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Noroviruses are pathogens as being the leading cause of acute gastroenteritis
(AGE) across all age groups, especially among vulnerable population, less than 5
years old. This study examined a total of 994 specimens collected from 58 cases
of the kindergartens populations in Gyeonggi-Do from 2019 to 2021 to estimate the
incidence of viral enteropathogens and analyze molecular genetic characteristics.
Noroviruses were the most common viral pathogen causing among these population
with acute gastroenteritis (n=55, 94.8% of cases tested). We found that norovirus
outbreak of kindergarten exhibited a seasonality from the winter to summer with
a peak in April. In particular, genotype Gll noroviruses were particularly prevalent
in the kindergarten population, with GlI-4/2012 being highly detected in 119
specimens, followed by GlI-3 and GlI-2 as pathogenic agents causing AGE. Samples
from workers or environment (toilet, doorknob, toy) were positive for a same
genetic norovirus (GII-4/2012). Our results suggest that special attention needs
to be paid to any possible contamination with noroviruses. Furthermore, a regular
monitoring system can help prevent the norovirus outbreaks.
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L 2Ho[AE M PO 28 AFEE L27|= IR 28 HHUAHZ, MAHcZ
= A (acute gastroenteritis; AGE)2| =20% HES HA|THC} (1). £3] 54| 0|2
HQ0tof|AH 7|2|= FEko| OfL FHA, Centers for Disease Control and Prevention
(CDQ) Zt=0f o|at3 OfH 7= 4= OF0|S 50,0008 =7t =2H0[2A ZHo R
AHUSCH= B0} QICH (2). OfZI017F 2MI7t =™ OfOte 18 04 L2Hjo|2{A 20|

2 2 7540 /e, of

=2E A2l 0210|152 S0l YAt F7[2 S0 74|
2|3, 63 7t2| SFo| o280 A0 ofFt ZFE 2”0l ULt (3-5).
=280j2{AE O MEFO| Zalf 2074 D|2H2| i 22| BIO[HARCRE S Y
S5 UCH(6). Y = 24~48AI12t O|U{0f] =&, HIANZ, 715, 2At SE SHE S
0l '—PEP'; f O[21%t SH2 2~ 322t AEKE(CI} ARRA|A =l Z0] LEHHolLt Y7 &
Ao ME FSO0IL 28, ]S SS FEGH| = STt (7). =280|2{ 201 2 Al LIERL
= TS0l ?LEODI =20 =28I0|AAE 9| Z7|(stomach flu)2t F27|&= Bt
L2802 AE 2FEH AE, 2(RI5tkr)E N2 510 AlSS S¢& FEEL 2
UR L AL O AR HZ(62-84%)2 Sl T2 HEE + AL, 2F & BHO|L ZFE
MO FESOM S7|E Sl HE 4~ ATt (8). .=2810[2 20 ofs HHE A=
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TE A OZZ, ZALAl B7] 0|22 2= ZBYHE 4 ACH (9). £8t ZVIRE =2H0[2|A SE LY HE AE2=2, 32
5| 71E85tA| l YE|StH 28024 2 R0l U AR7EA| Yozl WLolLL 2 2A s Yeaz, SHIE & AV|et 2FE

ol H M5t A= 2 0f|Ysh= A0 23t

Caliciviridae2 £3%|= = 2H}0|3{A= positive-sense single strand RNAZ S44| 37|= 7.5kb Z=0|0, 3742] open reading
frame (ORF)2 T4 ATt (10). ORF12 RNA dependent RNA polymerase (RdRp), helicase, VPg, proteaseS BFO|2{A 23|
1, ORF2= HA|E SHEHZI(VPY) S 25351510 2T, ORF3= ORF20|| 9|5l & FHA|= Ceizl
£oMEHE TR CHEZI(VP2)E MAFSICH (11). = 2810|21A9| genogroup2 RdRp 2 VP1 capsid

SRE F2EH, 0l F G, GlI, GIVHO| A0l Zgxls AAHZ LA ATt
Genotype2 GIE 9%, GIE S 48 0|¢0] E0&[1 Tt (12). 229| 28024 2R= SYEL(RdRp) F&
= ELO|HSH YUHI0|E =|AU=E, 6071 O] 2| SE=4 7Y (P-type) 22 2R L} (12).

