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Infectious Manifestations in Childhood Leukemia
Yoon Jung Cho, M.D., Heung Sik Kim, M.D. and Chin Moo Kang, M.D.

Department of Pediatrics, College of Medicine, Keimyung University, Taegu, Korea

Purpose :

motherapy for leukemia and the development of fever in neutropenic cancer patients frequently in-
dicates infection. The purpose of the present study is to evaluate infectious manifestations during

the course of leukemia.

Methods : Seventy eight leukemic children who had one or more occasions of infection during
hospitalization from January 1993 to December 1999 at Dong San Hospital, Keimyung University
were analyzed. Infection was defined clinically as a single oral temperature of 38.5C or higher or
as three consequent oral temperature 38C in a day.

Results : Two-hundred and four febrile episodes were studied. The cause of infection was de-
tected in 136 episodes while in 68 episodes the cause was not detected. The causes of infection
were : 31 pneumonia, 24 sepsis, 16 urinary tract infections, 15 mucositis, and 14 wound infections.
The etiologic pathogens were identified in 53 episodes. Sixty percent of the pathogens were gram
negative organisms such as Escherichia coli, Enterobacter, Pseudomonas aeruginosa and Kleb-
siella. Both gram positive and fungal infections were 17.0%. Most sensitive antibiotics were van-
comycin for gram positive organisms and ceftazidime and amikacin for gram negative organisms.
Twenty-one patients died due to FUOs, sepsis, pneumonia and severe mucositis.

Conclusion : Infection was the most frequent cause of death in leukemic patients and fungal in-
fections have increased recently. The risk of infection was higher in patients with severe and
prolonged neutropenia. Therefore immediate application of antibiotics and antifungal agents will be
needed in the leukemic patient with neutropenia. (J Korean Pediatr Soc 2001;44:1019-1030)
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Infection is one of the major causes of morbidity and mortality in children during che-
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Table 1. Age and Sex Distribution of 78 Children with Leukemia

ALL(=40) AML(n=24) Mixed(n=11) CML(n=3) Total(n=78)
M F M F M F M F M F
Age(years) <1 1 0 1 1 0 0 1 0 3 1
1-10 17 11 5 8 6 4 0 2 28 25
>10 9 2 2 7 0 1 0 0 11 10
Total 27 13 8 16 6 5 1 2 42 36
M : male, F: female
Table 2. Frequency of Infection according to the Phase of Therapy
ALL AML Mixed CML Total(%)
Diagnosis 7 10 3 2 22( 10.8)
Induction 27 26 9 1 63( 30.9)
Consolidation 59 14 21 0 94( 46.1)
Maintenance 11 7 3 1 22( 10.8)
Relapse 0 1 1 1 3( 15
Total number(%) 104(51.0) 58(28.4) 37(18.1) 5(2.5) 204(100.0)
Episode of infection per patient 2.6 24 34 1.7 2.6

ous leukemia, ©|3F AML) 23], mixed type and
biphenotypic leukemia(®]3} mixed leukemia) 122,
A Z4 MY (chronic myelogenous leukemia,
o]k CML) 3#lolth 2wtk ZAle ol 47190
A 18AIZ2 Hat 61 1070€ o]t Table 1).

Agd e H=E B ALLA £ 1043](51.0
%), AML®IA 583](28.4%), Mixed leukemia®lA] 37
3](18.1%), CMLCIA 53](25%)2 F 20439 74
o] AT Fho} F Aol RIEE 13]4 FHal 123]
7hAe] WER2 Adew FHE Hy HEE HY
ALL 2.63], AML 242], Mixed leukemia 3.4%], CML
17312 o}l W Fr 2639 o] Ak

grolo] X5 7|zt wWE A WieE 2
A el A A9 223)(10.8%), =
QYA 638](30.9%), 3t Al 943](46.1%), &3+
A 222](10.8%), ALA] 33](1.5%) 0 A TH Table 2).

nEwy FHE 13 2dd Hd ddEy U
ALL 53%, AML 9.7¢, Mixed leukemia 6.1%, CML
13¢ 2 Hat 68Yoltt. CMLolA &g 7]|3ke] 7¢

= =
F Aoy CMLE 8 71 BA ool S
A

i, ALL¥ Mixed leukemia®™ 7]%}o] H]

Table 3. Duration of Fever in Leukemia

Duration of = z1;  AML Mixed CML Total(%)

fever(day)

1-3 54 14 13 1 82(40.2)
4-7 28 21 15 1 65(31.9)
8-14 15 11 6 1 33(16.2)
15-21 6 9 1 18( 8.8)
>22 1 3 1 1 6( 2.9)
Mean 5.3 9.7" 6.1 13 6.8

"P<0.05 vs ALL

28RO (P=046), ALLZ AML®] Hlale] A= AML
oA d7|zke] ¥ AJTH(P=0.03)(Table 3).

