficacy of S-protein-based
vaccine-induced antibodies, which is alarming [24]. The
effectiveness of the Pfizer-BioNTech vaccine was 86.5% for
B.1.1.7, and 75.0% for B.1.351 for those who received at least
1 dose of the vaccine in Qatar [25]. The efficiency of the
AstraZeneca vaccine was 72.3% against all symptomatic
cases, 70.4% against B.1.1.7, and 81.5% against other variants in
a phase 2/3 vaccine efficacy study conducted in the UK [26].
As a summary of the current knowledge, the developed
vaccines for COVID-19 are effective for reducing symptomatic
cases of B.1.1.7. In contrast, vaccine efficiency has been reported
to be much lower for B.1.351; the efficacy of the AstraZeneca
vaccine was 21.9% in all cases but 10.4% in B.1.351 cases in a
phase 1b-2 clinical trial conducted in South Africa [27].
The first official report of the B.1.1.7 variant in Korea was 3
cases in a family, all of whom entered Korea from the UK on
December 22 [28]. As of January 29, 2021, 23 cases of B.1.1.7,
6 cases of 501.V2, and 5 cases of the P.1 or P.2 variants had
been reported in Korea. Among 23 cases of B.1.1.7, except
4 cases of family members who contacted the case at the
airport or at home, all of the cases were people who entered
from abroad. Cases of variants have increased since December
2020 in Korea, and cumulatively 904 cases of B.1.1.7, 111 cases
of 501.V2, and 11 cases of P.1 or P.2 variants were reported
among 9,977 genetically analyzed cases as of May 18, 2021
[29]. In the second week of May 2021 (from May 9 to May 15,
2021), the number of detected cases of B.1.1.7 was 199 among
921 sequence-analyzed cases (21.6%). Unlike the variant
cases in January which were mostly detected at entry or
during quarantine after entry to Korea from abroad, many
of the recent B.1.1.7 cases involved transmission within Korea
and surpassed cases from abroad: 592 cases (65.5%) were
domestic and 312 (34.5%) cases were from abroad out of the
904 cases of B.1.1.7 as of May 18. Meanwhile, the reproduction
number in Korea increased from 0.82−0.96 in January 2021,
to 0.94−1.04 in May 2021 [30]. This increment is less than the
expected increase suggested by Volz et al. [12,18], which can
be attributed to the strengthened control during quarantine
and within Korea, including identification of a broader range
of contacts of variant cases compared to non-variant cases.
However, the types and number of cases of SARS-CoV-2
variants are increasing in Korea, and close monitoring must
be continued.
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As of May 26, 2021, it is reported that B.1.1.7 has spread to
151 countries, B.1.351 to 106 countries, and P.1 to 61 countries,
including verified and unverified cases [31]. Ongoing research is
exploring the transmissibility and epidemiological characteristics
of SARS-CoV-2 variants, as well as their associations with
vaccines and treatment. Even though the characteristics of SARSCoV-2 variants are not clearly understood, it is well-known that
non-pharmaceutical interventions such as social distancing and
wearing masks are effective for reducing the transmissibility
of SARS-CoV-2.

[Internet]. London: Public Health England; 2021 [cited 2021 Jan 15].
Available from: https://assets.publishing.service.gov.uk/government/
uploads/system/uploads/attachment_data/file/959359/Variant_of_
Concern_VOC_202012_01_Technical_Briefing_4.pdf.
8. Chand M, Hopkins S, Dabrera G, et al. Investigation of novel SARSCoV-2 variant: variant of concern 202012/01, technical briefing 1
[Internet]. London: Public Health England; 2020 [cited 2021 Jan 5].
Available from: https://assets.publishing.service.gov.uk/government/
uploads/system/uploads/attachment_data/file/959438/Technical_
Briefing_VOC_SH_NJL2_SH2.pdf.
9. Chand M, Hopkins S, Dabrera G, et al. Investigation of novel SARS-

Notes

CoV-2 variant: variant of concern 202012/01, technical briefing 3

Ethics Approval

Available from: https://assets.publishing.service.gov.uk/government/

Not applicable.

Conflicts of interest
The authors have no conflicts of interest to declare.

Funding
None.

Availability of Data
All data generated or analysed during this study are included or cited in
this published article. For other data, these may be requested through
the corresponding author.

Authors’ Contributions
Conceptualization: YK, DK, SWL; Data review and analysis: YK, DK, EJK;
Writing–original draft: YK. Writing–review & editing: DK, SWL, EJK.

References

[Internet]. London: Public Health England; 2021 [cited 2021 Jan 15].
uploads/system/uploads/attachment_data/file/959360/Variant_of_
Concern_VOC_202012_01_Technical_Briefing_3.pdf.
10. Chand M, Hopkins S, Dabrera G, et al. Investigation of novel SARSCoV-2 variant [Internet]. London: Public Health England; 2020 [cited
2021 Jan 5]. Available from: https://assets.publishing.service.gov.uk/
government/uploads/system/uploads/attachment_data/file/959361/
Technical_Briefing_VOC202012-2_Briefing_2.pdf.
11. Rambaut A, Loman N, Pybus O, et al. Preliminary genomic characterisation
of an emergent SARS-CoV-2 lineage in the UK defined by a novel set
of spike mutations [Internet]. Virological; 2020 Dec 20 [cited 2021
Jan 5]. Available from: https://virological.org/t/preliminary-genomiccharacterisation-of-an-emergent-sars-cov-2-lineage-in-the-ukdefined-by-a-novel-set-of-spike-mutations/563.
12. Volz E, Mishra S, Chand M, et al. Transmission of SARS-CoV-2 lineage

1. World Health Organization (WHO). WHO coronavirus (COVID-19)

B.1.1.7 in England: Insights from linking epidemiological and genetic

dashboard [Internet]. Geneva: WHO; 2020 [cited 2021 May 23]. Available

data [Preprint]. Posted 2020 Dec 31. medRxiv 2020.12.30.20249034.

from: https://covid19.who.int.
2. Baric RS. Emergence of a highly fit SARS-CoV-2 variant. N Engl J Med
2020;383:2684-6.
3. Kemp SA, Datir RP, Collier DA, et al. Recurrent emergence and transmission
of a SARS-CoV-2 spike deletion H69/V70 [Preprint]. Posted 2020 Dec 21.
bioRxiv 2020.12.14.422555. https://doi.org/10.1101/2020.12.14.422555.
4. World Health Organization (WHO). Disease outbreak news: SARS-CoV-2
variants [Internet]. Geneva: WHO; 2020 World Health Organization
(WHO). Disease outbreak news: SARS-CoV-2 variants [Internet]. Geneva:
WHO; 2020 [2020 Dec 31]. Available from: https://www.who.int/csr/
don/31-december-2020-sars-cov2-variants/en/.

https://doi.org/10.1101/2020.12.30.20249034.
13. Starr TN, Greaney AJ, Hilton SK, et al. Deep mutational scanning of SARSCoV-2 receptor binding domain reveals constraints on folding and ACE2
binding. Cell 2020;182:1295-310.e20.
14. Rambaut A, Holmes EC, O'Toole A, et al. A dynamic nomenclature
proposal for SARS-CoV-2 lineages to assist genomic epidemiology. Nat
Microbiol 2020;5:1403-7.
15. Hadfield J, Megill C, Bell SM, et al. Nextstrain: real-time tracking of
pathogen evolution. Bioinformatics 2018;34:4121-3.
16. GISAID. Tracking of variants [Internet]. GISAID; 2020 [cited 2021 May
11]. Available from: https://www.gisaid.org/hcov19-variants/.

5. Reuters. Japan finds new coronavirus variant in travellers from Brazil

17. Horby P, Huntley C, Davies N, et al. NERVTAG note on B. 1.1. 7 severity:

[Internet]. Reuters; 2021 Jan 10 [cited 2021 Jan 10]. Available from:

presented to SAGE on 21/1/21 [Internet]. [cited 2021 Jan 21]. Available

https://www.reuters.com/article/us-health-coronavirus-japan-

from: https://assets.publishing.service.gov.uk/government/uploads/

variant-idUSKBN29F08R.

system/uploads/attachment_data/file/961037/NERVTAG_note_on_

6. Gallagher J. New coronavirus variant: what do we know? [Internet].
BBC; 2020 Dec 20 [cited 2020 Dec 20]. Available from: https://www.
bbc.com/news/health-55388846.
7. Chand M, Hopkins S, Achison C, et al. Investigation of novel SARSCoV-2 variant: variant of concern 202012/01, technical briefing 4

https://doi.org/10.24171/j.phrp.2021.0037

B.1.1.7_severity_for_SAGE_77__1_.pdf.
18. Volz E, Hill V, McCrone JT, et al. Evaluating the effects of SARS-CoV-2
spike mutation D614G on transmissibility and pathogenicity. Cell
2021;184:64-75.e11.
19. Duchene S, Featherstone L, Haritopoulou-Sinanidou M, et al.

147

The early spread of B.1.1.7 variant of SARS-CoV-2

Temporal signal and the phylodynamic threshold of SARS-CoV-2.
Virus Evol 2020;6:veaa061.
20. Tegally H, Wilkinson E, Giovanetti M, et al. Emergence and rapid spread
of a new severe acute respiratory syndrome-related coronavirus 2

26. Emary KR, Golubchik T, Aley PK, et al. Efficacy of ChAdOx1 nCoV-19
(AZD1222) vaccine against SARS-CoV-2 variant of concern 202012/01
(B.1.1.7): an exploratory analysis of a randomised controlled trial.
Lancet 2021;397:1351-62.

(SARS-CoV-2) lineage with multiple spike mutations in South Africa

27. Madhi SA, Baillie V, Cutland CL, et al. Efficacy of the ChAdOx1 nCoV-19

[Preprint]. Posted 2020 Dec 22. medRxiv 2020.12.21.20248640. https://

Covid-19 vaccine against the B.1.351 variant. N Engl J Med 2021;384:1885-

doi.org/10.1101/2020.12.21.20248640.

98.

21. World Health Organization (WHO). Seven things to know about

28. Korea Centers for Disease Control and Prevention (KCDC). COVID-19

COVID-19 variants in Africa [Internet]. Brazzaville: WHO Africa; 2021

in Korea: current status [Internet]. Cheongju (KR): KCDC; 2020 Dec

Jan 22 [cited 2021 Jan 22]. Available from: https://www.afro.who.int/

28 [cited 2021 May 24]. Available from: http://www.kdca.go.kr/board/

news/seven-things-know-about-covid-19-variants-africa.

board.es?mid = a20501020000&bid = 0015&list_no = 711602&cg_

22. Centers for Disease Control and Prevention (CDC). Science brief:

code = C01&act = view&nPage = 42.

emerging SARS-CoV-2 variants [Internet]. Atlanta: CDC; 2021 [cited

29. Korea Centers for Disease Control and Prevention (KCDC). COVID-19

2021 Jan 28]. Available from: https://www.cdc.gov/coronavirus/2019-

in Korea: current status [Internet]. Cheongju (KR): KCDC; 2021 May

ncov/science/science-briefs/scientific-brief-emerging-variants.

18 [cited 2021 May 24]. Available from: http://www.kdca.go.kr/board/

html.

board.es?mid = a20501020000&bid = 0015&list_no = 713349&cg_

23. World Health Organization (WHO). COVID-19 weekly epidemiological
update, 27 January 2021 [Internet]. Geneva: WHO; 2021 [cited 2021 Jan

code = C01&act = view&nPage = 3.
30. Korea Centers for Disease Control and Prevention (KCDC). COVID-19

28]. Available from: https://apps.who.int/iris/handle/10665/339547.

in Korea: current status [Internet]. Cheongju (KR): KCDC; 2021 May

24. Reuters. New COVID-19 variant defeats plasma treatment, may

24 [cited 2021 May 24]. Available from: http://www.kdca.go.kr/board/

reduce vaccine efficacy [Internet]. Reuters; 2021 Jan 21 [cited 2021

board.es?mid = a20501020000&bid = 0015&list_no = 713398&cg_

Jan 28]. Available from: https://www.reuters.com/article/us-healthcoronavirus-safrica-variant-idUSKBN29P2HJ.

code = C01&act = view&nPage = 1.
31. Centers for Disease Control and Prevention (CDC). Global variants

25. Abu-Raddad LJ, Chemaitelly H, Butt AA, et al. Effectiveness of the

report [Internet]. CDC; 2020 [cited 2021 May 24]. Available from:

BNT162b2 Covid-19 vaccine against the B.1.1.7 and B.1.351 variants. N

https://covid.cdc.gov/covid-data-tracker/#global-variant-report-

Engl J Med 2021 May 5 [Epub]. http://doi.org/10.1056/NEJMc2104974.

map.

148

https://doi.org/10.24171/j.phrp.2021.0037

pISSN 2210-9099 eISSN 2233-6052
https://doi.org/10.24171/j.phrp.2020.0372
Osong Public Health Res Perspect 2021;12(3):149-157

Original Article

A spatial analysis of the association between social
vulnerability and the cumulative number of confirmed
deaths from COVID-19 in United States counties
through November 14, 2020
Baksun Sung
Department of Sociology, Social Work, and Anthropology, Utah State University, Logan, UT, USA

ABSTRACT
Objectives: Coronavirus disease 2019 (COVID-19) is classified as a natural hazard, and social
vulnerability describes the susceptibility of social groups to potential damages from natural
hazards. Therefore, the objective of this study was to examine the association between social
vulnerability and the cumulative number of confirmed COVID-19 deaths (per 100,000) in 3,141
United States counties.
Methods: The cumulative number of COVID-19 deaths was obtained from USA Facts. Variables
related to social vulnerability were obtained from the Centers for Disease Control and Prevention
Social Vulnerability Index and the 2018 5-Year American Community Survey. Data were analyzed
using spatial autoregression models.
Results: Lowest income and educational level, as well as high proportions of single parent
households, mobile home residents, and people without health insurance were positively
associated with a high cumulative number of COVID-19 deaths.
Conclusion: In conclusion, there are regional differences in the cumulative number of COVID-19
deaths in United States counties, which are affected by various social vulnerabilities. Hence,
these findings underscore the need to take social vulnerability into account when planning
interventions to reduce COVID-19 deaths.
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Introduction
Coronavirus disease 2019 (COVID-19) is an extremely infective respiratory ailment, caused by
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) [1]. The cumulative confirmed
COVID-19 death for the United States was 242,431 as of November 14, 2020, which is the highest
in the world [2]. The case fatality rate of COVID-19 in the United States was 2.3%, compared to
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the world average of 2.4% as of November 14, 2020 [3]. The
case fatality rate of COVID-19 (2.3%) is higher than that of
the seasonal flu (0.1%) in the United States [4]. In addition,
SARS-CoV-2 is more contagious than other corona viruses
such as SARS-CoV and Middle East respiratory syndrome
coronavirus [1] which has led to a public health crisis in the
United States.
Social vulnerability is defined as the vulnerability of
a social group to potential damage from hazards [5,6] and
the characteristics of a group with regard to its ability to
cope with the effects of social and natural hazards [7]. Social
vulnerability is influenced by social, economic, demographic,
and geographic features, which determine exposure to
hazards as well as a community’s ability to cope with hazards
[8]. Measures of social vulnerability include socioeconomic
status [9–11], disability [12], minority status [13], demographic
make-up by age [14,15], race and ethnicity [16,17], housing
status [18,19], family structure [20], social security [21], and
public health conditions [22,23].
Social vulnerability also has a major influence on mortality
and health outcomes. Specifically, high social vulnerability is a
predictor of mortality [24]. Public health conditions, including
access to healthcare are closely related to the health status of
a population [22]. Poor public health conditions are generally
linked to other measures of social vulnerability such as low
socioeconomic status and poor quality of housing [25]. Thus,
social vulnerability is deep-rooted in social structures that
lead to an unequal distribution of exposure to hazards and
create social problems [26].
Pandemics, such as the COVID-19 pandemic, are considered
natural hazards [27], and social vulnerability includes the
susceptibility of groups to potential damages from natural
hazards [5,6]. Hence, COVID-19 deaths are likely to vary
according to levels of social vulnerability. In one study, high
social vulnerability was positively associated with a higher
rate of COVID-19 deaths in Chicago, IL, USA [8]. However, little
is known about the association between social vulnerability
and COVID-19 deaths across the United States. Therefore,
the objective of this study was to examine the association
between social vulnerability and the cumulative number of
confirmed COVID-19 deaths (per 100,000) in 3,141 counties
in the United States.

Materials and Methods
Data
This study analyzed the cumulative number of confirmed
COVID-19 deaths over a fixed time period using pre-existing
cross-sectional social vulnerability data in counties in the
United States. First, to analyze the association between
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social vulnerability and COVID-19 deaths, the number of
confirmed COVID-19 deaths in counties in the United States
was obtained from USA Facts [2]. At the time of this study,
USA Facts released data on the cumulative number of
COVID-19 deaths every day. For this study, the cumulative
number of confirmed COVID-19 deaths up to November 14,
2020, was analyzed. The dependent variable (cumulative
number of confirmed COVID-19 deaths) was changed to a
per capita figure (deaths per 100,000 residents) to minimize
the effect of the number of residents in a county on the
dependent variable. The cumulative number of COVID-19
deaths (per 100,000) was mapped (Figure 1). The dependent
variable was log-transformed to reduce skewness.
Second, variables related to social vulnerability were
obtained from the Centers for Disease Control and Prevention
(CDC) Social Vulnerability Index [28] and the 2018 5-Year
American Community Survey at the county level [29]. Fifteen
high social vulnerability variables (flags) were obtained from
the CDC Social Vulnerability Index. Flags are interpreted as
follows: “tracts in the top 10%, i.e., at the 90th percentile of
values, are given a value of 1 to indicate high vulnerability
whereas tracts below the 90th percentile are given a value
of 0” [28]. Next, the percentage of people without health
insurance and 2 control variables (population and the
percentage of male) were obtained at the county level from
the 2018 5-Year American Community Survey.
This study did not require approval from the Institutional
Review Board because the datasets were secondary data
that did not include personal information.

Data Analysis
The ordinary least squares (OLS) regression model assumes
that all variables are independent, which ignores potential
spatial dependencies that might lead to bias related to
potential spatial autocorrelation [30,31]. The fundamental
law of geography states that spatial units near to each other
are more strongly related, even though every spatial unit is
related to everything else [30]. Hence, to control potential
bias related to spatial autocorrelation, spatial autoregression
models were applied in the study. This is supported by Table
1. A low value of the Akaike information criterion (AIC)
indicates that a model is more appropriate; on this basis, the
spatial lag and spatial error model were deemed appropriate
for use (AIC values: OLS, 10,179.03; spatial lag, 9,806.87; spatial
error, 9,754.02).
First, the spatial lag model states that “outcome in one
spatial unit is linked to outcome in another spatial unit”
[32]. The main purpose of this model is to correct for spatial
dependence by adopting a term for the effect of the spatially
lagged Y on Y [31,33]. In other words, the outcome variable
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Eastern Washington, eastern Oregon,
Idaho, Montana (Inland Northwest region)

North Dakota,
South Dakota

Northeastern Wisconsin,
Upper Peninsula of Michigan
Detroit-Warren-Dearborn
(MI MSA)

Boston-Cambridge-Newton
(MA-NH MSA)

New York City-Newark-Jersey City
(NY-NJ-PA metropolitan statistical area)

Southeastern California,
southwestern Arizona
Western Kansas,
western Texas
Northeastern Arizona, southeastern
Utah, northwestern New Mexico
(Indian reservations)

Southern Texas
Louisiana, Mississippi, Alabama,
Georgia, South Carolina, Tennessee,
Florida (American South)

Figure 1. Mainland United States map of cumulative number of confirmed deaths from coronavirus disease 2019 (per
100,000 population) by county level through November 14, 2020.

Figure 1.

in location a is affected by its neighboring location [31,33]. It
can be summarized as follows:
Y = ρWY + Xβ + ε

15.0 (StataCorp., College Station, TX, USA).