SR B nE A0 QfotH H MAH L2 2(Hut 7|7tS S2510, AZOAIM 713 B0| &&= = 2HH0[2 A& GIl FHFO|CH
LZHIOIA G| CHYSt genotype & Gli-4= GlI-3 BRO[2{AT7t Z|HIAO|UE 1990HECH St 0|F M MAZQl AMZo|Ct (13,
14). M222 GII-4 HES| £32 MAZSZ - 2H0|qA9| {3 z

Orleans, 2012H0j= GlI-4 Sydney S 2~30tC} GlI-4 BHO|X|7t S5
50 52% d= HEECtD 20E|30 QU (16). 0l2(8t GII-4 HE0| &2
AtZE S7HA7 = Ol 7105t U (17).

ALt (15). A GlI-4 Sydney?} 671 CHE 2SF0|M 712 &
o2 Z%ot0 A MAlz I E35| 2|= SHHo|M 2R

1=

Gll-4 ZFF7t 2E HBCHOAM LAZ|= 713 E5F FF0|R|8 GII-2, GII-3 L GII-6 BIO|2{AQF Z+2 H| GlI-4 #F= 0{2] 0}0|& A}O|
oM ZHS 227|= 2QA0ICt (18-20). & @F L Gl-4 HE2 ZE HHCHO| M MAH 22 TjZ|7| 0| 0{2I0]F AtO[ofM £H
SO RAUE £+ ATt HE|D QUCH (21). 2222 YT HAO| Ao ZA5t2| b= Of2I0|E2| B 2HI0|AL |8 AT 2
M A MEZR HO|T 2HE ZAlst=0l S25 AT0| & o= ULt 0[0f] 2 AF0M= Z7[ZHolA 2019 HRE 2021 ATHA| LEst
AZE Z L 2H[0[2{A HEE0| 71 £2 02103 AZE L 2H0|2{A2] RAUFE M50 2L {3 LAMS THetstn, 0|5 Erf
2 47X A= ol th 32| 7|2 AR E AHl3st4t 5t

&2 UM = 20199 122 20213 12871A] 3@7F 27|12 G5 2170 Al EHA0M 02I0|1Y AT AS=S 2l Al 2|28 &
S ALZSICE £12F U SALRE, 842 A 99424(2019\ 24674, 20201 4674, 20211 70224)8 ZAF i 2 HPSIAC 2
E2H(rectal swab) 29 7=l 0.1 M PBS (phosphate buffered saline) 1.5 m0l] @1, 2 (stool)Y 22 2% 1 g2 0.1M PBS 9

5 2 A 2el5tict 4SS

ool O] BIAJBIICE BIAE HAIE 322t vortexst $ HE2 A2ABHR, 4C, 6,000 romolA 1022 24
B M FH0| §21 228 § RNA 220 ALSSID, B2 700 222 YS 10| 3%

L

L 2H}0|2{A RNAZZE 2 QAzt &4

L285}0[2{£29] RNA £ GenolutionAt2] NX48 ZH|E O|&StRICt & Al 200 @S NX-48 Viral NA Kit (Genolution,
VN111)2 AF83I0 251, 2EE RNAS ARRE T7H2] -70COIAM BREIACt 26094 4 O{2E =felst?| 2I8H Norovirus
GI/GIl multiplex PCR kit (Kogene, IR1200F)2} Norovirus Gl or Gll detection kit (Kogene, P0203C or P0205C)& AtE35H0] A=
A AE 20| T2t R 2M S 3oLt

SI=DS

WM B4 U RUAS 24

L

A H2Y HIO[HAZMMOM AHSStE primer H7|IME & & 240 T2} =2H0[2{L FHAS HESIAL (Table 1).
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Table 1. Oligonucleotide primers used in this study

