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FRAAAA O Eeo] w87 Ag AEo] 75kl A AAHB7I A B2 4 H(next generation sequencing) 59 42
Sl Aol &I Wol7F vheht AkEnt ofyet FARHAL F HAbe] tidt Aol olEgol Aok FARAA F 2 A
i3k 71 A9 o] A= AL AL AL AA AFE TR A F FHoIA Ao g FE & e olHEY
ol Eo] HuA} ek A F AE B A A3t oA NS Bl 1579 o4 Ade +stE L, oo whE
BAQ A AL AP FAAAA £ 23 A4S ST WD L2 FAFAEAR] A ¥ (diagnostic odyssey) S
&5 FHOZ ST, o] A AR AL A)A, GAH FEE 2L & Ak Ag, AAL AEY G9A AA 9 fA38E
o] F7H4 2449 #HAAE A A3t vholtt
F2 Mol s A%, AL fRSE

A =2 o AHAERR A ES] g3t A A Als Aol &
25| BAHA FA/d slAZg] Hiek Rdo] 7H&53tE ]

AR Y AT T KB AF7E 27 1 o5kl A, Ao d7IAES 2A5ke HE o7 IAIREAH
A Ao, 747+9] A2 - EEAT, A A (Sanger sequencing)©l 4] ZA| T Y 7] A BEA] W (next genera-

9] T2 U A9 5-10%°1 SfFot= & Aol tion sequencing, NGS)2.2 W stHA] 3] 2gto] st

th. S AESL 9F 7,00001F0] o]2H o] %7t 94  Acto] ©L ghars| A TH2]
A elol ozt Aoz g A ntl]. 54 fAAe] 29w 1970\ the]l 7= 01 20009 2771 ofsh st
ojofl ot M FAA Y] AVIMEE FRJAF22H T oM ARl 7[HOR gAY A7 D242 1 kb
Aol 7hsshA| L, Fddgdo] gt A9l R 2 9 3 njuko] o4 thejo] ¢y AP BASE dho g Thelod

g FAAe EdHo] AAE B3 Age] Aol 4SS Ao AVIA LR At Wl o Ao fAAt
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A7} AZTH 305 ARTFIeHS

o
o

2 1

Av 4 A A2 B9 1549 23t 84 o=t

o
Ao Aol et Ye e

slom, ol i e WS B A AN A% AFA, AAE Y, RET B D S0 4, 28]
SHATHGE 1), ot A, SAAAN A A 421 At A7), 2
15712 12852 ABo] die 147] AAC Wolg o Aol ek s, 4 24 52 eI}
A5t9a, 279 24 AT (negative), 6719 likely patho-
genic variant (LPV), 37§9] pathogenic variant (PV), 271<]
1 FRAAHA 2% of S 2 RG9S W8t 2847
REUYE A
" RHUYE
= x| O XX AL 241 ZA7k0| A 7HE
= st FHXZAL ALt ZA1to| oM CHAR} ArErge AZHE)
HSAIZH
FHIAIZE
1 Ehlers Danlos Ehlers Danlos panel: A FHA} A A] ek #Ql  MHHear, PWrite, EDU, DESCR,  40/90
syndrome negative hypermobile type EDS 7}5-/3 CHEKU, CONSUL, ADD,
FBNT sequencing: PSYC, ANSW, FOLLOW, 9|3
negative Bt A 7HEAA AT, A=t
MLPA! negative S Slel o Amae] |3l
GLA' negative Qb
WGS: negative
2 Congenital LMNA: ¢.745C>T HAVIAS] 3t vl asf 2 - - -
muscular (p-R249W)2] S o], LMNA 5-34419] =4
dystrophy O] 3R} LP Ho| ool 2Jgt muscular dystrophy,

ArA AR 9714
AAE negative

WGS: LMNA o] 0]9]
ofu] = ol Y

3 r/o Syndromic Karyotype: 46,XY

disorder, CMA negative
t/o Noonan WGS: negative
syndrome St 2= A
4 Hemophagocytic ~ Karyotype: 46,XY

lymphohistiocytosis H % 2HS-F-A 0 d:

WGS: SV in STAT5B
and STAT5A

congenita2 ATt = Q)