Results

Eastern Washington, eastern Oregon,
Tables 2 and 3 shows the descriptive statistics. Counties in
Western South Dakota
Montana (Inland Northwest region)
(1)Idaho,
Y is the
dependent variable, (2) ρ is the lag coefficient, (3)
the 90th percentile or higher with regard to the following
North Dakota
W is the spatial weight matrix, (4) β is the coefficient for a
parameters had higher COVID-19 mortality rates than
vector of social vulnerability variables, and (5) ε is the error
counties below the 90th percentile for the corresponding
term.
indicator: (1) the Eastern
percentage
Kentucky,of persons in poverty (mean:
West
Virginia population); (2) the percentage
Second, the spatial error model states that “unobserved
4.292 vs. 3.547 per
100,000
factors in one spatial unit are linked to unobserved factor in
of unemployed persons (mean: 4.045 vs. 3.574 per 100,000
another spatial unit” [32]. In other words, the error term in
population); (3) per capita income (mean: 4.248 vs. 3.551 per
location a is affected by neighboring location b [31,33]. It can
100,000 population); (4) the percentage of persons with no
be summarized as follows:
high school diploma is (mean: 4.279 vs. 3.549 per 100,000
population); (5) the percentage of persons aged 65 and
York City-Newark-Jersey City
Y = Xβ + λWε + v
older (mean: 2.917 vs. 3.697 perNew
100,000
population); (6) the
(NY-NJ-PA metropolitan statistical area)
percentage of persons aged 17 and younger (mean: 3.810
(1) Y is the dependent variable, (2) β is the coefficient for a
vs. 3.600 per 100,000 population); (7) the percentage of
vector of social vulnerability variables, (3) λ is the coefficient,
persons with a disability (mean: 3.467 vs. 3.638 per 100,000
(4) W is the spatial weight matrix, (5) ε is the residual error
population); (8) the percentage of single parent households
Southeastern
matrix, and (6)
v is the normal assumption for the error
(mean: 4.437 vs. 3.532 per 100,000 population); (9) the
Southwestern Texas:
California,
term.
percentage of minorities (mean: 4.329 vs. 3.543 per 100,000
El Paso County
southwestern
Arizona
Westernusing
Kansas,STATA ver.
All Statistical analyses were conducted
population); (10) the percentage of those with limited
western Texas

California's Central
Valley

Northeastern Arizona,
southeastern Utah,
northwestern New Mexico
https://doi.org/10.24171/j.phrp.2020.0372
(Indian reservations)

Southern Texas
Louisiana, Mississippi, Alabama,
Georgia, South Carolina, Florida
(American South)
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Table 1. Results from regression models
Flags

Category

The percentage of persons in poverty is in
the 90th percentile.
The percentage of civilian unemployment is
in the 90th percentile.
Per capita income is in the 90th percentile.
The percentage of persons with no high
school diploma is in the 90th percentile.
The percentage of persons aged 65 and
older is in the 90th percentile.
The percentage of persons aged 17 and
younger is in the 90th percentile.
The percentage of persons with a disability
is in the 90th percentile.
The percentage of single parent households
is in the 90th percentile.
The percentage of minorities is in the 90th
percentile.
The percentage of those with limited English
is in the 90th percentile.
The percentage of households in multi-unit
housing complexes is in the 90th percentile.
The percentage of people living in mobile
homes is in the 90th percentile.
The percentage of crowded households is in
the 90th percentile.
The percentage of households with no
vehicles is in the 90th percentile.
The percentage of persons in institutionalized
group quarters is in the 90th percentile.

No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes

% of people with no health insurance
Population (log-transformed)
% of males
Constant
ρWY
λWε
−2logL
Akaike information criterion

OLS
(n = 3,141)
Ref
−0.007 (0.104)
Ref
0.063 (0.085)
Ref
0.318** (0.102)
Ref
0.370*** (0.093)
Ref
−0.324*** (0.079)
Ref
−0.212* (0.085)
Ref
−0.221** (0.080)
Ref
0.420*** (0.082)
Ref
0.117 (0.095)
Ref
0.126 (0.091)
Ref
−0.304*** (0.084)
Ref
0.420*** (0.082)
Ref
−0.253** (0.092)
Ref
−0.017 (0.086)
Ref
0.161 (0.089)
0.041*** (0.005)
0.263*** (0.018)
−0.060*** (0.010)
3.473*** (0.651)
10,179.03

Spatial lag
(n = 3,141)
Ref
0.008 (0.096)
Ref
0.049 (0.079)
Ref
0.216* (0.095)
Ref
0.280** (0.087)
Ref
−0.254*** (0.073)
Ref
−0.170* (0.079)
Ref
−0.172* (0.075)
Ref
0.303*** (0.081)
Ref
0.122 (0.088)
Ref
0.116 (0.085)
Ref
−0.172* (0.078)
Ref
0.266** (0.077)
Ref
−0.134 (0.086)
Ref
0.047 (0.080)
Ref
0.137 (0.083)
0.032*** (0.005)
0.198*** (0.017)
−0.045*** (0.011)
2.274*** (0.608)
0.372*** (0.018)
9,764.87
9,806.87

Spatial error
(n = 3,141)
Ref
0.051 (0.094)
Ref
0.081 (0.078)
Ref
0.221* (0.093)
Ref
0.286** (0.089)
Ref
−0.285*** (0.076)
Ref
−0.102 (0.083)
Ref
−0.075 (0.080)
Ref
0.165* (0.082)
Ref
0.052 (0.093)
Ref
0.083 (0.088)
Ref
−0.350*** (0.079)
Ref
0.302*** (0.081)
Ref
−0.115 (0.087)
Ref
0.059 (0.081)
Ref
0.069 (0.081)
0.034*** (0.006)
0.291*** (0.021)
−0.031** (0.011)
1.751** (0.621)
0.561*** (0.024)
9,712.02
9,754.02

Data are presented as coefficient (standard error).
OLS, ordinary least squares.
*p < 0.05, **p < 0.01, ***p < 0.001.

Table 2. Descriptive statistics of other variables (n = 3,141)
Variable
Confirmed deaths from COVID-19 per 100,000 (log-transformed)
Population (log-transformed)
% of males
% of people with no health insurance

Mean ± SD

Min

Max

3.621 ± 1.347

0

6.588

10.271 ± 1.489

4.317

16.128

50.087 ± 2.381

41.4

79.0

10.082 ± 5.101

1.7

45.6

SD, standard deviation; COVID-19, coronavirus disease 2019.
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Table 3. Descriptive statistics of fifteen high social vulnerability variables (flags) (n = 3,141)
Flags
The percentage of persons in poverty is in the 90th percentile.
No
Yes
The percentage of civilian unemployment is in the 90th percentile.
No
Yes
Per capita income is in the 90th percentile.
No
Yes
The percentage of persons with no high school diploma is in the 90th percentile.
No
Yes
The percentage of persons aged 65 and older is in the 90th percentile.
No
Yes
The percentage of persons aged 17 and younger is in the 90th percentile.
No
Yes
The percentage of persons with a disability is in the 90th percentile.
No
Yes
The percentage of single parent households is in the 90th percentile.
No
Yes
The percentage of minorities is in the 90th percentile.
No
Yes
The percentage of those with limited English is in the 90th percentile.
No
Yes
The percentage of households in multi-unit housing complexes is in the 90th percentile.
No
Yes
The percentage of people living in mobile homes is in the 90th percentile.
No
Yes
The percentage of crowded households is in the 90th percentile.
No
Yes
The percentage of households with no vehicles is in the 90th percentile.
No
Yes
The percentage of persons in institutionalized group quarters is in the 90th percentile.
No
Yes

n

a)

Mean ± SD

2,830

3.547 ± 1.338

311

4.292 ± 1.236

2,829

3.574 ± 1.338

312

4.045 ± 1.236

2,826

3.551 ± 1.330

315

4.248 ± 1.336

2,830

3.549 ± 1.346

311

4.279 ± 1.163

2,837

3.697 ± 1.256

304

2.917 ± 1.861

2,828

3.600 ± 1.342

313

3.810 ± 1.379

2,830

3.638 ± 1.322

311

3.467 ± 1.550

2,832

3.532 ± 1.339

309

4.437 ± 1.121

2,829

3.543 ± 1.332

312

4.329 ± 1.271

2,826

3.568 ± 1.358

315

4.094 ± 1.139

2,826

3.599 ± 1.380

315

3.823 ± 0.975

2,829

3.560 ± 1.342

312

4.172 ± 1.258

2,839

3.591 ± 1.336

302

3.907 ± 1.409

2,833

3.568 ± 1.327

308

4.111 ± 1.423

2,828

3.616 ± 1.333

313

3.665 ± 1.467

SD, standard deviation.
a)
Mean of confirmed deaths of COVID-19 per 100,000 (log-transformed).
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English proficiency (mean: 4.094 vs. 3.568 per 100,000
population); (11) the percentage of households in multiunit housing complexes (mean: 3.823 vs. 3.599 per 100,000
population); (12) the percentage of mobile home residents
(mean: 4.172 vs. 3.560 per 100,000 population); (13) the
percentage of crowded households (mean: 3.907 vs. 3.591 per
100,000 population); (14) the percentage of households with
no vehicles (mean: 4.111 vs. 3.568 per 100,000 population);
and (15) the percentage of persons in institutionalized group
quarters (mean: 3.665 vs. 3.616 per 100,000 population).
Table 1 shows the results of regression models for social
vulnerability and the cumulative number of COVID-19
deaths. The results of the OLS regression model were
generally similar to the spatial lag model and spatial error
model, but it overestimated the outcome of the percentage
of crowded households in the 90th percentile (OLS,
–0.253**; spatial lag, –0.134; spatial error, –0.115).
Unstandardized coefficients from the spatial autoregression
models indicated that counties in the 90th percentile or above
for the following parameters showed significant associations
with COVID-19 death rates compared to their counterparts:
(1) per capita income (spatial lag: B = 0.216, p < 0.05; spatial
error: B = 0.221, p < 0.05); (2) the percentage of persons with no
high school diploma (spatial lag: B = 0.280, p < 0.01; spatial
error: B = 0.286, p < 0.01); (3) the percentage of persons aged
65 and older (spatial lag: B = −0.254, p < 0.001; spatial error:
B = −0.285, p < 0.001); (4) the percentage of persons aged 17
and younger (spatial lag: B = −0.170, p < 0.05; non-significant
results for the spatial error model); (5) the percentage of
persons with a disability (spatial lag: B = −0.172, p < 0.05;
non-significant results for the spatial error model); (6) the
percentage of single parent households (spatial lag: B = 0.303,
p < 0.001; spatial error: B = 0.165, p < 0.05); (7) the percentage
of households in multi-unit housing complexes (spatial lag:
B = −0.172, p < 0.05; spatial error: B = −0.350, p < 0.001); (8) the
percentage of mobile home residents (spatial lag: B = 0.266,
p < 0.01; spatial error: B = 0.302, p < 0.001); (9) the percentage
of persons without health insurance (spatial lag: B = 0.032,
p < 0.001; spatial error: B = 0.034, p < 0.001).
The log likelihood ratio (spatial lag, 9,764.87; spatial error,
9,712.02) and AIC (spatial lag, 9,806.87; spatial error, 9,754.02)
were lower for the spatial error model, implying that it
would be more appropriate. However, both models were
used herein because the differences between the 2 models
were not major.

Discussion
This study found that low income and low educational levels
were positively associated with a higher cumulative number
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of COVID-19 deaths. Economic hardship has been associated
with the risk of mortality [34–36]. In 2000, Mirowsky et al.
[37] showed that, for populations below the 20th percentile
for income, the risk of mortality rose increasingly sharply
closer to the lowest levels of income. People with a low
education level tend to experience economic hardship since
they are more likely to work part-time or be unemployed
than those with high education levels [37]. In addition, a
low educational level decreases one’s sense of personal
control over health behaviors, which could lead to poor
health outcomes [37]. However, health literacy—that is, the
ability to understand health information—can mitigate
the positive effect of a low educational level on poor health
behaviors [38]. Therefore, providing poorly educated people
with health education related to COVID-19 prevention
would be a good way to reduce COVID-19 deaths.
This study also found that a positive association between
a county’s proportion of single parent households and a
high cumulative number of COVID-19 deaths. Previous
studies have reported that single parenthood has a negative
effect on the health status of families due to economic
hardship [39,40]. In the United States, single mothers
are more likely to live in poverty than 2 parent families
due to the difficulties single mothers face working and
childrearing at the same time [41]. These conditions could
lead to a higher cumulative number of COVID-19 deaths
among single parent households.
Additionally, this study found that a positive association
between the proportion of mobile home residents in a
county and a high cumulative number of COVID-19 deaths.
Mobile homes are concentrated in rural counties with high
poverty rates since people with low income are more likely
to live in mobile homes than those with high income [42].
This might explain the high cumulative number of COVID-19
deaths in counties with a percentage of mobile homes in
the 90th percentile or above.
This study also found a positive association between a high
percentage of people without health insurance and a high
cumulative number of COVID-19 deaths. Health insurance
helps people obtain access to health care by reducing the
cost of medical services. Hence, uninsured Americans are at
a higher risk of mortality since they are less likely to receive
proper treatment for medical conditions [43,44]. This could
lead to higher cumulative number of COVID-19 deaths in
counties with a high proportion of uninsured people. America
has an employment-based health insurance system that
results in many unemployed and self-employed people
lacking health insurance due to expensive health insurance
premiums. In 2018, 8.5% of the United States population (27.5
million people) did not have health insurance [45]. In addition,
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Figure 2. Mainland United States map of social vulnerability index by county level in 2018.
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Social vulnerability and COVID-19 deaths

Conclusion
Despite these limitations, this study conducted a spatial
analysis of the association between social vulnerability and
the cumulative number of COVID-19 deaths in counties
in the United States and discovered. There are regional
differences in the cumulative number of COVID-19 deaths
that were affected by various social vulnerabilities.
Low income and low education levels, as well as a high
percentage of single parent households, mobile home
residents, and people without health insurance, were
positively associated with a high cumulative number
of COVID-19 deaths. Hence, these findings underscore
the need to take social vulnerability into account when
planning interventions to reduce COVID-19 deaths.
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Objectives: The aim of this study was to compare the coverage of Japanese encephalitis (JE)
immunization obtained from a recall survey and immunization registers at community health
centers (CHCs) in Bali Province, Indonesia.
Methods: A population-based survey was conducted, and random 2-staged selection of clusters
of sub-villages was performed. The sample consisted of households with children aged 9
months to 15 years old. Interviews were carried out with carers to recall JE immunization status.
The recall immunization status was considered valid when name, date, and confirmation of
immunization were available in an immunization register at a CHC. Descriptive analysis was
performed. The completeness of the information within immunization registers at CHCs was
assessed.
Results: The coverage of JE immunization obtained from the recall survey was 93.8% (95%
confidence interval [CI], 92.8–94.9). It decreased to 74.9% (95% CI, 72.8–77.2) after being validated
against immunization registers. The recall coverage of JE immunization was significantly higher
than immunization register data suggested. This discrepancy varied from 6.5% to 36.4% across
6 districts; however, none of these districts achieved the recommended target coverage of 95%.
The quality of immunization registers varied across CHCs.
Conclusion: The use of an immunization register may result in underestimating the true
coverage of vaccination programs, and its utilization for measuring immunization coverage
requires further consideration.
Keywords: Indonesia; Register; Vaccination coverage
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Introduction
Vaccination is critical for the prevention and control of
infectious diseases. Children in Indonesia now compulsorily
receive at least 5 vaccinations to prevent 8 diseases (1-time
hepatitis B [HB]-0, 1-time Bacillus Calmette–Guérin [BCG],
3-time diphtheria-tetanus-pertussis [DTP]-HB/DPT-HBHiB, 4-time polio or 3-time inactivated polio vaccine [IPV],
and 1-time measles injections), which together comprise
the basic immunization program [1].
Discrepancies between the vaccination rate as reported
by the state and as recorded in independent survey data
are common for basic immunization programs [2]. The
Indonesia Health Profile in 2018, which collected data
from immunization registers at community health centers
(CHCs), reported that the rate of complete coverage for
basic immunizations was 90.6% [1]; however, the National
Basic Health Survey (RISKESDAS) reported a coverage rate
of only 53.8% to 57.9% [3,4]. Similarly, the Demographic
Health Survey (DHS) reported low coverage for basic
immunizations (48.0% in 2012 and 59.4% in 2017) [5]. This is
also the case for Bali, the province with the highest rate of
basic immunization coverage in Indonesia. The Indonesia
Health Profile in 2018 reported that the rate of complete
coverage for basic immunizations in Bali was 99.6% [1]. This
figure decreased to 80% to 92% when compared against the
2018 National Basic Health Survey [5,6].
Both the RISKESDAS and DHS measure immunization
status using either carers’ recall or immunization registers at
CHCs. No survey in Indonesia has ever examined the possible
causes of discrepancies regarding coverage between data
reported by the program (based on immunization registers
at CHCs) and data obtained using recall surveys. A low
immunization rate due to underreporting might trigger
unnecessary interventions to improve coverage.
World Health Organization (WHO) guidelines suggest that
immunization coverage can be best measured by combining
both approaches by using carers’ verbal reports and
validating them against immunization registers at CHCs [7].
While a 2-staged approach suits countries with integrated
health information systems [8], such an approach may not
be a good fit for the Indonesian context. First, as is also the
case for many countries with fragmented health information
systems, the quality of immunization registers at CHCs in
Indonesia is poor (e.g., incomplete data, frequent errors, and
double recording) [9,10]. Second, immunization registers at
CHCs are predominantly paper-based and are vulnerable to
missing records. Third, the availability of health resources
across geographical regions inf luences the quality of
recording and reporting at CHCs, meaning that wealthy
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regions are likely to have better recording and reporting
systems. Arguably, using immunization registers as the
standard for measuring the rate of immunization coverage
might lead to underestimating the actual coverage.
Household surveys based on information from home
immunization cards can still result in many issues such
as incomplete filing, inaccurate immunization dates, or
even misplacement of the card [7,11]. A systematic review
found that the sensitivity and specificity of carers’ recall
for measuring the immunization status of children varied,
ranging from 41% to 98% and 12% to 80%, respectively [12].
Household surveys and carers’ recall are vulnerable to recall
bias, a phenomenon in which a carer may have received or
has come to believe an inaccurate report of the immunization
status of their children. Additional vaccination programs to
improve uptake, typically provided through supplementary
immunization activities, can further complicate recall bias.
The Indonesian government introduced the Japanese
encephalitis (JE) mass immunization program in 2018,
and Bali was selected as the first province to implement
it. The program aimed to improve JE vaccination coverage
among children aged 9 months to 15 years old, followed by
a regular vaccination program for children aged 10 months
[13]. The program was conducted in 2 phases in March
and April 2018 at elementary and junior high schools and
health immunization posts. The program used 1 dose of
the Chengdu SA14-14-2 live-attenuated JE vaccine [13]
and aimed to reach the estimated target set by Indonesia’s
Ministry of Health of 890,050 children [14,15]. The Bali
Provincial Health Office reported that coverage resulting
from the JE immunization program based on the estimated
target of 890,050 children was 101.78% [14], exceeding the
initial target of 95%.
In this study, we conducted a population-based survey
to estimate the immunization coverage at district and
provincial levels in Bali using the 2 approaches recommended
by the WHO [7,11]. We compared the immunization rate for
JE in Bali that resulted from a recall survey to the rate that
resulted from data collected from immunization registers at
CHCs. We also compared sociodemographic characteristics
between districts using both methods and with recall
survey data only. Given that the survey was performed
soon after the vaccination program, we assumed that recall
bias would be minimal. Thus, we examined the usefulness
of immunization registers at CHCs for determining the
coverage of the immunization program. In addition, we
evaluated the quality of immunization registers at CHCs.

159

Limitations of immunization registers at CHCs

Materials and Methods
A 2-staged probability-based cluster and systematic sampling
survey was conducted across 9 districts in Bali Province,
Indonesia. The survey followed the 2015 and 2018 WHO
guidelines [7,11] for estimating immunization coverage at the
district level and defining immunization status.
Bali Province consists of 9 districts, with the highest
population density and economic and tourist development
located in the southern area, particularly in the districts
of Denpasar and Badung. Almost half of the population of
Bali lives in urban areas, and more than 80% is Hindu [16].
The population migration rate between districts within
Bali and from other Indonesian provinces to Bali is high,
particularly in Denpasar and Badung [16,17]. Within the 9
districts of Bali, there are 57 sub-districts, 667 villages, and
4,450 administrative sub-villages (banjar ) [18]. A sub-village
is the smallest administrative unit from which we obtained
household listings.
Samples were calculated for each district, comprising 9
strata. Within each stratum, we used an expected immunization
coverage of 90%, with a desired precision of 0.05, alpha (0.05),
and design effect (2.04), yielding an effective sample size of
216. We assumed we would collect data from an average
of 9 respondents per cluster (sub-village or banjar), and
assumed an intra-cluster correlation coefficient of 0.13.
We estimated that an eligible child would be located in an
average of each 1.3 homes visited. We assumed that as many
as 10% of families with eligible children would either not be
at home when the survey team visited or would refuse to
participate in the survey, so we used an inflation factor of
11% to account for likely non-responses. The estimated total
number of respondents who would complete questionnaires
was 3,966, while the estimated total number of households
that would be visited was 5,729. We distributed the number of
targeted clusters proportionately based on the population
size of each district.
Details of the location and name of each banjar were
obtained from district health offices and CHC officers, and
the household listings in each cluster were obtained from
the Civil Record Offices and the village and sub-village head
offices. No sketch mapping or household mapping was
performed [7,11] before data collection. We conducted 2
stages of cluster and systematic random sampling for each
district to select 441 clusters and 13 households from each
cluster. Only households with eligible children aged between
9 months and 15 years old at the time of the JE immunization
program were included. To interview carers, a prioritized
system was designed to first target the mother, who most
commonly provides childcare, to be interviewed. When
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the mother was not available, the next family member
in terms of priority was the father, then the grandfather/
grandmother, and then any other relative who might be
aware of the immunization status of the child, such as an
aunt, uncle, or sibling. Field staff were required to explain
the purposes and procedures of the study, confidentiality,
and voluntary participation prior to the interview. Only
respondents above 17 years old who signed a consent form
were interviewed. An additional visit was conducted if no
one was available at the targeted households for the first
visit.
A web-based closed-ended questionnaire was developed
using Epicollect5 (Imperial College London, England). The
questionnaires were piloted with 10 respondents to check the
content and flow of the questions. Some revisions were made
to replace questions that were found to be too technical. Field
surveyors used smartphones to interview respondents, and
data entry was linked directly via data transmission to a
central location. A paper-based questionnaire was provided
for back-up when internet access was limited. One person
was assigned to be the data manager.
The survey was administered by 6 teams for data collection,
with each team being led by 1 study coordinator (SC) supported
by 5 or 6 interviewers. SCs were responsible for validating
immunization status obtained through the recall survey
against immunization registers by visiting CHCs where records
on JE immunization were stored. SCs were accompanied by
interviewers to assist in the validation process. Interviewers
played a critical role in determining children’s immunization
status by recall. A 3-day intensive training was provided for
interviewers to ensure the quality of the data collection.
Fieldwork took place from June 2, 2018, to August 25, 2018.
Information on immunization status was obtained via
a recall survey taken by carers, which was then crosschecked against immunization registers from CHCs. The
immunization status from a recall survey was deemed valid
when the name, date of immunization, and tick mark or
other signs as evidence of immunization were available
within the register. Immunization data on each child were
photographed to verify the date of immunization during data
cleaning. Immunization status was deemed invalid when a
child’s name could not be found or the SC could not confirm
immunization status.
We also evaluated the quality of each immunization
register for additional data collection. The average score of
the register was obtained from a qualitative assessment by the
SC during their visit to a CHC. Availability and completeness,
management of the register, the patient name recording
system, and straightforwardness of finding subjects’ names
were assessed. The completeness of 3 indicators (name,
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date of immunization, and mark or sign of immunization)
was noted. The cooperativeness of the health staff was also
qualitatively recorded by the SC. This measure was based
on the ease of communication with the SC as well as the
staff’s intention and motivation to support the process of
validation. Scores for negotiations with SC or with SC and
enumerators who visited particular CHCs were rated on a
scale of 1 (poor) to 10 (excellent). Completed questionnaires
were uploaded to the Epicollect server and backed up
regularly. Daily paper control forms were used to record
information on households in each cluster and were used
for the purposes of data checking and processing.
Immunization coverage was measured using a recall survey
and cross-checking immunization registers. The numerator
was the number of children who had been immunized with
the JE vaccine according to the recall survey or from checking
immunization registers. The denominator was the total
number of eligible children who participated in the study
(including children whose immunization status was invalid
or unconfirmed). Analyses were stratified by district. We also
compared the sociodemographic characteristics between
districts using both methods and with results from the recall
survey only. Data from validation processes were analyzed
descriptively after being weighted by sampling design and nonresponses. Calculations of coverage were provided in terms
of point prevalence, lower and upper estimates of prevalence
using 95% confidence intervals [CIs], and 99% CIs to account
for possible random errors [9]. All statistical analyses were
carried out using STATA ver. 12 (StataCorp., College Station, TX,
USA).