Group Primers Sequences (5— 3’) Target Size
. Forward GI-MON432 TGG ACI CGY GGI CCY AAY CA
Norovirus Gl 579 bp
Reverse GI-G1SKR CCAACCCARCCATTIRTACA RAR i
-capsi
. Forward GII-MON431 TGG ACI AGR GGI CCY AAY CA prcap
Norovirus GlI 570 bp
Reverse GII-G2SKR CCR CCN GCATRH CCRTTR TAC AT

Onestep RT-PCRE 2|all 2X RT-PCR Master mix 13.5 /AJ 10 pmole sense primer2} antisense primer 2+2t 1 4, DW 4.5 48,
RNA 548 &6t 25 4 UHESHS ALZSIUCH KA 2ZES 2I5l ProFlex 96well (Life technologies, Singapore) PCR &tH|E 0|2
5104 42TCOIA 3027t reverse transcription & £35t11, 95T 1582 SO BF2A|ZI £ 95T 1&, 58T 12, 72T 1222 45 cyclesE
g5t & 72CoM 10272t extension SHRACEH

RT-PCRE E£3ll SZ%! PCR AE2 HIO| 2 A (Korea) S S5l ZAH|ot AL #AIE £Ei6IRICH 2ME F7|EL = 2H0[2A 22|39
nucleoprotein(N) -.—rl HI|ME2 BLAST (http://blast.ncbi.nlm.nih.gov/Blast.cgi)= 0|35t GenBank (http://Amwww.ncbi.nlm.nih.gov)
CIOJE{H|O| A0 SE= O U= 7|29 2HI0|A BEF FV7|M Y2 HnEA S Sof 71 2 4548 UEMH KT S =QlstR
C. MYE2 Clustal W program2 AF2310] 5RO, MEGA v 6.06 (Molecular Evolutionary Genetics Analysis version
6.06) program< 0|&35}+0 maximum composite likelihood modeloi| 2|5 €7\ E7te| KA 722} phylogenetic treeE 22
SHRACH E35F bootstrap 22 1,0003|2] resampled data2 2 E{ 2251%C}

RESULTS

71U =280l A ASs 2 &Y

2019928 2021712 F7| 7 29| A ASE &l oS AHE( MSE LY Al & 2 A= 2019 99 AR
(1,8214), 2020'F 58 A2{|(1,029¢), 2021 97 Al2l, (1,54571)0|UCt. 2020 Z2L} RS2 AZ= A AT A4S

oL}, 2021E0= 201992 RARS =F2 2 LUSHUCE

370 A AIZS HH 439520 F 1,271 20000 BHt ZEEI0] YHELS 28 9%CH OIF =2H0]2{A AESL 183%(806
20)2 FMA FHZHO| 20% =t lo2Bt0j2{ A0} Gip TS B0k RASICH (1). mRBH0[2A 2N AZES 20194 14.9%
27271/1,821), 20209 7.5% (7771/1029%), 20213 29.6% (45771/1,5452)FCt. 2019 CHH| 2021H0]| .- 2HIO|2{A QF
H2U47H 168% ZTISIACH UOIHKAMER AL 281012 A(63 4%), AY HYR(16.3%), HBYRHE T%) 2202 =2
Bfol2{ A7t 743 80| 22| 9ic

—

HIIZU A AIZSOIN L2H0[2{0] A S AEHS ATEYT mRHl0j2 AL (RO HSH AZ
BUAIR, 118134 12800] 17| 26101, 20210 4801 713 YURO| AR, 2010U0l 3804 71
2 20j0[2{A 21D AS AIH0| 12201 122 0S5 SE(5Y)IHR KU ALt VY AR (WEB2H, 2
2)ot A8 2B0| QAISICE

O{210|3] = Z2HI0|HA A== giAl oAb

201928 20218712 B7|=U Of2I0|Z0IM A0 YoEl MEZO|M =280 A7t YIS 2 SIS 2= 94.8% (552/58At
A= Y=HOIRUCE B A ASS LY AR0IM 2802 A7 JRIQl HRE= 47.6% (12128/254A=)RACE (Table 2). =28}
0214 O[2loll= ZEIB0[2{A, HRlY thT0| HEEIUCE

A L 2HIO|HA HE UAS AT{HE 2019H0S 11YEE HEL|T| A|2H510], 52 291 5Y~6Y HEE|YD, 20203 2¢ F=2

'

=
L7t RAUSHE AZ|0AM, ASS LU0 YAH2Z UASI0] =2810[2{A HEEO0| YATH J2iLt 2021H0= ORI0[Y AlS= Lot

’
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Fig. 1. Monthly incidence of norovirus detected from outbreak from 2019 to 2021.

