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Abstract

Viridans streptococci (VS) are an increasing cause of bacteraemia in neutropenic patients with cancer. Case—control studies of
predisposing factors for acquisition of this infection in children are not published. Between January 1989 and December 1999, 168
episodes of bacteraemia in 161 children with fever and neutropenia of haemato-oncology origin were analysed. 15 cases (9%) in 15
patients were caused by VS. Each case patient was compared with 6 matched control patients; 2 with other Gram-positive cocci
(group 2), 2 with gram-negative bacilli bacteraemia (group 3) and two children with fever and neutropenia without bacteraemia
(group 4). The median age of patients was 4.1 years (range: 2—15 years). 87% of children had acute leukaemia or lymphomas.
Pneumonia was the predominant clinical focus (70%). Shock was observed in 13% of patients. ARDS was observed in one child
who died of this complication. Multivariate analysis of risk factors for the development of VS bacteraemia showed that two factors
were independent predictors: high doses of cytosine-arabinoside (ARA-C) as part of the chemotherapy treatment (Odds Ratio
(OR): 9.3; Confidence Interval (CI) 1.56-55.5) (P <0.014) and the presence of pneumonia (OR: 1.36: CI 2.27-81.9) (P <0.0043). We
propose that further studies are warranted to confirm these results.

© 2003 Elsevier Science Ltd. All rights reserved.
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1. Introduction

The Viridans streptococci (VS) species encompass a
heterogeneous group of atypical streptococci and are
part of the physiological flora of the oropharyngeal and
genital regions [1].

Most infections caused by these microorganisms have
been associated with a low morbidity [2]. However,
endocarditis in patients with valvular abnormalities and
bacteraemia in children with cancer are associated with
a high mortality rate [2-4].

VS species are an increasing cause of bacteraemia in
neutropenic patients with cancer and following bone mar-
row transplantation [5,6]. Several predisposing risk factors
of bacteraemia have been observed. Severe neutropenia,
prophylactic antibiotic treatment with co-trimoxazole or
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quinolones, chemotherapy involving high doses of
cytosine-arabinoside (ARA-C), the presence of oro-
pharyngeal mucositis and strong colonisation of
patients were the most frequent risk factors observed [5—
11]. Previous studies have included adult patients.
Studies including paediatric patients are scarce and
there are no studies with a case—control design method-
ology [4,12—-15].

We report the results of a retrospective case—control
study identifying factors that predispose febrile neutro-
penic children with cancer to VS species bacteraemia.

2. Patients and methods

We reviewed the episodes of VS bacteraemia that
occurred in febrile neutropenic children with cancer
from January 1989 to December 1999, who were hospi-
talised at the Hospital de Pediatria ‘Profesor Dr. Juan
P. Garrahan’ in Buenos Aires, Argentina. This hospital
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is a 550-bed tertiary care paediatric centre, with special
assistance for onco-haematology patients and solid-
organ recipients, as well as children undergoing cardiac
surgery or neurosurgery.

A case of VS bacteraemia was defined when a culture
of the same VS species was obtained from two or more
samples of blood taken within a 48-h period or when
one positive blood culture was obtained together with
clinical signs of sepsis. Children aged less than 18 years
old with neutropenia after chemotherapy for malignant
disease and an absolute neutrophil count (ANC) <500
10 cells/l or <1000 10° cells/l, with a predicted decline
to <500 10° cells/l, plus one episode of fever with a
temperature of more than 38.5 °C taken axillary or two
records higher than 38 °C within 24 h were included.
Severe neutropenia was defined as less than 100
neutrophilsx10° cells/l of blood. Cases with poly-
microbial bacteraemia, defined as the presence of more
than one organism in the blood culture, were excluded.