Results
We obtained information on children’s immunization status
through both a recall survey and checking immunization
registers in 6 districts (Tabanan, Gianyar, Denpasar, Badung,
Klungkung, and Karangasem). Due to time constraints, data
from 3 additional districts (Bangli, Buleleng, and Jembrana)
were obtained through a recall survey alone.

Survey Characteristics
The percentage of clusters surveyed per district and the
percentage of clusters with eligible subjects were both above
95% (Table 1). Out of a total of 5,733 households targeted for
sampling, 5,630 (98.2%) were visited, of which, 2,193 (39.0%)
were eligible for inclusion (Table 1). Of these households, field
staff successfully interviewed someone from 2,075 of them
(94.6%), but 118 respondents (5.4%) refused to participate.
A total of 97 households (1.7%) were visited a second time
without finding eligible subjects, or were not visited again
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due to the name of subjects not being recognized by the
head of the sub-village, respondents having moved to other
places, or the survey period having ended.
Table 2 shows the differences in weighted coverage based
on carers’ recall and validation from immunization registers.
It shows that the lowest rate of recall was from mothers (93.2%),
while the highest rate of recall was from other relatives or
children (98.7%). After validation, the rate of coverage was
lowest when immunization status was reported by the
grandfather/grandmother (72.3%), while the rate of coverage
was highest when immunization status was reported by
other relatives or children (81.8%). The lowest and highest
differences in percentage between immunization status
according to carers’ recall and immunization registers at CHCs
were, respectively, from other relatives or children (17.1%) and
grandfathers/grandmothers (25.2%).

Gaps of Weighted Immunization Coverage Obtained
through Recall and Record Methods
Table 3 shows the estimated coverage of the JE immunization
program using the recall survey alone and after being
validated against immunization registers. The weighted
coverage of JE immunization obtained through the recall
survey in Bali was 93.8% (95% CI, 92.8–94.9; 99% CI, 92.4–
95.2). It decreased to 74.9% (95% CI, 72.8–77.2; 99% CI, 72.1–
77.9) after being validated against immunization registers at
CHCs. There were minor differences in estimates between
the 95% CI and 99% CI. Six of the 9 districts achieved coverage
of above 95% based on the results of the recall survey. One of
the 3 remaining districts was above 90%, and the other 2
districts had coverage rates slightly below 90%. However,
after being validated against immunization registers at
CHCs, JE immunization coverage substantially dropped.
None of the 6 districts achieved the 95% target according
to immunization registers, and only 1 district was found
to have a coverage rate above 90% (92.1%), with the lowest
rate of coverage being in the capital city of Denpasar
(58.1%). We identified that the coverage gaps between the 2
methods ranged from 6.5% in Klungkung district to 36.4%
in Denpasar.
Table 4 shows the demographic characteristics of respondents
and children who participated in the study. It shows that the
characteristics of respondents in terms of age, sex, and their
relationship with the child, as well as the number of children
aged 5 to 15 years old, were similar between districts with and
without the validation process. However, respondents in districts
where the reported immunization status was validated tended to
be more educated, work in offices, and have more children aged
9 to 59 months. Meanwhile, children’s characteristics between
districts with and without the validation process were similar
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Table 1. Cluster and household characteristics
Description of selected clusters
District

Bali
Tabanan
Gianyar
Denpasar
Badung
Klungkung
Karangasem
Bangli
Buleleng
Jembrana

Total
cluster
4,450
792
565
442
553
285
570
353
620
270

Planned
441
40
40
91
62
30
47
30
71
30

Description of households

Surveyed (%)

Cluster
with eligible
subjects (%)

Households
with eligible
subjects (%)

Children

436 (98.9)
40 (100)
40 (100)
87 (95.6)
62 (100)
30 (100)
46 (97.9)
30 (100)
71 (100)
30 (100)

431 (98.9)
40 (100)
40 (100)
85 (97.7)
61 (98.4)
29 (96.7)
46 (100)
30 (100)
71 (100)
29 (96.7)

2,193 (39.0)
221 (42.5)
240 (46.2)
400 (36.0)
351 (44.0)
130 (33.3)
179 (29.9)
178 (45.8)
369 (40.3)
125 (32.1)

3,331
309
348
623
537
189
301
273
552
199

Table 2. The gap in weighted coverage of the Japanese encephalitis immunization program by recall and by validation according
to carera)
Carer
Bali
Relationship with
childrenb)
Mother
Father
Grandfather/
grandmother
Other relative

By recall alone (%)
Total sample Immunized
(%)
children Point
95% CI
99% CI

After validation (%)
Point

95% CI

99% CI

Difference in
percentage (%)

3,331
3,316

3,146
3,132

93.8
93.8

92.8–94.9
92.8–94.9

92.4–95.2
92.5–95.2

74.9
75.1

72.8–77.2
72.8–77.3

72.1–77.9
72.1–78.0

20.1
19.9

2,110 (63.6)
933 (28.1)
160 (4.8)

1,980
887
154

93.2
94.3
96.6

91.8–94.6
92.4–96.1
93.7–99.6

91.4–95.0
91.8–96.7
92.8–100

75.0
74.7
72.3

72.2–77.9
70.4–78.9
62.2–82.4

71.3–78.8
69.1–80.3
58.9–85.7

19.5
20.8
25.2

113 (3.4)

111

98.7

96.7–100

96.1–100

81.8

71.3–92.2

67.9–95.6

17.1

CI, confidence interval.
a)
Calculated based on children’s data, since 1 household may have more than 1 child. b)Missing = 15.

in terms of age at immunization, sex, and education level.
However, we found a higher rate of children born fourth to
tenth in districts without validation processes, indicating
that households in these districts had higher parity and more
children.

The Quality of Immunization Registers at CHCs
Overall, the number of visits to CHCs for the validation process
ranged from 1 to 4 visits. The number of days required to
complete validation ranged from 1 to 7 days per CHC. Register
completeness scores ranged from 2.5 to 10 with an average of
7. Staff members were cooperative, with an average score of
7.6 out of 10.
Table 5 shows the number and characteristics of invalid
records for each district. Two districts were found to have a
small proportion of invalid records. However, the remaining
districts were found to have a high proportion of invalid records,
ranging from 14.1% to 34.5%. The proportion of missing registers
was particularly high in 2 districts—Karangasem and Gianyar,
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followed by Klungkung and Denpasar. Missing names were a
major issue in 4 districts (Karangasem, Gianyar, Badung, and
Denpasar), while a missing immunization/vaccination mark was
very common in Tabanan, Karangasem, and Denpasar. Many
registers were unable to be evaluated due to CHC staff being
unavailable or refusing to provide the register before the time for
data collection had ended.

Discussion
The JE mass immunization program in Bali is the first to be
conducted in Indonesia. We found that the weighted coverage
according to carers’ recall was 93.8%, still below the 95% target
[13]. Following validation against immunization registers at
CHCs, however, coverage decreased significantly to 74.9%. The
greatest decrease in coverage was observed in Denpasar
(58.1%).
WHO guidelines recommend the use of immunization
registers at CHCs to validate immunization status obtained

https://doi.org/10.24171/j.phrp.2020.0241

20.1
36.4
9.4
26.2
17.5
6.5
24.2
72.1−77.9
51.9−64.3
81.8−91.7
62.8−78.1
73.7−86.5
86.5−97.8
64.8−80.2
72.8−77.2
53.4−62.8
83.0−91.0
64.7−76.2
75.2−84.9
87.8−96.4
66.7−78.3
-

https://doi.org/10.24171/j.phrp.2020.0241

CI, confidence interval.
a)
Recall coverage was calculated from 9 districts, while the validation coverage was calculated from 6 districts.

74.9
58.1
86.8
70.4
80.1
92.1
72.5
92.4−95.2
87.8−94.8
93.1−98.5
91.6−99.2
94.7−99.4
96.2−100
92.2−98.9
97.3−100
85.5−93.5
81.6−95.7
92.8−94.9
88.7−93.9
93.8−97.8
92.6−98.3
95.3−98.8
96.8−100
93.0−98.1
97.6−99.9
86.5−92.6
83.3−93.9
93.8
91.3
95.8
95.4
97.1
98.5
95.6
98.8
89.5
88.7
3,146
571
518
296
336
184
287
268
506
180
3,331
623
537
309
348
189
301
273
552
199
Bali
Denpasar
Badung
Tabanan
Gianyar
Klungkung
Karangasem
Bangli
Buleleng
Jembrana

99% CI
95% CI
Point (%)

95% CI

99% CI

Point (%)

After validation
By recall alone

Immunized
children
Total
sample
a)

District

Table 3. The gap in weighted coverage of the Japanese encephalitis immunization program by recall and by validation according to district

Difference in
percentage (%)

Anak A. S. Sawitri et al.

from carers’ recall to measure the true coverage of the
vaccination program [7,11]. Previous studies have documented
weaknesses in using carers’ recall alone for measuring
immunization coverage. This suggests that written documents
such as immunization registers can slightly increase the rates
obtained from carers’ recall [12,19]. However, our findings
suggest that the use of immunization registers at CHCs reduced
the reported coverage of JE immunization by 6.5% to 36.4%
when compared to the recall survey.
We argue that carers’ recall provides a more reliable estimate
of the true coverage of JE immunization in Bali. Central to
this assertion is the assumption that a recall-based coverage
estimate does not lead to overestimation, as would occur if
carers inaccurately reported the immunization status of
children under their care. Over-reporting of immunization
is unlikely in this context since our study examined a single
mass vaccination program after an extensive and largescale health promotion campaign prior to implementation
that involved many stakeholders both from health and
non-health sectors [13]. As a result, JE immunization was
remembered by carers as a special event and was unlikely
to be forgotten within the short period of time between
vaccination and the study’s commencement, regardless
of who reported a child’s immunization status. The survey
was conducted 2 months after the vaccination program—
a relatively short timeframe during which parents were
unlikely to forget if their children were immunized—thus
decreasing the possibility of recall bias. Moreover, Bali has
been cited as having the highest coverage of basic and
supplementary vaccinations in Indonesia [3,5,6,20]. As
such, we strongly believe that the uptake of JE vaccination
should have equally high coverage, if not higher.
Our study suggests that a validation process using
immunization registers at CHCs is time-consuming, complicated,
and may result in bias. In this study, SCs needed several days
and multiple visits to CHCs, as well as help from enumerators,
other SCs, and CHC staff, to complete the validation. We
also found that immunization registers at CHCs were often
fair or poor in quality, with some indicators and elements
missing from the register. The use of unstandardized, paperbased immunization records across districts and health
immunization posts [21,22], failure to use methods for
recording immunization status recommended in WHO
guidelines (name, date of immunization, and mark as
evidence of immunization), and missing registers [7,22]
are factors that can reduce the quality of immunization
registers, making them less reliable for use as the standard
for measuring the true coverage of an immunization
program. Furthermore, some CHCs only report aggregate
data in their immunization registers, and individual
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Table 4. Comparison of sociodemographic characteristics of respondents and children in districts with and without
validation in Bali
Characteristic
Respondenta)
Age (y), median (interquartile range)
Sex
Female
Male
Relationship with children
Father
Mother
Grandfather, grandmother/other
Education

District with
validation

District without
validation

Total

1,430
39 (13)

645
38 (14)

2,075
39 (13)

960 (67.1)
470 (32.9)

446 (69.1)
199 (30.9)

1,406 (67.8)
669 (32.2)

871 (60.9)
411 (28.7)
148 (10.4)

415 (64.3)
182 (28.2)
48 (7.4)

1,286 (62.0)
593 (28.6)
196 (9.4)

No schooling yet
Elementary school
Junior high school
High school
College or higher
Occupation

53 (3.7)
244 (17.1)
245 (17.1)
618 (43.2)
270 (18.9)

31 (4.8)
236 (36.6)
156 (24.2)
187 (29.0)
35 (5.4)

84 (4.1)
480 (23.1)
401 (19.3)
805 (38.8)
305 (14.7)

Farmer
Seller
Housewife
Private staff
Entrepreneur
Labor
Other
Childb)
Age at immunization
9–59 mo
5–15 y
Sex
Female
Male
Education
No schooling yet
Preschool
Elementary
Junior high
Order in the family

147 (10.3)
91 (6.4)
390 (27.3)
306 (21.4)
277 (19.4)
73 (5.1)
146 (10.2)
2,307

205 (31.8)
44 (6.8)
172 (26.7)
32 (5.0)
75 (11.6)
54 (8.4)
63 (9.8)
1,024

352 (17.0)
135 (6.5)
562 (27.1)
338 (16.3)
352 (17.0)
127 (6.1)
208 (10.0)
3,331

1,670 (72.4)
637 (27.6)

732 (71.5)
292 (28.5)

2,402 (72.1)
929 (27.9)

1,092 (47.3)
1,215 (52.7)

518 (50.6)
506 (49.4)

1,610 (48.3)
1,721 (51.7)

601 (26.1)
195 (8.5)
976 (42.3)
535 (23.2)

287 (28.0)
84 (8.2)
426 (41.6)
227 (22.2)

888 (26.7)
279 (8.4)
1,402 (42.1)
762 (22.9)

First-born
Second-born
Third-born
Fourth-born
Fifth-born
Sixth- to tenth-born

935 (40.5)
838 (36.3)
390 (16.9)
108 (4.7)
19 (0.8)
17 (0.7)

357 (34.9)
346 (33.8)
194 (18.9)
80 (7.8)
31 (3.0)
16 (1.6)

1,292 (38.8)
1,184 (35.5)
584 (17.5)
188 (5.6)
50 (1.5)
33 (1.0)

p
0.064
0.364

0.167

< 0.001

< 0.001

0.591

0.083

0.682

< 0.001

Data are presented as n (%) unless otherwise specified.
a,b)
Calculated based on respondents’ data.

data cannot be traced [21]. Despite its subjectivity as an
evaluation, we found that the cooperativeness of health staff
at CHCs is one of several crucial factors that determined
the success of the validation process. This could be another
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difficulty when evaluating the quality of immunization
registers.
Poor immunization registers have been reported in other
studies [23–28], including by the WHO [21]. The use of the

https://doi.org/10.24171/j.phrp.2020.0241

Anak A. S. Sawitri et al.

Table 5. Characteristics of invalid records for each district in Bali
District
Tabanan
Klungkung
Karangasem
Gianyar
Badung
Denpasar

Child

Invalid
records, n (%)

309
189
301
348
537
623

82 (26.5)
12 (6.3)
64 (21.3)
49 (14.1)
37 (6.9)
215 (34.5)

Missing
register (%)
2.4
16.7
20.3
26.5
5.4
11.2

Missing
name (%)
2.4
0
26.6
20.4
35.1
14.4

2-staged method recommended by the WHO to measure
immunization coverage can lead to underestimation of the
true immunization coverage, as suggested by our study. Other
studies have shown that agreement between 2 measures of
immunization status does not guarantee a more accurate
analysis of immunization status [29]. Our study location
was Bali, which is 1 of the most densely populated islands
in Indonesia, with Denpasar City being its most populous
district. The other 8 districts in Bali have varying population
densities. This reflects the typical makeup of provinces
across Indonesia, where most people are concentrated in
major cities. In addition, the socio-demographics of Bali
and its health programs mirror the national situation. With
regard to vaccination programs, the overall and health
system–specific contexts of Bali represent the Indonesian
situation. However, Bali is considered a progressive province
in Indonesia, and its residents have better access to health
services than those in many other provinces. This suggests
that many provinces in Indonesia will likely have similar
or worse reporting and recording systems for health data,
including low-quality immunization registers. Home-based
immunization records in Indonesia have also been shown
to be unsuccessful, with a high percentage of loss (63%)
[30]. Another study found that the ownership rate of the
Maternal and Child Health Handbook as a home-based
immunization record in Bali was also very low (14.78%) [31].
Home-based records are also not reliable for the validation
of immunization status by recall. These circumstances can
affect the reported or estimated immunization coverage.
Other countries across Asia and Africa may face similar
challenges to Indonesia in terms of the quality of their health
information systems.
An electronic immunization recording system has been
developed and implemented in some countries [21,28].
However, such a system was implemented only as of recently
in Indonesia (in 2019). Some challenges for implementing
electronic recording and reporting systems have been
documented in other studies [25,28,32]. A study from China
reported that the use of electronic records still underestimated
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Missing
date (%)
9.8
8.3
3.1
8.2
2.7
6.5

Missing
mark (%)
52.4
0
23.4
18.4
5.4
0.9

Missing date
and mark (%)
6.1
0
0
2.0
0
0

Cannot be
determined (%)
28.0
75.0
32.8
30.6
56.8
67.9

the true coverage of an immunization program compared
to a recall survey due to human error in adding data to the
electronic system [33]. The same situation has been observed
in the USA regarding electronic recording and reporting
systems for immunizations [25], as well as reported in 4
pilot studies in low-and middle-income countries [9]. Given
these constraints, in a country with less developed health
information systems, the 2-staged method suggested by the
WHO for measuring immunization coverage requires further
consideration. There should be alternatives for measuring
immunization coverage tailored to the capabilities of local
health systems and the quality of immunization registers to
produce accurate estimates of immunization coverage.
A study in Pakistan examining the validity of carers’ recall
against immunization registers showed that the recall
method had fair sensitivity for detecting immunization
status. However, this study supports the assertion that carers’
recall is a viable alternative for measuring immunization
coverage [34], especially when a country’s health information
systems are fragmented. Recall, however, cannot be avoided
as an ascertainment method in surveys. Further study is
required to better formulate recall questions and how to best
implement adjustments for areas with recall data only [22].
In districts where the validation process was successfully
conducted, respondents and children tended to be more
educated, work in an office (as opposed to working in a bluecollar job), and have a higher quantity of children aged 9 to 59
months. Several studies have found that the level of education
of a mother or carer is an independent factor for higher
immunization coverage [35–38], while a carer working and
having more children could decrease coverage [35,36]. In
addition, these districts were mainly urban, where the overall
uptake of vaccinations tends to be lower than in rural areas
[35,39]. To some extent, those factors may indirectly influence
the accuracy of an immunization reporting system due
to, for example, failure to report immunizations or losing
immunization cards [31,37]. We found a very large discrepancy
between immunization status according to carers’ recall and
immunization registers at CHCs when the immunization
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status was reported by grandfathers/grandmothers (25.1%).
However, such instances accounted for a small portion of
our sample (5.2%). This situation was not observed among
other carers where the discrepancies were very narrow/
small. At this stage, we assume that potential information
bias among carers is low. These data suggest that, on the
district level, registers may play more of a role in explaining
these coverage discrepancies than individual factors.
Therefore, validation data obtained from these 6 districts
may not adequately represent the coverage across Bali.
Our study has several limitations. Location mapping prior
to data collection was not conducted due to time constraints
[9]. In addition, we encountered numerous cancellations of
home re-visits and limited supervision during the validation
process. Transient residents may also have not been included
in the denominator data, which may have affected the results
of our study. In addition, the register validation process
might have provided better results if the study period was
longer. There were also differences in the characteristics of
districts with and without validation, the effects of which
were beyond the scope of our study.
The coverage of JE immunization in Bali obtained using a
recall survey was higher than was recorded in immunization
registers. This discrepancy is likely due to inadequate recording
and reporting systems at CHCs. Our study is not unique to Bali
or Indonesia, but reflects the ongoing challenges of measuring
the coverage of vaccination programs in many developing
nations. The results of our study underscore the importance of
developing and maintaining integrated recording and reporting
systems to generate accurate estimates of immunization
coverage. Recall surveys need to be carried out shortly after
immunization to reduce the possibility of recall bias so the data
can be used to assess the validity of immunization registers.

