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ABSTRACT

Purpose: Group A streptococcus (GAS) is a common pathogen in pediatric patients and often
causes acute pharyngotonsillitis and skin and soft tissue infections. In addition, bacteremia with
significant morbidity and mortality can also occur. This study was conducted to describe the
clinical manifestations and treatment outcomes of pediatric GAS bacteremia patients in Korea.
Methods: This was a single-center, retrospective study. From January 2000 to December 2016,
pediatric patients aged <18 years with GAS bacteremia were studied. Clinical manifestations,
underlying diseases, intensive care unit stay, and antibiotic susceptibility were evaluated.
Results: During the study period, 19 patients had GAS bacteremia. Ten (53%) were male, and
the median age was 7.4 years (range, 0.3-17.4 years). Fourteen (74%) had chronic underlying
diseases. Five (26%) were immunocompromised (leukemia and chronic kidney disease).
Eight (42%) had lymphatic or vascular malformations, of which seven had lesions with signs
of inflammation. Three (16%) developed pneumonia, and two of them received ventilator
care. The 30-day mortality rate was 6% (1/19), and the cause of death was bacteremic
pneumonia. All GAS isolates were sensitive to penicillin. Fifteen (79%) were sensitive to both
erythromycin and clindamycin.

Conclusions: This study identified various clinical manifestations of GAS bacteremia. GAS
should be considered as a potential pathogen that can cause bacteremia and result in a
serious clinical course.
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Table 1. Patient characteristics

Patient Age Sex Symptoms or Underlying ICUcare  30-day survival  Sensitivity to Empiric Year of
(yr) diagnosis at the event diseases clindamycin/ antibiotic diagnosis
erythromycin treatment
1 0.3 M Fever and focal Cystic hygroma None Survived S/S Ampicillin/sulbactam 2001
inflammation
2 1.1 F Fever and focal Cystic hygroma None Survived S/S Cefazedone, gentamicin 2009
inflammation
3 1.6 F Fever and focal Cystic hygroma None Survived S/S Ampicillin/sulbactam 2014
inflammation
4 2.5 F Fever and neutropenia  Acute None Survived S/S Meropenem, teicoplanin 2014
lymphoblastic
leukemia
5 2.9 M Fever and neutropenia  Acute None Survived S/S Cefepime 2013
lymphoblastic
leukemia
6 3.3 F Pneumonia Microcephaly, Yes, Deceased S/S Cefepime, vancomycin 2016
home ventilator mechanical
care state ventilator
7 4.3 F Fever and focal Hemangioma None Survived S/S Cefotaxime, teicoplanin 2006
inflammation
8 5.0 M Arthralgia None None Survived S/S Cefotaxime, nafcillin 2001
9 5.9 F Fever and focal Hemangioma None Survived S/S Cefotaxime, nafcillin 2003
inflammation
10 5.9 F Fever and focal Hemangioma None Survived R/R Cefotaxime, clindamycin 2008
inflammation
1 6.7 M Osteomyelitis None Yes Survived S/S Cefotaxime, vancomycin 2016
12 7.5 M Fever and focal Venous None Survived S/S Cefazolin 20T
inflammation malformation
13 8.3 M Pneumonia None Yes, Survived S/S Cefotaxime, vancomycin 2016
mechanical
ventilator
14 8.3 F Fever and neutropenia  Acute None Survived S/S Cefepime 2007
lymphoblastic
leukemia
15 10.0 M Perianal abscess Klippel- None Survived S/S Cefotaxime, 2001
Trenaunay ciprofloxacin,
syndrome metronidazole
16 1.4 M Headache None None Survived S/S Cefotaxime, vancomycin 2007
17 13.9 F Fever Lupus nephritis None Survived S/R Ampicillin/sulbactam 2005
18 16.5 M Pneumonia None None Survived R/R Ceftriaxone, clindamycin 2002
19 17.4 M Pericarditis Status post Yes Survived R/R Ceftriaxone, vancomycin 2000

kidney transplant

Abbreviations: M, male; F, female; ICU, intensive care unit; S, susceptible; R, resistant.
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Fig. 1. Chest computed tomography of previous healthy 8-year-old boy, who developed bacteremic pneumonia
after influenza infection. Chest computed tomography revealed bilateral dense pneumonic consolidation.