BAIAA AR e} - - -
L mago] A 43t Belst
genetic evaluation©] I 32| Tt

HIAH A E Y] 37) Blol=
AArgRte] Agto] gFgskA] o

3VUS O, STAT5A/STAT5B2] SV &
Ao 7} Q1 EIHHo| 2 oA

SV =¢idolof gt Frdol
HRRAAL AR

glo} 2 MHHear, PWrite, EDU, DESCR,  40/60
CHEKU, CONSUL, ADD,
PSYC, ANSW, FOLLOW

www.phwr.org Vol 17, No 9, 2024

353


http://www.phwr.org

PHWR

H1LA%1
SUME XA
iy S
5 et SUXZAL At Ao i e T AIZHE)
HZAIZH
FEH|AIZE
5  Autism spectrum  Karyotype: 46,XX AFHE 8= ITGAM 57340 SHot & MHHear, PWrite, EDU, DESCR,  60/60
disorder CMA: arr[GRCh37] A] 5149] heterozygoteT ZHIE PSYC, ANSW, FOLLOW, &4
12q23.3q24.13 AYEfolH, autism ¥ A= F-d uto] A 2 ofg|o] FAF A} A
(106,044,030_ Ao} 7Hs/4 % Slo], Frdof 2 F7F AR A iRt A
114,026,006)x2 hmz ~ thgt HRIAFHAL 52 AR
WGS: SV in ITGAM
6 RP RP panel: heterozygote ~ SiF 2gho] A =270] €4  #91  MHHear, PWrite, EDU, DESCR,  50/60
LP in ABCA4 and FA5k= FARRIA 242t shute) CONSUL, ADD, FAMILY,
PDEGA OB AL LP W7+ THHo], PSYC, ANSW, FOLLOW
WA Edo] gl fisto]
WGS, MLPA 59| &7} AL BH
7 VLCAD APGEt ok A ARt Stok= VLCAD Agh=|gl  #oF X MHHear, PWrite, EDU, DESCR,  60/60
A ACADVLI % 1L, Eofe] Huo tigh BRIz CONSUL, PSYC, ANSW,
Aol A SRARA ARollA 22} o] PRt S o] FOLLOW, 4§58 55 4
c996dup TEET,  EHlst] HAAGSZ 2l O] 5H] Z] o] TRt QHi,
A RIY3ESLC25A13 AR Eote] 54l Aol tigt A
oA ¢.852_8565del SLC25A13 1A &R0}
olF AL T, FHBAY Slof, WA Z o]
LP in ACADVL] & ol thgt 71 AL AR
heterozygote zygote PV
in SCL25A13
8  Leigh disease RP panel: RIMS19] VSU  8E}0] Qb 5482 RIMS19] A8t Sto} & MHHear, PWrite, EDU, DESCR,  40/60
WGS: PV in MT-ATP6 ¥} FAFSHAITE SR A4, CHEKU, CONSUL, ADD,
25AY, ataxia® AFT &+ FANILY, PSYC, ASNW,
AR m.8783GAE FOLLOW, A3 &8 55 %
Leigh encephalopathy©il 4] 2. 1% O] H] x| of] et b, 2122
SAHOIZ, o= HAFIAY o TS S Bl FR
23] Egotol m898IGA &
Awo]of| O]t Leigh disease 2Tt
A 3AS] 23 71A ] TRt
AL evaluation E-5-
9 Ehlers Danlos COL5A1/COL5A2 71AAIA negative@ oM, A7 EoF . MHHear, PWrite, EDU, DESCR, ~ 60/60
syndrome sequencing: negative A+ 23} 5L 713Ae Afsf Aol A CHEKU, CONSUL, ADD,
WGS: ¢.1977G>A benign© & JAFH ¢.1977G>A FAMILY, PSYC, ASNW,
(p.P659=) PV in 7} splicing o1& ¥ O71=PVE FOLLOW, AP35 55 4
COIL5A2 g4=]o] EDS dassic type 2% O] H] A o]l Tk ok, =9
Ak TS fsh Bl Exl
10 t/o FH sequencing; FH -7 leiomyomatosis renal 291 MHHear, PWrite, EDU, DESCR, ~ 60/90
Leiomyomatosis  ¢.842C>T (p.T281) cell cancery} T = GARE, CONSUL, ADD, FAMILY,
and renal cell VUS in FH SRR T LA PSYC, ANSW, FOLLOW
cancer WES: FHO| ¢ 842C>T  7F5d€ol izt HRIAHAL A
(p.T281) LPE £-4
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HE1.A%2
SUME XA
i x5} O XKFZHAAF ZA1 Z41o| GHA -I‘:irz;_-ll-)é'i'lélr
5 = SHXAAL 2ot Z 0o ol CHAR} AEe ||_(T'_‘)
HZAIZH
FEH|AIZE
11 Osteogenesis COLIAI/COLIA2%  COLIA29] exon34-51 AA2HE #Q  MHHear, PWrite, EDU, DESCR,  40/60
imperfecta RUNX2 sequencing: o] 7} oFo1A] sequencing © & CHEKU, CONSUL, PSYC,
negative EQlo] ofg}2 o] 911, MLPA ANSW, FOLLOW, 33 2
WGS: negative Ao 2 A4 o gt A& A AbdRITho] 755k
WGS AE-A0l| A Xk APzt thsf et
COLIA29] exon34-51
24 94
MLPAE COLIA29)
exon34-51 24 &I}
12 Usher syndrome ~ RP panel©f4] Usher syndrome type 22 2%t 9 29l  MHHear, PWrite, EDU, DESCR,  60/60
Two LP in USH2A 7HE BRAIREAL B CONSUL, PSYC, ANSW,
c2802T>G (pC34W)2t FOLLOW, 93 & §71 5 7h=
15017C>T (pT5006M) AR QT
13 Neurofibromatosis NFI sequencing®{| A1 Y TS Hole 7S99l #Ql MHHear, PWrite, EDU, DESCR, ~ 40/60
type 1 c4930G>C (pD1644H) A4 FUTt HlolE Ko, AjsiAd< CHEKU, CONSUL, FAMILY,
9 VUS &l &3l LP= ZA451HA ¢4930G>C PSYC, ANSW, FOLLOW, AFg
(p.D1644H) £l <J3t NF1 £ 55 % of=H] A it
o= At Qb
14 RP RP panel°f| 4] RPI A= IA949] G4xt2  EQl  MHHear, PWrite, EDU, DESCR,  40/60
heterozygote LP, U A| E%0] ] Eelo] ot CONSUL, ADD, FAMILY,
c.6181del (p.12061fs) PO W=7} Bl A &2 PSYC, ANSW, FOLLOW
in RP1 RPI 3RS Alu insertion &%
0] 9] Kol ofFof] gt 7} HAF
a5
15 1/o Intellectual WESeJA VUS, AR QAMAFS PPP2RSD  BHoF XL MHHear, PWrite, EDU, DESCR,  60/60
developmental c271CT (pRIIO)in - 34t Agtol| FgbolLt, FE7L CONSUL, AD, PSYC, ANSW,
disorder PPP2R5D B Zsto] EA4o] of2l& FOLLOW, 52 ZALe] WA
9] #10]9] de novo oI F- =21-S 9h A

B2y BOAA ARSILL,
WESO.2 2912 4 Gl SV 59
812 9191 CMA 5 371 At
a8

MLPA=muliplex ligation-dependent probe amplification; WGS=whole genome sequencing: EDS=Ehlers Danlos syndrome; CMA=
chromosomal microarray; VUS=variant of unknown significance; SV=structural variant; RP=retinitis pigmentosa; LP=likely pathogenic;
PV=pathogenic variant; VLCAD=very long chain acyl-CoA dehydrogenase; WES=whole exome sequencing; MHHear=% 2% ¥ (medical
history hearing); PWrite=7M4 %= Z/J(pedigree writing); EDU=A8 83} {340 st AP (genetics education and explanation of
inheritance modes); DESCR=22}0] gt A (description of the diseases); CHEKU=7718<1 AZ3} ]9 524 A9 (explain the importance
of regular checkups and management); CONSUL=R-AA- A} A3} A (consultation on result of genetic testing); ADD=57} A AR]
o3t A9 (explain of additional genetic testing); FAMILY=3A} Z3}o] whet 7t A4 B84 A(explain the need for family testing based
on result of genetic testing); PSYC=42]A}3]2 AH3} 2] X](psychosocial counseling and support); ANSW=2]of tjgt @ (answers to their
inquiries); FOLLOW=%%ZX](follow-up).
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Aeo] o] 2ol W 54 AR L ASTHY Sof i +

o790 Ao AH 7149 A7 2 Pt
23R, BAHE olUje} 7453} Ab8]o] HAH Rge] At
1, AL, Ens 5 TRt 58 A3 27,
508 4o] do] g B ket N2A7} Aol
Qe 97t w B9AS F 5%/t Mmool kAo
BIEo] glott BRE 4] st g, i 7 7}
58 A9olE HFolel A9 Bk E3 S8 80%
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ABSTRACT

