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As the global coronavirus disease 2019 (COVID-19) pandemic is diminishing, World Health
Organization data show that around 50% of weekly cases are in the Western Pacific region,
in both hemispheres [1]. Remarkably, no seasonality is apparent and COVID-19 is prevalent
in countries where the tertiary vaccination rate is higher than 80%, including the Republic
of Korea (ROK), New Zealand, Australia, Japan, Singapore, and Taiwan. ROK has the highest
incidence rate per million people, and the stringency index of public measures is one-half
to one-third lower in ROK, New Zealand, and Australia than in Japan, Singapore, and Taiwan.
China still has a zero-COVID containment policy involving contact tracing, quarantine,
isolation, population screening, and vaccination (with a rate over 90%), all of which have led to
a low incidence rate [2].
Despite the recent outbreak, ROK’s cumulative mortality rate and fatality rate are very low in
the global context. The overall management policy is to increase the vaccination rate among
vaccination-hesitant individuals and recommend the fourth vaccination to high-risk groups,
while taking measures to block transmission, namely, rapid testing, isolation of positive
individuals, and the use of masks indoors.
Meanwhile, the revision of COVID-19 measures by the United States Centers for Disease
Control and Prevention reflects scientific evidence about the Omicron variant and the current
situation in the United States, where public restrictions are minimized due to the high level
of immunity from vaccination and infection [3]. Simultaneously, border control has been
reduced to the submission of a vaccination certification, and testing is no longer compulsory
before boarding and after arrival. Wearing a mask while traveling was also exempted from the
compulsory provisions. These changes suggest that it is time to increase investments in other
major causes of death that have not received sufficient attention during the pandemic, as the
mandatory use of masks and free testing have not controlled the resurgence of COVID-19 and
have made a limited contribution to disease control in the United Kingdom. This seems to be
consistent with the argument that it is time for policy changes [4].
As the COVID-19 pandemic continues for a prolonged period, countries in the Western
Pacific region of Asia are refining their policies based on evidence-based scientific principles.
Therefore, information exchange, cooperation, and collaboration between countries are
becoming increasingly necessary. Of note, while ROK, Japan, and China still require negative
results of viral tests at border control, the United States excludes mandatory submission. In this
regard, the Sixth Asia-Pacific Parliamentarian Forum on Global Health, which is a very important
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platform, hosted by the National Assembly of Korea with
support from the World Health Organization, held on August
24 to 25 in Seoul, brought together parliamentarians to share
lessons identified during the COVID-19 pandemic, and discuss
solutions, actions, and collaborations for strengthening health
security and building resilient health systems for the future.
I would like to propose to Government of Republic of
Korea collaborative efforts should be made to create a new
Asia Pacific Health Security Initiative (tentative) in which
academia and governments work together in the fight
against new infectious diseases. At the 31st Meeting of the
Technical Advisory Group on Immunization and VaccinePreventable Diseases in the Western Pacific Region, held
in Manila in June 2022, it was mentioned that COVID-19
vaccines will be accessible in low-income countries in the
region thanks to the donation of vaccines, at least during
this year. However, if the pandemic continues for a long
time, it is predicted that there will be a shortage of COVID-19
vaccines, so I cannot emphasize enough the importance
of regional cooperation and the need to develop domestic
vaccines.
However, according to Korean government data, the case
fatality rate in 2021 and January 2022 of the Delta epidemic
was 4% to 5%, but decreased to 0.5% during the first Omicron
wave. At present, the fatality rate has decreased to 0.15%, which
is considered to reflect the effects of the high vaccination rate.
However, even though the vaccination rate for those aged 60
years or older reached 90%, 41.3% of the deaths over the age
of 60 were among the 4.1% group who received a single dose
or none at all, and 15.7% in the 5.9% who received 2 doses.
Therefore, it is necessary to investigate vaccine awareness
to increase uptake among these unvaccinated groups. In
addition, 43% of all deaths occurred in the group receiving
up to the third dose, and antiviral drug prescriptions were
only received by 18.7% of them; thus, both prompt antiviral
administration and encouragement of the fourth dose among
those over 50 years old will prevent deaths in this high-risk
group [5].
Evidence-based measures focus on preventing disease
and reducing hospital admissions and deaths by raising the
vaccination rate among those who have avoided vaccination
to date and recommending the fourth dose to high-risk
groups. However, some cohort studies have shown that 56%
of people infected by the Omicron variant are asymptomatic
[6], and the incubation period has shortened to about 3.42
days [7]; therefore, regular screening twice a week would
help block transmission through health workers at highrisk facilities. In general, rapid testing for symptomatic or
suspicious patients, self-quarantine measures, and wearing
masks indoors will also be required. Developing a vaccine in
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the form of a nasal spray will also help block viral circulation
in children and young adults.
However, above all else, it is necessary to analyze the
magnitude and causes of excess deaths due to COVID-19.
In 2020, 9,838 people died due to chronic diseases (a 3.3%
increase compared to the previous year), despite 950
deaths due to COVID-19. According to the government’s press
release, 4,400 people died from COVID-19 alone in 2021, and
26,332 deaths have been reported from COVID-19 to date. In
data comparing 33 countries in 2020–2021, ROK’s excess
mortality was estimated to be between 4,630 and 7,529,
and when age-adjusted, the estimate of excess deaths was
−30,286; however, it is difficult to compare the excess
mortality directly [8]. In other words, alternatives should
be prepared through an analysis of KOSTAT cause-of-death
statistics, with a focus on cancer and increases in deaths
due to heart disease, hypertensive diseases, and sepsis. The
COVID-19 surge in early 2022 was accompanied by direct
or indirect disruption of patient services, including delays
in the hospitalization of pregnant women, other critically
ill patients, and emergency surgery due to infection control
and prevention, and there have been case reports of indirect
deaths due to the burden on the medical system, such as the
difficulty of managing critically ill patients due to isolation.
Through a qualitative survey of hospitals and clinics, health
system strengthening, such as the improvement of inpatient
facilities, detailed work guidelines, and insurance support
plans must be prepared to reduce excess deaths in this fall’s
resurgence.
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Objectives: This study investigated whether weight was managed appropriately in pregnant
women with gestational diabetes mellitus (GDM) and examined the association between
insufficient gestational weight gain (GWG) and adverse pregnancy outcomes.
Methods: The study included 235 pregnant women with GDM from the Korean Pregnancy
Outcome Study. GWG from the second to the third trimester (kg/wk) and total GWG (kg) were
classified as insufficient, appropriate, or excessive according to the 2009 Institute of Medicine
guidelines. Adverse pregnancy outcomes included maternal (hypertensive disorders of
pregnancy, preterm birth, cesarean delivery, and delivery complications) and infant (low birth
weight, high birth weight, neonatal intensive care unit admission, and congenital anomalies)
outcomes.
Results: The proportion of pregnant women with GDM who had insufficient GWG from the
second to the third trimester was 52.3%, and that of participants with total insufficient GWG
was 48.1%. There were no significant associations between insufficient GWG from the second
to the third trimester and adverse pregnancy outcomes. Participants with total insufficient
GWG had a significantly lower risk of preterm birth (odds ratio [OR], 0.17; 95% confidence
interval [CI], 0.05–0.60) and high birth weight (OR, 0.23; 95% CI, 0.07–0.80).
Conclusion: Our findings suggest the importance of appropriate weight management and the
need for GWG guidelines for pregnant women with GDM.
Keywords: Gestational diabetes mellitus; Gestational weight gain; Pregnancy outcome;
Pregnant women

Introduction
Gestational diabetes mellitus (GDM) is a common pregnancy-related complication with a

© 2022 Korea Disease Control and Prevention Agency.
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prevalence of 11.5% in Asian populations [1]. GDM has been
associated with adverse maternal and neonatal outcomes,
including preeclampsia, cesarean delivery, macrosomia,
hyperbilirubinemia, and neonatal hypoglycemia [2,3]; it has
also been associated with maternal diabetes development
after delivery [4]. Therefore, attention and management
are needed to prevent GDM and reduce GDM-related
complications.
GDM is known to be more common in pregnant women
who were overweight or obese before pregnancy, or who
gained excessive weight during pregnancy [5,6]. In addition,
a cohort study reported that excessive gestational weight
gain (GWG) in pregnant women with GDM might further
increase the risk of adverse pregnancy outcomes, such
as hypertensive disorders of pregnancy (HDP), cesarean
delivery, and macrosomia [7]. Therefore, pregnant women
with GDM are encouraged to avoid excessive GWG during
and after pregnancy to improve outcomes for both the
mother and the newborn.
Our previous study found that insufficient GWG was
significantly related to the risk of GDM, and suggested that
it might be because pregnant women diagnosed with GDM
paid more attention to weight control, including diet and
physical activity, during the remainder of their pregnancy
[8]. Another study showed that half of women with GDM had
insufficient GWG, which was associated with an increased
risk of preterm birth or respiratory distress in the infant [9].
Similarly, a previous study of pregnant women with GDM
suggested that a total GWG below the Institute of Medicine
(IOM) guidelines increased the risk of preterm birth and
small for gestational age infants and decreased the risk of
large for gestational age infants [7]. Nevertheless, few studies
have examined the effects of insufficient GWG on pregnancy
outcomes in pregnant women with GDM.
In this study, we investigated whether weight was managed
appropriately, according to the IOM guidelines, in pregnant
women with GDM and studied the association between
insufficient GWG after the diagnosis of GDM or total insufficient
GWG and adverse pregnancy outcomes.

Materials and Methods
Study Design and Participants
This study analyzed data from pregnant women who
participated in the Korean Pregnancy Outcome Study (KPOS),
a prospective cohort study, conducted by Cheil General
Hospital & Women’s Healthcare Center and CHA Gangnam
Medical Center between March 2013 and January 2017 [10].
Pregnant women participated in 5 visits: around 12, 24,
and 36 weeks, at the end of pregnancy, and 4 to 6 weeks

https://doi.org/10.24171/j.phrp.2022.0182

postpartum, with interview-based questionnaires and
clinical assessments at each visit. Of the 3,232 participants, 235
pregnant women (7.3%) were diagnosed with GDM, after the
exclusion of participants who had twin pregnancies; lacked
information on socioeconomic, psychological, behavioral,
and medical histories; or lacked information on reproductive
factors, trimester-specific gestational weight, and pregnancy
outcomes. Screening for GDM was performed as follows: (1)
a 50-g glucose challenge test (GCT) between 24 and 28
weeks, and (2) an oral glucose tolerance test (OGTT) if the
result of the GCT was ≥ 140 mg/dL. GDM was diagnosed by
Cheil General Hospital using a 75-g OGTT based on new
criteria from the International Association of Diabetes and
Pregnancy Study Group and by CHA Gangnam Medical
Center using a 100-g OGTT based on the Carpenter-Coustan
criteria [10].

Ethics Statement
The study protocol was approved by the Institutional
Review Board (IRB) of Cheil General Hospital (IRB No: CGHIRB-2013-10), CHA Gangnam Medical Center (IRB No: 201314-KNC13018), and the Korea National Institute of Health,
Korea Disease Control and Prevention Agency (IRB No: 202104-02-1C-A). All participants provided written informed
consent, and this was confirmed by the IRB.

Prepregnancy Body Mass Index and GWG
The weight and height of the participants were measured,
using standard procedures, in units of 0.1 kg on a digital scale
and 0.1 cm on a stadiometer, respectively, while participants
wore light clothes and were barefoot. Prepregnancy weight
was self-reported at visit 1 (during the first trimester), and
gestational weight in the second and the third trimesters and
total GWG were measured at visits 2, 3, and 4, respectively.
prepregnancy body mass index (BMI) was calculated by
dividing the prepregnancy weight by the height squared
(kg/m 2) and categorized as underweight ( < 18.5 kg/m 2),
normal weight (18.5–25.0 kg/m 2), or obese ( ≥ 25.0 kg/m 2)
[11]. GWG was considered as weight gain (kg/wk) from the
second to the third trimester and total weight gain (kg) and
classified into 3 categories (insufficient, appropriate, and
excessive), considering prepregnancy BMI and gestational
age according to the 2009 IOM guidelines for weight gain
during pregnancy (Figure S1) [12].

Adverse Pregnancy Outcomes
Adverse pregnancy outcomes included maternal and infant
outcomes. The maternal outcomes were HDP, preterm birth,
cesarean delivery, and delivery complications; the infant
outcomes were low birth weight, high birth weight, neonatal
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intensive care unit (NICU) admission, and congenital
anomalies. HDP was defined as any of the following:
gestational hypertension, preeclampsia, eclampsia, or
superimposed preeclampsia. Gestational hypertension
was diagnosed as systolic blood pressure ≥ 140 mmHg and/
or diastolic blood pressure ≥ 90 mmHg without proteinuria,
developing after 20 weeks of gestation. Preeclampsia
was diagnosed as gestational hypertension with either
proteinuria ( ≥ 0.3 g of protein in a 24-hour urine collection
or ≥ 1+ on a semi-quantitative dipstick test) or signs of endorgan dysfunction after 20 weeks of gestation, with one of
the following: (1) platelet count > 100,000/mm3, (2) creatinine
level > 1.1 mg/dL, (3) elevated serum transaminase, (4)
pulmonary edema, or (5) neurologic symptoms. Eclampsia
was diagnosed as seizures unrelated to other cerebral
conditions in pregnant women with preeclampsia, and
superimposed preeclampsia was diagnosed as the development
of preeclampsia symptoms in pregnant women with chronic
hypertension [13]. Preterm birth was defined as a gestational
age <37 weeks at birth. Delivery complications were defined
as any of the following: shoulder dystocia, premature rupture
of membranes, placental abruption, parturient canal, or
uterine rupture at delivery. Low birth weight was defined as
< 2,500 g at birth; high birth weight was defined as ≥ 4,000 g.

Socioeconomic, Behavioral, Mental Health, and
Reproductive Factors
Socioeconomic factors included maternal age at visit 1 (year),
educational status, and household income. Educational
status was categorized as ≤ high school, college or university,
or ≥ graduate school. Household income was categorized as
< 3, 3–5, or ≥ 5 million Korean won (KRW)/month. Behavioral
factors included BMI (continuous [kg/m2] or categorical),
smoking status, and physical activity. BMI was classified
as nonobese (underweight and normal weight) or obese,
because the proportion of prepregnancy underweight
was too small for separate inclusion in the analysis
(4.7%). Participants were classified by smoking status as
nonsmokers or former/current smokers. Physical activity
was categorized as low, moderate, or high using the
International Physical Activity Questionnaire [14]. Mental
health factors included stress and depressive symptoms.
Stress was investigated using a visual analog scale (score,
0–10). Depressive symptoms were defined using the
Edinburgh postnatal depression scale [15] and categorized
as no ( < 10) or yes ( ≥ 10). Reproductive factors included
parity ( < 1 or ≥ 1 times) and history of GDM (no or yes).

Statistical Analysis
The baseline characteristics of participants and adverse
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pregnancy outcomes according to GWG from the second to
the third trimester or total GWG, were compared using oneway analysis of variance (ANOVA) followed by the Scheffé
test for multiple comparisons of continuous variables
and the chi-square test for categorical variables. Data are
presented as mean ± standard deviation (SD) and frequency
(%). The odds ratios (ORs) and 95% confidence intervals
(CIs) of adverse pregnancy outcomes, associated with
GWG from the second to the third trimester or total GWG,
were evaluated using multivariable logistic regression. All
statistical analyses were conducted using SAS ver. 9.4 (SAS
Institute Inc., Cary, NC, USA), and a two-sided p-value < 0.05
was considered to indicate statistical significance.

Results
The values for GWG from prepregnancy to delivery in
pregnant women with GDM are presented in Figure 1. The
cumulative mean GWG is shown in Figure 1A. The mean ± SD
of GWG per week from the second to the third trimester was
0.29 ± 0.22 kg/wk, which was lower than the corresponding
value of 0.36 ± 0.26 kg/wk from the first to the second
trimester (Figure 1B).
The baseline (at visit 1) characteristics of pregnant women
with GDM, according to GWG from the second to the third
trimester, are presented in Table 1. The GWG was insufficient
in 52.3% (n = 123), appropriate in 28.9% (n = 68), and excessive
in 18.7% (n = 44). The proportion of individuals with household
income < 3 million KRW per month was highest among
pregnant women with excessive GWG, but this relationship
was not statistically significant (p = 0.072). The total GWG (kg)
became significantly higher as GWG changed from insufficient
to excessive. The baseline characteristics according to total
GWG are presented in Table S1. The proportions of nonobese
and depressive symptoms were significantly higher among
pregnant women with insufficient GWG. The proportion of
former or current smokers became significantly higher as
total GWG changed from insufficient to excessive.
GWG from the second to the third trimester and total
GWG according to prepregnancy BMI are presented in
Figure 2. The proportion of women with insufficient GWG
from the second to third trimester was higher than that
of women with appropriate or excessive GWG among
both prepregnancy BMI groups (nonobese and obese:
55.4% and 44.9%, respectively). The proportions of women
with total insufficient GWG were 54.8% and 31.9% in the
prepregnancy nonobese and obese groups, respectively.
The adverse pregnancy outcomes according to GWG
from the second to the third trimester are presented in
Table 2. The proportion of any adverse maternal outcomes,
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Figure 1. Gestational weight gain from prepregnancy to delivery in pregnant women with gestational diabetes
mellitus. (A) Cumulative mean of gestational weight gain (kg). (B) Rates of gestational weight gain (kg/wk).
GDM, gestational diabetes mellitus; IOM, Institute of Medicine; GWG, gestational weight gain; SD, standard deviation.

Table 1. Baseline characteristics of participants according to gestational weight gain from the second to the third
trimester in pregnant women with gestational diabetes mellitus
Variable

Total (n = 235)

Insufficient GWG
(n = 123)

Appropriate GWG
(n = 68)

Excessive GWG
(n = 44)

p-value

Age (y)

34.54 ± 3.68

34.81 ± 3.48

34.50 ± 4.03

33.84 ± 3.64

0.322

Mean ± SD

23.41 ± 3.88

23.35 ± 3.86

23.04 ± 3.65

24.17 ± 4.24

0.314

Nonobese ( < 25.0)

166 (70.6)

92 (74.8)

48 (70.6)

26 (59.1)

0.146

Obese ( ≥ 25.0)

69 (29.4)

31 (25.2)

20 (29.4)

18 (40.9)

≤ High school

27 (11.5)

8 (6.5)

11 (16.2)

8 (18.2)

College or university

178 (75.7)
30 (12.8)

100 (81.3)
15 (12.2)

49 (72.1)
8 (11.8)

29 (65.9)
7 (15.9)

<3

39 (16.6)

19 (15.5)

7 (10.3)

13 (29.5)

3–5

91 (38.7)
105 (44.7)

45 (36.6)
59 (48.0)

29 (42.6)
32 (47.1)

17 (38.6)
14 (31.8)

35 (14.9)

16 (13.0)

13 (19.1)

6 (13.6)

0.507

182 (77.4)
47 (20.0)
6 (2.6)

98 (79.7)
22 (17.9)
3 (2.4)

51 (75.0)
16 (23.5)
1 (1.5)

33 (75.0)
9 (20.5)
2 (4.6)

0.715

BMI before pregnancy (kg/m2)

Educational status

≥ Graduate school

0.122

Household income (million KRW/mo)

≥5
Former or current smoker
Physical activity
Low
Moderate
High
Stress (VAS score)

0.072

4.44 ± 2.21

4.53 ± 2.17

4.44 ± 2.26

4.18 ± 2.25

0.672

Depressive symptom (EPDS ≥ 10)

41 (17.4)

21 (17.1)

13 (19.1)

7 (15.9)

0.898

Parity ( ≥ 1)

120 (51.1)

57 (46.3)

41 (60.3)

22 (50.0)

Total GWG (kg)

10.58 ± 5.30

a)

8.27 ± 4.37

b)

12.32 ± 4.03

0.179
b)

14.34 ± 6.22

< 0.001

Data are presented as mean ± SD for continuous variables and frequency (%) for categorical variables.
GWG, gestational weight gain; BMI, body mass index; SD, standard deviation; KRW, Korean won; VAS, visual analog scale; EPDS, Edinburgh postnatal
depression scale.
a,b)
Values in the same categories were not significantly different from each other according to the Scheffé test for multiple comparisons.
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Figure 2. Gestational weight gain according to the prepregnancy body mass index (BMI; kg/m2) in pregnant women with gestational
diabetes mellitus. (A) Gestational weight gain from second to third trimester. (B) Total gestational weight gain.

Table 2. Adverse pregnancy outcomes according to gestational weight gain from the second to the third trimester in
pregnant women with gestational diabetes mellitus
Variable
a)

Any adverse pregnancy outcomes
Maternal
Any adverse maternal outcomesa)
HDPb)
Preterm birth
Cesarean delivery
Delivery complications
Infant
Any adverse infant outcomesa)
Low birth weight
High birth weight
NICU admission
Congenital anomalies

Total (n = 235)

Insufficient GWG
(n = 123)

Appropriate GWG
(n = 68)

Excessive GWG
(n = 44)

p-value

140 (59.6)

68 (55.3)

41 (60.3)

31 (70.5)

0.210

120 (51.1)
7 (3.1)
17 (7.2)
101 (43.0)
24 (10.2)

55 (44.7)
2 (1.7)
9 (7.3)
45 (36.6)
13 (10.6)

36 (52.9)
3 (4.6)
4 (5.9)
31 (45.6)
5 (7.4)

29 (65.9)
2 (4.9)
4 (9.1)
25 (56.8)
6 (13.6)

0.051
0.377
0.751
0.058
0.553

50 (21.3)
5 (2.1)
22 (9.4)
23 (9.8)
6 (2.6)

24 (19.5)
4 (3.3)
7 (5.7)
13 (10.6)
3 (2.4)

17 (25.0)
1 (1.5)
8 (11.8)
8 (11.8)
3 (4.4)

9 (20.5)
0 (0)
7 (15.9)
2 (4.5)
0 (0)

0.667
0.590
0.098
0.416
0.406

Data are presented as n (%).
GWG, gestational weight gain; HDP, hypertensive disorders of pregnancy; NICU, neonatal intensive care unit.
a)
Any of the variables below. b)Only 227 participants were included; those with a history of hypertension or no information on the history of hypertension
were excluded.

cesarean delivery, and high birth weight gradually increased
as GWG changed from insufficient to excessive, but these
relationships were not statistically significant (p = 0.051,
p = 0.058, and p = 0.098, respectively). In pregnant women
who were nonobese before pregnancy (Table S2), the
proportion of HDP and cesarean delivery gradually increased
as GWG changed from insufficient to excessive (p = 0.018 and
p = 0.029, respectively). However, no statistically significant
difference was found in pregnant women who were obese
before pregnancy (Table S3).
Adverse pregnancy outcomes according to total GWG are
presented in Table 3. The proportion of HDP significantly
increased as GWG changed from insufficient to excessive,
but there were too few cases for a statistically meaningful
analysis. The proportion of preterm birth was significantly
higher in the appropriate GWG group, and the proportion of
high birth weight was significantly lower in the insufficient
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GWG group. Although not statistically significant, the
proportion of delivery complications was higher in women
with insufficient and excessive GWG than in those with
appropriate GWG. The results of the stratified analysis
by prepregnancy BMI are presented in Tables S4 and S5.
The proportion of HDP and high birth weight gradually
increased as GWG changed from insufficient to excessive
(p = 0.015 and p = 0.029, respectively) in pregnant women
who were nonobese before pregnancy (Table S4).
The risk of adverse pregnancy outcomes according to
GWG from the second to the third trimester is presented
in Table 4. There were no significant associations between
insufficient GWG and any adverse pregnancy outcomes.
Excessive GWG was positively associated with all adverse
pregnancy outcomes, except for any adverse infant
outcomes and NICU admission (vs. appropriate GWG; all
ORs > 1.00), but these associations were not statistically
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Table 3. Adverse pregnancy outcomes according to total gestational weight gain in pregnant women with gestational
diabetes mellitus
Variable
a)

Any adverse pregnancy outcomes
Maternal
Any adverse maternal outcomesa)
HDPb)
Preterm birth
Cesarean delivery
Delivery complications
Infant
Any adverse infant outcomesa)
Low birth weight
High birth weight
NICU admission
Congenital anomalies

Total (n = 235)

Insufficient GWG
(n = 113)

Appropriate GWG
(n = 68)

Excessive GWG
(n = 54)

p-value

140 (59.6)

64 (56.6)

43 (63.2)

33 (61.1)

0.658

120 (51.1)
7 (3.1)
17 (7.2)
101 (43.0)
24 (10.2)

53 (46.9)
0 (0)
4 (3.5)
45 (39.8)
13 (11.5)

36 (52.9)
2 (3.0)
10 (14.7)
30 (44.1)
4 (5.9)

31 (57.4)
5 (9.8)
3 (5.6)
26 (48.1)
7 (13.0)

0.417
0.002
0.025
0.582
0.360

50 (21.3)
5 (2.1)
22 (9.4)
23 (9.8)
6 (2.6)

19 (16.8)
4 (3.5)
4 (3.5)
11 (9.7)
3 (2.7)

18 (26.5)
0 (0)
10 (14.7)
7 (10.3)
3 (4.4)

13 (24.1)
1 (1.9)
8 (14.8)
5 (9.3)
0 (0)

0.260
0.372
0.013
0.982
0.418

Data are presented as n (%).
GWG, gestational weight gain; HDP, hypertensive disorders of pregnancy; NICU, neonatal intensive care unit.
a)
Any of the variables below. b)Only 227 participants were included; those with a history of hypertension or no information on the history of hypertension
were excluded.