For each case patient (group 1), 6 control patients
were selected. These controls were selected randomly
from a group of children who developed bacteracmia
during the study period. Data were collected from a pre-
existing database. Controls were randomly selected to
achieve equivalent and comparable samples. The selec-
tion of three control groups was decided upon as dif-
ferent factors favour bacteraemia according to the
microorganism involved. Bacteraemias caused by
Gram-negative microorganisms are associated with dif-
ferent predisposing factors from those caused by Gram-
positive bacteria. Cases without bacteraemia served as
comparisons with the other groups of bacteraemic
patients. Two children (per case) with bacteracmia
involving other aerobic Gram-positive bacteria, except
coagulase-negative staphylococcal bacteraemia, were
entered into group 2. These patients were excluded
because most of these infections were expected to be
related to central venous catheters. 2 patients with bac-
teraemia caused by Gram-negative bacilli (per case) were
entered into group 3 and two children with febrile neu-
tropenia without bacteraemia (per case) were entered
into group 4. Children who had undergone a bone mar-
row transplantation were excluded from the analysis.

All isolated organisms were identified according to
standard methods described in Ref. [16] and their sus-
ceptibility was assessed by disk diffusion according to
the criteria of the National Committee for Clinical
Laboratory Standards (NCCLS) [17].

Adult respiratory distress syndrome (ARDS) was
defined as the occurrence of tachypnoea (respiratory rate
> 60/min), arterial hypoxoemia (arterial oxygen pressure
<60 mm Hg), and bilateral pulmonary infiltrates. Pneu-
monia was defined as an acute illness associated with > 1
of the following respiratory signs and symptoms: new
cough with or without sputum production, pleuritic
chest pain, dyspnoea, fever or hypothermia, abnormal

breath sounds on auscultation, and the presence of a
new infiltrate on a chest radiograph. Shock was defined
as a systolic pressure lower than the 5th percentile and
oliguria. Sinusitis was defined by clinical and radio-
graphic signs. Diarrhoea was defined as several daily
loose stools that persisted for more than 3 consecutive
days. Oral mucositis was defined as generalised inflam-
mation plus ulceration of the oropharyngeal mucosa
persisting for more than 3 consecutive days. Catheter-
related infections were defined based on Guidelines for
the management of intravascular catheter-related infec-
tions [18]. No children received fluoroquinolones or co-
trimoxazole prophylaxis during the study period. High
doses of ARA-C ranged between 100 mg/m? every 12 h
for 8 days and 2 g/m? every 12 h for 2 days. Use of
haemopoietic growth factors was decided upon after
1992 by the attending oncologist and after 1994
according to the guidelines of the American Society of
Clinical Oncology (ASCO) [19].

Peripheral blood and urine cultures, as well as a chest
X-ray were taken for all patients at admission. Blood
samples from port-catheters and from the peripheral
veins for quantitative differential cultures were also
taken in all cases. When skin and soft tissue infections,
diarrhoea, pharyngitis or any infection was suspected,
cultures of the involved source were obtained. The fol-
lowing investigations were done for each case of pneu-
monia: (1) Blood cultures, (2) direct immunofluorescence
in respiratory secretions for respiratory syncytial virus
(RSV), influenza virus, para-influenza virus and adeno-
virus, enzyme-linked immunosorbent assay (ELISA) in
respiratory secretions for Mycoplasma pneumoniae.
Whenever a bronchoalveolar lavage (BAL) or a tracheal
aspiration sample was available, Pneumocystis carinii
was ruled out by histopathological-specific stains.

All children under study were managed as inpatients
of the hospital.

Between 1989 and 1991, the initial empirical antibiotic
therapy for children with febrile neutropenia was piper-
acillin and amikacin. Between 1992 and 1995, the ther-
apy was changed to ceftazidime and amikacin. After
1995, patients were categorised by risk. Low-risk
patients received ceftriaxone and amikacin, and high-
risk children received ceftazidime and then imipenem or
meropenem together with amikacin.

The risk factors analysed in this study were gender,
age, haemato-oncological underlying disease, type and
dose of chemotherapy, previous antibiotic treatment,
previous use of granulocyte-colony stimulating factor
(G-CSF) and histamine type 2 antagonists, long dura-
tion of catheter use, duration of neutropenia, presence
of mucositis and type of clinical foci.

