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Abstract
Staphylococcus aureus bacteremia is one of the most serious bacterial infections and may lead to worse clinical outcomes in patients
with prolonged severe neutropenia. However, clinical data on S. aureus bacteremia in neutropenic patients with hematologic malig-
nancies are limited. We conducted two case-control studies using a 10-year prospective cohort of patients with S. aureus bacteremia.
Neutropenic and non-neutropenic hematologic malignancy patients were compared on clinical characteristics and treatment outcomes.
An additional matched case-control study using solid tumor patients was conducted. Risk factors for 12-weekmortality were analyzed.
Of 1643 patients with S. aureus bacteremia, 64 (3.9%) neutropenic and 108 (6.6%) non-neutropenic patients with hematologic
malignancies were included in the study. There were no significant differences in the incidence of metastatic infection between the
two groups (17.2% vs. 17.6%, p = 0.95), in contrast with a previous study that observed nometastatic infection in neutropenic patients.
Twelve-weekmortality in neutropenic patients with hematologicmalignancies tended to be lower than in non-neutropenic patients with
hematologic malignancies (15.6% vs. 26.9%, p= 0.09) and was significantly lower than in neutropenic patients with solid tumors
(15.6% vs. 45.8%, p= 0.003). Independent risk factors for mortality in hematologic malignancy patients with S. aureus bacteremia
were high Charlson comorbidity score, high APACHE II score, and skin and soft tissue infection. Neutropenia was not independently
associatedwithmortality. Our findings suggest that neutropenia in hematologic malignanciesmay not affect the incidence ofmetastatic
infection or 12-week mortality of S. aureus bacteremia.
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Introduction

Neutropenic patients are generally perceived to have a poorer
prognosis than non-neutropenic patients, due to increased sus-
ceptibility to infection and the risk of a more severe clinical
course. Neutropenic patients with hematologic malignancies
are clinically important because they have a longer duration of
neutropenia than those with non-hematologic malignancies
[1]. The incidence of bacteremia in neutropenic patients has
been reported to be 10–25% [2–4]. Although the proportion of
gram-negative organisms has gradually increased in neutrope-
nic infection, gram-positive organisms are still an important
cause [2, 5, 6]. Staphylococcus aureus bacteremia is one of the
most common and serious bacterial infections caused by such
organisms, with a high frequency of metastatic infection and
poor prognosis [7]. However, the precise burden of S. aureus
bacteremia among neutropenic patients and its clinical conse-
quences are not well established, especially in patients with
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hematologic malignancies. Studies in the 1980s and 1990s
noted high mortality rates (44–49%) among neutropenic pa-
tients with S. aureus bacteremia [8–10]. The most recent arti-
cle, published in 2003, reported low attributable mortality
(5.2%) and no instances of metastatic infection among neutro-
penic hematologic malignancy patients with S. aureus bacter-
emia [11]. These inconsistent results and the lack of additional
studies implied a need for further clinical investigations
reflecting current advances in the management of S. aureus
bacteremia in such patients. Therefore, we have analyzed the
clinical characteristics and outcomes of S. aureus bacteremia
in neutropenic patients with hematologic malignancies and
compared them with those without neutropenia.

Patients and methods

Study population and design

We performed two case-control studies within a prospective
observational cohort of patients with S. aureus bacteremia.
Among them, those with hematologic malignancies were in-
cluded in the study, and the clinical characteristics and treatment
outcomes according to presence of neutropenia were analyzed.
An additional matched case-control study using patients with
solid tumors was conducted in the same manner. Neutropenic
cases were matched 1:3 to non-neutropenic control patients
based on age, gender, ward, and case year. The prospective
study was conducted at the Asan Medical Center, a 2700-bed
tertiary care hospital with an isolation ward for patients with
hematologic malignancies. From July 2008 to June 2017, all
adult patients with S. aureus bacteremia were prospectively
enrolled in the cohort and observed over a 12-week period.
Patients were excluded if they had polymicrobial bacteremia,
or if they died or were discharged before positive blood culture
results were obtained. In our hospital, all patients with S. aureus
bacteremia receive automatic infectious disease consultation,
and febrile neutropenia is managed based on the clinical prac-
tice guidelines previously published [12].