Fig. 2. Magnetic resonance imaging of previous healthy 6-year-old boy, who developed bacteremia with
osteomyelitis. (A) Pelvis magnetic resonance imaging revealed a fracture at the right pubic bone and both
ischiopubic synchondrosis with osteomyelitis. (B) Small abscess pocket in right obturator muscle.

g Sdthutol Al Ui/ HARE skl on, B fEUdo] Il

k)

2 Aol M= 1797t & o g 7)ol A TS Adt Abe S #E S AokehAf 1979 o
Fe DTS BASIT. 2250l ANE FAE F How B 7Y SRt 8
5 (42%) 22 th5 2FASHAL, Ak} vHg AlA g 2hapep 2 x5} 2t sH
(26%)°] ZEFFE|o] AUAUTt AT AFED ol Qs P2 FE AT Loksox] HEY
9 A2 7o dgho e WAshs Yo| EskAw, 714 Aol Yk FAlolME 7
%9 991025 112 S so} go] Bak= gick,

YT I YT /) BAELS WP 24 9 T SUR 4 glon], R 5
Zol BF So] JFuS o2 o8B A5 WA Hid, 53] BAE Sk}
749 gazol Ugt mej7t Wes Ao wolth g4 WY Bxje] 557 744 2
https://doi.org/10.14776/piv.2020.27.€15 86


https://piv.or.kr

ol

PEDIATRIC
INFECTION
& VACCINE

https://piv.or.kr

Ao o, e, A Z=dd 5o £ APdoR A ou AT AE
o} ]:H Q
= a

7F100,0008F H5 AT AHES T 2 HHEE-2 2004-2011 0.8-1.65F | A1 20122015
H2333.66H 22 F7 AL, emm 13 X 39 #F59] F7H7F SAE|UTEy F=
1 9lom, o]& QIgt AU wEato| A Luk ol

o
X
e

4> 9lo] 3 Queensland A2} 0-184] A0S A Ao A= 100,0008 T 3.5%, YFH
QI Aol A= 13.270] et o g HUsgn, fjfAdS W oo g qIsh 93
QRlo] A& I Qrt0 & I AFLo A = 19922004 0] HISH 20117} 2012E H &

s 7] 75 8102 emm FHY S 1T 4 ot Aol mat F Afo] & Hol
A Jout, ujgat 58 thgr 7S] A9 emm 1P 0] F£H AP SR SIS UATEY emm 1
o] A XA HEY S 53l Tt A Ho M 2 4= Q= nga, slo, 1T I sped2 F-7
A2 Wste] Y& AYPS 4o £ Qe oz I Qlohes n)2y} A1) Y&
AT AFES T 7 FtRALIA emm 13 W 333 WS FHY =L AT WAL ES
Hska Qlok2w w9k S Aotks thd o2 o B AFoA E emm 13 0] <5 AT AFE
U AA T Aol & Ao r Buskal ks 2 Ao s 3% 245 AlYs
A Zotl oy, 25 54 AR gelo] g g st}

otoll A W AT AL F A LA 43 PRI 0B HYsHe SR chgEA

A A (non-steroidal anti-inflammatory drugs, NSAID)
AF§ o) Sithien B A AM & QB R} X & F WY FEFS B wY Bt
sholeloinh. A 9 Wk 7Y BAbs o) FEE AWA Z7bol e uE AP glout )
A g FAPol| A 9] AT AFE Dt FEFoll tigh HilEo] glom, R lYsto] HAl
FYA FolE Q= 5FRlchr2 NSAIDS] H 9 55, HEY 22 AlFHE Y 442 7
(masking) & oFU 2}, S HA| Q1 A} (tumor necrosis factor) o /3 EH Y 285 JA|5to] A
2 AR G I FE B A 02 Fel Yk Y L B ]G B 3
4 5.9 G F o] Qo] NSAIDE A1 Fofd 4 9l ofA| 2 72 2 3te),

2 A3s 9d7He] S Ag, Aol ok 3%k g rjwe 2 7|AAgk et H|
£0| ot FUl S i Eoh= AR 2= Agto] et ghxte] vro] Bl 7|4 Ak o] 2] thE
Td35 WA A els BAT 4 QoA 8 F X & o|F e Solu 7] of| %ol gt
242 FWYskA] Rokgleh. otk Frol theh U Y BA4L AWstA) Ratgict.

£ Aol AL Fuf tofol] 9lof AT AFELF FEZ WA THYT ANPHE BT
% ISITh WA ASkA, Y U F 7)Y Bk © 7|2 Do) gl At Bake] ol
AT ASLRE AZE U4 29 285 ot 2o Feluo] ) Wo
oSk 2|41 Q) 7hAl9t 127t W e st

https://doi.org/10.14776/piv.2020.27.€15 87


https://piv.or.kr

>
M
=
T[>
ne
£l
ET]
g
ol

PEDIATRIC
INFECTION
& VACCINE

REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

Carapetis JR, Steer AC, Mulholland EK, Weber M. The global burden of group A streptococcal diseases.
Lancet Infect Dis 2005;5:685-94.
PUBMED | CROSSREF

Nelson GE, Pondo T, Toews KA, Farley MM, Lindegren ML, Lynfield R, et al. Epidemiology of invasive
group A streptococcal infections in the United States, 2005-2012. Clin Infect Dis 2016;63:478-86.
PUBMED | CROSSREF

Lamagni TL, Darenberg J, Luca-Harari B, Siljander T, Efstratiou A, Henriques-Normark B, et al.
Epidemiology of severe Streptococcus pyogenes disease in Europe. J Clin Microbiol 2008;46:2359-67.
PUBMED | CROSSREF

DarenbergJ, Henriques-Normark B, Lepp T, Tegmark-Wisell K, Tegnell A, Widgren K. Increased
incidence of invasive group A streptococcal infections in Sweden, January 2012-February 2013. Euro
Surveill 2013;18:20443.