Notes

KAKS, RS; Formal analysis: AASS, PCDY, MDA; Investigation: all author;
Methodology: AASS, PCDY, INS; Project administration: MDA, RS;
Resources: MDA, RS; Visualization: KAKS; Writing–original draft: AASS,
INS; Writing–review & editing: all authors.

Additional Contributions
We would like to thank our local statistician Ketut Tangking Widarsa,
WHO Headquarters Geneva: Dr. Maria Carolina Danovaro Alfaro and
Dale Rhoda who provide assistance in the statistical analysis, WHO
Indonesia: Haditya Mukri and Vinod Bura for assisting the survey and
allowing the use of the data for publication, and finally to the WHO
Regional Office for providing financial support for the study.

References
1. Kementerian Kesehatan Republik Indonesia (RI). Profil Kesehatan
Indonesia 2018 [Internet]. Jakarta: Kementerian Kesehatan RI; 2019
[cited 2020 Aug 3]. Available from: https://pusdatin.kemkes.go.id/
resources/download/pusdatin/profil-kesehatan-indonesia/PROFIL_
KESEHATAN_2018_1.pdf.
2. Murray CJ, Lim S. Global childhood immunization coverage growing at
only half the officially reported rate, IHME study. Seattle: Institute for
Health Metrics and Evaluation; 2008 Dec 12 [cited 2019 Jul 15]. Available
from: http://www.healthdata.org/news-release/global-childhoodimmunization-coverage-growing-only-half-officially-reported-rateihme.
3. Badan Penelitian dan Pengembangan Kesehatan Kementerian Kesehatan
Republik Indonesia (RI). Basic health research 2013 [Internet]. Jakarta: Badan
Penelitian dan Pengembangan Kesehatan Kementerian Kesehatan RI; 2013
[cited 2019 May 12]. Available from: https://labmandat.litbang.kemkes.go.id
/images/download/laporan/RKD/2013/Laporan_riskesdas_2013_final.pdf.
Indonesian.
4. Pusat Data dan Informasi Kementrian Kesehatan Republik Indonesia (RI).
Immunization situation and analysis [Internet]. Jakarta: Pusat Data dan
Informasi Kementrian Kesehatan RI; 2014 [cited 2019 Jun 24]. Available
from: https://pusdatin.kemkes.go.id/resources/download/pusdatin/
infodatin/infodatin-imunisasi.pdf. Indonesian.
5. Statistics Indonesia (Badan Pusat Statistik—BPS), National Population

Ethics Approval

and Family Planning Board (BKKBN), Ministry of Health (Kementerian

This study was approved by the Human Ethics Commission of Faculty of
Medicine Universitas Udayana (No. 1400/UN14 2.2/PD/KEP/2018 dated June
6, 2018). Writen informed consent was obtain from the subject before the
interview.

Kesehatan), and ICF International. Indonesia demographic and health

Conflicts of Interest
The authors have no conflicts of interest to declare.

Funding
This work was supported by the WHO Geneva (Reg. number: 2018/8203911) and followed the standard survey guideline developed by the WHO. The
WHO monitored and provided assistance with statistical analyses.

Availability of Data
Data available upon request.

Authors’ Contributions
Conceptualization: AASS, PCDY, INS; Data curation: AASS, PCDY, MDA,

166

survey 2012. Jakarta: BPS; 2013.
6. Badan Penelitian dan Pengembangan Kesehatan Kementerian
Kesehatan Republik Indonesia (RI). The main findings of RISKESDAS
2018 [Internet]. Jakarta: Badan Penelitian dan Pengembangan Kesehatan
Kementerian Kesehatan RI; 2018 [cited 2019 Apr 11]. Available from: https://
kesmas.kemkes.go.id/assets/upload/dir_519d41d8cd98f00/files/Hasilriskesdas-2018_1274.pdf. Indonesian.
7. World Health Organization (WHO). WHO vaccination coverage cluster
surveys: reference manual [Internet]. Geneva: WHO; 2018 [cited 2019
Apr 11]. Available from: https://apps.who.int/iris/handle/10665/272820.
8. Groom H, Hopkins DP, Pabst LJ, et al. Immunization information systems to
increase vaccination rates: a community guide systematic review. J Public

https://doi.org/10.24171/j.phrp.2020.0241

Anak A. S. Sawitri et al.

Health Manag Pract 2015;21:227−48.

systems.pdf?ua = 1.

9. Cutts FT, Izurieta HS, Rhoda DA. Measuring coverage in MNCH

22. Danovaro-Holliday MC, Dansereau E, Rhoda DA, et al. Collecting and

: design, implementation, and interpretation challenges associated

using reliable vaccination coverage survey estimates: summary and

with tracking vaccination coverage using household surveys. PLoS Med

recommendations from the "Meeting to share lessons learnt from

2013;10:e1001404.

the roll-out of the updated WHO Vaccination Coverage Cluster Survey

10. Murray CJ, Shengelia B, Gupta N, et al. Validity of reported vaccination
coverage in 45 countries. Lancet 2003;362:1022−7.
11. World Health Organization (WHO). WHO vaccination coverage cluster

Reference Manual and to set an operational research agenda around
vaccination coverage surveys", Geneva, 18-21 April 2017. Vaccine
2018;36:5150−9.

surveys: reference manual [Internet]. Geneva: WHO; 2015 [cited 2019

23. Khare M, Battaglia MP, Huggins VJ, et al. Accuracy of vaccination dates

Apr 11]. Available from: https://www.who.int/immunization/monitoring_

reported by immunization providers in the national immunization

surveillance/Vaccination_coverage_cluster_survey_with_annexes.pdf.

survey. In: 54th Annual Conference of the American Association for

12. Modi RN, King C, Bar-Zeev N, et al. Caregiver recall in childhood
vaccination surveys: Systematic review of recall quality and use in lowand middle-income settings. Vaccine 2018;36:4161−70.

Public Opinion Research; 1999 May 1−16; St. Pete Beach (FL). Alexandria
(VA): American Statistical Association; 2000. p. 665−70.
24. Russo G, Miglietta A, Pezzotti P, et al. Vaccine coverage and determinants

13. Kementerian Kesehatan Republik Indonesia (RI). Technical guideline

of incomplete vaccination in children aged 12-23 months in Dschang,

of immunization campaign of Japanese encephalitis [Internet]. Jakarta:

West Region, Cameroon: a cross-sectional survey during a polio

Kementerian Kesehatan RI; 2017 [cited 2019 Apr 19]. Available from:

outbreak. BMC Public Health 2015;15:630.

http://hukor.kemkes.go.id/uploads/produk_hukum/KMK_No._HK

25. Esposito S, Principi N, Cornaglia G, et al. Barriers to the vaccination of

_.01_.07-MENKES-117-2017_ttg_Kampanye_dan_Introduksi_Imunisasi_

children and adolescents and possible solutions. Clin Microbiol Infect

Japanese_Enchephalistis_Bali_.pdf. Indonesian.
14. Bali Province Health Office. Procedure of JE campaign immunization
program in Bali. Denpasar: Bali Province Health Office; 2017.
1 5 . Im J, Balasubramanian R, Yastini NW, et al. Protecting children against
Japanese encephalitis in Bali, Indonesia. Lancet 2018;391:2500−1.
16. Statistics of Bali Province. Population of Bali province by regency/city,
sex, and status of lifetime migration result of 2010 population census

2014;20 Suppl 5:25−31.
26. Hasman A, Noble DJ. Childhood immunisation in South Asia: overcoming
the hurdles to progress. Perspect Public Health 2016;136:273−7.
27. Hasman A, Rapp A, Brown DW. Revitalizing the home-based record:
reflections from an innovative south-south exchange for optimizing the
quality, availability and use of home-based records in immunization
systems. Vaccine 2016;34:5697−9.

[Internet]. Denpasar: Statistics of Bali Province; 2010 [cited 2019 May

28. Dolan SB, Carnahan E, Shearer JC, et al. Redefining vaccination coverage

5]. Available from: https://bali.bps.go.id/statictable/2018/02/15/37/

and timeliness measures using electronic immunization registry data

penduduk-provinsi-bali-menurut-kabupaten-kota-jenis-kelamindan-status-migrasi-seumur-hidup-hasil-sensus-penduduk-2010.
html.

in low- and middle-income countries. Vaccine 2019;37:1859−67.
29. Bloland P, MacNeil A. Defining & assessing the quality, usability, and
utilization of immunization data. BMC Public Health 2019;19:380.

1 7. Siadis LM. The Bali paradox: best of both worlds [Internet]. Leiden:

30. World Health Organization (WHO). Home-based record ownership

University of Leiden; 2015 [cited 2019 Apr 9]. Available from: https://

prevalence [Internet]. Geneva: WHO; 2017 [cited 2020 Aug 29]. Available

openaccess.leidenuniv.nl/handle/1887/32095.

from: https://sites.google.com/site/vaccinationcardprevalence/.

1 8. Statistic Health Office of Bali Province. Bali province population

31. Pradnyawati MA. The ownership, retention period, and utilization

census result 2010: aggregate data per regency [Internet]. Denpasar:

of the Maternal and Child Health Handbook (MCHH): a secondary

Statistic Health Office of Bali Province; 2010 [cited 2018 Dec 12].

analysis following the coverage evaluation of Japanese encephalitis

Available from: https://bali.bps.go.id/publication/2010/08/30/

supplementary immunization in Bali Province Indonesia 2018.

b9bc6a2bd6e4611e4d588427/hasil-sensus-penduduk-2010-provinsibali-data-agregat-per-kabupaten-.html. Indonesian.
1 9. Suarez L, Simpson DM, Smith DR. Errors and correlates in parental recall
of child immunizations: effects on vaccination coverage estimates.
Pediatrics 1997;99:E3.
20. National Population and Family Planning Board (BKKBN), Statistics
Indonesia (BPS), Ministry of Health (Kemenkes), and ICF. Indonesia
demographic and health survey 2017. Jakarta: BKKBN; 2018.

Berlin: Charite–Universitatsmedizin Berlin; 2020.
32. Kelly JS, Zimmerman LA, Reed K, et al. Immunization information
systems national research and evaluation agenda. J Public Health
Manag Pract 2007;13:35−8.
33. Hu Y, Chen Y. Evaluating childhood vaccination coverage of NIP
vaccines: coverage survey versus Zhejiang provincial immunization
information system. Int J Environ Res Public Health 2017;14:758.
34. Khan A. Accuracy of child immunization records. Research and Development

21. World Health Organization (WHO), PATH. A case for better immunization

Solutions Policy Briefs Series No. 9 [Internet]. Islamabad (Pakistan):

information systems [Internet]. Geneva: WHO; 2010 [cited 2020 Aug

Research and Development Solutions; 2012 [cited 2019 Apr 9]. Available

9]. Available from: https://www.who.int/immunization/programmes_

from: https://www.researchgate.net/publication/263547502_ACCURACY

systems/supply_chain/optimize/better_immunization_information_

_OF_CHILD_IMMUNIZATION_RECORDS.

https://doi.org/10.24171/j.phrp.2020.0241

167

Limitations of immunization registers at CHCs

35. Asif AM, Akbar M, Tahir MR, et al. Role of maternal education and

38. Maina LC, Karanja S, Kombich J. Immunization coverage and its

vaccination coverage: evidence from Pakistan demographic and

determinants among children aged 12-23 months in a peri-urban

health survey. Asia Pac J Public Health 2019;31:679−88.

area of Kenya. Pan Afr Med J 2013;14:3.

36. Phillips DE, Dieleman JL, Lim SS, et al. Determinants of effective vaccine

39. Suardani N, Wirawan DN, Sawitri AA. The role of information sources

coverage in low and middle-income countries: a systematic review and

and characteristics of children in the acceptance of Japanese encephalitis

interpretive synthesis. BMC Health Serv Res 2017;17:681.

(JE) mass immunization in Bali Province. Public Health Prev Med Arch

37. Duru CB, Iwu AC, Uwakwe KA, et al. Assessment of immunization

2019;7:75−84.

status, coverage and determinants among under 5-year-old children in
Owerri, Imo State, Nigeria. OAlib 2016;3:1−17.

168

https://doi.org/10.24171/j.phrp.2020.0241

pISSN 2210-9099 eISSN 2233-6052
https://doi.org/10.24171/j.phrp.2021.0012
Osong Public Health Res Perspect 2021;12(3):169-176

Original Article

Epidemiological, imaging, laboratory, and clinical
characteristics and factors related to mortality in
patients with COVID-19: a single-center study
Zohreh Azarkar1 , Hamid Salehiniya2 , Toba Kazemi3 , Hamid Abbaszadeh4
1

Infectious Diseases Research Center, Department of Infectious Diseases, Birjand University of Medical Sciences, Birjand, Iran
Social Determinants of Health Research Center, Birjand University of Medical Sciences, Birjand, Iran
3
Cardiovascular Diseases Research Center, Department of Cardiology, Birjand University of Medical Sciences, Birjand, Iran
4
Department of Oral and Maxillofacial Pathology, Faculty of Dentistry, Birjand University of Medical Sciences, Birjand, Iran
2

ABSTRACT

Received: January 13, 2021
Revised: March 30, 2021
Accepted: April 13, 2021
Corresponding author:
Hamid Abbaszadeh
Department of Oral and
Maxillofacial Pathology,
Faculty of Dentistry, Birjand
University of Medical Sciences,
Ghaffari Street, Birjand,
South Khorasan Province,
9717853577, Iran
E-mail: hamidabbaszade@
yahoo.com

Objectives: Coronavirus disease 2019 (COVID-19) is a novel pandemic. Considerable differences
in disease severity and the mortality rate have been observed in different parts of the world.
The present study investigated the characteristics and outcomes of patients hospitalized with
COVID-19 in Iran.
Methods: We established a retrospective cohort to study hospitalized COVID-19 patients in Iran.
Epidemiological, imaging, laboratory, and clinical characteristics and outcomes were recorded
from medical documents. The chi-square test, t-test, and logistic regression models were used
to analyze the data. A p < 0.05 was considered to indicate statistical significance.
Results: In total, 364 cases (207 males and 157 females) were analyzed. The most common
symptoms were cough, fever, and dyspnea. Multifocal bilateral ground-glass opacities with
peripheral distribution were the predominant imaging finding. The mean age of patients was
54.28 ± 18.81 years. The mean age of patients who died was 71.50 ± 14.60 years. The mortality
rate was 17.6%. The total proportion of patients with a comorbidity was 47.5%, and 84.4% of
patients who died had a comorbidity. Sex, history of diabetes mellitus, and dyslipidemia were
not significantly associated with mortality (p > 0.05). However, mortality showed significant
relationships with body mass index; age; history of hypertension, chronic kidney disease (CKD),
ischemic heart disease, cerebrovascular accident (CVA), pulmonary disease, and cancer; and
abnormal high-resolution computed tomography (HRCT) findings (p < 0.05 for all). Cancer had
the highest odds ratio.
Conclusion: Comorbidities (especially cancer, CKD, and CVA), severe obesity, old age, and
abnormal HRCT findings affected the health outcomes of patients hospitalized with COVID-19.
Keywords: COVID-19; Epidemiology; Hospitalization; Mortality
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Introduction
Coronavirus disease 2019 (COVID-19), which is caused by
a novel coronavirus, severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), was first reported in Wuhan,
Hubei Province, China, in December 2019. Subsequently,
COVID-19 has spread widely, affecting countries throughout
the world. The first report of an outbreak in Iran was on
February 29, 2020, in Birjand, the capital of the province of
South Khorasan located in eastern Iran.
The incidence of COVID-19 varies by region, and considerable
differences in the epidemiological and clinical characteristics,
disease severity, and mortality rate of patients treated in
different parts of the world have been observed [1,2]. For
example, although the fatality rate of COVID-19 in China was
3.8%, the rate was 5.8% in Wuhan and only 0.7% in the rest of
mainland China [3].
Early recognition of severe cases of COVID-19 is absolutely
essential for timely triaging of patients. Accurate knowledge
of the clinical characteristics, concurrent comorbidities,
laboratory parameters, and imaging features may facilitate
this assessment [4]. Despite the immensity of the problem,
there are limited data available regarding the characteristics
and mortality of hospitalized patients in Iran [5]. Thus, the
aim of the present study was to assess the characteristics
and outcomes of hospitalized patients with COVID-19 in
Birjand, Iran.

Materials and Methods
In this retrospective cohort study, the study population
included all patients who were admitted to Valiasr Hospital
in Birjand, Iran, between February 2020 and September
2020 due to COVID-19 with a laboratory-confirmed case of
COVID-19. We defined laboratory confirmation as at least
one positive result after a real-time reverse transcription
polymerase chain reaction (PCR) assay of a specimen
collected on a nasopharyngeal swab according to World
Health Organization protocols. Patients who were discharged
from the hospital or died were included in the study [5]. The
exclusion criteria were patients with a negative PCR test
result; outpatients; patients with incomplete demographic,
imaging, and clinical information (incomplete medical
records); patients with undefined outcomes (discharged/
dead); and patients who were still hospitalized at the end of
the study [5].
The study protocol was approved by the Birjand University
of Medical Sciences research council and the university
ethics committee (ethics code: IR.BUMS.REC.1399.105). In
all stages of the work, the principle of confidentiality of
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information was observed, and all data were recorded
without the patient’s name or identifying information.
All patients’ medical records were extracted from Valiasr
Hospital’s medical records unit. The extracted data included
patients’ epidemiological and clinical characteristics,
comorbidities, imaging (high-resolution computed tomography
[HRCT]) features, related laboratory findings, and outcomes. In
order to classify patients in terms of body mass index (BMI), the
following criteria were used: underweight was classified as a
BMI of less than 18.5 kg/m2, normal weight as 18.5 to 24.9 kg/m2,
overweight as 25.0 to 29.9 kg/m2, moderate obesity as 30.0 to
34.9 kg/m2, and severe obesity as ≥35 kg/m2 [6,7]. The target for
hypertension (HTN) control during hospitalization was a systolic
blood pressure (SBP)/diastolic blood pressure (DBP) < 140/90
mmHg, based on the 2018 ESC/ESH guideline and the 2020 ISH
guideline [8]. Patients were classified as having poor BP control
if either the average in-hospital SBP was ≥ 140 mmHg or
the average in-hospital DBP was ≥ 90 mmHg. Patients were
classified as having good BP control if both the average inhospital SBP was < 140 mmHg and the average in-hospital
DBP was < 90 mmHg [8]. To calculate the average in-hospital
SBP (or DBP), all data on SBP (or DBP) from a patient’s
documents during hospitalization were extracted, and their
sum was calculated and divided by the total number of
data points. The normal range for blood oxygen saturation
(SpO2) was considered 94% to 98%. SpO2 below 94% was
considered abnormal [9]. The case fatality rate (CFR) was
defined as the number of confirmed deaths divided by
the number of confirmed cases [10]. Severe cases with
critical illness were defined as those that required invasive
ventilation (by endotracheal intubation or ventilator) or
intensive care unit (ICU) admission, or that resulted in death
[2]. Comorbidities were defined as the presence of other
underlying diseases, including a history of at least 1 of the
following: HTN, diabetes mellitus (DM), ischemic heart disease
(IHD), cerebrovascular accident (CVA) or stroke, dyslipidemia
(DLP), chronic kidney disease (CKD), chronic pulmonary
disease (asthma or chronic obstructive pulmonary disease),
and cancer [2,5].
The obtained data were entered into IBM SPSS ver. 22.0
(IBM Corp., Armonk, NY, USA). Frequencies in each subcategory
were calculated and comparisons were made using the chisquare and paired-sample t-tests. Adjusted logistic regression
analysis was used to predict the outcome (probability of death).
A p -value of < 0.05 was considered to indicate statistical
significance.