Data collection and definitions

Demographic characteristics, laboratory results, underlying
diseases or conditions, severity of underlying disease, severity
of bacteremia, site of infection, antibiograms, patient manage-
ment, and clinical outcomes were recorded. Neutropenia was
defined as absolute neutrophil count (ANC) < 500/mm3. The
McCabe and Jackson criteria were used to classify the severity
of the underlying disease [13]. The Charlson comorbidity in-
dex was used to predict prognosis based on the aggregate
score of comorbid conditions [14]. The criteria provided by
the Centers for Disease Control and Prevention were used to
define the type of infection causing S. aureus bacteremia

including primary bacteremia, pneumonia, skin and soft tissue
infection (SSTI), postoperative wound infection, and bone
and joint infection [15], and SSTI was an infection involves
the skin, subcutaneous tissue, fascia, or muscle. Catheter-
related infection was defined based on the clinical practice
guidelines [16], and infective endocarditis was defined ac-
cording to the modified Duke criteria [17].

Metastatic infection was defined as the involvement of a
distant focus anatomically unrelated to the source implicating
secondary bacterial seeding [18]. Bacteremia was classified as
nosocomial if a positive blood culture was obtained from a
patient who had been hospitalized for 48 h or longer.
Community-onset bacteremia was subdivided into
healthcare–associated and community-acquired bacteremia,
as previously described [19]. Primary clinical outcome was
12-week mortality, and secondary outcomes were recurrent
bacteremia and 30-day mortality.

Statistical analysis

Categorical variables were compared using the χ2 test or
Fisher’s exact test as appropriate, and continuous variables
were compared using Student’s t test or the Mann–Whitney
U test. To identify independent risk factors for 12-week mor-
tality, all variables with p values < 0.1 in the univariate anal-
ysis were included in a multivariate analysis using a multiple
logistic regression model. A 2-tailed p value < 0.05 was con-
sidered to indicate statistical significance. All statistical anal-
yses were performed using IBM SPSS statistics for Windows,
version 24.0 (IBM Corp., Armonk, NY, USA).

Results

Patient characteristics and metastatic infection
in patients with hematologic malignancies

During the study period, 1643 patients with S. aureus bacter-
emia were included in our cohort. Of these patients, 64 (3.9%)
were neutropenic and 108 (6.6%) were non-neutropenic pa-
tients with hematologic malignancies. The neutropenic pa-
tients with hematologic malignancies were younger
(p < 0.001) and had more nosocomial infection (p = 0.003)
and primary bacteremia as the source of infection (p < 0.001)
(Table 1). Other characteristics were comparable between the
two groups. No infective endocarditis was detected as the
source of S. aureus bacteremia in neutropenic patients with
hematologic malignancies.

The incidence of metastatic infection was similar between
the two groups (p = 0.95). Skin and soft tissue was the most
common site (45.5%) of metastatic infection in neutropenic
patients with hematologic malignancies. Detailed information
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on the sites of metastatic infection is summarized in
Supplementary Table 1.

Treatment and clinical outcome of patients
with hematologic malignancies

More than 90% of patients received appropriate antibiotics
within 2 days of bacteremia. Neutropenic patients with hema-
tologic malignancies had a tendency for shorter duration of
bacteremia compared with non-neutropenic patients (mean
2.1 days vs. 2.7 days, p = 0.09). Despite their prolonged neu-
tropenia, neutropenic patients with hematologic malignancies
tended to have a lower 12-week mortality rate than non-
neutropenic patients (15.6% vs. 26.9%, p = 0.09) (Table 1).

Clinical characteristics and treatment outcome
of patients with solid tumors

During the study period, there were 24 neutropenic pa-
tients with solid tumors and S. aureus bacteremia. There
were no significant differences in characteristics between
neutropenic and non-neutropenic patients, except for
healthcare-associated infection and fever at the time of
bacteremia (Table 2). Treatment outcomes were not dif-
ferent between neutropenic and non-neutropenic patients
with solid tumors. Twelve-week mortality was significant-
ly higher in the patients with solid tumors than in those
with hematologic patients regardless of neutropenia
(Fig. 1).

Table 1 Clinical characteristics and outcomes of hematologic malignancy patients with S. aureus bacteremia according to underlying neutropenia

Characteristic Neutropenic patients (n = 64) Non-neutropenic patients (n = 108) p value

