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Abstract t 
Objectives:: To identify the morbidity and mortality due to infections in a South African 

pediatricc oncology unit, and to identify risk factors associated with first bacteremic 
episodess in this unit. 

Procedure;; A retrospective cohort study was done in a large regional referral pediatric 
cancerr center from 1991-1995, of all consecutive patients with culture proven 
bacteremia.. Eighty-three oncology patients were studied (median age 4.0 years) 
inn whom a total of 200 episodes of bacteremia were recorded, of which S3 first 
bacteremicc episodes. 

Results:: Of thé 200 episodes 70% were caused by Gram-positive organisms, 20 % by 
Gram-- negative organisms and 10% by fungal organisms. Organisms associated 
withh high mortality were Gram-negative organisms (Acinetobacter spp.t 
PseudomonasPseudomonas aeruginosa, 
KlebsiellaKlebsiella species), and fungal organisms, {Candida parapsilosis). Seventeen out 
off 200 episodes ended in death of the patient. In 59 % of patients Hickman 
catheterss were in situ. The mean incidence of catheter related bacteremia's was 
3.33 episodes per 1000 catheter days. Seventy percent of first bacteremic épisodes 
occuredd within 50 days after placement of the catheter. The generalized 
estimationn equations model revealed that more Gram-negative infections 
occurredd in the presence of a Hickmancatheter (odds ratio 2,2, 95% C11,0-5,0). 
Thee presence of neutropenia and the use of parenteral nutrition were not 
associatedd with specific bacteremic patterns. 

Conclusions:: Including all bacteremic episodes in this cohort study a high incidence of fungal 
infectionss occurred of which 64% occurred with a Hickmancatheter in situ. 
CandidaCandida parapsilosis had a higher incidence than reported in other centres. 
Secondlyy looking at first bacteremic episodes a high incidence of Gram-negative 
infectionss was observed especially in the presence of a Hickmancatheter. 
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Introduction n 
Althoughh the management of the child with cancer has improved dramatically over the past 20 

years,, significant morbidity and mortality from infectious complications are still seen (1,2,3). A 

numberr of risk factors are important in contributing to infectious complications. 

Thee major risk factor leading to infection in patients with cancer is therapy-induced neutropenia 

ass defined by an absolute neutrophil count (ANC) less than 500 cells /mm3. 

AA subpopulation with the highest risk of infection are those who experience more profound 

{ANCC <100 cells/mm3) and prolonged (>7 days) neutropenia. Intensifying chemotherapeutic 

protocols,, allogenic and autologous bone-marrow transplants have led to longer periods of 

profoundd neutropenia.(3,4,5) 

Thee second important risk factor within the group of oncology patients is the increased use of 

indwellingg central venous catheters (ICVC). The mean incidence of ICVGrelated bloodstream infections 

inn hospitalized pediatric patients is 2.4 episodes per 1000 catheter days (6,7). Totally implantable 

devicess are associated with a lower risk of infection, these are reported to have a 20 fold tower risk 

off infection than external ICVC's (6). Microorganisms most commonly causing ICVC related 

bacteremia'ss are coagulase-negative staphylococci, Staphyloccus aureus and Candida sp. Gram 

negativee bacilli are considered less frequent and generally related to a hospital environment (7). 

Thee last risk factor mentioned is the use of intravenous hyperalimentation. The group receiving 

parenterall nutrition is at greater risk for developing infections for several reasons. These are 

postt surgical patients, critically ill patients with bowel pathology, patients with a poor nutritional 

statuss and patients who receive intensive chemotherapy. In 1985 Wolffe (8) examined infectious 

complicationss of the use of parenteral nutrition. Organisms isolated were Staphylococci ,f ungi 

andd Gram negative bacilli. 

Limitedd data are available on infectious complications in pediatric oncology patients in countries, 

wheree most patients come from a rural area. Most children are admitted in an advanced stage 

off their disease. The poor housing circumstances, the long travel distances and the severity of 

thee disease might influence the risk of infection. 

Thee purpose of this study was to investigate: 

a)) Causes of bacteremia and characteristics of children with a malignant disorder admitted to 

aa South African pediatric oncology unit. 

b)) To record the association between central venous catheters, neutropenia, hyperalimentation, 

andd the different groups of organisms (Gram-negatives,Gram-positives and fungal organisms. 

c)) To look at outcome of the recorded bacteremia's, ie. 