PUBMED | CROSSREF

Oliver J, Wilmot M, Strachan J, St George S, Lane CR, Ballard SA, et al. Recent trends in invasive group A
streptococcus disease in Victoria. Commun Dis Intell (2018) 2019;43.

PUBMED | CROSSREF

Rhie K, Choi EH, Cho EY, Lee J, Kang JH, Kim DS, et al. Etiology of invasive bacterial infections in
immunocompetent children in Korea (2006-2010): a retrospective multicenter study. ] Korean Med Sci
2018;33:e45.

PUBMED | CROSSREF

Yang N, Lee HS, Choi JH, Cho EY, Choi EH, Lee HJ, et al. Clinical manifestations of invasive infections
due to Streptococcus pyogenes in children. Korean J Pediatr Infect Dis 2014;21:129-38.

CROSSREF

Meehan M, Murchan S, Gavin PJ, Drew RJ, Cunney R. Epidemiology of an upsurge of invasive group A
streptococcal infections in Ireland, 2012-2015. ] Infect 2018;77:183-90.
PUBMED | CROSSREF

Watts V, Balasegaram S, Brown CS, Mathew S, Mearkle R, Ready D, et al. Increased risk for invasive group
A streptococcus disease for household contacts of scarlet fever cases, England, 2011-2016. Emerg Infect
Dis 2019;25:529-37.

PUBMED | CROSSREF

Whitehead BD, Smith HV, Nourse C. Invasive group A streptococcal disease in children in Queensland.
Epidemiol Infect 2011;139:623-8.

PUBMED | CROSSREF

Gherardi G, Vitali LA, Creti R. Prevalent emm types among invasive GAS in Europe and North America
since year 2000. Front Public Health 2018;6:59.

PUBMED | CROSSREF

Barnett TC, Bowen AC, Carapetis JR. The fall and rise of group A streptococcus diseases. Epidemiol Infect
2018;147:1-6.

PUBMED | CROSSREF

Cole N, Barnett TC, Nizet V, Walker MJ. Molecular insight into invasive group A streptococcal disease.
Nat Rev Microbiol 2011;9:724-36.

PUBMED | CROSSREF

Gonzalez-Abad MJ, Alonso Sanz M. Invasive Streptococcus pyogenes infections (2011-2018): emm-type and
clinical presentation. An Pediatr (Barc) 2020;92:351-8.

PUBMED | CROSSREF

ChoiJH, Yang NR, Lee W], Lee H, Choi EH, Lee HJ. Distribution of emm types among group A
streptococcus isolates from children in Korea. Diagn Microbiol Infect Dis 2015;82:26-31.

PUBMED | CROSSREF

Factor SH, Levine OS, Harrison LH, Farley MM, McGeer A, Skoff TH, et al. Risk factors for pediatric
invasive group A streptococcal disease. Emerg Infect Dis 2005;11:1062-6.

PUBMED | CROSSREF

Laupland KB, Davies HD, Low DE, Schwartz B, Green K, McGeer A, et al. Invasive group A streptococcal
disease in children and association with varicella-zoster virus infection. Pediatrics 2000;105:e60.
PUBMED | CROSSREF