There are difficulties in diagnosis and counseling after genetic testing, due to the increase in the rate of diagnostic results
arising from the development of genetic testing techniques and the discovery of mutations with unclear pathogenicity derived
from next-generation sequencing. By presenting examples of additional support provided for the interpretation of results after
genetic testing and subsequent genetic counseling support, we attempted to present a system that seeks to resolve difficulties
that may generally be experienced in the post-genetic testing process. Fifteen cases of interpretation support were provided
through the post-genetic-testing result-interpretation support project under the support of the Korea Disease Control and
Prevention Agency, and effective genetic counseling support was provided accordingly. Diagnostic support through the
interpretation of results after genetic testing was aimed at resolving the diagnostic odyssey of rare genetic diseases. Moreover,
support for appropriate diagnoses can reduce the social and economic burdens. We propose a national-level management

system for medical genetics team services covering treatment, testing, and counseling.
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Introduction

Rare diseases refer to those with a prevalence of less than
20,000 of the total population in Republic of Korea (ROK).
Although each disease is extremely rare, the total number of
rare diseases accounts for 5-10% of ROK’s total population.
There are around 7,000 rare diseases, with approximately 80%
known to be caused by genetics [1]. Genetic diseases due to

mutations in specific genes can be diagnosed by checking the
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gene sequence. The current diagnostic process implemented
for genetic diseases involves determining the causative gene
and searching for mutations in the corresponding genes. With
the completion of the Human Genome Project, the sequence of
the human genome has been completely clarified, thereby ac-
celerating the diagnosis of inherited rare diseases. Genome se-
quencing methods have also evolved from Sanger sequencing
to next generation sequencing (NGS), which has led to a more

active diagnosis of rare genetic diseases [2].
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Key messages
(D What is known previously?

Genetic tests, performed to diagnose rare diseases, have
increased the diagnosis rate, but experts who can inter-
pret the identified genetic variations are lacking.

(@ What new information is presented?

By supporting the interpretation of genetic testing re-
sults, rare disease diagnoses can be made, and subse-
quent genetic counseling can be provided appropriately.

® What are implications?

For the management of patients with rare diseases, the
need for a team system that can efficiently perform
medical treatment, diagnosis, and genetic counseling is
suggested.

Sanger sequencing, which was introduced in the 1970s and
considered a representative technique in medical genetic diag-
nosis until the early 2000s, is a method of sequencing exons
of less than 1 kb and is suitable for sequencing single genes.
However, there are limitations in that the method is expensive
and requires significant effort to sequence inherited diseases
involving multiple or large genes.

NGS, also known as massive parallel sequencing, is a meth-
od that can sequence a large number of bases at once, which
overcomes the limitations of Sanger sequencing, enabling the
sequencing of diseases with multiple related genes and large
genes with a large number of exons [3].

While NGS has enabled rapid gene sequencing, a large
number of variants are identified, posing challenges in the
analysis of such variants.

It is necessary to predict the possible etiology by determin-
ing whether mutations in unreported genes cause abnormali-

ties in gene products. Therefore, determining the diagnosis and

www.phwr.org Vol 17, No 9, 2024

follow-up management of the test subjects and predicting the
etiology of the discovered gene mutation have become an inte-
gral part of the genetic testing process.

Genetic testing using NGS is actively conducted for diag-
nostic testing and research purposes. However, it has not yet
expanded to the clinical practice in the field of medical genet-
ics. There is a shortage of experts who can interpret variant of
unknown significance (VUS) discovered through NGS, espe-
cially those with unclear etiology.

Incorrect interpretation of the results after genetic testing
or misdiagnosis due to misunderstanding of the results has be-
come an issue in clinical practice [4].

To solve these problems, we introduced a system that in-
terprets the results after genetic testing by experts and provides
genetic counseling according to the interpretation to help diag-

nose, treat, and manage patients with rare genetic diseases.

Methods

This study, focusing on tertiary general hospitals, was con-
ducted from March 2022 to June 2023 for patients with rare
genetic diseases and their families. It supported the interpreta-
tion of the results and the direction of treatment after the target
gene panel test, whole exome sequencing, and whole genome
sequencing by NGS.

If diagnosis interpretation support is required, the request
form for the interpretation of results that includes information,
such as the reason for the referral, the referring hospital, the
doctor in charge, the referral department, phone number, e-
mail, patient name, date of birth, sex, race, genetic test results,
major clinical symptoms, other test results, and family his-

tory, was filled out and referred to the Korea Disease Control
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and Prevention Agency’s Integrated Disease and Health
Management System or sent by e-mail. Consent to collecting
and using the patient’s personal information and provision to a
third party was submitted together.

Medical genetic experts, such as certified MD medical ge-
neticist and PhD medical geneticist, provided the initial written
interpretation and follow-up measures. Additionally, genetic
counseling was provided by a certified clinical genetics physi-
cian and certified genetic counselors to help with diagnosis and
follow-up management.

Certified MD medical geneticists are specialists who can
handle complex medical procedures, such as patient diagnosis,
examination, treatment direction, deciding prognosis, and ge-
netic counseling for family members. PhD medical geneticists
are doctoral-level professionals who can advise clinicians on
patients with an understanding of all complex fields of clinical
genetics and with the ability to analyze and interpret complex
clinical genetics in cooperation with certified MD medical ge-
neticists. They are certified by the Korean Society of Medical

Genetics [5].

Results

Fifteen referrals for interpreting results were requested
through the result interpretation support system, and the re-
sults were interpreted through multidisciplinary consideration
(Table 1).