Statistical analysis was performed using multivariate
and multivariable methods. Risk was expressed as rela-
tive risk, and statistical significance was established using
P values and 95% Confidence Intervals (CI). Chi-square
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and Fisher tests were used for nominal variables, and
Student’s #-test for numerical variables. Significance
level was set at 0.05. Multivariate analysis was per-
formed using logistic regression (forward stepwise
method). The software used was Complete Statistical
System (CSS)/Statistica, 5.1 (Startsoft Corp., Tulsa,
OK, USA).

3. Results

Between January 1989 and December 1999, 168 epi-
sodes of bacteraemia in 161 children with fever and neu-
tropenia  after  chemotherapy  were  analysed.
Staphylococcus aureus (26), Coagulase-negative staphy-
lococci (24), Escherichia coli (20), Gram-negative bacilli
of unknown type (15), Klebsiella pneumoniae (12) and
Pseudomonas aeruginosa (12) were the most frequently
isolated pathogens. Fifteen episodes in 15 patients (9%)
were caused by VS. All of the isolates were speciated. The
most common S. viridans was Streptococcus mitis (70%).
35% of all isolated S. viridans were resistant to penicillin.

Characteristics of patients with VS bacteraemia are
given in Table 1. The median age was 4.1 years (range:
2-15 years). 87% of children had acute leukaemia or
lymphomas. Nine children received high doses (HD) of
ARA-C as part of their chemotherapy treatment. 9
cases (60%) had bone marrow disease involvement.
Eleven episodes occurred in children treated for acute
myeloblastic leukaemia or acute lymphoblastic leukae-
mia. Fight (53%) episodes resulted in more than 10 days
of neutropenia, and 10 (67%) had severe mucositis. One

Table 1
General characteristics of neutropenic children with cancer who
experienced fever and bacteraemia due to Viridans streptococci (VS)

Variable Value
Median age in years (range) 4.1 (2-15)
<2 years 2
2-10 years 12

> 10 years 1
Gender (male/female) 7/8
Acute lymphoblastic leukemia 6
Acute myeloblastic leukemia 5
Lymphomas 2
Solid tumors 2
Clinical foci n (%)? 10 (67)

e Pneumonia 7

e Cellulites 2

o Sinusitis 1

e Catheter-related bacteraemia 1
Median duration of fever in days (range) 4 (1-11)
Median duration of neutropenia in days (range) 8 (2-25)
Deaths n (%) 1(7)

2 One child had two clinical foci.

child had a maculo-papular rash and 3 patients (20%)
had diarrhoea. Shock was observed in two children and
ARDS in one patient. Pneumonia was the predominant
clinical focus (70%). Only one child had sinusitis. The
median duration of fever and neutropenia in children
with VS bacteraemia were 4 and 8 days, respectively.
One child died (7%). The cause of death was ARDS.

The characteristics of the VS cases (group 1) versus
children with other Gram-positive cocci bacteraemia
(group 2) are given in Table 2. The proportion of case
patients with acute leukemia or lymphomas was higher
than that of control patients (P <0.05). Case patients pre-
sented more episodes of pneumonia (P=0.056). In addi-
tion, case patients had more severe mucositis and received
high doses of ARA-C and histamine type 2 antagonists
more often than the controls patients did (P <0.05).

When the comparison was made between cases and
children with Gram-negative bacilli bacteraemia (group
3), only the presence of pneumonia and severe mucositis
were statistically significant predisposing risk factors for
developing bacteraemia (P <0.05) (Table 3).

Table 4 shows the comparison between cases and
patients without bacteraemia (group 4). Children with
VS bacteraemia had a higher proportion of patients aged
less than 2 years, with acute leukaemia or lymphoma and
ANC <100 106 cells/I than controls (P <0.05). The cases
received high doses of ARA-C more often than the con-
trol patients (P <0.05). The presence of pneumonia, long
duration of catheter use, use of granulocyte colony-sti-
mulating factor (G-CSF) and G-CSF and broad spec-
trum ATB were also significantly higher among the cases
(P<0.05).

