Infection (2022) 50:1233-1242
https://doi.org/10.1007/515010-022-01799-7

ORIGINAL PAPER q

Check for
updates

Clinical and microbiological characteristics of polymicrobial
bacteremia: a retrospective, multicenter study

Shinnosuke Fukushima' - Hideharu Hagiya'® - Koji Fujita'? - Shinya Kamiyama? - Haruto Yamada3 -

Masayuki Kishida® - Fumio Otsuka’

Received: 20 September 2021 / Accepted: 2 March 2022 / Published online: 17 March 2022
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany 2022

Abstract

Purpose To clarify the clinical and microbial characteristics of polymicrobial bacteremia (PMB) to contribute to improve-
ments in clinical diagnosis and effective early treatment.

Methods This retrospective multicenter study used data from three acute-care hospitals in Okayama Prefecture, Japan, col-
lected between January 2014 and March 2019. We reviewed the demographics, comorbidities, organisms isolated, infectious
focus, and 30-day mortality of patients with PMB.

Results Of the 7233 positive blood cultures, 808 (11.2%) were positive for more than one organism. Of the patients with
bacteremia, 507 (7.0%) had PMB, of whom 65.3% were male. Infectious foci were identified in 78.3% of the cases, of which
intra-abdominal infections accounted for 47.1%. A combination of Gram-positive cocci (GPC) (chain form) and Gram-
negative rods (GNR) accounted for 32.9% of the cases, and GPC/GNR and GNR/GNR patterns were significantly associated
with intra-abdominal infections. The 30-day mortality rate of patients with PMB was 18.1%, with a median of 7.5 days from
diagnosis to death. The mortality in patients with an infectious focus identified was significantly lower than that in patients
with an unknown focus (16.3% vs. 24.5%; p=0.031).

Conclusions Intra-abdominal infections were the most common source of PMB, and were strongly associated with a Gram-
staining combination pattern of GPC (chain form)/GNR. PMB cases with an unknown focus had a poorer prognosis, high-
lighting the importance of early diagnosis and appropriate treatment.

Keywords Bloodstream infection - Infectious focus - Intra-abdominal infection - Polymicrobial bacteremia - Prognosis -
Risk factors

Introduction

Bloodstream infections (BSI), which are diagnosed by blood
culture, may result in serious conditions, such as sepsis
and septic shock [1, 2]. Risk factors for BSI include male
sex, aging, and underlying comorbidities such as alcohol-
04 Hideharu Hagiya ism, immunosuppression, liver cirrhosis, diabetes mellitus,

hagiya@okayama-u.ac.jp congestive cardiac failure, cancer, and chronic renal failure
requiring hemodialysis [3-5]. Without appropriate treat-
ment, BSIs have a high mortality rate [6, 7]; thus, clinicians
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double that of patients with monomicrobial BSI; ranging
from 30 to 48% [8, 9, 12]. The identification of an infec-
tious focus is especially important for a favorable prog-
nosis. Although the infectious foci vary according to the
clinical situation, catheter-related infections [8], intra-
abdominal infections [9], and respiratory tract infections
[11] are the most commonly reported sources of PMB.
Previous studies have found that Gram-negative bacteria
are detected in more than 70% of cases of PMB [8, 9],
while Gram-positive bacteria are detected in 42-52% of
cases [8, 9, 11]. Staphylococcus spp. [13], Acinetobacter
spp. [141], Klebsiella spp. [15], and Candida spp. [10] are
common pathogens detected in PMB. Determining the
clinical and microbiological characteristics of PMB may
help to identify the focus of infection and contribute to
appropriate antimicrobial treatment.

Despite past studies, information on the clinical char-
acteristics of PMB is limited. The purpose of this study
was to investigate the clinical characteristics of PMB to
contribute to reducing the mortality rate.