For these 15 cases, we analyzed mutations in 14 genes for
12 types of diseases. It included two negative results, six likely
pathogenic variants (LPVs), three pathogenic variants (PVs),
two structural variants (SV), and two VUS.

Based on the reinterpretation of the results, we arrived at
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a reasonable diagnosis, provided guidance for subsequent re-
analysis and further testing, and provided appropriate genetic
counseling for 13 cases.

Genetic counseling was conducted for 40 to 90 minutes
for each patient and included taking a medical history, mak-
ing a family tree, genetic education and explanation of genetic
methods, explanation of diseases, consultation on genetic test
results, psychological counseling and support, answers to ques-

tions, and follow-ups.

Discussion

Despite the development of genetic testing techniques, pa-
tients often go through the diagnostic odyssey, which refers to
the journey of traveling from one medical institution to anoth-
er for a long period to get diagnosed with rare genetic diseases.
Even after genetic testing is performed, there are cases where
the diagnosis is incorrect or delayed due to the difficulty in in-
terpretation [4].

Due to the rarity of genetic diseases, information about
diseases is limited, making it difficult for medical personnel to
interpret the diagnosis results, provide treatment, and manage
patients. It is important for clinical geneticists and bioinfor-
maticians to identify the patients’ clinical symptoms and the
gene mutations that cause the disease among various muta-
tions; however, the number of them is lacking. It is necessary
to improve the access to medical care that interprets the testing
results and provide tailored services for rare genetic diseases to
patients and medical professionals.

Once diagnosed, patients and their family members can
receive support, such as follow-up treatment, additional tests

for family members, disease information, information about
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treatment and prognosis, psychosocial support, and risk as-
sessment for future pregnancies. Thus, obtaining a diagnosis as
quickly as possible is very important for patients and their fam-
ily members.

Rare genetic diseases require long-term treatment and

management throughout life, and the economic burden not
only on the patient, but also on the family and society, is
great. Due to the patient’s need for various care, such as treat-
ment, care, rehabilitation, special education, and social stigma,

the quality of life is low. In several cases, there are only a few

Table 1. Interpretation of genetic test results and the content and time required for genetic counseling

Supports for genetic counseling

dystrophy

3 /o Syndromic
disorder,
r/o Noonan
syndrome

4 Hemophagocytic

lymphobhistiocytosis

FBNI sequencing:
negative

MLPA! negative

GLA' negative

WGS: negative

2 Congenital muscular LMNA: ¢.745C>T

(p.-R249W)
heterozygous LP
variant
Mitochondrial gene:
negative
WGS: No significant
changes other than
LMNA variant
Karyotype: 46,XY
CMA! negative
WGS: negative

Karyotype: 46,XY
NGS panel test for

immunodeficiency: 3

VUS
WGS: SV in STAT5B
and STAT5A

gee has not been identified

As compared to the clinical
picture of the test subject, it
can be diagnosed as muscular
dystrophy or congenita caused
by a mutation in the LMNA
gene

It is recommended to check
whether additional phenotypes
appear in the test subject, and
to determine whether genetic
evaluation is necessary

The three mutations in the
immunodeficiency gene
panel do not correspond to
the test subject’s disease, and
the SV mutation in STAT5A/
STAT5B is considered the
causative mutation

Carrier testing of parents
for SV mutations is

recommended

: Results of Interpretation of Tn‘_ne
No. Disease ! . ) _ _ (min)
genetic testing the results Subject Counseling details Y
Serve/
prepare
1 Ehlers Danlos Ehlers Danlos panel:  Possibility of hypermobile type Patient ~ MHHear, PWrite, EDU, DESCR, 40/90
syndrome negative EDS for which the causative CHEKU, CONSUL, ADD,

PSYC, ANSW, FOLLOW,
description of risk assessment
and family testing, guidance
on collaboration with various
departments for treatment and
management

Father of MHHear, PWrite, EDU, DESCR, 40/60
CHEKU, CONSUL, ADD,
PSYC, ANSW, FOLLOW

patient

www.phwr.org Vol 17, No 9, 2024
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Table 1. Continued 1
Supports for genetic counseling
N . Results of Interpretation of T'”.‘e
0. Disease i ; ; ) _ (min)
genetic testing the results Subject Counseling details _
Serve/
prepare
5  Autism spectrum Karyotype: 46,XX Only one heterozygote was Mother  MHHear, PWrite, EDU, DESCR, 60/60
disorder CMA: arr[GRCh37] identified in the recessively of PSYC, ANSW, FOLLOW,
12q23.3q24.13 inherited ITGAM gene, anda  patient  consultation on chromosomal
(106,044,030_ possibility of a new gene related microarray test results and
114,026,006)x2 hmz  to autism, so carrier testing is explanation of additional genetic
WGS: SV in ITGAM  recommended for parents testing
6 RP RP panel: heterozygote Each of one heterozygous LP  Patient =~ MHHear, PWrite, EDU, DESCR,  50/60
LP in ABCA4 and mutation was observed in each CONSUL, ADD, FAMILY,
PDEGA of the two recessively inherited PSYC, ANSW, FOLLOW
genes associated with the
disease, and additional tests
such as WGS and MLPA were
recommended to confirm the
remaining mutations
7 VLCAD Expired fetus: Expired fetus was diagnosed =~ Mother ~ MHHear, PWrite, EDU, 60/60
fatty acid-related with VLCAD, and carrier of fetus  DESCR, CONSUL, PSYC,
ACADVLI gene~ testing of the parents ANSW, FOLLOW, provision
homozygous confirmed that each was a of information on registration
¢.996dup heterozygous mutation carrier to special exempted calculation
And heterozygous The clinical symptoms of the health insurance and medical
¢.852_850del in expired fetus are correlated expense support, explain of
SLCZ5A1 gene were  with the SLC25A13 gene prenatal diagnosis
detected mutation, so additional testing
Homozygous LP in is recommended to confirm
ACADVLI and the remaining mutations
heterozygous PV in
SCL25A13
8  Leigh disease RP panel: RIMSI VSU  The patient’s ocular symptoms ~ Mother ~ MHHear, PWrite, EDU, DESCR, ~ 40/60
WGS: PV in MT- are similar to those of RIMS1,  of CHEKU, CONSUL, ADD,
ATPG but the developmental delay, patient ~ FANILY, PSYC, ASNW,
motor delay, and ataxia cannot FOLLOW, provision of information
be explained on registration to special exempted
m.8783G>A in the mitochondrial calculation health insurance
gene is a mutation reported in and medical expense support,
Leigh encephalopathy, and this explanation of collaboration with
corresponds to the clinical picture other departments for treatment
of the test subject, leading to the and management
diagnosis of Leigh disease due to
the m.8983G>A mutation
Recommendation of clinical
evaluation of maternal
ancestry of the patient
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Table 1. Continued 2

