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Molecular Detection and Epidemiology
of Etiologic Agents among Children
with Acute Gastroenteritis at a
Secondary Hospital from 2015 to 2018

Young Sang Kim (), Ju Young Chung

Department of Pediatrics, Sanggye Paik Hospital, Inje University School of Medicine, Seoul, the Republic of Korea

ABSTRACT

Purpose: The multiplex reverse transcriptase-polymerase chain reaction (RT-PCR) test
developed recently can help detect enteric pathogens of acute gastroenteritis (AGE). This
study aimed to investigate the epidemiology of pathogens in children with AGE using the
multiplex RT-PCR.

Methods: From May 2015 to June 2018, multiplex RT-PCR tests were performed to identify
pathogens in the feces of pediatric patients diagnosed with AGE at a secondary hospital in
Seoul, Korea.

Results: Of the 1,366 stool samples examined for viral pathogens, 483 (35.3%) tested positive
for >1 pathogen. Group A rotavirus (RV) was detected in 106 cases (7.8%). The positivity

rate increased annually from 3.0% (8/263) to 16.7% (48/288) and surged in 2018 (P<0.001).
Norovirus (NoV) GII was the most common viral pathogen (263/1,366, 19.3%), and the
positivity rate did not increase during the 3 years. Of the 304 stool samples tested for bacterial
pathogens, Campylobacter spp. was the most common bacterial pathogen (32/304, 10.5%),
followed by Clostridium difficile (22/304, 7.2%) and Salmonella spp. (17/304, 5.6%). The positivity
rate of these bacterial pathogens did not change significantly during the study period.
Conclusions: NoV GII is the main pathogen in childhood AGE since the introduction of RV
vaccine, yet the number of rotavirus-infected patients increased during our study, especially
in 2018. Therefore, further research is needed including the possibility of emergence of
novel RV strains. Campylobacter spp. is the predominant cause of bacterial AGE in children.
For proper treatment, the clinical characteristics of the bacteria should be taken into
consideration, and continuous monitoring is necessary.
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tHEA Q1 vhol2 A el ke 2Hfo|H A, A ZEFHFO| A, A o leHto] 2] A, of A
EZuto[ A, Atato|2isolm A7) A Apol= 21Ot avk ZEHHPo|2| A, e 2Hfo]2] A
7k Rle] t 25 AA| St 2ERHbol2] A AlAIA 0= 9 frotoll A e dAardehs
O7]= TR EUAR, mRS AL Al Felol whEh Aol 10 7kA] AF o R ERS
thy ol Z A, B, CHF AP S %52 3t , Aot F oM = A ZEHto]2{ A7k 22 /I H
Aot Avk 2ERHfo] 2] 20l O]9 A& 54 o] Ko ekt o] AT == Bt
SA| bRk G frotel A Fd o 2 QIgt Abgo] 23k 1Qlo] Tty
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2006 24t 2 EFH}o] 2] 2 ¥l A1 Q1 RotaTeq® (Merck & Co., Inc, Kenilworth, NJ, USA), Rotarix®
(GlaxoSmithKline Biologicals, Rixensart, Belgium)”} 1] = Food and Drug Administration2] &
Q1% A 2ol AFE 5718 Wekom, R Ftel A Zefrtole] A WA Aot
718 g ol ZEAIZITH WAl £ o] ZEputola AR QI3 YU Bo| FH O At
o) o7 o]l & AR of thek o8t sk FhA gt

0| 5o A +=2006'd ZEFHFO| 2 A BIAL &= Q] 0] 2 2010 ol A 2012 7FA| 9] 717 -5-QF 54 1
Tk Aoto A AFd o2 ZEHHbo|2lA R El S Bl o, A Y 0 & X0 o] 2= Al
7] A A] 2| A E] = Aol it s ol A= 2007 ZEfHFO] 2 A HIA T Ql610) 0] & 2010\
HE] F435] ZepatolY A ZrA Eo] Zhadhs Ao x| Fhe 2] H A g8fo] PEE 7| & 5t
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1. CH&

20154 59 195 E] 20184 6 30U 7}R], LELU AAF Z2AL0 & Q1A ot AFA e Q)
ob Adatol A5t AL 2Jef 2 st F/d 91 S oAl st Th oA o5t St &, ¢
Ql A &S Q5] B1 A AlaY5H1,263 = th/d o 2 51¢lTh.

l->

EHAAE AR 1,2637 ol A4 1,670709] B HAE st o 2l

S 915 5 AL 136600 B, 18 5] F4E Sulste] o
AFA LS AT B 3010l SSiA S FohE 0 2 FA HAF U A HALE A
ol s07kel BAE FAISIck A BAE S0 g0l ANt 9 nusisio
™, 1 o]Woll multiplex polymerase chain reaction (PCR) FAAFS A4ttt 4 AAF ¥
Ql "o A ZAf= Allplex™ GI-Virus Assay (Seegene, Seoul, Korea) S 0|85t 6&F2] Hf
oj2iA/d WA - ke =Hlol 2 A (group I, 1), AT 2EfHIO| 2| A, OFAE ZHlo] 2] A AbazH]
ol A, 7 ot icHlo| A0 HE o & HYth I/ AAF Q! Alet HAH= Seeplex® Di-
arrhea-V ACE Detection (Seegene) < ©]-83}0] 10552 Al WYX - 72 24bg] At dl
2}, Vibrio spp., Shigella spp., Clostridium difficile (toxin B), Yersinia enterocolitica, Aeromonas spp., E. coli
(O157:H7), Verotoxin-producing E. coli, Clostridium perfringens®] 71 & o 55 Bkt

ApEH}o| 3 A= 2017 0] & F 71 A7 ZA
31 1,366712) AA| = 505702] AAo| A wt AutE FHQ1EH 4= 9]
A7FERIE SAsL Ard ddz B 259