1)) the duration of the infection, 

2)) the duration to initiating the correct antibiotic therapy, 

3)) the mortality. 
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Patientss and methods 
AA retrospective analysis was performed in the pediatric oncology unit of Baragwanath Hospital 

(Johannesburg)) from 1-1-1991 to 1-1-1995. Baragwanath hospital is a large teaching hospital 

thatt provides primary, secondary and tertiary care facilities for the pediatric population of the 

greaterr Soweto (Johannesburg) and acts as a referral center for a large part of Southern Transvaal, 

Nothernn Natal, Orange Free state and several South African countries. In the oncology unit 

aboutt 200 new patients are seen on a yearly basis, mainly black children, with advanced stage 

cancer.. Of all new patients admitted 20 % present with leukemia, 10 % with lymphoma's and 

700 % with solid tumors. They are admitted for long periods of time (the average hospital stay 

perr patient is 83 days) because of their poor housing circumstances, long distances to home 

andd poor transport facilities. 

Inn this study all data on positive bloodcultures were collected from the S.A. Institute of Medical 

Researchh over this time period (1991-1995) after which the medical records were studied. The 

inclusionn criteria for the study were: Newly diagnosed oncology patients admitted to Baragwanath 

Hospitall who received chemotherapy and/or radiotherapy/surgery. Patients who only received 

radiotherapy/surgeryy were excluded from the study. 

Théé information extracted from all study subjects included: age, sex, underlying diagnosis, 

catheterr insertion date, date of catheter removal and cause of catheter removal. For all bacteremic 

episodess recorded the following data were extracted: Date of the infection, type of infection, 

presencee or absence of neutropenia, pathogen causing the infection, the initial therapeutic 

regimen,, and after the pathogen susceptibility was available time to start appropriate antibiotic 

therapy,, and outcome of the bacteremic episode. 

Definitionss (9) 

Bacteremia/Bacteremia/ Fungemia- Presence of at least one single positive blood culture, in presence of 

feverr with no other obvious focus of infection except for the indwelling catheter. 

Fever-Fever- Rectal Temperature >  38.5 C. on 2 separate occasions over a 12 hour period. 

Granulocytopenia-Granulocytopenia- Neutrophils < 500/mm3, severe neutropenia < 100/mm3 

Outcome e 

Thee outcome of each bacteremic episode was categorized into 4 groups.The outcome data 

weree retrospectively extracted from the records by MvdW (author) 

1)) The patient had fever, but no Other signs of sepsis (no increased heartrate, no drop in 

bloodd pressure) and recovered without antibiotic therapy. 

2)) The patient was clinically til (lethargic + one other sign of sepsis) and responded to antibiotic 

therapyy within 48 hours (Fever improved and clinically better). 

3)) The patient was clinically ill, and recovery was delayed (with clinical signs of infection 

persisting)) necessitating a change in antibiotic therapy. 
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4)) The bacteremic episode ended in death of the patient. 

Qualityy of care: 
Baragwanathh hospital runs 2 separate oncology wards for pediatric patients. There are 3 

specializedd consultants , 1 fellow in hematology, and 2 registrars. There are 20 beds in each 

unit,, nursing-care consists of 4 qualified nurses per shift, 2 nurse-aids and 2 junior nurses. 

Alll patients are treated according to standard European and North-American protocols. 

Thee standard protocol for oncological patients with neutropenic fever existed of starting iv. 

antibiotics,!.e.. imipenem and Amikacin. If no clinical response within 48 hours Vancomycin was 

added.. After 5 days of therapy and noWinical response Amphotericin B i.v, was added. During 

neutropeniaa no patients were isolated, and no extra dietary measures were taken. 

Statistics s 
Wee used standard statistical techniques to describe the characteristics of patients and their infections. 

Forr patients with a Hickmarvcatheter developing a first bacterial infection, we constructed a Kaplan-

Meierr curve to display the length of time since placement of the catheter till the first bacteremic 

episode. . 