Supports for genetic counseling

N : Results of Interpretation of Tlme
0. Disease . . ) _ _ (min)
genetic testing the results Subject Counseling details T
Serve/
prepare
9 Ehlers Danlos COL5A1/COL5A2 The initial test was negative, =~ Mother ~MHHear, PWrite, EDU, DESCR,  60/60
syndrome sequencing: negative  but upon re-test results of CHEKU, CONSUL, ADD,
WGS: ¢.1977G>A and reinterpretation of the patient ~ FAMILY, PSYC, ASNW,
(p-P659=) PV in previous test, c.1977G>A, FOLLOW, provision of information
COL5AZ which was considered a on registration to special exempted
benign, was interpreted as PV calculation health insurance
causing splicing abnormality and medical expense support,
and diagnosed as EDS classic explanation of collaboration with
type 2 other departments for treatment
and management
10 r/o Leiomyomatosis ~ FH sequencing: FH gene is a related to Patient ~ MHHear, PWrite, EDU, DESCR, 60/90
and renal cell cancer  ¢.842C>T (p.T28I) leiomyomatosis renal cell CONSUL, ADD, FAMILY,
VUS in FH cancer and matches the PSYC, ANSW, FOLLOW
WES: FH ¢.842C>T patient’s clinical picture
(p.T28I) was analyzed Recommendation of carrier
as LP testing for family members
11 Osteogenesis COLIA1/COLIA2 and Since COLIAZ2 exon34-51 Patient ~ MHHear, PWrite, EDU, DESCR,  40/60
imperfecta RUNXZ sequencing:  deletion was not a point CHEKU, CONSUL, PSYC,
negative mutation, it was difficult to ANSW, FOLLOW, prenatal
WGS: negative confirm through sequencing, diagnosis is possible when
In WGS re-analysis, and the deletion was planning to have children in the
exon34-52 deletion confirmed using the MLPA future, and prenatal diagnosis is
was suspected in explained
COLIA2
Additional confirm
with MLPA
12 Usher syndrome In the RP panel, Diagnosed as Usher syndrome ~ Patient ~ MHHear, PWrite, EDU, DESCR,  60/60
two LP in USHZA type 2 and recommend family CONSUL, PSYC, ANSW,
¢.2802T>G testing FOLLOW, recommend family
(p-C934W) and testing after risk assessment
¢.15017C>T
(p.T5006M) were
detected

therapeutic drugs. It is reported that 5% of rare diseases have
therapeutic drugs; however, most of them are imports, and
even if they can be purchased in ROK, they are often not reim-
bursed. In addition, more than 80% of rare diseases are genetic

diseases, which can recur or may be inherited within families

www.phwr.org Vol 17, No 9, 2024

and may result in weakened family function or family disso-
lution due to the psychological burden and stress. It is more
important to provide tailored services to patients and their
families, including not only diagnosis, but also treatment and

management and social and psychological support. Providing
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Table 1. Continued 3

Supports for genetic counseling

15 1/o Intellectual
developmental
disorder

in RP] was detected

In WES, ¢.271C>T

(p.R91C) VUS in
PPP2R5D was
detected

N : Results of Interpretation of Tlme
0. Disease . . ) _ _ (min)
genetic testing the results Subject Counseling details T
Serve/
prepare
13 Neurofibromatosis ~ In NFI sequencing, A family member with the Patient ~ MHHear, PWrite, EDU, DESCR, 40/60
type 1 ¢.4930G>C same symptoms showed the CHEKU, CONSUL, FAMILY,
(p.D1644H) VUS was  same mutation, and through PSYC, ANSW, FOLLOW,
detected reinterpretation and LP provision of information on
analysis, was diagnosed as registration to special exempted
NF1 due to the ¢.4930G>C calculation health insurance and
(p.D1644H) mutation medical expense support
14 RP In RP pane, The RPI gene is a recessively ~ Patient ~ MHHear, PWrite, EDU, DESCR, 40/60
heterozygote LP, inherited gene, so CONSUL, ADD, FAMILY,
c.6181del (p.12061fs)  confirmation of the remaining PSYC, ANSW, FOLLOW

mutations is required
Recommendation of additional

testing to determine whether

Alu insertion mutation in the

RP] gene, which is relatively

common in Korea, is present
Mother
subject is consistent with the ~ of
PPP2R5D genetic disease,
but analysis is difficult due to
insufficient information

The clinical picture of the test

patient

To confirm whether the
above mutation was de novo,
parents were recommended
to be tested as carriers,
and additional tests such as
CMA were recommended to
confirm SVs that could not be
confirmed through WES

MHHear, PWrite, EDU, DESCR,  60/60
CONSUL, ADD, PSYC, ANSW,
FOLLOW, explaining the need
for parental testing

MLPA=muliplex ligation-dependent probe amplification; WGS=whole genome sequencing; EDS=Ehlers Danlos syndrome; CMA=
chromosomal microarray; VUS=variant of unknown significance; SV=structural variant; RP=retinitis pigmentosa; LP=likely pathogenic;
PV=pathogenic variant; VLCAD=very long chain acyl-CoA dehydrogenase; WES=whole exome sequencing; MHHear=medical history
hearing; PWrite=pedigree writing; EDU=genetics education and explanation of inheritance modes; DESCR=description of the diseases;
CHEKU-=explain the importance of regular checkups and management; CONSUL=consultation on result of genetic testing; ADD=explain of
additional genetic testing; FAMILY=explain the need for family testing based on result of genetic testing; PSYC=psychosocial counseling and
support; ANSW=answers to their inquiries; FOLLOW= follow-up.

professional genetic counseling services to patients and their

families is essential.