4 AL 191 Bho] 24 ZJALE A
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3. Hu2N

AR 222 B 7HA AaLe] 71 Eahufole) 24 elel Refutolel A, i Zulo)
22 group I 2F Allt/d Q11 At dlal 7Hd 2 Hbe|of] tisto] 544 AAF Q] Bho]2{A gl

2 B9l Aol 915712 A4S Stk FEHORE A

o], U713} c-HH-E %H_V(C reactive protein, CRP), B8 & 7L, T/ 4] o]l tist H A A}
A ZAFSIAAL, 71 50 2 2EHHo2] A /g FAtol| A= 2EtHbol2| A Ml HF
o, Armulelol 7 2ute opy BAolAlE S914 Wil RET e NS ol RE
ZAF T 2 A= 7|3 A A AR ¥ S (Institutional Review Board, IRB)2] 591
2] 55} tH(IRB File number: 2020-04-030).

4. SHEAM

S A= IBM SPSS version 25.0 (IBM, New York, NY, USA)= A8} 11, At o] A of 4
=49 o) e 23e, Zehibo]2) 2 g 2} e 2uto] 2] & group 1T A E 7He) ML, 7
o 2ebe] AT A ndal of g 7Ho] Hjne =2 B E T AA 3} Flo] A2 AA S 5
t}. p3o] 0.05 I RH w) EA|SEA 0 2 fofsira ksl girt.
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1. Hio|2{ A HAAN|e| HE

1,366712] FH AA & AT 2, Avt 2P| A7 S 410671 (7.8%) ] AT
1201l 1071(9.4%), 220l 1771(16.0%), 390l 2771(25.5%), 4€°ll 2371(21.7%), 5E ol A] 12¥
TR 2971(27.4%) 0.2 ZEHO| 2 A= 1-4Y Atojof SFeh= 21 0 2 LEFTHFig. 1). A=
H Zo] o)A+ 2015 0] 3.0% (8/263), 2016 ©]] 4.5% (15/331), 20171 0] 7.29% (35/484) L& 1L
2018 °l|<=16.7% (48/288) = ¥/ et A& 257 S7HHh 148 7|7k HEg =] 7] 9b2
201592 A 9] 5l 2k, o] 5 2] 31 5-9H2016-2018) ZEH}o] 21 A ] Fhab= sfjnjct 27}
TH(P<0.001) (Table 1).

717 B2 ZAARNA FelE vpolel s WAL Rufo]2| AT, 2Hto]2] 20 geno-
group %0114 group I (GI) 1374 (1.0%) &% 1.2 H, group II (GIN)= 26371 (19.3%) HE5]
of GI7} vho 2 A4 g1 o) 2 oot HAM A SstAth ALY BEA Gre 2 W
b el o, A Zolof A= 2 ¥ist7t ¢l th(Fig. 1).

L 2Hfo] A Gl 11 FE 4€71A] 22171(221/263, 84.0%) HEEH 0] F2 A20A 25
712 f3lsts S Btk e 2Hlo|2lA G 20159 HE 2017 7HA] wid 7t
= H3121(P=0.04), 2015 14 0] AF7|Zboll REGHA] 9ttt 2 7oA ke 2ato]
A GIIe 11804 o] 55l 4¥7HA| 2 AEE o2 1o)X o] 53l 42 7HA] &
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Fig. 1. Monthly and yearly distribution of viral pathogens isolated from children with acute gastroenteritis
between May 2015 and June 2018.

Abbreviation: GI, genogroup I; Gll, genogroup II.
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Table 1. Yearly distribution of viral pathogens isolated from children with acute gastroenteritis between 2015 and 2018

Variable Year (2015-2018) P-value
2015 (n=263) 2016 (n=331) 2017 (n=484) 2018 (n=288)

May-Dec Jan-Dec Jan-Dec Jan-Jun
Astrovirus (n=41) 5(1.9) 10 (3.0) 18 (3.7) 8 (2.8) 0.430
Enteric adenovirus (n=53) 4 (1.5) 19 (5.7) 17 (3.5) 13 (4.5) 0.268
Group A rotavirus (n=106) 8 (3.0) 15 (4.5) 35(7.2) 48 (16.7) <0.001
Norovirus Gl (n=13) 1(0.4) 6 (1.8) 1(0.2) 5(1.7) 0.510
Norovirus Gll (n=263) 20 (7.6) 85 (25.7) 112 (23.1) 46 (16.0) 0.040
Sapovirus (n=11) NA* NA* 8 (1.7) 3(1.0) 0.042
Total No. of isolates (n=488) 38 (14.4) 135 (40.8) 191 (39.5) 123 (42.7)

Values are presented as number (%o).
*Sapovirus was included in the panel from 2017.
Abbreviation: GI, genogroup I; Gll, genogroup II; NA, not applicable.

A|&0. 2 A3}, 2015-2016, 2016-2017, 2017-20182] A A|ZO 2 LHzof A B A5} T}, zh
Z}t, 20152016 0l = 212 AA| 1657 5 6671(40%), 2016-2017'd0ll+= 18771 F 5071 (26%),
20172201819l += 34071 10571(30%) 2] k= ZHlol 22 G YA A A7 &1 = it A4
o2, Y zHpolg A YF FA 7|7HE RSt F Ao A=k 2Hfo| 2| A g7t sl F7tS

