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- 2 AEA} QY }—t— FH2 A G4 AZ D 7Y EE 63)
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<20 0 A= AR L HH S AFLSIY, FEANU R 25 v
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©) FH534 IASE FFLL

7oA e EF AAE A3l 71 FAEE AR ¢

n2 9] BN Yol 98 719 AFL B A
AASD BEAE BT P& NSV L HBET 242 3

2 AFoA £
Statistics 26.0 for Windows (IBM Corp., Armonk, NY,
AFgste] BASGt. el wghe B

HgtE BEo] ¢

A= A=Y EA A= IBM SPSS

USA) Z2 73S

XE= McNemar-Bowker testS 53] 2%

olA 9] x}olE AATIAUTE. HAAS] BMI z-score, A|A|HF
B StEF4 AAL L 9L 4AFe P29 mrEde

UEH O™, paired t-testE &3 HE F2JZ2 2ol& AF
Shch Al 2 7b9] WS Aol one-
T Al Apol & HABIA L, AFEA2 Games-Howell
method AHESSITE. ThaAte) U BE B4 471 wshe
repeated measures ANOVAE 5l Al7ko] wE H3l7t o 71
off frelet Aot Al AAstn. iz 44 o=

way ANOVAZ 53

ol HolHE 245, 2F ddA & AAAS 4507
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B4 209 A% Hgte 3 A 19 ¥st
s TH|(n=450) XA E(n=44) HeHZE(n=331) WHHZE L H|ZHn=75)

H = p-value H k=3 p-value ™ z p-value H = p-value
Hjgke Y 0.001” N/A N/A
A% 44(9.8) 27(6.0) 44(100.0) 24 (54.5) 0(0.0) 3(09) 0(0.0) 0(0.0)
AAS 331(73.6) 344 (76.4) 0(0.0) 20 (45.5) 331(100.0)  315(95.2) 0(0.0) 9(12.0)
A% L uEt 750167 79 (17.6) 0(0.0) 0(0.0) 0(0.0) 133.9) 75(100.0) 66 (88.0)
AAFR S -0.1£1.2  0.0+1.1 <0.001° -195+0.27 -174+0.36 <0.001 -0.25+0.67 -0.16+071 <0.001  175+0.60 1.74+0.67 0.741

EEH

AANGE%) 215478 22947.6 <0.001° 12.78+3.32 14.47+3.85 <0.001 19.95+5.60 21.47+5.69 <0.001 33.49+4.22 33.96+4.84 0.160
o) W= (%), B+ EFEAL YvjutEE 2017 2ok 4ad AFE R whel E-dyd JAFA S0 et EFEHAGAHAF, ALFA S <5
WE O AAAE, AATFR G 5-84 B A5 A%, ADFAS 85-94W B H]Th, JAFR| 5 =958 B 95) VI1F U} vl W= McNemar—
Bowker testZ 0]&38}0o] 242 (p-value <0.05). Y1F U} H]IE paired t-testS ©]&8}0o] 2 4= (p-value <0.05). “Not applicable: ¥1%Eo] 0 &
gholal qlo] E4]o] E7Igh

(99%), SFiL2] AHF 36378(80%), A5 3645(80%)°]
Ao ZFE AT, A= FA AR Y ASS 7IEl®

20179 Aot AW AAEHO AE-AxE HAHFA S N

2~
T
w914 o1, 85 WMES e mh), WAIF o] F(85 WEF

1) H|2tE 21X

A A AASEE 4498(9.8%), BEAST 3318
(73.6%), HAIF o4t 758(16.7%)°1A o, A Fol&=
AAST 2778(6.0%), B4AST 3447(76.4%), TAS ©l
&t 79%8(17.6%E YetY SA A5 vinte E3271 {25}
Al H5t A THp=0.001).

2) ®MEEX|5 #EF(BMI z-score)

AdFA e E22-TE 34 F AAST(-1.95+0.27 —
-1.74%0.36, p<0.001)2} A/gAS(-0.25+0.67 — -0.16+
0.71, p<0.001)°1A S7FstR oy, AT ol4d(1.75£0.6
— 1.74+0.67, p=0.741)0ll4= F-2J5t #i5k7t §LQiet.
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85 -
S 80-
;’;.TJ 26 | p<0.05
O
R 70
30
51 651
B HASZ
60 AAEEL
—o— LHF Ol
55 T T T T 1

5 6

o,

O 3. EE 34 A5 s

3) HXIYE
AAGES T F AASH12.78+3.32% — 14.47+
3.85%, p<0.001)™ BdAE(19.95+5.60% — 21.47+
5.69%, p<0.001)°llA Z7tet vk, 3|5 o]AF+(33.49+
4.22% — 33.96+4.84%, p=0.160)4= Z71514] L3tct.

A
B = | e | —
o1 =1 =
1) stulgA MEH

M v A e A TS AMtste] 9 d34 &
A AFHEE A AR vlust 2, A A F EF F
OJ5HA Z7HFATHAH™ 3). AAFTE 63.7+110.0%01A
75.615.1% (p<0.001)Z, BAA G 68.8+11.7%°A
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ABSTRACT

Social and environmental factors such as families, schools, and communities are complexly involved in the growth of children
and adolescents. School is one of the best places to mediate because it is a place where students live for many hours of the
day and healthy lifestyles can be formed through various physical activities and school meals. Therefore, this study aimed
to scientifically the effect after establishing a school-based meal intervention and nutrition education model. A program
consisting of meal intervention and nutrition education was conducted for 6 months for 478 second and third graders of
elementary school. The effectiveness of the program was evaluated by dividing it into three groups according to weight
status. After intervention, there was a significant change in the distribution of obesity. The BMI z-score and body fat rates
in the underweight and normal weight groups increased, and there was no significant change in the overweight group. The
school meal intake rate increased significantly in all three groups, and some snack choices improved in terms of eating habits.
Through this program, it can be used as basic data for establishing a system for the formation and growth of proper eating

habits of children and adolescents and spreading and applying them in the field in the future.