Z2edo Hel

Ao s B 5 Add A= F 204 T
136312 66.7%°1% 2 AAS & = gl B971 68
g2 333%°1t A9 €S Hd 5 Udd A
G % Ylato] ¥E W A$-= 53EE 26.0%01UL
del A0S dHer FAY 5 AU F5= 83
gZ 407901t MAESHer o] ¥EI 537
< djo] 248(45.3%) = 71 wokth vl &% 16
#1(30.2%) ©1ar 7]ek I 5 W, g, 71, 24,
5 24 Arb FollM i o] FAEHATHTable 4).
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Table 4. Identified Organisms according to the Cultured Specimen

Blood

Urine

Skin Stool Other Total(%)

Gram positive
Streptococcus
Staphylococcus aureus 1
Staphylococcus epidermidis
Enterococcus

Gram negative
Pseudomonas aeruginosa

%

Klebsiella pneumoniae
Escherichia coli
Escherichia fergusoni
Enterobacter
Moraxella

Aeromonas
Flavobacterium
Serratia

= = = e = = DO WO

Achromobacter
Morganella morgani
Fungus
Candida 3hF
Aspergillosis
Mucormycosis
Mycobacterium tuberculosis 28!

Q= O

Total 24(45.3) 16(30.2)

9( 17.0)

32( 60.4)

9( 17.0)
1 2
1

1 3C 57
7(13.2) 1(1.9) 5(9.4) 53(100.0)

Orgamsms were identified to multiple sites in 5 cases.

wound, $plood and sputum, "blood and pleural fluid

e FHEE E coliZt 7 WAL v&ol En-
terobacter, S. aureus, Candida =°|th 13 ¥4
ol F 9¥E 17.0% 5 AX 8P, 13 ST oR
= E. coli 84, Enterobacter 7dl, Pseudomonas
aeruginosa 48, Klebsiella pneumoniae 38 & %
328(60.4%)2 1% AT Rt B3 Candida,
Aseprgillosis, Mucormycosis &2 Zidde] 94
(17.0%) °lRem™ Mycobacterium tuberculosis® 3
gdeolX PCRZ THEATE oA FHE d#o2=
Pseudomonas?} 4892 7V¢ B %L Klebsiella pneu-
moniae, Candida, Mycobacterium tuberculosis”}
7z} 38, E. coli 28013l 4&W wWigHoRE E
coli7t 682 7P Woti 2 vl Enterobacter?t
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Table 5. Type of Infection in Leukemia
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Undetermined focus

— DN
= W

Urinary tract infection

Skin infection
Herpes zoster

=== W W R W WD Oy o

—_

AML Mixed CML Total
26 14 3 68
6 2 31
7 6 24
4 4 1 16
4 3 15
4 3 1 14
3 1 6
1 2 6
1 4
4
1 4
1 4
3
1 2
1
1
1
58(28.4) 37(18.1) 5(2.5) 204(100.0)

Table 6. Type of Infection according to Phase of Therapy

Undetermined focus

Urinary tract infection

Skin infection
Herpes zoster

— o e

Con Main Rel Total
24 8 3 68
17 4 31
11 1 24

8 16
9 1 15
5 14
2 4 6
4 1 6
2 1 4
1 2 4
3 4
3 4
2 3
1 2
1 1

1
1 1

94(46.1) 22(10.8) 3(1.5) 204(100.0)

Dx : diagnosis, Ind : induction, Con : consolidation, Main : maintenance, Rel : relapse

#1(27.0%) 1Atk F4F 500-1,000/mm>e] A
A 7h27h 283]) 200-499, 100-199/mm’ el %5

=
K3

==

o] AT 7A7F 4 483, 193093 100/mm’

nure] A3 AT A7 9dd A=

54¥1(26.5

%)) A THTable 7). AT #a9 7|7 Awk G4
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Table 7. Neutrophil Count During Febrile Episodes according to the Phase of Treatment