Methods
Study design and setting

We performed a multicenter retrospective observational
study at three acute-care medical institutions in Okayama
Prefecture, Japan: Okayama University Hospital (865
beds), Okayama City Hospital (400 beds), and Tsuyama
Chuo Hospital (515 beds) between January 2014 and
March 2019. These hospitals were equipped with in-house
microbiology laboratories containing automated blood
culture systems: the BD BACTEC™ FX system (Becton,
Dickinson, and Co., NJ, USA) at Okayama University Hos-
pital and Okayama City Hospital, and the BACT/ALERT
VIRTUO® R3.0 System (bioMérieux Japan Ltd.; Tokyo,
Japan) at Tsuyama Chuo Hospital. Two sets of blood cul-
ture samples per patient were routinely submitted to the
laboratory, and the cultures were incubated for 7 days at
Okayama University Hospital, 6 days at Okayama City
Hospital, and 5 days at Tsuyama Chuo Hospital.

Ethical approval

Ethical approval was obtained from the institutional review
board of Okayama University Hospital (no. 1908-056).
The requirement for informed consent was waived because
the study was a retrospective analysis of anonymized rou-
tinely collected data.
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Blood culture inclusion criteria

PMB was defined as the presence of two or more dis-
tinct species isolated from a single blood culture episode.
Examples are given in Supplemental Fig. 1. Different
organisms identified from blood cultures drawn on days
within a one-week period were not included, as in a previ-
ous study [12]. Positive blood cultures from samples drawn
a week or more apart were defined as different episodes of
blood culture testing. Blood cultures were excluded from
our study if they contained microorganisms associated
with the skin, including coagulase-negative Staphylococci,
Bacillus spp., Corynebacterium spp., Lactobacillus spp.,
Propionibacterium spp., or viridans group streptococci in
only one of the two blood samples as these were regarded
as contaminants [16—18]. When these skin-associated
microorganisms grew in two or more blood culture sam-
ples, they were considered as pathogens [8, 10]. Hospital-
acquired infections were defined as those occurring > 48 h
after hospital admission and were detected from the first
positive blood culture [19]. The organisms identified were
divided into four groups: Gram-positive, Gram-negative,
anaerobic, and yeast. Anaerobic bacteremia was defined
as the isolation of obligate anaerobes, such as Bacteroides
spp., Bifidobacterium spp., Clostridium spp., Eubacte-
rium spp., Lactobacillus spp., Peptostreptococcus spp.,
Fusobacterium spp., Prevotella spp., Actinomyces spp.,
Treponema spp., Eggerthella spp., Veillonella spp., and
Propionibacterium spp. [3].

Data collection

Clinical and microbiological records of all patients with
positive blood cultures between January 2014 and March
2019 were investigated. First, patients with monomi-
crobial BSI were excluded, then patients with potential
contaminants, multiple BSI cultures within one week in
an individual patient, and patients aged < 16 years were
excluded. We excluded patients aged < 16 years because in
our hospitals, patients aged < 15 years are usually treated
by pediatricians and usually only have one sample sub-
mitted for blood culture. Data on age, sex, comorbidities,
isolated organisms, infectious focus, and patient outcomes
were extracted from the medical records. According to
the diagnosis provided in the medical records, the sources
of bacteremia were classified into urinary tract infection,
lower respiratory tract infection, intra-abdominal infec-
tion, skin and soft tissue infection, catheter-related blood-
stream infection (CRBSI), and others. A case was defined
as a mixed infection if it contained two or more different
foci of infection. Cases without an identified infectious
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focus were regarded as primary bacteremia. Data were
recorded on the comorbidities of patients with PMB,
including diabetes mellitus, chronic obstructive pulmonary
disease, end-stage renal disease, cirrhosis, and immuno-
suppression, which have been reported as risk factors for
BSI [3-5]. Patients with active hematologic malignancy,
neutropenia (neutrophil count in peripheral blood < 1500/
pL), post-splenectomy, or receiving therapy with immu-
nosuppressive agents, such as anti-cancer chemotherapy,
corticosteroids (> 1 mg per day), and any biologic drugs,
were defined as immunosuppressed.

Primary outcome and statistical analysis

Continuous variables were described as medians and inter-
quartile ranges (IQR) and groups were compared using the
Mann—Whitney U test. Categorical variables were reported
as frequencies and percentages and groups were compared
using Chi-square tests or Fisher’s exact test, as appropriate.
The primary outcome was the overall 30-day mortality rate
from diagnosis of PMB. The survival data were analyzed
by Kaplan—Meier plots and compared using log-rank tests.
The data were analyzed using EZR software, a graphic user
interface for the R 3.5.2 software (The R Foundation for
Statistical Computing, Vienna, Austria) [20]. p values <0.05
were considered statistically significant.