Table 2. No.(%) of norovirus outbreaks

2019 2020 2021 Total

. 48/99 12/58 61/97 121/254

Gyeonggi-bo (48./5%) (zo./7%> (62./9%) (47./6%)

children of daycare center (91;/310/50) (1 gé‘i/o) (3985/3()0) (952/85‘2)

Table 3. Case of food poisoning outbreaks from 2019 to 2021 in Gyeonggi-Do by administrative districts
2019 2020 2021 Total

Siheung 59 59
Anseong 9 9
Anyang 12 12 24
Yangpyeong 20 20
Yongin 7 12 19
Hanam 19 19
Hwaseong 36 53 89
Ansan 12 63 75
Pyeongtaek 19 56 75
Gwacheon 9
Gwangmyeong 7 7
Gimpo 34 34
Bucheon 17 17
Suwon 56 7 63
Osan 25 25
Uiwang 29 29

14
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0f210/7 w2Hlo[2{AL| EALQHEH S4

2019'F2E 20218712 F7|=U Of2I0|Y AE S 22| AAo|M 22|35 =2H0|2{ A0 KUY SE4S HTHEUCH AR2O|A 2
gl =2H0[2{AE GI, GlI, GIVEO[Z|TH 3z L2|Ltate] T 7|22 G, GIgHS &0l SZ5tn Ut = 2H0[2{ ATt 2101 el
2 95|21 5529] Al 2 GI2 1H0|0], LM | 5474(98.2%)2 25 GIEOZ SQIE|QUCH = 0{210|3 AIZE Lr4A| 2910 &=
= 2HO[RA RUYUS HEE GIYYS ZoIsHICY.

(b

r
o
i}
J

O{210| YoM HEE 2H[0|2{A0 FIMY 24 S Sol RUE 2ME StAUCH GIFA 2E(GI-3, 4), GIF0IA 5&(GlI-2, 3, 4,
6,22)0| X231 QUC} 0l 2019E~2021E F7|= A ASE0|M HEE = 2H0[2{A RUYH 2 GIY 43(GI-1, 3,4, 5), Gl
& 8Z(Gl-1, 2, 3,4,5,6,8, 17)2Ct 1 ﬁ;‘—% Aict of210|YoM AEE =2H0|2A Gl RS ME genotype F2
GlI-2, GII-3, GlI-4, GlI-4/20120|H, 2021H0i|= E0|5tA| GII-60 2|5t At 2HH0| S22 &0l=|UCt (Fig. 2). GI-6S O|SEL0]
Y ggyoz BAMs 2 21t GI-6(P7)E0|Ct.

HEZ ZM5| AT{EHE 2019H0lE GII-27t HAY HEE &, GI-37} £/0]|0 RH35IFCt 2020H0]|= r%zﬁ AESE U
Aob 24D, GII-32f GII-4/20127F FESHRACE 2021H0l= 2100l ZHlo[{AT} B OI 25

o \

2019 2020 2021

36%
45%

=Gll.2 =Gll3 =Gl4 Gll.4/2012 = GILE =etc uGll2 =Gll3 =Gl4 GllL4/2012 wGll6 metc =Gll2  wGl3 =Gll4 Gll.4/2012 mGlle6  wetc

Fig. 2. Distribution of norovirus genotypes detected from outbreak among the children.