Key words: Primary school; Obesity; School meal; Nutrition education
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Introduction

The prevalence of overweight and obesity in children and
adolescents in the Republic of Korea (ROK) has been on a
steady increase. According to the data released by the Ministry
of Education in 2020, one in four children and adolescents is

overweight [1]. Due to the prolonged COVID-19 pandemic,

www.phwr.org Vol 16, No 15, 2023

obesity treatments for children and adolescents increased rap-
idly in 2021. In 2019, the number of obesity treatments was
1,671 among children under the age of 9 and 2,141 among
teenagers. Moreover, in 2021, there were 3,102 cases under
the age of 9 and 4,457 cases among teenagers, corresponding
to an increase of 85.6% and 108.2%, respectively [2]. Obesity

in childhood and adolescence can persist into adulthood,
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Key messages
(D What is known previously?

The prevalence of overweight and obesity among Korean
children and adolescents is increasing. Schools are the
most suitable places for intervention because they form
desirable lifestyles through meals and physical activities.
However, such research is insufficient in Korea.

(@ What new information is presented?

Through school-based meal service and nutrition educa-
tion intervention, it showed a positive change in percep-
tion of school meals and healthy eating habits, and in-
creased the proportion of normal weight, proving that it
is effective for proper growth.

(® What are implications?

In Korea, school-based meal and nutrition education
programs were developed and the effects were identified,
which can be used as basic data for policy establishment.

and it is a major cause of chronic diseases and complications.
Therefore, it is important to develop strategies for the preven-
tion and management of obesity.

The result of the student health examination sample sur-
vey conducted by the Ministry of Education showed that in the
past 5 years, negative eating habits among elementary school
students, such as skipping of breakfast (3.9% in 2015 to 5.6%
in 2019), fast food intake (62.9% in 2015 to 68.6% in 2019),
and beverage intake (74.6% in 2015 to 80.9% in 2019) have
increased, whereas positive eating habits, such as daily intake
of vegetables (31.9% in 2015 to 27.9% in 2019) and daily in-
take of milk and dairy products (51% to 45% in 2015) have
decreased [1]. In addition, outdoor activities were restricted
because of the COVID-19 pandemic, which decreased physical
activity. Negative eating habits and insufficient physical activity

are not only risk factors for obesity, but can also affect normal
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growth and development; hence, systematic management of
proper eating and lifestyle habits during the growing period is
essential.

A school is where children and adolescents spend most
of their time during the day, and a desirable lifestyle can be
formed through meals and physical activities. School-based
programs are very important for managing risk factors be-
cause social and environmental factors, such as family, school,
and community, have a complex effect on proper growth.
According to a previous study, the school-based obesity pre-
vention program for children and adolescents was found to be
effective not only in preventing obesity but also in forming a
healthy diet [3]. However, currently, there is a lack of school-
based food service and nutrition-related programs in the ROK,
and studies on school-based dietary and lifestyle interventions
are also lacking.

Therefore, this study aimed to (1) develop and implement
a school-based health promotion meal and nutrition education
program that can be applied to children and adolescents, (2)
verify the effect of the developed program, and (3) suggest a
protocol for expanding and applying the developed program.

Methods

1. Study subjects

The purpose of this study was explained to elementary
schools in the metropolitan area, and students were recruited
from the participating schools. Among 2nd and 3rd grade stu-
dents at M Elementary School in Gangdong-gu, Seoul, who
expressed their intention to participate, 478 students were
enrolled in the program after the students and their parents/

guardians voluntarily completed a consent form.
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2. Meals and nutrition education program 1) Meal service intervention

The program involved 6 months of meal service and nutri- (1) Development of an obesity risk assessment tool for
tion education (Figure 1). The meal service intervention com- meal service
prised obesity risk assessment of school lunches, healthy menu School meal services in the ROK are operated according
development, and meal intake monitoring (Table 1). The nu- to the School Meals Act [4]. The School Meals Act’s Nutrition
trition education included topics to form good eating habits Management Standards outline the requirements for provid-
using various media, such as card news, webtoons, and videos ing adequate nutrition in terms of energy, protein, vitamins,
to increase students’ interest (Table 2). and minerals, taking into account age and gender. The Diet

1M 2M 3M 4M 5M 6M

Development of an obesity risk
assessment tool for school meals

Underweight Healthy menu development %

School meals Distribution of school
intervention meal information

Improving the environment

Monitoring school meal intake

children

Online cooking class %

Taste education

Healthy diet education for m

Nutrition
education

Training on getting the right
information

Overweight
obesity

Mindful eating
Figure 1. Overview of school-based

Nutrition education with family program for preventing obesity in
children and adolescents

Table 1. The school meal intervention program for preventing obesity in children and adolescents

Program Contents
Development of an obesity risk - Development of a tool for evaluating obesity risk in school meals
assessment tool for school meals - Inspection and improvement of school meals
Monitoring school meal intake - Measurement and analysis of school meal intake using artificial intelligence food scanner
Healthy menu development - Development of 6 health menus reflecting the results of menu preference and obesity
risk assessment
Distribution of school meal - Dissemination of school meal information on obesity prevention and proper growth to
information households
Improving the environment - Post nutritional information such as food composition bicycles and this month’s menu

on the cafeteria bulletin board
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Table 2. The nutrition education program for preventing obesity in children and adolescents

Program

Contents

Online cooking class

Taste education

Training on getting the right
information times)

Mindful eating

overeating

Nutrition education with family

Healthy diet education for children - Implementation of customized education for the lower grades of elementary school to
form a proper diet (6 times)

- Topics: forming proper eating habits, choosing healthy food, and preventing obesity.