Results
Clinical characteristics of the study patients

The enrolment flowchart is shown in Fig. 1. During the
study period, the total number of positive blood cultures

was 7233, with 6425 (88.8%) monomicrobial BSI cul-
tures and 808 (11.2%) PMB cultures. A total of 301 cul-
tures were excluded due to contamination, multiple cul-
tures from the same patient within a week, and patients
aged < 16 year. A total of 507 (7.0%) episodes of PMB
were included in the analysis, of which 382 (5.3%) and
125 (1.7%) episodes were caused by two pathogens and
three or more pathogens, respectively (referred to hereafter
as “PMB 2 pathogens” and “PMB > 3 pathogens”). The
annual number of PMB episodes at each facility is shown
in Supplementary Table 1.

The clinical characteristics of the eligible patients are
shown in Table 1. The median age of patients was 78 years
(IQR: 67-85 years) and 65.3% were male. The majority of
patients with PMB (n=437, 86.2%) were aged > 60 years
(Supplemental Fig. 2). Overall, 55.0% of the patients with
PMB had no comorbidities, while 25.4% had diabetes
mellitus and 17.4% were immunosuppressed. There were
no statistically significant differences in the underlying
comorbidities between cases of PMB 2 pathogens and
PMB >3 pathogens. Of the total cases, 58.6% were com-
munity acquired, with no statistically significant difference
between the two groups.

Pathogens detected in polymicrobial bacteremia

Collectively, 1,182 pathogens were isolated from patients
with PMB (Table 2). Gram-positive and Gram-negative
bacteria accounted for 38.6% and 46.2% of all bacterial
species, respectively. More specifically, Enterococcus spp.
was the most frequently isolated genus (16.4%), followed
by Klebsiella spp. (13.9%) and E. coli (13.8%).

Fig. 1 Study enrolment flow.
PMB, polymicrobial bactere-
mia. Bloodstream infections
with PMB 2 pathogens and

Positive blood cultures
(N=7,233)

PMB > 3 pathogens were

defined as those identified

Monomicrobial bacteremia (N=6,425, 88.8%)

as two and three or more
pathogens in the blood culture,
respectively

PMB cultures
(N=808, 11.2%)

Excluded (N=301)

1) Contamination

2) Cultures within one week in an individual patient
3)Patients age < 16 years

Enrolled PMB cases (N=507, 7.0%)
- PMB 2 pathogens (N=382, 5.3%)
- PMB >3 pathogens (N=125, 1.7%)
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Table 1 Clinical backgrounds

. . > . Number (%) of episodes p value
of patients with polymicrobial
bacteremia (PMB) All PMB 2 pathogens PMB > 3 pathogens
Number of cases 507 382 (75.3) 125 (24.7)
Age, median years [IQR] 78 [67-85] 78 [67-85] 80 [65-85] 0.90
Sex, male 331 (65.3) 248 (64.9) 83 (66.4) 0.86
Underlying comorbidity
None 279 (55.0) 215 (56.2) 64 (51.2) 0.29
Diabetes mellitus 129 (25.4) 92 (24.1) 37 (29.6) 0.45
End-stage renal disease 44 (8.7) 31 (8.1) 13 (10.4) 0.68
Chronic obstructive pulmo- 15 (3.0) 12 (3.1) 3(24) 0.54
nary disease
Liver cirrhosis 16 (3.2) 11 (2.9) 5(4.0) 0.51
Immunosuppression 88 (17.4) 69 (18.1) 19 (15.2) 0.08
Onset
Community acquired 297 (58.6) 214 (56.0) 83 (66.4) 0.19
Hospital acquired 210 (41.4) 168 (44.0) 42 (33.6) 0.12

Community acquired; identified in outpatients or <48 h after admission
Hospital acquired; identified > 48 h after admission

PMB 2 and PMB > 3 cases were defined as those containing two pathogens, and three or more pathogens in
the blood culture, respectively

