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CHeH 3| 0.5-1g2 Y= PBS (Phosphate-buffered saline, pH 7.0) 3 mlof| AEEUHOZ AL %} Hom Al ezt
2| Y - AZ0N7H et HEARIT H2XRIMO Mt L HHO[ A AR | faf AASHRICH (5). Al AArd =2 Ch32t 2ot
Mz(10Z) - Salmonella spp., Pathogenic Escherichia coli (E. colj) (EHEC: Enterohemorrhagic £. co// =2 A /ETEC:
Enterotoxigenic £. coli, =4 CHA/EPEC: Enteropathogenic £, co/i, ZEAMCZ/EIEC: Enteroinvasive £, coli, Z2&M
CHted), Shigella spp., Vibrio spp., Campylobacter spp., Bacillus cereus (B, cereus), Listeria monocytogenes (L. monocytogenes),
Clostridium perfringens (C. perfringens), Staphylococcus aureus (S. aureus), Yersinia enterocolitica (Y. enterocolitica)
HFO|2{ A (5&) - Group A Rotavirus, Norovirus, Enteric adenovirus, Astrovirus, Sapovirus

|'O|'
|'0||
-|0|'

7-IA} I-I:él

Ml ZALS QI5H CHH SHEMHS MERHHR|O)| HZSHRACH MacConkey agar, Salmonella-Shigella agar, Mannitol egg Yolk Polymyxin
(MYP) agar 2! Thiosulfate-citrate-bile salts-sucrose (TCBS) agare 37CO|M 122t Cefsulodin-Irgasan-novobiocin (CIN) agar
= 30CH A 122t PALCAM agar= 37COIM 227E, CCDA agar= 42C 0|&7|& U2 2 27t Tryptose Sulfite Cycloserine
(TSC) agar= 37C €714 ZH0M 12t Mannitol salt agare 37COIAM 27t BISIRCH 2En2 MEHHIR|= 25 Oxoid Ltd.
(Basingstoke, United Kingdom)At2 A ZAL Ol FEE T2t A2 L ZH|SIU D, MEAHIZ|O)A oM H2E B Z2 &4 22 7,
Motstd S - ZH|(VITEK 2 compact, bioMerieux, Marcy lEtoile, France) E= A&&M7|(MALDI-TOF, Bruker Daltonik GmbH,
Leipzig, Germany)E AHE5t0] SHSIUCH S40| 4RE e HAH FUA ER] OFRE =S 2Is Pathogenic £ coli
Detection kit (GeNetbio, Daejeon, Korea) R} ZITIA|2S ALESI SEEAAMBIS (PCR)E HAlotR 2, A2l 22
O U HEtel FHHAE 27t S&otlCt,

= =2o0

OII

HRO|2{ A HALE 2foH CHEH HEFAS 3,000rpmOfA 2022t 22| & 1 4EUES 510 SUELAMBS(PCR)Y 24HY

ZAHELISA)O| ALESIRICH QAL HAE QI5H ArssHAt2&2HH|(Genolution, Kogenebiotech, Seoul, Korea) & 28| A<
(Viral NA Kit, Kogenebiotech)2 AF235t0 HIO|2HA SHALS ZESIQCTH L 2HI0|2{A T2 2 PowerCheck Norovirus GI/Gll
Multiplex Real-time PCR kit (Kogenebiotech)g AtEStD, ZIZMOHH A|&5t PCRZZHS 2 Real-time PCR (7500 Fast, Applied
Biosystems, Foster City, CA, USA) £35t¥ o &M ct 2f2 LIEIUHE dAHE S 2 MERHAE &92l8 2|5l conventional
PCRE &7t AAIStHCE PCR premix?t 12 5yl 3% One- Step RT-PCR kit (SNC, Korea)di| At 5 pl, 10 pmol ==2| Forward,
Reverse primer 2+ 1 pl, @ DW 5.5 pl& 715t 2 25 pl volume22 RT PCR (ProFlex PCR Systems, ThermoFisher Scientific,
Pleasanton, CA, USA)2 AA|Ston], Z2fo|t{ 2 PCR ZA2 Table 11} ZCH ZE[HI0[2{AQ} OFH|HIO|HA HAIS 23l
RIDASCREEN Rotavirus & Adenovirus ELISA kit (R-Biopharm AG, Darmstadt, Germany)& AFE5t0 St HE SAHAHS o~
Mot T YMUAE M2 Z conventional PCRE A A|SHYCH ZEH0|2{A = One-Step RT-PCR kit (SNC, Korea)Of| S84 10.5 yl,
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Table 1. Primer and PCR condition for geno-typying of enteric virus in this study

