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Incidence and Characteristics of
Clostridioides difficile Infection in
Children

Heera Jeong (©, Ji-Man Kang (®, Jong Gyun Ahn
Department of Pediatrics, Severance Children's Hospital, Yonsei University College of Medicine, Seoul,

the Republic of Korea

ABSTRACT

Purpose: We evaluated the incidence and characteristics of Clostridioides difficile infection (CDI)
in Korean children.

Methods: Medical records of patients aged 218 years and diagnosed with CDI at a tertiary
hospital between 2009 and 2018 were analyzed. The patients were classified into three CDI
groups: community-acquired (CA), community onset-health care facility-associated (CO-
HCFA), and healthcare facility onset (HO).

Results: The incidence of CDI increased from 1.00 to 10.01 cases per 10,000 admissions
from 2009 to 2018 (P<0.001). As compared to the CA group, the HO group had a higher
frequency of operation and malignancy as predisposing factors (40.4% vs. 0.0%, P=0.001;
and 27.7% vs. 0.0%, P=0.027, respectively), frequency and number of previous antibiotic use
(97.9% vs. 31.3%, P<0.001; and 2 vs. 0, P<0.001, respectively), and median postdiagnosis
hospital stay (13 vs. 5 days, P=0.008). The CO-HCFA group had a lower median age and
higher frequency of malignancy than the CA group (5 vs. 13 years, P=0.012; and 30.8% vs.
0.0%, P=0.030, respectively). As compared to the HO group, the CA group had a higher
frequency of abdominal pain and hematochezia (56.3% vs. 10.6%, P=0.001; and 50.0% vs.
10.6%, P=0.002, respectively), inflammatory bowel disease (68.8% vs. 2.1%, P=0.001), and
intravenous metronidazole treatment (37.5% vs. 2.1%, P=0.001).

Conclusions: With the increasing incidence of pediatric CDI, awareness regarding its
epidemiology and clinical characteristics is important to manage nosocomial infections.
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Clostridioides difficile> EAVE /s @714 18 4 Hiw o2, e &A= 7h &
AAAHTE] R o, A i A7 ehdRt A te) S B 4 9l o ARt
739 Abgroll o] 27]7kA) gt ¢ difficile 2 (C. difficile infection, DI} A9 717+ %A
AAMHAR] RS S7HA Eofyeks A F WA ES S7HA171AL oA Rl RS

HEAA HY U 7 welo) a8 2 Holcts

Aot Bl Gotoll M= 73578 U C. diffiile Zro] wotA A1 ool A= 25-50%, 14| B
o] Gotell X = 40-70%7HA] C. dificile2] F o] 1= vlen 21745431 S/ o] gl Ao 3L
Fots thd o2 ot AN &= 5442 7 ¢. difficle 74 Z0] L= ATk AT o] F7He4
= 734 Hgo] Zaste 24 ol d Rl = Alat 22 BeS 7k wekA A
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om 24 wte] fkARSolA| ep1 A= A1 F 51 a2 ofof ghrts

20024 FHLeh Aol A s opro) WY Yo R FHE W Al g 27t mad
o], cpIe] WA Bl AAIH 02 57} 2A1E Kol 3 Qick.m thRE-S 42l 917 Heto
A AT A0l 22 of 2 Lol A Aotoll A CDI F7H5HE 91:g-& Hatska 9]
thow FU A7 F2 4lol A Al E g e uetol = 4 ool HYEL 57
ZAol glom, 0 cpiot BaAE YA 43 5 55 WHE0 BT S4o] B2 NAPY
BI027 2% Aol A=k stAEk, FUjo] AobE thgoE Alet cpro) WS
QJAfepgol that B o) gl Agoltt.
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20099 192 19 26 2018 12 31 L 7}A] A A ik o] 3ch st M| B ek A of o] B Yo A )]
A EE T2 T2 F CDIE T ThoA| o] 4R E 184 njihe] Aoty AFHES o=