£ W2 ot ATHP=0.092). Hio|H A WA F£Q ARIQI AT ZEfHlo]2 A0t &
Hho|H A GIE A =H 2 Y FAS uf, A= [P A 7] oA Z 2}o] 7} gl Tt

ofAE Zulole At AT7IZE Sk AW

Hio|2j A= A oo 2 Hsl7t 33
o= =

4 Zolojl 4] 2 skt Qlgict. 4 ofei
T 74
of ThE Aol ul3) iAoz

|42 0 2= 9¥of 1071(18.9%) HEE

~

ATt 2EHHPO] 2 AL} I 2H}O| 2] A GII F O &2 LHro] /44 W& o1l =, A}
369 5 482> ofE Ao & sl on, Y GA| &, AAL 52 A oA S0l
AL J Y F FEY AAF F/do] BASIAE AR, AW 7HsAdol 7] wiel o
/&2 v Lol A A2l Tt. o] 5 A9l gt ke Z2HEo|Hq A GII Y/ THAE-2 2307, ZEFH}O]
A P AL 91 0]}l Lol ZEPo] | Aol 3 4.5148.294| 2 k- 2H}o]
2 GIIE9) Ht 2.07+2.76A4]00] B3l Z=kch. i AdH]&= ZEHo] 2 A2 50:41, =2 H}O]
A GIIE2 129:101% 5 - 7He] §-2 5t Xfo] 7} gloitt. E M Abol| A= e ZHfo] 2 A ¢F
‘dtoll A Bl =27} -2l obA| =Rk o, B Lol A XA S S0+ H] &2 ZEHH}O)
A FgToll A, P ] &2 r BHfo| A FAJ ol A T =9kt CRP= ol A -2
Stato] 7t gllom, A7t E T ot B oF 4d 2 F 2}o| 7} @l Th(Table 2).

Table 2. Clinical characteristics of children with acute gastroenteritis due to rotavirus or norovirus Gll monoinfection

Characteristics Rotavirus (n=91) Norovirus Gll (n=230) P-value
Subjects
Age (yr)* 4.51+8.99 2.07+2.76 <0.001
Sex (male) 50 (54.9) 129 (56.1) 0.853
Laboratory data
CRP (mg/dL) 1.87+2.23 1.42+1.95 0.076
WBC (x10%/pL) 9.03+3.35 11.09+6.84 0.006
Neutrophil (%) 67.18+19.16 55.08+21.44 <0.001
Lymphocyte (%) 23.82+16.75 35.35+19.06 <0.001
Hospital day 3.79+1.5 4.08+1.88 0.148

Values are presented as number (%), meanzstandard deviation.
At admission.
Abbreviation: Gil, genogroup Il; CRP, C-reactive protein; WBC, white blood cell.
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g S ALl st Zefatol A FAd Ak 917 ol|A] EEHHPolH A HiAl ZF2o] &
HE 8o F 819 SA=2 WAl HEE otlon, 892 S ohA| sttt A2 3

0] 4.68:8.66A, HHF10] 3.63:4.684| 21, AY7|7H2 HITollA 3.70:1.45Y,
H|HZol| A 4.7541.90L = AT} JL717F F FEol| A §F2l3t Zfol 7} gt g
At = CRPE HFwoll A 1.90+2.22 mg/dL, B ETolA] 1.82+2.65 mg/dL, WBCE Z}
Z} 9.1943.48x10%/uL, 8.0441.43x10%/uL, S/d = 67.13%%19.18%, 74.71%%*14.07%, HIZ =
23.86%216.72%, 16.58%:10.40% = & A A} FEol| A= F S} v F F- k] 44 2
o] & &Ig 4= gl
2. M7 Haxe A=
/3 AR Ml AA M= 30470 T 8671 2] A0 A 17] o] /el ol AEEH L
), 218712 /g o] qlct. A7t AEE A &, 7 28he 4 A A= 3271(10.5%), &
mdlg} A HA| = 1771(5.6%) 1 ATk, C. difficile toxin B=2271(7.2%) 1= =4, 1 % 2
A2 3k A7 7] A F 22k AARE AaAtk. 2 2Jof| ¢ perfringens 1171(3.6%), Y. en-
terocolitica 4?_4_(1.3%), Shigella spp. 374, Aeromonas spp- 2710]9lt}. sty ol A 271 2] B LA 7} &l
H A=t C. difficile toxin B} C. perfringens®] S5 271, C. perfringenset ZHE 2 EME] O] S5
7+ 2740] llom 1742 HltAd o] A (shigellosis) I T & E|QA3ATHH 4 T4 & 4
mulgptAZ o = st E At T 24t ef Ardletrt FSAlo] HAH ¢
£ ¢l TH(Table 3).

AR ZaEo|A L 2utE = AF AKH 02 FEE UL, 56.2% (18/32)7F 5-89oll A=
o] F2 &, ol 8ol f¥stl o, se 1} 88 Fxtel| H Aol Dot FAFolnt. Ardet
P/ AA 17702 419742 9] 717t St AEE o, o] F 1171(64.7%)°] 5-8Y Sl
AZ= Aot 297 E o] 5l 387k 9] 7132 31T ek A & HE = A] gt A= S0
oA ZrE 28t G e 20154 2749 A B E 20161 671, 201749 1071, 2018 1471 2.
2 ojjsi /g A7t S7H e, Y E2 37 2 RS /IITh(P=0.698) (Fig. 2).

ARA 02 B2t A7) of| Faiste, A F ol Aol = i}l ZE 2etE|eh AR
_]
o

A 2R 472 5900 o] FRfoll Al FAZIALZ AlRakx) oot Abm et of A 23ko]
A o B ol M A9l sgic,

Table 3. Yearly distribution of bacterial pathogens isolated from children with acute gastroenteritis between 2015 and 2018

Variable Year (2015-2018) P-value
2015 (n=5) 2016 (n=40) 2017 (n=157) 2018 (n=102)
May-Dec Jan-Dec Jan-Dec Jan-Jun
Salmonella spp. (n=17) 0 2 (5.0) 9 (5.7) 6 (5.9) 0.701
Shigella (n=3) 0 0 2(1.3) 0 0.675
Clostridium difficile (n=22) 0 3(7.5) 8 (5.1) 11 (10.8) 0.187
Clostridium perfringens (n=11) 0 3(7.5) 6 (3.9) 2(2) 0.213
Campylobacter spp. (n=32) 2 (40.0) 6 (15) 10 (6.4) 14 (13.7) 0.698
Yersinia enterocolitica (n=4) 0 0 1(0.7) 3(2.9) 0.101
Aeromonas (n=2) 0 2 (5.0) 0 0 0.019
EHEC 0157 (n=0) 0 0 0 0
Vibrio (n=0) 0 0 0 0
Total No. of isolates (n=91) 2 (40.0) 16 (40.0) 36 (22.9) 36 (35.3)

Values are presented as number (%).