Age (years), median (IQR) 45.5 (36.3–60.8) 60.5 (52.3–71.8) < 0.001

Gender (male) 46 (71.9) 61 (56.5) 0.04

McCabe and Jackson criteria

Ultimately or rapidly fatal 61 (95.3) 94 (87) 0.08

Charlson comorbidity score, median (IQR) 2 (2–2) 2 (2–3.5) 0.32

MRSA infection 23 (35.9) 44 (40.7) 0.53

Site of acquisition

Nosocomial 52 (81.2) 64 (59.3) 0.003

Healthcare-associated 11 (17.2) 36 (33.3) 0.02

Community-acquired 1 (1.6) 8 (7.4) 0.16

Duration of neutropenia, median days (IQR) 7 (5–10) - N/A

Fever at the time of bacteremia 56 (87.5) 80 (74.1) 0.04

Severe sepsis or septic shock 20 (31.3) 24 (22.2) 0.19

Pitt bacteremia score, median (IQR) 1 (0–2) 1 (0–2) 0.9

APACHE II score, median (IQR) 18 (16–21) 17 (13–21) 0.25

Site of infection

CVC-related infection 15 (23.4) 36 (33.3) 0.17

Peripheral catheter–related infection 2 (3.1) 16 (14.8) 0.02

Primary bacteremia 35 (54.7) 23 (21.3) < 0.001

Pneumonia 4 (6.3) 8 (7.4) > 0.99

Skin and soft tissue infection 5 (7.8) 10 (9.3) 0.75

Postoperative wound infection 0 1 (0.9) > 0.99

Infective endocarditis 0 1 (0.9) > 0.99

Bone and joint infection 0 6 (5.6) 0.09

Metastatic infection 11 (17.2) 19 (17.6) 0.95

No. showing removal of eradicable foci/total no. with eradicable foci 15/21 (71.4) 51/59 (86.4) 0.18

No. receiving appropriate antibiotics within 2 days 63 (98.4) 102 (95.3) 0.41

Duration of bacteremia > 3 days 8 (12.5) 26 (24.1) 0.07

Recurrent S. aureus bacteremia 2 (3.1) 6 (5.6) 0.71

30-day mortality 7 (10.9) 20 (18.5) 0.19

12-week mortality 10 (15.6) 29 (26.9) 0.09

Data are presented as number (%), unless otherwise specified

IQR, interquartile range; N/A, not available; MRSA, methicillin-resistant Staphylococcus aureus; CVC, central venous catheter
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Risk factors for mortality in patients with S. aureus
bacteremia

In univariate analysis, severe sepsis/septic shock, high
APACHE II score, and SSTI were significantly associated
with 12-week mortality in patients with hematologic malig-
nancies (Table 3). Variables with p values < 0.1, together with
gender and MRSA infection, were included in multivariate
analysis. Independent risk factors for mortality in hematologic
malignancy patients with S. aureus bacteremia were high
Charlson comorbidity score, high APACHE II score, and
SSTI (Table 4). Neutropenia was not independently associated
with mortality. In solid tumor patients with S. aureus

bacteremia, high Charlson comorbidity score and APACHE
II score were independent risk factors for mortality
(Supplementary Tables 2 and 3).

Discussion

We have shown that neutropenic patients with hematologic
malignancies have a similar incidence of metastatic infection
during S. aureus bacteremia to non-neutropenic patients with
hematologic malignancies or solid tumors, and no increased
mortality rate. Moreover, their mortality rate was significantly
lower than that of the neutropenic patients with solid tumors.

Table 2 Clinical characteristics and outcomes of solid tumor patients with S. aureus bacteremia according to underlying neutropenia

Characteristic Neutropenic patients (n = 24) Non-neutropenic patients (n = 72) p value

Age (years), median (IQR) 58.5 (48–71.8) 58 (50–70.8) 0.99

Gender (male) 11 (45.8) 33 (45.8) > 0.99

McCabe and Jackson criteria

Ultimately or rapidly fatal 19 (79.2) 53 (73.6) 0.59

Charlson comorbidity score, median (IQR) 6 (3.25–6) 6 (3–6.75) 0.96

MRSA infection 8 (33.3) 35 (48.6) 0.19

Site of acquisition

Nosocomial 8 (33.3) 39 (54.2) 0.08

Healthcare-associated 14 (58.3) 25 (34.7) 0.04

Community-acquired 2 (8.3) 8 (11.1) > 0.99

Duration of neutropenia, median days (IQR) 2 (1–4) - N/A

Fever at the time of bacteremia 20 (83.3) 35 (53) 0.009

Severe sepsis or septic shock 6 (25) 17 (23.6) 0.89

Pitt bacteremia score, median (IQR) 1.5 (0–3) 1 (0–2) 0.06

APACHE II score, median (IQR) 21.5 (19–27.5) 14 (9–19) < 0.001

Site of infection

CVC-related infection 7 (29.2) 18 (25) 0.69

Peripheral catheter–related infection 1 (4.2) 5 (6.9) > 0.99

Primary bacteremia 6 (25) 8 (11.1) 0.11

Pneumonia 3 (12.5) 8 (11.1) > 0.99

Skin and soft tissue infection 3 (12.5) 8 (11.1) > 0.99

Urinary tract infection 1 (4.2) 1 (1.4) 0.44

Postoperative wound infection 1 (4.2) 2 (2.8) > 0.99

Infective endocarditis 0 2 (2.8) > 0.99

Bone and joint infection 0 5 (6.9) 0.33

Metastatic infection 4 (16.7) 8 (11.1) 0.49

No. showing removal of eradicable foci/total no. with eradicable foci 10/10 (100) 29/32 (90.6) > 0.99

