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Abstract

Background: The causative microorganisms of bloodstream infec-
tions (BSIs) in patients with inflammatory bowel disease (IBD) and
the clinical characteristics of these patients have not yet been fully
identified. Therefore, this study investigated IBD patients who devel-
oped BSI to determine their clinical characteristics and identify the
BSI-causing bacteria.

Methods: The subjects were IBD patients who developed bactere-
mia between 2015 and 2019 at Fukuoka University Chikushi Hos-
pital. The patients were divided into two groups according to IBD
type (Crohn’s disease (CD) or ulcerative colitis (UC)). The medical
records of the patients were reviewed to determine their clinical back-
grounds and identify the BSI-causing bacteria.

Results: In total 95 patients, 68 CD and 27 UC patients were included
in this study. The detection rates of Pseudomonas aeruginosa (P. aer-
uginosa) and Klebsiella pneumoniae (K. pneumoniae) were higher
in the UC group than in the CD group (18.5% vs. 2.9%, P = 0.021;
11.1% vs. 0%, P = 0.019, respectively). Immunosuppressive drugs
use was higher in the CD group than in the UC group (57.4% vs.
11.1%, P=10.00003). Hospital stay length was longer in the UC group
than in the CD group (15 vs. 9 days; P = 0.045).

Conclusions: The causative bacteria of BSI and clinical backgrounds
differed between patients with CD and UC. This study showed that P.
aeruginosa and K. pneumoniae had higher abundance in UC patients at
the onset of BSI. Furthermore, long-term hospitalized patients with UC
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required antimicrobial therapy against P. aeruginosa and K. pneumoniae.
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Introduction

Inflammatory bowel disease (IBD) is an intractable disease that
presents with symptoms such as mucous stool, diarrhea, and ab-
dominal pain due to immune and organic abnormalities in the
intestinal tract [1]. IBD is broadly divided into Crohn’s disease
(CD) and ulcerative colitis (UC). In CD, the entire gastrointesti-
nal tract from the mouth to the anus is inflamed, whereas in UC,
only the innermost layer of the intestinal wall in the colon is su-
perficially inflamed [2]. Although the intestinal tract has defense
mechanisms against pathogens in the intestinal flora and other
bacteria [3], patients with IBD have reduced intestinal immunity
with complex interactions between the intestinal flora and host
immune function [4, 5]. Therefore, IBD is known to be a risk
factor for developing bloodstream infection (BSI) [6].

BSI is a high mortality condition that is often seen in health-
care settings. BSI can occur when bacteria enter the bloodstream
(i.e., bacteremia), which can lead to sepsis and death. Both
gram-positive and gram-negative bacteria are known to cause
bacteremia. Understanding the causative organisms of BSI is
thought to help reduce patient mortality [7], but differences be-
tween the BSI-causing bacteria in CD and UC patients have not
been fully elucidated. Although IBD has been listed as a causa-
tive agent of bacteremia [8], there remain no large-scale epide-
miological data specific to IBD patients. A better understanding
of the cause of BSI in CD and UC patients could help determine
the initial treatment needed in IBD patients with BSI. The aim of
this study was to compare the causative organisms and clinical
backgrounds of blood isolates from CD and UC patients from a
single medical center.

Materials and Methods

Study design and survey items

The study subjects were IBD patients who developed bactere-
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Patients with BSI

IBD n=109

Subjects n=95

n=905
from 1/1/2015to 12/31/2019

Exclusion
Patients who havenot developed IBD n =796

Exclusion
2 sets of blood culture not collected n=14

CD n=68

Figure 1. IBD patients with BSI during the study period. BSI: bloodstream infection; CD: Crohn’s disease; IBD: inflammatory

bowel disease; UC: ulcerative colitis.

mia between 2015 and 2019 at Fukuoka University Chikushi
Hospital, Fukuoka, Japan. We retrospectively evaluated the
age, sex, patient background, body mass index (BMI), length
of hospital stay, use of immunosuppressants and blood culture
results in each case using our electronic medical records. Im-
munosuppressant users were defined as those who used one of
the following six drugs for IBD treatment: infliximab, azathio-
prine, mercaptopurine, methotrexate, adalimumab, or predni-
solone. Patients who did not receive two sets of blood cultures
were excluded. This study was approved by the Fukuoka Uni-
versity-Medical Ethics Review Board (approval number C20-
05-004). All methods were performed in accordance with the
relevant guidelines and regulations.

Bacterial isolate

IBD patients who developed bacteremia after an interval of
3+ months were considered blood culture-positive patients for
this study. For each patient, blood cultures were submitted, and
the presence or absence of infectious disease-causing factors
were verified under a microscope by smear examination. We
also reproduced suspected infected lesions by culturing bacte-
ria to confirm whether there was a causative bacterium. The
blood culture positive patients were split into two groups based
on their IBD type (CD or UC).

Statistical analysis

To compare the CD and UC patients, the Wilcoxon rank sum
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test was used to compare the medians between the two groups
and the Fisher’s exact test was used to compare their frequen-
cy differences. The values in the text are given as the median
(interquartile range). Patients with a risk rate of < 5% were
considered significantly different. JMP statistical analysis soft-
ware (version 10.0.2; SAS Inc., Tokyo, Japan) was used for all
statistical analyses.