Looking at examples from foreign countries where genetic
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counseling is commonly provided, the United States and

Europe have cultivated genetic counselors through master’s

programs since the early 1970s, providing genetic counseling
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services as part of the medical team. In Asia, genetic counsel-
ors have teamed up with clinical geneticists to provide genetic
counseling services in Japan, Taiwan, Malaysia, Hong Kong,
and Singapore since the early 2000s. However, in ROK, genet-
ic counselors are not managed nationally yet [6-9].

The genetic test interpretation support project was imple-
mented to shorten the time to get diagnosed, and it was of great
help in the diagnosis and follow-up management by providing
professional genetic counseling with certified genetic counsel-
ors and interpretation of results.

This study suggests that a team system approach in medi-
cal treatment, testing, and genetic counseling is organically
provided and is an efficient method not only for patients with
genetic diseases and their family members, but also for medi-
cal personnel for appropriate testing and its interpretation,
management after diagnosis, and genetic counseling for rare
genetic diseases. In the future, it is necessary that national level
of recognition and support for genetic counseling professionals
who can be in charge of efficient communicator in organized
team system for results interpretation and create a new fee for
genetic counseling. For this, systematic management is needed

to standardize genetic counseling services.
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Hospital-level Medical Institution Infection Control Status Survey
Operation System

Namyi Kim'", Jeongsuk Song'", Sook-Kyung Park™, Insun Hwang?, Kwangyul Son?, Hyewon Jeon?

'Division of Healthcare Associated Infection Control, Bureau of Healthcare Safety and Immunization, Korea Disease Control and Prevention
Agency, Chengju, Korea, *Korea Institute for Healthcare Accreditation, Seoul, Korea

ABSTRACT

The Korea Disease Control and Prevention Agency established and implemented a standardized survey system to prepare basic
data for formulating and evaluating policies to prevent healthcare-associated infections, that identified the status of infection
control based on the results of statistical analysis. We developed a survey standardizing questionnaire to gather information on
the prevention and control of infection in healthcare facilities and an online survey system. A field survey system was utilized
to verify the reliability of the survey. The online survey was conducted by respondents filling out the questionnaire themselves
(computer-assisted self interviewing). Thereafter, some of the respondents from the online survey were randomly selected for a
field survey where professional investigators visited the hospitals, and the limitations of the online survey were complemented.
In the first survey on acute-care hospital infection control survey in 2021, 1,197 out of 1,767 hospitals (67.7%) participated in the
online survey, and the field survey was conducted in 125 hospitals. In the survey on long-term care hospital infection control
survey in 2022, 1,270 out of 1,365 hospitals (93.0%) participated in the online survey, and the field survey was conducted
in 140 hospitals. The concordance (Gwet’s AC1) between online survey responses and field survey results ranged from 0.52
to 0.92. The survey system was established initially to identify the status of infection control in healthcare facilities after the
revision of the Infectious Disease Prevention Act made it mandatory to investigate infection control. The Korea Disease Control
and Prevention Agency will establish and regularize this survey as a national survey system by improving on the limitations

found in the first hospital-level healthcare institution survey.

Key words: Infection control; Hospital-level healthcare institutions; Health care facilities; Survey; Survey system
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Introduction

Healthcare-associated infections (HAIs) are connected
to medical procedures performed in healthcare institutions.

They not only constitute a significant challenge to patient

www.phwr.org Vol 17, No 9, 2024

safety and health but also lead to various socioeconomic losses,
such as increased healthcare costs and medical disputes [1,2].
Nevertheless, HAIs can be prevented and managed via ac-
tive infection control activities in healthcare institutions, and

policy support at the national level is a key factor in successful
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Key messages
(D What is known previously?

In order to prevent healthcare-associated infections,
efforts by facilities and national bodies are required.
Infection control measures at medical institutions are
necessary to ensure continuity and continued develop-
ment of policies.

(@ What new information is presented?

In the first survey on acute-care hospitals in 2021, 1,197
out of 1,767 hospitals (67.7%) participated in the on-
line survey. In the survey on long-term care hospitals in
2022, 1,270 out of 1,365 hospitals (93.0%) participated
in the online survey. The agreement between the re-
sults of the online survey and the field survey results was
above average in most cases.

® What are implications?

For the effective establishment of infection management
policies, it is essential to conduct infection management
surveys in healthcare institutions, taking into account
the specific characteristics of each type of institution.
Enhancing the efficiency of the operational system for
surveys in hospital-level healthcare institutions and im-
proving the objectivity and reliability of survey results
will contribute to the meaningful utilization of survey
outcomes as foundational data.

infection control [3]. Since its introduction in the 1990s,
Korea’s HAI control system has steadily developed based on
the Hospital Infection Control Guidelines in 1992, revision of
the Medical Service Act in 2003, evaluation of healthcare insti-
tutions in 2004, introduction of a healthcare accreditation pro-
gram in 2010, and establishment and operation of the Korean
National Healthcare-associated Infections Surveillance System.
The revision of the Medical Service Act in 2012 further high-
lights the significance of managing HAIs in healthcare institu-

tions and emphasizes that infection control is not an option but

374

an obligation for patient safety and medical safety. It is essential
to alleviate the public’s anxiety attributable to the outbreak of
infection epidemics in healthcare institutions, such as injection
drug contamination-related neonatal cluster deaths in neonatal
intensive care units and propofol-related sepsis. Accordingly,
the Korean government established the “First Comprehensive
Plan for Prevention of Healthcare-Related Infections (2018~
2022)” in 2018 and the “Second Comprehensive Plan for
Prevention and Control of Healthcare-Related Infections
(2023-2027)” in 2023. These plans aim to provide national
infection control policy direction and establish and implement
measures to support infection control activities in healthcare
institutions.