No statistical differences in the duration of neu-
tropenia between cases (group 1, median: 8 days) and
controls (groups 2 and 3) were observed (medians in
days: 7 and 8.5, respectively) (P>0.05). Conversely,
statistically significant differences were observed
between cases (median: 8 days) and children without
bacteraemia (median: 4.5 days) (P <0.05).

Multivariate analysis of risk factors showed that two
factors were independent predictors for the develop-
ment of VS bacteraemia: high doses of ARA-C as part
of the chemotherapy treatment (odds ratio (OR): 9.3; CI
1.56-55.5) (P<0.014) and the presence of pneumonia
(OR: 1.36; CI 2.27-81.9) (P <0.0043).

4. Discussion

VS bacteraemia has become a common problem in
neutropenic adults with cancer with an incidence rate
ranging from 14 to 30% [6,9,11], and a mortality rate of
10-15% [5,7,8]. In our institution, VS was responsible
for 9% of all bacteraemic episodes in neutropenic chil-
dren hospitalised from 1989 to 1999. This rate was lower
than those reported by Weisman and colleagues and by
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Table 2
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Univariate analysis of predisposing factors for bacteraemia between cases with Viridans streptococci and controls with other Gram-positive cocci in

their blood cultures

Variable Cases Controls RR  (95% CI) P value
Group 1 S. viridans (n=15)  Group 2 Gram (+) cocci (n=230)

Median age in years 4.1 4.2 NS
Age less than 2 years n (%) 2(13) 5(17) 0.84 (0.24-2.92) NS
Male gender n (%) 7 (47) 15 (50) 0.84  (0.40-2.1) NS
Acute leukemia/lymphoma n (%) 13 (87) 15 (50) 395  (1.01-15.3) 0.017
ANC <100 10° cells/l 6 (40) 8 (27) 0.83  (0.36-1.9) NS
High doses of ARA-C n (%) 10 (67) 4 (13) 4.15  (1.75-9.8)  0.001
Previous broad spectrum ATB treatment n (%) 8 (53) 9 (30) 1.88 (0.83-4.26) NS
Histamine type H2 antagonists n (%) 5(33) 13 325 (1.71-6.17) 0.012
Pneumonia 7 (%) 7 (47) 6 (20) 2.87  (0.92-8.93) 0.056
Severe mucositis 7 (%) 10 (67) 9 (30) 274 (1.12-6.7)  0.019
Long-duration of catheter use n (%) 9 (60) 12 (40) 1.72  (0.73-4.02) NS
G-CSF n (%) 2 (13) 6 (20) 0.71  (0.2-2.55) NS
Median duration of neutropenia in days 8 7 0.48

ANC, absolute neutrophil count; ARA-C, cytosine-arabinoside; ATB, antibiotic; G-CSF, granulocyte-colony stimulating factor; RR,relative risk;
95% CI, 95% Confidence Interval; NS, non-significant.

Table 3

Univariate analysis of predisposing factors for bacteraemia between cases with Viridans streptococci and controls with Gram-negative bacilli positive