No. of febrile episodes

. Total(%)
ANC Dx Ind Con Main Rel
>1,000 19(5) 5( 0) 20( 3) 10(0) 1 55( 27.0)
500-1,000 2(0) 11( 2) 12( 3) 3(1) 0 28( 13.7)
200-499 1(1) 15( 4) 2707 4(0) 1 48( 23.5)
100-199 0 8( 3) 9( 5) 2(1) 0 19( 9.3)
<100 0 24(10) 26( 8) 3 1 54( 26.5)
Total 22(6) 63(19) 94(26) 22(2) 3 204(100.0)
Dx : diagnosis, Ind : induction, Con : consolidation, Main : maintenance, Rel : relapse
() is microbiologically determined infection
Table 8. Duration of Neutropenia during Febrile Episodes according to the Phase of Treatment
Duration of No. of febrile episodes
: Total(%)

neutropenia(day) Dx Ind Con Main Rel
0 19(5) 5( 0) 20( 3) 10(0) 1 55( 27.0)
1-3 2(1) 7( 1) 16( 5) 4(0) 29( 14.2)
4-7 1 7( 2) 17( 4) 2 27( 13.2)
8-14 15( 4) 240 7) 1 2 42( 20.6)
15-21 15( 4) 10( 3) 1 3 26( 12.7)
22-28 5( 3) 2( 2) 4(2) 11( 5.4)
>28 9( 5) 5( 2) 14( 6.9)
Total 22(6) 63(19) 94(26) 22(2) 204(100.0)
Mean 0.4 16.7 8.2 7.0 8.7 9.8
Dx : diagnosis, Ind : induction, Con : consolidation, Main : maintenance, Rel : relapse
() is microbiologically determined infection
Table 9. Antimicrobial Susceptibilities Among Tested Samples of Gram Positive Organisms

VAN TEl CHP CPFX CLOT % AMC EM  OXAC IMIP  SXT
S. aureus 3/3 2/2 3/4 2/3 3/5 2/3 0/3 1/5 2/3 2/2

(100)  (100)  (75.0) (60.0) (60.0) (66.7) (0) (20.0) (66.7) (100)
Streptococcus  2/2 1/1 1/1 2/2 1/2 2/2

(100)  (100) (100) (100) (50.0) (100)
S.epidermidis  1/1 1/1 1/1 1/1 1/1 1/1 11 0/1 0/1

(100)  (100) (100) (100) (100) (100) (100) (0.0) (0)
Enterococcus 1/1 1/1 0/1 1/1 0/1

(100)  (100) (0) (100) (0.0)
Total 7/7 5/5 4/6 4/5 4/4 3/3 3/6 3/8 2/5 2/2 2/3

(100)  (100)  (66.7) (80.0) (100) (100) (50.00  (37.5) (40.0) (100)  (66.7)

Number means susceptable antibiotics per tested samples, ( ) is percent of susceptabilities, VAN : vancomycin,

TEI : teicoplanin, CLOT : cephalothin, CHP : chloramphenicol,

CPFX : Ciprofloxacin, AMXCCV : amoxicillin-cla-

vulinate, AMC : ampicillin, EM : erythromycin, OXAC : oxacillin, IMPM : imipenem, SXT :trimethoprim-sulfa-

methoxazole



04Y, FAFEAE 1679, A3taBAE 8.2
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tH(Table 8).

AHES A 232 ampicillin-sulbactam(una-
syn®) 3 cefotaxime(claforan®)©] 7121(34.8%)2 7}
% ol AM8¥%aL cefamandol® amikacin®] 30%]
(14.7%), vancomycin@ cefotaxime©l 26d8(12.7%),
ampicillin-sulbactam, cefotaxime®l* ampicillin-sul-
bactamS vancomycine HR A-9-7F 158(7.3%)°]
3 ampicillin-sulbactam ¥5 X127} 1481(6.9%),
cefotaxime ©= X 87} 8#(3.9%)°I%2, vanomy-
cin, imipenem Z%°| 7Hol¥oH I o Tk

AA7Y A ATHE3E).
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Table 10. Antimicrobial Susceptibilities Among Tested Samples of Gram Negative Organisms