SI9ITE 34 0 2 Ol BALE Y o) R 7|52 U FAAUE Fastol 4, 9, A ¥
A, 797178, CD1 WS A E 32 olufe] B WET L el 44, 7111
CD1 Ak 45 0| 1ol AHESHAT FAYA, 2| 2 4 5o thsto] ZASHaIC,

/S 2017\ Infectious Diseases Society of America 2 Society for Healthcare Epidemiology
of America 7}o| E2FQIo| A {1 5k= E5 B Q1 community acquired (CA) CDI, community
onset-health care facility associated (CO-HCFA) CDI & healthcare facility onset (HO) CDILZ 2t
A& 2ot} o] 1FE 29| YA Yol o] S Bl stgick.o

https://doi.org/10.14776/piv.2020.27.624 159


https://piv.or.kr

PEDIATRIC
INFECTION
20} clostridioides difficile ZHS A & VACCINE

o]z 7]¢ho] st Ho] gAY E|Y & 28U o] AL} o] FRlH Skt CA CDI, 22
ol A == L3 ] 3 o] ujol] g o] ERIE oL, o] 5 7|3l A E|5H 2] 28 o] & %]
0k2 Sk}-2 CO-HCFA CDI, 4Y §3Y %3} = 49 o]5of ZFdo] elH S22 HO
CDIZ &5t th1

2,

AALS Sk E2F 5 oIS 9| Al 5ke] W iAol A ¢ difficile toxin©] 21
CDIZ Z1estqitt. S-Aloll Al &t ot ZAfell A o2 B AA7F 4 EH 7 -$-oll= iAol A
Al @)k Tt EE3F cpre] A /gl_g_z‘ A X & # 85 ool thA] AL 5-2] F/do] LAYst
A 7] RS Sl oA A 2 5tithe

HHAARNA ¢, difficile toxing €Q15H7] 95 e+ 0 & 2009 1€ 5= ti¥ vl ol
A C. difficileC] 573 = H 5 H 2o A tedB genes 7 &= Q toxigenic C. difficile cul-
ture’} AR 7425 CDIZ A T35t AL, 2013 1”9 F-E]+= toxigenic C. difficile culture2} S|
GeneXpert® (Cepheid, Sunnyvale, CA, USA) C. difficile assay’} =% = o] &&= 7}A] AA ¥ &5 skt
oj/goll A B/l A5 Ak 7|0l ESFA|F AL, 2018 4 € FE]= GeneXpert® (Cepheid) C.
difficile assaye 7|22 & 5}of CDIE X'Totqlal, T H d4date] 24171 s 4ot »
AL kLol A toxigenic C. difficile cultureS F7+2 1 3Y5HRA T

2) Toxigenic C. difficile culture
C. difficile] M ol = AL H-& thAF O 2 (. difficile selective agar (CDSA; Becton, Dickinson and
Company, Sparks, NV, USA) B 2] o] ] &5}0] 4847t &7t & 7] /d v -2 Al Y53t vl F 48
A7k 3ol gho] A 7| =A] TEotal =G Mo x| Q] FEJE E I API rapid ID 32A system
(bioMérieux, Marcy-1" Etoile, France)S ©|-&5t] 575t T CDSA HiZ|o| A ¢. difficileC] &
2 72 F4]5F =& 0]-8-5+9] 1dB polymerase chain reaction (PCR)< A5ttt A2t
RS S, 721 H99M DNAS FE510], 45 1 preh AEA| Zh2F 1y, a8 an
254> 17 uLE AccuPower PCR premix (Bioneer, Daejeon, Korea)©ll & AT}, Al2HA= NK104
(5'-GTGTAGCAATGAAAGTC CAAGTTTACGC—3')9]' NK105 (5'-CACTTAGCTCTTTGAT TGCTG-
CACCT-3)E AHE-5F AL, PCR 2712 95°COol|A] 1027t & & 94°COll A 30%, 55°COllA] 30%,
72°Col A 125 358] RHES}AL, 72°Coll M 723 Rl T S5 422 17195 F 205 bpo] Hi
E7b e g o2 stk