Table 4. ORs (95% CIs) for adverse pregnancy outcomes according to gestational weight gain from the second to the
third trimester in pregnant women with gestational diabetes mellitus
Insufficient GWG

Cases/total
participants

Excessive GWG

OR (95% CI)

68/123

0.77 (0.41–1.47)

31/44

1.62 (0.69–3.81)

55/123
2/121
9/123
45/123
13/123

0.69 (0.36–1.32)
0.40 (0.09–1.81)
1.36 (0.39–4.71)
0.66 (0.34–1.27)
1.59 (0.52–4.85)

29/44
2/41
4/44
25/44
6/44

1.95 (0.83–4.55)
1.11 (0.22–5.52)
1.99 (0.44–9.01)
1.82 (0.79–4.20)
2.32 (0.61–8.79)

24/123
4/123
7/123
13/123
3/123

0.69 (0.33–1.44)
1.53 (0.26–8.88)
0.44 (0.15–1.32)
0.73 (0.29–1.83)
0.76 (0.18–3.33)

9/44
0/44
7/44
2/44
0/44

0.59 (0.22–1.55)
1.15 (0.36–3.68)
0.30 (0.07–1.30)
-

Cases/total
participants

Variable
a)

Any adverse pregnancy outcomes
Maternal
Any adverse maternal outcomesa)
HDPb)
Preterm birth
Cesarean delivery
Delivery complications
Infant
Any adverse infant outcomesa)
Low birth weight
High birth weight
NICU admission
Congenital anomalies

OR (95% CI)

The appropriate GWG group was the reference group. Adjusted for age, prepregnancy BMI (kg/m2), household income, smoking status, and history of
gestational diabetes mellitus.
OR, odds ratio; CI, confidence interval; GWG, gestational weight gain; HDP, hypertensive disorders of pregnancy; NICU, neonatal intensive care unit; -, As
there were no cases, it was excluded from the analysis.
a)
Any of the variables below. b)Only 227 participants were included; those with a history of hypertension or no information on the history of hypertension
were excluded.

significant. Low birth weight and congenital anomalies
were excluded from the analysis because there were no
cases in the excessive GWG group,.
The risk of adverse pregnancy outcomes according to
total GWG is presented in Table 5. The ORs for preterm birth
and high birth weight in the insufficient GWG, compared
to appropriate GWG, were 0.17 (95% CI, 0.05–0.60) and 0.23
(95% CI, 0.07– 0.80), respectively. There were no significant
associations between excessive GWG and all adverse
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pregnancy outcomes. HDP, low birth weight, and congenital
anomalies were excluded from the analysis because there
were no HDP cases in the insufficient GWG groups, no low
birth weight cases in the appropriate GWG group, and no
congenital anomalies in the excessive GWG group.

Discussion
Although weight management in pregnant women with
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Table 5. ORs (95% CIs) for adverse pregnancy outcomes according to total gestational weight gain in pregnant women
with gestational diabetes mellitus
Variable
Any adverse pregnancy outcomesa)
Maternal
Any adverse maternal outcomesa)
HDPb)
Preterm birth
Cesarean delivery
Delivery complications
Infant
Any adverse infant outcomesa)
Low birth weight
High birth weight
NICU admission
Congenital anomalies

Cases/total
participants

Insufficient GWG
OR (95% CI)

Cases/total
participants

Excessive GWG

64/113

0.72 (0.37–1.39)

33/54

0.68 (0.31–1.49)

53/113
0/110
4/113
45/113
13/113

0.72 (0.38–1.39)
0.17 (0.05–0.60)*
0.73 (0.38–1.42)
2.21 (0.67–7.30)

31/54
5/51
3/54
26/54
7/54

1.01 (0.46–2.21)
3.60 (0.75–17.31)
0.28 (0.07–1.19)
1.01 (0.46–2.23)
2.11 (0.56–8.04)

19/113
4/113
4/113
11/113
3/113

0.56 (0.26–1.19)
0.23 (0.07–0.80)*
0.83 (0.32–2.20)
1.53 (0.29–7.99)

13/54
1/54
8/54
5/54
0/54

0.71 (0.29–1.70)
1.16 (0.39–3.47)
0.71 (0.22–2.30)
-

OR (95% CI)

The appropriate GWG group was the reference group. Adjusted for age, prepregnancy BMI (kg/m2), household income, smoking status, and history of
gestational diabetes mellitus.
OR, odds ratio; CI, confidence interval; GWG, gestational weight gain; HDP, hypertensive disorders of pregnancy; NICU, neonatal intensive care unit; -, as
there were no cases, it was excluded from the analysis.
a)
Any of the variables below. b)Only 227 participants were included; those with a history of hypertension or no information on the history of hypertension
were excluded.
*p < 0.05.

GDM is very important to improve pregnancy outcomes,
our study showed that the proportion of participants with
insufficient GWG was higher than that of participants with
appropriate or excessive GWG. In particular, more than
50.0% of pregnant women who were nonobese before
pregnancy had insufficient GWG. Furthermore, we found
that insufficient GWG from the second to the third trimester
may not reduce or increase the risk of adverse pregnancy
outcomes, but total insufficient GWG may reduce the risk of
preterm birth and high birth weight.
GDM is defined as the presence of impaired glucose
metabolism first recognized during pregnancy [16]. Many
previous studies have reported that sociodemographic
factors, such as late-age pregnancy and family history
of diabetes, and reproductive factors, including a history
of GDM, parity, and polycystic ovary syndrome, are risk
factors that increase the risk of GDM [1,3,17]. In addition,
obesity and excess GWG are critical risk factors for GDM.
A meta-analysis found that obese pregnant women had
a significantly higher risk of GDM than those of normal
weight (OR, 3.56; 95% CI, 3.05–4.21) [6], and a Chinese study
found that excessive GWG increased the risk of GDM in all
categories of BMI [18].
GDM is one of the main risk factors for adverse pregnancy
outcomes, including cesarean delivery, macrosomia, and
hyperbilirubinemia, and it is also a risk factor for maternal
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diabetes after delivery [2–4]. It has also been reported that
excessive GWG in pregnant women with GDM leads to
markedly negative outcomes for both mothers and their
offspring. A retrospective cohort study suggested that
total GWG above the IOM cut-off in pregnant women with
GDM might increase the risk of cesarean delivery (OR,
1.34; 95% CI, 1.04–1.72), HDP (OR, 2.00; 95% CI, 1.28–3.12),
and other adverse outcomes, including preeclampsia
and macrosomia; furthermore, GWG above the IOM cutoff in the third trimester could increase the risk of HDP
(OR, 1.93; 95% CI, 1.08–2.98) [7]. This is consistent with our
results: a high proportion of adverse outcomes, such as
HDP, cesarean delivery, and high birth weight, was noted
in pregnant women with GDM who had excessive GWG.
However, we found no significant association between
excessive GWG and adverse pregnancy outcomes.
To date, few studies have investigated the effects of
insufficient GWG because most have focused on the
health effects of excessive weight gain in pregnant women
with GDM. Therefore, it is hypothesized that pregnant
women with GDM avoid weight gain after being diagnosed
with GDM. In our study, we examined whether weight
management in pregnant women with GDM participating
in the cohort was conducted appropriately, according to the
IOM guidelines. As expected, most women did not manage
their weight according to the guidelines. Comparing
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pregnant women with GDM to those without GDM (n = 2,997),
GWG was similar (slightly higher in women with GDM) until
the first trimester, but this pattern changed from the first
to the second trimester and GWG was significantly lower
in both the second (before or after the diagnosis of GDM)
and third trimesters (p < 0.001 for both; data not shown). In
addition, the proportion of participants with insufficient
GWG was higher in pregnant women with GDM than in
those without GDM (data not shown). In our study, the rate
of total insufficient GWG was 48.1%, which was higher than
the 26.2% reported in a Chinese study [19] and lower than
the 50.3% reported in a Spanish study [9]; the rate of total
insufficient GWG in obese women was 31.9%, which was
lower than the 34.5% reported in a Portuguese study [20].
When comparing adverse pregnancy outcomes according
to GWG from the second to the third trimester, the proportion
of any adverse maternal outcomes, cesarean delivery, and
high birth weight gradually increased from insufficient to
excessive GWG; nonetheless, these differences were only
marginally significant (p < 0.1 for all). In an analysis stratified
by prepregnancy BMI, the proportion of HDP and cesarean
delivery significantly increased from insufficient to excessive
GWG in pregnant women who were nonobese before
pregnancy. However, there were no statistically significant
differences in those who were obese before pregnancy. When
comparing adverse pregnancy outcomes according to total
GWG, significant differences were found in the proportions
of HDP, preterm birth, and high birth weight. However, the
proportions of HDP and high birth weight were significantly
different only in pregnant women who were nonobese
before pregnancy. Because the effect of GWG on adverse
pregnancy outcomes may vary with prepregnancy BMI,
further large-scale studies, stratified by prepregnancy BMI,
will be needed.
We also examined the associations between insufficient
GWG in pregnant women with GDM and adverse pregnancy
outcomes. In the analysis of associations between GWG from
the second to the third trimester and adverse pregnancy
outcomes, we did not find that insufficient GWG reduced or
increased the risk of adverse pregnancy outcomes. Similarly,
although all adverse pregnancy outcomes, except for any
adverse infant outcomes and NICU admission, showed
positive trends with excessive GWG (vs. appropriate GWG),
none of the associations were statistically significant.
Nevertheless, this is consistent with a previous Chinese
study’s results showing that insufficient GWG after a GDM
diagnosis had no beneficial or adverse effects on adverse
perinatal outcomes [19]. In the analysis of the associations
between total GWG and adverse pregnancy outcomes, we
found that insufficient GWG may reduce the risk of preterm
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birth and high birth weight. Excessive GWG showed no
significant associations with adverse pregnancy outcomes.
However, our study population was too small for the results
to be reliable. Contrary to our results, a Chinese study
reported that insufficient GWG was associated with an
increased risk of preterm birth (OR, 1.52; 95% CI, 1.12–2.05)
and small for gestational age infants (OR, 1.21; 95% CI,
1.10–1.69) [7]. Similarly, a retrospective cohort study also
suggested that total insufficient GWG was associated
with neonatal hypocalcemia (adjusted OR, 4.56; 95% CI,
1.04–20.00), in addition to preterm birth (unadjusted OR,
2.03; 95% CI, 1.55–2.83) [9]. A study in Hong Kong found that
insufficient GWG was associated with insulin resistance
and hypertension in offspring (7 years of age) [21].
Another matter of debate is the application of the IOM
guidelines to pregnant women with GDM. Previous studies
have reported that new GWG guidelines should be applied
to pregnant women with GDM. A cohort study in Australia
evaluated a new standard by subtracting 2 kg from the upper/
lower limits of the IOM guidelines [22], and another cohort
study in China evaluated new targets using receiver operating
characteristic curves [23]. Therefore, to determine the shortand long-term effects of insufficient GWG on mothers and
their offspring and to provide correct GWG guidelines for
pregnant women with GDM, further longitudinal cohort or
interventional studies of pregnant women with GDM are
needed.
This study has some limitations. First, the small sample
size of our study may not have provided sufficient statistical
power to investigate associations between GWG and adverse
pregnancy outcomes in pregnant women with GDM. In
addition, our study population consisted of only Korean,
making it difficult to generalize the results. Therefore,
large-scale studies of the general population that include
various races/ethnicities with sufficient statistical power
are needed. Second, there was a possibility of bias because
the prepregnancy weight was self-reported. However, since
it was measured in the first trimester, when the weight
change was small, the bias was not expected to be large. In
addition, although most of the weight measurements in
the second trimester were made at or after the diagnosis
of GDM, some participants’ measurements obtained
before the diagnosis of GDM were also included. Since
the screening for GDM was performed between 24 and 28
weeks, and the weight in the third trimester was measured
around 36 weeks (at visit 3), the timing of measurements
most likely was able to sufficiently ref lect the weight
change after the diagnosis of GDM. Finally, we used the IOM
guidelines for GWG. Since the IOM guidelines are mainly
intended for use among Caucasians, their appropriateness
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for Asian women is debatable. As the GWG guidelines for
pregnant women have not been established for Asians,
research on GWG guidelines suitable for Asians is needed
in the future. Nevertheless, an important strength of the
present study is that it is the first to investigate the current
status of weight control and the associations of GWG after
diagnosis of GDM and total GWG with adverse pregnancy
outcomes in Korean pregnant women with GDM.
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Objectives: Real-time polymerase chain reaction is currently used as a confirmatory test for
coronavirus disease 2019 (COVID-19). The test results are interpreted as positive, negative, or
inconclusive, and are used only for a qualitative classification of patients. However, the test
results can be quantitated using threshold count (Ct) values to determine the amount of virus
present in the sample. Therefore, this study investigated the diagnostic usefulness of Ct results
through various quantitative analyzes, along with an analysis of clinical and epidemiological
characteristics.
Methods: Clinical and epidemiological data from 4,642 COVID-19 patients in April 2021 were
analyzed, including the Ct values of the RNA-dependent RNA polymerase (RdRp), envelope (E),
and nucleocapsid (N) genes. Clinical and epidemiological data (sex, age, underlying diseases,
and early symptoms) were collected through a structured questionnaire. A correlation analysis
was used to examine the relationships between variables.
Results: All 3 genes showed statistically significant relationships with symptoms and severity
levels. The Ct values of the RdRp gene decreased as the severity of the patients increased.
Moreover, statistical significance was observed for the presence of underlying diseases and
dyspnea.
Conclusion: Ct values were found to be related to patients’ clinical and epidemiological
characteristics. In particular, since these factors are closely related to symptoms and severity,
Ct values can be used as primary data for predicting patients’ disease prognosis despite the
limitations of this method. Conducting follow-up studies to validate this approach might
enable using the data from this study to establish policies for preventing COVID-19 infection
and spread.
Keywords: Clinical epidemiology; COVID-19; Real-time polymerase chain reaction
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Introduction
Coronavirus disease 2019 (COVID-19) has spread worldwide,
starting with a cluster infection of pneumonia of unknown
cause in Wuhan, China, in December 2019. On January 31,
2020, the World Health Organization (WHO) confirmed that
COVID-19 had spread rapidly from person to person and
declared a public health emergency [1–4]. A global pandemic
was declared on March 11, 2020. Countries thereafter
strengthened their quarantine and healthcare measures.
As the number of COVID-19 patients and deaths increased
rapidly in Korea, the national crisis alert level (for infectious
disease) was raised to the highest level, “serious,” on
February 23, 2020, and prompt action was taken [5]. Despite
global efforts, there were 239 million confirmed cases and
4 million deaths worldwide as of October 2021, and 340,000
confirmed cases and 2,000 deaths occurred in Korea [6].
Research is ongoing in various fields to prevent the spread
of COVID-19 domestically and worldwide. Most research
has analyzed factors affecting disease severity and clinical
outcomes [7–9]. Relationships between demographic
characteristics such as weight [10,11], underlying diseases
[12,13], symptoms, age [14], race [15], sex [16,17], lifestyle [18–
20] and epidemiological factors have been analyzed [21–23].
Real-time reverse-transcription quantitative polymerase
chain reaction (RT-qPCR) has advantages and disadvantages
due to the test itself and the sampling method [24–27];
nonetheless, it is used as a confirmatory method for diagnosing
COVID-19. It is used primarily as a qualitative analysis to
determine positive or negative status. However, numerical
experimental values have been used in publications for
quantitative analysis to interpret the test results (e.g., falsepositive and false-negative) [28–32] and to identify the most
appropriate sampling time or site to obtain accurate test
results [33].
Combining the above features and experimental values
and qRT-PCR with clinical epidemiological analyzes enables
various interpretations and analyzes. Therefore, this paper
aimed to utilize experimental values for epidemiological
investigations through a clinical and epidemiological
analysis of confirmed COVID-19 patients.

Materials and Methods
Study Subjects
The subjects were those who had complete records of
clinical and epidemiological information among 18,927
confirmed COVID-19 cases from April 1 to April 30, 2021.
The period of analysis was limited to ensure the fidelity
of the data and to enable a thorough verification of typos/
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errors. Patients with inaccurate or missing information
were excluded. In addition, only confirmed patients
whose outcomes were certain (removed from quarantine
or confirmed as dead) were included. The clinical and
epidemiological data included age, sex, the presence or
absence of symptoms, initial symptoms, underlying diseases
and diagnostic tests (cycle threshold [Ct] values). All data
were collected through epidemiological investigation
reports registered in the COVID-19 information management
system, supplemented, and verified through in-depth
epidemiological investigation reports and electronic case
report forms for information such as the severity classification.
The data were reconfirmed using patient monitoring data
conducted by the Patient Management Team of the Central
Quarantine Countermeasures Headquarters. As a result, a
total of 4,642 confirmed cases were analyzed.
The initial symptoms were classified as fever, respiratory
symptoms (cough, phlegm, sore throat, dyspnea), nonrespiratory symptoms (muscle pain, headache, chills, loss
of taste, loss of smell), and pneumonia (including whether
pneumonia was confirmed on a chest X-ray) according
to the classification of the basic epidemiological survey.
Severe cases followed the classification given in the 10th
edition of the COVID-19 response guidelines (Table 1).
The experimental values used for analysis were the Ct
values of RT-qPCR for the RNA-dependent RNA polymerase
(RdRP), envelope (E) gene, and nucleocapsid (N) genes, as
recommended by the Korea Disease Control and Prevention
Agency and the Korean Society of Diagnostic Laboratory
Medicine and currently used to diagnose confirmed patients
[34–38]. The Korean Society of Diagnostic Laboratory
Medicine and the Korea Disease Control and Prevention
Agency recommend using RT-qPCR to detect 2 or more
specific genes and to classify the results as positive when
all genes are positive [39–41]. Diagnostic reagents and kits
approved for emergency use or formally approved by the

Table 1. Definitions of intensive care stages, indicating
severity
Intensive care stage
1
2
3
4
5
6
7
8

Definition
No limit of activity
Limit of activity but no O2
O2 with nasal prongs
O2 with facial mask
Non-invasive ventilation
Invasive ventilation
Multi-organ failure/ECMO
Death

ECMO, extracorporeal membrane oxygenation.
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Ministry of Food and Drug Safety containing 2 or more
genes were used [42].
Unlike in other studies, control variables were considered
in the above analysis. RT-qPCR is the method with the
highest sensitivity and specificity and is used as a standard
test for COVID-19 infection worldwide. However, it has some
limitations, including the need for dedicated equipment,
reagents, and skilled professionals. The equipment and
reagents must undergo accurate calibration, verification,
validation, and quality control. In addition, the Ct value
should be read along with waveform analysis to determine
whether gene amplification was performed correctly.
Furthermore, RT-qPCR diagnostic kit manufacturers have
small differences in the target region of the gene, from
1 to 2 nucleotide sequences to 1 to 2 codons (3 to 6 base
sequences) to avoid patent infringements. Since the cut-offs
of the Ct values are different for each manufacturer, errors
could occur when comparing the Ct values. Hence, the
analysis was limited to a single manufacturer’s diagnostic
kit that went through domestic and foreign gene-related
certification procedures (CAP; College of American, ISO
9001, CLIA; Clinical Laboratory Improvement Amendments)
to minimize differences in these variables. In fact, when the
analysis was expanded to several diagnostic kits, the results
were different. In addition, since the viral load changes in a
time-dependent manner after infection with COVID-19, the
samples were limited to 2 days from the onset of symptoms
to the date of confirmation [43–47].

Analysis
Data were analyzed using GraphPad Prism software ver.
5.02 (GraphPad, La Jolla, CA, USA) and PASW Statistics for
Windows ver. 18.0 (SPSS Inc., Chicago, IL, USA) together
with Microsoft Excel 2016 (Microsoft Corp., Redmond, WA,
USA). For the normality test, the Kolmogorov-Smirnov
test and Shapiro-Wilk test were performed. The statistical
significance of differences in parametric and nonparametric
variables was analyzed using the Student t-test and MannWhitney U-test. The Spearman rho and Kendall tau-b
coefficients were used to analyze the correlations between
variables. All statistical analyzes were considered to have
statistical significance when the p-value was < 0.05,
presented as follows in the tables and figures: p < 0.05,
p < 0.01, or p < 0.001.

IRB/IACUC Approval
The study protocol was approved by the Institutional
Review Board of the Korea Disease Control and Prevention
Agency (IRB No: 2022-03-08-PE-A). The requirement for
informed consent was waived because of the retrospective
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nature of this study and the Infectious Disease Control and
Prevention Act..

Results
Demographic Characteristics
A total of 4,642 confirmed patients were included in the
study; 2,288 were males (49.3%), and 2,354 were females
(50.7%), with an even male-to-female ratio (Table 2). The
average age was 43.7 ± 0.58 years. Slightly more than onefifth of the patients (n = 949, 20.4%) were in their 50s, while
753 were in their 40s (16.2%), 694 in their 60s (15.0%), 586
in their 30s (12.6%), 501 in their 20s (10.8%), 480 were 10 to

Table 2. The clinical epidemiological characteristics of
COVID-19 cases in this study (n = 4,642)
Characteristic

Value

Sex
Male
Female
Age (y), median (range)/mean

2,288 (49.3)
2,354 (50.7)
43.7 (0–97)/46
276 (5.9)

< 10
10−19
20−29
30−39
40−49
50−59
60−69
70−79

480 (10.3)
501 (10.8)
586 (12.6)
753 (16.2)
949 (20.4)
694 (15.0)
236 (5.1)
164 (3.5)

≥ 80
Underlying disease
Presence
Absence
The presence or absence of symptoms
Presence
Absence
Symptomsa)
Fever
Cough
Phlegm
Sore throat
Shortness of breath
Muscle pain
Headache
Chills
Taste loss
Loss of smell
Other
Pneumonia

1,541 (33.2)
3,101 (66.8)
3,301 (71.1)
1,341 (28.9)
3,301 (71.1)
1,389 (29.9)
697 (15.0)
1,133 (24.4)
44 (0.9)
952 (20.5)
721 (15.5)
701 (15.1)
181 (3.9)
205 (4.4)
840 (18.1)
33 (0.7)

Data are presented as n (%) unless otherwise indicated.
a)
Multiple responses allowed.
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19 years old (10.3%), 276 were under 10 years old (5.9%), 236
were in their 70s (5.1%), and 164 were over 80 years or older
(3.5%). Approximately one-third of patients had underlying
diseases (n = 1,541, 33.2%). There were 3,301 (71.1%) patients
with symptoms. All patients with symptoms had fever
(n = 3,301, 71.1%), followed by cough (n = 1,389, 29.9%), sore
throat (n = 1,133, 24.4%), myalgia (n = 952, 20.5%), other
symptoms (n = 840, 18.1%), headache (n = 721, 15.5%), chills
(n = 701, 15.1%), phlegm (n = 697, 15.0%), loss of smell (n = 205,
4.4%), loss of taste n = 181, 3.9%), dyspnea (n = 44, 0.9%), and
pneumonia (n = 33, 0.7%). Other symptoms included chest
pain, body aches, diarrhea, runny nose, stuffy nose, and
fatigue.

Distribution of the Ct Values of the RdRp, E, and N
genes
Patients who had experimental values for all 3 genes were
included in this study. The mean Ct values of the RdRp, E,
and N genes were 21.5, 21.6, and 22.9, respectively (Figure 1).
The minimum and maximum values were 2.9 and 38.3 for
the RdRp gene, 3.1 and 38.3 for the E gene, and 3.9 and 51.5 for
the N gene, respectively. The Korean Society of Diagnostic
Laboratory Medicine and the Korea Disease Control and
Prevention Agency recommend interpreting the results as
positive when 2 or more of the 3 genes are positive [44–46].
The standard deviations were 6.3, 6,1, and 6,2, respectively.

Ct Distribution of the RdRp, E, and N Genes according
to the Presence of Symptoms
As shown in Table 2, among the 4,642 confirmed patients,
3,301 (71.1%) had initial symptoms, which was a high
proportion. When comparing the Ct values according to
the presence or absence of symptoms, the RdRp, E, and
N genes all showed a significant difference (p < 0.001) in
the distribution of Ct values between asymptomatic and
symptomatic individuals (Figure 2). The median Ct values of
the RdRp gene in symptomatic and asymptomatic patients
were 24.6 and 19.3, respectively. For the E gene, the median
Ct values were 24.5 and 20.5, respectively. For the N gene, the
median Ct values were 25.6 and 21.7, respectively.

Correlations between Severity and Ct Values of the
RdRp, E, and N Genes
Prior to conducting several other correlational analyzes,
the effect of age on Ct values was investigated. When the
Ct values were compared by each age group (under 10,
10−19, 20s, 30s, 40s, 50s, 60s, 70s, and over 80), none of the
p-values were significant (p > 0.05 for all). After confirming
the absence of a correlation between age and Ct value

https://doi.org/10.24171/j.phrp.2022.0135

Figure 1. Distribution of Ct values. The blue, grey, and
green dots represent the Ct values of the RdRp, E, and N
genes, respectively. The black bars indicate mean values
with standard deviations.
Ct, threshold count; RdRp, RNA-dependent RNA polymerase; E,
envelope; N, nucleocapsid.

distribution, the analysis was conducted without further
consideration of age.
The correlations between Ct values and symptom severity
were analyzed in symptomatic subjects. The severity
classification followed the 8-level classification according
to the COVID-19 Response Guidelines (10th edition). In
this study, analysis was limited to levels 4 to 7, since they
were monitored for patient management in real time.
Nonparametric analysis was performed using the Spearman
rho coefficient. All statistical analyzes showed statistical
significance (p < 0.05), and the R2 values were 0.5, 0.4, and 0.2
for RdRp, E, and N, respectively (Figures 3, 4). The R2 value for
the RdRp gene was higher than 0.5, showing a correlation
between severity and the Ct value.

255

Clinical epidemiological analysis of COVID-19 PCR

p<0.0001
p<0.0001

40

p<0.0001

Ct value

30

20

10

)

)

pt
om
ym

m
ge
N

(n
ne
N

ge

ne

o

(s

sy

ym
(s
ne
ge
E

(n
ne
ge

pt
om

)
pt
om

)
pt
om
m
sy
o

(s
Rp
Rd

E

Rd

Rp

(n

o

sy

ym

m

pt
om

pt
om

)

)

0

Figure 2. Distribution of Ct values according to the presence or absence of symptoms. The blue, grey, and green
columns represent the Ct values of the RdRp, E, and N genes, respectively. The black bars indicate mean values
with standard deviations.
Ct, threshold count; RdRp, RNA-dependent RNA polymerase; E, envelope; N, nucleocapsid.