in their blood cultures

Variable Cases Controls RR  95% CI P value
Group 1 S. viridans (n=15)  Group 3 Gram (—) bacilli (n=30)
Median age in years 4.1 4.6 NS
Age less than 2 years n (%) 2 (13) 6 (20) 0.71  (0.19-2.5) NS
Male gender 1 (%) 7 (47) 13 (43) 1.09 (0.48-2.5) NS
Acute leukaemia/lymphoma n (%) 13 (87) 22 (73) 1.86 (0.5-6.9) NS
ANC <100 10° cells/I 6 (40) 8 (27) 091 (0.39-2.1) NS
High doses of ARA-C n (%) 10 (67) 11 (37) 2.19  (0.89-5.38) NS
Histamine type 2 antagonists n (%) 5(33) 8 (27) 1.23  (0.52-2.91) NS
Previous broad spectrum ATB treatment n (%) 8 (53) 12 (40) 1.43  (0.63-3.27) NS
Pneumonia n (%) 7 (47) 2(7) 44 (1.49-12.9) 0.005
Severe mucositis n (%) 10 (67) 8 (27) 3 (1.23-7.30)  0.01
Long-duration of catheter use n (%) 9 (60) 22 (73) 0.68 (0.30-1.53) NS
G-CSF n (%) 2 (13) 3 (10) 1.23  (0.39-3.94) NS
Median duration of neutropenia in days 8 8.5 0.90
ANC, absolute neutrophil count; ARA-C, cytosine-arabinoside; ATB, antibiotic; G-CSF, granulocyte-colony stimulating factor.
Table 4
Univariate analysis of predisposing factors for bacteraemia between cases with Viridans streptococi and controls without bacteraemia
Variable Cases Controls RR  (95% CI) P value
Group 1 S. viridans (n=15)  Group 4 No bacteraemia (n=30)
Median age in years 4.1 5.5 NS
Age less than 2 years n (%) 2 (13) 0 3.3 (2.1-5.2) 0.01
Male gender 1 (%) 7 (47) 11 (77) 1.31  (0.58-2.99) NS
Acute leukaemia/lymphoma n (%) 13 (87) 12 (40) 52 (1.33-20.4) 0.003
ANC <100 10° cels/1 6 (40) 7 (23) 4.1  (1.87-9.09) 0.001
High doses of ARA-C n (%) 10 (67) 6 (20) 3.5  (1.45-8.47) 0.003
Histamine type 2 antagonists n (%) 5(33) 13 (43) 0.75 (0.31-1.83) NS
Previous broad spectrum ATB treatment n (%) 8 (53) 2(7) 4 (1.92-8.33)  0.001
Pneumonia n (%) 7 (47) 2(7) 5.18  (1.73-15.6)  0.002
Severe mucositis n (%) 10 (67) 15 (50) 1.6 (0.65-3.92) NS
Long-duration of catheter use n (%) 9 (60) 9 (30) 225 (0.97-5.24) 0.05
G-CSF n (%) 2 (13) 17 (57) 0.21  (0.05-0.8)  0.006
Median duration of neutropenia in days 8 4.5 0.01

ANC, absolute neutrophil count; ARA-C, cytosine-arabinoside; ATB, antibiotic; G-CSF, granulocyte-colony stimulating factor.
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Valteau and colleagues in children who had undergone
bone marrow transplantation procedures [14,15].

The median age of children in our study was 50
months, which was less than the 88 months published
by Valteau and colleagues in Ref. [14]. Conversely,
Gamis and colleagues recently reported a high incidence
of VS bacteraemia in children aged less than 2 years old
during intensive treatment for acute myeloid leukaemia
[12]. Only 13% of our patients were aged less than 2
years. In our series, 13 and 7% of children had shock
and ARDS, respectively, a rate similar to that reported
in adults and children [4,5].

The mortality rate of VS bacteraemia in adults and
children with cancer patients ranges from 6 to 30%
[4,5,9,14]. Tt has been associated with the presence of
respiratory complications and shock. In our study, one
child died of ARDS.

Several series of VS bacteraemia observed in neutro-
penic children with cancer were the subject of publications
described in Refs. [3,4,14,15,20], but none of these studies
included a case—control study design. Case—control stud-
ies of predisposing factors for VS bacteraemia have been
carried out in adult patients [6,7] comparing patients with
VS bacteraemia with patients without bacteraemia gram-
positive cocci different from VS. Only one study has
compared VS bacteraemia patients with Gram-negative
bacilli bacteraemia [21].

Severe neutropenia, the presence of oropharyngeal
mucositis, prophylactic antibiotic treatment with co-tri-
moxazole or quinolones, histamine type 2 antagonists,
chemotherapy involving high doses of ARA-C, and
strong colonisation of patients were the most frequent
predisposing risk factors observed from studies in the
literature [5—11].

Elting and colleagues demonstrated that in VS bac-
teraemia severe neutropenia occurred in 87% of adult
cases versus 20% of controls [7]. This was confirmed by
other studies [5,14]. However, other published series
established that bacteraemia can occur in patients
whose neutropenia is less severe, similar to the results in
our series.