IOR interquartile range

(a) Number of pathogens: PMB 2 pathogens vs PMB >3 pathogens (b) Focus of infection: Detected vs Unknown
100 — (i) PMB 2 pathogens — (i) Detected
— (ii) PMB >3 pathogens 1007 — (ii) Unknown

80 80 4
S 60 _ S 60l _
bed log-rank tests; p=0.073 < log-rank tests; p=0.031
=3 Q
= 2
8 g
r?'g 40 Tg 40

g

‘z 20 1 5 20

0 04

T T T T T T

0 5 10 15 20 25 30 (Day)

0 5 10 15 20 25 30 (Day)
Number at risk

Number at risk

(i) 382 359 338 333 329 326 322 (i) 397 378 366 357 348 339 334
(ii) 125 118 115 110 105 98 96 (ii) 110 99 87 86 86 85 84
All PMB 2 pathogens PMB >3 pathogens All Detected Unknown
30-day 30-days
mortality (%) 22 (18D 62 (16.2) 30 (24.0) mortality () 22 (18D 65(16.3)  27(24.5)
Fig.2 Kaplan—Meier curves of 30-days survival rates for polymi- at 30 days between groups of PMB cases with a focus of infection

crobial bacteremia (PMB) patients, by a the number of causative detected and unknown were statistically different (16.3% and 24.5%;
pathogens and b infectious focus detected or unknown. Survival rates p=0.031)
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Table 2 Microorganisms data of
507 episodes of polymicrobial
bacteremia (PMB)

Number of isolates

Total

PMB 2 pathogens

PMB > 3 pathogens

Total number of microorganisms
isolated

Gram positive bacteria
Staphylococcus spp.
MSSA
MRSA
CNS
Streptococcus spp.
Enterococcus spp.
Others
Gram negative bacteria
E. coli
ESBL-producing
Klebsiella spp.
Pseudomonas spp.
Serratia spp.
Enterobacter spp.
Acinetobacter spp.
Citrobacter spp.
Others
Anaerobes
Clostridium spp.
Bacteroides spp.
Others
Yeasts
Candida albicans
Candida glabrata
Others

N=1182

456 (38.6%)
133 (11.3%)
62 (5.2%)
31 (2.6%)
71 (6.0%)
73 (6.2%)
194 (16.4%)
56 (4.7%)
546 (46.2%)
163 (13.8%)
27 (2.3%)
164 (13.9%)
34 (2.9%)
11 (0.9%)
39 (3.3%)
11 (0.9%)
27 (2.3%)
97 (8.2%)
135 (11.4%)
46 (3.9%)
31 (2.6%)
58 (4.9%)
45 (3.8%)
14 (1.2%)
16 (1.4%)
15 (1.3%)

N=764

299 (39.1%)
100 (13.1%)
50 (6.5%)
27 (3.5%)
50 (6.5%)
41 (5.4%)
116 (15.2%)
42 (5.5%)
343 (44.9%)
113 (14.8%)
20 (2.6%)
97 (12.7%)
22 (2.9%)

9 (1.2%)

21 (2.7%)

9 (1.2%)

15 (2.0%)
57 (1.5%)
89 (11.6%)
30 (3.9%)
23 (3.0%)
36 (4.7%)
33 (4.3%)
11 (1.4%)
12 (1.6%)
10 (1.3%)

N=418

157 (37.6%)
33 (7.9%)
12 (2.9%)
4 (1.0%)
21 (5.0%)
32 (7.7%)
78 (18.7%)
14 (3.3%)
203 (48.6%)
50 (12.0%)
7(1.7%)
67 (16.0%)
12 (2.9%)
2(0.5%)
18 (4.3%)
2(0.5%)
12 (2.9%)
40 (9.6%)
46 (11.0%)
16 (3.8%)
8 (1.9%)
22 (5.3%)
12 (2.9%)
3(0.7%)
4(1.0%)
5(1.2%)

PMB 2 cases and PMB >3 cases were defined as those identified two pathogens and three and more patho-
gens in the blood culture, respectively