- Utilizing various digital media such as webtoons and animations to induce students’
interest and repeat learning at home.

- Develop a health menu that can be practiced at home

- Cooking class video production and home distribution (6 times)

- Providing information on recipes and nutritional ingredients by menu

- Implementation of taste education to increase students’ intimacy with vegetables and
fruits with low preference (6 times)

- Complete a diary of the growth of sprout vegetables at home

- Implementation of fruit and vegetable education expressed with five senses in schools

- Implementation of media literacy education to acquire information discernment (2

- Topics: finding the right nutrition information in the media, practicing media literacy
- Provide mindfulness meal education to focus on meals (2 times)
- Training on five ways to eat to prevent negative eating habits such as binge eating and

- Conducting seminars for family members for family-linked education (2 times)
- Topic: understanding my child’s temperament, eating method for proper growth

Management Standards specify the recommended frequency
of serving fried foods and strategies for reducing sugar and so-
dium intake [5]. Therefore, the researchers in this study de-
veloped an obesity risk assessment tool (Obesity Related Risk
Ranger, ORRR) using the nutritional factors that affect obesity
and the criteria presented in the School Meals Act through a
literature review [6-9]. Four items were evaluated, which in-
cluded the use of high-risk food ingredients related to obesity
[G], the total amount of added sugars [7], the total amount of
sodium [8], and the total amount of fat [9]. For the item ‘Use
of high-risk food ingredients related to obesity,” 5 points were
given when two or more ingredients were used and 3 points
were given when one ingredient was used. Before providing
meals, the risk of obesity for daily meal menus was evaluated
and scored and then added up weekly to evaluate the risk of

obesity in the diet (low risk <30 points, normal 30-60 points,
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high risk >60 points) (Table 3). Among the diets evaluated by
this tool, the high-risk diets were adjusted before providing

meals in consultation with nutrition teachers.

(2) Monitoring of meal intake

The meal intake of the students was measured daily with an
artificial intelligence food scanner (Figure 2). The food scanner
used in this study was the AI Nuvi Scanner (Nuvi Lab, Seoul,
Korea), which measured the amount of food on a plate by vol-
ume through artificial intelligence technology and then calcu-
lated the amount of food intake by using the amount of food
served and leftovers. The accuracy of food classification and
volume measurement by the food scanner has been verified by
the Korea Telecommunications Technology Association.

Before serving, a standard diet prepared according to the

standard recipe was put on a plate and scanned. Next, the
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Table 3. Obesity Related Risk Ranger (ORRR)
Category Standard Score
Use of high-risk food ingredients =Use more than two high-risk groups +5
Use one high-risk groups +3
No use high-risk groups 0
Total added sugar contents =10% of total calories +5
<10% of total calories 0
Total sodium contents (mg) >700 +5
<700 0
Total fat contents (g) >20 +5
<20 0
Results” Low: <30, Medium: 30—-60, High: >60
“The obesity risk score for school meals per day is calculated, and the combined value is calculated and evaluated on a weekly basis.

Eating habit &  Solutions to reduce o timizing the
Preference theamount of oy

analysis leftovers (Data

Figure 2. Measurement of food
and energy intakes using an artifi-

afor ameai [g]) * Calories 5]

cial intelligence food scanner

nutrient information was entered to establish a database of
nutritional components by volume of all meal menus. Before
and after meals, students scanned the food trays themselves
and used electronic tag bracelets with personal information.
After calculating the amount of intake by excluding leftovers

from the amount of food measured with a food scanner, the

www.phwr.org Vol 16, No 15, 2023

amounts of nutrients consumed by the students were recorded
into a database.

The adequacy of school lunch intake was evaluated as a
percentage of the actual intake based on the estimated or rec-
ommended intake presented in the Nutrient Intake Standards

for Koreans [7]. Parents and students directly checked the
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analyzed results in real-time through the food scanner app, and
the individual comprehensive analysis results were distributed

to households every month.

(3) Development and provision of a healthy menu
Six healthy menus were developed and provided as school
lunches using the results of a preference survey on existing

school meal menus and an obesity risk assessment tool.

(4) Distribution of letters on meal information
Letters containing meal information for obesity preven-
tion and proper growth, such as the importance of healthy eat-
ing habits to prevent obesity, dietary tips that can be practiced
in real life, and the introduction of healthy menus provided at

schools, were distributed to households once a month.

(5) Improvement of the meal service environment
To improve the exposure and accessibility of students to
nutrition information, the meal service environment was im-
proved by posting nutrition information, such as food compo-

sition and monthly menus, on the cafeteria bulletin board.

2) Nutrition education

A theoretical evidence-based nutrition education proto-
col was established through a literature review of studies in the
ROK and other countries. To change the behavior of the stu-
dents towards food, the ‘social cognitive theory’ was adopted to
explore the personal and environmental factors. New concept-
oriented education models, such as mindful eating and media
literacy, were introduced. The educational topics were orga-
nized to address important eating habits for elementary school

students, such as forming good eating habits, selecting healthy
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food, preventing obesity, and promoting a preference for veg-
etables and fruits. In addition, to maximize the effect of educa-
tion, various educational materials, such as webtoons, anima-
tions, card news, and videos that suited the target audience,
were provided. Media-based nutrition education using differ-
ent resources, such as webtoons and animations, was conduct-
ed more than twice a month, and in-person classes were con-

ducted twice.