Abbreviation: EHEC, Enterohemorrhagic Escherichia coli.
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Fig. 2. Monthly and yearly distribution of bacterial pathogens isolated from children with acute gastroenteritis
between May 2015 and June 2018.

Abbreviation: EHEC, Enterohemorrhagic Escherichia coli.

g2} ol e 2ubE| o] Wt 11194174 2 Atmdlzkt o] g 4.76+3.074]0f] H]5}
of A o] et A v oA T 2HE L 59.3% (19/31), ARt 58.8%
(1017)2 2 2ol 7k ATt

A7 Ao A crRpE ZHE 2HHE] 0] 8.245.42 mg/dLE AR et 9] 5.143.35 mg/dLE Ch
E_] =g, WL 22U AT SR oA E F oA 2 2o 7} gloih YAFSAge
Abmdlghtol| A 76.4% (13/17) & ZHE 2 8FE] T 21.8% (7/31) 2.0t 8-251HA] =9kt

FE& /82 ABEHETOIM = 21.8% (731)0014 Ao, AR Akt
A5 FA7E Il A9 7IThe ™ 2EE T 3.22:1.24Y, AR A EHT 3.0£1.69

A 2 59|35t x}o] 7} A ThTable 4).

ik
Q1720154 5Y R B 20181 687HA] A0h 919 RS o A & H LA mul-
tlex PR o] §3te] 241518105, ] £} 19909] 72 W LA HE YA 575
3} ofspial s Holsteln, o) wstel M2 SHY) AT B M5 S RENR

At

HAY oA AEu7 g BUA) 72 A0 FeiH Rufo] Al Zehulol
2 w4l £9) o] o] Ao} S gol A 74 Be AR ofe] A7 E Fi Helsglo
B} o0 2 Q110) M £ A 7717 E0k e 2utol2) 20) 2R P B ol 7MY Uk
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Table 4. Clinical characteristics of children with acute gastroenteritis due to Campylobacter spp. or Salmonella
spp. infection

Characteristics Campylobacter spp. (n=31) Salmonella spp. (n=17) P-value
Subjects
Age (yr)* 11.19+4.17 4.76+3.07 <0.001
Sex (male) 19 (59.3) 10 (58.8) 0.836
Laboratory data
CRP (mg/dL) 8.9+5.49 5.1+3.35 0.043
WBC (x10%/pL) 9.32+3.72 10.0+5.45 0.584
Neutrophil (x10%/pL) 0.70+0.14 5.28+19.12 0.185
Clinical symptoms
Gross hematochezia 7(21.8) 13 (76.4) <0.001
Headache 7(21.8) 0(0) 0.043
Hospital day 3.22+1.24 3.0+1.69 0.455

Values are presented as mean+standard deviation or number (%).
*At admission.
Abbreviation: CRP, C-reactive protein; WBC, white blood cell.

AT A FEohs e =HRo|H A9 {4 Ak (genogroup) 35-7(GI, GII, GIV)7} 2.1,
GII7} -2 H] 52 XFA| Bk I Hho] 2] 29) AUA| = (capsid) 7+ HH 4 FElE FAI5ko] el
2 Aojua] gk uh g #lo| g 7H5Ad o] o} 23\ of 34 a5k 21 (gen-
otype)e] H1E}7F A4 4= glom o] 2 Qlaf gt {3 1 wado] ok LA ko
ol A GIol A& S 3o R, WA &
5|

o %1% v|FHo]lon,  2H}o]
2 A A A S A & 4.7% (13/276)° 2 g Bl H=

]_
ol 4

HEA L7 A HEZ A
Ao} Awof wpel 2 zto] 7} gldct. ¥h, i 2Hlo] A Gl 783 102 & A 9] 51 vt
o] A4 %Qliﬂ oA i AA FEECl 7P =% ,Od% A &2 02 AZE Ut A
24 o F2 ¥9IQl k- Zufo| | A7} o] Fofl = AHEK 0 2 BEAYEHE 71732 o} &7t
BE5] gre] A A Fgtont, dhe o] w1 S 4 Follx o 4571x] A o] k=
EQSHE 7|2, 55, 559 B P4 Wt 5 wA S Aok Askar gk
E9F e 2HEO| A Gl FE 11E R E o] 5ol 487HA] £ 253 o v, 53] 129 1ol

P U7t 245] 716t AE A 2 2 AL goll fashs Pl o] = =l B
Aol A Ale87t 20142016\ 2} HI 28 AT Q1220091 F 2 9] g Ao M= e 2
Hpol2] A Gr7H0E 78 487bA] 2 {34511, 230l Aol Eohe P2 B 2
T-oh= Aol Eot= Al 7101 A efghe] afo] 7 QL it