Wee performed a logistic regression analysisto examine whether more Gram-negative infections 

occurredd in the presence of a Hickman catheter or neutropenia. For these analyses we excluded 

fungall infections because of their low frequency, and analysed up to three bacteremic episodes 

perr patient. We used generalized estimating equations models to adjust for the correlation 

betweenn multiple episodes within the same patient.(28,29) The robust estimate of the standard 

errorss was used to calculate §5% confidence intervals around odds ratio's. 

Thesee odds ratio's express the relation between the presence of a Hickman line or neutropenia 

(independentt variables) and the occurrence of a Gram negative infection (dependent variable). 

Thee clinical outcome in relation to the type of organism (Gram positive or Gram negative) 

causingg the first bacteremic episode was analysed using the Chi-square test. A p-value less than 

0.055 was considered statistical significant. 

Alll statistical analyses were done using SPSS software, except for the general estimation equations 

modelss which were performed using SAS 6.12 (GENMOO procedure). 

Results s 
Duringg the study-period a total of 2302 bloodcultures were taken in pediatric oncology patients 

off these 331 bloodcultures were positive (14.3%). Indication for bloodcultures were fever during 

neutropenia,, repeat bloodcultures and routine bloodcultures on the indwelling catheters done 

2xx a week. Excluding the repeat bloodcultures 2Ö0 separate episodes of bacteremia and/or 

fungemiaa were recorded in 83 patients (51 males, 32 females) The median age of the children 
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wass 4,0 years (range 3 months-14 years) 45.8% had hematological malignancies, 54.2 % solid 

tumors.. The median number of bacteremic episodes per patient was 2,0. The various patiënt 

characteristicss are shown in Table i. 

Characteristicss of infections 
Off the 200 organisms recorded 70 % were Gram-positive organisms, of these Gram-positive 

organismss the organisms that were defined as low virulence were: Bacillus spp. Corynehact. 

spp.spp. 5. epidermidis and S, v'mdans. 20 % were Gram negative, and 10% fungal organisms. 83 

episodess were recorded as first infection. The distribution of the organisms on first infections 

wass 79 % Gram-positive organisms, 20 % Gram-negative organisms and 1 % fungal organisms. 

Thee organisms are shown in Table II. 

Tablee I: Patient characteristics 

Patientt factor 

Age e 
Gender r 

Male e 
Female e 

Tumorr type 
Solid d 
Hematological l 

Solidd tumor types 
Neuroblastoma a 
Nephroblastoma a 
Rhabdomyosarcoma a 
Retinoblastoma a 
Braintumörs s 
Other r 

Hematologicall Malignancies 
ALL L 
ANLL L 
Hodgktn'ss lymphoma 
Nonn Hodgkïn's lymphoma 
CML L 

Hickmann catheter 
Yes s 
NO O 

Bacteremia a 
Fever r 
Noo fever 

Durationn fever 
Beforee positive culture 
Afterr positive culture 

3months-14years s 

51 1 
32 2 

45 5 
38 8 

3 3 
14 4 
15 5 
7 7 
2 2 
4 4 

17 7 
9 9 
2 2 
9 9 
1 1 

49 9 
34 4 

200 200 
115 5 
85 5 

mediann 4.0 years 

61.4% % 
38,5% % 

54.2% % 
45.8% % 

59.0% % 
41.0% % 

22 days {range 0-32 days) 
33 days {range 0-53 days) 

ALL:: acute lymphoblastic leukemia, ANLL: acute non lymphoblastic leukemia, CML: chronic myeloid leukemia 
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Tablee II: The absolute number of infections is recorded for Gram-positive, Gram-negative and fungal 
organisms,, with in brackets the absolute number of first infections. 

GRAM-POSITIVES S 

S.epidermidis S.epidermidis 
S.S. aureus 
Corynebacterium. Corynebacterium. 
ViridansViridans streptococci 
BacillusBacillus spp. 
Enterococcus Enterococcus 
5.. pneumoniae 
Other r 

Total(First) ) 

611 (27) 
277 (17) 
166 (7) 
133 (8) 
133 (3) 

55 (1) 
44 (2) 
1 1 

GRAM-NEGATIVES S 

AcinetobacterAcinetobacter spp. 
KlebsiellaKlebsiella spp. 
EscherichiaEscherichia coli 
P.aeruginosa P.aeruginosa 
EnterobacterEnterobacter spp 
H.H. influenzae 
Salmonella Salmonella 
Other r 

total(First) ) 

