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ABSTRACT

Purpose: Research on the clinical role of Staphylococcus aureus as a pathogen in acute
gastroenteritis (AGE) in children has been scarce. This study aimed to clarify the prevalence
and clinical correlation of S. aureus detection in children with AGE.

Methods: Fecal samples were collected from children with symptoms of AGE who visited a
secondary hospital between January 2012 and December 2015. The samples were sent to the
Seoul Metropolitan Government Research Institute of Public Health and Environment to test
for pathogenic organisms. Clinical patterns were analyzed through medical record review.
Results: Among the 663 participants, the bacteria detection rate was 26.2% (n=174), the
virus detection rate was 29.7% (n=197), and the non-detection rate was 43.1% (n=286).

S. aureus was tested positive from 102 cases and was confirmed as a single pathogen in 53
cases. It was the third most common pathogen. The prevalence by age was highest (45.3%)
in 0-2 year-olds. Most cases occurred in summer. Symptoms included diarrhea (71.7%),
vomiting (67.9%), fever (49.1%), and abdominal pain (37.7%). Only vomiting showed a
significant difference between the S. aureus group and the non-detection group (67.9% vs.
43.0%; P=0.001). Among enterotoxins, the higher incidence of vomiting was associated with
classical staphylococcal enterotoxins (SEA, SEB, SEC, SED, and SEE) and SEH (P=0.027).
Conclusions: S. aureus was the bacteria commonly isolated from children with AGE. Our
study identified cases of staphylococcal AGE in children based on fecal samples and
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confirmed the characteristic symptoms, affected age groups, seasonal distribution, and
correlation with enterotoxins.

Keywords: Staphylococcus aureus; Gastroenteritis; Child
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spp.), Alet/3 o] 2t (Shigella spp.), *Y/d th7wt(Pathogenic Escherichia coli), 742 = BFE|
(Campylobacter spp.), BN E = (S, aureus), BFA T2 M2 (Bacilllus cereus), 2 A~E B F
H I AR (Clostridium perfringens), 7 QB B.2] 2 (Vibrio parahaemolyticus), 2] 2~El| 2| Ok (Listeria),
S| 2 AU Ok (Yersinia), =ZHFO]2 A (Norovirus), ZEFH}O|2] A (Rotavirus), OFdl|=BFo]Z|A
(Adenovirus), OFAEZH}o]2 A (Astrovirus), AFEZHFO|2IA(Sapovirus) & 1571 &S
AABISITE 2 28 BB Sla Helulalo] B W8 AFgstol 241 weulsln
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A E S A olU 54 fAA S-S AsiA a4 A4l ¥h3-(polymerase chain
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SEI, SEJ, SEK, SEL, SEM, SEM, SEO, SEP, and SEQ)2] & A &Rl5tSi Tt viol2i A9
74 Z2djolgA ofAEZHlo|2|A AlmHbol|AE= AAZE FIAEAAMTHE
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Source population (n=663)
Children admitted with R/O AGE

Y

}

1. &2l M 9 Hio|2{Ao| 21

A AL 6637 Ol A YL A A G/ E-256.8% (377/663), 273 B2 43.1% (286/663) R L, Al o+
AEE2 26.2% (174/663), BIo| 21 A HEEL 29.7% (197/663)F T FA L ebd FAo =2
gl E Atgll= 1028 (15.4%) R 1L, 1 5 T YA E A= Ato] FRIE 7 -$+= 53¢
(8.0%) A th(Fig. 1).
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A FAoz FHolFE Al 37782 2B HEL EZIste] LZdlold{A 1278
(33.7%), TMEZ A 1028](27.1%), ZEH}o]ZA 738(19.4%), HLA HFFE 408
(12.2%), At 413 (10.9%), 742 ZEFE - 313](8.2%), OFd=H}o] 2] A 158 (4.0%),
ofAE ZHo] 2 A 128](3.1%), 22 A E U2 H I UM A 92(2.4%), HH 2] A Al 2|27
871](2.1%), AR HFO] 2] A 38](0.8%), O] At 28](0.5%) 2 A L = -2 F Al of| A 2:H A 2
D;l—o] A XE] 0-11:]- Flg 2 ?5] _QJ—J\HEEOP_T.]- OI:A-]x]- %. ZEJ-I io] o] L 49\:5] (49/102 48. O%)
O A SE AT AE2 A det ], HYd o 112, JHZE 28be| o o], R 2 A
18], 222 E8HE HaddlA 287} QI S5 Hio|H A &2 k- 2Hlo] 2| A 138,
EEfebo] 2 A 32|, ofr lmHfo] 2 A 227} ERIE| it TF2 YA o] T 5 HEE2 H U
At 60.9% (28/46), HHE 21 2 M= 22 62.5% (5/8), OFEl| i HFo] 2] A 53.39% (8/15) =02
%t