2k Fololl A lr2Hlo]H A i1l F7H= A2, 20172018 72 Al &0l = B4 47t
ost_i o] A|&Eol vl & v 7}7ko] F7H3lem, o] Al7]of] Ax- ZEfHIO|Z A JA|
S35t wabA, = 2Hlol g A g YA A4 F7boll = &5kl HA ¥ 0] SV
SHA] 3k 7HsAd o] .
L 2Hbo| A GI FolA = -FHE GILa7F A 7IA] = e Zhlo] g A A o] 7Hg &5t 5
XM o|H, GIL4 HZS THEH A ZstslghA| T 20141 ASHE M2 GIL17 FHEol 5
FotR o, o] f= & 4 §loY GIL4E tiAISHL UT}. 2014/2015 72 Al Zol U & 2
OP ofAlotH, G, Bojof| A = faygich s Bolo A F53 e 2Hlo] 3| A g7t o] §-H

3t pelo] YR & 4 gk

https://doi.org/10.14776/piv.2020.27.€13 97


https://piv.or.kr

PEDIATRIC
INFECTION
& VACCINE

https://piv.or.kr

At ZEHLO| 2| A= 20151 14 0] AFL7]7boll EEHE Z] oFot 2015 P/ HA =7 AR
Tkl 8 4= 9) oL} 2016 HE 2018 74| = A A 427} ol Z71st9l o o] 7|7t &
Qt ZetHlo| Y A S E g Hlo| 2 AN WA YA Eo] Fa0%E AT AIE BT A
Ao 23, 4ol F/ AATE 7S ol Rl ew, o]= 20140 A 2015 7HA] A
& 27 EFY ol A Al E Aol A ZEfHFo|2 A AFdo] 1ol ol mERith= 2
Tkeb= 2ol 7F AU, 2005 Y o] & Aol A= ZEFHFO|Y A FYA 7= F2 2,3
Yol et

AT ZEHlo|Z A0 G AR S B, oA WIEFE Lol A 2010/2011 1 ]l A&l A]
GOP7} A 2 S B A AT oA 1L ot A Z5-Ef = GIpfg] ol $AISHAL L, 2013
20159 AFo]of|l &= G2P[4]-G1P[8] 2.2 ATt » s e] A
FAIES AT W, GIP[8]-G2P[4] 2 & A FiTt.

ol A= 20132014, 2014-2015

)
0

AEchs WAlo] F/oll w2t 385k e A0 f1F o] Dbz
low ZElel 7‘3% A] G12p[8], 2EF A HZ A] G3P([8], G2P[4] EH
FokAch o oA 2EHPo| 2 A o E =Y &
o] F7Hck e 2ubo] 2| Aot mhd7bA| 2 2 ERute] 2l A RNA Hho] 2
o7} #1¢] ’Fol WAL 7s/dol =t

F Aaeh g BA

Hholef 2 X9, A|7]of ufe} fysts &
saki 20149+ 22 A 22 g Ao %%
A7) 9] Wstel 22 o)t ohE
913 9 HF o] B o] o5t x| &2 Bt

o] 2Fo] F 4= Qlt}. 5FA| R Nov GIL.17 Kawa-
ZeHlo|H A Al £ o] & A EC] A Z 7t 73
ke A9 WHEO| 7S A FolloF gttt o] &
Qi

F

ek
oX
o2
riok
N
N
2
X
rlr
=
£l
¥
g
o

J YA 212 913l multiplex PCR HAAMS 51312,
AI71E RS BASHIch 2|2 Al FuA AAPAE 2 el 7Hd
F3 A4 Bol o529 A&t} 44 2tol & vl st ot

Hu oY el
1T i R
ot o
B oz on
oo X
M orlo

H
oy
2
>

i

)
rlo

o

us

>

5ol A gL 7HA] F =2 o
s S FAE
Sk, 2015 0| A 2017

5% 7% weny

o 4
N

tu
X

it
!

gr:i
[0y
U
rlr b
T
PO
o b
N o
>
n
<
i)
N
N
T U

)

oX
ek rir
[
i
N
N om
N
_O'E
rlr
o2
o
o
Q
[’
o
rlr
l‘:{.l

o 0%
rzi 0_>l:
re
)
)
[
e
o
N
R
-+
P
o3

> 3 orjo ou 2
riu
rE
o
N
0
32
a)
i
ko
e
=
1o
oM.
o
S
&
am
AN
o

2
lo
N
Fru

ﬂJlO >
H
e
i)
)
ot 2z,
ol 1

0L
el
U
T
119
inj
o
oX,
Hd
=2
>
_{

?4 ﬁ-—r“(’ o é‘% 724»,&}.

https://doi.org/10.14776/piv.2020.27.€13 98


https://piv.or.kr

PEDIATRIC
INFECTION
& VACCINE

https://piv.or.kr

o] 479 AFHOR WA, HA/|H TS PO 2 sho] Fhe] 2ot 9T s
S UEE 4 Yevtol iR AV AT, SA, T 27715 24 S ko 2 shof 4
o Aol thg gehdol vl & e 4 Itk A, A vl AR S T BAehe o
0.2 3h917] uhzol, 2lefoll ) 2 FAFE AP FA-E-L 4 vl A2ls gk,
T4 AL 9 AIE AALS] B9 orA Filol Lt Felo] BaE 49, AAHAtelA
CRPS] BAT 5ol U B AW 2ol A 47 2o that B /) 2o) gt
B, A 57} Ztks S77 itk o] 28 HE Betsty] 13 th|pel M ks A

oFsta, o] Q1= R Eputo] 3|4 w4l 9] o] % Aofoj A= i 2uto] 2| A7k 2.2 upol ey

18 FAAGOL, WA 5] 22T Zehubo] el A o) WEst ol A thA] S}

T glon], AAAR A2 e o)k 2L fHYe) SHOR AT AL A4}
5

7} @s)t}. Eak S0l A = 22U 7} Aotol 4 23 AlZA A M 2 3l

iz}

o] w0} A} 2L FAFe Holrl, AurAel A7 HHe) 49 A A 2st ue
SHA) kot MeiAf sk, oke] A9 FFYFOR Ao YA RS VLR B 4=
9oBE A%, Y, AF AEE TskT A4 A48 PAIS sH o] AAF 37

3} 4 4% 2| 2ol =80 2 4 Ak

REFERENCES

1. Parashar UD, Bresee JS, Gentsch JR, Glass RI. Rotavirus. Emerg Infect Dis 1998;4:561-70.
PUBMED | CROSSREF

2. Ma SH. Acute infectious diarrhea in pediatirc patients. Korean ] Pediatr 2005;48:235-50.

3. Motayo BO, AdenijiJA, Faneye AO. Species A rotavirus (RVA) isolated from Sewage in Nigeria, 2014: close
genetic relatedness of partial G, P, and NSP4 gene sequences encoding G1 with cogent genes of other
Asian and African rotaviruses. ] Pathog 2018;2018:8425621.