.
GILG 15 I
GIL4/2012 - 106 ]

GlL4

l 21 I
g (N ET
cr2 61 )

0 20 40 &0 80 100 120

m201% m2020 m2021

Fig. 3. The number of norovirus genotypes detected from outbreak among the children.
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GlI-2, GII-37t R3S 2|46 7
GlI-4)0] SAl0f| ZE2%l= 3971 107(26.3%) UA
119422 712 8korn G-

& GII-4/2012 (Sydney)?t O{210| 2 SROIS ALO[OfAf

GlI-4/2012

H2dl, GII-67F MEH ZE=IUCH SO0I5HA 2021E001=

-+,

ot 2
(927), GII-3 (77¢) =22 A= £
oS 2500, L2bl0[2{A SHUE

#H0|20| I

THAS

o

GII-4/2012 2 .=
2|2 of21010)q HEE 2B~
C} (Fig. 3). O[S 0] Oj _me 23S 2|43
|-Z}- _L|;7-||

genotype (GlI-2,

GlI-3,

o A2 GlI-4/2012 (Sydney)7t

HEEACE

8 Jhed,

2021

2012E0)| GII-4/2012 (Sydney)?t 2315t 0|% 5| 0|Tte| O10|SS ChAFC 2 3 $171(2016H~2020)0lA GII-4/20127t 50% &
T2 x25t1, O 0222 G2, GII-3, GlI-67F ZEEICH= Bt QICH (16). Ol= Z7|Z0|A 2019-2021E 3EHS O HHAISE O 210)
A AZEO|N HEE L2HIO|HA SLAUHES BAM5H 2o} 01 SASICH 27|22 A% GII-4/20127F 119A(35.6%)%¥1, 1 .t
o= G2, GII-3, Gl-4, GI-6 £22 HZTQICt (Fig. 3). w2HI0[2AQ| B2 LAY 12| 0{210|2 FRO0LS ALO[0|A R3S
FE5hs RUHL GI-4/2012, GlI-2, GII-3, GlI-6 & YS & 4 QUL

2 ¢F0IM OZIoYolM HEE L=2HIO|HA F JHY TO| SR

GII-4/20123°42E SRIE 119712 HA

¥ o

|
g 24

|'0||

F 2D A 2289 cluster 2=

dZE Gl 14/20120*01| oist RIASHH 24
1, MN588303F2t=

%
1,8%,

KY407103

91
;é“.—_%’ =12 5)0M &
I Al

FOh= 99.6% RAISIACE GII-4/2012¥2 SH210|2|0f SAtAtet SHE A A (B3 #17], LU=, S2tof|
H =2|et 22|72 LRISHUCE (Fig. 4). &A= P, SAAtE FH, B3 FA|= E2 B7(510] F23HRUCE Ol= YT YES 5t= SROI=
AtO[OJ M L= 2B}0[2{ A7t SFEA0[LE S0, SA f =2 Sofl AUYHeR e JtsdE BoECt

-

N2-OB-GG-21-03-PU34SNOVGHIGH_42012IG
N2-OB-GG-21-03-POSMINOVGHIGE_&2012|G
N2-0B-

MNSOTTEA Y
Kver9r621

GG-21-03-PO34S|NOVGHIGH_&2012|G 1 MNSSTTSA Y
N2-OB-GG-21-03-PO343NaVGHIGH_472012/G | xversrezs
N2-OB-GG-21-03-PO3M2INOVGHIGH_4/2012/G m i

93772 1

N2-0B-GG-21-03-P0341 NoVGHIGH_42012G
N2-0B-GG-21-03-PO3S0INOVGEIGE_4/20121G
N2-0B-GG-21-03-PO236|NoVGHIGH_&72012IG
N2-0B-GG-21-03-PO235|NoVGHIGH_220121G
N2-0B-GG-21-03-E0351 |NoVGHIGH_42012IG
N2-OB-GG-21-01-P0121 NoVGEIGH_4/2012|G
N2-0B-GG-21-01-PO120{NoVGHIGH_&72012IG
N2-0B-GG-21-01-PO119|NoVGHIGH_&2012IG
N2-0B-GG-21-01-PO0ISINGVGHIGH_472012/G
N2-0B-GG-21-01-POOISINOVGEIGH_4/2012IG
N2-0B-GG-21-01-PO0M INoVGHIGH_42012G
N2-0B-GG-21-01-P0O22NoVGHIGH_42012IG
N2-0B-GG-21-01-P0021 |NoVGHIGH_&72012IG
N2-0B-GG-21-01-PO020NoVGHIGH_42012IG
N2-0B-GG-21-01-PO019|NOVGHIGH_&2012IG
N2-0B-GG-21-01-P0016NoVGHIGH_2/72012IG
N2-OB-GG-21-01-PO01SINOVGHIGH_472012IG
N2-OB-GG-21-01-P0014 |NoVGHIGH_&2012IG
N2-0B-GG-21-01-PO013|NoVGHIGH_42012IG
N2-OB-GG-21-01-P0011|NoVGHIGH_42012IG 5
N2-0B-GG-21-01-POO10/NGVGHIGH_4720121G