99 (2) 
66 (5) 
55 (2) 
55 (2) 
55 (3) 

33 (1) 
33 (2) 
4 4 

FUNGALL total(first) 

C.parapsilosis C.parapsilosis 
Calbicans Calbicans 
otherr Candida 
otherr fungi 

Anaerobic c 

88 (0) 
77 (0) 
22 (D 
22 (0) 

T T 

Riskk factors: 

1.1. Indwelling central venous catheters: Hickman catheters were used in 49 patients (59%) 

(61.2%% solid tumours, 38.8% haematological malignancies). One hundred and ten bacteremic 

episodess were recorded in presence of the Hickman catheter. 

Inn the children with solid tumors 60 bacteremic episodes and in the children with hematological 

malignanciess 50 bacteremic episodes were recorded. With a Hickmanline in situ 37 first 

bacteremicc episodes were recorded.There were 12 patients who experienced their first 

bacteremicc episode before placement of the catheter, therefore their first infection in the 

life-timee of the catheter was not recorded as their first bacteremic episode. The distribution 

off infections showed 70% Gram-positive organisms, 27% Gram-negative organisms and 3% 

fungall organisms. 

Thee mean incidence of catheter related infections was 3.3 episodes per 1000 catheter days. 

Thee median number of days the catheter was in situ was 75 days (range 1-238 days). The 

mediann number of days before the first bacteremic episode was 32 days (range 1-199 days). 

Thee cumulative incidence curve on first infections shows that 70% of catheter infections 

occurr within 50 days of placing the catheter (see Figure I) 

FIGG 1: Number of days that the Hickman-
catheterr was inserted plotted against the 
cumulativee incidence of first bacteremic 
episodes s 

00 50 
timee (days) 

100 100 150 0 200 0 
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Tablee III: The bacteremic episode is'stratified, recording the presence or absence of the Hiekmarvcatheter 
aridd stating the absolute number of Gram-positive Gram-negative and fungal infections. 

Bacteremic c 
episode e 

11 Hmanline-no 
Yes s 

Total l 
22 Hmaniine-no 

Yes s 
Total l 
33 Hmanline-no 

Yes s 
Total l 
44 Hmanline-no 

Yes s 
Total l 
5,6,77 Hman line yes 
Total l 

Gram-neg g 
infections s 

7 7 
ID D 
17 7 
a a 
7 7 

10 0 
2 2 
6 6 
8 8 
1 1 
3 3 
4 4 
1 1 
1 1 

Gram-pos s 
infections s 

39 9 
26 6 
65 5 
20 0 
21 1 
41 1 
11 1 
8 8 

19 9 
1 1 
9 9 

10 0 
6 6 
6 6 

Fungal l 
infections s 

0 0 
1 1 
1 1 
3 3 
4 4 
7 7 
2 2 
7 7 
9 9 
1 1 
0 0 
1 1 
1 1 
1 1 

Total l 

46 6 
37 7 
83 3 
26 6 
32 2 
58 8 
15 5 
21 1 
36 6 

3 3 
12 2 
15 5 
8 8 
8 8 

Off these first infections related to the catheter 27% were Gram-negative organisms, 70,3 % 

Gram-positivee organisms and 2,7% fungal organisms. 

Thee generalized estimation equations model showed that more Gram-negative infections 

occurredd in the presence of a Hickman catheter (odds ratio 2,2: 95% CI 1,0-5,0), comparing 

thiss to no Hickmancatheter present, although it must be realized that the number of bacteremic 

episodess is small and the confidence interval found wide. Of the Gram negative infections 9 

(=22.5%)) were due to Acinetobacter species of which 5 were A.Baumanii and 4 were A. 

Iwoffi.Iwoffi. A. Baumanii was cause of high morbidity. It is well known that A.Baumanii is an 

importantt nosocomial pathogen and can lead to serious infection previously reported in 

neonatall units and intensive care units (19). Of the 5 A.Baumanii infections 3 ended in death 

off the patient, most likely due to delay in starting adequate antibiotic therapy. Table 111 does 

showw a pattern where more fungal episodes are recorded as 2nd and 3rd bacteremic episode, 

thiss might be related to the prolonged hospital stay of these patients. 