No. receiving appropriate antibiotics within 2 days 24 (100) 61 (85.9) 0.06

Duration of bacteremia > 3 days 4 (16.7) 13 (18.1) > 0.99

Recurrent S. aureus bacteremia 0 3 (4.2) 0.57

30-day mortality 6 (25) 24 (33.3) 0.45

12-week mortality 11 (45.8) 36 (50) 0.72

Data are presented as number (%), unless otherwise specified

IQR, interquartile range; N/A, not available; MRSA, methicillin-resistant Staphylococcus aureus; CVC, central venous catheter

Eur J Clin Microbiol Infect Dis (2020) 39:937–943940



From the 1980s to the early 2000s, a few studies reported
higher mortality of S. aureus bacteremia in patients with he-
matologic malignancies or neutropenia than in non-

neutropenic patients [8, 9]. However, more recent studies,
including our own, suggest that this may not be true for neu-
tropenic patient with hematologic malignancies [11, 20], and
following reasons may explain this. First, recent advances in
the management of S. aureus bacteremia and hematologic
malignancies may influence the improved prognosis of hema-
tologic malignancy patients with S. aureus bacteremia, even in
the prolonged neutropenic state. Second, as Venditti and col-
leagues have discussed [11], eradication of S. aureus from the
bloodstream can be achieved rapidly due to the early admin-
istration of empirical broad-spectrum antibiotics and the rela-
tively low inoculum of bacteria in these patients. They have
also suggested that the scarcity of phagocytes including neu-
trophils and macrophages that could serve as an intracellular
reservoir of S. aureus could contribute to the rapid clearance
of bacteremia. Consistent with those suggestions, there was a
tendency toward a shorter duration of S. aureus bacteremia in
neutropenic patients with hematologic malignancies in our
study. The reason for higher mortality in solid tumor patients

Table 3 Univariate analysis of risk factors for 12-week mortality of S. aureus bacteremia in patients with hematologic malignancies

Characteristic Dead at 12 weeks (n = 39) Alive at 12 weeks (n = 133) p value

Age, median years (IQR) 60 (55–68) 56 (38.5–67) 0.06

Male 20 (51.3) 87 (65.4) 0.11

Neutropenia 10 (25.6) 54 (40.6) 0.09

McCabe and Jackson criteria

Ultimately or rapidly fatal 37 (94.9) 120 (90.2) 0.53

Charlson comorbidity score (median, IQR) 2 (2–5) 2 (2–3) 0.08

MRSA infection 19 (48.7) 48 (36.1) 0.16

Site of acquisition

Nosocomial 26 (66.7) 90 (67.7) 0.91

Healthcare-associated 11 (28.2) 36 (27.1) 0.89

Community-acquired 2 (5.1) 7 (5.3) > 0.99

Severe sepsis or septic shock 15 (38.5) 29 (21.8) 0.04

Pitt bacteremia score (median, IQR) 1 (0–4) 1 (0–2) 0.27

APACHE II score (median, IQR) 20 (16–26) 16 (14–19.5) < 0.001

Site of infection

CVC-related infection 9 (23.1) 42 (31.6) 0.31

Peripheral catheter–related infection 7 (17.9) 11 (8.3) 0.13

Pneumonia 4 (10.3) 8 (6) 0.47

Skin and soft tissue infection 7 (17.9) 8 (6) 0.046

Postop. wound infection 0 1 (0.8) > 0.99

Infective endocarditis 0 1 (0.8) > 0.99

Bone and joint infection 0 6 (4.5) 0.34

Primary bacteremia 12 (30.8) 46 (34.6) 0.66

Metastatic infection 7 (17.9) 23 (17.3) 0.92

No. showing removal of eradicable foci/total no. with eradicable foci 13/18 (72.2) 53/62 (85.5) 0.29

Receiving appropriate antibiotic treatment within 2 days 36 (92.3) 129 (97.7) 0.13

Duration of bacteremia > 3 days 11 (28.2) 23 (17.3) 0.13

Data are presented as number (%), unless otherwise specified

Fig. 1 Comparison of mortality of S. aureus bacteremia between patients
with hematologic malignancies and those with solid tumors
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with S. aureus bacteremia compared with those with hemato-
logic malignancies is probably due to their dangerous comor-
bidities including distant metastasis of solid tumors. In fact,
neutropenic patients with hematologic malignancies were
younger and had a lower Charlson comorbidity score than
those with solid tumors in our study.