(1) Education on healthy eating to suit the target
audience

To form a healthy eating life, educational content tailored

to the level of the students at the lower grades in elementa-
ry schools was developed and taught a total of six times. The
educational topics comprised good eating habits, selection of
healthy food, and obesity prevention. Various digital media,
such as webtoons, animations, and card news, were produced
to stimulate students’ interest and for repeated learning at

home.

(2) Online cooking class
After developing a healthy menu that can be used at home,
a cooking class video was produced and distributed to house-
holds. A culinary expert conducted the cooking class, provid-
ing information on recipes and nutritional information for

each menu.

(3) Taste education
Vegetables and fruits are less preferred by students; hence,
a total of six sessions of taste education were conducted to in-
crease students’ interest in this class of food. Students kept dia-

ries on vegetable growth observation through the ‘Growing
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Sprout Vegetables’ activity at home and the ‘Fruits and Vegeta-
bles Expressed with the Five Senses’ activity at school, which
improved their familiarity with vegetables and fruits and in-

creased actual intake.

(4) Training to acquire correct information
Two training sessions on media literacy were conducted
to educate students on how to discern information indiscrimi-
nately provided by the media. Card news was produced and
used under the themes of ‘Finding the right nutrition informa-

tion in the media’ and ‘Practice media literacy.’

(5) Education on mindful eating
The students were educated on mindful eating to teach
them how to fully appreciate and savor the color, smell, and
texture of food while eating. Through this process, five eating
methods that can prevent negative eating habits, such as binge

eating and overeating, were taught twice.

(6) Nutrition education with family
To link with activities at home, two seminars were held for
family members on ‘Understanding my child’s temperament’

and ‘How to eat for proper growth.”

3. Evaluation of program effectiveness

To evaluate the program’s effectiveness, body measure-
ments, including height and weight, eating habits, and lifestyle
surveys through questionnaires were conducted before and
after the intervention. School lunch and nutrient intake were

measured daily and evaluated as monthly averages.
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4. Statistical analysis

Statistical analysis of the data collected in this study was
conducted using the IBM SPSS Statistics 26.0 for Windows
(IBM Corp., Armonk, NY, USA). The obesity distribution was
tested for significant differences in before and after using the
McNemar-Bowker test. The BMI z-score, body fat percentage,
school meal intake rate, and nutrient intake were calculated
and expressed as meantstandard deviation, and significant dif-
ferences before and after the intervention were tested through
paired t-tests. The significant differences among the three
groups were tested by one-way ANOVA, and the Games—
Howell method was used for post-hoc analysis. Changes in
the average monthly meal intake of the subjects were tested
through repeated measures ANOVA to see if there were sig-
nificant differences between the groups over time. The snack
preference was described as a percentage of the response,
and the significant difference in response distribution before
and after the intervention was tested through the McNemar—
Bowker test. The significance level of all statistics was tested at

the p<0.05 level.

Results

Of the 478 students who agreed to participate in the study,
455 subjects were included in the analysis, excluding 23 who
dropped out. Among the final subjects, 450 students (99%)
were included for the analysis of body measurements, 363 stu-
dents (80%) for the analysis of school meal intake, and 364
students (80%) for the analysis of eating habits. Based on the
weight at the start of the intervention, the subjects were clas-
sified as underweight (<5th percentile), normal weight (5th

percentile, <85th percentile), or overweight (=85th percentile)
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Table 4. Changes in obesity related variables before and after program

) All (n=450) Underweight group (n=44) Normal weight group (n=331)  Overweight and obese group (n=75)
Variable Before After  p-value Before After p-value Before After p-value Before After p-value
Obesity 0.001" N/A? N/A N/A
degree”
Underweight 44 (9.8) 27 (6.0) 44(100.0) 24 (545) 0(0.0) 3(0.9) 0(0.0) 0(0.0)
Normal weight 331 (73.6) 344 (76.4) 0(0.0) 20 (45.5) 331(100.0)  315(95.2) 0(0.0) 9(12.0)
Overweight 75(16.7) 79 (17.6) 0(0.0) 0(0.0) 0(0.0) 13(3.9) 75(100.0) 66 (88.0)

and Obesity

BMI z-score ~ —0.1£1.2  0.0%1.1 <0.001° -1.95+0.27 -1.74#0.36 <0.001 -0.25+0.67 -0.16+0.71 <0.001 1.75£0.60  1.74+0.67 0.741
Body fat 215+7.8 229+7.6 <0.001° 12.7843.32 14.47+3.85 <0.001 19.95+5.60 21.47+5.69 <0.001 33.49+4.22 33.96+4.84 0.160
mass (%)

Values are presented as number (%0 or mean+standard deviation. “Obesity degree was classified according to the percentile by gender and
age in the 2017 Children and Adolescent Growth Chart of the Korea Disease Control and Prevention Agency (underweight, body mass index
[BMI] <5th percentile; normal weight, BMI 5-84th percentile; overweight, BMI 85-94th percentile; obesity, BMI >95th percentile). ”Sig-
nificant difference within the groups by McNemar—Bowker test at p-value <0.05. “Significant difference within the groups by paired t-test at

p-value <0.05. “Not applicable: not analyzed mbecause frequency contains zero.

according to the percentile of BMI by gender and age in the

2017 Pediatric Growth Chart.

1. Changes in the obesity-related indicators
Table 4 shows the comparison of the obesity-related indi-

cators before and after the program.