To evaluate the effectiveness of these national policies and
plan for future improvements, accurately identifying the cur-
rent status and problems of infection control in healthcare set-
tings is necessary. Therefore, the Korea Disease Control and
Prevention Agency (KDCA) established a healthcare institu-
tion infection control survey system based on Article 17 of the
Prevention of Infectious Diseases Act—to provide basic data
for establishing policies to support infection control in health-
care institutions—and administered the first hospital-level
healthcare institution infection control survey on acute care
hospitals and long-term care hospitals [4]. This article intro-
duces the infection control survey operation system that the
KDCA has been developing and operating since 2021 for hos-

pital-level healthcare institutions.

www.phwr.org Vol 17, No 9, 2024
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Main Text

1. Establishment of a Hospital-level Healthcare

Institution Infection Control Survey System

The purpose of the hospital-level healthcare institution in-
fection control survey is to periodically investigate the infection
control status of hospital-level institutions using a standard-
ized tool and to link the results with policies to support infec-
tion control in healthcare institutions, guiding healthcare in-
stitutions in establishing their own infection control systems.
Therefore, a survey system using a survey tool for each type of
healthcare institution was established to identify the infection
control status without bias according to the specific characteris-
tics of each type of healthcare institution. The survey was com-
missioned by the Korea Institute for Healthcare Accreditation.
To ensure the smooth operation of the first survey, a general
steering committee with infection control experts recommend-
ed by the KDCA, the Korean Society for Healthcare-associated
Infection Control (KOSHIC), and the Korean Association of
Infection Control Nurses (KAICN) was formed to advise and
review the overall operation of the hospital-level healthcare in-
stitution infection control survey.

The survey system is based on a computer-assisted self-
interviewing method. To minimize the limitations of self-
interviewing and ensure the objectivity and reliability of the

survey results, a professional investigators field survey was

Online Hospital-level healthcare facility
self-survey comprehensive online survey

Publication
[ of survey

¢ i Some hospital-level results
] healthcare facilities =
! on-site visits

Figure 1. Hospital-level healthcare-associated infection con-

Field survey

trol assessment system

www.phwr.org Vol 17, No 9, 2024

administered for randomly selected sample institutions to de-
termine the consistency between the online and field survey re-
sponses (Figure 1).

The online self-interviewing survey is a computerized
system within the KDCA’s Integrated Disease and Health
Management System (https://is.kdca.go.kr). It enables infec-
tion control officers at healthcare institutions to report whether
they are meeting their infection control obligations, including
the organization and workforce of the healthcare institution,
and improved functionality during the operation period of the
survey to increase accessibility and convenience for healthcare
institutions (Figure 2). To help respondents understand the
survey items, a separate survey guide and training videos on
the survey items were provided. It was clarified in advance that
the survey was not intended to evaluate the level of infection
control at individual healthcare institutions but to identify the
current status of infection control at healthcare institutions in
the Republic of Korea (ROK).

For the site visits, approximately 10% of the healthcare in-
stitutions that completed the online survey were randomly se-
lected to verify the survey responses’ reliability. To ensure the
field survey’s professionalism and objectivity, a survey team of
two infection control experts with a certain level of infection
control experience was organized. Training was imparted to
the field surveyors regarding the survey items and precautions

required during the survey.

2. Operation of the Hospital-level Healthcare
Institution Infection Control Survey
1) Subjects
The target of the healthcare institution infection control

survey is healthcare institutions under Article 3 of the “Medical
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Figure 2. Korea Disease Control and Prevention Agency integrated healthcare-associated infection control assessment system

Table 1. Hospital-level healthcare-associated infection control assessment tools

Year Variables

Category

2021 General hospitals

isolation guidelines, infection control of environment, insertion device, standard
prevention of surgical site infections, disinfection and sterilization, installation for

infection control

2022 Long-term care hospitals

practice, infection control related to insertion devices, isolation guidelines, disinfection
and sterilization system, installation and environment for infection control

Infection control system, hand hygiene, injection practice, standard precautions and

Infection control operation system, infection control program, hand hygiene, injection

Service Act.” The first hospital-level healthcare institution in-
fection control survey on infection control in hospital-level
healthcare institutions was administered for all general hospi-
tals, hospitals, and long-term care hospitals in the ROK, with
surveys for general hospitals and hospitals in 2021 and surveys

for long-term care hospitals in 2022.

2) Survey tool
The understanding and active participation of healthcare
institutions in the survey are essential to ensure that the sur-
vey results accurately reflect the actual situation of healthcare
institutions. Furthermore, a structured survey tool with key
items for establishing infection control policies is required.
The hospital-level healthcare institution infection control sur-

vey tool was developed by reflecting domestic regulations and

376

guidelines as well as international survey tools. The developed
survey tool was validated for reliability by collecting opinions
from infection control experts recommended by the KOSHIC
and KAICN and related organizations (Korean Convalescent
Hospital Association) and administering a sample field survey.
The survey was consisted of 110 items for acute-care hospitals
in 2021 and 190 items for long-term care hospitals in 2022
(Table 1).

3) Survey method
The online survey was administered using a computer-as-
sisted self-interviewing method whereby a representative of a
healthcare institution accessed KDCA'’s Integrated Disease and
Health Management System, received permission to use the

system, and responded directly to the survey items. The field

www.phwr.org Vol 17, No 9, 2024
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survey was administered by a field survey team comprising
pre-trained infection control experts. They randomly selected a
sample of the subjects who completed the survey and conduct-
ed document verification, interviews, and on-site observation

of the same items as the self-survey items.

4) Survey participation status
In the 2021 acute care hospitals infection control survey,
1,197 of 1,767 general hospital including tertiary hospitals
and hospitals, participated in the online survey. The participa-
tion rate was 67.7%. The participation rate by healthcare insti-
tution type was 100.0% for tertiary hospitals, 92.2% for gen-

eral hospitals, and 61.2% for hospitals. The field survey was

administered at 125 of the healthcare institutions that com-
pleted the survey.

For the 2022 long-term care hospital infection control sur-
vey, 1,270 of 1,365 long-term care hospitals participated in
the online survey. The participation rate was 93.0%. Regarding
bed size, 93.7% of those with 100 or more beds and 88.5%
of those with fewer than 100 beds participated. The field sur-
vey was administered at 140 of the healthcare institutions that
completed the online self-interviewing survey (Table 2).