Results
A total of 364 patients with COVID-19 admitted to Valiasr
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Hospital in Birjand were studied, of whom 157 (43.1%) were
females and 207 (56.9%) were males. The mean duration
of hospitalization was 8.5±4.3 days, and the mean duration
between the onset of symptoms to hospital admission was
5.1±2.1 days.
The mean age of patients was 54.28±18.81 years, with a
mean age of 59.87±18.40 years for females and 50.01±18.24
years for males. The mean age of patients who survived
and were discharged from the hospital was 50.61±17.54
years, and the mean age of hospitalized patients who died
of COVID-19 was 71.50±14.60 years. There was a significant
difference between the mean age of surviving patients and
patients who died (p < 0.001).
Table 1 shows the symptoms of hospitalized patients
with COVID-19 in the present study. The most common
symptom was cough, followed in descending order by fever
and dyspnea. Among all patients, 213 (58.5%) had a nonproductive cough and 41 (11.3%) had a productive cough.
Table 2 shows the frequency of abnormal signs of
hospitalized patients with COVID-19 in the present study.
Of the 364 hospitalized patients studied, 300 (82.4%)
survived (discharged) and 64 (17.6%) died. Thus, the CFR was
17.6%. Of the patients who survived and were discharged,
171 (57%) were males and 129 (43%) were females. Of the
patients who died, 36 (56.3%) were males and 28 (43.8%)
were females. There was no significant relationship between
sex and the final outcome of patients (discharge vs. mortality)
(p = 0.912).
There were 66 severe cases involving critical illness
(18.1%). Of those cases, 38 patients (57.6%) were males and
28 (42.4%) were females. Thus, 18.3% of males and 17.8% of
females had severe cases with critical illness. No significant
relationship was found between sex and the severity of
cases (p = 0.56).
Out of the 54 patients (14.8%) who were admitted to the
ICU, 59.3% were males and 40.7% were females. In total, 32
male patients (15.5% of males) and 22 female patients (14.0%
of females) needed to be admitted to the ICU. No significant
relationship was found between sex and the need for ICU
hospitalization (p = 0.701). Twelve (3.9%) of the 310 patients
who were not admitted to the ICU died, while 52 (96.3%)
of the 54 patients admitted to the ICU died. There was a
significant relationship between ICU hospitalization and
death (p < 0.001).
Endotracheal intubation was done in 56 patients (15.4%),
of whom 34 (60.7%) were males and 22 cases (39.3%) were
females. No significant relationship was found between sex
and endotracheal intubation (p = 0.528). In 54 cases (14.8%),
patients were connected to a ventilator. Of these, 32 (59.3%)
were males and 22 (40.7%) were females. No significant
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Table 1. Distribution of the frequency of symptoms in patients
hospitalized with coronavirus disease 2019
Symptom
Cough
Fever
Dyspnea
Myalgia
Chills
Weakness
Lethargy
Headache
Anorexia
Nausea
Chest pain
Vertigo
Diarrhea
Sweating
Sore throat
Vomiting
Abdominal pain
Impaired consciousness
Hyposmia
Xerostomia
Bone pain
Hypogeusia
Seizure
Rhinorrhea
Sneezing
Nasal congestion
Gastrointestinal bleeding
Faintness
Arthralgia
Otalgia
Constipation

Frequency
254 (69.8)
239 (65.7)
208 (57.1)
174 (47.8)
152 (41.8)
123 (33.8)
123 (33.8)
93 (25.5)
68 (18.5)
64 (17.6)
37 (10.2)
36 (9.9)
36 (9.9)
32 (8.8)
31 (8.5)
28 (7.7)
26 (7.1)
17 (4.7)
13 (3.6)
13 (3.6)
9 (2.5)
8 (2.2)
5 (1.4)
6 (1.6)
3 (0.8)
2 (0.5)
2 (0.5)
2 (0.5)
1 (0.3)
1 (0.3)
1 (0.3)

Data are presented as n (%).

Table 2. Distribution of the frequency of abnormal signs of
patients hospitalized with coronavirus disease 2019
Sign
Lymphopenia
Abnormal C-reactive protein
Abnormal high-resolution computed tomography
Abnormal temperature
Abnormal systolic blood pressure
Abnormal diastolic blood pressure
Abnormal resting heart rate
Abnormal respiratory rate
Abnormal oxygen saturation

Frequency
176 (48.4)
239 (65.7)
285 (78.3)
132 (36.3)
73 (20.1)
67 (18.4)
107 (29.4)
44 (12.1)
144 (39.6)

Data are presented as n (%).
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relationship was observed between sex and the need for
a ventilator (p = 0.701).
Out of the 364 patients admitted to the hospital, 173 (47.5%)
had comorbidities, of whom 69 (39.9%) had 1 comorbidity,
40 (23.1%) had 2 comorbidities, and 64 (37.0%) had 3 or more
comorbidities. Out of the 64 patients who died, 22 (34.4%) had
1 comorbidity, 10 (15.6%) had 2 comorbidities, 22 (34.4%) had 3
or more comorbidities, and 10 (15.6%) had no comorbidities.
Thus, the total number of patients who died who also had a
comorbidity was 54 (84.4%).
There was a significant relationship between sex and a
history of HTN, DM, chronic pulmonary disease, and DLP
(p < 0.05). There was no significant relationship between sex
and a history of CKD, IHD, CVA, and cancer (p > 0.05) (Table 3).
There were no significant relationships between sex,
history of DM, or history of DLP and mortality (p > 0.05) (Table 4).
However, mortality showed significant relationships with
BMI classification; age group; a history of HTN, CKD, IHD,
CVA, chronic pulmonary disease, and cancer; and abnormal
manifestations on HRCT (p < 0.05) (Table 4).
Table 5 shows adjusted logistic regression for age and
comorbidities. Cancer, CKD, and CVA, in descending order,
were the 3 factors most closely associated with mortality
among hospitalized patients with COVID-19.
With respect to BMI, distribution was as follows: 33
people (9.1%) were underweight, 129 people (35.4%) had
a normal weight, 103 people (28.3%) were overweight, 82
people (22.5%) had moderate obesity, and 17 people (4.7%)
had severe obesity group. Among male patients, 16 people
(7.7%) were underweight, 65 people (31.4%) had a normal
weight, 63 people (30.4%) were overweight, 52 people (25.1%)
had moderate obesity, and 11 people (5.3%) had severe
obesity. Among female patients, 17 people (10.8%) were
underweight, 64 people (40.8%) had a normal weight group,
40 people (25.5%) were overweight, 30 people (19.1%) had
moderate obesity, and 6 people (3.8%) had severe obesity.

There was no significant relationship between sex and BMI
(p = 0.216).
There was no significant relationship between sex and
abnormal findings on HRCT (p = 0.783). In total, 285 patients
had HRCT findings indicative of COVID-19. The observed
abnormalities on HRCT had a peripheral distribution in 98.9%
of cases. In 243 cases (85.3%), the observed abnormalities
were multifocal, while in 42 cases (14.7%), unifocal changes
were observed. The frequency distribution of abnormalities
observed on HRCT was as follows: bilateral ground-glass
opacities (GGOs) in 226 cases (62.1%), consolidation in 84
cases (23.1%), unilateral GGOs in 41 cases (11.3%), interlobular
septal thickening in 23 cases (6.3%), tree-in-bud sign or
pattern in 6 cases (1.6%), air space opacities in 6 cases (1.6%),
parenchymal bands in 4 cases (1.1%), and crazy-paving
pattern in 4 cases (1.1%).
In total, 76 male patients (36.7%) and 68 female patients
(43.3%) had SpO2 levels below 94%. There was no significant
difference between male and female patients in terms of
SpO2 (p = 0.202).

Discussion
In our study of hospitalized patients, the most common
symptoms were cough, fever, and dyspnea. Multifocal
bilateral GGOs with a peripheral distribution were the most
predominant imaging finding. The mortality rate was 17.6%.
In total, 84.4% of patients who died had at least 1 comorbidity.
Mortality showed significant relationships with BMI; age; a
history of HTN, CKD, IHD, CVA, chronic pulmonary disease,
and cancer; and abnormal HRCT findings.
Consistent with other studies, cough, fever, and dyspnea
were the most common presenting symptoms in our study,
and comorbidities were also common among COVID-19
patients [5,11–15]. In a review study by Ge et al. [16], the
reported median age of patients ranged from 41 to 57 years.

Table 3. Comparison of the distribution of frequent comorbidities among male and female hospitalized patients
Comorbidity

Male (n = 207)

Female (n = 157)

Negative

Positive

Negative

Positive

Hypertension

172 (83.1)

35 (16.9)

89 (56.7)

68 (43.3)

Diabetes mellitus

178 (86.0)

29 (14.0)

104 (66.2)

53 (33.8)

Ischemic heart disease
Cerebrovascular accident
Dyslipidemia
Chronic kidney disease
Pulmonary disease

178 (86.0)
200 (96.6)
180 (87.0)
201 (97.1)
199 (96.1)

29 (14.0)
7 (3.4)
27 (13.0)
6 (2.9)
8 (3.9)

140 (89.2)
151 (96.2)
119 (75.8)
153 (97.5)
133 (84.7)

17 (10.8)
6 (3.8)
38 (24.2)
4 (2.5)
24 (15.3)

Cancer

201 (97.1)

6 (2.9)

152 (96.8)

5 (3.2)

p-value

< 0.001
< 0.001
0.366
0.823
0.006
0.839

< 0.001
0.887

Data are presented as n (%).
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Table 4. Evaluation of the relationships between various characteristics of hospitalized patients and outcomes
Variable
Body mass index (kg/m2)
Underweight
Normal weight
Overweight
Moderate obesity
Severe obesity
Sex
Male
Female
Age (y)

Discharge

Mortality

31 (93.9)
97 (75.2)
87 (84.5)
72 (87.8)
13 (76.5)

2 (6.1)
32 (24.8)
16 (15.5)
10 (12.2)
4 (23.5)

171 (82.6)
129 (82.2)

36 (17.4)
28 (17.8)

0.040

0.912

< 0.001
214 (93.9)

14 (6.1)

86 (63.2)

50 (36.8)

No
Yes
Diabetes mellitus
No
Yes
Dyslipidemia
No
Yes
Chronic kidney disease

231 (88.5)
69 (67.0)

30 (11.5)
34 (33.0)

236 (83.7)
64 (78.0)

46 (16.3)
18 (22.0)

249 (83.3)
51 (78.5)

50 (16.7)
14 (21.5)

No
Yes
Ischemic heart disease

296 (83.6)
4 (40.0)

58 (16.4)
6 (60.0)

No
Yes
Cerebrovascular accident

274 (86.2)
26 (56.5)

44 (13.8)
20 (43.5)

No
Yes
Chronic pulmonary disease
No
Yes
Cancer

295 (84.0)
5 (38.5)

56 (16.0)
8 (61.5)

280 (84.3)
20 (62.5)

52 (15.7)
12 (37.5)

No
Yes
High-resolution computed tomography

295 (84.0)
3 (27.3)

56 (16.0)
8 (72.7)

Negative
Positive
Oxygen saturation (%)

77 (97.5)
223 (78.2)

2 (2.5)
62 (21.8)

≤ 45
> 45
Hypertension

≥ 94
< 94
Smoking or hookah use
Non-smoking
Smoking
Opium addiction
No addiction
Addiction

p-value

< 0.001

0.238

0.355

< 0.001

< 0.001

< 0.001

0.002

< 0.001

< 0.001

< 0.001
208 (94.5)

12 (5.5)

92 (63.9)

52 (36.1)

284 (81.6)
16 (100.0)

64 (18.4)
0

279 (81.8)
21 (91.3)

62 (18.2)
2 (8.7)

0.590

0.274

Data are presented as n (%).
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Table 5. Adjusted logistic regression for age and comorbidities
Variable
Cancer
Renal disease
Cerebrovascular accident

Odds ratio
(95% confidence interval)

Age ( > 60 y)

9.21 (1.91–44.52)
6.31 (1.58–25.13)
5.65 (1.50–21.3)
4.54 (2.20–9.38)

Pulmonary disease
Ischemic heart disease

3.65 (1.42–9.39)
3.45 (1.54–7.71)

The majority (50%–75%) of patients were male. The results
of our study are consistent with their results. A study by
Wang et al. [17]—a single-center case series involving
138 patients in Wuhan, China—showed a mean age of 56
years old among hospitalized patients, 54.3% of whom
were male, which are similar findings to those of our
study. Those authors also reported common symptoms
similar to those found in our study, with the exception that
lymphopenia occurred in 70.3% of patients, which is higher
than our reported rate of lymphopenia. The reason for
this difference could be due to the different cut-offs used
to define lymphopenia in each study. Another possible
explanation may be differences in the characteristics
of patients admitted to the hospitals, resulting from
differences in hospitalization criteria. HRCT scans in their
study showed bilateral patchy shadows or GGOs in the
lungs of all patients. Although the manifestations seen
on HRCT were similar in both studies, the HRCT scans in
our study were not abnormal in all patients. In their study,
there were probably more severe cases or cases with mostly
respiratory symptoms such as cough and dyspnea, which
are usually accompanied by abnormal HRCT findings.
In their study, 26.1% of patients were transferred to the
ICU, which is a higher proportion than found in our study.
Different time intervals between the onset of symptoms
and hospitalization could have affected the rates of ICU
hospitalization in these studies. In both studies, patients
treated in the ICU were older and were more likely to have
underlying comorbidities. The overall mortality rate in their
study was 4.3%, which is lower than that found in our study.
This difference could be due to the fact that some patients
were still hospitalized at the end of their study, and their
final outcome (survival or death) was not known. If followup had been continued, the mortality rate in their study
might have been higher. It should also be noted that death
and the overall mortality rate depend on multiple variables
such as hospital care, treatment, and medical staff, and
these factors can result in different mortality rates in
different studies. Therefore, another reason for the different
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results between the 2 studies in terms of mortality might be
differences in the above variables and in the quality of care
at the hospitals included in each study.
In a study by Gold et al. [18] of 305 hospitalized patients in
Georgia, USA, the CFR was 17.1%, which is a similar result to
that of our study. As in our study, mortality was significantly
associated with age. In their study, 1 in 4 hospitalized patients
had no recognized risk factors for severe COVID-19, which
was higher than the corresponding percentage in our
study (15.1%). Their study showed that 73.8% of patients
had comorbidities, which is also a higher proportion than
found in our study (47.5%). Their study also had a higher
mean age (60 years old) than that of our study (54.28 years
old). In total, 50.5% of patients in their study were female,
reflecting a slightly higher proportion than in our study. The
above-mentioned discrepancies could reflect populationlevel differences including some related to race and/or
ethnicity. Their study showed a current smoking rate of
5.2% among patients, which is similar to the results of
our study (4.4%). In their study, HTN, DM, IHD, and chronic
pulmonary disease were documented in 67.5%, 39.7%,
25.6%, and 20.3% of patients, respectively. Although
the results of the 2 studies were similar in terms of the
prevalence of underlying diseases, the overall percentage
of people with underlying diseases was lower among the
patients in our study, which could be related to racial
and ethnic differences and the overall health of the study
population in the 2 countries. Severe obesity was present
in 12.7% of patients, which is higher than the rate of severe
obesity in our study (4.7%). Overall, the percentage of deaths
among patients who received ICU care in their study (48.7%)
is lower than that of our study (96.9%). In our study, ICU
treatment may have been less likely to succeed because
patients arrived at the hospital with more advanced disease.
The chance of death for someone hospitalized for COVID-19,
according to a study by Horwitz et al. [19] conducted in
New York, USA, dropped from 25.6% in March 2020 to 7.6%
in August 2020. In a study by Dennis et al. [20] which analyzed
survival rates in England, a similar improvement was
observed. The initial mortality rate in their study is much
higher than in our study. However, over time, the mortality
rate in their study became lower than in our study. The
initial high risk of mortality in these studies may be related
to the initial lack of familiarity with the disease and relevant
treatment protocols. Over time, treatment protocols evolved,
and medical personnel became better able to control the
mortality rate. Differences in hospitalization criteria across
countries can also result in differences in mortality rates.
The mortality rate of patients hospitalized with COVID-19
in Iran, as reported by Jalili et al. [5], was 24.4%, which is
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higher than the mortality rate in the present study (17.5%).
This difference may reflect higher incidence and mortality
rates in other parts of the country. The high CFR in their
study and ours is consistent with the fact that both studies
analyzed hospitalized patients, since mild cases are not
likely to be admitted. In their study, the mortality rate
was higher among people over 65 years old and those
with a history of IHD, DM, chronic pulmonary disease,
CKD, or cancer. With the exception of DM, these findings
are consistent with the results of our study. In their study,
the mortality rate was higher for males than females. The
mortality rate for females in the present study was slightly
higher than for male; however, the overall difference in
mortality rates between males and females in both studies
was small.
In a study by Liang et al. [2] on 1,590 cases from 575
hospitals in 31 regions in China, the mean age of patients in
Hubei Province (49.7 years old) was close to that of patients
in our study (54.28 years). However, outside of Hubei, the
mean age (44.9 years) was noticeably lower than in our
study. This discrepancy once again emphasizes the different
criteria for hospitalization across regions and the possible
role played by racial differences. The proportion of cases
with comorbidities was higher in our study (47.5%) than in
their study (32.9% in Hubei and 19.7% outside Hubei). The
overall rate of severe cases and mortality in their study was
16.0% in Hubei and 3.2% outside of Hubei. The rate of severe
cases in our study (18.1%) was close to that of their study,
but the rate of mortality in their study was lower than that
of the present study (17.5%). This could in part be due to the
better management of severe cases and ICU patients and
more successful treatment protocols in their hospitals than
in the hospital we studied, resulting in a higher survival rate
of patients with severe cases and ICU patients in their study.
Furthermore, the poorer outcomes for COVID-19 patients
treated in the hospital from our study might be attributed
to a longer period of time between the onset of symptoms
and hospitalization at our center. Another reason for
this discrepancy may be related to different criteria for
hospitalization of COVID-19 patients in Iran and China, and
it is possible that patients with milder cases of the disease
were hospitalized in China. Another factor suggesting
the need for further investigation in future studies is the
possible existence of specific gene polymorphisms in the
Chinese population that increase resistance to COVID-19
and thus reduce mortality in China.
In a review by Park [3], fever, dry cough, and fatigue
were most commonly reported as COVID-19 symptoms,
whereas nasal congestion, rhinorrhea, sore throat, and
myalgia were relatively rare. Occasionally, non-respiratory
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symptoms such as palpitation, diarrhea, or headache
preceded respiratory symptoms. Although fever and dry
cough were among the most common symptoms in our
study, fatigue was less common and dyspnea was more
common. Some symptoms that were rare in Park’s study
[3], such as myalgia, were common in our study. In his
study, risk factors for severe pneumonia or death included
being aged 60 or older and having comorbidities such
as HTN, DM, IHD, chronic pulmonary disease, or cancer.
This corresponds to the results of our study. Park [3] also
observed that laboratory tests of confirmed COVID-19 cases
often showed leukopenia, lymphopenia, and mildly elevated
C-reactive protein (CRP) levels. This is consistent with our
results, although lymphopenia and elevated CRP levels were
not seen in all cases in our study. In another study, Velavan
and Meyer [4] suggested that clinicians should consider
low lymphocyte count as well as the serum levels of CRP,
D-dimer, ferritin, cardiac troponin, and interleukin (IL)-6,
which may be used in risk stratification to predict severe
and fatal COVID-19 cases among hospitalized patients. They
stated that it is more likely that the course of the disease
will be unfavorable if some or all of these parameters are
altered. One of the limitations of our study was the lack
of results for some tests, such as IL-6 and D-dimer, in the
medical records of all patients, which is why they were
excluded as variables in this study.
In their review, Hani et al. [21] stated that typical computed
tomography features included peripheral GGOs with a
multifocal distribution, and a progressive evolution towards
organizing pneumonia patterns. This also matches our
results. Those authors also stated that CT may be used for
prognostic purposes, with poorer outcomes in patients
having more extensive disease and more consolidations.
Although this study evaluated hospitalized COVID-19
patients, it had multiple limitations. The study population
was from a single city. The criteria for hospitalization vary
across different cities and countries, which may make it
difficult to compare mortality rates. In addition, most of
the patient variables were self-reported and could not be
verified.