1) Obesity distribution
Before the intervention, 44 (9.8%) were in the under-
weight group, 331 (73.6%) in the normal weight group, and
75 (16.7%) in the overweight group. After the intervention,
27 (6.0%) were in the underweight group, 344 (76.4%) in
the normal weight group, and 79 (17.6%) in the overweight
group, and the distribution of obesity before and after inter-

vention changed significantly (p=0.001).

2) BMI z-score
The BMI z-score increased after the intervention in the un-
derweight group (-1.95+0.27 — -1.74+0.36, p<0.001) and
normal weight group (-0.25+0.67 — -0.16£0.71, p<0.001),
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but not significantly in the overweight group (1.75+0.6 —
1.74%0.67, p=0.741).

3) Body fat percentage
After the intervention, body fat percentage increased in the
underweight group (12.78+3.32% — 14.47+3.85%, p<0.001)
and normal weight group (19.95+5.60% — 21.47+5.69%,
p<0.001), but not in the overweight group (33.49+4.22% —
33.96+4.84%, p=0.160).

2. School meal intake and eating habits
1) School meal intake

The average monthly food intake rate before and after
the intervention were compared, and the results showed that
there were significant increases in all the three groups after
the intervention (Figure 3). Food intake in the underweight
group increased from 63.7+10.0% to 75.6+5.1% (p<0.001),
in the normal weight group, it increased from 68.8+11.7%
to 76.8+6.0% (p<0.001), and in the overweight group, it in-
creased from 75.2+10.9% to 78.5+6.2% (p=0.011). The meal
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intake increased by 11.9+7.7% in the underweight group,
8.0£10.6% in the normal weight group, and 3.31£9.5% in the
overweight group (p<0.001).

As the food intake increased, the intake of most nutrients
also increased in all the three groups (Table 5). Comparing be-
fore and after the intervention, energy intake increased from
333.24+64.4 keal to 424.8+38.1 kcal (p<0.001) in the un-
derweight group, from 352.9+65.1 keal to 438.0+49.5 kcal
(p<0.001) in the normal weight group, and from 403.0+£59.2
keal to 464.6+51.2 kcal (p<0.001) in the overweight group.

The increase rate was 31.1£21.8% in the underweight group,

85

80
p<0.05
75 A

70 4

65

Underweight
Normal weight
—e— Overweight obesity
T T T 1

0 3 4 5 6
Month

60

Monthly intake rate change (%)

55

Figure 3. Change of monthly intake rate

which was larger than that of 17.9+22.7% in the overweight
group (p=0.007). Comparing before and after the interven-
tion, fat intake was significantly increased in the underweight
group (9.4+2.1 g — 11.2+£1.6 g, p<0.001) and the normal
weight group (10.2+2.2 g — 11.2+2.0 g, p<0.001), but not in
the overweight group (12.1£2.0 g— 12.2+1.8 g, p=0.810).

2) Snack preference

After the intervention, preference for natural foods, such
as fruit, milk, and dairy products, increased in both the normal
weight group and the overweight group (normal weight group:
27.8% — 31.7%, p<0.001; overweight group: 23.1% — 34.2%,
p=0.048). Moreover, the preference for sugary foods decreased
in the two groups (normal weight group: 24.1% — 19.6%,
p<0.001; overweight group: 25.6% — 22.2%, p=0.048). In
particular, the preference for instant, fast, and snack food in the

overweight group decreased from 20.5% to 12.8% (p=0.048).

Table 5. Comparison of school meal intake rate before and after program
All (n=363) Underweight group® (n=36) Normal weight group® (»=271)  Overweight and Obese group’ (n=56)
Variable p-value”
Before After  p-value®  Before After  p-value®  Before After  p-value®  Before After  p-value®
School meal  69.3+11.7 769459  <0.001 63.7+10.0 75.6+51 <0.001 68.8+11.7 76.8+6.0 <0.001 7524109 785+6.2  0.011 <0.001
%) (c<a.c<b)
Energy 358.6£67.0 440.8449.8 <0.001 333.2+64.4 424.8+38.1 <0.001  352.9+65.1 438.0+49.5 <0.001 403.0£59.2 464.6£51.2 <0.001 ~ 0.007
(keal) (c<a,c<b)
Carbo- 52.7£9.7 689477  <0.001 497495  659+6.0 <0.001 519495 68.6£7.6  0.001 583+8.6 72380 <0.001  0.046
hydrate (g) (c<b)
Protein (g)  14.843.0 17.7£27 <0.001 13.6+£2.7 16.8£1.8 <0.001 14.6£29 17.6£2.8 <0.001 16.8+£27 18.6+25 <0.001  0.018
(c<a,c<b)
Fat (g) 104423 114420 <0.001 94+2.1 112416 <0.001 10.2£2.2  11.242.0 <0.001 12.1£2.0 12.2+1.8 0.810  0.005
(c<a)
Calcium 88.1£195 96.8+£21.4 <0.001 81.2£13.8 93.0+154 0.001 80.6£19.2 97.2421.6 <0.001 99.7£19.6  97.6%235 0562  0.002
(mg) (c<a,c<b)
Values are presented as meanzstandard deviation. “Significant difference within the groups by paired t-test at p-value <0.05. ”Significant
difference in the rate of change between the groups by one-way ANOVA at p-value <0.05. **Post-hoc analysis results by Games—Howell
method.

www.phwr.org Vol 16, No 15, 2023

461


http://www.phwr.org

PHWR

Discussion

This study developed a school-based meal service and nu-
trition education program based on nutritional and clinical
evidence and evaluated the effects on the proper growth of
elementary school students. The program, which comprised
meal service and nutrition education, was tailored to the level
of the students, and the results showed that their meal intake
and eating habits in terms of snack preference improved. After
the intervention, the proportion of normal-weight students in-
creased, and the BMI z-score and body fat percentage increased
in the underweight and normal-weight students, whereas there
was no change in the overweight students. This suggested that
the program improved the weight of the students.