Results

During the study period, 905 patients developed BSI. Of these,
109 had IBD. Fourteen patients who did not receive two sets
of blood cultures were excluded. In total, 68 CD and 27 UC
patients were included in this study (Fig. 1). Staphylococcus
epidermidis (S. epidermidis) was the most frequently detected
gram-positive bacteria among all included patients. Escheri-
chia coli (E. coli) and Enterobacter sp. had the highest ratios,
respectively, for the gram-negative bacteria (Fig. 2).

Table 1 provides a summary of the clinical backgrounds
of the patients. There were no significant differences in the
median age, BMI, or prevalence of diabetes between the two
groups. Immunosuppressive drug use was higher in the CD
group than in the UC group (57.4% vs. 11.1%, respectively; P
=0.00003). The hospital stay length was significantly longer
in the UC group (median 15 days; 6.0 - 68.0 days) than in the
CD group (median 9 days; 2 - 24.3 days) (P = 0.045). There
was no statistical correlation between immunosuppressant use
and length of hospital stay (immunosuppressant user: 9.5 days
(2.3 -30.3) vs. non-users: 15 days (1 - 30.0), P = 0.446).

There was no difference in the detection rates between the
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Figure 2. All detected bacteria in inflammatory bowel disease patients with bloodstream infections.

two groups for 16 bacterial species, including Staphylococcus
aureus. The detection rate of gram-negative bacilli was signifi-
cantly higher in the UC group (Table 2). The detection rates
of Pseudomonas aeruginosa (P. aeruginosa) and Klebsiella
pneumoniae (K. pneumoniae) were higher in the UC than the
CD patients (18.5% vs. 2.9%, P =0.021; 11.1% vs. 0%, P =
0.019, respectively).

Discussion

In this study, we found significant differences in the types of

bacteria detected in CD and UC patients. Due to the nature of
the condition, IBD patients often have a catheter inserted into
their central artery and an additional intestinal fistula, such as a
stoma [9]. This might explain why S. epidermidis, which lives
in the epidermis, was detected as the most common causative
bacterium among the gram-positive bacteria. Similarly, En-
terobacter spp. and E. coli may have been found in greater
numbers among the gram-negative bacteria because they are
found in greater numbers in the intestinal flora. When both
groups were considered as a single group of IBD patients, it
became clear that their epidemiology was similar to that of
the causative microorganisms in ordinary bacteremia patients

Table 1. Comparisons of Clinical Characteristics Between CD and UC Patients and Infection Focus in Patients With BSI

N (%) or median (IQR)

Characteristics P value

Total CD (n = 68) UC (n=27)
Male 55(57.9) 40 (58.8) 15 (55.6) 0.8212
Age 57 (40 - 62) 50 (39 - 62) 56 (48 - 67) 0.194>
BMI 19.6 (17.3-21.9) 19.5(17.4 - 21.8) 20.2 (16.9-21.9) 0.662b
Diabetes 7(7.4) 5(7.4) 2(7.4) 12
Length of hospital stay (days) 11(1-32) 9(2-243) 15 (6 - 68) 0.045b
Immunosuppressants 42 (44.2) 39 (57.4) 3 (11.1) 0.00003?
Catheter 28 22 6 -
Pneumonia 7 6 1 -
Pyelonephritis 20 9 11 -
Peritonitis 8 5 3 -
Bile tube 4 3 1 -
Dermatitis 1 1 0 -
Enteritis 2 2 0 -
Unknown 25 20 5 -

aFisher’s exact test. PMann-Whitney U test. BMI: body mass index; BSI: bloodstream infection; CD: Crohn’s disease; IQR: interquartile range; UC:

ulcerative colitis.
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Table 2. Percentage of Detected Bacteria in Patients With CD and UC

Detection bacteria® CD (n = 68) (%) UC (n=27) (%) P-valueP
Gram-positive bacteria 29 (42.6) 9(33.3) 0.489
Gram-positive streptococcus 28 (41.2) 8(29.6) 0.353
Enterococcus sp. 2(2.9) 1(3.7) 1
Staphylococcus spp. 23 (33.8) 7(10.3) 0.625
Staphylococcus aureus 3(4.4) 0 0.556
MRSA 1(1.5) 2(7.4) 0.194
Staphylococcus epidermidis 16 (23.5) 5(18.52) 0.785
CNS 3(4.4) 0 0.556
Streptococcus sp. 3(4.4) 0 0.556
Gram-positive bacillus 1(1.5) 1(3.7) 0.490
Clostridium subterminale 1(1.5) 0 1
Propionibacterium acnes 0 1(3.7) 0.284
Gram-negative bacteria 24 (35.3) 17 (63.0) 0.021
Acinetobacter sp. 3(4.4) 0 0.556
Corynebacterium sp. 0 1(3.7) 0.284
Citrobacter sp. 2(2.9) 1(3.7) 1
Cronobacter sakazakii 0 1(3.7) 0.284
Enterobacter sp. 8 (11.8) 3 (11.1) 1
Escherichia coli 7(10.3) 2(7.4) 1
Fusobacterium nucleatum 0 1(3.7) 0.284
Klebsiella pneumoniae 0 3(11.1) 0.021
Neisseria sp. 1(1.5) 0 1
Pseudomonas aeruginosa 2(2.9) 5(18.5) 0.019
Stenotrophomonas maltophilia 1(1.5) 0 1
Enterobacteriology bacteria 26 (38.2) 10 (37.0) 1
Anaerritic bacteria 3(4.4) 0 0.556
Fungus 344 1(3.7) 1
The strain is unknown 9 (13.2) 0