MSSA methicillin-susceptible Staphylococcus aureus, MRSA methicillin-resistant Staphylococcus aureus,
ESBL extended-spectrum beta-lactamase

Table 3 Infectious focus of
polymicrobial bacteremia

(PMB)

Number (%) of episodes p value
All PMB 2 pathogens PMB > 3 pathogens

Number of cases 507 382 (75.3) 125 (24.7)

Infectious focus (identified) 397 (78.3) 292 (76.4) 105 (84.0) 0.41
Intra-abdominal infection 239 (47.1) 178 (46.6) 61 (48.8) 0.76
Primary bacteremia 110 (21.7) 90 (23.6) 20 (16.0) 0.12
Urinary tract infection 57 (11.2) 37 (9.7) 20 (16.0) 0.068
Respiratory tract infection 28 (5.5) 20 (5.2) 8(6.4) 0.63
Skin and soft tissue infection 27 (5.1) 20(5.2) 7 (5.6) 0.88
Catheter related infection 26 (5.1) 20(5.2) 6(4.8) 0.85
Mixed infection 15 (3.0) 14 (3.7) 1(0.8) 0.11
Others 5(1.0) 3(0.8) 2 (1.6) 043

PMB 2 cases and PMB >3 cases were defined as those identified two pathogens and three and more patho-
gens in the blood culture, respectively

Others group included odontogenic infection, peritonsillar abscess, and mastoid cellulitis
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Infectious focus of polymicrobial bacteremia
according to the Gram-staining pattern

The infectious focus was identified in 397 (78.3%) patients
with PMB (Table 3). The most common source of PMB
was intra-abdominal infection (n =239, 47.1%), followed
by primary bacteremia (n =110, 21.7%) and urinary tract
infection (n=57, 11.2%). Cholangitis (n=156) accounted
for 65.3% of the intra-abdominal infection. More details in
the clinical diagnoses of the patients with PMB are provided
in Supplementary Table 2. There was no significant differ-
ence in the frequency of infectious focus between PMB 2
pathogens and PMB > 3 pathogens.

The five most common foci of PMB among the study
patients according to the Gram-staining pattern are shown
in Table 4. The most common Gram-staining combination
pattern was Gram-positive cocci (GPC)/Gram-negative rods
(GNR) (204 cases, 40.2%). In cases of GPC (chain form)/
GNR, 65.3% were derived from intra-abdominal infections.
The GNR/GNR and GPC/GPC combinations accounted for
17.8% and 10.5% of the cases of PMB, respectively. These

combination patterns may not be identified as PMB on Gram
staining. The GNR/GNR pattern was frequently caused by
intra-abdominal infections (64.4%) and UTIs (14.4%), and
the most common source of the GPC/GPC combination was
primary bacteremia (37.7%). When compared among vari-
ous Gram-staining patterns, a combination of GPC (chain
form)/GNR was significantly associated with a diagnosis
of intra-abdominal infection, excepting GNR/GNR pattern
(Table 5).

Mode of onset and infectious focus in patients
with polymicrobial bacteremia

We first stratified the PMB cases as either community
acquired or hospital acquired (Supplementary Table 3).
Compared to patients with hospital-acquired PMB, patients
with community-acquired PMB were older (median age,
81 years vs. 73 years), were less likely to have comorbidities
(61.3% vs. 46.2%), and were less likely to be immunosup-
pressed (10.4% vs. 27.1%). As the infectious focus was iden-
tified in 93.9% and 56.2% of cases of community-acquired

Table 4 Top five common foci of PMB episodes, by patterns of Gram-staining finding