Target Primers Se((%ieg’c)es (Sézp'“; PCR condition
Norovirus GI  MON432 TGG-ACI-CGY-GGI-CCY-AAY-CA 579 -42¢, 30 min
G1SKR CCA-ACC-CAR-CCA-TTR-TAC-A - ch, 1|5 min
i - - _ _ _ _ - cycle
Norovirus Gl MON 431 TGG-ACI-AGR-GGI-CCY-AAY-CA 570 (950, 1 min/ 55, 1 min/ 72, 1 min)
G2SKR  CCR-CCN-GCA-TRH-CCR-TTR-TAC-AT -72C. 10 min
Rotavirus Con3-F TGG-CTT-CGC-TCA-TTT-ATA-GAC-A 876  -42¢, 40 min
VP4 -95¢, 15 min
Con2-F ATT-TCG-GAC-CAT-TTA-TAA-CC 35 cycle
on (94°c, 1 min/ 50°C, 1 min/ 72C, 1 min)
-72¢C, 7 min
Rotavirus VP7-F ATG-TAT-GGT-ATT-GAA-TAT-ACC-AC 881 -42%¢, 30 min
VP7 -95¢, 15 min
VP7-R AAC-TTG-CCA-CCA-TTT-TTT-CC =35 cycle
(95°C, 30 sec/ 42°C, 30 sec/ 72°C, 1 min)
-72¢C, 7 min
Astrovirus  Mon269 CAA-CTC-AGG-AAA-CAG-GGT-GT 449  -42°C, 40 min
Mon270 TCA-GAT-GCA-TTG-TCA-TTG-GT -947¢, 15 min

. ~ _ ~ 3 _ _ _ - 35 cycle
Sapovirus SV-F21 ANT-AGT-GTT-TGA-RAT-GGA-GGG 720 (94°C, 30 sec/ 58¢C, 30 sec/ 72°C, 1 min)

SV-R1 CWG-GTG-AMA-CMC-CAT-TKT-CCA-T -72%C. 7 min
Adenovirus AD1 TTC-CCC-ATG-GCI-CAY-AAC-AC 482  -94T, 3 min
- 35 cycle
AD2 CCC-TGG-TAK-CCR-ATR-TTG-TA (947, 30 sec/ 50, 30 sec/ 72T, 1 min)
-72¢C, 5 min

10 pmol =%9| Forward, Reverse primer 2t 1 pl& Z7tst & 25 yl Bt2do 2 Ot HtO|2{A= PCR premixZt 10 pl 3%
One-Step PCR kit (SNC, Korea)oil 314t 2 ul, 10 pmol =%=2| Forward, Reverse primer 2t 1 ul, @7 DW 6 pIZ2 A7Fst Z 20 pl gt
20 2 conventional PCRE A A|StRCH OtAE ZHO|2H AL AFELHIO|2{A HAFS 2|3l One-Step RT-PCR kit (SNC, Korea)di|
b2 ul, O)FAE2HIO|A Forward, Reverse primer 2} 1 ul, AFELH}O|2{A Forward, Reverse primer 2t 1 ul, @& DW 6.5 ul& 217
tZ 25 pl BHSU2 2 Duplex RT-PCRE AA[SIRULCE M7|BS22 & £0|4 RUAP7E =QI=|H PCR 4SS ZE 2| HolM 2|E
7|1ME 2ALA0f 2|2[otUCt LTS HHo|2{AL| ME RUALA 2lS {8 PCR 22 Table 112+ 2T,

oo oo = T
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RESULTS

AAE
2018'HFE 21E7H2] Q1 LY §

HOf AT HArERE HA| 3,550 2 HAISHA=E, dE2= E440l 1,925F, Kg0] 1,625
Yo = HY0| YLDt 3008 A2

=3
o
of, oA 4252 &-0471 2{21 29.9%, 29.3% 2 2{0|7} QIUCt (Table 2).