Correlations and Associations between RdRp,
E, and N genes and Clinical and Epidemiological
Characteristics
To examine the correlations between each gene and clinical
and epidemiological characteristics, statistical significance
was analyzed using the Mann-Whitney U-test (nonparametric
statistical analysis when normality was not satisfied) when the
independent variable was nominal (e.g., sex or the presence
of underlying diseases). When the independent variable was
continuous, such as age, the trend was analyzed through
rank correlation analysis using Spearman coefficients
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(nonparametric statistical analysis when normality was not
satisfied). Correlations (Table 3) were analyzed with sex and the
presence of underlying diseases. Statistical significance was
found for the presence of underlying diseases, but not for sex.
The average Ct value of the RdRp gene in subjects without
underlying diseases was 21.76, while it was 21.11 in subjects
with underlying diseases, showing a slight difference. For the
E gene, the average Ct value in subjects without underlying
diseases was 21.80, whereas it was 21.22 in subjects with
underlying diseases, likewise showing a slight difference.
The analysis of associations between Ct values and each
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Figure 3. Distribution of Ct values according to the severity level. The blue, grey, and green columns represent
the Ct values of the RdRp, E, and N genes, respectively. The numbers 4, 5, 6, 7, and 8 on the X-axis represent
O2 with nasal prongs, O2 with a facial mask, non-invasive ventilation/high-flow O2, invasive ventilation, and
multi-organ failure/ECMO/CRRT, respectively. The black bars indicate mean values with standard deviations.
Ct, threshold count; RdRp, RNA-dependent RNA polymerase; E, envelope; N, nucleocapsid.

underlying disease showed statistical significance for the N
gene in dementia patients (Table 4).

Correlational Analysis between the RdRp, E, and N
Genes and Symptoms
Since the Ct values showed statistically significant
relationships with the presence of symptoms (Figure 2), an
additional correlational analysis was performed for each type
of symptom (Table 5). Statistical significance was found for
the Ct count of the RdRp gene and dyspnea, a respiratory
symptom.

Discussion
This study analyzed correlations and associations between the
RdRp, E, and N genes and various clinical and epidemiological
characteristics. Quantitatively analyzing the Ct values of these
genes led to various interpretations. First, the distribution of
each variable was identified (Table 2). The male-to-female
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ratio (49.3% vs. 50.7%) of the study subjects was similar to the
male-to-female ratio (50.9% vs. 49.1%) of all confirmed cases
in Korea [48]. Instead, other characteristics showed skewed
ratios, different from the ratios of all confirmed cases in
Korea. The distribution did not follow the normal distribution
of the population. Thus, nonparametric methods (the MannWhitney U-test and Spearman rho coefficient) were used.
Before comparing several clinical and epidemiological
characteristics, the distribution of experimental values for
each gene was presented (Figure 1). Similar distributions
were shown for the median, mean, standard deviation, and
percentile.
In this study, symptomatic patients accounted for a
high proportion (71.1%) of confirmed patients, and the
experimental values showed a significant difference between
the asymptomatic and symptomatic groups (Figure 2). The
Ct value does not represent the exact viral load, but a higher
value corresponds to a relatively low viral load [49]. For all
3 genes, the average Ct value of symptomatic subjects was
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Table 3. Associations between sex, underlying disease,
and Ct values (p-value)
Characteristic

Sex

Underlying disease

RdRp gene

0.181

< 0.001***

E gene
N gene

0.240
0.187

0.002**
0.084

Ct, threshold count; RdRp, RNA-dependent RNA polymerase; E, envelope; N,
nucleocapsid.
**p < 0.01, ***p < 0.001.

lower than the average Ct value of asymptomatic subjects,
with all differences being statistically significant (p < 0.0001).
In other words, more virus was detected in patients with
symptoms. In particular, the difference in the average Ct
value between symptomatic and asymptomatic patients
was 4.09 for the RdRp gene, whereas smaller differences
were reported for the other genes (E gene, 4.05; N gene,
3.85). Somewhat contradictory data have been published
regarding these relationships [50]. As the Ct values of
symptomatic and asymptomatic patients were similar
in that study, it was concluded that the amounts of virus
were also similar. However, it is difficult to compare the
results because the age group (median age, 25 years) and the
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percentage of underlying diseases (3%) of the subjects of that
study differed from the distribution of confirmed patients in
Korea and in our study. A study [50] reporting no difference
in Ct between asymptomatic and symptomatic patients
did not find statistical significance in the E and N genes
but, consistent with our study results, showed a significant
difference (p = 0.048) in the RdRp gene. This suggests that
there is a difference in viral load between asymptomatic and
symptomatic patients.
The distribution of Ct values was also examined for
each severity level, and significant differences were found
(Figures 3, 4). The RdRp gene showed the highest correlation,
as evaluated using the Spearman rho coefficient. Therefore,
this finding can be interpreted as indicating that patients
with lower Ct values are more likely to progress to critical
severity. Reflecting this finding in policy [51] could reduce
the fatality rate, since high-risk patients such as those with
low Ct values could be allocated for intensive management.
The RdRp gene yielded consistent results in various
correlational analyzes, possibly ref lecting the gene’s
characteristics. The RdRp gene is relevant to severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), the
causative agent of COVID-19, as an RNA polymerase
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Table 4. Associations between underlying diseases and Ct values (n = 1,911)
Comorbidities

n (%)

p-value
RdRp gene

E gene

N gene

Hypertension
Diabetes
Asthma
COPD
Chronic kidney disease
Rheumatologic disorder
Chronic cardiac disease
Liver disease
Dementia

875 (45.8)
366 (19.2)
41 (2.1)
31 (1.6)
54 (2.8)
87 (4.6)
67 (3.5)
35 (1.8)
52 (2.7)

0.525
0.272
0.582
0.637
0.251
0.764
0.978
0.477
0.192

0.400
0.771
0.567
0.750
0.668
0.102
0.107
0.262
0.280

0.282
0.383
0.575
0.936
0.721
0.901
0.014*
0.183

Mental disorders
Cancer
Any comorbidities

68 (3.6)
70 (3.7)
165 (8.6)

0.758
0.235
0.662

0.604
0.494
0.690

0.809
0.489
0.503

< 0.001***

Ct, threshold count; RdRp, RNA-dependent RNA polymerase; E, envelope; N, nucleocapsid; COPD, chronic obstructive pulmonary disease.
*p < 0.05, ***p < 0.001.

Table 5. Correlational analysis between Ct values and symptoms
Characteristic
Fever
Respiratory symptoms

Non-respiratory symptoms

Pneumonia

Category

p-value
RdRp gene

E gene

N gene

0.465
0.685
0.218
0.216
0.042*
0.208
0.137
0.909
0.244
0.106
0.113
0.165

0.614
0.713
0.311
0.155
0.070
0.162
0.091
0.881
0.188
0.121
0.078
0.184

0.711
0.515
0.063
0.141
0.883
0.582
0.050
0.903
0.188
0.138
0.220
0.262

Cough
Phlegm
Sore throat
Shortness of breath
Muscle pain
Headache
Chills
Taste loss
Loss of smell
Other
Chest imaging confirmation

Ct, threshold count; RdRp, RNA-dependent RNA polymerase; E, envelope; N, nucleocapsid.
*p < 0.05.

(RdRP) involved in viral replication [38]. In particular, this
gene has high sensitivity and specificity in diagnosing
COVID-19 and is included in most commercially available
PCR diagnostic kits [47]. The E gene encodes the coat
protein of the coronavirus. It is a gene detected in all beta
coronaviruses (SARS-CoV, Middle East respiratory syndrome
coronavirus, and SARS-CoV-2), with relatively low specificity
for diagnosing COVID-19. The N gene protects the viral
nucleic acid and promotes adhesion to the host cell by
forming a COVID-19-specific nucleocapsid. Compared to
the E gene, the N gene is specific to COVID-19, but relatively
less relevant to pathogenicity than the RdRp gene, which
is directly responsible for synthesizing SARS-CoV-2 viral
material. For this reason, the Korea Disease Control and
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Prevention Agency and the WHO have recommended using
the RdRp gene for confirmatory testing from the beginning
of the outbreak [39,40]. This seems to be reflected in the
clinical epidemiological results. In addition to symptoms
and severity, the associations of Ct values with clinical
and epidemiological characteristics were also analyzed
(Tables 3–5). Statistically significant relationships were
found between Ct values and the presence of underlying
diseases. Analyzes were also performed for each symptom
(Table 5), since statistically significant results were found
for asymptomatic versus symptomatic patients. Statistical
significance was confirmed only in dyspnea, which reflects
an unusual association between Ct values and severity.
However, dyspnea is directly related to the development of a
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severe course of disease that progresses through moderate
symptoms requiring non-tubular oxygen treatment and an
oxygen mask.
Several limitations of this study should be noted. An
attempt was made to analyze the trend/life cycle of Ct
values measured from hospitalization to discharge, but
such an analysis was not feasible due to the absence of
repeatedly measured Ct values. Above all, a limitation in
analyzing Ct values relates to the use of relative quantitative
values for measuring the amount of fluorescence. Since
this is a relative quantity, the Ct values fluctuate in every
measurement, even with the same samples. It is necessary
to analyze samples with absolute quantitative values
to compare gene expression levels more accurately. To
analyze the results, the housekeeping gene (a gene that is
always expressed in any cell) is amplified as a reference
gene and an internal control gene for each PCR analysis,
and an absolute quantitative analysis can be performed
through the delta-Ct (ΔCt) formula [52]. However, in the
basic epidemiologic survey, the Ct values of the target
genes (RdRp, E, and N) could be derived, but the Ct values of a
reference gene and internal control gene were not available,
making an absolute quantitative analysis impossible.
Another limitation was that there was no control group
(negative samples) because only the Ct values for positive
samples were entered in the basic epidemiological survey.
Various follow-up studies using a wide range of variables
could be conducted to overcome these limitations. If so,
it might be possible to use RT-PCR-derived Ct values as
important primary data for policy establishment to prevent
COVID-19 and the spread of infection.
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Objectives: It is crucial to establish the characteristics of coronavirus disease 2019 (COVID-19)
outbreaks at army training centers to develop preventive measures. Therefore, this study
aimed to determine the COVID-19 transmission patterns and risk factors in a sequence of
outbreaks at an army training center from June to August 2021.
Methods: This study included 1,324 trainees at an army training center where outbreaks
occurred from June to August 2021. The outbreak was qualitatively analyzed according to the
period, attack rate, demographic characteristics, vaccination history, and living areas. An
aerodynamic experiment was performed to evaluate aerosol transmission in living areas.
Results: Three outbreaks occurred at the army training center from June to August 2021. The
first, second, and third outbreaks lasted for 32, 17, and 24 days, and the attack rates were 12.8%,
18.1%, and 8.9%, respectively. Confirmed cases were distributed in all age groups. Recruits and
the unvaccinated were at higher risk for COVID-19. The aerodynamic experiment verified the
possibility of aerosol transmission within the same living area.
Conclusion: COVID-19 transmission at army training centers should be minimized through
quarantine and post-admission testing during the latency period as part of integrated
measures that include facility ventilation, vaccination, indoor mask-wearing, and social
distancing.
Keywords: Communicable diseases; COVID-19; Military facilities; Risk; Vaccination
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Introduction
Coronavirus disease 2019 (COVID-19) is an infectious
respiratory disease that can be transmitted from person to
person and was first reported in China in December 2019
[1]. As of February 27, 2022, the global cumulative number
of infected people was 400,003,300 and the number of
deaths was 5,900,000. The number of infected people in
South Korea was 139,626 as of February 2022 [2]. The first
confirmed patient in South Korea was reported on January
20, 2020, after which the crisis alert level according to the
number of confirmed patients increased from “alert” on
January 27, 2020, to “severe” on February 23, 2020 [3]. Even 2
years after the initial outbreak, policies related to COVID-19
are still being implemented [4,5].
Contact transmission of COVID-19 through respiratory
droplets containing the virus is possible, and aerosol
transmission in a closed environment has also been reported
[6]. The most frequently reported COVID-19 symptoms are
fever, dry cough, and fatigue, while other symptoms include
loss of taste and olfactory senses, muscle pain, sore throat,
nasal discharge or congestion, headache, eye inflammation,
diarrhea, and skin irritation [7].
Vaccinations in South Korea began on February 26, 2021.
As of March 12, 2022, the number of first-dose vaccinated
individuals was 44,903,107, accounting for 87.5% of the
total population; the number of second-dose vaccinated
individuals was 44,428,431, corresponding to 86.6% of the
total population; and the number of third-dose vaccinated
individuals was 32,064,014, accounting for 62.5% of the total
population [8]. The main mode of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) transmission is
through respiratory droplets from an infected individual [9]. In
South Korea, cases of COVID-19 have been reported during the
outbreak in military facilities cohabited by younger adults
[10].
According to a recent report, the incidence of COVID-19
has been prominent in regions characterized by a “three-C”
environment (concentrated, closed, and congested). Notably,
the COVID-19 outbreak in the United States aircraft carrier
Roosevelt resulted in approximately 26.6% of individuals
testing positive, and the attack rate during the recent
outbreak in the Cheonghae unit on board the ROKS Munmu
the Great (DDH 976) was more than 80% [11]. Outbreaks
have also been reported in facilities such as a Belgian army
training center in Nigeria, underscoring the risk for the
transmission of COVID-19 among army trainees in collective
facilities [12,13].
An example of the COVID-19 outbreak in a military facility
was the one that occurred in an army training center from
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June to August, 2021 in Chungcheongnam-do (South
Chungcheong Province), South Korea. Established in 1951,
the center comprised a total of 7 regiments and had released
9 million new recruits by 2020. The trainees at the center
were allocated to the same squad if they were residents of
the same region. In mid-2021, admission to the army training
center required 2 polymerase chain reaction (PCR) tests on
day 1 and day 10. Until the confirmation of a negative result
on the second PCR test, the trainees are quarantined in their
assigned living area and are allowed to use only this space
to prevent contact with anyone outside the living area. The
trainees received their education and consumed their meals
inside their living areas and also wore a mask at all times
except while sleeping. Every morning, the body temperature
of the trainees was checked, and any abnormalities in smell
and taste were reported; these measures continued even
after the confirmation of a negative result on the second
PCR test. The training program at the center involved
the trainees receiving a weekly training session at each
different regiment for 5 weeks. During week 1 of admission,
the trainees were allowed to consume their meals and
participate in training within the living area, as well as using
the washrooms and shower rooms of the living area. During
week 2, trainees were allowed to have their meals at the
troop’s canteen. During week 3, outdoor training sessions
began, and the range of activity increased for the trainees
(i.e., from squad to troop to regiment).
Three outbreaks occurred from June to August 2021
at the army training center. The first outbreak occurred
from June 22 to July 22, with 123 confirmed patients; the
second outbreak occurred from July 12 to July 20, with
21 confirmed patients; and the third outbreak occurred
from July 31 to August 18, with 22 confirmed patients. The
first 2 outbreaks happened at similar times, but were
considered as separate outbreaks because these occurred
in completely separate cohorts of trainees. The locations of
the first and second outbreaks were quite far (10 minutes by
car). Vaccines are also a risk factor that affects transmission
in an outbreak. Vaccination status was defined by using
the terms “unvaccinated,” “first dose,” and “second dose.”
People were classified as unvaccinated if they had not been
vaccinated at all, or if they were within 14 days of receiving
their first injection. People were defined as having received
their first or second dose if 14 days had elapsed after the
corresponding injection. The BNT162b2 mRNA vaccine
(Pfizer-BioNTech), ChAdOx1 nCoV-19 (AZD1222) vaccine
(AstraZeneca) and Ad26 vaccine (Janssen) were used. Some
were inoculated with both mRNA and viral virus vector
vaccines. In June to August 2021, the Delta variant was
dominant in Korea. The Delta variant was first confirmed in
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April 2021, followed by 322 cases (10.7%) in June and 3,507
cases (50.3%) in July, showing the increasing trend during
this time period [14].
This study was conducted to identify the risk factors for
COVID-19 transmission at the army training center and
to provide insights into the management of outbreaks
at military centers. The circumstances associated with
COVID-19 incidence during similar periods were evaluated,
and the source of infection and mode of transmission were
analyzed. To prevent further transmission, periodic testing
and preventive measures were undertaken. In addition,
the characteristics of the facilities were analyzed through
an on-site risk assessment. SARS-CoV-2 transmission was
characterized, and the possibility of aerosol transmission
was verified through aerodynamic experiments conducted
at each facility.

Materials and Methods
Outbreak Recognition
The study participants were trainees and support staff
members who cohabited the same floor of the living area as
the confirmed patients during each of the 3 outbreaks that
occurred from June to August 2021.

Case Definition and Epidemiological Investigations
A confirmed patient was defined as an individual whose
sample collected from the upper airways was positive for
SARS-CoV-2 genetic material according to the diagnostic
criteria, irrespective of clinical features, using PCR detection
kits during the study period at the army training center (first
outbreak: June 22 to July 22; second outbreak: July 12 to July
20; and third outbreak: July 31 to August 18) [15]. An index
patient was defined as the individual with the earliest date of
a confirmed diagnosis during an outbreak. A symptomatic
patient was an individual who presented with symptoms.
The estimated date of exposure was the time during which
a patient was presumed to have been exposed to the virus
from a confirmed patient during an outbreak. A basic
epidemiological survey was used to evaluate demographic
characteristics, the date of onset of symptoms, the attack
rate, the exposure period, and vaccination status. To
determine the date of onset of symptoms, the use of health
facilities in the past was examined, which was re-assessed
based on the history of exposure and military medical
records. An aerodynamic experiment was performed to
verify the potential of aerosol transmission in living areas
an aerodynamic experiment and to help develop preventive
measures against future outbreaks.

https://doi.org/10.24171/j.phrp.2022.0149

Data Collection and Analysis
To determine the source of infection, the military medical
records of the confirmed patients were examined to examine
the date of onset of symptoms, which was used to construct an
epidemic curve and describe the outbreak characteristics and
estimated date of exposure. The vaccination statuses of the
confirmed patients and of those who came in close contact
with these patients were checked, and the preventive impacts
were assessed by analyzing the relevant effects among those
who were unvaccinated, those who had received the first dose,
and those who had received the second dose. An aerodynamic
experiment was performed to verify the possibility of aerosol
transmission. Jamovi 1.6.23 (Newcastle, New South Wales,
Australia) was used for the statistical analysis. The attack
rates of the outbreaks were analyzed and compared with
the outbreak characteristics to determine risk factors
for infection and examine variations in the attack rate
according to the participants’ vaccination status. The data
of this study were collected with cooperation of the military
as part of the COVID-19 response at collective facilities;
hence, informed consent from the study participants was
not required. The aerodynamic experiment was conducted
to identify the characteristics of air circulation in the army
training center. The air flow was visualized when dropletlike particles were generated and sprayed, and droplet-like
particle concentrations were measured according to air flow
and space. In this experiment, measurements were made of
airflow, contaminant diffusion, and particle concentration
by using a smoke generator, an oil droplet generator, and an
indoor air quality sensor.

IRB/IACUC Approval
This study was approved by the Institutional Review Board of
the Republic of Korea Armed Forces Medical Command (No:
AFMC-202204-HR-021-01) and performed in accordance
with the principles of the Declaration of Helsinki. Written
informed consent was obtained for publication of this study
and accompanying images.

Results
Outbreak Recognition
The exposure period of the first outbreak was from June 22
to July 22, 2021. The index patient was identified in the living
area with the highest number of confirmed patients. As no
additional confirmed patients were reported in the respective
regiments after the second PCR test, outdoor training sessions
commenced, and quarantine measures were implemented.
Due to delayed diagnoses, the scale of the exposure had
increased and confirmed patients were reported in buildings
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other than the building of initial concern. The second outbreak
occurred from July 12 to July 20, resulting in 21 confirmed
patients. The index patient was presumed to have been in
contact with an infected person in the local community.
The results of the second PCR tests of all the trainees
indicated that the confirmed patients were in the same
platoon and squad. The third outbreak occurred from July
31 to August 18. The index patient was identified based on
the onset of symptoms on day 5 of admission; although the
patient’s living area was quarantined, no further preventive
measures were implemented because of the negative
results of the trainees’ second PCR tests. Due to limited
physical distancing, additional transmission occurred
among individuals in the same living area.

from the same region were allocated to the same squad to
ensure efficient management. Similarly, during the second
outbreak, the confirmed patients underwent 2 periodic
PCR tests on days 1 and 7 of admission, and the trainees
were given special management in their assigned living
areas until a negative result was obtained in the second
PCR test. Additional PCR tests for trainees experiencing
potential symptoms were performed. During the third
outbreak, 2 periodic PCR tests (on days 1 and 10 of admission)
were performed and the trainees were provided special
management in their assigned living areas until a negative
result was received for the second PCR test result.

COVID-19 Prevention Management for the Army
Trainees

General characteristics of the outbreak are detailed in Table
1. In the first outbreak, 123 trainees (12.8%) among 960 male
and 2 female trainees had a confirmed COVID-19 diagnosis.
In terms of age stratification, 121 trainees aged < 25 years
(13.1%), and 2 trainees aged ≥ 25 years (5.6%) were diagnosed.
In the second outbreak, 21 trainees (18.6%) among 113 male
and 3 female trainees had a confirmed COVID-19 diagnosis;
this included 19 trainees aged < 25 years (20.2%), and 2
trainees aged ≥ 25 years (9.1%). In the third outbreak, 22

During the first outbreak, the admitted trainees spent 14 days
(2 weeks) in each assigned living area with 2 periodic PCR
tests on days 1 and 7 of admission, and they were provided
special management until a negative result was received for
the second PCR test. The trainees who experienced potential
symptoms underwent additional PCR tests. Furthermore,
contact and communication were prohibited, and trainees

General Characteristics of the Outbreak at the Army
Training Center

Table 1. General characteristics of the COVID-19 outbreaks caused by SARS-CoV-2 at an army training center in South
Korea, from June to August 2021
Characteristic
Attack rate
Epidemic period
Sex
Male
Female
Age (y)

< 25
≥ 25
Position
Recruits
Sergeants and officers
Vaccination status
Unvaccinated
First dose
Second dose
Living area
First floor west (A)
First floor east (B)
Second floor west (C)
Second floor east (D)

First outbreak
Total

Second outbreak
Case

12.8% (123/962)
June 21–July 24

Total

Case

18.1% (21/116)
July 9–July 29

Third outbreak
Total

Case

8.9% (22/246)
July 31–August 24

960
2

123 (12.8)
0 (0)

113
3

21 (18.6)
0 (0)

244
2

22 (9.0)
0 (0)

926

121 (13.1)

94

19 (20.2)

234

22 (9.4)

36

2 (5.6)

22

2 (9.1)

12

0 (0)

866
96

123 (14.2)
0 (0)

94
22

21 (22.3)
0 (0)

216
30

22 (10.2)
0 (0)

904
57
1

123 (13.6)
0 (0)
0 (0)

88
20
8

18 (20.5)
3 (15.0)
0 (0)

218
3
25

22 (10.1)
0 (0)
0 (0)

252
244
231
235

9 (3.6)
7 (2.9)
77 (33.3)
30 (12.8)

45
71
-

0 (0)
21 (29.6)
-

237
9
-

22 (9.3)
0 (0)
-

Data are presented as n (%) unless otherwise indicated.
COVID-19, coronavirus disease 2019; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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trainees (9.0%) among 244 male and 2 female trainees had
a confirmed COVID-19 diagnosis; this included 22 trainees
aged < 25 years (9.4%) and no trainees aged ≥ 25 years.
In all 3 outbreaks, neither officers nor sergeants had
a confirmed COVID-19 diagnosis, and all the confirmed
patients were trainees. The attack rates were 12.8%, 18.1%, and
8.9% in the first, second, and third outbreaks, respectively.
The numbers of unvaccinated, people who got first dose, and
second dose individuals were 904 (94.0%), 57 (5.9%), and 1
(0.1%), respectively, in the first outbreak; 88 (75.9%), 20 (17.2%),
and 8 (6.9%), respectively, in the second outbreak; and 218
(88.6%), 3 (1.2%), and 25 (10.2%), respectively, in the third
outbreak. Regarding the living area, confirmed patients were
found in all sectors of both the first and second floors in the
first outbreak but only in a single sector of the first floor in
the second and third outbreaks (Table 1).
The clinical symptoms reported by confirmed patients
are presented in Table 2. The initial symptoms based on the
survey results were sore throat (60.4%), fever (57.5%), cough
(56.6%), and headache (52.8%) in the first outbreak; fever
(80.0%), sore throat (46.7%), and headache (33.3%) in the
second outbreak; and phlegm production (63.2%), cough
(42.1%), fever (31.6%), and labored breathing (26.3%) in the
third outbreak (Table 2).

admission, the 2 PCR tests showed negative results. The
trainee then presented with symptoms on day 14, and a
positive PCR test result on day 22 led to the confirmed
diagnosis. The index patient was quarantined for 8 days
after the confirmed diagnosis, with reorganization of the
trainee’s troop and a subsequent internal rearrangement.
The scale of exposure increased as confirmed patients
were also found in other troops and buildings. This may
have been due to the inappropriate timing of the test of
the suspected trainee without adjusting for the periodic
test dates and relying solely on the 2 established periodic
tests. In the second outbreak, the index patient showed
initial symptoms on day 6 of admission and the second
PCR test of all the trainees led to the confirmed diagnosis.
Another confirmed patient was found in the same troop,
and as the diagnosis was confirmed in the second PCR test,
the scale of the exposure might have been reduced. In the
third outbreak, the index patient showed initial symptoms
on day 5 of admission, and 4 confirmed patients were
found in the same living area on day 9. The close-contact
individuals in the same living area were self-quarantined.
On day 12, all trainees had negative results on the second
PCR test; however, another symptomatic patient was found
in a different living area on day 19, which prolonged the
outbreak period (Figure 1).