Conclusion
Comorbidities, severe obesity, old age, and the presence
of abnormal HRCT findings were associated with the
f inal outcomes of hospitalized COVID-19 patients.
Among comorbidities, a history of cancer, CKD, and CVA
(in descending order of magnitude) further increased
the risk of mortality. Patients with these comorbidities
should receive special attention to prevent COVID-19
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infection, especially if they are older, since infection and
hospitalization are not likely to lead to good health outcomes
in this population.
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Objectives: The aim of this study was to evaluate the effectiveness of behavioral smoking
cessation interventions among adolescents.
Methods: MEDLINE, CENTRAL, Embase, CINAHL, KoreaMed, and KMbase were searched from
inception to June 2020. Systematic reviews (SRs) or meta-analyses of randomized controlled
trials (RCTs) were initially searched to perform a rapid SR. After selecting the final SR, RCTs
after the publication year of the selected SR were searched. The primary outcome was smoking
status after at least 6 months of follow-up, and the secondary outcome was smoking status at 4
weeks. Two reviewers independently assessed the selected studies’ quality using the Cochrane
risk of bias tool. The meta-analysis utilized a Mantel-Haenszel fixed-effect model reporting the
relative risk (RR) and 95% confidence interval (CI). The subgroup analysis utilized Cochrane’s Q.
Results: Thirty-two RCTs (11,637 participants) from a single SR were meta-analyzed. After 6
months of follow-up, the intervention group had significantly higher abstinence rates (RR,
2
1.30; 95% CI, 1.20−1.41; I =26.46%). At 4 weeks of follow-up, the intervention group also had
2
significantly higher abstinence rates (RR, 1.92; 95% CI, 1.49–2.47; I =0.00%). The subgroup
analysis indicated a significant difference in the abstinence rate according to the study setting
and the period between intervention completion and follow-up.
Conclusion: This review showed that adolescent behavioral smoking cessation intervention
programs significantly increased abstinence rates compared to the usual care.
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Introduction
Tobacco consumption is the leading cause of preventable
death, including from causes such as malignancy, coronary
heart disease, stroke, chronic pulmonary disease, and other
chronic diseases; tobacco kills more than half of its regular
consumers according to the United States (US) Surgeon
General’s report on smoking cessation in 2020 [1]. Tobacco
product use is primarily started and established during
adolescence. In the US, where nearly 9 out of 10 daily adult
smokers had first tried smoking by age 18 [2]. A World
Health Organization report on adolescent smoking in 177
countries between 2008 and 2018 showed that about 24
million adolescents aged 13 to 15 years (17 million males and
7 million females) were currently smoking worldwide [3].
This corresponds to an average prevalence of 6.5% (male,
9%; female, 4%) among youth. The current smoking rate
among Korean youth (aged 13 to 18 years, smoked cigarettes
on at least 1 of the last 30 days) is 6.7% as of 2019. The age of
first smoking experience is 13.2 years and the smoking rate
for male adolescents was 9.3%, 2.5 times higher than that
for female adolescents (3.8%) [4]. Although the smoking rate
of male adolescents decreased after 2011, it has remained
stable for the last 3 years. The smoking rate of female
adolescents declined until 2016, and then increased again
in the last 3 years. This situation has further reinforced
the urgent need for early interventions that can promote
healthy behaviors among children and adolescents and
thus reduce the risk of later-life poor health outcomes.
The anti-tobacco movement implements 2 strategies to
further its aims: prevention and cessation of smoking. The
prevention of smoking initiation is vital for tobacco use
reduction; however, this review focuses on interventions
that help adolescents quit smoking. Adolescents often
view smoking as a tool for networking with friends and
for expressing emotions [5]. This, along with nicotine
dependence, makes it very difficult for adolescent smokers
to quit smoking. Furthermore, various factors complicate
adolescent smoking; these include external factors such as
parental smoking, the price and availability of cigarettes,
exposure to advertising and promotions, the social norms
around smoking in society as a whole and in low-income
socioeconomic strata, personal factors such as low selfesteem and adolescent rebelliousness, skill factors such as
inability to refuse, and attitude factors such as curiosity and
positive thoughts about cigarettes.
Therefore, a comprehensive approach considering all
factors is necessary to reduce smoking behavior among
adolescents. Rather than a single or independent method, a
combination of smoking-related education, anti-smoking
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campaigns, tobacco price increases, prohibitions on public
smoking, and smoking cessation programs have been
shown to have a stronger effect on adolescent smoking
cessation [6].
While smokers often attempt to stop smoking on their
own, advice from health professionals has been shown to
increase quit attempts by 30% and to increase smoking
cessation medication use, which can nearly double or triple
the successful cessation rate [7]. Unlike adults, adolescents
are undergoing rapid physical and psychological changes,
so they often require separate smoking cessation programs.
Since adolescent smoking often leads to lifelong smoking,
it is important to confirm adolescent smoking cessation
programs’ effectiveness in the context of adolescents’
individual and social burdens. Numerous studies have
discussed smoking cessation services for adults; thus,
similar suitably modified services should be considered for
adolescents. However, various differences in adolescents’
smoking patterns, lifestyles, and service-related attitudes
may challenge this assumption. One recurrent reviewrelated issue in this regard is the paucity of high-quality
research for answering this important question. The US
Preventive Services Task Force (USPSTF) found insufficient
evidence to recommend or advise against tobacco use
treatment interventions for adolescents [8]. According to
a 2016 meta-analysis, intervention participants were 34%
more likely to report quitting smoking at the end of the
intervention relative to the control group [9], but a 2019
Cochrane systematic review (SR) found limited evidence
that behavioral support increases long-term smoking
cessation among young people [10].
We aimed to conduct an up-to-date SR and meta-analysis
of trials to answer the following questions: (1) Do adolescentoriented behavioral-based smoking cessation interventions
effectively achieve smoking cessation? (2) What, if any,
adverse effects are associated with such interventions?
(3) What elements characterize efficacious treatment
interventions? The current SR provides an update to include
studies conducted since the last review, if possible, in order
to inform the Korea Preventive Service Task Force (KPSTF)
about the need for an updated recommendation statement.

Materials and Methods
In this study, a rapid SR was conducted using the KPSTF’s
rapid SR method to provide available evidence within a
limited timeline [11]. The protocol for this SR was approved
by the KPSTF.
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Search Strategy
The following databases were searched: international
databases including MEDLINE (Ovid), the Cochrane Central
Register of Controlled Trials (CENTRAL), Embase, and the
Cumulative Index to Nursing and Allied Health Literature
(CINAHL); and domestic databases including the KoreaMed
and KMbase. The search terms included “child,” “adolescent,”
“tobacco,” “smoking cessation,” “abstinence,” “behavior control,”
and other relevant terms (Methods S1). In order to perform a
rapid SR, SRs or meta-analyses of randomized controlled trials
(RCTs) were initially searched. After the final SR was selected,
RCTs after the last search date of the selected SR were searched.

Inclusion and Exclusion Criteria
We included studies involving all types of non-pharmacological
smoking cessation interventions. These included individual or
group psychosocial and behavioral counseling; family, school,
and community-based programs; tailored self-help materials;
and technology-based programs. We included programs
combining behavioral interventions and pharmacotherapy if
it was possible to extract data for the behavioral intervention
outcomes. Interventions involving control groups included
no interventions, usual care, or brief information about
quitting smoking. The study participants were adolescents
aged under 20 years, who were smoking regularly during the
interventions. Studies had to have at least 6 months followup from the intervention’s beginning until its outcome
assessment. No limit was placed on the publication year, and
the last search date was June 19, 2020. The search was limited
to studies published in English and Korean. We excluded
adolescents who were pregnant. We also excluded mass
media campaigns and policy-level interventions.

Outcome Measure
The primary outcome of interest was the abstinence rate at 6
months of follow-up or a longer period from randomization.
For the trials that reported multiple follow-up times, we
chose those that were closest to 6 months for the primary
outcome. “Abstinence” was defined as non-smoking status
determined based on biochemical tests or self-reports
at least 6 months or more after the baseline. When both
methods were used, biochemical tests were applied first.
Such biochemical tests involved testing for the presence
of smoking-related substances in breath, saliva, urine,
and blood. The secondary outcome of interest was the
abstinence rate at 4 weeks of follow-up in studies that
reported those results.

Data Collection and Processing

and abstracts of citations for inclusion. They obtained
the full texts of potentially eligible studies, which were
then judged against specified inclusion criteria. If
disagreements occurred, consensus was achieved through
an agreement between the 2 researchers or a discussion
with a third researcher. Once the final SR was selected,
RCTs after the publication year of the SR were searched.
One researcher extracted data using a data extraction
template that had been designed in advance, and another
researcher conducted independent cross-checking. Any
discrepancies were resolved through discussions with a
third researcher. The following information was extracted:
study identification, publication year, country, study design,
setting, number of participants, intervention type and
delivery method, follow-up period, abstinence verification
method, and the most stringent abstinence rate reported.

Quality Assessment
The Assessment of Multiple Systematic Reviews (AMSTAR)
tool was used to assessing the selected SR’s quality [12].
The AMSTAR tool contains 11 items for evaluating the
methodological quality of SRs. A score of 0 to 3 is classified
as low quality, a score of 4 to 7 as moderate quality, and a
score of 8 to 11 as high quality. The quality of the selected
RCTs was assessed using the Cochrane risk of bias (RoB) tool.
The RoB tool assesses study quality by making judgments
(high, low, unclear) in 7 domains: random sequence
generation, allocation concealment, selective reporting,
blinding of participants and personnel, blinding of outcome
assessment, incomplete outcome data, and other sources
of bias [13]. At least 2 researchers independently assessed
the included studies’ quality and, in cases of disagreement,
had discussions with a third researcher in order to reach an
agreement.

Statistical Analysis
The meta-analysis was performed using Stata/MP ver. 16.1
(StataCorp., College Station, TX, USA). The overall effect on
smoking abstinence at 6 months (or longer) post-initiation
of intervention was presented as a relative risk (RR) and
95% confidence interval (CI). Statistical heterogeneity
(assessed using the Higgins I 2 test) was low; therefore, a
fixed-effect analysis using the Mantel-Haenszel model
was applied [14]. Publication bias was tested using a funnel
plot and the Egger linear regression test [15]. Subgroup
analyses were performed based on the program’s theoretical
basis, program intensity, the type of counseling, the place
providing the program, and the period between intervention
completion and follow-up outcome assessment.

Two review authors independently screened the titles
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Results
Search Results
Our search strategy yielded 1,550 studies. Following title
and abstract screening, 144 full-text SRs were assessed for
eligibility. We identified 1 high-quality 2017 SR from the
Cochrane Library (AMSTAR score, 10 out 11). Among the 41
primary studies from the selected SR, 31 studies satisfied
our selection criteria. After searching RCTs published from
2017 (the publication year of the selected systematic literature
review) onward, 1 study was selected. Finally, 32 studies
were selected for meta-analysis. Although many studies had
been conducted on smoking cessation among South Korean
adolescents, none satisfied all the inclusion criteria.
Each study reported a different intervention period,
method, and intensity for the smoking cessation program.
The intervention duration was 1 to 12 months, and the
intervention delivery methods were personal counseling,
group counseling, customized texting, using smartphone
applications, and telephone counseling. Figure 1 depicts
a flowchart of the literature selection process, and the
characteristics included in the meta-analysis are detailed in
the supplementary file.

Effects of Smoking Cessation Interventions
Table S1 details the characteristics of the 32 selected studies.
The meta-analysis results showed that, at 6 months, the
intervention group’s abstinence rate was 30% higher than
that of the control group (RR, 1.30; 95% CI, 1.20–1.41; I 2 =
26.46%) (Table 1, Figure 2). When the funnel plot was
evaluated, there was a weak suspicion of publication bias
(Figure S1). In the Egger linear regression method test, the
p-value of the publication bias test was 0.0967. Therefore,
missing values were imputed using the trim-and-fill
method [16]. The RR before correction was 1.26 (95% CI,
1.164–1.366), and even after correcting the missing values,
the RR was 1.249 (95% CI, 1.154–1.353). Therefore, we
concluded that publication bias would not seriously affect
the results.
The intervention group had significantly more favorable
secondary outcomes than the control group. Among 32
RCTs, 13 studies presented the 4-week follow-up abstinence
rate, and the intervention group had a higher abstinence
rate than the control group (RR, 1.92; 95% CI, 1.49–2.47;
I 2 = 0.00%) (Figure 3). In the Egger linear regression method
test, the p -value of the publication bias test was 0.4928;
therefore, we concluded that there was no publication bias.

Risk of Bias
All the selected studies were comparative RCTs, and bias
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risk assessment was performed using the Cochrane RoB
tool (Figure S2). One study mentioned that the participants
selected the group that was to be assigned, so it was concluded
that the RoB of random sequence generation would be high.
For 6 studies, the RoB of allocation concealment was judged
to be high because the assignment order was determined
by the participants’ enrollment order. Regarding participant
and personnel blinding, since six studies mentioned that
blinding was impossible, they were deemed to be highly
biased. Thirteen studies stated that the evaluator could not
be blinded, so it was concluded that the RoB of outcome
assessment blinding was high. Six studies were determined
to have a high RoB for incomplete outcome data because
the difference in dropout rates between the intervention
group and the control group was large.

Subgroup Analyses
A subgroup analysis showed that programs implemented
at a medical institution had significantly higher abstinence
rates than those implemented elsewhere (p =0.03). Furthermore,
the subgroup with less than 1 month between the intervention
completion (including booster sessions) and the follow-up
had significantly higher abstinence rates than the subgroup
where more than 1 month had elapsed (p = 0.03).
Beyond this, there was no other significant difference
in the abstinence rate between subgroups based on the
country of the study (p = 0.53), theoretical basis (p = 0.53),
intensity (p = 0.09), type of counseling (p = 0.82), biochemical
confirmation or self-report (p = 0.15), simplicity or complexity
(p =0.49), and whether the interventions included face-toface interactions (p =0.27). The following variables were not
statistically significant: program location (school vs. nonschool), follow-up time (6–8 months vs. 12–14 months),
and the period between the intervention completion time
and the follow-up time (less than 2 months vs. more than 2
months).

Discussion
We evaluated the effectiveness of behavioral smoking
cessation interventions for adolescents. This review
presented objective evidence that behavioral smoking
cessation interventions targeting adolescent smokers
significantly increased their abstinence rate compared to the
abstinence rate of a control group that received usual care or
brief advice or was exposed to self-help materials. Therefore,
non-pharmacological smoking cessation interventions for
adolescents could aid in the management of adolescent
behavioral smoking within the community.
Our results showed that the abstinence rate at 6 months
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Systematic reviews identified through
international databases (n = 1,251)

Systematic reviews identified through
domestic databases (n = 475)

Ovid MEDLINE (n = 689)
EMBASE (n = 119)
■ CENTRAL (n = 25)
■ CINAHL (n = 418)
■

■

■

■

KoreaMed (n = 18)
KMBASE (n = 457)

Duplicates removed (n = 176)
Systematic reviews after duplicates removed (n = 1,550)
RCTs after selected SR's
publiching year searching
(2017-2020)

Excluded, title and abstract screen
(n = 1,406)
Not systematic review (n = 43)
Ineligible purpose (n = 1,158)
■ Ineligible population (n = 69)
■ Ineligible intervention (n = 136)
■
■

RCTs identified through database
searching (n = 1,279)
Ovid MEDLINE (n = 411)
EMBASE (n = 638)
■ CENTRAL (n = 12)
■ CINAHL (n = 218)
■

Full-text systematic reviews assessed for eligibility (n = 144)

■

Excluded, full text screen (n = 143)
Ineligible population (n = 22)
Ineligible intervention (n = 52)
■ Ineligible outcome (n = 66)
■ Follow-up of included study (n = 3)
■

Duplicates removed (n = 672)

■

RCTs after duplicates removed (n = 607)
Selected 1 final systematic review (n = 1)
Excluded, title and
abstract screen (n = 562)

Review of the included RCTs in

Ineligible purpose (n = 328)
Ineligible intervention (n = 84)
■ Ineligible population (n = 56)
■ Ineligible outcome (n = 94)
■

selected systematic review (n = 41)

■

Fanshawe et al., 2017

Excluded (n = 10)
Full-text RCTs assessed for eligibility (n = 45)

Pharmacological intervention (n = 4)
■ Outcome not reported (n = 2)
■ Inconsistent results (n = 2)
■ Not English (n = 1)
■ Ineligible comparison group intervention (n = 1)
■

Excluded, full text screen (n = 44)
Ineligible intervention (n = 8)
Ineligible population (n = 14)
■ Ineligible outcome (n = 22)
■
■

Included RCTs for
meta-analysis (n = 31)

Selected RCT (n = 1)

Selected primary studies for final analysis
(n = 32)

Figure
Figure
1. 1. Flowchart of the selection of studies included in the meta-analysis.

CENTRAL, Cochrane Central Register of Controlled Trial; CINAHL, Cumulative Index to Nursing and Allied Health Literature; RCTs,
randomized controlled trials; SR, systematic review.
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Table 1. Results of the subgroup analysis
Subgroup
Overall effect
Study country
North America
Europe and others
Program location 1
School
Others
Program location 2
Including a medical institution
Non-medical institution
Theoretical basis
Stages of change model
Motivational interviewing
Social cognitive theory
Complex theoretical model
Program intensity
Low
Middle
High
Counseling type
Private
Group
Other
Program simplicity or complexity
Simple program
Complex program
Smoking status assessment method
Biochemical method
Self-report
Face-to-face or non-face-to-face
Face-to-face
Face-to-face and non-face-to-face
Non-face-to-face
Period between intervention completion and follow-up 1
Less than 1 mo
More than 1 mo
Period between intervention completion and follow-up 2
Less than 2 mo
More than 2 mo

I2 (%)
(heterogeneity)

Population
(RCT)

Relative risk
(95% CI)

11,637 (32)

1.30 (1.20–1.41)

26.46

8,367 (21)
3,270 (11)

1.28 (1.17–1.41)
1.36 (1.16–1.60)

31.55
26.46

7,658 (21)
3,979 (11)

1.27 (1.15–1.40)
1.37 (1.19–1.57)

26.68
26.03

935 (6)
10,702 (26)

1.78 (1.33–2.40)
1.27 (1.16–1.38)

0
27.23

3,283 (6)
1,511 (9)
4,006 (9)
2,837 (8)

1.31 (1.09–1.57)
1.11 (0.88–1.40)
1.32 (1.12–1.54)
1.35 (1.20–1.53)

0
9.56
33.97
51.72

2,300 (6)
7,284 (16)
2,053 (10)

1.50 (1.17–1.92)
1.25 (1.14–1.38)
1.39 (1.13–1.71)

15.53
21.78
40.02

1,997 (6)
7,730 (17)
1,910 (9)

1.21 (0.95–1.54)
1.32 (1.08–1.63)
1.31 (1.20–1.44)

42.34
28.03
27.07

8,736 (23)
2,901 (9)

1.32 (1.20–1.46)
1.25 (1.08–1.44)

29.79
18.09

4,834 (15)
6,643 (17)

1.19 (1.03–1.38)
1.36 (1.23–1.49)

34.42
16.34

5,170 (18)
2,140 (6)
4,327 (8)

1.31 (1.13–1.53)
1.46 (1.22–1.74)
1.23 (1.10–1.38)

30.68
40.16
5.2

1,161 (7)
10,476 (25)

1.75 (1.32–2.31)
1.26 (1.16–1.37)

36.61
16.56

2,356 (9)
9,284 (23)

1.31 (1.15–1.50)
1.30 (1.17–1.43)

44.01
21.17

Subgroup
difference
(p-value)
0.53

0.38

0.03

0.53

0.09

0.82

0.49

0.15

0.27

0.03

0.90

CI, confidence interval; I2, the Higgins I2 test statistic; RCT, randomized controlled trial.

or more of follow-up was 30% higher in the behavioral
intervention group than in the control group; furthermore,
there was no difference based on the various types of
behavioral smoking cessation interventions. The SR of
Fanshawe et al. [10], our final SR choice, found evidence
of an intervention effect for group counseling (RR, 1.35;
95% CI, 1.03–1.77) but not for individual counseling (RR,
1.07; 95% CI, 0.83–1.39), mixed methods (RR, 1.26; 95% CI,
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0.95–1.66), or computer or messaging interventions (pooled
RR between 0.79 and 1.18). The results may have differed
because we did not include 10 out of the 41 studies that the
previous SR had included (4 pharmacologic intervention; 2
outcomes not reported; 2 inconsistent results; 1 not English;
1 ineligible comparison group intervention). However, the
subgroup that included medical institutions in the study
setting had a higher abstinence rate than the non-medical
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Overall
Heterogeneity: I2 = 26.46%, H2 = 1.36
Test of θ1 = θ1: Q (31) = 42.15, p = 0.09
Test of θ = O: z = 6.44, p = 0.00
Fixed-effect Mantel-Haenszel model

Figure 2. Summary of meta-analysis findings for the primary outcome (at 6 months of follow-up).
CI, confidence interval; I2, Higgins I2 test statistic.

setting subgroup (1.78 vs. 1.27, p = 0.03). One of the studies
that included medical institutions was that of Hollis et
al. [17]. The intervention began with a doctor providing
some brief cessation-related advice to adolescents who
visited the clinic. After this, adolescents who wished to quit
smoking were guided to receive personalized computerbased cessation programs and motivational interviews.
As such, the subgroup involving medical institutions in its

https://doi.org/10.24171/j.phrp.2021.0018

interventions had statistically significantly higher abstinence
rates than the others. Six studies included in the metaanalysis had study settings involving medical institutions.
The recruitment of participants in these studies was carried
out in the emergency room, a psychiatric hospital, a hospitalbased pediatrics and family medicine outpatient department,
or a pediatrician’s office. None of the studies compared the
abstinence rate after cessation intervention in adolescent
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Figure 3. Summary of meta-analysis findings for the secondary outcome (at 4 weeks of follow-up).
CI, confidence interval; I2, Higgins I2 test statistic.