AYH2 = 10M D|2H0] 1,825FH22 HA| AY F0IM 71 =2 BIEQ 51.4%E AHA[SIAC 1 CE HE 222 70A] 0|44(538
&, 15.2%) > 10-19AM[(307%, 8.6%) > 60-69A((2969, 8.3%) > 50-59M|(208E, 5.9%) > 40-49M|(143FE, 4%) > 20-29M((123
F, 3.5%), 30-39MI(110%Y, 3.1%)E ARSIt HHE M HEES dHEH, 1M DI20IM 4.1%, 1-5M| 17.2%, 6-9M| 28.2%,
10-19M| 24.1%, 20-29M| 13%, 30-39M 12.7%, 40-49M| 10.5%, 50-59M| 9.1%, 60-69A| 9.5%, 70M| O|0iX 7.8% =, M+ &
50| 71 &2 AZ T2 6-9M(28.2%) > 10-19M1(24.1%) > 1-5M(17.2%) &0|ACt. HALE HIO|HA HBEE2 1-5M(39.3%) >
TMIBIZH18.1%) > 6-9MI(16.7%) 22 || AP & 5M 0|5t 2E0| 7+ =2 Bi0|2{A HEE(29.1%)S LIEHIT (Figs. 1-2).

FHYUE A S H4THEDH, 33 HRA M == HATF 3,403 2 HA| HAZO|M 95.9% 2 LHEZ S 2fA|5HAU2H, 20t
2 ol FH7F MA| HALASOIM 2.9% S 2HA|SHA| 2 AR 22|(H2)80] 71.6% 2 7+ ={tH(data not shown).
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Table 2. Prevalence of pathogens causing diarrhea according to gender and age group in Incheon Metropolitan city

(2018-2021)

ender

Male Female Total
age
No. of % No. of o No. of o No. of o No. of o No. of Y
tested ° positive 0 tested ° positive ° tested positive °
0-9 1,008 52.4 405 40.2 817 50.3 342 41.9 1,825 514 747 40.9
10-19 163 85 70 42 .9 144 89 42 29.2 307 8.6 112 36.5
20-29 65 3.4 12 18.5 58 3.6 10 17.2 123 35 22 17.9
30-39 55 29 8 14.5 55 3.4 10 18.2 110 3.1 18 16.4
40-49 80 4.2 14 17.5 63 39 10 15.9 143 4.0 24 16.8
50-59 129 6.7 21 16.3 79 4.9 13 16.5 208 59 34 16.3
60-69 170 8.8 26 15.3 126 7.8 19 15.1 296 8.3 45 15.2
>70 255 13.2 19 7.5 283 17.4 30 10.6 538 15.2 49 9.1
Total 1,925 100 575 299 1,625 100 476 293 3,550 100 1,051 29.6
70 A r 30
Pathogenic E. coli Salmonella spp.
60 - mmm Shigella spp. . S. qureus L o5
. C. perfringens BN B. cereus
50 4 N Y. enterocolitica I Campylobacter spp. _
'% =8-=Detection Rate (%) 20 B
@ aQ
£ 40 A £
: 15§
& 30 - S
g - 10 8
Z 20 -
10 - rs
0 - - 0

<1 1-5 6-9 10-19 20-29 30-39 40-49

50-59 60-69 =70

Fig. 1. Age distribution of bacterial gastroenteritis in Incheon Metropolitan city (2018-2021). The highest bacteria detection
rate was 28.2% at 6-9 years, followed by a high detection rate of 24.1% at 10-19 years.
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Fig. 2. Age distribution of viral gastroenteritis in Incheon Metropolitan city (2018-2021). The highest virus detection rate was

39.3% at 1-5 years, followed by a high detection rate of 18.1% at <1 year.
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HEA d= &

Y 2SS HTHEDH NZ2 7-88F(0S), BI0[2|A= 11-48MA|(2AS-8) BEE0| 2U%2H (Fig. 3), Z2l(A=)E EAAHQ|
SE JUZES AT 20, Mol 32 EHd tya0] 205d 22(=0f U & Mo S 7t =2 46%E AA[SIA=20 222
2t(127, 28%) > BMEEYT T (42, 9%) > HE2HE (32, 7%) > BHERA MRALQ27, 6%) =22 22|=|UT. HEO|

.I
ol A7 7+ RASHU=C 313N FHAE 2= WA HS HIO[2A & 52%S 2RISR, ZEMHI0HA
(1414, 24%) > OIG|.=HI0[4A(717H, 12%) > OFAEZHIO|2{A (47, 8%) > AZHIOIHA(25H, 4%) =22 HEE(UCH (Table 3).

C2HOIAE 2 ZAS~0|SH SE(11-4E)7H2] MG ZE2=UL 02 0= dasts FHE BE5IL A20, 2192
18-20' Cid| & EO| 7?” S| LIEHRICE. 2EBH0|2| A 21H0E FEElE ARI7E OISR SARI2 18-20E0E 1-53 7R A2

ETEC 9= > EHEC 43 > EIEC 13 =22 Z2|=[
1.