Hir

AYE 2 024 0| A= e 2 H}o] 3] A 59T (36.2%), A E = At 375 (22.7%), ZEHo| 2 A
1874 (11.0%) 2} tH 74t 1775 (10.4%) =2 &2 = U T 2-6Al| ol A = 2 EfHEo] 21271 417 (29.1%)
O 2 7P =9k a1, I 2H}o] 2 A 337 (23.4%), A A &= A o A 2} 187 (12.8%), T+
13%5(9.2%)9] &2 UG c-2Al0A & FHEEAHF 257 (35.2%), LR2Hfo|#A
164 (22.5%), AEdel 137 (18.3%), WEZHE T 129(16.9%) €22 =, 12418
Aol Al ZHAH 2 = bt 128 (27.9%), 1 2HFE] T 119(25.6%), =2 HFo| 2 2 85 (18.6%),
Atmdletel of o] 27 51 (11.6%) 2 = 2Rl =] i},

Enterotoxin

SEA (n=15)
Excluded SEB (n=1)
No pathogen group (n=286) SEC (n=2)
\ SEE (n=1)
A A A SEG (n=44)
Pathogen group Bacteria detection S. aureus S. aureus single _
(n=377) i (n=174) (n=102) athogen (n-53) |~ oo (1=5)
- B B pathog B SEI (n=41)
SEK (n=2)
SEM (et
SEM (n=31)
SEN (n=35)
L] Virus detection |, S.aureus duplicate SEO (n=35)
(n=197) pathogen (n=49) SEP (n=1)
SEQ (n=1)
Fig. 1. Flow diagram of study population.
Abbreviation: R/O, rule out; AGE, acute gastroenteritis.
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Fig. 2. Distribution of pathogens detected in feces of pediatric patients hospitalized to Eulji Hospital from January
2012 to December 2015 with AGE; Salmonella (n=41), Shigella (n=2), Escherichia coli (n=46), Campylobacter
(n=31), Staphylococcus aureus (n=102), Bacillus cereus (n=8), Clostridium perfringens (n=9), norovirus (n=127),
rotavirus (n=73), adenovirus (n=15), astrovirus (n=12), and sapovirus (n=3).

Abbreviation: AGE, acute gastroenteritis.
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Fig. 3. Monthly distribution of Staphylococcus aureus, norovirus, and rotavirus in 663 patients with AGE.
Abbreviation: AGE, acute gastroenteritis.

4 B = FA R w2 795 E] 90U 7R 7} 427 (41.2%) 2 = F 2 of Fof W5
L2apolALE YA 287HA7F 629 (48.9%) 22 F2 Ao WHHIA
ZEHto| 2 AL 3ol A sL7EA] 7} 49T (67.1%) 2. 2 T BB ol @51l th(Fig. 3).

BT

2. Ch4 8txte| AMH E

A= 6637 2.2 FAF7H 406 (61.29%), @1 A7} 2577 (38.8%) 0] A TH 13 2 =17l 2 of| A
18M| 2 S 3.0 AT H o 8 717H2 5.1 0] 31, SAF2 A AL} 485H (73.2%) 2.2 7Y
ol tgo WY, 7E, 55 0| THTable1).
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Table 1. General characteristics of the subjects (n=663)

Characteristic Values
Sex
Male 406 (61.2)
Female 957 (38.8)
Age 3 (1.0-8.0)
0-9 260 (39.2)
2-6 185 (27.9)
6-12 142 (21.4)
12-18 76 (11.5)
Duration of disease (days)” 5.1%3.1
Symptom
Diarrhea 485 (73.2)
Fever 371 (55.9)
Vomiting 364 (54.9)
Abdominal pain 207 (31.2)
WBC (/mm®) 10,646+4,962
CRP (mg/dL) 2.6+3.8

Values are presented as median (interquartile range), number (%), or mean+standard deviation.
*Period from symptom onset to improvement.
Abbreviation: WBC, white blood cell; CRP, C-reactive protein.