Many previous studies have demonstrated that age, pres-
ence of comorbidities, severity of illness, pneumonia, persis-
tent bacteremia, and metastatic infection are risk factors for
mortality in patients with S. aureus bacteremia [21]. In agree-
ment with these studies, high Charlson comorbidity score and
high APACHE II score were independent risk factors for mor-
tality in patients with hematologic malignancies or solid tu-
mors. This means that traditional risk factors for mortality of
S. aureus bacteremia are more important in these patients
rather than neutropenia.

An additional finding in the present study was that
SSTI was an independent risk factor for mortality in he-
matologic malignancy patients with S. aureus bacteremia.
It is not clear why the mortality rate of patients with SSTI
was high (7/15, 46.7%). However, of the seven deaths,
only one died directly due to SSTI. In a previous study
by Fowler et al., skin examination findings suggesting
disseminated systemic infection in S. aureus bacteremia
were one of the predictive factors for complicated S.
aureus bacteremia [22]. In some of our patients, SSTI
could have been manifested as one of these skin findings.
Given these points, it may be a bit premature to conclude
that SSTI is an independent risk factor for mortality. More
data are needed to address this issue.

In contrast to previous retrospective studies that reported a
lower incidence of metastatic infections in neutropenic pa-
tients with hematologic malignancies [8, 9, 11, 23], we found
a similar incidence of metastatic infection to that in non-
neutropenic patients. The “Trojan horse” theory proposes that
neutrophils serve as a reservoir for S. aureus and consequently
help to cause metastatic infections [24]. A previous study that
found no metastatic infections in neutropenic patients with S.
aureus bacteremia advocated this theory [11]. However, our

results suggest that metastatic infection does not develop sole-
ly through “S. aureus–bearing neutrophils,” and that bacterial
spreading via the bloodstream in the early stage of bacteremia
may also be an important mechanism. Actually, in our study,
all metastatic infections in neutropenic patients with hemato-
logic malignancies were detected early (within 7 days of bac-
teremia) perhaps because all our patients were prospectively
enrolled and underwent careful examination to evaluate the
presence of metastatic infections through consultation with
infectious disease specialists.

Our study has several limitations. First, because the data
were collected from a single tertiary center, they may not fully
reflect all aspects of S. aureus bacteremia in neutropenic pa-
tients with hematologic malignancies. Second, non-
neutropenic state in hematologic malignancies may be differ-
ent from that in solid tumors due to suppressed neutrophil
function in hematologic malignancies [25]. However, the
strengths of our study, which had a prospective design and
involved a larger number of study patients than previous stud-
ies, could compensate for these limitations.

In conclusion, neutropenia in patients with hematologic
malignancies was not related to the incidence of metasta-
tic infection and mortality of S. aureus bacteremia.
Although the mortality of neutropenic hematologic malig-
nancy patients with S. aureus bacteremia was not different
from that of non-neutropenic patients, the clinical impor-
tance of S. aureus bacteremia in this group should not be
underestimated, and active management including consul-
tation with infectious diseases specialists and appropriate
antibiotic therapy is still important.
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Table 4 Multivariate analysis of risk factors for 12-week mortality of S. aureus bacteremia in patients with hematologic malignancies

Characteristic Univariate analysis,
OR (95% CI)

Multivariate analysis
Adjusted OR (95% CI) p value

Age 1.03 (1.00–1.05)

Male 0.56 (0.27–1.15)

Neutropenia 0.50 (0.23–1.12)

Charlson comorbidity score 1.36 (1.09–1.70) 1.31 (1.04–1.64) 0.02

MRSA infection 1.68 (0.82–3.46)

APACHE II score 1.10 (1.04–1.16) 1.09 (1.03–1.15) 0.002

Skin and soft tissue infection 3.42 (1.15–10.13) 3.99 (1.23–12.93) 0.02

This model fit the data well in terms of discrimination (C-index = 0.77) and calibration (Hosmer-Lemeshow goodness-of-fit statistic = 6.13, p = 0.76)
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