Epidemic Curve
Based on the date of onset of symptoms, the index patient
in the first outbreak was a trainee in the third troop who
presented with initial symptoms on June 28. Until day 7 of

Risk Factors for Transmission at the Army Training
Center
Trainees were admitted to the army training center twice

Table 2. Distribution of clinical symptoms reported by confirmed patients during the COVID-19 outbreaks at an army
training center in South Korea, from June to August 2021
Clinical symptom
Symptomatic
Fever
Cough
Sputum
Sore throat
Dyspnea
Rhinorrhea
Myalgia
Headache
Bad chills
Loss of taste
Loss of smell
Diarrhea
Abdominal pain
Vomiting
Asymptomatic

First outbreak
106 (86.2)
61 (57.5)
60 (56.6)
38 (35.8)
64 (60.4)
1 (0.9)
24 (22.6)
28 (26.4)
56 (52.8)
16 (15.1)
10 (9.4)
18 (17.0)
1 (0.9)
1 (0.9)
1 (0.9)
17 (13.8)

Second outbreak

Third outbreak

15 (71.4)
12 (80.0)
4 (26.7)
4 (26.7)
7 (46.7)
1 (6.7)
3 (20.0)
3 (20.0)
5 (33.3)
1 (6.7)
0 (0)
0 (0)
0 (0)
0 (0)
1 (6.7)
6 (28.6)

19 (86.4)
6 (31.6)
8 (42.1)
12 (63.2)
2 (10.5)
6 (31.6)
1 (5.3)
5 (26.3)
3 (15.8)
2 (10.5)
1 (5.3)
2 (10.5)
0 (0)
0 (0)
0 (0)
3 (13.6)

Data are presented as n (%).
COVID-19, coronavirus disease 2019.
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Figure 1. Epidemic curve depicting the coronavirus disease 2019 (COVID-19) outbreak characteristics
and risk factors for transmission at an army training center from June to August 2021.

a week on Mondays and Thursdays. Due to the possibility of
community-acquired infection and the COVID-19 latency
period, PCR tests were performed on days 1 and 10 of
admission. The number of admitted trainees exceeds the
living area’s accommodation capacity for the troop, and the
long hours of collective activities expose the trainees to an
environment of spatial proximity.
Sex- and rank-specific biases were noted among the COVID19-confirmed patients at the army training center. Regarding
vaccination status, the patients were all unvaccinated in the
first and third outbreaks; therefore, it would be reasonable
to say that vaccination helped not to be infected, but it was
difficult to calculate values for this relationship, since very few
of the infected individuals were vaccinated.
South Korea’s summer, which lasts from mid-June to
August, is the hottest time of the year. Temperatures may
range between 23°C and 30°C, but this is also the wettest
time of the year, with the monsoon rains bringing half of
the country’s annual rainfall during these months [16]. An
aerodynamic experiment was performed where the second
outbreak occurred, and the aerodynamic characteristics were
analyzed to verify the possibility of aerosol transmission. In the
living area, air conditioning and air purifying facilities were
installed, but no specific ventilating facility was found (Figure
2). These were denoted as A and B for the first outbreak, C for
the second outbreak, and D for the third outbreak. As shown in
the left part of Figure 2C, 2 rooms were used. In room A, 5-μm
particles, as aerosol-sized droplets, were sprayed for 3 minutes.

268

At this time, both the outer windows of rooms A and B and
the entrance door on the corridor were open. The outside
wind speed was 0.4 to 2.5 m/s on a weak windy day, and the
direction of the wind was coming in through the window of
room A and going out through the corridor to room B. The
experiment demonstrated that the particles generated in
room A passed through the door and reached the center of
the corridor after 2 minutes and reached the center of room
B opposite the corridor after 5 minutes. Compared to the
highest concentration in room A, the highest concentration
in the corridor rose to 69.6% after 4 minutes and 6 seconds
had elapsed, and the highest concentration in room B was
9.7% after 5 minutes and 14 seconds had elapsed. It was
only after 15 minutes that the particle concentrations in
room A, the corridor, and room B decreased to their initial
concentration levels (Table 3). Therefore, it was concluded
that infection through air propagation of aerosol droplets
from the dormitory to another room was possible.
Air dispersion was prevented by spatial separation in the
corridor, with boundaries formed using vinyl screens. The
investigation indicated that some natural ventilation was
implemented, but due to the nature of trainees staying in the
same space for a long time, the possibility of infection due to
air diffusion was judged to be high. The experiment showed
that when droplet-like particles were generated, the particles
were dispersed to other living areas in large quantities, with
partial dispersion to more distant areas as well. Although
the investigation revealed that natural ventilation was
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A

B

C

D

Living area
Common area

Living area
Common area

Living area
Common area

Living area
Common area

Figure 2. Map of the army training center
during the first, second, and third coronavirus
disease 2019 outbreaks from June to August
2021. (A) First floor (1st outbreak). (B)
Second floor (1st outbreak). (C) First floor
(2nd outbreak). (D) First floor (3rd outbreak).
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Table 3. Measurements of aerosol propagation through corridors in dormitories (particle concentration distribution by
time)
Time (mm:ss)
00:00
01:00
02:00
03:00
04:00
05:00
06:00
07:00
08:00
09:00
10:00
11:00
12:00
13:00
14:00
15:00
Mean
Max [mm:ss]

Room A
(PM 5 µg/m³)
7 (1.7)
313 (73.8)
342 (80.7)
366 (86.3)
355 (83.7)
252 (59.4)
193 (45.5)
195 (46.0)
169 (39.9)
92 (21.7)
47 (11.1)
18 (4.2)
13 (3.1)
13 (3.1)
4 (0.9)
6 (1.4)
162 (38.2)
424 (100.0) [03:40]

Corridor
(PM 5 µg/m³)

Room B
(PM 5 µg/m³)

7 (1.7)
11 (2.6)
136 (32.1)
135 (31.8)
253 (59.7)
237 (55.9)
156 (36.8)
144 (34.0)
86 (20.3)
68 (16.0)
40 (9.4)
14 (3.3)
11 (2.6)
11 (2.6)
8 (1.9)
4 (0.9)
38 (9.0)
295 (69.6) [04:06]

7 (1.7)
6 (1.4)
6 (1.4)
11 (2.6)
7 (1.7)
39 (9.2)
21 (5.0)
14 (3.3)
12 (2.8)
10 (2.4)
12 (2.8)
6 (1.4)
12 (2.8)
11 (2.6)
13 (3.1)
7 (1.7)
7 (1.7)
41 (9.7) [5:14]

Outdoor
(wind speed, m/s)
0.4
0.7
1.3
0.5
1.4
1.4
1.7
2.5
1.8
1.1
0.7
2.0
2.1
1.8
1.1
1.2
1.4
2.5 [07:00]

Data are presented as n (%).
PM, particulate matter.

present in certain areas, the potential of infection via aerosol
transmission was high due to the characteristics of longterm cohabitation of trainees in a single or closed area.
In the long term, complementing mechanical ventilation
with natural ventilation in facilities is necessary to allow
continuous ventilation.

Discussion
The investigation of the 3 outbreaks at the army training
center led to a revision of the COVID-19 prevention
management guidelines for trainees after admission. Until
the second outbreak, PCR tests were performed on days 1
and 10 of admission. However, a considerable number of
confirmed patients were reported after the second PCR test
in the first outbreak, resulting in the testing of all the trainees
on days 1 and 12 of admission around the time of the third
outbreak.
In the first outbreak, no additional confirmed patients
were reported until the trainees underwent their second
PCR tests. Hence, the scale of the exposure increased and
additional transmission occurred among several trainees.
This was attributed to the inappropriate timing of the test of
the suspected trainee and dependency on the 2 previously
established periodic tests. In the second outbreak, the second
PCR test results indicated that the scale of the outbreak
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might have been contained, as it occurred among trainees
sharing the same living area as the index patient. In the third
outbreak, additional transmission occurred in the same
living area due to limited physical distancing among close
contacts.
The weekly daily living guidelines for the trainees after
admission stated that PCR tests should be performed during
the first and second weeks; therefore, lavatory and washroom
use in each living area were differentiated and face-to-face
contact was prevented through indoor education on the
TV inside the living area. These measures were adopted to
minimize contact with trainees from other squads. From the
third week, trainees from 2 squads with negative results on
the second PCR tests were allowed to share the lavatory and
washroom and have meals at the canteen; they were also
allowed to use the port exchange of each squad.
To prevent the spread of COVID-19 across troops, the
admitted trainees undergo 2 PCR tests (on days 1 and 10 of
admission). However, the COVID-19 latency period according
to the World Health Organization is an average of 2–14 days
(0–27 days including outliers), which is longer than 10 days.
Nonetheless, based on the army training center guidelines,
trainees who were isolated in the unit’s living area and
those of the same platoon or troop begin to share lines of
movement after confirmation of a negative result on the
second PCR test, which increased the scope of contact and
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the consequent risk of COVID-19 infection. Hence, given
the shared lines of movement, trainees should continue to
comply with regulations of social distancing and personal
hygiene. In addition, considering the COVID-19 latency
period, it is crucial for trainees, sergeants, and officers
to be aware that individuals can present with symptoms
even after a confirmed negative result on the second PCR
test. Therefore, strict reports on symptomatic individuals
should be continued even after the second PCR test of
all the admitted trainees, and immediate tests should
be performed for such individuals to ensure the early
recognition of confirmed patients.
An aerodynamic experiment was performed to verify the
possibility of aerosol transmission. As the second outbreak
persisted, the experiment was performed after the living
area was evacuated. The results of the experiment showed
that some trainees who shared the same corridors and
lavatories as others in the same living area were likely to
have been exposed to the virus without face-to-face contact
through aerosol transmission or contact transmission.
Subsequently, all the trainees with confirmed negative
results on the second PCR test were monitored to prevent
the risk of infection, and as the trainees of both squads
began sharing lavatories and washrooms and had meals at
the canteen from the third week, the number of confirmed
patients may have increased.
In general, the military was more adherent to social
distancing than the general public, and efforts were taken
to ensure appropriate compliance with the guidelines of
social distancing to minimize additional transmission. The
trainees upon admission were supervised to ensure that
they followed the weekly guidelines, which were in line
with the infectious disease guidelines, at the army training
center.
The risk factors identified for SARS-CoV-2 transmission
at the army training center were difficulty in maintaining
a 1-m distance between each person in the living area
and difficulty in opening and closing the windows during
the summer and winter seasons even though doing so
would allow natural ventilation. Based on the results of
the aerodynamic experiment, transmission of infectious
respiratory diseases may be a cause for concern at the army
training center, as most living areas face the corridor. Thus,
it may be appropriate to keep the entrance door closed at
all times while keeping the external windows open, except
when the weather is severely hot or cold. For old living areas
that lack mechanical ventilation facilities, discharging
internal contaminants to the exterior through fans or wallattached circulators is recommended. Installing mechanical
ventilation facilities is recommended as a mid- to long-
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term solution to enhance the air quality in living areas
and to prevent the transmission of infectious respiratory
diseases.
As army training centers are characterized by the long-term
cohabitation of younger adults, ensuring the maintenance of
social distancing is critical. In addition to preventive measures
such as mandatory testing, quarantining of individuals
returning from leave, and wearing masks inside and outside
living areas, early recognition of confirmed patients should be
promoted by setting a more inclusive scope of close-contact
individuals and performing immediate tests on individuals
when they present with symptoms.
As several people cohabit a limited space at an army training
center, ensuring adequate social distancing is challenging and
close contacts are inevitable. Thus, compliance with reinforced
regulations within living areas is required. First, each living
area should be ventilated 2 to 3 times per hour (for at least 10
minutes each time) on a regular basis. Second, a symptomatic
individual should immediately be tested and quarantined
upon detection. In this respect, individuals should wear masks
and practice personal hygiene. More stringent quarantine
and isolation are also necessary with the development of new
variants of concern. Third, while all trainees undergo PCR
tests on days 1 and 10 or 12 of admission, either a periodic test
should be performed once more, or laboratory errors should
be minimized to ensure continuous monitoring and prevent
delayed diagnoses. Fourth, to minimize contact within living
areas and with other squads, trainees should be educated
on avoiding conversations during mealtimes. Finally,
vaccination should be recommended to the trainees before
admission.

Conclusion
This study is significant as it reflects the status of current
facilities and ventilation at an army training center through
an aerodynamic experiment, the analysis of PCR test
results to verify epidemiological correlations, and an online
questionnaire. Furthermore, the findings of this study may
contribute to COVID-19 management strategies at army
training centers where new trainees are regularly admitted by
verifying the potential of aerosol transmission in cohabitation
areas, such as living areas and chapels, within the base
and by notifying the military centers of areas that require
improvements in facilities and the frequency of natural
ventilation.
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Objectives: Menstrual hygiene management (MHM) in developing countries is linked to human
rights, social justice, and the education and empowerment of young girls. The objective of this
study was to assess menstrual hygiene practices and their determinants among adolescent girls,
including school dropouts, and the effects of pad distribution programs in urban resettlement
areas of Delhi, India.
Methods: A cross-sectional study was conducted from March 2019 to February 2020 in urban
resettlement colonies and 2 villages of Delhi among 1,130 adolescent girls aged 10 to 19 years,
who were interviewed face to face.
Results: In total, 954 participants (84.4%) used only disposable sanitary pads, 150 (13.3%) used
both sanitary pads and cloths, and 26 (2.3%) used only cloths (n = 1,130). Most school-going girls
utilized the scheme for pad distribution, but only two-thirds of the girls who were out of school
utilized the scheme. In the adjusted analysis, girls with lower educational status, those who had
dropped out of school, and those from the Muslim religious community were more likely to use
cloths for MHM.
Conclusion: More than 4 out of 5 adolescent girls in Delhi in low-income neighborhoods preferred
sanitary pads for MHM. The government free pad scheme reached near-universal utilization
among school-going girls (97%), but the subsidized pad scheme for girls who did not attend school
was insufficiently utilized (75%).
Keywords: Menstrual health; Menstrual hygiene products; School health promotion; Water
sanitation and hygiene
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Introduction
Menstruation is a recurrent biological phenomenon beginning
during adolescence and occurring in women throughout their
reproductive lifespan [1]. Adolescence, the age from 10 to 19
years, represents the transition from childhood to adulthood,
and among girls it is also a time for learning to manage their
menstrual health needs safely and effectively [2].
Healthy menstrual hygiene management (MHM) includes
the usage of safe materials to adsorb or collect menstrual
blood that can be changed as frequently as required and
in privacy, cleaning private parts with soap and water, and
enabling access to facilities for the safe disposal of the
materials used for menstrual management [3,4]. However,
millions of adolescent girls in developing countries of Asia
and Africa are unable to meet their MHM needs due to diverse
factors including taboos and stigma related to menstruation,
a lack of access to water, hygiene and sanitation (WASH)
facilities, and the lack of accessibility, affordability, and
confidence in using modern and safe menstrual management
materials [5,6]. The inability to achieve menstrual hygiene
and protection may cause adolescent girls to identify the
process of menstruation with embarrassment, stigma, and
an undignified recurrent experience until menopause, as
well as rendering them vulnerable to reproductive tract
infections [7,8]. A study in urban slums of Lucknow in North
India reported that young women experienced shame and
embarrassment from the non-normalization and a lack of
support for menstruation in their schools [9]. Menstrual
hygiene is therefore a significant public health issue that is
also linked to human rights, social justice, and the education
of girls, which are necessary for achieving gender equality
[10].
According to the National Family Health Survey-5 (2019–
2020), a nationally representative, multistage random,
cross-sectional survey in India, 50.2% (95% confidence
interval [CI], 49.8%–50.5%) adolescent girls aged 15 to 19
years reported utilizing cloths to meet menstrual needs [11].
Furthermore, young women in India, especially those from a
low socioeconomic background, often lack correct awareness
of MHM particularly in relation to the appropriate duration
and frequency of changing pads and their safe disposal [12].
Consequently, to improve MHM among adolescent girls in
India, the government of India, in 2011, launched the Menstrual
Hygiene Scheme (MHS) under the aegis of the National
Rural Health Mission, which is a landmark initiative of the
government of India for improving the health determinants
of Indians living in rural areas. The MHS promulgated 3 key
objectives for menstrual hygiene promotion: increasing
awareness, ensuring access to “high quality napkins,”
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and ensuring their safe disposal in an environmentally
friendly manner [13]. The MHS was planned to provide
menstrual hygiene support including delivery of pads
at highly subsidized prices to over 15 million adolescent
girls (10–19 years) in 152 districts across 20 states of India
[14]. Nevertheless, the MHM since its inception has been
challenged by an irregular supply chain and inconsistent
pad quality [15].
In 2019, the government of the state of Delhi proposed
a revamped MHS that was named “UDAAN” (flight) for
out-of-school adolescent girls. In addition, the state
initiated another MHS for girls attending government
schools that was funded by the Directorate of Education
[16]. Adolescent girls living in low-income areas such as
resettlement colonies and urban slums constitute the most
important target population for urban MHM schemes.
There is a paucity of information on pad utilization and pad
quality supplied through government schemes and factors
influencing their acceptability, which is also unavailable from
existing secondary data sources such as the National Family
Health Surveys (NFHS).
The present study was therefore conducted with the
objective of assessing menstrual hygiene practices and
their determinants among adolescent girls, including
school dropouts, and the effect of pad distribution programs
in urban resettlement areas of Delhi.

Materials and Methods
Study Design and Setting
We conducted a community-based cross-sectional study
from March 2019 to February 2020 in 4 urban resettlement
colonies of Delhi, which are low-income areas and populated
by residents relocated from urban slums including a large
proportion of North Indian migrants employed in both
informal and formal small-scale industries, retail shops, and
construction sites.
The study was approved by the Institutional Ethics
Committee, Maulana Azad Medical College & Associated
Hospitals (F. 1/IEC/MAMC/(65/05/2018/no378). Written and
informed assent with parental consent from minors and
written and informed consent from adult participants were
obtained.

Study Population
We enrolled adolescent girls (10–19 years) living in the
selected areas for at least 6 months. Five girls were excluded
as they were incapable of responding to the questions due
to mental or physical handicaps.
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Study Outcomes
The study outcomes were the proportions of adolescent
girls using sanitary pads (napkins) and cloths, as well as the
frequency of change of sanitary pads during menstruation.

Sample Size Calculation and Sampling Method
The sample size for this cross-sectional study at 95% CIs,
20% relative precision, expecting a 12.7% frequency of
satisfactorily changing menstrual absorbent materials, and
considering a design effect of 1.5 was calculated to be 1,022
using OpenEpi ver. 3 (Open Source Epidemiological Statistics
for Public Health, Georgia, GA, USA), the target sample size
was further increased to 1,130 to increase power [17].
A multistage sampling technique was applied to select
the study areas. Four out of the 11 districts in the state
were initially selected using simple random sampling
(SRS). Subsequently, from each of these districts, 1 urban
resettlement colony was subsequently selected, again
using SRS. The selected urban resettlement colonies and
the number of participants in each were estimated based
on the population proportion to sample size (PPS) method.
These included Gokalpuri in the North East District (n = 234),
Sarai Kale Khan in the South District (n = 288), Mangolpuri in
the North West District (n = 398) and Kalyanpuri in the East
District (n = 180).
The adolescents in the resettlement colonies were selected
using the systematic random sampling method after the
following steps. (1) A list of the total number of blocks in each
urban resettlement colony was obtained. (2) The number
of participants recruited from each block was calculated as
the desired sample size from the district (and also the urban
resettlement colony) divided by the total number of blocks
within that urban resettlement colony. (3) The sampling
interval was calculated as the total number of houses in
each block divided by the number of participants required
to be enrolled from each block. (4) Within households with
more than 1 eligible participant, participant selection was
conducted using the Kish selection grid [18].
In addition, a total of 30 participants were also selected
from a rural area of Delhi according to the PPS method
since only 2.5% of Delhi’s population is considered rural.
The participants were selected from 2 villages that were
selected through convenience sampling; households with
adolescent girls were located with the help of frontline
health workers functioning in that area.

Methodology
An orientation meeting was conducted at every site among
the investigators, local schoolteachers, frontline health
workers, and the medical officer in charge of the Delhi
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government dispensary or urban primary health centers
of the area to plan for enhancing community engagement.
In total, 30 accredited social health activists (ASHAs), 30
schoolteachers, and 6 medical officers participated in these
meetings. These meetings discussed the significance of
MHM particularly in context of underserved communities,
government schemes available, and experiences and
feedback of locals regarding these schemes and their future
expectations. The processes of community sensitization for
enhancing community responsiveness and participation in
the survey were also delineated.

Survey Procedure
A team of 2 trained field investigators and a research
associate, all of female gender, conducted the community
survey with assistance from frontline health workers in the
area.

Operational Definitions
1. P roper disposal of menstrual absorbent material was
defined as wrapping the pad and disposing of it in a
dustbin.
2. Improper disposal included throwing it in the open or in
a dustbin without wrapping, flushing in the toilet, digging
and disposing of it in the earth, and washing the absorbent
before disposal.
3. The socioeconomic status of the participants was based
on their per-capita income updated according to the
consumer price index for industrial workers for 2019
[19,20].

Description of the UDAAN and the school MHS for
adolescent girls
To implement the scheme, Indian frontline health workers
known as the ASHAs were provided training on menstrual
hygiene issues in adolescents by master trainers using
predesigned modules. The ASHAs were responsible for
distributing sanitary pads to the eligible beneficiaries. A
pack of 6 sanitary pads labeled as “Freedays” were sold to
adolescent girls that were out of school at a price of INR 6
per pack. The sale and purchase of the pads were planned at
designated government primary health facilities known as
anganwadis once every week, preferably on Wednesdays. The
ASHA was required to maintain a record of the demographic
details of all beneficiaries to be reported monthly to the
district administration. ASHAs received an incentive of INR
2 per pack sold along with a free pack for their personal use
each month. For school-going adolescents studying in any
government school in Delhi, a pack of 6 pads was provided
free of cost each month from the sixth standard (i.e., grade
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or year in school) onwards. The pads were distributed
within classrooms by schoolteachers [16].

Statistical Analysis
Data were analyzed using IBM SPSS ver. 25.0 (IBM Corp.,
Armonk, NY, USA). Summary statistics were reported for the
outcome variables. The independent variables associated
with the use of sanitary pads during menstruation in the
bivariate analysis (p = 0.20) were included in a binomial
logistic regression model, and the associations were
expressed as adjusted odds ratios (ORs) with 95% CIs. A
p-value less than 0.05 was considered statistically significant.

the participants lived in nuclear families, while 14% lived in
intergenerational families. Only 20 participants (1.8%) were
married, and 32 (2.8%) were employed (Table 1).
A total of 768 (68.0%) of the participants were schoolgoing, while 240 (21.2%) were school dropouts, 105 (9.3%)
had completed school, and 17 (1.5%) were illiterate. The SES
of the participants measured by the per-capita income of
the families and assessed using the BG Prasad scale was
class I (highest) in 56 (5.0%), class II in 159 (14.1%), class III
234 (20.7%), class IV 372 (32.9%), and class V (lowest) in 306
(27.1%) (n = 1,127, missing = 3).

Menstruation-Related Characteristics

Results
Sociodemographic Characteristics
In total, 1,130 adolescent girls were enrolled in the study.
The response rate of the survey was 100%. There were
474 participants (41.9%) aged below < 16 years, while 656
girls (58.1%) were aged 16 to 19 years. A majority (86%) of

At the time of menarche, 735 participants (65.2%) were 11 to
13 years old, 351 (31.1%) were 14 to 16 years old, 35 (3.1%) were
8 to 10 years old, and 9 (0.8%) achieved delayed puberty (i.e.,
after the age of 16 years).
There were 827 participants (73.2%) who usually had
menstrual periods that lasted for 3 to 5 days and 303 (26.8%)
whose periods lasted for ≥ 6 days. A total of 1,006 participants

Table 1. Distribution of factors associated with the usage of cloths as absorbent material among adolescent girls in Delhi
(n = 1,130)
Variable
Educational status
Up to the eighth standard

Total (n = 1,130)

Using cloths

a)

Using pads

p-value

< 0.001

281 (24.9)

67 (23.8)

214 (76.2)

Ninth standard and above
Religion
Hindu

849 (75.1)

109 (12.8)

740 (87.2)

952 (84.2)

129 (13.6)

823 (86.4)

Muslim
Going to school/college
Currently going to school

167 (14.8)

47 (28.1)

120 (71.9)

768 (68.0)

87 (11.3)

681 (88.7)

Completed school
Dropped out
Awareness of menstruation before menarche
Present
Absent
Awareness about schemes related to menstruation
Present
Absent
Bathing during menstruation
Yes

105 (9.3)
257 (22.7)

15 (14.3)
74 (28.8)

90 (85.7)
183 (71.2)

552 (48.8)
578 (51.2)

72 (13.0)
104 (18.0)

480 (87.0)
474 (82.0)

0.022

157 (13.9)
973 (86.1)

15 (9.6)
161 (16.5)

142 (90.4)
812 (83.5)

0.025

1,012 (89.6)

145 (14.3)

867 (85.7)

< 0.001

No
Cleaning one’s private parts during menstruation
Yes
No
Per-capita income (in Indian rupees)

118 (10.4)

31 (26.3)

87 (73.7)

1,089 (96.4)
41 (3.6)

163 (15.0)
13 (31.7)

926 (85.0)
28 (68.3)

0.0037

824 (72.9)

119 (14.4)

705 (85.6)

0.106

306 (27.1)

57 (18.6)

249 (81.4)

≥ 1,051
≤ 1,050

< 0.001

< 0.001

Data are presented as n (%).
a)
Cloth users could use both cloths and pads.
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(89.0%) reported having regular and 124 (11.0%) irregular
menstrual cycles in the previous 3 months. The interval
between menstrual cycles was 26 to 35 days in 987 participants
(87.3%), ≤ 25 days in 74 (6.5%), and ≥ 36 days in 18 (1.6%), and 52
participants (4.6%) reported usually having irregular intervals.

Knowledge of Menstruation and Menstrual Hygiene
Trusted sources of menstruation-related information
for the participants were their mothers (53.7%), teachers
(25.5%), friends and relatives (25.5%), sisters (17.0%), mass
media (2.7%), and frontline community health workers
(0.7%). Table 2 reports the awareness of menstruation and
menstrual hygiene among the participants. Preparedness
for menarche was absent in a majority (51.2%) of the
participants. A total of 675 participants (59.8%) reported
usually consulting a person outside the formal health system
for menstruation-related problems, of whom 572 (84.7%),
54 (8.0%), 40 (5.9%) and 9 participants (1.3%) consulted their
mothers, sisters, relatives, and friends, respectively. The
frequency of changing absorbent material each day during
menstruation was correctly reported to be 3 to 4 times by 834
participants (73.8%). Younger participant age ( < 15 years) was
associated with a lack of awareness of the optimal frequency
of changing menstrual absorbent material (p = 0.003), but
educational status was not (p = 0.274) (Table 2).