The analysis of the obesity rate of the subjects before the
program showed that 16.7% of the students were overweight,
which was slightly lower than the overweight rate of elemen-
tary school students in the ROK (24.7%) presented in the 2019
Student Health Examination Sample Statistics’ [1]. The per-
centage of underweight students was 9.8% in this study, which
was higher than the previously reported underweight rate of
elementary school students in the ROK (5.5%). Therefore, the
program involved trainings and activities for improved growth
and healthy eating habits in elementary school students rather
than obesity intervention.

Because the students were able to know actual their growth
rate and obesity level through body measurements conducted
before the program, they were able to selectively acquire infor-
mation suitable for them according to their obesity level during
the 6-month tailored nutrition education. Although the school
could not provide different meal menus based on the degree

of obesity, it appears that the knowledge acquired through

462

education while monitoring their meal intake daily with an ar-
tificial intelligence food scanner could lead to actual behavioral
change. In addition, this program provided media-based nu-
trition education materials to students and their main caregiv-
ers for 6 months, conducted nutrition education during school
classes, and repeatedly organized nutrition education and sem-
inars for the families of the students. The effect of the program
on students’ eating habits could be maximized by multifacto-
rial intervention.

The school-based meal service and nutrition education
program developed in this study can facilitate healthy growth
of children in elementary schools. However, social, econom-
ic, and policies should be formulated to expand the program
to more institutions. The results derived from this study can
be used as primary data for establishing systems and policies
for the formation of healthy eating habits to facilitate proper

growth of children and adolescents in the future.
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). MPXV=Monkeypox virus.
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Isolation and Whole Genome Analysis of
Monkeypox virus from a Patient with Mpox

Minji Lee, Jin-Won Kim, Chi-Hwan Choi, Hwachul Shin, Myung—Min Choi, Sang Eun Lee, Hwajung Yi, Yoon-Seok Chung*

Division of High—-Risk Pathogens, Bureau of Infections Disease Diagnosis Control,
Korea Disease Control and Prevention Agency, Cheongju, Korea

ABSTRACT

Monkeypox virus (MPXV), a zoonotic pathogen that causes mpox (monkeypox), was endemic to Africa with sporadic
outbreaks. However, since May 2022, outbreaks of mpox have occurred in non-endemic regions, including the USA and Asian
countries. Between May and June 2022, the mpox test (developed in 2016 by Korea Disease Control and Prevention Agency)
was precisely reevaluated for provision against the import and outbreak of MPXV-2022. Furthermore, on 11 July 2022,
we completed the expansion of laboratory capacity for the diagnosis of mpox to 18 regional laboratories through education
regarding the mpox test protocol and distribution of test reagents. The first case of mpox in the Republic of Korea was
confirmed on 22 June 2022 using the mpox test, and the virus was isolated from the specimens of the first identified patient
with mpox for electron microscopic imaging and whole genome analysis. Electron microscopic images revealed that the isolated
virus had a mulberry-like appearance, which is the typical morphology of poxviruses. Moreover, whole genome sequencing
confirmed that the isolated virus belonged to clade IIb lineage B.1.1 of West African origin, the currently prevalent MPXV.
The isolated viruses and their genetic information may be useful not only in understanding the pathogenesis of mpox but also

in developing vaccines, therapeutic reagents, and diagnostic tools against it.

Key words: Mpox; Monkeypox virus; Pathogen; Whole genome sequencing

*Corresponding author: Yoon—-Seok Chung, Tel: +82-43-719-8270, E-mail: rollstone93@korea.kr

Introduction

Mpox, previously known as monkeypox, is a zoonotic dis-
ease caused by the Monkeypox virus (MPXV). Since its first
identification in humans in 1970, MPXV infections have
sporadically occurred in Africa. However, since May 2022,
the disease has spread to nonendemic areas, resulting in over

84,000 confirmed cases in 92 countries, including Europe, the

470

United States, and 19 Asian countries (India, Singapore, Japan,
Thailand, the Philippines, Taiwan, the Republic of Korea
[ROK], China [including Hong Kong], Vietnam, Sri Lanka,
Indonesia, and eight Middle Eastern countries) as of February
15, 2023, according to the US Center for Disease Control and
Prevention (CDC). MPXV is divided into two clades: Congo
Basin and West African clades. The West African clade is re-

sponsible for the global outbreak in 2022.
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Key messages
(D What is known previously?

Since May 2022, the outbreak and spread of mpox have
occurred in non-endemic regions, such as the USA,
Europe, and Asian countries. On 22 June 2022, the first
case of mpox in the Republic of Korea was confirmed
using the mpox test developed by KDCA.

(@ What new information is presented?

Using whole genome analysis, we elucidated that the
MPXV isolated from the first identified patient in the
Republic of Korea belonged to clade IIb lineage B.1.1
of West African origin, which is the currently prevalent
MPXV.

(® What are implications?

To understand the precise pathogenesis of MPXV-2022,
monitoring and analyzing the genetic information of vi-
ruses isolated from patients with mpox is necessary.

Previously, the West African clade was known to have low-
er infection and fatality rates than the Congo Basin clade, and
MPXV was generally evaluated to have a basic reproduction
number (R,) lower than 1. However, epidemiological reports
revealed that the R, for MPXV-2022 is greater than 1 among
men who have sex with men [1]. In addition, some cases of
mpox outbreaks that occurred after 2022 have shown slightly
different clinical symptoms compared to those of mpox out-
breaks that occurred before 2022 [2,3]. The cause of these
unusual characteristics observed in the post-2022 mpox out-
breaks is expected to be determined through an analysis of the
viral genetic information and characteristics. To prepare for
epidemiological crises, it is necessary to secure the causative
agent and conduct genetic and other characteristic analyses.