Infection focus and number (%) of episodes
Gram-staining findings
N=507 Ist 2nd 3rd 4th Sth
Intra-abdominal Primary Urinary Respiratory Catheter-associated
GPC/GNR 204 (40.2%)
114 (55.9) 38 (18.6) 25(12.3) 10 (4.9) 7(3.4)
Primary Urinary Intra-abdominal Catheter-associated Respiratory
-GPC (cluster form)/GNR 37 (7.3%)
16 (43.2) 6(16.2) 5(13.5) 4(10.8) 3(8.1)
Intra-abdominal Primary Urinary Respiratory Catheter-associated
-GPC (chain form)/GNR 167 (32.9%)
109 (65.3) 22 (13.2) 19 (11.4) 7(42) 3(1.8)
Intra-abdominal Urinary Primary Skin and soft tissue Mixed infection
GNR/GNR 90 (17.8%)
58 (64.4) 13 (14.4) 9(10.0) 3(3.3) 3(3.3)
Primary Skin and soft tissue Catheter-associated Respiratory Urinary
GPC/GPC 53 (10.5%)
20 (37.7) 8 (15.1) 7(13.2) 6(11.3) 6(11.3)
. . Primary Skin and soft tissue Urinary Respiratory Catheter-associated
-GPC (cluster form)/GPC (chain form) 32 (6.3%)
13 (40.6) 5(15.6) 5(15.6) 4(12.5) 3(9.4)
Primary Catheter-associated Intra-abdominal Respiratory Skin and soft tissue
-GPC (cluster form) only 14 (2.8%)
5(35.7) 4(28.6) 3(21.4) 1(7.1) 1(7.1)
) Primary Skin and soft tissue Urinary Respiratory Intra-abdominal
-GPC (chain form) only 7 (1.4%)
2(29.6) 2(29.6) 1(14.3) 1(14.3) 1(14.3)
Primary Respiratory Catheter-associated Urinary Intra-abdominal
GPC/GPR 19 (3.7%)
10 (52.6) 4(21.1) 3(15.8) 1(5.3) 1(5.3)
Prima Respiratol Catheter-associated Urinaj
-GPC (cluster form)/GPR 11 (2.2%) i PO i
4(36.4) 4(36.4) 2(18.2) 1(9.1)
Primary Intra-abdominal
-GPC (chain form)/GPR 6 (1.2%)
5(83.3) 1(16.7)
Yeasts/GPC or GPR 24 (4.7%) Primary Intra-abdominal Catheter-associated Respiratory Urinary
13 (54.2) 6 (25.0) 3(12.5) 1(4.2) 1(42)
Primary Intra-abdominal Catheter-associated Respiratory
Yeasts/GNR 7 (1.4%)
4(57.1) 1(14.3) 1(14.3) 1(14.3)

Mixed infection was defined as those with two and more different infectious foci diagnosed

GPC Gram-positive cocci, GPR Gram-positive rods, GNR Gram-negative rods
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Table 5 Frequency of intra-

. o Gram-staining pattern
abdominal infections in

Number (%) of intra-abdom-
inal infections

vs. GPC (chain)/GNR

polymicrobial bacteremia p value odds ratio [95% confi-
(PMB) cases, by Gram-staining dential interval]
pattern
GPC (chain form)/GNR 109/167 (65.3%) Ref Ref
GPC (cluster form)/GNR 5/37 (13.5%) <0.001 11.9 [4.3-41.2]
GNR/GNR 58/90 (64.4%) 0.89 1.04 [0.58-1.83]
GPC/GPC 5/53 (9.4%) <0.001 17.8 [6.62-60.4]
GPC/GPR 1/19 (5.3%) <0.001 33.3 [5.01-1.44*%10"3]
Yeasts/GPC or GPR 6/24 (25.0%) <0.001 5.58 [1.99-18.2]
Yeasts/GNR 1/7 (14.3%) 0.011 11.1[1.30-522]

Statistical comparisons were performed by Chi-square test, in comparison with GPC (chain form)/GNR

pattern

GPC Gram-positive cocci; GNR Gram-negative rods; GPR Gram-positive rods

and hospital-acquired PMB, respectively (p <0.001). Intra-
abdominal infections were common in patients with com-
munity-acquired PMB (62.6%), while primary bacteremia
(43.8%) and catheter-related infection (11.9%) were common
in patients with hospital-acquired PMB.

We then stratified the PMB cases according to whether
the infectious focus was identified (Supplementary Table 4).
Patients with an identified infectious focus were older than
those in whom no focus was identified (median age: 80 years
vs. 71 years) and caused by community-onset disease (70.3%
vs. 16.4%). The proportions of patients without any comor-
bidities were higher in those identified the infectious focus
(59.2% vs. 40.0%).