Menstrual Hygiene Management
Among the study participants, 954 participants (84.4%)
used only disposable sanitary pads, 150 (13.3%) used both
sanitary pads and cloths, and 26 (2.3%) used only cloths
(n = 1,130). Among the participants who used cloths or both
cloths and pads (n = 176), 171 (97.1%) discarded cloths after
using them, whereas 4 (0.3%) reused cloths after washing
them with soap and water and drying them in the sunlight.
In the bivariate analysis, education limited to middle school,
not going to school, lack of awareness, lack of good hygiene,
and the Muslim religion were associated with the absence

of exclusive use of pads as an adsorbent material (Table
1). However, in the adjusted analysis, the participants with
education beyond the eighth standard had 1.5 times higher
odds of using only pads during menstruation (OR, 1.7; 95% CI,
1.1–2.2), those belonging to the Hindu religion had 1.9 times
higher odds of using only pads (OR, 1.9; 95% CI, 1.2–2.9), and
those currently going to school had 2.4 times higher odds of
using only pads (OR, 2.4; 95% CI, 1.7–3.6) (Table 3).
The frequency of changing pads or cloths during a typical
menstrual cycle was reported as ≤ 6 pads per cycle by 183
(16.2%), 7 to 10 pads per cycle by 426 (37.7%), 11 to 15 pads
per cycle by 183 (16.2%), and ≥ 15 pads (29.9%) per cycle. The
frequency of changing adsorbent material per day during
menstruation was reported as 1 to 2 times by 273 (24.2%)
and ≥ 3 times by 857 participants (75.8%). A suboptimal
frequency of adsorbent change per day (1–2 times) was
significantly associated with limited education (up to
middle school; p = 0.001) but not with the family’s per-capita
income (p = 0.083).
The usual domestic site for change of adsorbent material
among the participants was within their homes in 1,105
participants (97.8%) and in community toilets by 25 participants
(2.2%). Among the school/college/working participants
(n = 792), 420 participants (53.0%) changed their soaked
material in toilets, while 372 adolescent girls (47.0%) reported
never changing their soaked adsorbent material at school
or workplaces. Most girls had access to an individual toilet
at home (90.2%), or an improved community toilet (9.2%),
along with a continuous running water source within those
toilets (83.0%). Furthermore, 1,051 (93.3%) reported correctly
disposing the used adsorbent material, while 81 (7.2%)
performed improper disposal.

Access to Sanitary Pads
The extent of utilization of the UDAAN MHS by the participants
is depicted in Figure 1. In total, 936 participants (82.8%) in
this study were eligible to receive sanitary pads through

Table 2. Knowledge of menstruation among adolescent girls in Delhi (n = 1,130)
Awareness
Awareness of menstruation before menarche
Menstruation is a physiological process
Normal duration of menstruation
Women stop menstruation as they grow older
Menstrual blood does not contain impurities
Pain during menstruation is normal
Frequency of changing adsorbent material
Consultation of a healthcare provider is necessary for menstruation-related problemsa)

Correct response
552 (48.8)
554 (49.0)
835 (73.9)
817 (72.3)
203 (18.0)
848 (75.0)
834 (73.8)
174 (15.4)

Data are presented as n (%).
a)
The practice of self-medication or home remedies for management of pain during menstruation was reported by 115 (10.2%) participants.
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Table 3. Multivariate analysis of factors associated with using pads as absorbent material among adolescent girls
(n = 1,105)
Variables
Education
Ninth standard and above
Up to the eighth standard
Religion
Hindu
Muslim
Going to school
Currently going to school
Completed school
Not going to school
Awareness about menstruation before menarche
Present
Absent
Awareness about schemes related to menstruation
Present
Absent
Bathing during menstruation
Yes
No
Cleaning one’s private parts during menstruation
Yes
No

OR

95% Confidence interval

p-value

1.5
1 (ref.)

1.10−2.26

0.021

1.9
1 (ref.)

1.25−2.97

0.003

2.4

1.71−3.60

< 0.001

1.6
1 (ref.)

0.87−3.20

0.12

1.03
1 (ref.)

0.77−1.54

0.612

1.5
1 (ref.)

0.86−2.70

0.147

1.2
1 (ref.)

0.75−2.18

0.351

1.8
1 (ref.)

0.84−3.80

0.129

OR, odds ratio; ref., reference.

the UDAAN scheme. Among the school-going adolescents
studying in government schools of Delhi, 97% received pads
without cost as per the provisions of the scheme. However,
among those girls who had dropped out of school (n = 238) and
eligible to receive pads through purchase at highly subsidized
rates from their local ASHAs, only 155 (65.1%) utilized the
scheme. Some girls attributed their reason for not buying
pads through the scheme to their “poor quality compared
to those available in the market.” Moreover, the ASHAs
reported that among the girls from lower socioeconomic
classes, there were challenges in affordability of the pads
even at the very low rates, which undermined the feasibility
of sustained pad use. Girls who had completed school (9.3%)
or were studying in open schools (4.2%), private schools
(2.6%), and colleges (6.1%) were not eligible to receive pads
through the UDAAN.
Difficulty in purchasing sanitary pads was reported by
313 participants (27.7%), of whom 195 (62.3%) attributed it to
financial constraints, 149 (47.6%) felt ashamed when buying
pads, and 4 (1.2%) were unaware of their availability.

Discussion
Healthy MHM ensures equity in the health, educational,
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and social domains of a society. The present communitybased study conducted among adolescent girls living in the
urban resettlement colonies of Delhi ascertained a high
prevalence of exclusive use of pads as absorbent material
for MHM (84.4%), which was significantly higher than the
national average reported in previous studies (55%) and
the 5th round of the NFHS (64%) [12,13]. However, nearly
1 in 4 girls reported a suboptimal frequency of absorbent
change due to their use beyond the recommended period,
predisposing them to a risk of reproductive tract infections.
In this study, menstruation preparedness was present in
nearly half (48.8%) of the participants, a significantly higher
proportion than reported in previous studies conducted
in both urban and rural settings in India [21−24]. However,
like in previous studies, the main resource for MHM was
reported to be the girls’ mothers in this study [23,24].
Furthermore, very few girls obtained information on MHM
from their schoolteachers or frontline health workers,
which ref lects a missed opportunity to educate them
about the best MHM practices and dispel their ignorance
on menstrual health issues. Another observation is that a
majority of the girls changed their menstrual absorbent
material at schools, signifying an advancement in the
sensitization, availability of privacy, and WASH facilities
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Eligible

703 Total school-going girls

240 Drop-out girls
17 Illiterate
257 Total

621 Government school girls

585 (94.2%) Adolescent girls
receiving pads from school

107 (41.6%) Pads distributed by
ASHA

36 (5.8%) Adolescent girls not
receiving pads from school

Peasons for not getting sanitary
pads among 150 drop-out and
illiterate girls:
• 113 Not aware ASHA worker is
providing pads
• 3 Insufficient supply of pads
• 12 Not satisfied with quality
and girl has attained Menarche
• 15 ASHA is not providing pads
to married girls

Reasons for not getting
sanitary pads among 36
school-going girls of Govt.
school:
• 2 Completed school (recently
appeared for exam)
• 4 Bad quality of pads
• 22 Stopped receiving pads
due to higher class (XI & XII)
• 8 Goes to central school
(K.V)

Not Eligible

Not eligibility to get from anywhere (170/1,130 = 15.04%)

Figure 1. Flow diagram of pad access and utilization among
adolescent girls in urban resettlement colonies in Delhi, India.
ASHA, accredited social health activist.

in government schools, compared to earlier studies from
India [25].
The present study shows that despite a high level of
acceptance and preference for sanitary pads and the
rapid replacement of cloths as an absorbent material, the
affordability of pads is a continued challenge for adolescent
girls belonging to low-SES families. Consequently, these
girls are dependent upon the government’s free and
subsidized pad distribution schemes, whose financial
viability and sustainability are necessary. Moreover, for girls
that have dropped out of school, economic vulnerability
is likely to be higher and the affordability of pads, even at
subsidized rates, is a difficult proposition.
A significant proportion of girls in this study reported
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feeling ashamed in buying pads, indicating the high
prevalence of stigma associated with menstrual pads, a
false perception that contributed to lowering of their selfefficacy in achieving healthy MHM. These problems need
to be addressed through community sensitization and
effective information, education, and communication (IEC)
campaigns.
From the perspective of the UDAAN MHM scheme, there are
2 key policy implications. First, the program must incorporate
an effective IEC and Behavior Change Communication (BCC)
component to promote awareness of healthy MHM among
the beneficiaries, which is currently lacking, particularly
related to appropriate duration of absorbent material use and
correct frequency of pad and the risks associated with noncompliance. Moreover, an increasing educational level among
the girls did not translate into an improved knowledge of
changing absorbent materials in a way that would meet
menstrual hygiene requirements, signifying gaps in the
incorporation of MHM in the educational curriculum.
For girls that prefer to use both cloths and pads, instructions
for their proper washing and drying in sunlight merit
attention. Second, nearly 1 in 5 adolescent girls living in urban
resettlement colonies are not eligible to receive pads through
these schemes, and this factor was significantly associated
with the absence of pad use. Furthermore, girls from low
SES may not avail themselves of discounted pad schemes
because they expect to receive the products for free and
have problems with pad affordability. Achieving universal
pad use among adolescent girls in India therefore needs
stronger government commitment to the provision of pads
to economically vulnerable groups, while also maintaining
good pad quality to meet client expectations and improve
affordability. The economic sustainability and feasibility of the
increasing financial allocations required for continuing and
expanding coverage under such schemes also necessitate a
health impact assessment and economic evaluation.
The strengths of this study are that it was conducted among
adolescent girls living in urban resettlement colonies, who
often constitute a socioeconomically vulnerable population
and are prioritized for government welfare schemes.
The limitations of this study are the cross-sectional study
design, due to which the incidence of reproductive tract
infections and health outcomes associated with suboptimal
MHM could not be assessed. Moreover, any variation in
MHM of the girls or changes in the availability and quality
of pads through the UDAAN and school MHS could not be
prospectively assessed in this study. Finally, urban-rural
variations in MHM were not compared in this study since
the Delhi population is mostly urbanized.
In conclusion, more than 4 in 5 adolescent girls in Delhi
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in low-income neighborhoods preferred sanitary pads
for MHM, although their knowledge of the appropriate
frequency of pad changes was suboptimal. The government
free pad scheme reached near-universal utilization among
school-going girls (97%), but the subsidized pad scheme for
girls who did not attend school was insufficiently utilized
(75%).
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Objectives: This study investigated preventive behaviors toward coronavirus disease 2019
(COVID-19) and related factors in a Kurdish Iranian sample.
Methods: This online survey was conducted among the population aged 18 and above in
Kermanshah Province, in western Iran, in April 2020. Samples were invited and recruited
through social media. Data were collected using a questionnaire consisting of 4 sections
(questions on demographic variables, risk perception, risk communication, and COVID-19
preventive behaviors) and analyzed using Stata ver. 8.
Results: The Pearson correlation test showed that risk communication was significantly
correlated with COVID-19 preventive behaviors (r = 0.320, p < 0.01). In the final model, where the
explanatory power increased with the entry of the risk communication variable, the variables
explained a total of 14% of variance in COVID-19 preventive behaviors. Sex (β = −0.482), risk
perception (β = 0.047), and risk communication (β = 0.662) were significant determinants.
Conclusion: Risk communication and risk perception related to COVID-19, as well as being a
woman, were determinants of COVID-19 preventive behaviors.
Keywords: Behavior; Communication; COVID-19; Media; Perception; Risk
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Introduction
The World Health Organization declared a global public
health emergency in January 2020 following the rapid and
sudden outbreak of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) [1]. According to statistics, SARSCoV-2 spread faster in some parts of the world than in others
[2]. Iran is still among the leading countries in the Eastern
Mediterranean region in terms of the total number of cases
and deaths due to coronavirus disease 2019 (COVID-19) [3].
The rapid transmission and unknown aspects of COVID-19,
as well as the lack of definitive treatments, have posed
serious challenges for disease control [4]. Personal protection
measures (e.g., face mask wearing, hand washing, and
personal hygiene), travel restrictions, and physical distancing
can help reduce the risk of infection and control the spread
of disease [5]. People’s willingness to participate in selfcare plays an important and decisive role in implementing
the preventive guidelines recommended by public health
authorities. However, encouraging the public to take preventive
measures and receive vaccinations remains a problem
for health [6]. Assessing the people's perceptions, beliefs,
and behavioral responses during epidemics can provide
useful information for effective risk communication and
successful changes in health behaviors [7].
The lack of attention to scientific analyses, the inability
to explain the role of psychosocial patterns, and the lack
of appropriate models and theories are some reasons for
the failure of national health programs [8]. The health
belief model (HBM) aims to explain preventive behaviors,
for which the issue of risk perception has been discussed.
According to the HBM, to perform a health behavior, people
must first feel their vulnerability to the problem (in this
case, COVID-19), and then perceive the physical and mental
severity of the danger [9]. Risk perception, which is a mental
judgment that people make about the characteristics and
severity of a risk, is influenced by psychological factors and
environmental and social conditions [10]. Understanding the
risk of disease can greatly affect the care process and have a
significant impact on changing behaviors and lifestyles [11].
According to the protection motivation theory, the adoption
of protective measures in individuals is significantly affected
by their level of risk perception. This theory suggests that
perceptions of the severity of a health threat and vulnerability
to that threat determine the degree of risk perception
[12]. Evidence shows a moderate correlation between risk
perception and health behaviors [13], and research has found
that people who are cautious in dangerous situations make
more rational decisions [14]. Studies have also shown that
attention to health warnings provided by the media is a
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factor affecting risk perception in society [15].
Health communication is an essential tool for achieving
public health goals, facilitating and supporting behavioral
changes, and reducing health inequalities [16]. Risk
communication is a key concept in health communication
to increase understanding of health threats and support
people in making informed decisions to reduce risks [17].
Risk communication involves the effective and accurate
exchange of information about health risks during a crisis or
emergency condition that promotes risk awareness and health
protective behaviors among individuals, communities, and
institutions [18]. Risk communication is also effective both
for limiting mortality and for minimizing damage to the
national economy and public health infrastructure [1].
Previous studies have suggested that the level of attention
to health warnings about COVID-19 from state-owned
media and social media is an important issue [19−21].
Strengthening health messages during a pandemic can
increase the role of health communication and media
attention. EffectiveRisk communication means that all related
risk messages can be presented and shared openly and in a
timely manner with the aim of bridging the knowledge gap
between informants and the recipients of messages [22].
In this study, we consideredrisk communication as the
level of attention to health warnings about the negative
effects of COVID-19 and its role in preventive behaviors
[23]. The study by Heydari et al. [24] showed that risk
communication has direct and indirect positive effects
on preventive behaviors. Since few studies have been
conducted in Iran on the relationships of risk perception and
risk communication with preventive behaviors, the present
study was conducted to investigate COVID-19 preventive
behaviors and its related factors in western Iran.

Materials and Methods
Study Design and Participants
This online survey was conducted among the population
aged 18 and over in Kermanshah Province, western Iran
in April 2020, in which samples were selected through
social media (WhatsApp and Telegram). During the 2 weeks
that the questionnaire page was available online to the
respondents, 3,795 people visited and 2,155 (56.8% response
rate) completed the research questionnaire. The inclusion
criteria were agreement to participate in the study, living
in Kermanshah Province, and being at least 18 years old.
Subjects were excluded from the study if the questionnaire
was incomplete or the person was under 18 years of age.
In order to comply with ethical principles, an informed
consent form was provided on the first page of the online
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questionnaire, in which the participants were assured that
all their information would be confidential and anonymous,
and participants indicated their agreement by checking a
box.

Measurements
The data collection tool in this study included a 4-part
questionnaire. The first part contained demographic and
contextual questions, including age, sex, marital status,
level of education, job status, number of family members,
and whether friends and family had been infected with
or died from COVID-19. Subjective socioeconomic status
(SES) was asked with a question on a 10-point scale. The
second part of the questionnaire contained 6 questions
about risk perception related to COVID-19, which were
scored with a 5-point Likert scale, yielding a total score that
ranged from 6 to 30, on which a higher score indicated higher
risk perception. Risk communication was assessed by the
following question: “How much do you pay attention to the
news, information, and warnings from the official and social
media about COVID-19?” The answers were scored on a 5-point
Likert scale. The final part of the questionnaire examined
health preventive behaviors, which were assessed through
6 questions on the individual's behaviors: (1) observance of
physical distancing instructions, (2) use of gloves, (3) use of
masks, (4) hand washing, (5) disinfection of one’s home space,
and (6) disinfection of cell phones and laptops. The answers
were evaluated with 3 options: no (score 1), yes occasionally
(score 2) and always (score 3). The lowest score was 6 and
the highest score was 18. A higher score indicated better
and more appropriate preventive behaviors for dealing with
COVID-19.
The face validity of the questionnaire was assessed by a
panel of experts, including 10 specialists in epidemiology,
health education and health promotion, sociology, psychology
and social welfare. According to the panel, the content
validity ratio and content validity index were 100% and
89%, respectively. In addition, internal consistency of risk
perception questions was acceptable, with a Cronbach’s
alpha of 0.706.

Ethical Statement
The present study was approved by the ethics committee of
Kermanshah University of Medical Sciences (code: IR.KUMS.
REC.1398.1220).

Data Collection and Statistical Analysis
This online survey was conducted among the population
aged 18 and over in Kermanshah Province, western Iran
in April 2020. The collected data were analyzed using
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descriptive and analytical statistics in Stata ver. 8 (StataCorp.
LLC, College Station, TX, USA). Mean values with the standard
deviation were used for descriptive analysis, and multiple
linear regression was used to identify determinants of
COVID-19 preventive behaviors. Before running the regression
model, we assessed the assumptions of multiple regression.
Since the Durbin-Watson statistic was 1.95, and the variance
inflation factor was 1.25, conducting the regression model
was justified. The normality of the data was confirmed using
the Kolmogorov-Smirnov test. The research variables were
entered into the regression model in 3 steps: contextual
and demographic variables in the first step (model 1), risk
perception related to COVID-19 in the second step (model
2), and risk communication in the third model (model 3). In
this study, a 95% (p < 0.05) significance level was adopted.

Results
The total number of participants in this study was 2,155.
Among the respondents 61.4% were women, 32.3% were
single, and 76.3% had a university education. More than
half of the respondents lived in a family with 4 to 6 people,
and more than 39% perceived themselves as being in the
middle class of SES. The mean ± SD age of the respondents
was 37.62 ± 10.03 years. The mean ± SD score of SES was
5.53 ± 2.04. More than half (52%) of the respondents stated
that they always paid attention to health warnings from the
media. About 9% of respondents did not use gloves at all
and about 40% always wore a mask. The mean ± SD of the
risk perception score was 24.16 ± 3.04 (Table 1).
The Pearson correlation test showed that risk communication
had a significant correlation with COVID-19 preventive
behaviors (r =0.320, p <0.01), and the association between
risk communication and risk perception was moderate and
positive; in other words, with increasing risk perception, risk
communication also increased (r=0.445, p<0.01) (Table 2).
Multiple linear regression was used to identify factors
associated with COVID-19 preventive behaviors. For this
purpose, in the first step (model 1), demographic and
contextual variables were entered in the model. The
analysis in this section showed that demographic and
contextual variables explained 4.89% of the changes in
dependent variable (R2 = 0.0489, adjusted R2 = 0.0364). Among
the variables included in the model, age (β = 0.010), sex
(β = −0.567), employment as a shopkeeper (β = −0.460), and
very high SES (β = 0.483) were significant determinants of
preventive behaviors (Table 3).
In the second step (model 2), in addition to the contextual
and demographic variables, Risk perception related to
COVID-19 was also included. In this step, the explanatory
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Table 1. Characteristics of the study participants
Variable

Value

Variable

Female sex (n = 2,063)

1,266 (61.4)

Age (y) (n = 1,977)

37.62 ± 10.03

18−29
30−39
40−49
50−59

459 (23.2)
737 (37.3)
483 (24.4)
245 (12.4)
53 (2.7)

> 60
Marital status (n = 2,053)
Single
Married
Divorced
Widowed

664 (32.3)
1,338 (65.2)
32 (1.6)
19 (0.9)

Number of household members (n = 2,059)

≤3

947 (46.0)

4−6

1,034 (50.2)
78 (3.8)

>6
Highest level of education (n = 2,061)
Primary school
Secondary school
Diploma degree
University degree

16 (0.8)
61 (3.0)
411 (19.9)
1,573 (76.3)

Family or friends infected with COVID-19 (n = 2,065)
Yes
No

111 (5.4)
1,954 (94.6)

Family or friends died from COVID-19 (n = 2,067)
Yes
No

37 (1.8)
2,030 (98.2)

Job (n = 2,062)
Housekeeper
Government employee
Workman
Shopkeeper
Vendor
Military
Unemployed
University student
Others

462 (22.4)
918 (44.5)
77 (3.7)
73 (3.5)
3 (0.1)
21(1.0)
199 (9.7)
88 (4.3)
213 (10. 3)

Value

Socioeconomic status (n = 2,063)

5.53 ± 2.04

Very low
Low
Moderate
High
Very high

171 (8.3)
389 (18.8)
807 (39.1)
586 (28.4)
110 (5.3)

Risk perception (n = 2,051)

24.16 ± 3.04

Risk communication (n = 2,064)

4.42 ± 0.67

Almost never
Rarely
Occasionally
Often
Almost always

3 (0.1)
11(0.5)
165 (8.0)
811(39.3)
1,074 (52.0)

Wear gloves (n = 2,064)
Always
Sometimes
No
Not available

141 (6.8)
185 (9.0)
1,585 (76.8)
153 (7.4)

Wear a mask (n = 2,062)
Always
Sometimes
No

741 (35.9)
1,002 (48.6)
319 (15.5)

Physical distance (n = 2,067)
Yes, comply
Economic condition does not permit
Never

1,625 (78.6)
379 (18.3)
63 (3.0)

Wash hands (n = 2,067)
Always
Sometimes
Never

1,947 (94.2)
118 (5.7)
2 (0.1)

Disinfect one’s home (n = 2,065)
Yes always
Yes, sometimes
Never

1,594 (77.2)
425 (20.6)
46 (2.2)

Disinfect one’s personal devisees (n = 2,066)
Yes always
Yes sometimes
Never
Total score for COVID-19 preventive behaviors
(n = 2,069)

1,486 (71.9)
511 (24.7)
69 (3.3)
14.55 ± 1.45

Data are presented as n (%) or mean ± standard deviation.
COVID-19, coronavirus disease 2019.

Table 2. Correlations among the main variables
Variable
Total COVID-19 preventive behaviors
Risk perception
Risk communication

Total COVID-19 preventive behaviors
1.00
0.201**
0.320**

Risk perception
0.201**
1.00
0.445**

Risk communication
0.320**
0.445**
1.00

COVID-19, coronavirus disease 2019.
**p < 0.01.
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Table 3. Multiple regression analysis of factors associated with COVID-19 preventive behaviors, Kermanshah, Iran, 2020
Independent variable
Age
Sex
Marital status
Married
Divorced
Widowed
Highest level of education
Secondary
Diploma
Academic
Job
Government employee
Workman
Shopkeeper
Vendor
Military
Unemployed
University student
Other
Socioeconomic status
Low
Moderate
High
Very high
Chronic diseases
Family or friend infected with COVID-19
Family or friend died from COVID-19
No. of household members
4−6

>6
Risk perception
Risk communication
Cons
N

Model 1

Model 2

Coefficient (β)

SE

Coefficient (β)

Model 3
SE

Coefficient (β)

SE

0.010*
−0.567**

0.004
0.09

0.009*
−0.553**

0.004
0.089

0.007
−0.482**

0.004
0.087

−0.182
−0.300
−0.638

0.103
0.318
0.421

−0.125
−0.270
−0.374

0.102
0.312
0.415

−0.168
−0.323
−0.070

0.099
0.303
0.404

−0.554
−0.542
−0.553

0.536
0.49
0.49

−0.849
−0.774
−0.815

0.528
0.482
0.482

−0.799
−0.640
−0.703

0.512
0.468
0.468

0.005
−0.105
−0.460*
−1.01
0.210
0.016
−0.189
0.101

0.121
0.230
0.232
0.962
0.391
0.167
0.215
0.156

−0.064
−0.147
−0.403
−1.220
0.091
0.038
−0.192
0.045

0.119
0.228
0.228
0.945
0.384
0.165
0.212
0.153

−0.066
−0.045
−0.391
−0.925
0.299
0.001
−0.145
0.050

0.116
0.221
0.222
0.917
0.373
0.160
0.206
0.149

–0.078
–0.007
0.134
0.483*
0.106
−0.066
−0.266

0.162
0.151
0.157
0.219
0.114
0.179
0.302

−0.026
0.031
0.164
0.446*
0.117
0.015
−0.334

0.16
0.149
0.155
0.216
0.113
0.176
0.297

−0.012
−0.016
0.048
0.325
0.089
0.037
−0.322

0.156
0.145
0.151
0.210
0.109
0.171
0.288

0.028
−0.382

0.080
0.204

0.052
−0.270

0.079
0.201

0.077
−0.196

0.076
0.195

0.113**

0.012

13.20**
1,902
0.001

0.734

0.047**
0.662**
11.96**
1,900
0.001

0.013
0.061
0.712

p>F

16.65**
1,916
0.001

R-squared
Adjusted R-squared
Root mean-square error

0.0489
0.0364
1.64

0.691

0.0888
0.0762
1.61

0.1423
0.13
1.57

COVID-19, coronavirus disease 2019; SE, standard error.
*p < 0.05, **p < 0.01.

power of the model was increased to 8.88%, reflecting a
change of approximately 4 percentage points (R2 = 0.0888,
adjusted R 2 = 0.0762), which indicates the importance of
the risk perception of COVID-19. In model 2, the variables
of age (β = 0.010), sex (β = −0.553), very high perceived SES
(β = 0.446), and risk perception (β = 0.113) remained in the
model (Table 3).