3) GeneXpert C. difficile assay

GeneXpert® (Cepheid) C. difficile assay-< real-time PCR 9 2] & 0|85} tdB, cdt - A}2] G- 5
o} tedC FAA] EARI 0] A 5 & 4 = HAMH o =) AR 2 A AR A of| b2k
O S W 2 AFstol Aok FHol Yol £8E T /=214 Sl Bol, GeneXpert
1S AL 5to] A shgict o

3. 842N
S T2 184 O 2= SPSS version 25 (SPSS Inc., Chicago, IL, USA)E ©]-85}%IT}. CA CDI,
CO-HCFA CDI & HO CDIE H]| w8 uff T & ¥ 4=0]| t 5} 4| = Pearson ¢ test, Fisher's exact test
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£ AF2S AL A4 H4rof T3l A= Kruskal Wallis testS AF25} T Eot A& 271 3=
o] B of| = linear by linear association 5= AF2-3} T} Pvalue <0.05Y tf SA Ao 2 H
oJgt o & Y7tsteict.

4. A3ge

2 AT A B A BT A Y ALA o9 3] o) A o] & 23k o] EAA i
2} 5-2] HA] £91-& T th(Institutional Review Board No. 4-2020-0242).

23

1. 20} CDI HME
) HEE SMESH
AL717H 10 59F F109,43571 2] Ad-o] UL o] FcpIE T b= Z 767 o] ATt
A= 9HAE-2 9009 ¥2HA110,0007H T 1.00% O A 2018\ 10,0009 T 10.01H 2.2 &
7hetQlal, BA| A 0 2 A X7} Aol mat F7Fohe A& =I5 TH(P<0.001, by linear

by linear association) (Fig. 1).

_IO'_I-

) Ltojof| tE UME 22X

2AZ 2] Yol & 2-54], 6-94, 101341, 14174 2 2 o] cDl &S Rl6HlS o,
A2} 10,000 G A= 10134171 7HE BF1(10.00%/10,0009), 6-9A4117F 7+ A
21 th(4.1078/10,000) (Fig. 2).

20} CDI2| Atk
1) &xtel E3
AGL7)7 59k cp1E FTHE & 7652 WAbrt 477, o A7} 297 O & 2-54]0] 30.3%, 6-9
AM|E0] 14.5%, 10-13M]7-0] 28.9%, 14-17AM]E0] 26.3%S 2}FA|5FH oM A o] FJ7he 11
MAFEH S, 424A4)FTh Toxigenic C. difficile cultureTr O 2 XHE 2= 247 (31.6%) ©]

@ 147
©

= 12 A

o
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= = HOCDI
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Fig. 1. Annual incidence of patients with CDI per 10,000 hospitalizations, 2009-2018. The incidence rate of CDI in
children increased from 1.00 to 10.01 cases per 10,000 admissions from 2009 through 2018 (P<0.001).
Abbreviations: CDI, Clostridioides difficile infection; HO, healthcare facility onset; CO-HCFA, community onset-
health care facility associated; CA, community acquired.
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Fig. 2. Age-specific incidence of CDI hospitalization, 2009-2018. The group 10-13 years of age had the highest
rates of CDI, while the group 6-9 years of age had the lowest.
Abbreviations: CDI, Clostridioides difficile infection.

3L GeneXpert C. difficile assay = ©]-8-5F0] XITHE 7= 107 (13.2%), F 7HA] ¥ 25of
A FHoE AT A+ 427 (55.3%)°] AT CpI AT A SAFE0] AL 4=