The Korea Disease Control and Prevention Agency (KDCA)

www.phwr.org Vol 16, No 15, 2023

obtained the causative pathogen by culturing the MPXV iso-
lated from specimens from the first Korean patient with mpox
and analyzed the characteristics of the isolated MPXV using

electron microscopy and whole genome analysis.

Methods

Data released by the World Health Organization and CDC,
as well as the guidelines and reports from the KDCA, were uti-
lized in this study.

Division of High-Risk Pathogens in the KDCA performed
real-time polymerase chain reaction (PCR) to identify the first
confirmed case of mpox in the ROK. Then, the sample from
the patient was inoculated into Vero E6 cells for isolation and
cultivation of MPXV. The isolated and cultured MPXV had a
mulberry-shape, a morphological characteristic of poxvirus,
observed using electron microscopy (Libral20; Carl Zeiss).
Additionally, the full-length gene sequence was obtained using
next-generation sequencing (Illumina MiSeq System; Illumina)

technology, which confirmed the presence of MPXV.

Results

1. Confirmation of the first patient with mpox in

the Republic of Korea using RT-PCR

Given that the clinical symptoms of mpox are similar to
those of other rash-causing infectious diseases, distinguishing
mpox by clinical symptoms alone is difficult, and laboratory
diagnostic tests are necessary for accurate diagnosis. In addi-
tion, in post-2022 outbreaks, some patients do not manifest
rashes, a characteristic of mpox. In the first confirmed case in

the ROK, lesions without mpox-specific rashes were observed
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Figure 1. The target regions of the mpox diagnostic test developled by KDCA on the MPXV genome
MPXYV has a linear DNA genome (about 197 kbs) of double strand. The diagnostic target regions of the mpox test (real-time PCR) developed by

KDCA are shown in red arrows (central conserved region, genome region involved in basic fuctions such as replication and assembly of virion;

terminal regions, genome regions involved in virus virulence and immune evasion; ITR, DNA structure found at the end of some replicons and

essential for the stability and replication of the replicon). ITR=inverted terminal repeat; KDCA=Korea Disease Control and Prevention Agency;

MPXV=Monkeypox virus; PCR=polymerase chain reaction.

on the genital tract, thereby classifying the patient as a sus-
pected mpox case based on epidemiological relevance [2-4].
Skin lesion fluid, crusts, oropharyngeal smear, and blood speci-
mens were collected for diagnostic testing. Nucleic acids were
extracted from the collected specimens, and RT-PCR was per-
formed. With the MPXV-specific gene (F3L) amplified and
detected, the patient was confirmed to have mpox (Figure 1).
In addition, the MPXV genes (ATI and B2R) were amplified
from the PCR products and sequenced (Figure 2). Sequencing
revealed that these PCR products matched the MPXV gene se-
quence by more than 99%, confirming the presence of MPXV

in the patient’s specimens [3].

2. MPXYV isolation and cultivation

The KDCA isolated and cultivated MPXV using the skin
lesion fluid specimen from the first patient with mpox in the
ROK. To isolate and cultivate the virus, the Vero E6 cell line
was utilized, and an antibiotic cocktail (penicillin, streptomy-

cin, and nystatin) at a 4:1 ratio was added to prevent bacterial
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Figure 2. Conventional polymerase chain reaction (cPCR)
products of specimen

Agarose gel electrophoresis after cPCR. M, size maker; Lane 1,
A39R; lane 2, F3L; lane 3, ATT; lane 4, B2R.

and fungal contamination in the specimens collected from the
virus transport medium (VIM). After allowing the contents
of the mixture to react for 30 minutes at 4°C, the reaction and
culture solutions containing 2% fetal bovine serum were mixed
at a ratio of 3:1 and then inoculated into the cells. The cells
were incubated at 37°C and 5% CO, for 1 hour. The success of

virus isolation and cultivation using this cell culture technology
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was confirmed by observing the cytopathic effect (CPE) caused
by viral infection. Vero EG cells inoculated with the specimens
from the first Korean patient with mpox showed CPE after ap-
proximately 36 hours of inoculation (Figure 3). Viruses were
harvested by repeatedly freeze thawing the cells in which CPE
was observed. The pure lines of viruses were isolated using sin-
gle plaque isolation technique. Then, Vero EG cells were infect-
ed with the pure lines of MPXV, and RT-PCR was performed
on the infected cells to detect MPXV-specific genes (F3L) using
nucleic acids extracted from the patient's specimens. Finally,
the PCR products obtained by amplifying MPXV target genes
(BZR, ATI) were sequenced, and the analysis confirmed more
than 99% homology with the MPXV gene nucleotide sequence
(OP022170.1, OP022171.1, and OP018607.1). This MPXV
obtained through isolation and cultivation in the ROK was

named MPXV-ROK-P1-2022 [5].

3. Morphological analysis of MPXV using electron
microscopy
MPXYV particles are oval- or brick-shaped and approxi-
mately 200 by 250 nm in size, and electron microscopy can
be performed for the morphological analysis of MPXV [6].
Although morphological analysis through electron microscopy

is a classical pathogen identification method and can be used

as an auxiliary means of diagnosis, differentiating morphologi-
cally similar viruses is difficult, making it difficult to confirm
the diagnosis through morphological analysis alone. MPXV is
morphologically similar to other orthopox viruses, and elec-
tron microscopy can be used as an auxiliary means of diagnos-
tic testing. Vero EG cells, which were infected with MPXV iso-
lated from the first patient with mpox in the ROK, were fixed
with a fixative solution and observed under an electron micro-
scope. Results confirmed the presence of mulberry-shaped vi-

rus particles, which are a typical form of poxvirus (Figure 4) [5].