2.. Neutropenia: In 86 (43%) bacteremic episodes children were neutropenic. Of these 52 

occurredd with severe neutropenia (26% of the total group). In the majority of bacteremic 

episodess (91.5%) the neutropenia resolved within 14 days. In 8 cases there was prolonged 

neutropenia.. Organisms isolated included Klebsiella species, Candida parapsilosis, 

StaphylococcusStaphylococcus aureus, and resistant Acinetobacter. Of the S3 first bacteremic episodes 38 

weree neutropenic (45.7%) and of these 20 (24 %) had severe neutropenia. Organisms cultured 

duringg these severely neutropenic episodes showed 17 Gram-positive organisms (85%) and 

33 Gram-negative organisms (15%).Neutropenia was not associated with a higher risk for 

Gram-negativee infections. The odds ratio for developing Gram-negative infections was 0,7 

(95%% Ct 0.3-1.6) in the presence of neutropenia, comparing this with no neutropenia present. 

3.. Parenteral Nutrition: Only 8 patients (9.6 %) received intravenous alimentation. Statistical 
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analysess were not done because of the small numbers. All children experienced bacteremic 

episodes.. Organisms cultured included Gram-negatives (Pseudomonas) and fungal infections 

{Candida{Candida species). 

Outcomee of bacteremic episodes: 
Off the 200 episodes recorded, 40 had outcome 1 (not clinically ill), 95 episodes with outcome 

22 (ill and rapid recovery), 48 episodes with outcome 3 (ill and slow recovery) and 17 episodes 

endedd in death of the child.The group of organisms associated with high mortality were Gram-

negativee infections, mainly Acinetobacter species, Pseudomonas aeruginosa, Klebsiella species, 

andd fungal organisms, mainly Candida parapsilosis^ 

Inn Table IV first bacteremic episodes and outcome are presented. The clinical outcome following 

Gram-positivee infections was more favorable than after Gram-negative episodes (p=0.01chi-

squaree test). 

Tablee IV: The outcome of first bacteremic episodes is recorded in 4 categories (1-4) Outcome 1: not clinically 
ill,, rapid recovery, Outcome 2: clinically ill, good response to antibiotic treatment, Outcome 3: clinically ill, 
poorr response, change of antibiotic management, Outcome 4: the bacteremic episode leads to the death of 
thee patient, The percentage Gram-positives, Gram-negatives, and fungal organisms is presented within each 
outcomee category 

Organism/outcome e 

Gram-pos s 
Gram-neg g 
Fungal l 
Total l 

1 1 

14(21,6%) ) 
11 (5,9%) 
00 (0%) 

15 5 

2 2 

33(50,7%) ) 
7(41,2%) ) 

00 (0%) 
40 0 

3 3 

15(23,1%) ) 
44 (23,5%) 
11 (100%) 

20 0 

4 4 

33 (4,6%) 
55 (29,4%) 

00 (0%) 
8 8 

Total l 

65 5 
17 7 

1 1 
83 3 

Usee of Antimicrobial Therapy: 
Off the 200 bacteremic episodes 159 were treated with antibiotic therapy. The 41 episodes 

wheree antimicrobial therapy was not started causative organisms were either of low virulence, 

orr the patient had recovered when the blood culture result became available, in 100 episodes 

(62.8%)) appropiate antimicrobial therapy was started immediately and the organism cultured 

wass subsequently found to be sensitive to the initial empiric antibiotic therapy. 

Inn 59 episodes there was a delay of one to seven days before appropriate therapy was started. 

Organismss associated with delayed appropriate therapy and a poor outcome included fungal 

organismss (n=10) and highly resistant organisms Acinetobacter species (n=5). 

Off all Hickman catheters 21 were removed because of sepsis. 12 (12%) of 100 appropriately 

treatedd episodes ended in catheter removal, compared to 9 (15%) of 59 episodes where delayed 

appropiatee therapy was started, (All these 9 episodes were fungal organisms and resistant 

AcinetobacterAcinetobacter sp.) 
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Discussion n 
Inn this study the causes of bacteremia in a South African Pediatric Oncology centre were analysed. 

Thee prevalence of bacteremia recorded over the study period in this unit was 14.3 % The 

prevalencee reported in the literature ranges from 5-67% (10). The wide range reported is most 

likelyy due to differing criteria for taking blood cultures. In most centres patients are treated as 

out-patientss and are only admitted when complications arise. 