286

In the third step (model 3), risk communication was entered
into the model in addition to the variables of model 2. The
new analysis showed that the sum of the variables in model
3 explained 14.23% (R2 = 0.1423, adjusted R2 = 0.13) of variance
in preventive behaviors toward COVID-19. Sex (β = −0.482),
risk perception (β = 0.047), andrisk communication (β = 0.662)
remained in the final model (Table 3).
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Discussion
The aim of this study was to investigate the effect of
contextual and demographic variables, risk communication,
and risk perception on COVID-19 prevention behaviors in
western Iran.Risk communication had a direct effect on
preventive behaviors that was greater in magnitude than
the other variables included in the regression model. This
finding is consistent with the study by Heydari et al. [24],
who similarly emphasized the role ofrisk communication in
COVID-19 preventive behaviors. Studies on the mechanism
of the relationship between risk communication and
individual performance and adopting appropriate strategies
have emphasized the following steps: (a) receiving a
warning message (b) understanding the relevant content,
(c) accepting and believing the importance of the existing
message, (d) confirming the truth of their interpretations
with other people, and (e) acting in response to save lives [25].
Risk communication plays an important role in effectively
communicating, supporting public needs, and carrying out
preventive measures in stressful situations and epidemics
[26,27]. Understanding how people interpret risk, and
especially how people use risk information to make
important decisions about health behaviors, is effective
for preventing disease [28]. It is important to identify the
factors that are likely to lead to behavior change because
ignoring audience perceptions can ultimately promote
destructive and high-risk behaviors for health [29]. Risk
communication is one of the most important components
related to health that can enhance correct perceptions
of risk and reduce the risk of harm through preventive
behaviors [30].
Another finding of this study was the direct effect of
risk perception on COVID-19 preventive behaviors. This
finding was consistent with the study of Heydari et al. [24],
although the effect of risk perception in their study was
greater than that observed herein. It seems that increasing
risk perception and engaging in protective behaviors are
effective ways to moderate the risk factors of the disease
[31]. The results of a prior study showed an association
between increasedrisk perception and increased protective
measures [12]. According to other studies, increasing
risk communication can enhance risk perception and
subsequently, increase protective behavior [32,33].
One of the important results of this study was the
significance of age and sex variables in all 3 regression
models. The results of this study showed that age had a
positive and significant effect on COVID-19 preventive
behaviors. This finding is inconsistent with the study by
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Khazaee-Pool et al. [34] in Iran, but Tabibi et al. [35] showed
that older participants had adapted more to COVID-19
preventive measures. Other studies have also shown more
positive intentions to follow preventive measures in older
individuals [36,37]. The elderly are at a significantly higher
risk of morbidity and mortality due to COVID-19. Observance
of COVID-19 preventive behaviors at older ages seems to be
directly related to the degree of their vulnerability and risk
perception [38].
Regarding sex, several studies have shown sex differences
in preventive behaviors to avoid the spread of disease. For
example, women are more likely than men to observe social
distance and personal hygiene [39,40], which is consistent
with our study. Fard et al. [41] in Iran showed that the sex
variable explained 9% of variance in self-care behaviors
associated with COVID-19. Firouzbakht et al. [42], in a study
in Iran, showed that women generally had better preventive
behaviors. In a meta-analysis, Moran and Del Valle [43]
showed that women are more likely to avoid crowds and
physical contact with others to prevent respiratory diseases.
They also showed that women engage in more preventive
behaviors than men to adapt to new conditions. These
results indicate an inherent difference in how men and
women respond to respiratory diseases and epidemics.
Another noteworthy result of this study was the effect
of SES on COVID-19 preventive behaviors. In our study, in
model 1 and model 2, having a very high subjective SES had
a positive and moderate effect on COVID-19 prevention
behaviors, but in model 3, the effect of subjective SES was
not significant with the entry of risk communication.
Some studies [42,44] have emphasized the role of SES in
preventive behaviors, which is consistent with the results of
models 1 and 2 in this study. Although evidence has shown
that SES is among the strongest predictors of individual
morbidity and mortality [45,46], in this study, the inclusion
of risk communication removed SES from the final model.

Limitations
One of the limitations of this study is that data were collected
by self-reporting. Therefore, some degree of measurement
error may have occurred. In addition, due to less access
to the internet and smartphones among the elderly and
economically low-status groups, the population of this study
might not have been fully representative. Nonetheless, the
present study presents a good picture of the effect of risk
communication and risk perception on COVID-19 preventive
behaviors. Furthermore, the use of an appropriate sample
size enhanced the accuracy of the conclusions.
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Conclusion
This study showed that risk communication, risk perception,
female sex, and older age were significant determinants of
COVID-19 preventive behaviors. It seems that strengthening
appropriate and timely programs and messages through
mass media would likely be effective for preventing high-risk
behaviors for COVID-19 in Iran. Paying attention to health
warnings in the COVID-19 pandemic plays a role beyond all
economic, social, and cultural factors and diminishes the
effects of those factors. In general, based on the findings of
this study, the importance of media and messages should
be acknowledged as an important and influential source of
preventive behaviors beyond SES.
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Objectives: This study aimed to test the effect of photodynamic therapy (PDT) on the inhibition
and removal of biofilms containing multidrug-resistant Acinetobacter baumannii.
Methods: Using multidrug-resistant A. baumannii strains, an antibiotic susceptibility test was
performed using the Gram-negative identification card of the Vitek 2 system (bioMérieux Inc.,
France), as well as an analysis of resistance genes, the effects of treatment with a light-emitting
diode (LED) array using Radachlorin (RADA-PHARMA Co., Ltd., Russia), and transmission and
scanning electron microscopy to confirm the biofilm-inhibitory effect of PDT.
Results: The antibiotic susceptibility test revealed multiple resistance to the antibiotics
imipenem and meropenem in the carbapenem class. A class-D–type β-lactamase was found,
and OXA-23 and OXA-51 were found in 100% of 15 A. baumannii strains. After PDT using
Radachlorin, morphological observations revealed an abnormal structure due to the loss of the
cell membrane and extensive morphological changes, including low intracellular visibility and
small vacuoles attached to the cell membrane.
Conclusion: PDT involving a combination of LED and Radachlorin significantly eliminated the
biofilm of multidrug-resistant A. baumannii. Observations made using electron microscopy
showed that PDT combining LED and Radachlorin was effective. Additional studies on the
effective elimination of biofilms containing multidrug-resistant bacteria are necessary, and we
hope that a treatment method superior to sterilization with antibiotics will be developed in the
future.
Keywords: Acinetobacter baumannii; Light-emitting diode; Photochemotherapy; Radachlorin
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Introduction
Photodynamic therapy (PDT) is a cancer treatment method
where photosensitizers responsive to laser light are
administered to a tumor, and light of a specific wavelength
is used to activate the photosensitizer to specifically damage
cancer tissues using photochemical and photobiological
mechanisms [1]. Photosensitizer molecules are activated
by light of a specific wavelength and react with oxygen
molecules in the body to generate reactive oxygen species
[2,3]. Radachlorin (RADA-PHARMA Co., Ltd., Moscow, Russia),
a promising photosensitizer that has been recently developed
[4], is made from chlorophyll extracted from green algae
that is activated by light of a 662-nm wavelength, exhibiting
cytotoxicity and a penetrating power of approximately 10
mm. In addition, unlike Photofrin (QLT, Vancouver, Canada), a
hematoporphyrin derivative, Radachlorin has the advantage
of not exerting side effects on the human body, as it is made
from chlorophyll [5].
Acinetobacter spp. infections represent a serious problem
worldwide, accounting for 10% to 30% of all nosocomial
infections in hospitals [6]. Currently, A. baumannii, the
cause of more nosocomial infections, shows resistance to
a wide range of antibiotics, including second- and thirdgeneration cephalosporin agents, antipseudomonal
penicillin agents, fluoroquinolones, and aminoglycosides,
except for carbapenems [7–10]. A study examining the
biofilm-forming ability of multidrug-resistant A. baumannii
strains recently isolated from a clinical sample indicated
that all resistant bacteria exhibited higher biofilm-forming
ability than the standard A. baumannii strain ATCC 19606
[11]. In developed countries, over 60% of bacterial infections
requiring treatment involve biofilm formation [12,13].
Bacteria with high biofilm-forming ability attach to host
cells more easily or colonize medical devices and hospital
environments, promoting horizontal gene transfer between
bacteria in biofilms [14,15].
The most critical mechanism of carbapenem resistance
acquisition in Gram-negative bacteria, including A.
baumannii, is the inactivation of antibiotics through the
generation of enzymes belonging to classes A, B, and D [16,17].
OXA-23–producing A. baumannii have been widely reported,
primarily in Eurasia. There have been reports of carbapenem
resistance caused by the overexpression of ISAba1 upstream
of chromosomal OXA-51, and in European countries centered
on the Mediterranean coast, there have been reports of OXA48–producing enterobacteria [18]. The insertion sequence
ISAba1 found in A. baumannii exists upstream of blaOXA-23
for generating OXA-23; it acts as a promoter and induces
multidrug resistance by overexpressing bla OXA-23 [19].
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However, reports on the effect of PDT on A. baumannii are
scarce [20]. The aims of the present study were to identify
the antibiotic susceptibility results and genetic pattern of
A. baumannii, a multidrug-resistant bacterium that can be
clinically isolated and is problematic in hospital-acquired
infections, to determine whether PDT combining lightemitting diode (LED) and Radachlorin effectively eliminates
its biofilm, and to analyze its efficacy through electron
microscopy.

Materials and Methods
Experimental Strains
Fifteen multidrug- and carbapenem-resistant A. baumannii
strains clinically isolated from December 1st to 28th, 2020 at
a university hospital in Chungcheongnam-do Province were
used. The strains were identified using the Gram-negative
identification card of the Vitek 2 system (bioMérieux Inc.,
Marcy-l'Étoile, France).

Photosensitizer and Light Source
The photosensitizer Radachlorin (RADA-PHARMA Co.,
Ltd.) was used after diluting a liquid ampoule in Dulbecco’s
phosphate-buffered saline (PBS; Hyclone, Logan, UT, USA)
to a concentration of 1,000 μg/mL. Because the maximum
absorption wavelength of Radachlorin is 662 ± 3 nm, a LED
array with an appropriate wavelength was self-produced.
The LED used to irradiate the test tube had a cylindrical
shape of 5Φ, and 384 (16 × 24) LEDs were installed with
dimensions of 100 mm (width) × 150 mm (length) (Figure 1).

Antimicrobial Susceptibility Tests
For strain identification, the test bacteria were subcultured

Figure 1. Photography of the 630-nm light-emitting
diode irradiation in photodynamic therapy.
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on MacConkey agar at 37°C for 24 hours. The turbidity
of the cultured colonies was adjusted to 0.5 McFarland
standard using a loop [21]. The culture was then dispensed
on the Gram Negative Identification card, and antibiotic
discs of the Vitek 2 system impregnated with amikacin,
ampicillin, aztreonam, cefazolin, cefepime, ceftazidime,
ceftriaxone, ciprofloxacin, ertapenem, gentamicin, imipenem,
levofloxacin, nitrofurantoin, piperacillin, and trimethoprim
were used to test antibiotic susceptibility.

DNA Extraction and Analysis of Oxacillinase
Class-D–Type OXA-23 and OXA-51

strain suspension fluid in a polyethylene cap tube (SPL Life
Sciences, Pocheon, Korea), and its turbidity was adjusted to
2.0 McFarland standard using a turbidimeter (DensiCHEK
Plus; bioMérieux Inc.), resulting in a final concentration
of 2.0 × 10 8 cells/mL. Furthermore, 100 μL of the strain
suspension fluid was added to each well of a 96-well plate
(Microtest 96 polyethylene; BD Biosciences) and incubated
for 24 hours at 37℃. Next, the supernatant of the 96-well
plate was discarded, and the biofilm spread on the bottom
was washed thrice with PBS and dried naturally.

PDT for the Biofilm

DNA was extracted using an EZ/Pure Cell/Tissue Mini
kit (Enzynomics, Daejeon, Korea) and quantified using
a Biodrop ND-1000 spectrophotometer (Thermo Fisher
Scientific, Waltham, MA, USA); when a purity of 1.0 or higher
was quantitatively verified, the DNA sample was used for
polymerase chain reaction (PCR) under the appropriate PCR
conditions [21]. For base sequence conditions, blaOXA-23 and
blaOXA-51 were verified to detect class-D–type β-lactamase.
PCR was performed by adding 2 μL of template DNA and 1 U
of Top DNA polymerase to 2.5 mM AccuPower PCR PreMix
(Bioneer, Daejeon, Korea) containing lyophilized dNTPs
(dATP, dGTP, dTTP, and dCTP) with a final concentration of
200 μmol. One microliter of each of the following primers
was added (Table 1): OXA-23F (5′-GAT CGG ATT GGA GAA
CCA GA-3′) and OXA-23R (5′-ATT TCT GAC CGC ATT TCC AT3′) and OXA-51F (5′-TAA TGC TTT GAT) CGG CCT TG-3′) and
OXA-51R (5′-TGG ATT GCA CTT CAT CTT GG-3′) [22]. The
final reaction volume was adjusted to 20 μL with sterile
distilled water. DNA was amplified using GeneAMP PCR
system 9700 (Applied Biosystems, Waltham, MA, USA).

Biofilm Formation
Multidrug- and carbapenem-resistant A. baumannii was
inoculated into MacConkey medium, streaked thrice
using a loop, and cultured overnight in a 5% CO2 incubator
(VS-9108MS; Vision Scientific Co., Ltd., Daejeon, Korea)
at 37℃. After assessing the colonies for contamination,
if no contamination was found, tryptic soy broth (Difco;
BD Biosciences, San Jose, CA, USA) was used to make a

After dividing into 6 groups (control, L+R−, L−R+100, L+
R+1.0, L+R+10, and L+R+100) to perform PDT, 1,000 μg/mL
of Radachlorin was collected from the freezer and thawed
at room temperature for 15 minutes in a dark room while
blocking light as much as possible. The control group was
not treated using PDT as it did not form a biofilm. The L+R−
group received LED treatment only. One Falcon tube was
used for the L−R+100 group, in which the photosensitizer
was directly diluted to a concentration of 100 μg/mL, and
100 μg was dispensed into each well, after which 900 μL
of tryptic soy broth was dispensed into 3 Falcon tubes
each, and the final volume of the diluted solution in the
tube was adjusted to 1,000 μL. The photosensitizer was
serially diluted 10-fold to final concentrations of 100, 10,
and 1.0 μg/mL, dispensed into each well, wrapped in silver
foil, and reacted for 1 hour in an incubator (VS-9108MS) at
37℃, following which PDT was performed for 1 h using a
630-nm LED. After PDT, the samples were washed thrice
with PBS and naturally dried. Finally, 100 μL of safranin O
was dispensed into each well, followed by a 30-s rest for
staining, and the absorbance at 490 nm was measured
using an enzyme-linked immunosorbent assay (ELISA)
reader (Bio-Rad, Hercules, CA, USA).

Transmission Electron Microscopy Analysis
After PDT, a control strain-dilution solution and a straindilution solution with a photosensitizer concentration
that inhibited biofilm formation were taken from their
respective tubes and fixed with an equal amount of

Table 1. Polymerase chain reaction conditions for amplifying blaOXA
Stage

Amplification

Hot start
Cycle

Pre-denaturation
Denaturation
Annealing
Extension

Final extension
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Temperature (℃)
94
94
52
72
72

Time (s)
300 (blaOXA)
25
40
50
360 (blaOXA)

No. of cycles
1
30

1
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2.5% glutaraldehyde (pH 7.4) at 4℃ for 12 hours. After
centrifugation at 5,000 × g for 20 minutes and discarding
the supernatant, 2 mL of OsO4 solution was added to each
obtained pellet and fixed for 1.5 hours. The pellets were then
washed thrice with Dulbecco’s PBS without Mg2+ and Ca2+
(Cambrex, East Rutherford, NJ, USA) solution, dehydrated
with ethanol, embedded in Epok812, and thermally
polymerized at 35℃ for 10 hours at 45℃ for 10 hours, and
at 60℃ for 48 hours. After preparing 500-nm semithin
sections using an ultramicrotome, the block was stained
using toluidine blue. Upon accurately identifying the area
using a light microscope, the block was cut into a 70-nm
ultrathin section. Finally, the morphology of the bacteria
was observed using a transmission electron microscope
(Hitachi 7700; Hitachi, Tokyo, Japan).

Scanning Electron Microscopy Analysis
After culturing A. baumannii in MacConkey medium for
24 hours, tryptic soy broth was added to a polyethylene
cap tube (SPL Life Sciences) and adjusted to 2.0 McFarland
standard using a turbidimeter (DensiCHEK Plus). Then,
a strain suspension solution was made, and 500 μL of it
was dispensed in each well of a 24-well plate (Microtest 24
polyethylene; BD Biosciences) and cultured for 24 hours at
37℃. The supernatant of the 24-well plate was discarded,
and the biofilm spread at the bottom was washed thrice
with PBS and dried naturally. Then, the photosensitizer
at concentrations of 100, 10, 1.0 μg/mL was dispensed into
each well, wrapped in silver foil, and reacted at 37℃ in an
incubator (VS-9108MS) for 1 hour, following which PDT was
performed for 1 hour using a 630-nm LED. The samples
were then washed thrice with PBS and dried naturally.
Subsequently, the biofilm-formation ability after PDT was
compared with the control group and observed using a fieldemission scanning electron microscope (FE-SEM, Hitachi
S-4200; Hitachi). As pretreatment for FE-SEM analysis, the
24-well plates were treated for 30 minutes with a fixing
agent comprising a mixture of 0.5% glutaraldehyde and 0.5%
paraformaldehyde. After A. baumannii was fixed, it was
washed with 0.1 M PBS, fixed with 1% OsO4 for 30 minutes,
and rewashed with 0.1 M PBS. Then, conductive staining was
performed for 30 minutes using 2% tannic acid, followed by
washing with 0.1 M PBS; fixing with 1% OsO4 for 30 minutes;
washing with 0.1 M PBS; dehydrating with 50%, 70%, 80%,
95%, and absolute ethanol for 10 minutes each; penetrating
with tert-butyl alcohol for 30 minutes; and freeze-drying
using a freeze drier (ES 2030; Hitachi). Finally, the freezedried sample was attached to a sample plate, coated with
Pt–Pd alloy using an ion sputter (E-1030; Hitachi), and
observed.
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Statistical Analysis
One-way analysis of variance was performed to compare
the observations of inhibition of biofilm formation between
the control and experimental groups. When a significant
difference was observed, the Tukey multiple range test and
Bonferroni post hoc test were performed. PASW ver. 18.0
(SPSS Inc., Chicago, IL, USA) was used for the statistical
analyses, and the significance level (α) was set to 0.05 for
comparisons of the control group with the experimental
group.

Results
Antibiotic Susceptibility Test
The antibiotic susceptibility results indicated that the
bacteria showed multidrug resistance to imipenem and
meropenem (both carbapenem antibiotics), 100% resistance
to aztreonam (a monobactam antibiotic), 100% resistance
to piperacillin (a third-generation penicillin antibiotic),
and 100% sensitivity to tigecycline and colistin. Regarding
cephalosporin antibiotics, 100% resistance was observed
to the third-generation agents cefotaxime and ceftazidime.
Furthermore,; 14 cases of resistance and 1 case of sensitivity
to gentamicin; 14 cases of resistance and 1 case of moderate
resistance to gentamicin; 14 cases of resistance and 1
case of moderate resistance to ampicillin/sulbactam; 14
cases of resistance and 1 case of moderate resistance to
trimethoprim/sulfamethoxazole; 8 cases of resistance, 4
cases of moderate resistance, and 3 cases of sensitivity to
the tetracycline antibiotic minocycline; 100% resistance to
the fourth-generation cephalosporin antibiotic cefepime;
and 14 cases of resistance and 1 case of moderate resistance
to the new quinolone antibiotic levofloxacin were observed
(Table 2).

Resistance Genotyping Analysis Results of A. baumannii
A. baumannii carbapenemase class-D–type β-lactamase
was found, and OXA-23 and OXA-51 were found in all the 15
strains (100%) of A. baumannii (Figures 2 and 3).

Biofilm Formation Inhibition Test Results
Fifteen strains were incubated at 37℃ for 24 hours at a
turbidity of 2.0 McFarland standard, and their biofilmforming ability were observed in a 96-well plate after
incubation. Eight strains (S1, S3, S5, S6, S9, S11, S13, and S15)
formed biofilms, as observed with the naked eye, and the
remaining 7 strains (S2, S4, S7, S8, S10, S12, and S14) did not
form biofilms visible to the naked eye.
The average absorbance values of the biofilm observed
with the naked eye measured using an ELISA (Bio-Rad)
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Cell Observation by Transmission Electron Microscopy

reader at 490 nm after PDT were as follows: control,
1.022 ± 0.29; L+R–, 0.894 ± 0.23; L−R+100, 0.752 ± 0.24; L+R+1.0,
0.582 ± 0.22; L+R+10, 0.512 ± 0.27; and L+R+100, 0.411 ± 0.14
(Table 3).

An A. baumannii strain was inoculated on 0.3% brain heart
infusion nutrient agar, still-cultured at 37℃ for 48 hours,
and the cultured bacteria were attached to a Cu-coated
grid using 1% uranyl acetate (EMS Corp., Hatfield, PA,
USA) solution and stained for 30 seconds. After washing
with distilled water, the bacteria were observed using a
transmission electron microscope (Hitachi 7700). The
cell wall and cytoplasmic membrane of A. baumannii in
the control group were clearly observed, and structures
inside the cytoplasm also appeared without any alteration.

Table 2. Antibiotic susceptibility of isolated Acinetobacter
baumannii to various antibiotics
Antimicrobial agent

S

I

R

Ampicillin/sulbactam

0

16(I):1

Aztreonam

0

0

Ceftazidime

0

0

Cefepime

0

0

Cefotaxime

0

0

Ciprofloxacin

0

0

≥ 32:14
≥ 64:15
≥ 64:15
≥ 64:15
≥ 64:15
≥ 4:15

Colistin

≤ 0.5:15

0

0

Gentamicin

1

0

Imipenem

0

Levofloxacin

0

Meropenem

0

Minocycline

4(S):3

Piperacillin

0

Tigecycline

1(S):14

Table 3. Biofilm formation of Acinetobacter baumannii in
the study groups

≥ 16:14
0
≥ 16:15
194(I):1 ≥ 8:14
0
≥ 16:15
8(I):4
≤ 1(S):8
0
≥ 128:15
0
≥ 8(R):1
0
≥ 320(R):14

Trimethoprim/sulfamethoxazole ≥ 20:1

Group

Mean ± standard deviation

p-value

Control

1.022 ± 0.29

0.067

L+R−

0.894 ± 0.23

0.053

L−R+100

0.752 ± 0.24

0.009**

L+R+1.0

0.582 ± 0.22

0.001***

L+R+10

0.512 ± 0.27

0.001***

L+R+100

0.411 ± 0.14

0.001***

Values are mean ± standard deviation, determined by an enzyme-linked
immunosorbent assay reader (visually).
**p < 0.01, ***p < 0.001.

S, susceptible; I, intermediate; R, resistant.
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Figure 2. Detection of blaOXA-23 genes in Acinetobacter baumannii clinical isolates. Column 1 (size marker [SM]):
100 bp Plus DNA ladder; columns 2–16: different isolates containing the blaOXA-23 gene (501 bp).
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Figure 3. Detection of the blaOXA-51 gene in Acinetobacter baumannii clinical isolates. Column 1 (size marker [SM]):
100 bp Plus DNA ladder; columns 2–16: different isolates containing blaOXA-23 gene (353 bp).
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However, the morphology of A. baumannii after PDT using
a photosensitizer indicated at least partial loss of the cell
membrane and abnormalities in its structure. Additionally,
the extensive morphological changes after PDT included
low intracellular visibility and small vacuoles attached to
the cell membrane (Figure 4).

Observation of Biofilm Formation Inhibition by
Scanning Electron Microscopy
After the pretreatment of the 24-well plates that formed
biofilms, the dried samples were attached to a sample plate,
and an ion sputter (E-1030) was used to coat with them
with a Pt–Pd alloy for observation under FE-SEM (S-4200).
The biofilm had covered the entire control well, whereas
wells that were subjected to PDT with Radachlorin and LED
showed partial biofilm formation, especially in L+R+10 and
L+R+100, followed by L+R+1.0, thus validating the efficacy of
PDT (Figure 5).

Discussion
Pathogenic microorganisms, including A. baumannii, form
biofilms in natural environments and medical insertion
devices, causing problems such as widespread nosocomial
infections of pathogenic bacteria [23]. These bacterial
biofilms provide an environment for bacteria where they
can survive for long periods from antibiotics and increase
their pathogenicity [24]. The emergence and dissemination
of carbapenem-resistant strains is considered a major

A

clinical threat, as the imipenem resistance of an A. baumannii
strain isolated in 1998 at a university hospital in Seoul was
only 5% [25], whereas the ratio of imipenem-resistant A.
baumannii increased from 4.3% in 2006 to 83.8% in 2010
[26]. Furthermore, A. baumannii isolated at Kosin University
Gospel Hospital attained an imipenem resistance of 26.9%,
suggesting the rapid spread of imipenem-resistant A.
baumannii [27].
In a previous study, colistin resistance was reported to
be present in 2.6% of 464 strains of A. baumannii; however,
in the present study, 100% of A. baumannii exhibited
imipenem resistance and no resistance to colistin [28].
Class D β-lactamases, which hydrolyze OXA-type
carbapenem, including subtypes OXA-23, OXA-24/40, OXA-58,
and OXA-51, are commonly isolated from A. baumannii [29].
Infection with OXA-23–producing A. baumannii has been
reported in many regions worldwide, and OXA-23 is the
most important mechanism by which A. baumannii acquires
carbapenem resistance [18]. In this study, OXA-23 and
OXA-51 were detected in 100% of the strains, suggesting
their widespread presence. This indicates the necessity
for ongoing, national-scale investigations for the genetic
surveillance of antibiotic-resistant bacteria. The process
of bacterial biofilm formation is partially regulated using
quorum sensing, a cell-density signaling system, with
a significant change of over 50% in the gene expression
pattern during this process, and epithelial cell adhesion and
colony-forming factors have been observed with multidrugresistant A. baumannii [30].