Several authors have suggested that oral mucositis is
the most likely portal of VS entry [6-8,11]. In 1995,
Richard and colleagues, using genotypic methods,
showed that VS colonising the oral cavity of neutro-
penic patients with oral mucositis were indistinguishable
from those isolated from blood cultures [22]. Mucositis
may be a consequence of chemotherapeutic treatments
including ARA-C. Oral mucositis breaks down the nat-
ural defence of the epithelium, helping to expose the
patient to infection. In our series, oropharyngeal lesions
were significantly more frequent in cases than in chil-
dren with Gram-positive cocci infections or those with-
out bacteraemia.

Antibiotic prophylaxis is also thought to play a role in
the development of VS bacteraemia. Co-trimoxazole

and fluoroquinolones are the most frequent antibiotics
administered [5,21]. However, our patients received no
antibiotic prophylaxis.

Elting and colleagues demonstrated an increasing
incidence of VS septicaemia in their centre paralleling the
increasing use of histamine type 2 antagonists [7]. The
use of these drugs decreases gastric acidity, which is a
natural barrier against bacteria. In our series, children
with VS received histamine type 2 antagonists more often
than patients with Gram-positive cocci bacteraemia.

Although VS are often isolated from respiratory tract
specimens, they are rarely ascribed clinical significance.
Marrie and colleagues described bacteraemia VS pneu-
monia associated with predisposing host factors (i.e.
older patients, alcoholism, lung carcinoma and dia-
betes mellitus) [23]. Sotiropoulos and colleagues
reported pneumonia in 20% of children with leukae-
mia and with alpha-streptococcal septicaemia [4]. The
causes of respiratory complications in febrile neutro-
penic patients with VS bacteraemia have not been
clearly elucidated. The pulmonary toxicity of ARA-C
and the polymorphonuclear leucocytes have been
evoked [24]. ARDS is produced by a neutrophil-
mediated mechanism, whereas pneumonia is due to a
direct bacterial invasion of lung tissue by VS. In our
multivariate analysis, the presence of pneumonia was
one of the most important risk factors for the devel-
opment of VS bacteraemia.

Children with VS bacteraemia received high doses of
ARA-C significantly more often in the multivariate
analysis. This confirmed the results of previous studies
[4,25,26]. This finding suggests that high doses of ARA-
C may play a role in the development of VS bacter-
aemia. High-dose ARA-C regimens are used in the
treatment of leukaemias and lymphomas and are highly
myelotoxic, inducing prolonged and severe neutropenia.
Our patients were predominantly treated with high
doses of ARA-C in the context of induction therapy for
acute leukaemia which further enhances the duration of
neutropenia due to bone marrow invasion and favours
the development of concomitant severe mucositis after
the associated administration of anthracyclines. We tes-
ted high dose ARA-C as a risk factor for VS bacter-
aemia following the evidence reported in Ref. [26].
However, perhaps the real underlying risk factor for VS
bacteraemia is severe mucositis in the context of pro-
longed episodes of neutropenia.

The need for initial vancomycin and teicoplanin in the
empirical treatment of fever and neutropenia has been
widely debated [27]. Recently, Bruckner and co-workers
[20] analysed 38 VS isolates in 33 children with cancer
and revealed only 21% of strains were penicillin-sus-
ceptible and highly resistant to third generation cepha-
losporins. These data were confirmed by others [28].
Based on our data, where the VS resistance rate reached
35%, vancomycin or teicoplanin should be considered
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as the empirical primary treatment in children with
fever and neutropenia, who are seriously ill or who are
suspected of having a VS bacteraemia (high doses of
ARA-C and pneumonia). To confirm this recommen-
dation, further studies are warranted.

In conclusion, our study has identified the use of high
doses of ARA-C and the presence of pneumonia as risk
factors for the development of VS bacteraemia in chil-
dren with fever and neutropenia undergoing therapy for
cancer.
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