Mortality rates in patients with polymicrobial
bacteremia

The overall 30-day mortality rate of patients with PMB was
18.1% (Fig. 2). The 30-day mortality rates of patients with
PMB 2 pathogens and PMB > 3 pathogens did not differ sig-
nificantly (16.2% and 24.0%, respectively; p=0.073). How-
ever, the 30-day mortality rate was significantly higher in
patients with an unknown focus (primary bacteremia) than in
those with a focus detected (24.5% and 16.3%, respectively;
p=0.031).

Discussion

We determined the clinical and microbiological character-
istics of patients with PMB in a multicenter study. PMB
accounted for 7.0% of all bacteremia episodes, which is
similar to previous studies [9, 10]. An infectious focus of
PMB was identified in approximately 75% of cases, of which
half occurred as a result of intra-abdominal infection. Based
on the Gram staining findings, a combination of GPC (chain
form)/GNR was indicative of intra-abdominal infection. The

number of pathogens detected in blood culture was not sig-
nificantly associated with prognosis; however, the prognosis
of patients with primary PMB was significantly poorer than
that of patients with an identified focus of infection.

According to previous reports, the proportion of PMB
in all BSI episodes varies according to the clinical setting,
ranging from 2% in a tertiary care hospital in Israel [8], to
6.7% and 10.9% in emergency departments in Taiwan and
Spain [9, 10], and 20.2% in an intensive care unit in Spain
[11]. In this study, the proportion of PMB 2 and PMB >3
pathogens were 75.3% and 24.7%, respectively. This is con-
sistent with previous literature reporting that 77-85% of
PMB cases were caused by two pathogens and 15-23% of
cases were caused by three or more pathogens [9, 10]. The
clinical backgrounds of patients in the present study were
similar to those of previous studies, with a male predomi-
nance and diabetes mellitus being the most common comor-
bidity [8—12]. Notably, 55% of the patients with PMB in this
study had no reported comorbidities. Other risk factors for
PMB include recent invasive procedures, presence of foreign
bodies, biliary tract infection, hospital-acquired infection,
nursing home residence, stroke, afebrile presentation, neu-
tropenia, presence of a biliary tract catheter, intra-abdominal
infection, and abscess formation [8, 12, 13, 21]. In this study,
there was no significant difference in risk factors between
patients with PMB 2 and PMB > 3 pathogens.

In this study, the most common causative bacteria of
PMB were Enterococcus spp. (16.4%), followed by Kleb-
siella spp. and E. coli. Previous studies have also reported
that Enterococcus spp. (13-20%) are frequently isolated
in patients with PMB [8-10], despite E. coli and Staphy-
lococcus spp. being the most common isolates in blood
culture samples in general [3, 22]. These data suggest that
it is important to treat patients with PMB with empiric
antimicrobial therapy targeting Enterococcus spp. How-
ever, a recent, larger prospective study reported that E.
coli was the most common pathogen (25.4%), followed
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by Staphylococcus aureus (15.2%) [23]. Another study
conducted in two tertiary emergency departments in Tai-
wan found that Pseudomonas aeruginosa, Acinetobac-
ter baumannii, Candida spp., and anaerobes were more
commonly isolated in patients with PMB than in those
with monomicrobial BSI [12]. The causative pathogens
of PMB may thus vary according to the clinical situation;
whether the infections are community-acquired or hospi-
tal-acquired. Patients with risk factors such as immuno-
suppression and intravascular devices may develop more
complicated infections, including CRBSI and febrile
neutropenia.