To examine the online self-interviewing survey’s reliabil-
ity, Gwet’s AC1 statistic was used to check for agreement. The
infection control survey in the acute care hospital, the agree-

ment between the online survey results and field survey results

Table 2. Response proportion by type of healthcare facilities

; Tertiary hospitals General hospitals Hospitals Long—term care hospitals
Variables Target Response Rate Target Response Rate Target Response Rate Target Response Rate
Total 45 45 100.0 319 294 92.2 1,403 858 61.2 1,365 1,270 93.0
More than 45 45 100.0 319 294 92.2 493 348 70.6 1,200 1,124 93.7
100 beds
Less than - - - - - 910 510 56.0 165 146 88.5
100 beds

Unit: number, %.

survey results

Table 3. Hospital-level medical infection control the concordance (Gwet’s AC1) between online survey responses and field

Survey domain

Acute-care hospitals
concordance (AC1)

Long-term care hospitals
concordance (AC1)

Infection control system

Infection control program

Hand hygiene

Injection practice

Isolation Guidelines

Insertion device management

Standard prevention of surgical site infections
Disinfection and sterilization

Infection control of environment

Installation for infection control

Installation and environment for infection control

0.63 0.79
= 0.73
0.67 0.86
0.84 0.92
0.52 0.84
0.74 0.76
0.84 -
0.63 0.78
0.68 -
0.63 -
- 0.86
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by domain was mostly moderate or better (Gwet’s AC1 above
0.40). The lowest agreement was between the survey and field
survey results in the domain of isolation guidelines. In the
long-term care hospital survey, the agreement was above 0.73
in all domains. However, the agreement was lower for a few
items, such as establishing an infection control committee, es-
tablishing an infection control room, periodically revising in-
fection control policies, establishing a rapid response team, and

implementing an employee vaccination program (Table 3).

5) Survey results

In the acute care hospitals infection control survey, the
rates of establishing infection control committees and infection
control rooms, rates of staffing and training of infection con-
trol officers, and rates of conducting infection control program
planning and evaluation were relatively higher in general hos-
pitals, including tertiary hospitals, than in hospitals.

In the long-term care hospital survey, the status of infec-
tion control room installation and staffing were relatively high-
er in nursing hospitals with more than 100 beds compared to
those with less than 100 beds. Some infection control activities,
such as infectious disease epidemic preparedness training and
infection control facilities and equipment, were found to be
insufficient.

The main results of the hospital-level infection control sur-
vey were published on the KDCA website in accordance with
Article 15 of the Enforcement Rules of the “Infectious Disease
Control and Prevention Act.” To promote infection control
in hospital-level healthcare institutions, the expansion of the
healthcare-related infection surveillance system and establish-
ment of a regular inspection system are being promoted as key

issues in the “Second Comprehensive Plan for Prevention and

378

Control of Healthcare-Related Infections (2023-2027).”

3. Improvement Measures for the Hospital-level
Healthcare Institution Infection Control Survey
System
The infection control survey was conducted to identify the

overall infection control status of hospital-level healthcare in-

stitutions and provide policy support for healthcare-related
infection control. To ensure reliable survey results in the fu-
ture, it is planned to establish a field survey system comprising
infection control experts by selecting a representative sample.

By supplementing and further developing standardized sur-

vey items suitable for field surveys, including in special depart-

ments with a high risk of infection (operating rooms, intensive
care units, dialysis units, endoscopy units, etc.), the foundation
for infection control will be confirmed and reflected in the sec-

ond acute care hospital infection control survey system.

Conclusion

Based on Article 17 of the Infectious Disease Control and
Prevention Act and Article 15 of the Enforcement Rules of
the same Act as the legal basis for enforcing the duty to survey
HATs, the KDCA administered an online self-interviewing sur-
vey of all hospital-level healthcare institutions to comprehen-
sively identify the infection control status of healthcare institu-
tions in the ROK.

To verify the survey results’ reliability, a field survey was
administered for randomly selected sample institutions that
participated in the online self-interviewing survey. A survey
system was established to verify the self-survey responses’ reli-

ability. The method of filling out the survey by self-diagnosing
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the infection control status of the healthcare institution may
cause errors depending on the level of respondents’ under-
standing of the survey items. Additionally, some healthcare in-
stitutions with poor infection control may not even participate
in the survey. The response rate of the self-interviewing survey
was not high—approximately 50.2%, 51.0%, and 62.2%, re-
spectively, not only in the ROK but also in foreign countries,
such as Germany, Austria, and Ghana [5-7]. Thus, the possi-
bility of selection bias could not be excluded. To minimize the
limitations of the self-interviewing survey, a separate survey
guide and training videos on the survey items were provided.
Consequently, the results of the online self-interviewing sur-
vey and field survey showed more than moderate agreement.
However, in some cases, the agreement was lower, depending
on the respondents’” understanding of the items. As numerous
items were developed to provide a comprehensive picture of
infection control in hospital-level healthcare institutions, some
items may not have been sufficiently understood by healthcare
institutions. Therefore, it will be necessary to improve the sur-
vey items by considering policy requirements and field condi-
tions of healthcare institutions, minimize problems that may
occur when inexperienced officers lacking an understanding of
infection control in healthcare institutions respond to the self-
interviewing survey, and have a third party review the survey
method to derive objective and reliable survey results.

A healthcare institution infection control survey is essen-
tial for establishing and evaluating HAI prevention and control
policies. The survey results will be used as basic data for devel-
oping evidence-based infection control policies.

The KDCA established the first hospital-level healthcare
institution infection control survey system in the ROK and

successfully administered the first survey. By performing an

www.phwr.org Vol 17, No 9, 2024

in-depth analysis of some of the limitations identified during
the operation process and seeking ways to improve them, the
KDCA will establish a healthcare institution infection control
survey system and regularize the survey. This will facilitate the
preparation of reliable basic data for the establishment of na-
tional policies for enhancing infection control in healthcare in-
stitutions and for activities to improve infection control in pri-

vate healthcare institutions.
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QuickStats

Trends in the Number of Chronic Kidney Disease Patients and
Medical Expenses, During 2012-2022

In 2022, there were approximately 296 thousand patients with chronic kidney disease (CKD) in the Republic of Korea,

more than doubling over 10 years (Figure 1). The medical expense for CKD patients in 2022 was approximately 2.3 trillion

won, which was an increase of more than 1 trillion won compared to that in 2012 (Figure 2). From 2012-2022, both the

number of CKD patients and their medical expenses increased.
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Figure 1. Chronic kidney disease patients, 2012-2021

*International classification of diseases: chronic kidney disease (N18)
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Figure 2. Chronic kidney disease medical expenses, 20122022

Source: Health Insurance Review & Assessment Service, Medical Statistics (Disease Category Statistics)

Reported by: Division of Chronic Disease Prevention, Bureau of Chronic Disease Prevention and Control, Korea Disease Control and

Prevention Agency
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