AMK CPFX CPZSB GM IMPM CAZ TOB CHP CFOX
E. coli 5/8 4/7 4/6 3/7 1/2 1/2 0/4 1/3 1/6
(62.5) (57.1) (60.0) (42.9) (50.0) (50.0) (0) (33.3) (16.7)
Enterobacter 4/6 3/5 3/4 2/6 1/1 3/4 1/5 1/6 1/6
(66.7) (60.0) (75.0) (33.3) (100) (75.0) (20.0) (16.7) (16.7)
Pseudomonas 2/4 4/4 2/3 4/4 3/3 2/3 2/2 0/1
(75.0) (100) (66.7) (100) (100) (66.7) (100) (0)
E fergusoni 2/3 0/2 2/3 0/3 2/3 2/2 0/1
(66.7) (0) (66.7) (0) (66.7) (100) (0)
Klebsiella 3/3 2/2 1/3 2/3 1/1 1/1 11 1/2 1/2
(100) (100) (33.3) (66.7) (100) (100) (100) (50.0) (50.0)
Achromobacter 1/1 0/1 1/1 1/1
(100) (0) (100) (100)
Aeromonas 1/1 1/1 11 1/1 11 11 1/1
(100) (100) (100) (100) (100) (100) (100)
Serratia 1/1 11 0/1 0/1 0/1 0/1
(100) (100) (0) (0) (0) (0)
Moraxella 1/1 1/1 0/1 1/1 1/1 11 0/1 0/1
(100) (100) (0) (100) (100) (100) (0) (0)
M.morgagnii 1/1 0/1 1/1 1/1 1/1 0/1
(100) (0) (100) (100) (100) (0)
Flavobacterium 0/1 1/1 11 0/1 0/1 1/1 0/1 0/1 0/1
(0) (100) (100) (0) (0) (100) (0) (0) (0)
Overall 20/29 16/25 15/24 13/28 9/13 9/12 7/18 6/13 4/20
(68.9) (64.0) (62.5) (46.4) (69.2) (75.0) (38.9) (46.2) (20.0)

Number means susceptable antibiotics per tested samples, ( ) is percent of susceptabilities, AMK : amikacin,

CPZSB : cefoperazone/sulbactam, CPFX : cripofloxacin,

GM : gentamicin,

TOB : tobramycin, CHP : chloramphenicol, CFOX : cefoxitin

IMPM : imipenem, CAZ : ceftazidime,
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Table 11. Number of Infection Resulting in Death

Dx Ind Con Main Rel Total

ALL(n=40) 1 2 2 5

AML(n=21) 3 9 1 1 14

Mixed(n=11) 2 2

CML(n=3) 0

Total 4 11 4 1 1 21
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Table 12. Number and Site of Infection in Leu-
kemic Patients of Neighboring Hospitals in Taegu
City

Duration(1990.1-1999.12)

Number(n=69)

Age(years) <1 1
2-10 54
>10 14
Sex Male 42
Female 27
Type ALL 57
AML 7
Mixed 5
Infection type MDI 22
CDI 47
Site Blood 9
Lung 17
Skin 5
Ear 3
Oropharynx 4
Urinary tract 7
GIT 4
CNS 3
No. of neutrophils >1,000 28
500-1,000 10
200-499 18
100-199 5
<100 8

MDI : microbiologically determined infection, CDI:
Clinically determined infection

2432 Y528l a mixed leukemiat™ 343 & ThAi
=2 A9eS BYon CMLE i 1732 A
ol T F 2632 thE R0 23-4.23)9
W@ NEE BAnt Y s Ave Bo}
Harggn 274 WEyel gdEo] wsshAR
ZFTA NGy Folse AS T g 9 =
7] Abgel ol ankg 74de] 7137t AA YEuS
Aoz AZtE % 9t} Mixed leukemia’t T49&
o] E& A& ¥F A4S v "W Adx WY Ax
AA7E A9Y FE A Ha F 7|gbe] Ao
2 47 Wi F= oy F¥ o g2 A7t 2
8% Aoz AT

ok AE gAE 2 NEE B 723 2y o
7} o4dE AA Y 461%E HF =L NEE Yeh)
ok Bae] e} FelfE, ALAl EE fXHA
el miwst HEsittE Buw ot g
of Fuo] AEle IR VI AuHeR o ¥
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o™ 53] Pseudomonas, Flavobacterium, Aci-
netobacter, Moraxella, Achromobacter 5 737 1
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nas aeruginosa, Escherichia coli, Staphylococcus aur-
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wotar ghvh do] AEHWA 3 ol
v Z7ld FAdAE AMgElelr & Ao
7" P Axse] ool a% Pl tha
A AT FHEHER ARE-o] A oA

T odow e FEs JAHoE dF st
vancomycing Z7]e] AF&gt AX el & 4 9l
S A 2%, Staphylococcuss TR A 7ol
A 83 E. coli, Enterobacters= ZWolAel Fx
A o). o wdtE FE O AT
o] Wi 1 FlAME Pseudomonas’t 7HE B2
t}. Mycobacterium tuberculosis®l 213 7+ o] 3¢

UL o= F=2 AT FEA A F F JATL
A

e . 1o,
4 o o2 mx

ul

1, 20, 22-24) . .. .
. Pneumocystis carinii pneumonia®™ $1%1
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