Tk 435 (56.6%), 79 ©]/ 14 1|TF 1175 (14.5%), 14 ©]/ 31 v|TF 9T (11.8%), 31 °|4F
279 (17.1%)°1 AL, TFa2 6 /\PH%H HeY)ol At /= AAMt A= A9+ 20
H(26.3%)°] AL AAtol| BF, 7 E, ¥, A(F5 5-8)°] rt=Jd 2at= 242 209
(26.3%), 87 (10.5%), 16 (21.1%), 407 (52.6%)°] ATt EHZ YLF 20 (FE 5|8
T AE A= 537 0|10 44 207 (26.3%), A FF 169 (21.1%), B &
(17.1%), Y22 A9 1178 (14.5%) <=0 & Wtr} sl A A ZAuloA] P& Wy
10,000/pL 1T, 10,000/pL ©]/F 20,000/uL BT, 20,000/uL O]+ C.2 &0l 2xt=
H(68.4%), 208 (26.3%), 478 (5.3%) °1 1L B S FT =2]7}3.5 g/dLu| T, 3.5 g/dLO] /4 4.5
g/dLu| Tk 4.5 g/dLO| /Al EAb= ZH2} 307 (39.5%), 398 (51.3%), 778 (9.2%) ©] A Th(Table 1).

i
rk9£ o 4
o
ol

J

2) XIZ % A1t
CDIY| X 5= A Fold Aol T = T A fETto = F4o] T E F97t
2274(28.9%)°] QAL 7] A B2 77 metronidazoles TS+ 7427} 417 (53.9%), 4 F met-
ronidazoles ¢t 74971 107 (13.2%), 74 - vancomycins 55+ 7497} 355 (3.9%) 0] A Th
(Table 1). Z{EFe] A o]of] &5t At = & 62 (7.9%) 2, 1 F18l= EE2H A 22 F440| &
A= At} A Eksto] 7 metronidazoles £ 51 1L 38 = ‘]% % 84| 2 737 metronida-
zoleS ARESHAL 209 Alof| = 7 L metronidazoleS A& & = A FoJsto] S4fo] S A
At 28] a1 28)= %3 X A 2 47 metronidazole= /\]'53-6]'01 CHF A & 745t vanco-
mycin @ & HHLo] F£oit o] ZA4o] S E|QITE 7|7 U ehI= Q18 A2 Sl 3lTh.

CDIZ ZIeH7] A 45 ool AN E AHE-2F B Ak= F 5878 (76.3%) 01 2.1, ©] & 201
(26.3%)> 1 7FA] A E 701 HEAL, 38 (50.0%)2> 27HA] o)/d2] YA S Fof gttt
A5 YA = S 5-S EZ35to] cephalosporin Al B 0] 445 0 &2 7P WOk TS0 2=
penicillinA| & 299, carbapenem | ¥ 16, sulfonamide| € 159, aminoglycosideA| & 14§

glycopeptide | & 135, macrolide | & 57 £=°| I th(Fig. 3).
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Table 1. Demographic and clinical characteristics of 76 patients with CDI

Characteristics No. of patients (%)
Sex
Male 47 (61.8)
Female 29 (38.2)
Age (yr)
2-5 23 (30.3)
6-9 11 (14.5)
10-13 22 (28.9)
14-17 20 (26.3)
Diagnosis
Toxigenic C. difficile culture 24 (31.6)
GeneXpert C. difficile assay 10 (13.2)
Both diagnostic tools 42 (55.3)
Hospital stay before CDI diagnosis
<7 days 43 (56.6)
7-13 days 1 (14.5)
14-30 days 9 (11.8)
31-90 days 13 (17.1)
Associated symptoms other than diarrhea
Only diarrhea 20 (26.3)
Fever 40 (52.6)
Abdominal pain 20 (26.3)
Hematochezia 16 (21.1)
Vomiting 8(10.5)
Predisposing factor
Surgery 20 (26.3)
Malignancy 16 (21.1)
IBD 13 (17.1)
PEG 11 (14.5)
None 23 (30.3)
Blood WBC count (/uL)
<10,000 52 (68.4)
10,000-19,999 20 (26.3)
220,000 4(5.3)
Serum albumin (g/dL)
3.5 30 (39.5)
3.5-4.4 39 (51.3)
>4.5 7(9.2)
Treatment
Observation or discontinuation of antibiotics 22 (28.9)
Oral metronidazole 41 (53.9)
Intravenous metronidazole 10 (13.2)
Oral vancomycin 3(3.9)

Abbreviations: CDI, Clostridioides difficile infection; IBD, inflammatory bowel disease; PEG, percutaneous
endoscopic gastrostomy; WBC, white blood cell.