smokers by medical characteristics. Therefore, only limited
evidence was obtained regarding whether the effect of
smoking cessation was caused by the agency providing the
intervention or the smokers’ characteristics themselves.
The USPSTF recommends that primary care clinicians
should provide interventions, including education or brief
counseling, to prevent tobacco use initiation among children
and adolescents [18]. The USPSTF concluded that the current
evidence is insufficient for assessing the balance between
benefits and harms from primary care-feasible tobacco
cessation interventions among children and adolescents;
however, our findings showed that adolescent behavioral
smoking cessation interventions could be more effective
if the intervention efficiently utilized medical institutions
within communities. Therefore, it is desirable to mobilize
all available resources, including schools, parents, medical
institutions, and local communities, when designing smoking
cessation programs for adolescents; furthermore, it is
important to include medical institutions in the program
whenever possible.
The subgroup with less than 1 month between intervention
completion and follow-up had a significantly higher
abstinence rate than the subgroup with more than 1 month
(RR, 1.75 vs. 1.26; p = 0.03). However, when we investigated
the difference according to whether studies had more than
2 months between intervention completion and followup, there was no significant difference between the
subgroups (p = 0.90). The finding of the subgroup analysis
regarding whether the gap between the intervention
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completion and the follow-up was less than 1 month may
indicate that adolescent behavioral smoking cessation
interventions were effective. Most smokers repeat failures
and successes until they completely quit smoking—often
with an average of 6 or more attempts [19]. Adolescents are
no exception to this trend, so even if they successfully quit
smoking, they are more likely to smoke again because of
certain adolescent characteristics including peer pressure,
emotional instability, and ambivalence [20]. Therefore,
further interventions for preventing relapses should also be
considered within 1 month after the completion of a smoking
cessation intervention.
This review’s results are, for the most part, consistent
with other recommendations related to behavioral
interventions among adolescents, though those results
are somewhat different from ours. In a 2008 US Guideline,
the use of counseling was shown to approximately double
the long-term abstinence rate when compared to usual
care or no treatment [7]. However, according to the 2013
USPSTF recommendation, a pooled meta-analysis of 7
trials found a small but statistically insignificant effect at
6-month to 12-month follow-ups favoring the intervention
[8]. In an SR by Peirson et al. [9], a meta-analysis showed
that intervention participants were 34% more likely than
controls to report that they quit smoking at the end of the
intervention. The Canadian Task Force on Preventive Health
care also recommended offering brief information and
advice during primary care visits to treat adolescent tobacco
smoking [19], and the European Network for Smoking and
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Tobacco Prevention concluded that counseling was an
effective smoking cessation method for teenagers [21]. A
recent 2020 USPSTF recommendation concluded that the
current evidence is insufficient for assessing the balance,
in terms of benefits and harms, from primary care-feasible
interventions for tobacco use cessation among school-aged
children and adolescents [22].
This study had several limitations. First, the included RCTs
were not of excellent quality. For interventions involving
behavioral therapy, rather than pharmacological therapy,
it was difficult to conceal participation in the study; this
led to a high RoB in the blinding of the participants and
personnel. Furthermore, the outcome measures were more
biased when the participant’s self-reports, rather than
biochemical methods, were used to verify smoking status.
Therefore, the level of evidence was evaluated as being
moderate, because the included studies in the analysis
were suspected of having some bias. Second, the included
studies’ smoking cessation programs were heterogeneous.
Although a subgroup analysis was performed based on
various program characteristics, there were limitations in
the synthesis the effects. Third, while some programs used
a single method, many programs used combinations of 2 or
more methods, including individual counseling, technology
use, group counseling, and additional telephone counseling.
Therefore, confirming the effect of each factor was difficult,
which made it difficult for us to present individual methods’
effects.
Most of the studies included in the meta-analysis were
conducted in the US and Europe. Although there were
many studies examining smoking cessation among South
Korean adolescents, none satisfied all the inclusion criteria.
However, if the RCT on the Project EX group counseling
program for South Korean adolescents conducted by
Yu et al. [23] had at least 6 months of follow-up, it would
have been included in the analysis. It is noted that
adequate research has not been conducted to identify the
effectiveness of smoking cessation programs targeting
adolescents in the South Korean context. We suggest that
it is necessary to conduct well-designed RCTs in South
Korea to confirm the effectiveness of adolescent smoking
cessation programs.
The results of several studies, and published protocols
that are currently in progress, were not reported; thus, these
could not be included in the evidence evaluation. Smoking
cessation interventions for adolescents, especially research
examining technology use, are currently being planned and
conducted worldwide, and more literature is expected to be
published in the next few years. Therefore, when ongoing
studies’ results are reported, and sufficient evidence is
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secured, it is important to conduct additional evidence
evaluation that includes those studies.

Conclusion
The SR of 32 RCTs, which aimed to evaluate the clinical
effects of behavioral smoking cessation interventions for
adolescents, showed that such interventions significantly
increased the abstinence rate compared to the control
group. To develop an effective adolescent smoking cessation
program, it is important to efficiently use all available
resources such as schools, parents, medical institutions,
communities, and technologies. Furthermore, it is necessary
to conduct well-designed RCTs to confirm the long-term
effects of smoking cessation programs and technologybased programs, especially including Korean adolescents.
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Objectives: The aim of this study was to describe the characteristics of hand-to-environmental
contact (HEC) and to identify the factors influencing HEC behavior in Korean adults’ indoor
daily life.
Methods: Thirty participants were enrolled from January 14 to February 12, 2018 after providing
informed consent for being videotaped. Data were collected by recording their indoor daily
lives for 2 hours, resulting in 4,732 HEC cases. To ensure the accuracy and reliability of the
HEC readings, 3 training sessions were conducted for the videotape readers. Rereading and
verifying randomly selected data ensured the validity of intra- and inter-reader readings.
Results: The most frequent contact items were phones, papers, computer accessories, and
furniture surfaces. The contact density (frequency-duration/min) was highest for category II
(items occasionally shared by others, 56.8), followed in descending order by category I (items
for individual use, 35.9), and category III (public use items, 3.4). Significant differences in
contact density were found according to participants’ demographic characteristics.
Conclusion: As mobile phones were the most frequent contact item, regular and strict mobile
phone cleansing or disinfection strategies are needed, in addition to preventative measures
taken for category II and III items. Avoiding sharing personal items with others, refraining
from unnecessary HEC, and maintaining strict hand hygiene are recommended.
Keywords: Activities of daily living; Contact tracing; Disease transmission; Environment; Hand
hygiene

Introduction
Hand contact is the most frequent mode of infection transmission [1,2]. Environmental
contamination is an increasingly serious issue in terms of infectious pathogen transmission

© 2021 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/).
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through the contact mode of transmission [3,4]. Environmental
surfaces can be easily contaminated with various pathogens
and can act like a “reservoir” for these pathogens, facilitating
their transmission by hand contact with contaminated
environmental surfaces [5,6]. Indoor human environments,
including homes, offices, schools, workplaces, transport
systems, and other settings, can often be sources of potentially
unsafe microorganisms [5–8]. This issue is also a concern
for respiratory viruses, since adults who are sick with colds
commonly contaminate environmental surfaces with the
causative rhinovirus. If aerosol droplets settle on these
surfaces, viruses can remain transmissible for hours or days
[5,9].
A previous study that investigated indoor environmental
contamination with a rhinovirus reported that 35% of the
150 environmental sites in the rooms were contaminated
[10]. Common virus-positive sites were frequent hand-contact
sites, such as door handles, pens, light switches, TV remote
controls, faucets, and telephones. Moreover, the rhinovirus
was transferred from surfaces to fingertips in 18 out of 30
trials (60%) 1 hour after contamination and in 10 out of 30
trials (33%) 18 hours (overnight) after contamination. In 2015,
during the Middle East respiratory syndrome (MERS) outbreak
in the Republic of Korea (hereafter Korea), environmental
contamination was suggested as a potential mode of MERS
transmission [11].
In terms of person-to-person spread, a study reported
that household transmission involving at least 14 people
could occur through horizontal spread, one person after
the other, by touching the same contaminated door handle
[12]. Successive transmission from one person to another
was shown to spread up to the sixth contact person under
everyday living conditions in an apartment shared by 4
students [12].
The above findings show that not only aerosol droplets,
but also frequent hand contact with environmental surfaces
can be a mode of easy contamination, increasing the risk
of infection. To decrease the risk of the transmission of
infection through hand-to-environment contact (HEC),
reducing the contact rate is somewhat more effective than
increasing ventilation [6,13,14].
It is therefore important to assess the frequency and
characteristics of HEC to identify the degree of exposure
and infection risk through this route. In recent years, there has
been increasing research on environmental contamination
with microorganisms and hand contact with the environment
[15–17]. However, few studies have been conducted in Korea
about HEC in daily life. Infectious disease outbreaks in
Korea, such as MERS in 2015, may be expected to occur
more frequently and more severely in the future, because
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Korea is a hot spot for expanding international travel and
business. Thus, it is necessary to implement infectious disease
outbreak preparedness and control measures. The purpose
of this study was, therefore, to describe the characteristics of
HEC in Korean adults’ indoor daily life activities to identify
HEC-related behavioral factors as a pilot study.

Materials and Methods
Participants and Data Collection
This study used a video-based observation method to
quantify HEC behaviors in the daily activities of Korean adults.
Thirty participants were recruited and video recordings of
their daily indoor activities were collected as research data
from January 14 to February 12, 2018. The purpose of this
study and the method of data collection were explained
to the participants and their consent to being videotaped
was obtained [18]. The participants were assured of the
confidentiality of data to protect their privacy after observing
their behaviors through the videotapes. To minimize the
participants’ behavioral changes as a result of the video
observations, they were not informed that the study would
involve observation of them touching specific environmental
items. We selected videotaping locations for observing
indoor activities in daily living environments that were
restricted from external access, such as the lecture rooms
of the undergraduate students participating in the study
and the participants’ workplaces and places of worship.
Videotaped data were collected for 2 hours during the day
when the participants were the most active in terms of
performing their daily routine tasks, such as working on the
computer, reading, writing, or praying in church.
Trained video readers observed the videos and compiled
the observed environmental contact items and the duration
of contact in a standardized Microsoft Excel format. The
contact duration in terms of time was entered as the start
minute, the start seconds to end minute, and end seconds
(with reference to time as shown at the bottom of the video
player) to avoid missing data. If the time of any reading was
missing, it was rechecked via video playback to confirm the
actual data.

Classification of Environmental Items for Risk of
Contact Transmission
The environmental items were classified into 3 categories
according to the degree to which they are shared with
others: category I (items used by the individual); category II
(items mainly used by the individual but occasionally used
by other people); and category III (public use items).
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Validity and Reliability of Video Data Reading
Two video readers who attended 3 training sessions
crosschecked the videotape readings to confirm their
accuracy and reliability. To check for intrapersonal reading
errors, 4% of the random data entered by each video reader
was reread and confirmed for contact items and contact
duration to ensure a minimum 90% conformance in the data
[18]. The interpersonal errors in reading were reassessed
for a minimum 90% agreement between the 2 readers by
randomly selecting and assessing approximately 10% of the
data originally entered by each reader. If the results of the
readings differed, the researchers reviewed the case with
the readers until consensus was reached.

Contact Density
We developed the measure of “contact density” to quantify
contact intensity over a given time. This measure is obtained
by multiplying contact frequency (number/person) by contact
duration (sum of contact duration and min/person) and
then dividing it by the given observation time in minutes
(frequency-duration/min/person). High contact density means
an increased risk of potentially transmitting a microorganism.

Data Analysis
Descriptive statistics were summarized as frequencies,
means, standard deviations, and quantiles. If the normality
test of the residuals showed the data as normally distributed,
means, standard deviations, and the t-test or ANOVA were
used. For non-normal data, the median value, first and third
quartiles, and the non-parametric Wilcoxon test or the
Kruskal-Wallis test were used. A statistical significance level
of less than 0.05 was used. Data analysis was conducted
using the R 3.3.3 program ver. 3.15 for Windows [19] and the
figures were obtained using the package’s g plots [20].

Ethics Statement
We obtained institutional review board (IRB) approval from
the human subjects committee of the Sunchon National
University (IRB No: 1040173–201712-HR-033-02). Informed
written consent was obtained from all individual participants
before and after video recording. All video analyses were
secured to protect the identities of the participants after
video reading.

Results
Characteristics
The participants’ demographic characteristics are shown in
Table 1. Table 2 presents the study characteristics, including
the survey location, situation, and observation time.
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Observed HEC Items by Subgroup of Environmental
Items
A total of 30 participants were observed for 2 hours each,
and 6,078 instances of contact with environmental items
were observed during the total of 60-person hours. Finally,
4,732 cases were analyzed, excluding 1,346 cases involving
unidentifiable items or those lacking information for the
classification of environmental items. Among category I
items, mobile phones were found to have the most frequent
contact; in category II, papers and computer accessories
were the most frequently contacted; and among category
III items, furniture surfaces were found to be the most
frequently contacted (Table 3).

Contact Frequency and Contact Duration of Specific
Items
Of the environmental contact items, phone contact—including
mobile phones—(38.1/person) was most frequently observed,

Table 1. Demographic characteristics of participants (N = 30)
Variable
Age (y), mean ± SD
20–29
30–59

≥ 60
Sex
Male
Female
Marital status
Single
Married

N (%)
41.0 ± 18.5
13 (43.3)
10 (33.3)
7 (23.3)
11 (36.7)
19 (63.3)
14 (46.7)
16 (53.3)

Education (N = 29)

≤ High school
≥ College
Occupation
None
Student
Officer
Others
Household size (person)

<3
≥3

15 (51.7)
14 (48.3)
5 (16.7)
11 (36.7)
5 (16.7)
9 (30.0)
15 (50.0)
15 (50.0)

Household monthly income (₩10,000) (N = 28)

< 300

7 (25.0)

300 to < 500

8 (28.6)

500 to < 1,000

11 (39.3)

≥ 1,000

2 (7.1)

Residence
Metropolis (Seoul)
Urban or suburban (Gyeonggi-do, Jeollanam-do)

18 (60.0)
12 (40.0)

SD, standard deviation; ₩, Korean won.
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Table 2. Characteristics of the survey location, situation, and observation time of this study
Survey
round

Participant

First
Second
Third
Fourth
Total

10
10
8
2
30

Survey location

Daily life (situation)

Chapel in church (Gyeonggi-do)
Classroom in university (Seoul)
Administrative office in university (Jeollanam-do)
Lecture room in university (Jeollanam-do)

Hour of
survey

Total
observation
a)
time (h)

2
2
2
2
8

20
20
16
4
60

Congregation worship
Extracurricular activities
Administrative work
Consultation and education

a)

Participant × hours of survey (person-hour).

Table 3. Top 5 observed items of hand-to-environmental contact (2-h observation time, n = 4,732)
a)

Rank
1
2
3
4
5
Other
Total
observation
Contact
frequencyf)

Category I
Item
Phoneb)
Personal pen
Hot pack
Glass
Tissue
-

n (%)
1,143 (24.2)
619 (13.1)
94 (2.0)
82 (1.7)
48 (1.0)
127d)
2,113 (44.7)

Category II
Item
Paper
Computer accessory
Tableware and cooking utensil
Book
Document file
-

70.4 ± 34.6

-

Category III
n (%)
603 (12.7)
376 (7.9)
357 (7.5)
357 (7.5)
200 (4.2)
24e)
1,917 (40.5)
91.3 ± 57.0

Item
Furniture surface
Bag for public usec)
Door handle
-

n (%)
696 (14.7)
5 (0.1)
1 (0.0)
0
702 (14.8)
23.4 ± 22.7

SD, standard deviation.
a)
Category I, items used by the individual; category II, items mainly used by the individual but occasionally used by other people; category III, public use
items. b)Including mobile phone. c)Such as vinyl wrappings, offering bags, trash bags, etc. d)Bags (personal bags, handbags, backpacks, etc.), rice cookies,
cups, wallets, necklaces, candy, pencils, handkerchiefs, keys, pencil cases, straws, and credit cards. e)Sheet music, snacks, memo papers, hand creams,
calendars, cushions, and so forth. f)n/person; mean ± SD.

followed by contact with furniture and fixture surfaces (23.2/
person) and computer accessories (12.5/person). Other contact
items were daily necessities and office supplies (Table 4).
The average contact duration per person per contact was
25.8 seconds for phones, including mobile phones, 20.9
seconds for furniture, and 14.0 seconds for tableware and
cooking utensils (Table 4).

Descriptive Statistics of HEC by Subgroup of
Environmental Items
The average contact duration of HEC was highest for category
I items, and the average contact frequency of HEC was
highest for category II items. The average duration of each
contact per person was found to be 47.8 seconds for category
I, 37.2 seconds for category II, and 20.9 seconds for category
III. The average contact time per person was 52.5 minutes
for category I, 55.4 minutes for category II, and 7.9 minutes
for category III. The average contact density (frequencyduration/ min) was 35.9 for category I, 56.8 for category II,
and 3.4 for category III (Table 5). As can be seen in Table 3,
which presents the distribution of frequency of contact,
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contact duration, and contact density, some extremely high
values (i.e., outliers) were found in the top quartile.

Histogram for the Distribution of Contact Density by
Subgroup Items
Figure 1 shows that the distribution of contact density was
skewed to the left or negatively skewed, especially for
category II and III items. This means that there were many
occurrences in the lower range of contact density (left side)
and few in the upper range (right side) (Figure 1).

Differences in Frequency, Duration, and Density of
HEC by Participants’ Characteristics
Table 6 shows that the average density of contact with
category I items was significantly higher among unmarried
individuals and individuals with a high household income
than among married people and in those with a low income,
respectively. The results also demonstrate that the average
contact density for category II items (papers, computer
accessories, utensils, etc.) was different in terms of sex
(higher in women). For category III items (furniture surfaces,
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Table 4. Contact frequency and contact duration of the specific items (N = 30)
Specific item
No. of contacts per person for 2 h
Phone (including mobile phone)

Mean ± SD

Median (range)

38.1 ± 39.0

28 (0−141)

Computer accessory

12.5 ± 38.7

0 (0−150)

Tableware and cooking utensil

11.9 ± 15.5

1 (0−56)

Furniture surface

23.2 ± 22.6

16 (2−103)

Contact duration per contact (s/person)
Phone (including mobile phone)

25.8 ± 17.5

27 (0−60)

Computer accessory

5.2 ± 15.8

0 (0−55)

Tableware and cooking utensil

14.0 ± 19.9

4 (0−73)

Furniture surface

20.9 ± 20.1

13 (3−82)

SD, standard deviation.

Table 5. Descriptive statistics of hand-to-environmental contact by subgroup items for risk of contact transmission (2-h
observation time, n = 4,532, N = 30)
Classification item
Contact duration (s/contact/person)
Categorya) I

n

Mean ± SD

Quantile distribution
0.1

0.25

0.5

0.75

0.9

2,113

47.8 ± 29.5

22.9

26.2

41.6

59.3

79.5

Category II

1,917

37.2 ± 19.1

15.6

23.9

35.9

43.8

52.8

Category III

702

20.9 ± 20.1

7.1

7.9

13.0

22.7

52.3

Contact frequency (n/person)
Category I

2,113

70.4 ± 34.6

32.2

42.0

72.0

85.5

119.5

Category II

1,917

91.3 ± 57.0

46.0

51.0

81.0

104.0

184.0

Category III

702

23.4 ± 22.7

3.0

8.3

15.5

31.8

48.1

2,113

52.5 ± 29.9

15.3

33.3

50.3

76.1

93.5

1,917
702

55.4 ± 38.8
7.9 ± 11.9

27.0
0.7

32.0
2.2

47.1
3.7

59.6
8.6

120.7
16.0

2,113
1,917
702

35.9 ± 29.4
56.8 ± 76.7
3.4 ± 9.7

5.1
11.0
0.03

9.6
18.8
0.13

28.5
31.0
0.6

54.5
43.1
1.5

79.4
222.2
5.6

Sum of contact duration (min/person)
Category I
Category II
Category III
Contact densityb)
Category I
Category II
Category III

SD, standard deviation.
a)
Category I, items used by the individual (mobile phones, personal pens, glasses, etc.); category II, items mainly used by the individual but occasionally
used by other people (papers, computer accessories, and utensils, etc.); category III, public use items (furniture surfaces, door handles, etc.); b)Contact
density = contact frequency × contact duration / observation time (min) (frequency-duration/min/person).

door handles, etc.), there were differences in contact density
according to age (higher contact density in older individuals)
and education (higher in those with low education levels).

Discussion
In everyday life, infections constantly spread via HEC [10].
The aim of this study was to understand the characteristics
of HEC and to identify factors related to HEC behaviors
among Korean adults. According to the Korean Statistical
Information Service (KOSIS) [21], adults in Korea spend, on
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average, 7 hours and 39 minutes daily on compulsory activities
such as work, study, and housework, while they spend about
4 hours and 47 minutes on leisure activities, such as dating,
participation in group activities or hobbies, and media use.
Our results show that there are many opportunities for
HEC in everyday life. This study, with its 2-hour recording
duration, can be divided into 26.1% work-related activities
and 41.8% leisure-related activities. However, exact proportions
could not be calculated, because the KOSIS report does not
distinguish between time spent on indoor activities or on
outdoor activities.
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Figure 1.

Table 6. Differences in contact density of hand-to-environmental contact by participants’ characteristics (2-h observation
time, n = 4,532, N = 30)
Variable
Sex
Male
Female
Marital status
Single
Married
Age (y)
20–29

N (%)

Contact density (frequency-duration/min/person)
a)

Category I

Category II

Category III

13 (43.3)

46.1 ± 28.6

0.020*
18.2 (11.3–23.0)
36.4 (24.4–58.4)
0.495
222.2 (11.0–243.9)
29.1 (19.2–39.7)
0.229
233.1 (111.1–244.1)

30–59

10 (33.3)

37.5 ± 33.1

22.0 (11.5–37.0)

0.1 (0.0–0.3)

≥ 60

7 (23.3)

14.4 ± 11.9

31.0 (25.4–39.2)

1.4 (0.8–2.8)

15

0.854
25.1 (12.8–48.7)
40.9 (5.8–59.1)
0.002**
13.5 (6.0–28.5)

0.488
27.3 (17.3–37.7)
33.4 (18.8–43.2)
0.968
29.1 (18.8–43.1)

0.093
0.7 (0.5–4.3)
0.2 (0.1–0.9)
0.555
0.6 (0.3–1.4)

13

52.6 (43.9–72.4)

35.8 (19.6–43.2)

0.2 (0.1–1.5)

0.064

0.003**
1.4 (0.6–4.5)
0.2 (0.0–0.7)

Job
Unemployed
Employed
Household monthly income (₩)

< 5,000,000
≥ 5,000,000

11 (36.7)
19 (63.3)
11 (36.7)
19 (63.3)

16
14

Education

≤ High school
≥ College

0.350
27.5 (5.3–49.9)
29.5 (17.4–55.9)
0.047*
37.2 (24.3–59.1)
12.8 (5.3–49.5)
0.065

15

26.8 ± 25.1

0.910
31.9 (22.7–42.8)

14

47.1 ± 31.4

30.1 (15.2–132.7)

0.966
0.6 (0.2–2.8)
0.5 (0.1–1.4)
0.984
0.6 (0.1–1.4)
0.5 (0.1–2.8)
0.035*
0.6 (0.2–1.4)

Data are presented as p-value, mean ± SD, or median (interquartile range). If the normality test of the residuals showed normality, the mean ± SD, and t-test
or ANOVA were used, and if non-normality occurred, the median (interquartile range) and non-parametric Wilcoxon tests or the Kruskal-Wallis test were
used.
SD, standard deviation; ₩, Korean won.
a)
Category I, items used by the individual (mobile phones, personal pens, glasses, etc.); category II, items mainly used by the individual but occasionally
used by other people (papers, computer accessories, and utensils, etc.); category III, public use items (furniture surfaces, door handles, etc.).
*p < 0.05, **p < 0.01.