PUBMED | CROSSREF

4. SaifL]. Nongroup A rotaviruses. In: Saif L], Theil KW, editors. Viral diarrheas of man and animals. Boca
Raton: CRC Press, 1990:73-95.

5. Tate JE, Burton AH, Boschi-Pinto C, Parashar UD; for the World Health Organization—Coordinated
Global Rotavirus Surveillance Network. Global, regional, and national estimates of rotavirus mortality in
children <5 years of age, 2000-2013. Clin Infect Dis 2016;62:S96-105.

PUBMED | CROSSREF

6. Park SE, Kim KH, Kim JH, Shin SH, Oh SH, Lee HJ, et al. Rotavirus vaccine. Korean J Pediatr 2007;50:803-10.

7. Glass RI, Parashar UD, Bresee JS, Turcios R, Fischer TK, Widdowson MA, et al. Rotavirus vaccines:
current prospects and future challenges. Lancet 2006;368:323-32.

PUBMED | CROSSREF

8. Leshem E, Tate JE, Steiner CA, Curns AT, Lopman BA, Parashar UD. Acute gastroenteritis
hospitalizations among US children following implementation of the rotavirus vaccine. JAMA
2015;313:2282-4.

PUBMED | CROSSREF

9. Shah MP, Dahl RM, Parashar UD, Lopman BA. Annual changes in rotavirus hospitalization rates before
and after rotavirus vaccine implementation in the United States. PLoS One 2018;13:e0191429.
PUBMED | CROSSREF

10. SohnTY, Lee CJ, Kim YJ, Kang MJ, Kim SH, Lee SY, et al. Clinical and epidemiological study of 1,165
hospitalized cases of rotaviral gastroenteritis before and after the introduction of rotavirus vaccine,
2006-2013. Korean J Pediatr Infect Dis 2014;21:174-80.
CROSSREF

https://doi.org/10.14776/piv.2020.27.€13 99


http://www.ncbi.nlm.nih.gov/pubmed/9866732
https://doi.org/10.3201/eid0404.980406
http://www.ncbi.nlm.nih.gov/pubmed/30034883
https://doi.org/10.1155/2018/8425621
http://www.ncbi.nlm.nih.gov/pubmed/27059362
https://doi.org/10.1093/cid/civ1013
http://www.ncbi.nlm.nih.gov/pubmed/16860702
https://doi.org/10.1016/S0140-6736(06)68815-6
http://www.ncbi.nlm.nih.gov/pubmed/26057291
https://doi.org/10.1001/jama.2015.5571
http://www.ncbi.nlm.nih.gov/pubmed/29444124
https://doi.org/10.1371/journal.pone.0191429
https://doi.org/10.14776/kjpid.2014.21.3.174
https://piv.or.kr

PEDIATRIC
INFECTION
& VACCINE

https://piv.or.kr

11. Park DK, ChungJY. The changes in the outbreak of rotavirus gastroenteritis in children after introduction of
rotavirus vaccines: a retrospective study at a tertiary hospital. Korean J Pediatr Infect Dis 2014;21:167-73.
CROSSREF

12. YoonJM, Han TH, Yoon SW, Kim YJ, Oh SH. Changes in the occurrence of rotavirus gastroenteritis before
and after the introduction of rotavirus vaccine among hospitalized pediatric patients and estimates of
rotavirus vaccine effectiveness. Pediatr Infect Vaccine 2018;25:26-34.

CROSSREF

13. Jin HI, Lee YM, Choi YJ, Jeong SJ. Recent viral pathogen in acute gastroenteritis: a retrospective study at a

tertiary hospital for 1 year. Korean J Pediatr 2016;59:120-5.
PUBMED | CROSSREF

14. Barrett ], Fhogartaigh CN. Bacterial gastroenteritis. Medicine 2017;45:683-9.
CROSSREF

15. Kim NO, Chal, KimJS, Chung GT, Kang YH, Hong S. The prevalence and characteristics of bacteria
causing acute diarrhea in Korea, 2012. Ann Clin Microbiol 2013;16:174-81.
CROSSREF

16. Pai H. Acute infectious diarrhea. Korean ] Med 2007;73:114-8.

17. Van Lint P, De Witte E, De Henau H, De Muynck A, Verstraeten L, Van Herendael B, et al. Evaluation of
a real-time multiplex PCR for the simultaneous detection of Campylobacter jejuni, Salmonella spp., Shigella
spp./EIEC, and Yersinia enterocolitica in fecal samples. Eur ] Clin Microbiol Infect Dis 2015;34:535-42.
PUBMED | CROSSREF

18. Ricke SC, Feye KM, Chaney WE, Shi Z, Pavlidis H, Yang Y. Developments in rapid detection methods for
the detection of foodborne Campylobacter in the United States. Front Microbiol 2019;9:3280.