4) CA CDI, CO-HCFA CDI % HO cDI2| H|

Z 76§ 2] CDI $A}+= CA CDI & 1678 (21.1%), CO-HCFA CDI & 137 (17.1%), HO CDI - 477
(61.8%) 2= 7= AT Al 7 AFo] 9] 17424 Ql £ 2] Ao += Table 201 Q0FE] o] Ut} Al
o Abo] o A& BAI A 0 & xto] 7} g}l AL, Lo o] F 44k CO-HCFA CDI w-°] CA CDI
B} o of g Th5A vs. 134, P=0.012). & HHE S/l A= CA CDI -°] CO-HCFA (56.3% vs.
46.2%, P=0.009)2} HO CDI (56.3% vs. 10.6%, P=0.001) 2T} B-E o] ZHtE u]go] &=9tc},
W T CA CDI -°] HO CDI w2 o} SHF H]-8-0] =F}H50.0% vs. 10.6%, P=0.002). HO CDI
0] CA CDI, CO-HCFA CDI T2 Tt FAYA| & AF&-SH H]-E-0] H3F11(97.9% vs. 31.3%, P<0.001
and 97.9% vs. 53.8%, P<0.001, respectively) A&+ A 2] 7] 4~2] ZFZE = HO CDI -0l A]
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Fig. 3. Antibiotics presumed to be a cause of CDI. The most frequently prescribed antibiotic was cephalosporin.
Abbreviations: CDI, Clostridioides difficile infection.

CA CDI .o} BkTH2 vs. 0, P<0.001). 85 B L 2= Al i Alolof] EAH 02§05t 2t
o7} YA FH LH o] ZYZHS HO CDI 0] CO-HCFA CDI, CA CDI woi| H| 5l 54| % 2.

-2 5HA| Eokth(3.4 g/dL vs. 4.1 g/dL, P=0.025 and 3.4 g/dL vs. 4.1 g/dL, P=0.001, respective-
ly). E3H A3 2 Q10] -9 4~&o] A3 E H|E-2 HO CDI 7-°] CA CDI, CO-HCFA CDI 0] H]
3} —2_55&5'_(40 4% vs. 0.0%, P=0.001 and 40.4% vs. 7.7%, P=0.043, respectively), 2H/dZ 40| 5
HHE H]&-2 HO CDI #°] CA CDI w2t} 5 F11(27.7% vs. 0.0%, P=0.027), CO-HCFA CDI &=
CA CDI T2t} =34 }H30.8% vs. 0.0%, P=0.030). H5A] 2 3to] SHkE H]-8-2 CA CDI &
0] CO-HCFA CDI 72} HO CDI 01| H] 3l T} &= }FTH(68.8% vs. 7.7%, P=0.001 and 68.8% vs. 2.1%,
P<0.001, respectively). BFA| 20 2 M| 2] 27| | Z R} o) A= CA CDI w°] CO-HCFA CDI
=2} HO CDI w0l] H] &}l 74 - metronidazole-s AF-&-9F H]&-0] ©F11(25.0% vs. 69.2%, P=0.017
and 25.0% vs. 59.6%, P=0.017 respectively) %} 5= metronidazole= AH-8-5F H]-&-0] = }T}H(37.5%
vs. 23.1%, P=0.001 and 37.5% vs. 2.1%, P=0.029). EA5-2] cp1 F Tk o] & XH%PPJSI FTIU
HO CDI 9| CA CDI ]| B] 3l A4 o & -§-2l5HA] ZA A ch13Y vs. 5L, P=0.008).

ink

o1 @ AT 08 52 Fuf Sotold corel WY E A, o A
2191 1/ ¥/3-S CA CDI, CO-HCFA CDI, HO CDI Al —‘?‘—%6]—021 2fo ]g 7)1435 k=
o] oo} 7F Uk AL AT 2 F 1019 FRF 400l A cpI2 B0l gl
SHAAL, o] = Aol Al Aof hatol| A &= cpref tsf H i
£ 93 A =210 g 27 H e gk AlAMel E