N2-0B-GG-21-01-POO09INOVGEIGH_4/2012/G

N2-0B-GG-21-01-POO0S|NOVGHIGH_£2012IG

N2-0B-GG-21-01-P000TNoVGHIGH_472012IG

N2-OB-GG-21-01-POO06|NOVGHIGH_&/2012IG

N2-00-GG-21.01-C0025INOVGUIGH 4720121 gy

N2-OB-GG-21-06-P1089|NOVGHIGH_42012IG

N2-08-GG-21-05 POBS1INOVGINGH_&20121G
N2-OB-GG-21.05 EOMTINOVGINGY 420121G I
N2-0B-GG-21-05-POSSZNoVGEIGH_420121G

N2-0O8-GG-21-05-POSEINoVGEIGH_420121G
N2-08-GG-19-05-POT14|NoVGINGE_42012G
N2-OB-GG-19-05-POT16{NoVGINGE_42012G
N2-08-GG-19-05-PO713{NoVGINGE_42012G

N2.-08-GG-19-05-FHO71 TINOVGIIGE 42012G A
'—u{xoomos POT12NOVGEGH_420121G
N2-08-GG-20-01-PO192NVGEIGH_4/20121G
N2-08-GG-20-01-PO193NVGEIGH_42012G
N2-08-GG-20-01-PO19SNVGEIGH_420121G
N2-08-GG-20-01-PO196NVGEIGH_4/2012G

%

10086621 071207 MOVGRGS 82126 A
PP T PISPryrrr———
N2-OB-GG-2107 P 1SINNGHGE_42012G
N2-OB-GG-2107 P 11946NNGHIGE_42012G
N2-OB-GG-2107 PSSNNGHGE_L2NAG
N2.OB.GG-21.07.9 11 S6NNGEIGE_L2012G
N2-OB-GG-2107T P 1 STNNGEIGE_42012G
N2-OB-GG-2107 P GENNGHGE_42012G
N2OB.GG-21.07.9 11 PANNGAGE_L201ZG
N2-OB-GG-2107 P 1200NaVGIIGE_42012G
N2-OB-GG-21 07 P1203NNGHGE_4200 26
N2-OB-GG-21.07.P 1204NNGEGE_L201ZG

N2-0B-GG- 18- 11-P1HOSNGVGNGE_420121G
N2-08.GG-19-11-P1S0MNSVGHGE_L20121G

N2-08-GG-19-12-P21 26NaVGRGH_420121G

711 N2-08-GG-19-12-P21 20PNaVGHGH_420121G

N2-08-GG-21-06-PI0T2NNVGHGE_820121G
| N208-GG-21.08-P10TIPNVGHGH_a20121G
N2-08-GG-2108-PI0TONOVGHGH_420121G

N2-08-GG-21.06-P10SOPNGVGRGE_&20121G
N2-O8.-GG-21-05 POSLENNGEGE_42012G
N2-08.-GG-21-06- POOS INNGEIGE_L2012G
IN2O8-GG-21-05 POMTINVGEGE_42012G