B

A : control (x5,000, 1um)

B : L+R+100 (x5,000, 1um)

Figure 4. Ultrastructural changes in Acinetobacter baumannii treated with photodynamic therapy (PDT)
by transmission electron microscopy. The untreated control group is shown in (A) ( × 5,000, 1 μm), and
the PDT group in (B) (L+R+100; × 5,000, 1μm) was treated (red arrows) with a concentration of 100 μg/mL
with Radachlorin following 630-μm light-emitting diode treatment for 1 hour.
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A

C

A : control
A : control

B

C : L+R+10
C : L+R+10

D

D : L+R+100
B : L+R+1.0
FigureB5.: L+R+1.0
Field-emission scanning electron
microscopy
D : L+R+100
(FE-SEM) images of Acinetobacter baumannii biofilms
established on a 24-well plate following 24 hours of
incubation at 37°C in tryptic soy broth. (A) Control, (B)
photodynamic therapy concentration group (L+R+1.0),
(C) L+R+10, (D) L+R+100, FE-SEM pictures were
taken at × 2,500 magnification; the inset white bar is
representative of 7.2 microns.
In PDT, lethal bacterial damage is caused by 2 processes,
the importance of which has been brought to attention. The
first process is DNA damage, and the second is cytoplasm
damage due to the weakening of the cell membrane
transport system and inactivation of enzymes. One study
showed the effect of PDT on Gram-positive and Gramnegative bacteria using a cyanide photosensitizer [31]. In
another study, cell wall changes of the Vibrio vulnificus
strain after PDT using toluidine blue were observed by
transmission electron microscopy. The structure of V.
vulnificus before PDT exhibited 1 long flagellum and clear
hair-like cilia, but after treatment, several bubbles had
formed in the cell wall [31]. In the present study, statistically
significant results (p < 0.001) were observed in the L+R+1.0,
L+R+10, and L+R+100 treatment groups, in which the
inhibition of biofilm formation was observed with the naked
eye. When PDT was performed using both Radachlorin and
LED, biofilm formation was inhibited significantly, verifying
the therapeutic effect of PDT on multidrug-resistant
bacteria.
Transmission electron microscopy indicated that several
intracellular organs were damaged after PDT. It is believed
that greater cellular damage results in greater reactive
oxygen species generation. Damage to intracellular organs
may have been caused by Radachlorin penetration into
the cell and effective cell death by LED. Scanning electron
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microscopy exhibited significant biofilm reduction after PDT.
Thus, while PDT against Gram-negative multidrug-resistant
A. baumannii does not induce complete bacterial death, it
effectively eliminates biofilm, and its statistically significant
values suggest its therapeutic effect and reflect the superior
therapeutic effect of PDT with LED and photosensitizers.
Although the use of high concentrations of Radachlorin
yielded superior results, a limitation is that the mechanism
of the quorum-sensing signal transduction system was not
studied; therefore, further research is required.
Although some studies have performed PDT in Gramnegative bacteria, few studies have examined its effect on
multidrug-resistant bacteria. This study demonstrated
the effectiveness of PDT on biofilm-producing multidrugresistant bacteria. These findings suggest the possibility
of using PDT as an alternative to antibiotics to inhibit
bacterial growth, if more diverse studies are conducted on
the removal of biofilms using multidrug-resistant bacteria,
which pose a threat to medical institutions.

Conclusion
As a result of conducting PDT combining LED and Radachlorin,
the biofilm of multidrug-resistant A. baumannii was
eliminated, with significant results, and electron microscopy
showed that the biofilm was more effectively eliminated in the
L+R+10 and L+R+100 groups than in the L+R+1.0 group, proving
that PDT combining LED and Radachlorin was effective.
Although studies on PDT using multidrug-resistant bacteria
are scarce, additional studies on the effective elimination of
biofilm are necessary.
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Factors influencing quality of life in caregivers of
adolescents with developmental disabilities
Joung Woo Joung
Research Institute of Nursing Science and College of Nursing, Kyungpook National University, Daegu, Korea

ABSTRACT
Objectives: Caring for adolescents with developmental disabilities (DD) is stressful and
challenging, and mothers usually provide care for these children in Korea. This study aimed to
identify factors influencing quality of life (QoL) in mothers of adolescents with DD.
Methods: A predictive design was used. Data were collected from a web-based survey
administered to a convenience sample of 154 mothers of adolescents with DD from October to
November 2020. Data were analyzed using the t-test, analysis of variance, Pearson correlation
coefficients, and multiple regression.
Results: Perceived health, depression, and family strength were significantly correlated with
QoL. Multiple regression showed that family strength, perceived health, depression, and
monthly household income influenced the participants’ QoL, and these factors accounted for
69.2% of variance in QoL. Family strength was the factor most strongly affecting QoL (β = 0.39).
Conclusion: The study results indicate that health professionals and policy-makers need to pay
attention to the overall QoL and physical and psychological health of mothers of adolescents
with DD. Since our findings raise the importance of family strength in the QoL of this
population, programs to improve family strength need to be implemented and strengthened.
Interventions to improve perceived health and decrease depression should be applied, and
knowledge on adolescent characteristics and changes should be delivered to caregivers when
providing education and consultations. The findings will be helpful for developing educational
and counseling programs for this population.
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Introduction
The Korean Act on Guarantee of Rights of and Support for Persons with Developmental
Disabilities defines “persons with developmental disabilities” as persons with intellectual
disabilities (ID), persons with autism spectrum disorder, and persons that are otherwise
severely impaired in social and daily functioning due to arrested or delayed processes of
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normal development. The Act explicitly stipulates that
respecting persons with developmental disabilities (DD)
and ensuring their welfare is a responsibility that extends
beyond the state, local governments, and public programs to
all citizens [1]. However, if recent events involving persons
with DD are any indication, both the Korean government
and the general public appear to have largely failed in this
legally-mandated responsibility. Last year, a child with DD
and his mother, despairing of their circumstances, took
their own lives [2]. More recently, a woman in her 50s, caring
for a daughter with DD, also made the fatal decision to take
her own life [3]. These tragic testaments to the struggles of
families with children with DD highlight the urgent need for
increased public support for this population.
Children with DD are most often cared for by family
members, and families with children with DD have been
reported to have lower levels of adaptability and cohesion
than families with typically developing (TD) children [4].
In households with adolescents with ID, caring for these
children and the financial burden this places on the family
have a particularly strong negative impact on various aspects
of family life, including family function, atmosphere, and
sibling relationships [5,6]. Boehm et al. [7] reported that the
families of children with ID and/or autism spectrum disorder
in the transitional period are in great need of support.
According to Eo and Yoo [8] family strength, which means
positive aspects of family characteristics such as bonding
between family members, problem-solving strategies, and
conversation skills, helps family members lead healthy lives.
Therefore, family strength and the quality of life (QoL) of
caregivers of adolescents with DD deserve attention, but
research on this topic is scarce.
Caring for children with DD also has an impact on
caregivers’ health. Burke and Fujiura [9] noted that the health
conditions of caregivers of persons with ID or DD were
significantly poorer than those of noncaregivers. Another
previous study [10] also found that parents of children with
DD experience sleep deprivation and other stressors that
have negative consequences on their health. Perceived
health, which is an individual perception of one’s own health,
affects one’s QoL and has been recognized as an important
indicator in the assessment of health needs [11], as self-rated
health has been reported to be consistent with one’s objective
health status [12].
Parents of children with DD experience high levels of
caregiver stress [13] and struggle with mental health
problems such as depression and anxiety [9,10,13−15], and
they are further reported to face a higher caregiving burden
and have a lower QoL [16]. According to Boo et al. [17],
depression has a negative effect on QoL of mothers caring
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for adult children with DD, mediating the negative effect of
care burden on the QoL of this population. Furthermore,
Patton et al. [13] found that high levels of caregiving stress
among caregivers of adolescents with ID increase with the
age of the caregiver, thereby suggesting the need for special
attention to physical and mental health in caregivers,
especially in caregivers of adolescents with DD.
Several previous studies in children with DD have reported
that mothers tend to be the primary caregivers [4,6,16,18,19],
and mothers of adolescents with or without DD are often
women of middle age undergoing various physical and
mental changes due to aging and menopause [19]. These
findings underscore the fact that mothers of adolescents with
DD tend to face greater caregiving challenges than middleaged women in general or mothers of nonadolescents with
DD. Therefore, examining factors influencing QoL in mothers
of adolescents with DD and determining the needs of this
group from the perspective of health science may offer new
and potentially important insights into the field.
QoL is defined as an overall assessment of well-being
that is composed of 3 elements: an objective description of
life conditions, a subjective feeling of well-being (including
physical, material, social, emotional well-being, and the
extent of personal development and activity), and a set of
personal values that are applied as weights of the previous
2 elements [20]. Furthermore, physical, material, social,
and emotional well-being, as well as the extent of personal
development and activity, include a variety of sub-concepts;
for example, physical well-being includes health, fitness,
and mobility, and social well-being includes family life,
acceptance and support. Therefore, this predictive study
aimed to identify factors influencing QoL in mothers of
adolescents with DD through a comprehensive examination
of key components of QoL, including physical, mental, and
social health. The specific objectives of this study were (1)
to assess QoL, perceived health, depression, and family
strength; (2) to examine correlations between QoL, perceived
health, depression, and family strength; (3) and to determine
predictive factors influencing the QoL of mothers caring for
adolescents with DD.

Materials and Methods
Participants
Participants were recruited with the help of 2 organizations
in South Korea: the Korea Association of Persons with
Developmental Disabilities and the Mothers with Children
with Developmental Disabilities Association, through the
convenience sampling process. Because no nationwide
list of mothers of children with DD in adolescence existed,
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the author contacted the above 2 organizations, which
have contact lists of members who are mothers caring
for children with DD. These organizations have their
headquarters in 2 separate metropolitan cities, respectively,
and have branches nationwide. The inclusion criteria were
mothers who were caring for adolescents with DD (with
adolescent criteria including attendance at middle or high
school or age between 13 and 20 years) and who were able
to understand the survey questions without assistance. A
call for participation was transmitted to the heads of the 2
associations, along with the online survey questionnaire
so that the project could be publicly announced to the
members of the respective organizations. Those who wished
to participate in the study were invited to access the survey
website at their convenience and to complete the survey.
On the first page of the online survey, information about the
purpose of the study, inclusion and exclusion criteria, the
number of total questions and the general process of the
survey, and confidentiality and voluntary participation was
given. Prior to the start of the survey, participants checked a
box to confirm their voluntary consent to participate in this
study. In total, 154 participants were included in the final
sample.

Instruments
Sixteen items elicited information on the general characteristics
of the participants, including the mother’s age, marital
status, and job, and the child’s sex, age, disability type and
rating, birth order, school level and type, health issues,
and medication. Based on previous research, items on
household income, caregiving hours, and discussions about
child rearing [16,17,21] were included.
Quality of life
QoL was measured using the Korean version of the World
Health Organization Quality of Life Instrument, Brief
Scale developed by Min et al. [22]. The 26-item instrument
consists of general QoL items and domains of physical,
psychological, social, and environmental health. All items
were measured on a 5-point scale, with higher scores
indicating higher QoL. The internal reliability of the Korean
version of this tool at the time of development was shown
by a Cronbach’s α value of 0.90, and Cronbach’s α was 0.95 in
this study.
Perceived health
Perceived health was measured with a visual analogue
scale, which is widely used to assess pain or measure the
severity of a patient’s symptoms in clinical settings [23]. In
this study, the scale was adapted to suit the online survey
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environment. Participants were asked to rate their perceived
health on a scale of 0 to 10, with 0 representing “very poor”
and 10 “excellent.” Higher scores indicate a better perceived
health status.
Depression
Depression was measured using the Korean Depression and
Anxiety Scales developed by Choi et al. [24]. This 12-item
instrument using a 5-point Likert scale, with 0 representing
“not at all true” and 4 “very true,” assigns scores from 0 to
48. Higher scores indicate greater severity of depression.
The cut-off point of this instrument is 14. The internal
reliability of the tool was shown by Cronbach’s α values of
0.95 at the time of development and 0.93 in this study.
Family strength
Family strength was measured using the Korea Family
Strength Scale developed by Eo and Yoo [8]. This 34-item tool
consists of 4 sub-domains, including family engagement,
communication, value system, and adaptability. Each item
is measured using a 5-point Likert scale in which answers
range from “not at all true” (1 point) to “very true” (5 points),
with total scores of 34 to 170, and higher scores indicate
higher family strength. In the work of Eo and Yoo [8], the
internal reliability of all items was shown by a Cronbach’s α
value of 0.94, and according to research by Hong and Han [25],
the overall internal reliability of the tool was demonstrated
by a Cronbach’s α value of 0.98. In this study, Cronbach’s α was
0.98.

Data Collection
Data were collected from October to November 2020.
G*Power 3.1.9.7 [26] was used to estimate a suitable sample
size with power (1-β) set at 0.90, a 2-tailed significance
level (α) of 0.05, and a medium regression effect size of 0.15.
Three independent variables were used for this calculation,
along with 3 general characteristics, which in previous
studies [21] have been shown to be factors influencing
the QoL. The calculation resulted in a sample of 123, and
considering a 10% dropout rate, the required sample size
was 135. Out of 220 questionnaires answered, 64 containing
multiple answers or those completed by mothers outside of
the target group were discarded. Of the remaining 156, 154
were retained for further analysis after discarding 2 that
showed abnormal values. As this more than satisfied the
size calculated using the G*Power program, the sample size
used in this study was adequate.

Data Analysis
The data were analyzed using IBM SPSS ver. 25.0 (IBM
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3.01 (0.003)
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2.34 ± 0.51
1.35 ± 0.80

5.43 ± 2.17

5.39 ± 2.43
18 (11.7)
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with others No

136 (88.3)

0.08 (0.935)

0.93 ± 0.80

–2.11 (0.037)
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2.95 ± 0.65

2.81 ± 0.64
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1.19 ± 0.81
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5.06 ± 2.35

74 (48.1)

≥ 12

Caregiving
hours (d)
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2.18 (0.031)

0.75 ± 0.75
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–0.16 (0.873)
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1.76 (0.081)

–5.16 ( < 0.001)
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0.83 ± 0.72

1.07 ± 0.85
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439.29 ± 296.68 5.25 ± 2.21
(80–3,000)
5.71 ± 2.15
95 (61.7)

59 (38.3)
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72 (46.8)
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2.70 ± 0.58

–1.06 (0.293)
2.84 ± 0.66

2.95 ± 0.64
0.002 (0.998)

2.82 ± 0.86
1.13 ± 0.88
5.26 ± 2.34

5.57 ± 2.06

–0.873 (0.384)
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2.12 (0.036)

2.82 ± 0.83

2.49 ± 0.69
1.14 ± 0.91
5.06 ± 2.46

t or F(p)

1.08 (0.283)
2.73 ± 0.74

2.92 ± 0.64

2.83 ± 0.62

1.70 (0.092)
2.86 ± 0.85

2.75 ± 0.85

–0.85 (0.397)
0.96 ± 0.80

0.93 ± 0.77

0.70 (0.482)
5.28 ± 2.26

5.47 ± 2.17

2.98 ± 0.68

Mean ± SD
t or F(p)

1.18 (0.238)
2.91 ± 0.82

Mean ± SD
t or F(p)

0.81 (0.419)
1.04 ± 0.86

Mean ± SD
t or F(p)

0.92 (0.360)
5.61 ± 2.11

Mean ± SD

69 (44.8)

47.18 ± 4.07
(37–60)

Family strength
Depression
Perceived health

< 47

Participants with a monthly household income of less
than 4.39 million Korean won (t = –5.16, p < 0.001) and with
firstborn children (t = –2.27, p = 0.025) reported statistically
lower scores in QoL, while those who discuss caregiving
concerns with others showed significantly higher QoL
scores than those who did not (t = 3.01, p = 0.003). Perceived

Mother’s
age (y)

Differences in Perceived Health, Depression,
Family Strength, and QoL According to General
Characteristics

Mean ± SD
(range)

More than half of the participants were over 47 years old,
most participants had a spouse or a live-in partner (89.6%),
and 53.2% were currently employed. The average monthly
household income was 4.39 million Korean won, with 61.7%
having an income of less than the average. Slightly more
than half (51.9%) of participants spent more than 12 hours
per day caregiving, and the majority (88.3%) discussed the
concerns of caregiving with others. Among 154 children,
70.8% were boys, and 56.5% were age 16 or higher; 50% had
ID, 40.3% had autism, and 9.7% had both ID and autism;
51.9% had grade 1 disabilities, 38.3% had grade 2, and 9.7%
had grade 3; 54.5% were firstborn; 54.5% were enrolled in an
elementary or middle school and 45.5% were in high school
or higher-level institutions; 43.5% attended special classes
in regular school, while the remaining attended special
schools or other types of alternative schools; 25.3% needed
full support in activities of daily living (ADL), 33.1% needed
a lot of help, and the rest required little support; and finally,
34.4% had health issues, while 48.1% were on medication
for health issues (Table 1).

n (%)

General Characteristics of Participants

Category

Results

Variable

This study was conducted after receiving permission from
the Institutional Review Board of Kyungpook National
University (IRB No: 2020-0094).

Table 1. Differences in perceived heath, depression, family strength, and quality of life by general characteristics (n = 154)

Ethical Considerations

Quality of life

Corp., Armonk, NY, USA). The general characteristics of
participants, perceived health, depression, family strength,
and QoL were presented as frequencies and percentages
and as means and standard deviations. The t-test, F-test,
and Scheffé test were performed to test for differences in
perceived health, depression, family strength, and QoL
according to participants’ general characteristics. Meanwhile,
Pearson correlation coefficients were used to measure
correlations between perceived health, depression, family
strength, and QoL, and stepwise multiple linear regression
was used to determine factors influencing QoL.

1.39 (0.167)
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302
74 (48.1)
80 (51.9)

Yes

No

SD, standard deviation; KRW, Korean won.
a)
Scheffé test.

Medication

53 (34.4)
101 (65.6)

6.03 ± 1.81

64 (41.6)

Health issues Yes

No

5.45 ± 2.52

51 (33.1)

5.86 ± 2.05

4.96 ± 2.26

5.65 ± 2.10

5.00 ± 2.32

4.41 ± 1.97

5.26 ± 2.19

Special school & others 87 (56.5)
39 (25.3)

5.64 ± 2.19

5.80 ± 2.22

5.12 ± 2.13

5.73 ± 2.15

5.18 ± 2.21

5.33 ± 2.02

5.63 ± 1.96

5.30 ± 2.39

5.40 ± 2.32

5.60 ± 2.39

5.30 ± 2.02

5.68 ± 2.31

5.10 ± 2.01

5.42 ± 2.02

5.43 ± 2.27

Mean ± SD

–2.60 (0.010)
0.80 ± 0.71

1.17 ± 0.87

0.87 ± 0.75

1.19 ± 0.89

0.82 ± 0.73

0.96 ± 0.84

a < ca)
–1.77 (0.079)

1.26 ± 0.84

1.04 ± 0.88

0.90 ± 0.72

0.85 ± 0.69

1.09 ± 0.89

0.79 ± 0.66

1.14 ± 0.89

1.07 ± 0.90

0.86 ± 0.73

1.05 ± 0.86

1.37 ± 0.98

0.92 ± 0.72

0.95 ± 0.84

0.93 ± 0.76

1.04 ± 0.88

1.07 ± 0.81

0.94 ± 0.81

Mean ± SD

2.93 (0.004)

2.23 (0.028)

a < ca)

3.67 (0.028)

–1.06 (0.292)

1.87 (0.064)

2.79 (0.006)

1.00 (0.370)

2.01 (0.138)

0.84 (0.403)

–0.93 (0.353)

t or F(p)

Depression

0.16 (0.001)

1.06 (0.291)

–1.94 (0.055)

–1.56 (0.122)

0.39 (0.677)

0.32 (0.730)

–1.62 (0.108)

0.02 (0.982)

t or F(p)

Perceived health

67 (43.5)

70 (45.5)

Special class in regular
school

84 (54.5)

≥ High school

70 (45.5)

≥2

≤ Middle school

84 (54.5)

15 (9.7)

3

1

59 (38.3)

2

15 (9.7)

Both
80 (51.9)

62 (40.3)

Autistic

1

77 (50.0)

Intellectual

87 (56.5)

≥ 16

16.18 ± 2.18
(13–20)

Mean ± SD
(range)

Level of
Need full support
activities of Need a lot of support
daily living Need little support

School type

School level

Birth order

Disability
rating

Disability
type

67 (43.5)

45 (29.2)

< 16

Girl

Child’s
age (y)

109 (70.8)

Boy

Child’s sex

n (%)

Category

Variable

Table 1. Continued

2.88 ± 0.80

2.76 ± 0.88

2.83 ± 0.80

2.80 ± 0.91

2.86 ± 0.79

2.83 ± 0.88

2.73 ± 0.88

2.76 ± 0.91

2.90 ± 0.73

2.85 ± 0.88

2.79 ± 0.80

2.94 ± 0.82

2.72 ± 0.84

2.60 ± 0.74

2.80 ± 0.74

2.87 ± 0.92

2.99 ± 1.04

2.83 ± 0.88

2.77 ± 0.76

2.80 ± 0.88

2.84 ± 0.79

2.76 ± 0.87

2.84 ± 0.83

Mean ± SD

–0.86 (0.393)

–0.21 (0.831)

0.32 (0.727)

1.07 (0.288)

–0.43 (0.667)

–1.63 (0.104)

0.67 (0.512)

0.44 (0.647)

0.31 (0.761)

0.57 (0.568)

t or F(p)

Family strength

2.95 ± 0.66

2.84 ± 0.64

2.95 ± 0.64

2.80 ± 0.66

2.99 ± 0.64

2.90 ± 0.66

2.74 ± 0.64

2.86 ± 0.68

2.94 ± 0.61

2.96 ± 0.66

2.84 ± 0.64

3.03 ± 0.58

2.79 ± 0.69

2.75 ± 0.62

2.92 ± 0.63

2.91 ± 0.67

2.85 ± 0.75

2.90 ± 0.70

2.91 ± 0.60

2.92 ± 0.67

2.86 ± 0.63

2.88 ± 0.65

2.91 ± 0.65

Mean ± SD

–1.04 (0.300)

–1.29 (0.198)

1.79 (0.170)

0.72 (0.472)

–1.14 (0.255)

–2.27 (0.025)

0.45 (0.640)

0.04 (0.961)

–0.59 (0.554)

0.26 (0.794)

t or F(p)

Quality of life
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health showed statistically significant differences according
to the caregiving hours (t = 2.18, p = 0.031), level of child’s
ADL (F = 0.16, p = 0.001), and whether the child was on
medication (t = –2.60, p = 0.010). A post-hoc analysis showed
significantly higher perceived health in participants with
children who needed little support than in participants with
children who needed full support in ADL. Depression was
higher among participants whose caregiving hours were
more than 12 per day (t = –3.48, p = 0.001), with firstborn
children (t = 2.79, p = 0.006), with children who needed
full support in ADL (F = 3.67, p = 0.028), with children who
had health issues (t = 2.23, p = 0.028), and with children on
medication (t = –2.60, p = 0.010); Participant with jobs (t = 2.12,
p = 0.036),and who had discussions with others (t = –2.11,
p = 0.037) showed significantly lower depression than the
other groups. A post-hoc analysis showed that depression in
participants with children who needed full support in ADL
was significantly higher than in participants with children
who needed little support. Family strength was significantly
higher in participants with a household income of 4.39
million Korean won or more than in their counterparts (t =
–5.11, p < 0.001), and was significantly higher among those
who discussed caregiving concerns than among those who
did not (t = 3.88, p = 0.001) (Table 1).

Perceived Health, Depression, Family Strength, and
QoL of Participants
Table 2 presents the mean scores of variables. Perceived
health had a mean score of 5.43 ± 2.19 out of 10 points, and
depression had a mean score of 11.73 ± 9.74 out of 48, with
31% scoring above the cut-off point of 14. The mean score

for family strength was 2.82 ± 0.84 out of 5, and among the
4 sub-domains, family engagement showed the highest
score (2.99 ± 0.93) and the family value system showed the
lowest score (2.67 ± 0.93). QoL had a mean score of 2.90 ± 0.65
out of 5, and among the sub-domains, the highest score
was for physical health at 3.05 ± 0.75 and the lowest was for
environmental health at 2.78 ± 0.74 (Table 2).

Correlations between Perceived Health, Depression,
Family Strength, and QoL
QoL showed positive correlations with perceived health
(r = 0.60, p < 0.001) and family strength (r = 0.64, p < 0.001),
but negative correlations with depression (r = 0.61, p < 0.001).
Perceived health was positively correlated with family
strength (r = 0.29, p < 0.001) and negatively correlated with
depression (r = –0.53, p < 0.001). Depression was negatively
correlated with family strength (r = –0.31, p < 0.001) (Table 3).

Factors Influencing QoL
Stepwise multiple regression analysis was performed with
birth order, monthly household income, and discussion of
caregiving concerns with others (as general characteristics
that were statistically significantly correlated with
participants’ QoL) as dummy variables and with perceived
health, depression, and family strength as independent
variables. The values of the coefficients of correlation were
less than 0.8 for all variables, with the level of tolerance above
0.1 and the value of the variation inflation factor below 10,
suggesting there was no multicollinearity. Two outliers with
a standardized residual greater than 3 in absolute value were
deleted and the regression was re-performed. The residuals

Table 2. Perceived health, depression, family strength, and quality of life (n = 154)
Variable

Category

n (%)

Perceived health

Mean ± SD

Range of scale

5.43 ± 2.19

0–10

11.73 ± 9.74

0–48

Depression

< 14

106 (68.8)

≥ 14

48 (31.2)

Family strength

Engagement

2.99 ± 0.93

1–5

Communication

2.73 ± 0.78

1–5

Value system

2.67 ± 0.93

1–5

Adaptability

2.85 ± 0.78

1–5

Total

2.82 ± 0.84

1–5

Overall quality of life and general health

2.81 ± 0.86

1–5

Physical health

3.05 ± 0.75

1–5

Psychological health

2.88 ± 0.69

1–5

Social health

2.94 ± 0.76

1–5

Environmental health

2.78 ± 0.74

1–5

Total

2.90 ± 0.65

1–5

Quality of life

SD, standard deviation.
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Table 3. Correlations among perceived health, depression, family strength, and quality of life (n = 154)
Variable

Perceived health

Depression

Family strength

Perceived health
Depression

1
–0.527 ( < 0.001)**

1

Family strength

0.285 ( < 0.001)**

–0.306 ( < 0.001)**

1

Quality of life

0.600 ( < 0.001)**

–0.609 ( < 0.001)**

0.641 ( < 0.001)**

Quality of life

1

Data are presented as r (p).
**p < 0.01.

were then tested for normality and homoscedasticity. The
regression model was statistically significant (F = 54.98,
p < 0.001), with the adjusted coefficient of determination
(adjusted R2) standing at 69.2. Among factors influencing
the participants’ QoL, family strength (β = 0.39) was the
most important factor, followed by perceived health,
depression, and monthly household income, in descending
order (Table 4).