—‘1_\_
oﬁ mﬂi

m

1978 FAYA] T Qe thF o] YRIHF O 2 ¢ difficile’t €% o] cpref| thet B
£0] #26}7&] 571l gttt vl =0l A 1997200618 7HA] o] EAalo] wh=’ A~ofcDr 'EAY 0]
1997 A 22} 10,0008 F 7.247 o1 A 2006 YA 24} 10,000H T 12.80H 2.2 H 9.0%
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Table 2. Comparison of characteristics between CA CDI, CO-HCFA CDI and HO CDI

Characteristics CA (n=16) CO-HCFA (n=13) HO (n=47) P-value® Subanalysis
Sex (male) 9 (56.3) 5 (38.5) 33(70.9) 0.099
Median age (yr) 13 (9.5-15.0) 5 (2.0-10.0) 11 (4.0-14.0) 0.014 CA vs. CO-HCFA (P=0.012)
Associated symptoms
Abdominal pain 9 (56.3) 6 (46.2) 5(10.6) <0.001 CA vs. HO (P=0.001)
CO-HCFA vs. HO (P=0.009)
Vomiting 2 (12.5) 3(23.1) 3(6.4) 0.160
Hematochezia 8 (50.0) 3(23.1) 5(10.6) 0.003 CA vs. HO (P=0.002)
Fever 9 (56.3) 7 (53.8) 24 (51.1) 0.947
Previous use of antibiotics 5(31.3) 7 (53.8) 46 (97.9) <0.001 CA vs. HO (P<0.001)
CO-HCFA vs. HO (P<0.00T1)
Median number of antibiotics 0 (0-1) 1(0-3.5) 2 (1-4) <0.001 CA vs. HO (P<0.001)

Laboratory findings
Blood WBC (/uL)
Serum albumin (mg/dL)

Predisposing factor
Surgery

Malignancy
IBD
PEG

Treatment
Conservative care”
Oral metronidazole

Intravenous metronidazole

Oral vancomycin
Postdiagnosis hospital days

9,560 (7,770-13,445)

8,930 (1,490-14,185) 6,900 (4,730-10,180)  0.133

41 (3.4-4.4) 41 (3.9-4.4) 3.4 (3.1-3.7) <0.001 CAvs. HO (P=0.025)
CO-HCFA vs. HO (P=0.001)
0 (0.0) 1(7.7) 19 (40.4) 0.001 CA vs. HO (P=0.001)
CO-HCFA vs. HO (P=0.043)
0 (0.0) 4(30.8) 13 (27.7) 0.032 CA vs. CO-HCFA (P=0.030)
CA vs. HO (P=0.027)
11 (68.8) 1(7.7) 1(2.) <0.001 CA vs. CO-HCFA (P=0.001)
CA vs. HO (P<0.001)
1(6.3) 1(7.7) 9 (19.1) 0.467
6 (37.5) 1(7.7) 15 (31.9) 0173
4(25.0) 9 (69.2) 28 (59.6) 0.027 CA vs. CO-HCFA (P=0.017)
CA vs. HO (P=0.017)
6 (37.5) 3(23.) 1(2.) <0.001 CAvs. HO (P=0.001)
CO-HCFA vs. HO (P=0.029)
0 (0.0) 0 (0.0) 3(6.4) 0.754
5 (2.0-8.8) 8 (4.0-14.5) 13 (6.0-41.0) 0.007 CA vs. HO (P=0.008)

Data presented as number of cases (percentage) or median values (interquartile range).

Abbreviations: CA, community acquired; CDI, Clostridioides difficile infection; CO-HCFA, community onset-health care facility associated; HO, healthcare facility
onset; WBC, white blood cell; IBD, inflammatory bowel disease; PEG, percutaneous endoscopic gastrostomy.

*Observation or discontinuation of antibiotics. t

P-value less than 0.05 was indicated in italic numbers.
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