=2 =
23.6%2 71 M|, A 222 S enteritidis?7t 21.3% 2}A|5H f (Tabl

L 2HI0|2{A = 5719] GenogrouplL 2 £FE|H 0| G, Gll, GIVZ} 2 AIZH0|M ZHS o771, Gl GVe 22+ Fo|M A
25|lE o2 A QCt 2 AF0M =2H0[2{AE= 2018-2021HE7H & 31320| HEESH, 0|F GIFO0| 20, GIIEO0| 293
70|Act. GIE| AR GI.3YO0| GI 2& MM 712 2M(50% 2F2|)FHAR, GlIe] L Gll.4 (53.2%) > GII.3 (14%) > GlI. 2
(13.7%) =22 X5t (Table 4). =250 A GIYO| LA JAS BF U ATl A0tYaEHE M2 st 34 4
Ar2et AArEtet FAKSHRCE (6, 7).

E

1o oY

3,550 CHEA FA0IM E&A|7H 2F Ol HE

AEE 271105422 71 gk, 329
P 30| 42E RS MU= LHEstE Y
2tet F gz (12d), 2EHHI0[2{ A2t OFH|.=B0[21A(82)

ZE| A

I_I_I_

= 114122 A ZAHC| & 3.2%E AR5t 1, O|F0A 2
YU dE U2 8, 2t 422 AV HE2E FA= 12U UACE S

Yot L2604 (132), 2H0|2{2F ZEHHI0[HA(13), 223
YA G YT Lt OLLEZHI0[HA(7) S22 YA = UL (Table 5).
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Fig. 3. Seasonal Distribution of pathogens isolated from diarrheal patients in Incheon Metropolitan city (2018-2021). The
enteric pathogen detection rate displayed typical seasonality. The bacteria isolation rate was high from July to August
(summer) and virus detection rate was high from November to April (early winter-spring).
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Table 3. Monthly Distribution of pathogens isolated from diarrheal patients in Incheon Metropolitan city (2018-2021)

Total Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.
Number of tested 3,550 317 224 310 341 284 334 338 310 291 293 307 201
Total 450 27 18 19 24 17 36 67 79 59 51 33 20
EHEC 4 0 0 0 2 0 2 0 0 0 0 0 0
ETEC 9 1 0 0 2 1 0 0 1 3 1 0 0
Escherichia coli EPEC 191 14 6 5 6 1 14 29 33 32 25 16 10
EIEC 1 1 0 0 0 0 0 0 0 0 0 0 0
B Subtotal 205 16 6 5 10 2 16 29 34 35 26 16 10
a S. tyohi & S. paratyphi 0 0 0 0 0 0 0 0 0 0 0 0
Salmonella
C Salmonella spp. 127 5 8 4 3 7 12 13 21 19 19 " 5
t . S. sonnei 2 1 0 0 0 0 0 0 0 0 0 0 1
e Shigella . ..
r S. flexneri, & S. boydii 1 0 1 0 0 0 0 0 0 0 0 0 0
i Vibrio parahemolyticus 0 0 0 0 0 0 0 0 0 0 0 0 0
a Staphylococcus aureus 42 3 1 6 4 3 3 6 6 0 3 5 2
Clostridium perfringens 13 0 2 2 1 3 0 1 1 1 1 0 1
Bacillus cereus 27 1 0 2 4 1 4 4 4 4 2 0 1
Listeria monocytogenes 0 0 0 0 0 0 0 0 0 0 0 0 0
Yersinia enterocolitica 1 0 0 0 0 1 0 0 0 0 0 0 0
Campylobacter jejuni 32 1 0 0 2 0 1 14 13 0 0 1 0
Total 597 123 74 79 89 43 30 24 32 27 14 38 25
v Norovirus Gl 20 5 3 5 4 1 0 0 0 0 0 1 1
i Norovirus Gl 293 81 44 31 44 19 20 8 6 4 17 14
r Group A Rotavirus 141 27 19 33 21 14 2 4 3 3 6 4
u Adenovirus 71 4 2 4 9 4 5 10 N 9 3 9 1
> Astrovirus 47 5 1 4 8 3 2 2 9 3 3 3 4
Sapovirus 25 1 5 1 3 2 1 0 2 6 1 2 1
35 - ; ;
W Pathogenic E. coli W Salmonella spp.
m S. aureus B. cereus
30
| C. jejuni
g2
5
@ 20 A !
5 I.
+ 15 ]
é ?s%
B 7
2 10 - n 11 .
o | = % i
1 3 5 7 9 11 |1 5 7 9 11 3 5 7 9 11 |1 3 5 7 9 11
2018 2019 2020 2021