PUBMED | CROSSREF

19. Thongprachum A, Khamrin P, Maneekarn N, Hayakawa S, Ushijima H. Epidemiology of gastroenteritis
viruses in Japan: prevalence, seasonality, and outbreak. ] Med Virol 2016;88:551-70.
PUBMED | CROSSREF

20. Nicholson MR, Van Horn GT, Tang YW, Vinjé ], Payne DC, Edwards KM, et al. Using multiplex molecular
testing to determine the etiology of acute gastroenteritis in children. J Pediatr 2016;176:50-56.€2.
PUBMED | CROSSREF

21. Lu]J, SunL, Fang L, Yang F, Mo Y, Lao J, et al. Gastroenteritis outbreaks caused by norovirus GII.17,
Guangdong province, China, 2014-2015. Emerg Infect Dis 2015;21:1240-2.

PUBMED | CROSSREF

22. Chen CJ, Wu FT, Huang YC, Chang WC, Wu HS, Wu CY, et al. Clinical and epidemiologic features of
severe viral gastroenteritis in children: a 3-year surveillance, multicentered study in Taiwan with partial
rotavirus immunization. Medicine (Baltimore) 2015;94:€1372.

PUBMED | CROSSREF

23. Rohayem ]. Norovirus seasonality and the potential impact of climate change. Clin Microbiol Infect
2009;15:524-7.
PUBMED | CROSSREF

24. Kim YE, Song M, Lee J, Seung HJ, Kwon EY, YuJ, et al. Phylogenetic characterization of norovirus strains
detected from sporadic gastroenteritis in Seoul during 2014-2016. Gut Pathog 2018;10:36.

PUBMED | CROSSREF

25. Chan MC, Hu Y, Chen H, Podkolzin AT, Zaytseva EV, Komano J, et al. Global spread of norovirus GII.17
Kawasaki 308, 2014-2016. Emerg Infect Dis 2017;23:1350-4.

PUBMED | CROSSREF

26. Chan MC, Lee N, Hung TN, Kwok K, Cheung K, Tin EK, et al. Rapid emergence and predominance of a
broadly recognizing and fast-evolving norovirus GII.17 variant in late 2014. Nat Commun 2015;6:10061.
PUBMED | CROSSREF

27. de Graaf M, van Beek J, Vennema H, Podkolzin AT, Hewitt J, Bucardo F, et al. Emergence of a novel GII.17
norovirus — end of the GII.4 era? Euro Surveill 2015;20:21178.

PUBMED | CROSSREF

28. Fu], AiJ,Jin M, Jiang C, Zhang]J, Shi C, et al. Emergence of a new GII.17 norovirus variant in patients with
acute gastroenteritis in Jiangsu, China, September 2014 to March 2015. Euro Surveill 2015;20:21157.
PUBMED | CROSSREF

29. GaoZ,LiuB, Huo D, Yan H, Jia L, Du Y, et al. Increased norovirus activity was associated with a novel
norovirus GII.17 variant in Beijing, China during winter 2014-2015. BMC Infect Dis 2015;15:574.

PUBMED | CROSSREF

30. Han]J,JiL, ShenY, Wu X, Xu D, Chen L. Emergence and predominance of norovirus GII.17 in Huzhou,

China, 2014-2015. Virol ] 2015;12:139.
PUBMED | CROSSREF
https://doi.org/10.14776/piv.2020.27.€13 100


https://doi.org/10.14776/kjpid.2014.21.3.167
https://doi.org/10.14776/piv.2018.25.1.26
http://www.ncbi.nlm.nih.gov/pubmed/27186218
https://doi.org/10.3345/kjp.2016.59.3.120
https://doi.org/10.1016/j.mpmed.2017.08.002
https://doi.org/10.5145/ACM.2013.16.4.174
http://www.ncbi.nlm.nih.gov/pubmed/25326870
https://doi.org/10.1007/s10096-014-2257-x
http://www.ncbi.nlm.nih.gov/pubmed/30728816
https://doi.org/10.3389/fmicb.2018.03280
http://www.ncbi.nlm.nih.gov/pubmed/26387663
https://doi.org/10.1002/jmv.24387
http://www.ncbi.nlm.nih.gov/pubmed/27329497
https://doi.org/10.1016/j.jpeds.2016.05.068
http://www.ncbi.nlm.nih.gov/pubmed/26080037
https://doi.org/10.3201/eid2107.150226
http://www.ncbi.nlm.nih.gov/pubmed/26287425
https://doi.org/10.1097/MD.0000000000001372
http://www.ncbi.nlm.nih.gov/pubmed/19604277
https://doi.org/10.1111/j.1469-0691.2009.02846.x
http://www.ncbi.nlm.nih.gov/pubmed/30181781
https://doi.org/10.1186/s13099-018-0263-8
http://www.ncbi.nlm.nih.gov/pubmed/28726618
https://doi.org/10.3201/eid2308.161138
http://www.ncbi.nlm.nih.gov/pubmed/26625712
https://doi.org/10.1038/ncomms10061
http://www.ncbi.nlm.nih.gov/pubmed/26159308
https://doi.org/10.2807/1560-7917.ES2015.20.26.21178
http://www.ncbi.nlm.nih.gov/pubmed/26111236
https://doi.org/10.2807/1560-7917.ES2015.20.24.21157
http://www.ncbi.nlm.nih.gov/pubmed/26678989
https://doi.org/10.1186/s12879-015-1315-z
http://www.ncbi.nlm.nih.gov/pubmed/26362650
https://doi.org/10.1186/s12985-015-0370-9
https://piv.or.kr

PEDIATRIC
INFECTION
A0} Q|ztat o] X|O =& & VACCINE

31. Lee CC, FengY, Chen SY, Tsai CN, Lai MW, Chiu CH. Emerging norovirus GII.17 in Taiwan. Clin Infect Dis
2015;61:1762-4.
PUBMED | CROSSREF

32. Matsushima Y, Ishikawa M, Shimizu T, Komane A, Kasuo S, Shinohara M, et al. Genetic analyses of
GII.17 norovirus strains in diarrheal disease outbreaks from December 2014 to March 2015 in Japan
reveal a novel polymerase sequence and amino acid substitutions in the capsid region. Euro Surveill
2015;20:21173.