Discussion
The current study aimed to identify factors influencing the
QoL of mothers of adolescents with DD. The QoL score of
participants in this study was 2.90 ± 0.65 on a 5-point scale,
which is somewhat low compared to previous studies,
as described below. The mean parental QoL score of a
previous study using the same tool as the current study,
but without differentiating the ages of children with DD,
was 3.11 ± 0.62, and the corresponding score for mothers
was 3.02 ± 0.61 [21]. In Wakimizu et al. [16], the mean QoL
score in parents of children with DD aged 2 to 16 years
was 3.22 ± 0.53, with 84.5% of participants being mothers.
For further comparison, the mean QoL of Korean women
with endometrial cancer was 3.12 ± 0.55 [27], and the QoL
in grandparents caring for grandchildren was 66.53 out
of 100 [28]—higher than the corresponding score in this
study, which, if converted to a score of 100, would be 56.36.
To summarize, the level of QoL in mothers caring for
adolescents with DD was shown to be lower than that of
parental caregivers of children with DD of all age groups, as
well as in comparison to middle-aged female patients and
elderly women caring for grandchildren. These findings
point to the need for increased attention for mothers caring
for adolescents with DD and greater efforts to develop
intervention programs to help raise their QoL.
In the current study, family strength was found to be the
factor most strongly influencing QoL in the participants.
A number of studies about parenting children with DD
[4−6,21,29,30] support the findings of the current study—
that is, the family as a unit of caring for children with DD
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is important for QoL in mothers. In the current research,
the family engagement score, which measures closeness
or familial bonds, was the highest among the sub-domains
of family strength, while the score for the family value
system, which refers to the shared rules and values of
decision-making and respect among family members, was
the lowest. Previous research [6] reported that parental
sharing of responsibility tends to be lower among parents
of children with ID than among parents of TD children,
and mothers of children with autism displayed lower
levels of family adaptability and cohesion than mothers
of TD children [4]. A stressful situation such as disability
may alter the dynamics of family function, and negative
family coping is common in such situations [31]. Since the
participants of the current study were primary caregivers
of children with DD in adolescence, which is a transitional
phase with many changes acting as potential stressors,
measures to improve family strength, especially coping and
decision-making skills, need to be implemented. Previous
research [32] has reported that relationships with family
and friends and spirituality were contributing factors to
family QoL of parents of children or adults with ID, which
could be considered in planning support programs for this
population.
This study found that perceived health also influenced the
participants’ QoL; however, compared with previous studies
[19,28], participants’ perceptions of their own health seemed
poor. The results of this study do not necessarily indicate
that the participants had urgent health care needs, but the
subjective rating of one’s own health reflects one’s objective
health status [12]. Considering that the participants were
women of middle age (average age, 47.18 years), they
seemed to be facing a double burden of major changes—
that is, they were undergoing their own changes due to
aging and menopause [19], and at the same time, they
needed to cope with changes of their children with DD in the
transitional period. Therefore, health professionals should
pay careful attention to the health needs of this population.
Furthermore, it has been reported that poor levels of
perceived health in mothers of children with disabilities
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Table 4. Factors influencing quality of life in caregivers caring for adolescents with developmental disabilities (n = 154)
Variable

B

SE

β

t

p

(Constant)

1.680

0.181

Perceived health

0.096

0.016

0.323

8.628
5.869
7.435

< 0.001
< 0.001
< 0.001
< 0.001

Depression

–0.228

0.045

–0.285

-5.048

Family strength

0.303

0.041

0.391

Household income (mo)
R2 = 0.832, adjusted R2 = 0.692, F = 54.978, p < 0.001

0.193

0.067

0.145

2.869

0.005

VIF
1.441
1.676
1.393
1.212

B, unstandardized estimates; SE, standardized error; β, standardized estimate; VIF, variation inflation factor.

can negatively affect their ability to meet their children’s
needs [10]. Marquis et al. [18] stated that the health of
caregivers of children with DD is influenced by a range
of mutually interacting factors, including social factors,
personal characteristics of caregivers and/or children, and
family factors as opposed to only a few specific factors. The
implication of this is that more medical and nursing efforts
are needed to help improve the health of mothers caring for
adolescents with DD.
Depression was another factor influencing QoL in the
participants of the current study, and 31% of participants
had scores above the cut-off point of 14. This finding is
mostly consistent with the work of Scherer et al. [15], which
reported that 31% of parents of children with ID or DD had
scores above the cut-off value for depression. For mothers
caring for adult children with DD, depression was found
to have a direct negative effect on QoL, and it was found
to be an indirect mediating factor of care burden on the
QoL [17]. The work of Manor-Binyamini [33] found that
regardless of the disability status of children, emotional
and psychological support are essential for all parents of
adolescents insofar as this phase of children’s development
presents particular parenting challenges. Moreover, a
previous study [34] pointed out the critical importance of
providing psychological support to parents of children and
adolescents with DD, and concrete evidence for the benefits
of emotional support has also been reported [14]. Therefore,
emotional and psychological interventions and strong
support systems must be designed and conducted for the
population of the current study.
Consistent with the belief that financial stability is an
essential component in QoL [20], this study finds monthly
household income to be a meaningful influence on the QoL
in participants. This result is in line with previous studies
reporting that teenage children with ID have been shown
to place a high financial burden on families [5], and income
was the most important social factor influencing caregiving
decisions in families with children with DD [18]. The
results of this study and previous findings indicate that the
economic conditions of a family exert significant influence
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on various aspects of well-being in caregivers of children
with DD; therefore, financial support should be delivered
to needy households with children with DD as part of social
efforts to help improve QoL in caregivers.
The generalizability of the study results is limited because
the respondents may not have been representative of all
mothers caring for adolescents with DD in Korea. It also has
a limited ability to show changes in QoL across children’s
developmental stages. Moreover, insofar as the survey was
focused on mothers, this study does not provide insights
into the QoL of other family caregivers. Future research should
expand the scope of study to examine infants and adults
with DD in addition to adolescents, as well as to consider
family caregivers other than mothers, in order to gain an
understanding of differences in QoL in different types of
caregivers and of changes occurring in QoL across time.

Conclusion
This predictive study investigated factors influencing QoL
in mothers of adolescents with DD. The results of this study
indicate that family strength had the strongest influence
on QoL in participants of this study, followed by perceived
health, depression, and monthly household income. This
suggests the need to explore ways to improve family strength
among families with adolescents with DD in order to enhance
the QoL of caregivers. The result of this study may provide
reference data for designing and developing intervention
programs aimed at enhancing QoL in this population.
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Objectives: Monkeypox outbreaks in nonendemic countries have been reported since early
May 2022. The first case of monkeypox in the Republic of Korea was confirmed in a patient
who traveled to Europe in June 2022, and an attempt was made to isolate and identify the
monkeypox virus (MPXV) from the patient’s specimens.
Methods: Clinical specimens from the patient were inoculated in Vero E6 cells. The isolated
virus was identified as MPXV by the observation of cytopathic effects on Vero E6 cells,
transmission electron microscopy, conventional polymerase chain reaction
(PCR), and sequencing of PCR products.
Results: Cytopathic effects were observed in Vero E6 cells that were inoculated with skin lesion
swab eluates. After multiple passages from the primary culture, orthopoxvirus morphology
was observed using transmission electron microscopy. In addition, both MPXV-specific
(F3L and ATI) and orthopoxvirus-specific genes (A39R, B2R, and HA) were confirmed by
conventional PCR and Sanger sequencing.
Conclusion: These results indicate the successful isolation and identification of MPXV from the
first patient in the Republic of Korea. The isolated virus was named MPXV-ROK-P1-2022.
Keywords: Identification; Isolation; Monkeypox virus

Introduction
Monkeypox virus (MPXV), a DNA virus, belongs to the family Poxviridae, genus Orthopoxvirus
[1,2]. MPXV shows a characteristically large brick or mulberry shape with a dumbbell-shaped
DNA core. The diameters of the viral particles have been reported to be about 150 to 200 nm.
MPXV is a zoonosis that is transmitted from animals to humans, and several rodent species

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

308

https://ophrp.org

Jin-Won Kim et al.

and nonhuman primates are known to be susceptible hosts.
Human-to-human transmission can also occur, mainly
through close contact with the skin lesions or body fluids
of an infected person [3]. In the past, MPXV was endemic
in West and Central Africa, but it has recently spread in
Europe and several countries, including the United States.
As of August 11, 2022, more than 32,000 cases and 6 deaths
across 74 countries have been reported since May 2022
[4]. On July 23, 2022, the MPXV outbreak was declared an
international public health emergency by the World Health
Organization [5]. In Korea, on June 22, 2022, the Korea
Disease Control and Prevention Agency (KDCA) confirmed
the first MPXV-infected case [6]. In this study, we report
the isolation and identification of the first patient-derived
MPXV. The virus was named MPXV-ROK-P1-2022.

Materials and Methods
Virus Isolation from Clinical Specimens
Clinical specimens, including skin lesion, nasopharyngeal,
and oropharyngeal swabs, were collected at a medical
center (where the patient was hospitalized) and sent to
the KDCA. The specimens were diluted with antibiotics
(penicillin/streptomycin and nystadine) at a 1:4 ratio, and
then diluted with culture medium (2% fetal bovine serum
[FBS]–Dulbecco’s modified Eagle’s Medium [DMEM]) at
a 1:3 ratio and were incubated for 30 minutes at 4°C [7].
After centrifugation, the supernatant was inoculated into
Vero E6 cells in 2% FBS-DMEM with antibiotics (penicillinstreptomycin) and was incubated at 37°C and 5% CO2. For
virus isolation, inoculated cells were incubated with 1.5%
carboxymethyl cellulose overlay medium, and plaque
isolation was performed. All virus isolation procedures were
performed according to laboratory biosafety guidelines for
the MPXV by the KDCA in a biosafety level 3 facility.

Conventional PCR for the Detection of MPXV
Viral DNA was extracted from 200 μL of virus culture
supernatants using a QIAamp blood mini kit (Qiagen,
Hilden, Germany) following the manufacturer’s instructions.
Conventional polymerase chain reaction (PCR) was
performed with a selected primer set. The sequences of
the primer sets for conventional PCR were as follows: F3Lforward primer, 5'-CATCTATTATAGCATCAGCATCAGA-3',
F3L-reverse primer, 5'-GATACTCCTCCTCGTTGGTCTAC-3'
for the F3L gene; A39R-forward primer, 5'-TGGGATAACG
AATCCAATGTCA-3', A39R-reverse primer, 5'-GCGTGC
TTCCAGCAACACT-3' for the A39R gene [6]; 1995MPV
-forward primer, 5'-CTGATAATGTAGAAGAC-3'; 1995MPVreverse primer, 5'-TTGTATTTACGTGGGTG-3' for the B2R
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gene [8]; 1997MPV-forward primer, 5’-AATACAAGG
AGGATCT-3’; 1997MPV-reverse primer, 5'-CTTAACTTTTT
CTTTCTC-3' for the ATI gene [9]; HAOUT-forward primer,
5'-CCATTGGAAAAAACACAGTAC-3'; HAOUT-reverse
primer, 5'-CCAAATATATTCCCATAGTC-3' for the HA gene
[10]. The conventional PCR conditions were as follows: 94°C
for 2 minutes, 35 cycles of 94°C for 30 seconds, 50°C for 30
seconds, and 72°C for 30 seconds, followed by 72°C for 5
minutes.

Sequencing Analysis of the Conventional PCR Products
The PCR products were purified using a gel extraction kit
(Qiagen). Next, sequence reactions using the F3L, A39R,
1995MPV, 1997MPV, and HAOUT primers with the BigDye
Terminator Reaction Mix (Applied Biosystems, Foster City,
CA, USA) were performed. The reaction products were
purified using a BigDye Purification Kit (Applied Biosystems),
and sequence analysis was performed with a 3500xL Dx
Genetic Analyzer (Applied Biosystems) [11]. A nucleotide
blast was carried out with the sequencing results to confirm
whether the sequences matched those of MPXV.

Transmission Electron Microscopy
In order to observe virus particles, inoculated cells were
fixed with 0.1 M phosphate buffer (pH 7.4) containing 2%
paraformaldehyde and 2.5% glutaraldehyde. After the
fixation, a 3-mL drop of the fixed sample was adsorbed to
a glow-discharged formvar-coated 200-mesh copper grid,
washed with 3 drops of deionized water 3 times, and stained
with 2 drops of freshly prepared 0.5% uranyl acetate, and then
washed with deionized water and dry at room temperature.
The staining grid was observed with a transmission electron
microscope (Libra120; Carl Zeiss, Oberkochen, Germany) at
an acceleration voltage of 120 kV. To perform transmission
electron microscopy with sectioning, prefixed cells were fixed
sequentially with 0.1 M phosphate buffer (pH 7.4) containing
2% paraformaldehyde, 2.5% glutaraldehyde, and 1% osmium
tetroxide before negative staining. The fixed samples were
sectioned at 80 nm, followed by staining with 4% uranyl
acetate and 1% lead citrate. The prepared samples were
observed with a transmission electron microscope.

Results and Discussion
Virus Isolation
Of the specimens from the first patient, 2 specimens—the
skin lesion swab and the oropharyngeal plus nasopharyngeal
swabs—showed cytopathic effects (CPEs) on monolayers of
Vero E6 cells (Figure 1). In the inoculation of the skin lesion
swab, CPEs were observed after 36 hours on the monolayers.
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Figure 1. Cytopathic effects in Vero E6 cells after 36 to 48 hours. (A) Mock infected cells (B) Skin swab specimen-infected cells.

After 4 days, CPEs and detaching of cells were shown on
the entire area of the monolayers. Through subsequent
multiple passages and isolation of plaques, we obtained
culture suspension and infected cells from a single plaque
of the virus. The culture suspension and cells were used for
conventional PCR and electron microscopy, as described
in the following section. After confirmation of the virus
as MPXV, we named the virus MPXV-ROK-P1-2022. Virus
culture using the oropharyngeal plus nasopharyngeal
swabs showed similar results (data not shown).

M

1

2

3

4

3,000 bp
← ATI (1,550 bp)

1,500 bp
1,000 bp

← HA (1,171 bp)

500 bp

← B2R (405 bp)
← F3L (79 bp)
← A39R (70 bp)

Confirmation of MPXV by PCR
The isolated virus was confirmed as MPXV by PCR assays.
The conventional PCR assays with F3L primers for the F3L
gene, A39R primers for the A39R gene, 1995MPV primers
for the B2R gene, 1997MPV primers for the ATI gene, and
HAOUT primers for the HA gene were performed, followed
by Sanger sequencing. Conventional PCR revealed PCR
products of the expected sizes: 79 bp for the F3L gene, 70 bp
for the A39R gene, 405 bp for the B2R gene, 1,550 bp for the
ATI gene, and 1,171 bp for the HA gene, as shown in Figure
2. The Sanger sequencing results showed that sequences
of those genes were > 99% identical to previously reported
human MPXVs (OP022170.1, OP022171.1, OP018607.1) (data
not shown). Among the conventional PCR procedures, PCR
of the ATI gene with 1997MPV primers was designed to
distinguish 2 clades of MPXV—clade I (Congo-Basin clade,
450 bp) and clade II (West African, 1,550 bp) [8,12]—with
different PCR product sizes. As shown in Figure 2 the PCR
product of MPXV-ROK-P1-2022 showed a 1,550-bp product,
indicating that the virus belonged to the West African clade
(i.e., clade II).

Transmission Electron Microscopy
The transmission electron microscopy experiment revealed
MPXV-ROK-P1-2022 virus in Vero E6 cells. As shown in
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Figure 2. Conventional polymerase chain reaction products
of MPXV-ROK-P1-2022.

M, size maker; Lane 1, A39R; lane 2, F3L; lane 3, B2R; lane 4, ATI; lane 5,
HA; lane.

A

B

100 nm

200 nm

Figure 3. Electron microscopy of MPXV-ROK-P1-2022. (A)
Mulberry-shaped virion from cell culture. (B) Virus particle
(arrow) in an infected cell.

Figure 3, the virus itself or in the infected cells was visualized
as a typical mulberry-shaped particle, which is characteristic
of MPXV. In accordance with a previous report [13], the viral
particle diameters were about 150 to 200 nm.
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In summary, our results showed successful isolation
and identification of MPXV-ROK-P1-2022 from the first
monkeypox patient in Korea. The virus isolated using Vero
E6 cells was identified as MPXV by electron microscopy,
PCR, and sequencing. MPXV-ROK-P1-2022 will be used as a
reference strain for diagnosis by the KDCA.

3. Berthet N, Descorps-Declère S, Besombes C, et al. Genomic history

Notes

5. Wenham C, Eccleston-Turner M. Monkeypox as a PHEIC: implications

of human monkey pox infections in the Central African Republic
between 2001 and 2018. Sci Rep 2021;11:13085.
4. Johns Hopkins Center for Health Security. Monkeypox outbreak epi
updates [Internet]. Baltimore: Johns Hopkins Bloomberg School of
Public Health; 2022 [cited 2022 Aug 11]. Available from: https://www.
centerforhealthsecurity.org/resources/monkeypox/index.html.
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clinical research and practice. This category can include
consensus-based statements of reporting standards or
clinical practice guidelines.
• Data Profiles (including Cohort Profiles) present large
data sets from specific populations that could be
analyzed in epidemiological studies. Data Profiles
should be structured with the following headings in
the main text: Introduction, Collection, Data Resource
Use, Strengths and Weaknesses, and Access. Cohort
Profiles present up-to-date information about
large population-based cohorts for which long-term
data collection is planned. Data Profiles should be
structured with the following headings in the main
text: Introduction, Study Participants, Measurements,
Key Findings, Strengths and Weaknesses, and Access.
The main text of Data and Cohort Profiles is limited to
4,000 words, with an unstructured abstract of up to
200 words, a maximum of 7 tables and figures, and no
more than 40 references.
• Special Articles deal with topics or issues that are relevant
to public health, but without following a traditional study
format. For example, articles in this category may address
scientific methodology, wide-ranging ethical and social
issues, scientific methodology, or other scholarly topics.
Reports from consensus committees and working groups
can be published as Special Articles. This category has
a main text limit of 3,500 words, with an unstructured
abstract of no more than 200 words, a maximum of 7
tables and figures, and no more than 40 references.
• Brief reports deal with issues of importance to biomedical
researchers. The maximum length of the manuscript
should be 2,000 words, including tables and figures.
• Short communications follow the general rules of the
original article. The maximum length of the manuscript
should be 3,000 words, including tables and figures.
• Viewpoints may deal with almost any topic deemed
to be important in the fields of public health, ethics,
health law, prevention, or health policy, and are not
typically written in response to a specific article.
Viewpoints should have a clear focus and present
material in a well-organized and scholarly manner,
but should not contain novel research findings or
previously unpublished data. Although we welcome
unsolicited viewpoint contributions, we request that
authors contact the Editorial Office (ophrp@korea.kr)
prior to submission to confirm that the proposed topic
is suitable for the journal. The main text of Viewpoints
is limited to 3,000 words, with an unstructured abstract
of up to 150 words, a maximum of 4 tables and figures,
and no more than 30 references.
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• Editorials provide invited perspective on an area of
PHRP, dealing with very active fields of research, current
interests, fresh insights, and debates. An abstract is not
required and a brief unstructured text should be prepared.
Although editorials are normally invited or written by an
editor, unsolicited editorials may be submitted. Manuscript
limitations are 1,000 words and 20 references.
• Commentaries are brief articles with a narrow focus. The
journal commissions most commentaries, but unsolicited
commentaries will also be considered. Commentaries
may undergo peer review. The length of commentaries
should be limited to 1,000 words, 10 references, and 1 figure
or small table.
• Correspondence is a comment from readers regarding
a published article with a reply from the authors of the
article. Manuscript limitations are 500 words, 2 tables/
figures, and 5 references.
• Book reviews may be published. Please dispatch a book
to the editorial office if you think the book is essential to
public health personnel.

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

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

Main Body
• Introduction should provide concise yet sufficient
background information about the study to provide the
readers with a better understanding of the study, avoiding
a detailed literature survey or a summary of the results.
• Materials and methods should contain detailed procedures
of the study or experiment including investigation period,
methods of subject selection, and information on subjects
such as age, sex or gender, and other significant features,
in order to enable the experiment to be repeated. A procedure
that has been already published or standardized should be
described only briefly using literature citations. Clinical
trials or experiments involving laboratory animals or
pathogens must elaborate on the animal care and use and
experimental protocols, in addition to mentioning approval
from the relevant committees. The sources of special
equipment and chemicals must be stated with the name
and location of the manufacturer (city and country). All
statistical procedures used in the study and criteria for
determining significance levels must be described. Ensure
correct use of the terms “sex” (when reporting biological
factors) and “gender” (identity, psychosocial or cultural
factors). Unless inappropriate, report the sex and/or gender
of study participants, the sex of animals or cells, and
describe the methods used to determine sex or gender. If
the study involved an exclusive population (only one sex,
for example), authors should justify why, except in obvious
cases (e.g., prostate cancer). Authors should define how
they determined race or ethnicity, and justify its relevance.
Institutional Review Board approval and informed consent
procedures can be described as follows: The study protocol
was approved by the Institutional Review Board of OOO
(IRB No: OO-OO-OO). Informed consent was confirmed (or
waived) by the IRB.
• Results should be presented in logical sequence. Only
the most important observations should be emphasized
or summarized, and the main or the most important
findings should be mentioned first. Tables and figures
must be numbered in the order they are cited in the
text, kept to a minimum, and should not be repeated.
Supplementary materials and other details can be
separately presented in an appendix. The authors
should state the statistical method used to analyze the
results (statistical significance of differences) with the
probability values given in parentheses.
• Discussion should contain an interpretation and explanation
of the results and important aspects of the study, followed
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by the conclusions drawn from them. Information already
mentioned in the Introduction or Results sections should
not be repeated and the main conclusions of the study may
be presented in the discussion.
• Conclusion (if any) must be linked with the purpose of
the study stated in the abstract, and clearly supported
by the data produced in the study. New hypotheses may
be stated when warranted, but must be clearly labeled.

References
Authors are responsible for the accuracy and completeness
of their references and for correct text citations.
• References are presented with [ ] following a surname in
the main text, such as Kim [1] and Kim et al. [2]. When a
reference is cited within the content, it is shown as [3] or
[4,5] at the end. References should be searchable online.
• The last names and initials of all the authors (up to
3) should be included. For articles with more than 3
authors, list the first 3 authors only followed by “et al.”
• References cited in tables or figure legends should be
included in sequence at the point where the table or
figure is first mentioned in the main text.
• Do not cite abstracts unless they are the only available
reference to an important concept.
• Uncompleted work or work that has not yet been accepted
for publication (i.e., an “unpublished observation” or
“personal communication” should not be cited as a
reference). In the references list, references should be
limited to those cited in the text and listed in the order
in which they appear in the text. The journals should
be abbreviated according to the style used in the list of
journals indexed in the NLM Journal Catalog (http://www.
ncbi.nlm.nih.gov/nlmcatalog/journals).
• Use of DOI is highly encouraged. Note that missing data
will be highlighted at the proof stage for the author to
correct.
• Other types of references not described below should
follow the ICMJE Recommendations (https://www.nlm.
nih.gov/bsd/uniform_requirements.html).
Please refer to the following examples.
• Journal articles
1. Park AK, Kim IH, Kim J, et al. Genomic surveillance of
SARS-CoV-2: distribution of clades in the Republic of
Korea in 2020. Osong Public Health Res Perspect 2021;
12:37-43.
2. Hyun J, Lee JH, Park Y, et al. Interim epidemiological and
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clinical characteristic of COVID-19 28 cases in South
Korea. Public Health Wkly Rep 2020;13:464-74. Korean.
3. Gultekin V, Allmer J. Novel perspectives for SARS-CoV-2
genome browsing. J Integr Bioinform 2021 Mar 15
[Epub]. https://doi.org/10.1515/jib-2021-0001.
• Books
4. Riffenburgh RH, Gillen DL. Statistics in medicine. 4th
ed. London: Academic Press; 2020.
5. Miller DD. Minerals. In: Damodaran S, Parkin KL, editors.
Fennema’s food chemistry. 5th ed. Boca Raton, FL: CRC
Press; 2017. p. 627-80.
6. Ministry of Employment and Labor. Statistics on occupational
injuries and illnesses, 2008. Gwacheon, KR: Ministry of
Employment and Labor; 2009.
• Websites
7. World Health Organization (WHO). COVID-19 vaccines
[Internet]. Geneva: WHO; 2021 [cited 2021 Mar 15]. Available
from: https://www.who.int/emergencies/diseases/novel
-coronavirus-2019/covid-19-vaccines.
• Conference papers
8. Christensen S, Oppacher F. An analysis of Koza's computational
effort statistic for genetic programming. In: EuroGP 2002:
Proceedings of the 5th European Conference on Genetic
Programming; 2002 Apr 3-5; Kinsdale, IE. Berlin: Springer;
2002. p. 182-91.
• Dissertation
9. Park HY. The role of the thrombomodulin gene in the
development of myocardial infarction [dissertation].
Seoul: Yonsei University; 2000.

the data shown, explain abbreviations or reference points,
and identify all units, mathematical expressions, abscissas,
ordinates, and symbols.
Figures that are drawn or photographed professionally
should be sent as JPG or PPT files. However, if an article receives
approval for publication, files must be submitted as .tiff or
.pdf. Each figure must have a caption explaining the figure.
The preferred size of the images is 8 × 8 cm but 16.5 cm in
width × 8 cm in length is also acceptable. It is authors’ full
responsibility to submit images of sufficient quality for
accurate reproduction and to approve the final color galley
proof. All images must be correctly exposed, sharply focused,
and prepared in files of 500 dpi or more.
When tables and figures are mentioned together in the
text, they should be presented in parentheses as follows:
(Table 1; Figure 1), (Tables 1, 2; Figures 1−3).

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

FINAL PREPARATION FOR PUBLICATION
Final Version

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

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

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

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.

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