UL 713 S ZA] FAA 2| & oA 75 AR 2 312.4% (82/663) 7 YA A 25 |
o] T A&50ll Al A2t A -9-= 13.4% (11/82), HFo| A A 5 A EA] AFERF B9-=3.7%
(3/82), H1H ZA] AHE-SF 7 9= 31.7% (26/82)°] AT

12
(SG), AA| At 5 oFFAE HEEA] &2 286 = 1
H|wshiet. Q18 E4& A B T 7 E<tol| A A5 9] FHE2-3.04 = 1]

SA5 T, AFHEZE= 0240014 45.3% (24/53), 6-124[001A] 32.1% (17/53)5= 2.2 HHHY
=o} m|7&to] 0240l 42.79% (122/286), 2-6A1911 A1 26.2% (75/286)%= 2.2 LHERS 7
02 43S EHolot 2494 JA7E &RlE 3777 FollAM 55 HAE5S Z3s 4 olx
024 10.9% (41/377), 2-6A| 4.8% (18/377), 612A1| 8.2% (31/377), 12-8A1| 3.2% (12/377)2 &5
AETol| Mot a7 k2| 2 024, 612410014 FAEEo] =3ttt S432] HlaloA L& 42
67.9% (36/53) 0.2 FME T T AETolA FosHA EXI(P=0.001), HAL, EF,
Lol A= Fofgt 2to] 7} igint. HrE Aol A fH 717 S E = HE0] 43Y,
O &0l 49U 2 HEto] gt o A A o = {042 glUth. WBC = A L T oot

0

G LA &5 AES T 530l A F5AHZ SEG7H 448 2 7 kL, oh3 O 2 = SEI
412, SEN 352|, SEO 35|, SEM 31|, SEA 152|, SEH 58|, SEK, SEL, SEC Z} 22, SEB, SEE, SED,
SEQ Z} 18] 2313 thFig. 4). M EELH0] SE HEH 490l A = S4BT} SEG 45
2], SEI 4128, SEN 402, SEO 392, SEM 318] 2 2 TE 7 Z Lo Ao} ¢ A7} U5t}
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Table 2. Comparison of characteristics between SG and NG
Characteristic SG (n=53) NG (n=286) P-value
Age 3(0.7-10.0) 3(0.8-8.0) 0.282
0-2 24 (45.3) 122 (42.7) 0am
2-6 5(9.4) 75 (26.2) 0.560
6-12 17 (32.1) 55 (19.2) 0.701
12-18 7(13.9) 34 (11.9) 0.314
Sex (male/female) 30/23 173/113 0.648
Duration of disease (day)* 4.3+1.8 4.9+2.4 0.343
Symptom
Diarrhea 38 (71.7) 191 (66.8) 0.527
Vomiting 36 (67.9) 193 (43.0) 0.001
Fever 26 (49.1) 148 (51.7) 0.766
Abdominal pain 20 (37.7) 102 (35.7) 0.758
WBC (/mm?) 12,133+4,858 10,126+5,263 0.008
CRP (mg/dL) 2.5£3.1 2.3+3.9 0.853
Values are presented as median (interquartile range), number (%), or mean+standard deviation.
*Period from symptom onset to improvement.
Abbreviation: SG, Staphylococcus aureus group; NG, no pathogen group; WBC, white blood cell; CRP, C-reactive protein.
T3 YR nolA RY7Ie 0l RYsS TR ] FEae] Y ERE Folsiglont
Aol & {23k 2ol = gl Atk
28} TE FAT] AW/dS lsh] gls) A48 L& SR 7S ARSI
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5
X 5H5lo] SEG 31|, SEI 283, SENT} SEO Z+ 263, SEM 203, SEA 1187}
. 7]&0l| & 2}-§o| AZH SEA, SEB, SEC, SED, SEE, SEHE X3ot H¢-5
, oJmie] L E Y H]-8-2 89.5% (17/19)= ESI5HA] &2 74-2-2] 58.8% (20/34)
O5HA] =k THP=0.027). £3] SEAS E g3 H9= T E LAY EO| 86.7% (13/15)=