PUBMED | CROSSREF

33. Parra GI, Green KY. Genome of emerging norovirus GII.17, United States, 2014. Emerg Infect Dis
2015;21:1477-9.
PUBMED | CROSSREF

34. Han TH, Park SH, ChungJY, Hwang ES. Distribution of human rotavirus genotypes in a tertiary hospital,
Seoul, Korea during 2009-2013. Pediatr Infect Vaccine 2015;22:81-90.

CROSSREF

35. Thanh HD, Tran VT, Lim I, Kim W. Emergence of human G2P[4] rotaviruses in the post-vaccination era in
South Korea: footprints of multiple interspecies re-assortment events. Sci Rep 2018;8:6011.

PUBMED | CROSSREF

36. Roczo-Farkas S, Kirkwood CD, Cowley D, Barnes GL, Bishop RF, Bogdanovic-Sakran N, et al. The
impact of rotavirus vaccines on genotype diversity: a comprehensive analysis of 2 decades of Australian
surveillance data. J Infect Dis 2018;218:546-54.

PUBMED | CROSSREF

37. Onori M, Coltella L, Mancinelli L, Argentieri M, Menichella D, Villani A, et al. Evaluation of a multiplex
PCR assay for simultaneous detection of bacterial and viral enteropathogens in stool samples of
paediatric patients. Diagn Microbiol Infect Dis 2014;79:149-54.

PUBMED | CROSSREF

38. Kim SY, Kim HJ, Shin EH, Eun BW, Ahn YM, Song MO. Etiology and clinical features of acute bacterial
gastroenteritis in children mananged at a secondary hospital. Pediatr Infect Vaccine 2017;24:95-101.
CROSSREF

39. Bae]JY, Lee DH, Ko KO, Lim JW, Cheon EJ, Song YH, et al. Clinical manifestation of Campylobacter enteritis
in children. Korean ] Pediatr 2018;61:84-9.

PUBMED | CROSSREF

40. ShimJO, ChangJY, Kim A, Shin S. Different age distribution between campylobacteriosis and
nontyphoidal salmonellosis in hospitalized Korean children with acute inflammatory diarrhea. ] Korean
Med Sci 2017;32:1202-6.

PUBMED | CROSSREF

oF
S5 F/9 ] i REe] e A A7 A= A] gkt 22
tase-polymerase chain reaction (RT-PCR) A= A YA A S0l =&
&5, Aob A2 Atol| A WA o] o ghe FAFsEaLA} 5HRATH

2 20154 SEHE] 2018 6¥7HA] thetRl = A]2-9] 22H ol A G4 Y H o = Tk Ao} ghxto] trHol|A] B
A S 2915}7] 95l multiplex RT-PCR ZAHS Al 35131,

Z1t: vhol 2 2 W Aol tht1,366702] T A 5, 4837H(35.3%) 0l A 170 ©]/¢2] LA 7 2| =] T} Awt ZEfH}o]
2 2510671 (7.8%) 01 A 21 =] 9l oW | FAIE-23.0% (8/263)°1 A1 16.7% (48/288)7FA] thE 713 thH(P<0.001). =2 H}O]
H A GIIE 7P &35 Hio| 2| A4 YA 11(263/1366, 19.3%), 3T FA F-2 Z716HA] Loteh. A4 YA o oig
304709] o HA| 5 7Hd 2HHE{(32/304, 10.5%) = 7H S5 Ml YA Lo, 11 ok O 2 Clostridium difficile (toxin
B) (22/304, 7.2%), At 2l 2kt (17/304, 5.6%) ] It o] 52| YA &2 A17|7t Bt S71sHA] kot

ZE: 2epHfo|2|A M £]] o] % - ZH}o] Y A GIIZ} AoF ol A 3 HAA| AT A7)t 59k 2 ERHbol 2
27k S S7F A, £5] 2018 0ll= S5 3T whek A | 22 ZEpHfo| Y A #20] 5 T Ao EIe 2
7t d g sict Zrd 2HME = Aot Al el 2 HRlolH, AT 2 5E Sl o] o] YA EAS Aelstal 4|
£ ZAA7HZ 2512l

0]

St multiplex reverse transcrip-

o] drd-a}
Z 4 {lth. o] A4t= multiplex RT-PCRZ ©]

=
=
o
=

https://piv.or.kr https://doi.org/10.14776/piv.2020.27.€13 101



http://www.ncbi.nlm.nih.gov/pubmed/26306886
https://doi.org/10.1093/cid/civ647
http://www.ncbi.nlm.nih.gov/pubmed/26159307
https://doi.org/10.2807/1560-7917.ES2015.20.26.21173
http://www.ncbi.nlm.nih.gov/pubmed/26196235
https://doi.org/10.3201/eid2108.150652
https://doi.org/10.14776/piv.2015.22.2.81
http://www.ncbi.nlm.nih.gov/pubmed/29662148
https://doi.org/10.1038/s41598-018-24511-y
http://www.ncbi.nlm.nih.gov/pubmed/29790933
https://doi.org/10.1093/infdis/jiy197
http://www.ncbi.nlm.nih.gov/pubmed/24656922
https://doi.org/10.1016/j.diagmicrobio.2014.02.004
https://doi.org/10.14776/piv.2017.24.2.95
http://www.ncbi.nlm.nih.gov/pubmed/29628968
https://doi.org/10.3345/kjp.2018.61.3.84
http://www.ncbi.nlm.nih.gov/pubmed/28581280
https://doi.org/10.3346/jkms.2017.32.7.1202
https://piv.or.kr