aMulti-fungus detection. PFisher’s exact test. CD: Crohn’s disease; CNS: coagulase-negative staphylococci; MRSA: methicillin-resistant Staphylococ-

cus aureus; UC: ulcerative colitis.

[10]. Thus, we concluded that the major BSI-causing organ-
isms did not differ in IBD and non-IBD patients.

The detection rates for K. pneumoniae and P. aeruginosa
were significantly higher in the UC group compared to the CD
group. The high detection rate of K. pneumoniae in the UC
group was probably because the fine structural damage in the
tight junctions between mucosal epithelial cells increased the
detection rate of K. pneumoniae. Ultrastructure disorders are
attributed to tight junctions and cytokines that affect intestinal
permeability [1], which allows bacterial translocation and, in
severe cases, bacterial invasion to occur due to mucosal de-
fense dysfunction [1]. In such cases, the intestinal flora (e.g., K.
pneumoniae) permeates the intestinal tract with bacteria, which
can cause bloodstream disease. Additionally, UC typically has
reduced mucus barrier function due to embryonic cell minia-
turization and decreased mucin production [11]. These features

are usually perceived as inflammatory changes since changes
in goblet cells can also occur in infectious enteritis; however, a
slight decrease in mucus barrier function is also observed in the
proximal intestinal tract in patients with distal UC, suggesting
that it is an early predisposition that precedes histological in-
flammation [12]. Thus, we concluded that the high K. pneumo-
niae detection rate in the UC group could have been due to in-
testinal flora invasion of the blood due to bacterial translocation.

The detection rate of P. aeruginosa was also significantly
higher in the UC patient group. Since P. aeruginosa is not a
common intestinal flora [13], it is unlikely that bacterial trans-
location occurred in the same manner as K. pneumoniae. The
significantly longer hospital stay lengths found in the UC
group compared to the CD group could have allowed for the
significant increase in P. aeruginosa in the UC group [14].
Prolonged hospitalization and the use of immunosuppressants
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are risk factors for BSI [15, 16]. Patients with P. aeruginosa
had significantly longer median hospital stay length in com-
parison to those with other bacteria (40 (13.5 - 237.5) vs. 10
(0.75 - 28.0), P =10.0263), but similar trend was not observed
in patients with K. pneumoniae. In fact, the use of immuno-
suppressants can cause clinical problems with attenuated P
aeruginosa strains. In this study, the use of immunosuppres-
sants was significantly higher in CD patients, but the hospital
stay length was significantly higher in the UC patients. In ad-
dition, there was no correlation between immunosuppressant
use and length of hospital stay, and no significant difference in
the detection rate of bacteria between patients with and with-
out the use of immunosuppressant (Supplementary Material
1, www.jocmr.org). These results could explain why the UC
patients had significantly more P. aeruginosa than the CD pa-
tients. Thus, P. aeruginosa-derived BSI in CD and UC patients
may depend on hospital stay length. Taken together, our find-
ings indicate that IBD patients may require different treatment
strategies at BSI onset depending on the type of IBD they have
(CD or UC). In particular, UC patients may need therapies that
target P. aeruginosa and K. pneumoniae at BSI onset.

This study had a few limitations. First, this was a pilot
study retrospectively conducted in a single Japanese hospital
with a relatively small study cohort; therefore, our findings
may not be generalized to other hospitals or countries. Second,
this study investigated only IBD patients with bacteremia and
did not examine any clinical and/or microbiological factors re-
lated to bacteremia. A comparative study using a control group
using statistical methods such as propensity score matching
is needed to clarify the factors associated with bacteremia in
IBD patients. Third, although blood culture has been the most
common method for diagnosis of bloodstream pathogens, it is
being supplanted with more advanced methods, such as mo-
lecular tests that can reduce the turnaround time from several
days to a few hours [17]. Unfortunately, we have not yet been
able to apply such technology to clinical practice, but we plan
to consider it and compare these methods in terms of sensitiv-
ity and specificity for bacterial detection in the future.

This study showed that K. pneumoniae and P. aeruginosa
had higher abundance in UC patients at the onset of BSI. Fur-
thermore, long-term hospitalized patients with UC required an-
timicrobial therapy against K. pneumoniae and P. aeruginosa.

Supplementary Material

Suppl 1. Percentage of Detected Bacteria in the Use of Im-
munosuppressants.
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