AtAt Baragwanath hospital most children require a prolonged hospital stay, (mean 83 days). Children 

whoo would be treated as outpatients in other centres are inpatients in this center Blood cultures 

aree taken 2x a week routinely in all patients with a central venous catheter in situ.The prevalence 

off bacteremia in general pediatrics at Baragwanath hospital over the same time period was 10 %, 

(dataa from the South African Institute of Medical Research) The prevalence, causes and risk-

factorss for first infection Were comparable to previous studies in oncology centers in developed 

countries.. (2,4,11). Different was the high mortality seen from fungal infections (21%), mainly 

CandidaCandida parapsilosis and the high mortality of Gram-negative infections (20%) where resistant 

organismss like Adnetobacter species, cause high morbidity and mortality.(4) 

Fungemia,, a well known serious infection in the immunocompromised host (12) is of major 

concernn in our unit. Very little is known about rates and risks of candidal infections in developing 

countriess (13). The major risk-factors for fungemia are the presence of central venous catheters 

andd neutropenia (14). In our study 64% of fungal infections occurred in patients with Hickman 

catheters.. Of the fungal infections in this unit 42 % were caused by Candida parapsibsis. This 

ratee is higher than that reported in other centers ( 3-27% of all fungemias) (15) Possible causes 

forr this increased incidence might be the more crowded conditions in these hospitals, poor 

infection-control,, the lack of use of selective gut decontamination (16) and frequent use of 

broadd spectrum antibiotics. The latter two causes might consequently lead to high rates of 

yeastt colonization in hospitalized children (17) which can de transmitted indirectly between 

patientss via contaminated hospital surfaces or (para) medical personel(18). 

Inn this study 64% of fungal infections had a poor outcome of which 21 % ended in death. Delay 

inn starting appropriate therapy might have contributed to the poor outcome. The higher incidence 

off fungal infections might warrant the early start of antifungal therapy (that is after 48 hours) 

iff there is no response to antibiotic therapy with negative blood cultures. 

Thee second notable finding was the difference in pattern of organisms in presence of the 

Hickmancatheter.. Not Gram-positive organisms but Gram-negative organisms were significantly 

moree present, and mainly the resistant Gram-negative organisms led to a poor outcome. In 

revieww studies (4) it has been shown that the pattern of Gram-negative infections is changing. 

Klebsiella,Klebsiella, Enterobacter and Serratta spp are shown to increase, E Coli decreases. In our unit 

thee incidence of highly resistant Adnetobacter species increased. 

A.A. Baumanii was cause of high morbidity. It is well known that A Baumanii is an important 
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nosocomiall pathogen and can lead to serious infection previously reported in neonatal units and 

intensivee care units (19). Of the 5 A. Baumanii infections 3 ended in death of the patient, most 

likelyy due to delay in starting adequate antibiotic therapy. Possibly due to prolonged hospitalization 

inn this unit more A. Baumanii are being cultured. Earlier catheter removal might improve the 

outcomee of the patient (20). 

AA third important finding is that most first bacteremic episodes in presence of a Hickmancatheter 

developp within the first 2 months after placement of the catheter. The Kaplan-Meier graph 

showss that 70% of first bacteremic episodes occur within 50 days after placement. Studies 

havee been presented in the literature that confirm this finding (21,22) which has led to small 

interventionstudiess where vancomycin prophylaxis is given when placing the catheter (23,24) 

orr the catheter is flushed with vancomycin the first 30 days after placement in stead of heparin, 

(25,26,27).. The studies have controversial results, and neither method was implemented in the 

abovee study done. Implementing these interventions will possibly decrease the number of Gram 

positivee infections but will not alter the rate of Gram-negative infections that play such an 

importantt role in this unit. It is however a point of concern and needs further attention. 

Thee limitations of this retrospective cohort study are realized. It is however of importance to 

gainn insight in infectious complications in pediatric oncology patients where most patients 

presentt in a late stage of their disease and come from a rural area. By knowing which pathogens 

playy a role during treatment of this group of patients allows us to consider intervention studies 

concentratingg on reducing Gram-negative and fungal infections, which can ultimately lead to a 

betterr outcome of the patient 
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