The most common cause of PMB in this study was intra-
abdominal infection (47.1%), which is consistent with the
findings of a study conducted in Taiwan [9, 12]. However,
other studies have found that catheter-related [8] or respira-
tory tract infections [11] were the most common causes
of PMB. The differences in the infectious focus of PMB
may be attributable to differences in the study setting. In
this study, we found that intra-abdominal infections were
most common in patients with community-acquired PMB,
while CRBSI and primary bacteremia were more common
in patients with hospital-acquired PMB. Usually, patients
undergo catheter insertion in hospital settings; thus, it is
understandable that CRBSI was mostly observed in patients
with hospital-acquired PMB. In this study, the proportion
of cases of PMB attributable to CRBSI was 5.1% which is
lower than the 20-28% reported in previous studies [8, 11].
Notably, in this study 21.7% of cases of PMB were attribut-
able to primary bacteremia, with primary bacteremia being
more common in patients with hospital-acquired PMB than
in patients with community-acquired PMB. A previous study
found that there was less accuracy in diagnosing CRBSIs
than in diagnosing BSIs from other sources (68% vs. 78%;
p<0.001) [24]. Accordingly, we presume that some of the
patients in the study with hospital-acquired PMB, which was
classified as primary bacteremia, may have had undiagnosed
CRBSI. Moreover, hospitalized patients tend to have more
complicated conditions due to factors such as the use of
various invasive devices, surgery, use of antimicrobials, and
immunosuppression. The combination of these background
factors in hospitalized patients can make it difficult for cli-
nicians to identify the infectious focus correctly in patients
who develop hospital-acquired BSI. In another study, the
infectious source could not be determined in 24% of patients
with hospital-acquired PMB [11].

This study shows that the combination patterns found by
Gram staining can help in diagnosing the infectious source
of PMB. This can help to identify the source of PMB rapidly
and enable appropriately treatment to be initiated. The most
common combination pattern in this study was GPC/GNR,
which accounted for 40.2% of PMB. Of these, 81.9% had
GPC (chain form)/GNR pattern, and 65.3% of these cases
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had an intra-abdominal source. Thus, the GPC (chain form)/
GNR pattern indicates that the gastrointestinal tract is the
most likely source.

The mortality of patients with PMB has been reported to
be higher than patients with monomicrobial BSI. For exam-
ple, the 30-day mortality rates in PMB and monomicrobial
BSI in a tertiary care hospital in Israel were 48% and 33%,
respectively [8]. Compared to these previous studies, the
overall 30-day mortality rate of patients with PMB in this
study was relatively low at 18.1%, although we did not com-
pare PMB with monomicrobial BSI. To date, few studies
have reported differences in prognosis based on the number
of isolated pathogens. Our study showed that the 30-day
mortality of patients with PMB >3 pathogens was higher
than that of patients with PMB 2 pathogens, although the dif-
ference was not statistically significant. When an increased
number of pathogens are involved in bacteremia, the prob-
ability of treatment failure is higher. This could contribute
to the increased mortality in cases of PMB >3 pathogens.
Although, there was a significant difference in 30-day mor-
tality between the patients with infectious focus detected and
those with unknown focus. Bacteremia of unknown origin
generally has a higher mortality than bacteremia with an
identified source [25]. Thus, it is important to identify the
source of bacteremia in cases of PMB to enable appropriate
treatment and a better prognosis.

A key strength of this study was using clinical and micro-
biological data from multiple locations. In particular, a novel
finding of this study is the usefulness of Gram-staining pat-
terns in identifying the infectious focus of PMB. However,
this study has several limitations. First, the data were retro-
spectively collected, and the infectious sources were deter-
mined according to medical records. Although systemic
examinations with computed tomography were performed
in many patients, the infectious focus may have been under
ascertained. Thus, the reported clinical diagnosis may not
comply with the standard diagnostic criteria. Second, some
cases of the contamination may have been included because
our protocol included all cases with positive blood cultures
that detected two or more pathogens. Third, the blood cul-
ture environments (equipment, culture bottles, and culture
periods) among the three facilities were different, which may
have affected the results. Fourth, we did not investigate the
relationship between antimicrobial treatment and prognosis
in this study. This should be investigated in future studies.
Finally, we did not compare the clinical backgrounds and
prognoses of patients with PMB and monomicrobial BSI.

In summary, we have highlighted the clinical and micro-
biological features of PMB cases in a multicenter study. Half
of the PMB cases were due to intra-abdominal infection
and the Gram-staining combination pattern of GPC (chain
form)/GNR was strongly associated with intra-abdominal
infection. PMB cases with unknown etiology had a poorer
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prognosis. The study results could contribute to the early
diagnosis, proper treatment, and improvement in the out-
comes of patients with PMB.
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