o
i
o

n

30 32
S

Hr o 2 ofN o)
30 (1 :LFH Ot i

T 5%

SEL

SEK

Fig. 4. Distribution of SEs in 53 patients with Staphylococcus aureus; SEA (n=15), SEB (n=1), SEC (n=2), SEE (n=1),
SEG (n=44), H (n=5), SEI (n=41), SEK (n=2), SEL (n=2), SEM (n=31), SEN (n=35), SEO (n=35), SEP (n=1), and SEQ (n=1).
Abbreviation: SE, staphylococcal enterotoxin.
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& A= A AdolA FFFY=M= FLSH B Al o] S LK
B olo A 20128 1€EE] 201549 128714 A QAT o2 A3t Ao} A} 6632
i HAE 2ot o] 77 55 S 02 ALsto] ERiolA W AT o Wl
5 A A2 EA sk skt

B Ao A FA T ko] the HEE-2 14.1% (53/377)°1%1th o] A thdAtol A
EHAANA FE Bl 3779 5 o2 4 S55A ¢1 o5 AEH & AHEst
ZO0Z ZA AAA| 5 Ml HA &0l AL Ml ARANA Folli= 7H A5t T
AN 7HE =2 vl&2 Uehd 22 k- =2vto]2|A(33.7%)2t EEHHIO| 2] A (21.7%)
Ak 44 AFTA FotollA Al L Hio|2{AZE FAHEE HE2 56.8% (377/663)=
H| 523k 7|7 59t o] 2017 I T} A A (64%) 2t F-AFSFI THY TS 7 Q1A 2
EEfHto| 2 Al i ZHlo|Z AT} 7L Q-A|SHAL, o] of A FHA I & O fo] =2 H] & 2 e
AL A5t o e AE o B IR gof & =73 AH A o2 Hluwst7|o=
SHAIZF ok, S ARJIAE FEAEES ERUsH T S E et

Fu
Hir
Flo
jis

Aedd WA, A SBAL sHl jRk ofgotol ] b Bl wAyste, AlAlel
8] &2 Q12Jo] ma ch 0 20008 BEE Lee 59 A9 HE0lH B4 9FTAL
gk 7 o

A Z2] T2} 6,788 S A O2 S A0 2 Mo Wit HEEL 20.5%=
1A B]2H24.5%) 2} 4-5411(23.3%)011 A1 7H8 =401, Hlol2{ A0l AL Hit HEE 435%=
12M](60.7%), 2-3M1(60.3%) 0l A =3kth 7HE QI 2+ Blo]] A Fof = L ZHlo|2 A
S2EepHlo] 2] A7F 144 o]t A hol|A] AR, MTd LAAZRE IS
(12.7%)°] 7 S-AMst R ot AR v]&-2 B 1% %] okofrt. 2 Aol A= A 1] Thof|A]
- 2Hlo] g Agt 2 ERHlo| 2] AL HEEC] w0, 64 o) dol| A= Al HEEC] AAHA
37kt o E5| FA R = ol AEE0| 7H =T S I & o4 T A E 7ol 4] 9]
A BEx = 02404 453% 0.2 71 kA, 6-124] 32.1%, 12-18A] 13.2%2] H| &<
Bt o] 02 AP 3olA iz o s Arel Aurt n 37t Fuste] AAt
A3y Rl ZpA7F 2 v 3 ol Fofst &0l sAl olske] g-fofolaL

1=}
5| 24| B|RE Jote] 32 F5 & o)/t G4t Hol dHgo] o o5& U =E
AARZE Al A S kst 240 &2 Holrh T3t 6124 Shaol| A ©Al| &S b=
¥ o Ex
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L ZHlo]giA ZEeHtolAof o5t 9]l 335l Kang 50] WIESH Ao A7
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