N2-OB-GG-21-06 POSSONNVGEIGH_42012G
17| N208-GG-21-04-POESENNGEGE_ 420126

N2-O8 GG-21-04- PUSHENNGEGE_L2012G
N2O8.-GG-21-04 POSLENNGEGE_42012G
N2 OB GG-2 104 POCENN GRGE_420120G
N2.-O8.GG-21-04 PUSLINNCEGE_L2012G
N2-O8.-GG-21-04 POSIANNGEGH_L2012G
N2OB-GG-21-04 POSITINVGEGH_42012G
N2-08-GG-21-04- POBASINVGHGE 420126
N2-08-GG-21-04- POBABINVGHGH 4201216
N2-08-GG-21-04- POSATINGVGHGH 4201216
N2-08-GG-21-04-POSS2NVGHGE_L2012G
N2-08-GG-21-04- POSSINVGHGE_420121G
N2-08-GG-21-04-POSSTINNGHGH_420121G
N2-08-GG-21-04- POSSSINOVGHGH_42012G
N2-08-GG-21-06-P1117NNGHGE_420121G
N2-08-GG-21-06-P1118NVGHGH_420121G
N2-08-GG-21-06-P1119NVGHGH_42012G
N2-08-GG-21-08-P1121NaVGHGH_420121G
N2-08-GG-21-06-P1122NaVGHGH_420121G
N208-GG-21-06-P 1128 NoVGHGH_420121G

|—— na-08.Go-21-00 PoESENNVGIGE_12012G

Fig. 4. Phylogenetic tree of noroviruse Gll-4/2012. Nucleotide sequences were analyzed by using the maximum-likelihood
method. Shown are trees with the highest log likelihood. Statistical evaluation was performed by 1,000 bootstrap replications.
Closed square and triangle represent environment (toilet, doorknob) and worker, respectively.
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DISCUSSION

O{2I0| 52| < =2H0[2{ A0 CHEH LH4J0] i1, E7L T2 LAsiC L& Al H|Y, 0|2 Qs 2E &, 3t o0|=2E 852
2 UEE 71580 =0t 202420 2220l RFAC = A2 Aot U], 2 S22 Qs AZSF2 BE 107t1] 0|4 Crst
L 2H0|2{A RHAIHO| HE&= P, O]200|Y =2810|HA AZSF2 1712 RUA-0| ofs RLUcl= ZR7F ZOt Atz 2+ [,
EE 29 S8 56 1M 7Hs40| QS8 2 & & UCH 2020149 L DRLE O RS2 0210y FH0| Hyon, &4
7| & 71l 2I440| ZEtE| O AZSF0| ZASHR 2L, 2021'H0ll= SO0|5tH OZI0| oA LZHo[2{A0] 2|5t AT AS=0| EHHe
2 ZII5tUCE 0] A|7| B2|E L28I0|2{A RHUHS2E GII-14/201271 712 HUCH Of210|R AZ=E0M HEE 2H0[2A =
71 B2 GII-14/2012 (1192001 s RAASEA M2 £t Zut SARAIRL Stat, St2ret &td HA| (G B7], 12| 5)
OllM SAl0 22| A=Cl, M2 FAHO0| L2|otUCE £5t 22t T EFKUAME SUSH US| =2HIO[HAI HEE = FRE
AT Ol= GII-14/20120] oJ5H 2§17 [T, = 23 AOIF U0 4= JUZE BOFH 2021H = 2H0[Z A0 Q5 AlZE St
7t GII-14/2012 2 HEt0| A 7t540] UCH

ESHA7|E U Of2I0|3 RICH AZE0M 22 A2E - 2HI0|HA QAUTL GI-4/20127F 712 LD, 1 222 GII-2, GlI-3,
Gll-4, GlI-6 F=H|, Ol 7|20 EDE 2|2 Zulel YR|ECt (16). A7TE HZ0IM 712 U2 AZZ0| LA5H0] (AlQFA, AZot
ozt EA), E5l ofZI0| YoM Sdsts ASE2 2810|2471 A A2 HEE= 27 HRR0|0h dF¥HO0| g2 =24}
Ol2Aa E44 AT UYS S22 25| &2 = QICE SHR|C O|ZI0| YoM HSE 250|220 S AT K E49
4 Atz 4715 U M2 R L4 ol Sst=0 -7 =0t
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