Fig. 4. Seasonal Distribution of the five most prevalent bacterial pathogens isolated from diarrheal patients in Incheon

Metropolitan city (2018-2021). Pathogenic £. coliand Saimonella spp. were most frequently detected in July-September.
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Fig. 5. Seasonal Distribution of viral pathogens isolated from diarrheal patients in Incheon Metropolitan city (2018-2021).
Norovirus was mainly detected from November to April (early winter to spring) and tended to decrease in summer.

Table 4. Annual genotypic distribution of Norovirus in Incheon Metropolitan city (2018-2021)

No. of positive samples (%)

Genotype Total (%)
2018 2019 2020 2021
GI_2 - 2 - 1 3 15
GI_3 1 7 1 1 10 50
Gl_4 - - - 1 1 5
Gl GI_5 - - 1 - 1 5
(n=20) Gl6 - - 1 - 1 5
GI_9 1 1 - 2 10
Other Gl group 1 1 - - 2 10
SubTotal 2 11 4 3 20 100
GlI_1 - 2 - - 2 0.7
GlI_2 12 19 6 3 40 13.7
GlI_3 8 8 5 20 41 14.0
Gll_4 47 45 37 27 156 53.2
GlI_5 - 1 - - 1 0.3
Gl GlI_6 4 - 10 15 5.1
(n=293) - .
GlI_8 8 - - - 8 2.7
Gll_14 - 2 - - 2 0.7
GII_17 2 3 5 - 10 3.4
Other GIl group 10 3 4 1 18 6.1
SubTotal 88 87 57 61 293 100
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Table 5. Distribution of enteric pathogens in coinfections (n=114) among the 3,550 diarrheal patients in Incheon
Metropolitan city (2018-2021)

Pathogens
Bacterial coinfection  SAL + EC(10), SAL + SA(5), SAL + EC + SA(1), SAL + BC(1), EC + CJ(5), EC + SA(2), EC + BC(5), EC
(33 cases) + CP(2), CJ + SA(1), CJ + CP(1)
Bacterial and SAL+ RoV(1), SAL+ AdV(2), SAL+EC + AsV +SaV(1), EC+NoV(11), EC+ NoV + AdV(1), EC+ NoV
Viral coinfection + SaV(1), EC + RoV(3), EC + RoV + AdV(1), EC + AdV(3), EC + AsV(6), EC + AsV + SaV(1), EC +
(42 cases) SaV(2), CJ + AdV(1), SA + NoV(3), BC + NoV(4), CP + NoV(1)
Viral coinfection NoV + RoV(11), NoV + RoV + AdV(1), NoV + RoV + SaV(1), NoV + AdV(5), NoV + AsV(5), NoV +
(39 cases) SaV(3), RoV + AdV(7), RoV + AdV + AsV(1), RoV + AsV(1), RoV + SaV(2), AdV + AsV(1), AdV +
SaV(1)

Abbreviations: SAL, Sa/lmonella spp.; EC, pathogenic £ coli, CJ, C. jejuni;, SA, S. aureus, BC, B. cereus, CP, C. perfringens,
NoV, Norovirus; RoV, Rotavirus; AdV, Adenovirus; AsV, Astrovirus; SaV, Sapovirus.
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2018-2021'd S0t & 3,550712| ZALE £t =0, Mol 2 HUH HES0|ME 2 20|18 2O0|Z| i, BA 22| Hee
ZEE 0N 222 = HZ0] A2 95.9% 225t A|C, AEE F20|M= AL 22|24 HIF0] 2.9% Q1 20122 A0j| A 7+2
S22 HE2(71.6%)2 20t 2|2 497 A ZEE 240N MTO B2 6-9M7t 28 2% 2 7tE £t2D, A 822 10-19
M7t 24.1%E 223110, BHO|2{A9] AL 1-5M7F 39.3%, 1A 0|2 DE0ME 18.1%2 Ef HHUCHECE HEE0| SUCHE Mt A
A A0t} of2I0f| A AL 225 10272 S 957121 2 93%7t 194 O|PH02ts HEE SEAHLZ s 2 uf Halof L5 ke
g S4 20f A0t2teloM 71 =2 EeA| HEES EOl A2 ST}
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