https://piv.or.kr https://doi.org/10.14776/piv.2020.27.€15 88


http://www.ncbi.nlm.nih.gov/pubmed/16253886
https://doi.org/10.1016/S1473-3099(05)70267-X
http://www.ncbi.nlm.nih.gov/pubmed/27105747
https://doi.org/10.1093/cid/ciw248
http://www.ncbi.nlm.nih.gov/pubmed/18463210
https://doi.org/10.1128/JCM.00422-08
http://www.ncbi.nlm.nih.gov/pubmed/23594518
https://doi.org/10.2807/1560-7917.ES2013.18.14.20443
http://www.ncbi.nlm.nih.gov/pubmed/30879286
https://doi.org/10.33321/cdi.2019.43.8
http://www.ncbi.nlm.nih.gov/pubmed/29349940
https://doi.org/10.3346/jkms.2018.33.e45
https://doi.org/10.14776/kjpid.2014.21.2.129
http://www.ncbi.nlm.nih.gov/pubmed/29935196
https://doi.org/10.1016/j.jinf.2018.05.010
http://www.ncbi.nlm.nih.gov/pubmed/30602121
https://doi.org/10.3201/eid2503.181518
http://www.ncbi.nlm.nih.gov/pubmed/20609283
https://doi.org/10.1017/S0950268810001378
http://www.ncbi.nlm.nih.gov/pubmed/29662874
https://doi.org/10.3389/fpubh.2018.00059
http://www.ncbi.nlm.nih.gov/pubmed/30109840
https://doi.org/10.1017/S0950268818002285
http://www.ncbi.nlm.nih.gov/pubmed/21921933
https://doi.org/10.1038/nrmicro2648
http://www.ncbi.nlm.nih.gov/pubmed/31879253
https://doi.org/10.1016/j.anpedi.2019.10.014
http://www.ncbi.nlm.nih.gov/pubmed/25700867
https://doi.org/10.1016/j.diagmicrobio.2015.01.002
http://www.ncbi.nlm.nih.gov/pubmed/16022781
https://doi.org/10.3201/eid1107.040900
http://www.ncbi.nlm.nih.gov/pubmed/10799624
https://doi.org/10.1542/peds.105.5.e60
https://piv.or.kr

>
M
=
T[>
ne
El]
ET]
g
ol

PEDIATRIC
INFECTION
& VACCINE

IV

18.

19.

20.

21.

22.

Okamoto S, Nagase S. Pathogenic mechanisms of invasive group A streptococcus infections by influenza
virus-group A streptococcus superinfection. Microbiol Immunol 2018;62:141-9.
PUBMED | CROSSREF

Kracoff SL. Compartment syndrome secondary to group A streptococcus infection in the presence of a
congenital hemangioma. Pediatr Emerg Care 2019;35:290-2.
PUBMED | CROSSREF

Yagupsky P, Giladi Y. Group A beta-hemolytic streptococcal septicemia complicating infected
hemangioma in children. Pediatr Dermatol 1987;4:24-6.

PUBMED | CROSSREF

Christie CD, Havens PL, Shapiro ED. Bacteremia with group A streptococci in childhood. AmJ Dis Child
1988;142:559-61.

PUBMED | CROSSREF

Stevens DL. Could nonsteroidal antiinflammatory drugs (NSAIDs) enhance the progression of bacterial
infections to toxic shock syndrome? Clin Infect Dis 1995;21:977-80.

PUBMED | CROSSREF

0]
12

7o) YA 248 ZAIICE,
ik 1990 4 AT S B

(420/0)0] I _\,]—

o— O O

6% (1/19)¥ 2™ 3l F A=
BHdth 159 (79%)+=

1A

25 Az e S8 4O chopet AP S Balth FHUE

heto) Eolot 5570 o8 A £ o 0% ek 1T, B e AU A A A
AU BAE PP A B F2}2 Hok A skt

i o) e Tl7|Be] 3k 72, 20009 195 2016\ 2U7HA] AT AP E RAGOE YU R
W2 184 o] 5} Ao FAHE-S Y02 SISITE. FEF WA YFPY, 714 AH, FAAA M| ol T3

T ol R 2Tt 107 (53%) °] AR ot A o] TP 744 ATH(H 9, 0.3-17.4
A)). 1478 (74%) ) FH2FS 0] R 714 -2 7FA] 3L 191 5 (26%)2 A A SHU Y 8 ek Al g $9lrt. 8
, 4 719 5 ek Bl Al 7ol glglom g7 e w54 e ol

AT 31 (16%) 2] sw—oﬂﬂl | o] uhy )
FEES S Y o2 Al RE AEE AT A& F-2 U e
ol 2] 22 nto] Mz} Feriuto] Ao 2448 BTt

ZE: 2 7N AT AR ST R U] BT 2ot BAFE ) AN YA BASIITH AT AHE L Z-2 Aoto

=2 0
glo] FHEFL FLT 5 A= A PP AFO 2 T2t Wasit,

https://piv.or.kr

https://doi.org/10.14776/piv.2020.27.€15 89


http://www.ncbi.nlm.nih.gov/pubmed/29377225
https://doi.org/10.1111/1348-0421.12577
http://www.ncbi.nlm.nih.gov/pubmed/27798538
https://doi.org/10.1097/PEC.0000000000000952
http://www.ncbi.nlm.nih.gov/pubmed/3295826
https://doi.org/10.1111/j.1525-1470.1987.tb00748.x
http://www.ncbi.nlm.nih.gov/pubmed/3282430
https://doi.org/10.1001/archpedi.1988.02150050097042
http://www.ncbi.nlm.nih.gov/pubmed/8645850
https://doi.org/10.1093/clinids/21.4.977
https://piv.or.kr