In this study, HEC was shown to occur at a high frequency
during indoor activities. Restriction of unnecessary environmental
contacts may be strongly recommended, as previous studies
have shown that reducing the contact rate is somewhat more
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effective than increasing ventilation for lowering infection
risk [13,14].
Mobile phone contact (category I) accounted for the highest
proportion of HEC, at 24.2% (n = 1,143). Mobile phones can be
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a source of bacterial cross-contamination and a reservoir
for infections [22]. Healthcare workers’ use of mobile phones
increases the risk of repetitive cyclic contamination between
the hands and face (e.g., the nose, ears, and lips) [23]. Among
Koreans, the average frequency per person of hand-to-facial
contact during a 2-hour period was 46.5 (46.3%) for mucosal
contact (the eyes, mouth, and nose) and 53.8 (53.7%) for nonmucosal contact [24]. The transmission of an infection
after using a mobile phone is most likely when an individual
touches a mucous membrane with his or her hands. In
particular, mobile phones with keypads pose a higher risk
of microbial contamination than touchscreen phones, as
keypads harbor pathogenic bacteria [23]. Studies have
revealed that between 9% and 25% of mobile phones used by
healthcare workers are contaminated with microorganisms
[25]. Mobile phones are an indispensable means of
communication in our daily lives; they also provide us with
internet access (e.g., for social media updates) and are a tool
for taking photos and videos. Therefore, mobile phones should
be regularly and thoroughly cleaned or disinfected. Moreover,
individuals should avoid habitually touching the mucous
membranes of their mouth, nose, and eyes, and should wash
their hands thoroughly after touching their mobile phones.
Considering the high risk of cross-contamination among
category Ⅱ and Ⅱ items, furniture surface contact and paper
contact occurred at high frequencies, accounting for 14.7%
(n = 696) and 12.7% (n = 603) of total environmental contact,
respectively. The average contact frequency and contact
duration of furniture surfaces (category Ⅱ) were rather high,
compared with mobile phones in category I. It can therefore
be said that the most cross-contamination among category
Ⅱ surfaces occurred with furniture surfaces, despite the
fact that there were fewer environmental items in category
Ⅱ than in category І or Ⅱ. Regular surface cleaning has
been shown to reduce the influenza A infection rate by 2.14%,
which is more effective than handwashing [17]. Pieces of
furniture, such as desks and chairs in classrooms or churches,
are common-use items and can be a route for the spread of
infections. Therefore, stricter and more regular thorough
cleaning and hygiene practices must be followed to prevent
infection transmission through furniture surfaces in public
spaces. Unlike other studies [10,12,26], a low contact frequency
with handles or doorknobs was demonstrated in this study;
this can be attributed to conducting the observations in a
sedentary environment within a limited timeframe in an indoor
space where outward movement was restricted.
Globally, money is one of the items most frequently
passed from hand to hand. During this exchange, money
can become contaminated and may thus play a role in
the transmission of microorganisms between people [27].
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Therefore, people should be advised to thoroughly wash their
hands after touching money. However, the frequency of hand
contact with money was not observed in this study, because
the study was conducted in an indoor environment—for
example, offices, classrooms, churches—and did not include
banks or marketplaces.
The average contact duration at each contact (seconds per
contact per person) was high for category I, while contact
frequency, total contact duration (seconds per person),
and contact density within the 2-hour period were highest
for category II. This means that the risk of transmitting
the infection by HEC to the person himself or herself was
shown to be most likely via category I items, while the risk of
transmission to other people was most likely via category II
items. Therefore, regular and strict cleansing or disinfection
of category I items, such as mobile phones, may be required.
Moreover, sharing personal items with other people should
be avoided when possible during indoor activities.
The contact density (frequency-duration/min) of HEC
according to the general characteristics of the participants
in this study can guide differentiated infection control
strategies. For example, singles and individuals with a
household income of more than 5 million Korean won had a
high contact density with items from category I (e.g., mobile
phones); women had a higher contact density for category Ⅱ
items; and seniors aged 60 years and older and people with
less than a high school education were likely to have a high
degree of contact with items in category III (e.g., furniture
surfaces). These findings suggest that sex, age, education
level, and economic status may influence the risk of HEC
transmission to others. These results can be used for public
awareness and education campaigns. However, further
studies are necessary to confirm the abovementioned
conclusions, given the limited number of participants in this
study.
The histogram confirming the contact density distributions
shows that categories II and III had exponential distributions
(Figure 1). This means that most people were distributed at
low contact densities, but it is important to note that a few
people had high contact density. In particular, the items in
categories II and III, although small in number, are likely to
be super-propagators during an epidemic of an infectious
disease; therefore, they need to be identified and specially
managed.
This study has certain limitations that should be considered.
First, the video recording was conducted for only 2 hours,
with a limited number of persons (30 participants) in indoor
settings such as classrooms, offices, and churches. Therefore,
this study did not measure every type of contact during
all types of indoor activities among all Koreans. Second,
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there is a limitation to generalizing the characteristics of the
participants with high contact density, as only 30 participants
were evaluated. Thirty is a reasonable sample size for video
observation studies, as typically only 10 to 20 participants are
enrolled for these kinds of studies due to practical challenges
in carrying out the [18,28]. Further studies will be conducted
to determine HEC patterns in various everyday indoor
activities in different situations with a larger number of
participants.
Despite these limitations, this study contributes in
significant ways. First, characteristics of HEC in indoor
activities were evaluated, and the data pointed to significant
variables for preventing the spread of infection via HEC,
according to environmental categories. These significant
variables may be useful in developing public education
programs or HEC policies to prevent the spread of infections.
Moreover, the classification criteria for environmental contact
items and contact indicators representing contact strength
will be useful for further HEC studies. This classification
criterion of items in the environment and contact indicators
such as contact density introduced in this study can be
useful in conducting similar studies. Significantly, the world
is currently in the middle of the coronavirus disease 2019
pandemic [29]; the results of this study on HEC are therefore
highly relevant and can be very useful for preventing the
spread of infections via HEC.

Conclusion
This study determined that HEC frequently occurred and
offered various useful insights regarding HEC and the
spread of infections during indoor activities. These findings
will be useful in developing precautions to prevent the
spread of infections via HEC. The most frequent HEC items,
in descending order, were found to be category I (e.g., mobile
phones), category Ш (e.g., furniture surfaces), and category II
(e.g., paper and computer accessories). Contact density was
highest in category II. Regular and strict cleansing of mobile
phones and/or a disinfection strategy for mobile phones is
recommended. It is also important to avoid sharing personal
items with others. Personal characteristics such as household
income, marital status, sex, age, and level of education may
be taken into account when educating the public regarding
the precautions that would limit HEC. In particular, items
in categories II and III, although few in number, are likely to
be super-propagators during an epidemic of an infectious
disease; therefore, they need to be identified and specially
managed. These results can serve as strong evidence for
the need to regularly cleanse or disinfect environmental
items, restrict unnecessary HEC, and maintain strict hand
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hygiene.
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Short Communication

Socio-demographic disparities in the eating behaviour
of Malaysian children during the COVID-19 lockdown
Sabrina Premila Joseph Louis , Tan Seok Tyug
Faculty of Health and Life Sciences, Management and Science University, Shah Alam, Malaysia

ABSTRACT
Objectives: This cross-sectional study aimed to investigate the eating behaviour of Malaysian
children aged 2 to 11 years old during the Movement Control Order (MCO) due to the coronavirus
disease 2019 pandemic.
Methods: A total of 204 Malaysian parents of children aged 2 to 11 years old were recruited for
this study using a combination of purposive and snowball sampling approaches. Parents were
required to fill an online questionnaire hosted on Google Forms, which consisted of sociodemographic characteristics (including child’s gender, age, and ethnicity, as well as parental
income during the MCO) and a 35-item list from the Children’s Eating Behaviour Questionnaire
(CEBQ). Data analysis was conducted by further stratifying the children’s eating behaviour
according to socio-demographic characteristics.
Results: No significant differences were observed in the eating behaviour of the children across
age and parental income groups during the MCO. Malaysian Indian children had significantly
lower mean scores for the food responsiveness (2.50 ± 0.64) and emotional over-eating (2.13
± 0.72) subscales than Malaysian Chinese children. Girls had a significantly higher mean score
for the slowness in eating subscale during the MCO than boys.
Conclusion: Children’s eating behaviour were comparable across socio-demographic
characteristics. Nonetheless, the findings of the current study provide an overview of Malaysian
children’s eating behaviour during the MCO.
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Introduction
The Malaysian government enforced a lockdown, or Movement Control Order (MCO), from
March 18 to May 3, 2020, in the wake of a sudden surge in the number of coronavirus disease
2019 (COVID-19) cases worldwide [1]. Several preventive measures were taken by the government
to break the chain of transmission; for instance, wet markets were not allowed to operate
in some states during the MCO due to the difficulties in exercising social distancing, while
restaurants were only open for food delivery and takeaway. Nevertheless, supermarkets were
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permitted to operate within certain hours stipulated by the
Malaysian National Security Council [2].
Enforcement of the MCO has had several indirect effects on
household income and expenditure patterns for Malaysians
[3]. Children living in the middle 40% (M40) and bottom
40% (B40) of households (low-income households) may
have had difficulty accessing nutritious and sufficient
meals during the COVID-19 pandemic. The temporary closure
of wet markets also negatively impacted the accessibility of
food commodities during the MCO. Given these factors, it
is speculated that the eating behaviour of children could be
different following enforcement of the MCO. Therefore, this
study aimed to investigate socio-demographic disparities in
the eating behaviour of Malaysian children aged 2 to 11 years
old during the MCO in response to the COVID-19 pandemic.

Materials and Methods
Data collection for this cross-sectional study was conducted
from May 5 until May 19, 2020. A combination of purposive and
snowball sampling approaches was adopted to enrol Malaysian
parents of children aged 2 to 11 years old in the current study.
An online questionnaire consisted of informed consent, sociodemographic characteristics (including the child’s gender, age,
and ethnicity, as well as parental income during the MCO), and
a 35-item Children’s Eating Behaviour Questionnaire (CEBQ)
was hosted on Google Forms and circulated to Malaysian
parenting groups on Facebook, WhatsApp, Instagram, and
Twitter. Ethical approval was obtained from the Management
and Science University Ethics Committee with a reference
number of MSU-RMC-02/FR01/02/L2/005.
For the purposes of data analysis, all surveyed children
were coded as either pre-schoolers (2–6 years old) or
school-aged children (7–11 years old) according to the age
reported by the parent. Parental monthly earned income
during the MCO was further stratified into 3 categories,
which represented the bottom 40% (B40; ≤ RM 4,850),
middle 40% (M40; RM 4,851–10,959), and top 20% (T20;
≥ RM 10,960) of earners [4]. Children's eating behaviour
during the MCO were assessed using the CEBQ, a 35-item
instrument that rated eight eating behaviour subscales
on a 5-point Likert scale ranging from “never” to “always”
[5]. These subscales were further sorted into 2 groups of
appetitive traits for the current study: food approach traits
(with subscales of food responsiveness, emotional overeating, enjoyment of food, and desire to drink) and food
avoidance traits (with subscales of satiety responsiveness,
slowness in eating, emotional under-eating, and food
fussiness) [6].
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Statistical Analysis
Data analysis was conducted using IBM SPSS ver. 26.0 (IBM
Corp., Armonk, NY, USA). Socio-demographic characteristics
were reported as frequency, percentage, mean and standard
deviation (SD) where appropriate. Eating behaviour subscales
were expressed as mean and SD. All continuous variables
were tested for normality; data were considered to be
normally distributed if the skewness was ± 2. Differences in
means were analysed using the independent samples t-test
or analysis of variance as appropriate. A p -value of less than
0.05 indicated statistical significance.

Results
Table 1 shows the socio-demographic characteristics of
children aged 2 to 11 years old as reported by parents. A total
of 204 parents participated in the current study, in which
an equal distribution of pre-schoolers (n = 102, 50.0%) and
school-aged children (n = 102, 50.0%) was noted. Most of the
surveyed children were boys (n = 115, 56.4%), Malay (n = 82,
40.2%), and living in M40 households (n = 111, 54.4%). The
mean age of the children was 6.52 years, and the average
parental monthly earned income during the MCO was RM
9,268.58.
Table 2 shows children's eating behaviour during the
MCO according to socio-demographic characteristics. No
significant differences were observed in eating behaviour
according to age and parental income groups during the
MCO. Malaysian Indian children showed significantly lower
mean scores in the food responsiveness (2.50 ± 0.64) and

Table 1. Socio-demographic characteristics of children
Characteristic
Gender
Boy
Girl
Age (y)
2–6 (pre-schoolers)
7–11 (school-aged children)
Ethnicity
Malay
Chinese
Indian
Parental income during the MCO (RM)a)

Value
115 (56.4)
89 (43.6)
6.52 ± 2.00
102 (50.0)
102 (50.0)
82 (40.2)
53 (26.0)
69 (33.8)
9,268.58 ± 6,303.23

≤ 4,850 (B40)

43 (21.1)

4,851–10,959 (M40)

111 (54.4)
50 (24.5)

≥ 10,960 (T20)

Data are presented as n (%) or mean ± standard deviation.
MCO, Movement Control Order; B40, bottom 40%; M40, middle 40%; T20,
top 20%.
a)
1 USD = RM 4.13 (as of September 2020).
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Table 2. Mean score of the subscales of the CEBQ according to socio-demographic characteristics
Characteristic

Food approach traits

Food avoidance traits

FR

EOE

EF

DD

SR

SE

EUE

Gender
Boy

2.62 ± 0.68

2.24 ± 0.69

3.34 ± 0.78

3.05 ± 0.71

3.03 ± 0.59

2.92 ± 0.76a)

3.05 ± 0.65

3.17 ± 0.73

Girl

2.73 ± 0.72

2.37 ± 0.65

3.40 ± 0.75

3.09 ± 0.81

3.09 ± 0.62

3.28 ± 0.75b) 3.18 ± 0.67

3.10 ± 0.69

2.69 ± 0.66

2.25 ± 0.67

3.31 ± 0.70

3.00 ± 0.71

3.12 ± 0.64

3.18 ± 0.79

3.14 ± 0.66

3.16 ± 0.73

2.65 ± 0.74

2.34 ± 0.68

3.42 ± 0.82

3.14 ± 0.78

2.99 ± 0.57

2.98 ± 0.75

3.07 ± 0.66

3.12 ± 0.70

Age (y)
2–6 (pre-schoolers)
7–11 (school-aged
children)
Ethnicity
Malay

FF

2.66 ± 0.66

2.29 ± 0.56

3.38 ± 0.68

3.09 ± 0.79

3.04 ± 0.53

3.10 ± 0.75

3.22 ± 0.70

3.18 ± 0.68

Chinese

2.91 ± 0.77a)

2.50 ± 0.73a)

3.48 ± 0.79

3.04 ± 0.78

2.95 ± 0.64

2.92 ± 0.80

3.03 ± 0.59

3.16 ± 0.60

Indian

2.50 ± 0.64b) 2.13 ± 0.72b) 3.26 ± 0.84

3.07 ± 0.69

3.15 ± 0.65

3.17 ± 0.77

3.03 ± 0.65

3.08 ± 0.81

Parental income during
the MCO (RM)

≤ 4,850 (B40)

2.80 ± 0.69

2.47 ± 0.64

3.34 ± 0.70

3.25 ± 0.70

3.01 ± 0.61

3.16 ± 0.78

3.19 ± 0.67

3.26 ± 0.76

4,851–10,959 (M40)

2.58 ± 0.61

2.21 ± 0.67

3.36 ± 0.76

2.98 ± 0.74

3.07 ± 0.62

3.09 ± 0.76

3.09 ± 0.70

3.08 ± 0.71

≥ 10,960 (T20)

2.74 ± 0.86

2.32 ± 0.70

3.40 ± 0.84

3.12 ± 0.80

3.06 ± 0.57

2.98 ± 0.79

3.06 ± 0.55

3.16 ± 0.66

Overall

2.67 ± 0.70

2.29 ± 0.67

3.36 ± 0.77

3.07 ± 0.75

3.05 ± 0.60

3.08 ± 0.77

3.10 ± 0.66

3.14 ± 0.71

Data are presented as mean ± standard deviation.
CEBQ, Children’s Eating Behaviour Questionnaire; FR, food responsiveness; EOE, emotional over-eating; EF, enjoyment of foods; DD, desire to drink; SR,
satiety responsiveness; SE, slowness in eating; EUE, emotional under-eating; FF, food fussiness; MCO, Movement Control Order; B40, bottom 40%; M40,
middle 40%; T20, top 20%.
a,b)
Different alphabetical superscripts indicate statistically significant differences at the level of p < 0.05.

emotional over-eating (2.13 ± 0.72) subscales than Malaysian
Chinese children. Girls had a significantly higher mean
score for the slowness in eating subscale than boys during
the MCO. It is also worth noting that the enjoyment of food
(3.36 ± 0.77) and food fussiness (3.14 ± 0.71) subscales showed
the highest mean scores within the food approach traits
and food avoidance traits, respectively. All subscales of food
avoidance traits and 3 of the subscales of food approach
traits (food responsiveness, enjoyment of food, and desire
to drink) were above the midpoint of 2.50. The overall
mean scores were 2.82 ± 0.52 for food approach traits and
3.08 ± 0.52 for food avoidance traits.

Discussion
The eating behaviour of Malaysian children were previously
examined using the CEBQ in the South East Asian Nutrition
Surveys (SEANUTS) for Malaysia [7], which showed that
younger children (7–9 years old) had significantly higher
mean scores for the food avoidance subscales than older
children (10–12 years old). However, the mean scores for
the food approach subscales were comparable across age
groups. Although the findings in the current study did not
reveal age variation in any subscales, a higher mean score
was observed for emotional over-eating during the MCO
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(2.25–2.34) than was reported in the SEANUTS study (1.47–
1.60). The high mean score for emotional over-eating could
be due to children being highly susceptible to emotional
stress (anger, sadness, anxiety, and boredom) during the
MCO [8]. In addition, it is noteworthy that girls scored
significantly higher in the slowness in eating subscale than
boys did in the current study, which is similar to the results
of the SEANUTS study [7].
Study by Loh et al. [9] showed that Malaysian Malay
adolescents aged 13 years old had significantly higher
mean scores for the food responsiveness, enjoyment of
food, emotional over-eating, slowness in eating, emotional
under-eating, and food fussiness subscales than Malaysian
Chinese and Indian adolescents. By comparison, the
findings of the current study only revealed a significant
difference in the food responsiveness and emotional overeating subscales between Malaysian Chinese and Malaysian
Indian children. This result could be attributed to the fact
that eating behaviour during the MCO were reported by
parents as opposed to adolescents, as in the former study.
Another study also suggested that parental income during
the enforcement of the MCO could have influenced the
eating behaviour of children [10]. Despite the differences
mentioned above, no significant differences were found
between the mean scores of all subscales for parental income
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groups. A possible explanation for this is that households
may have still been financially secure at the time of data
collection.
It is also worth mentioning that the current study has
several limitations. The online questionnaire could only be
accessed by parents with internet access during the MCO.
Therefore, the eating behaviour of children living in rural
regions with limited internet access might not be wellreflected in these findings. Furthermore, this study was
unable to ascertain whether children had pre-existing
disordered eating behaviour before the MCO. Regardless, the
current study is the first to investigate the eating behaviour
of Malaysian children during the MCO.
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guidelines is the EQUATOR Network (https://www.equatornetwork.org/) and NLM (https://www.nlm.nih.gov/services/
research_report_guide.html).

Manuscript Types
PHPR publishes editorials, original articles, review articles, brief
reports, short communications, editorials, 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.
• 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
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original article. The maximum length of the manuscript
should be 3,000 words, including tables and figures.
• 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.
• 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://
www.ncbi.nlm.nih.gov/mesh).
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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
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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
clinical characteristic of COVID-19 28 cases in South
Korea. Public Health Wkly Rep 2020;13:464-74. Korean.
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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,
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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
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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
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 June 2021 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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