4. MPXV genome sequencing

MPXV isolated from the first Korean patient with mpox
was analyzed using next-generation sequencing technology
based on the Illumina MiSeq sequencing platform to obtain
a full-length gene sequence (Genebank assessment number:
OP204857). The resultant paired-end reads were used to ob-
tain the genome sequence using two methods: reference-based
and de novo assembly. In reference-based assembly, the paired-
end reads were mapped to the reference genome (Genbank:
NC_0063383) to reconstruct the genome sequence. In de novo
assembly, the overlapping paired-end reads were stitched to-
gether to complete the genome sequence. The obtained ge-

nome sequence had a length of 197,000 bp and a sequencing

Figure 3. Cytopathic effects in Vero EG cells infected with MPXV

The cytopathic effects were detected in MPXV-inifected Vero E6 cells 36 hours after infection with the specimen of an Mpox patient. (A)

Normal (10x). (B) MPXV-infected (10x). MPXV=Monkeypox virus.

www.phwr.org Vol 16, No 15, 2023
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Figure 4. Electron microscopic images of the MPXV isolated from the first patient with mpox
The viral particle of mulberry-shape is indicated in white arrowa in the infected cell. In order to observe virus particels, cells were fixed with 0.1M

phosphate buffer containing paraformaldehyde, and then fixed samples were stained with uranyl acetate solution. MPXV=Monkeypox virus.
Reused from the article of Kim et al. (Osong Public Health Res Perspect 2022:13:308-11) [5].

depth of 397X, and no specific genetic structural variations
were found.

MPXV is classified into three clades: Congo-Basin strains
(Clade I) and West African strains (Clades ITa and IIb) that are
prevalent in the central and western regions of Africa, respec-
tively [7]. MPXV prevalent from 2017 until recently is classi-
fied as clade IIb, of which most cases have been identified as B.1
lineage of clade IIb, with some cases that occurred in the US in
2022 confirmed as A.2 lineage of clade IIa [6]. Phylogenetic
analysis using Nextatrain revealed that the MPXV from the
first patient with mpox in the ROK belongs to B.1.1 lineage
of clade IIb and confirmed that it is most homologous to the

strain of mpox that occurred in Europe in 2022 [8].

Discussion

After the unprecedented global spread of mpox in May
2022, mpox was designated as a statutory infectious disease
class 2 in the ROK. To prevent its influx, occurrence, and

spread in the ROK, an RT-PCR-based laboratory diagnostic
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test system was implemented. In June 2022, the first mpox
case was confirmed in a Korean who had returned from a visit
to Europe [3]. The causative pathogen was obtained by cultur-
ing the MPXYV isolated from specimens from the patient with
mpox [5], and full-length genome analysis of the isolated strain
was performed using next-generation sequencing technology.
The analysis revealed that the MPXYV isolated from the first
confirmed case in the ROK belongs to lineage B.1.1 of clade
IIb (West African MPXV) responsible for the current mpox
outbreaks [8]. The European country visited was experiencing
mpox outbreaks in 2022, and the MPXYV isolated from the first
confirmed case in the ROK displayed 99.87-99.99% genomic
sequence homology with the MPXV causing the outbreaks in
the European country, indicating that they belong to the same
clade.

The clade IIb, which is currently circulating, is reported
to have unique characteristics compared to the previously
prevalent MPXV strains in endemic regions, including high-
er infection rates among certain human populations, muta-

tions, and adaptations [7]. This underscores the importance of

www.phwr.org Vol 16, No 15, 2023
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continuously acquiring and analyzing pathogen and genomic
information to accurately assess the pathogenicity and char-
acteristics of the epidemic. To identify mutation patterns, it is
necessary to monitor MPXV genome information generated
in other countries and compare and analyze them with those
of the MPXV prevalent in the ROK. Continuous isolation and
culturing of MPXYV strains and their full-length genome analy-
sis are also needed to generate resources necessary for the de-

velopment of diagnostic tools, vaccines, and treatments.
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QuickStats

Trends in the Prevalence of Limitations in
Activities of Daily Living Among People, 2012-2021

The prevalence of limitations in activities of daily living (ADL) among adults aged =19 years was reported to be 5.7% in

2021 (Figure 1). ADL had no gender difference (Men: 5.8%, Women: 5.5%). From the age group of 40s (age 40—49) to high-

er, ADL is increased and it was highest in the age group of 70s and above (aged =70 years) (Figure 2).

20

15 4

10 A

7.8

5_

Percentage (age standardized)

0

T T 1
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Survey year

Figure 1. Trends in the prevalence (age standardized) of peo-
ple with limitations in activities of daily living, 2012-2021
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Figure 2. Prevalence of people with limitations in activities of
daily living in each age group, 2021

*Prevalence of people with limitations in activities of daily living (ADL): proportion of people with limitations in activities of daily living due to

physical or, psychological disabilities, or other health related issues.

"The mean value of Figure 1 was calculated using the direct standardization method based on population projections in 2005.

Source: Korea Health Statistics 2021, Korea National Health and Nutrition Examination Survey, https://knhanes.kdca.go.kr/

Reported by: Division of Health and Nutrition Survey and Analysis, Bureau of Chronic Disease Prevention and Control, Korea Disease

Control and Prevention Agency
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