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Objective: Platelets catalyze the development of hyperinflammation and microthrombosis and
contribute to increases in accumulation of circulating platelet-leukocyte complex, the key event
in the development of disseminated infection.

Subjects and methods: To determine the relationships of platelet activity in diabetic patients
with invasive Klebsiella pneumoniae liver abscess syndrome (IKLAS), a total of 175 diabetic
patients with community-acquired Klebsiella pneumoniae (KP) bacteremia were included in
this study. We compared the platelet reactivity of 40 patients with IKLAS, 40 patients with non-
IKLAS, and eight healthy controls using a whole-blood flow cytometry-based assay.

Results: Patients who were infected with strains expressing K /K, serotype (adjusted odds ratio
[AOR], 8.81;95% CI, 2.18-35.53) and those with HbA | >9% (AOR, 4.97; 95% CI, 1.73-14.23)
were more likely to present with IKLAS, whereas those who had recent therapy with aspirin (AOR,
0.17; 95% CI, 0.04-0.79) were less likely to present with IKLAS. Among patients with IKLAS,
patients with a poor glycemic control were more likely to present with hepatic venous thrombo-
phlebitis than those with suboptimal or good glycemic control (P=0.03). Patients with IKLAS
had a higher median fluorescence intensity of the platelet membrane expression of P-selectin
than those with non-IKLAS (78.0 vs 28.0, P<0.001) and controls (78.0 vs 22.0, P< 0.001). The
IKLAS group also demonstrated a significantly higher platelet-monocyte aggregation and higher
plasma levels of PF-4 than the non-IKLAS group (47.0 vs 18.0 and 47.0 vs 4.0, respectively, both
P <0.001) and controls (46.0 vs 24.0 and 46.0 vs 13.0, respectively, both P <0.001).
Conclusion: Diabetic patients with IKLAS demonstrated platelet hyperreactivity, which may
be associated with a higher risk for vascular complications.

Keywords: Bacteremia, Glycated hemoglobin, vascular complications, Thrombophlebitis,

Aspirin

Introduction
Klebsiella pneumoniae (KP) is a common cause of community-acquired or hospital-
acquired infections such as urinary tract infections and pneumonia. A clinical manifesta-
tion of KP infection known as invasive Klebsiella pneumoniae liver abscess syndrome
(IKLAS), defined as liver abscess with contemporaneous metastatic KP infections at
other body sites, has been increasingly reported,' particularly in Asia for decades*
and recently worldwide.?? IKLAS typically infects patients with diabetes mellitus
(DM),'# causing various metastatic infections such as meningitis, endophthalmitis,
lung abscess, or fasciitis.*’

KP is classically defined as an extracellular pathogen. We recently reported
that the serotype K1 of this species, the causative agent of IKLAS, could survive
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within neutrophils and trigger the delay in apoptosis.® We
suggested that the KP serotype K1 can extend the lifespan
of neutrophils, making them suitable host cells for bacte-
rial survival and multiplication after infection occurs.
This organism may use neutrophils as “Trojan horses” for
subsequent infection of other cells. Hence, further studies
are needed to identify the factors other than neutrophils
that can trigger the development of disseminated infec-
tions due to KP.

Previous studies revealed that Staphylococcus aureus
or Salmonella spp. can release toxins and/or use surface
proteins that subsequently bind to platelet receptor, which
can lead to platelet hyperreactivity and contribute to a higher
risk for vascular complications.” In patients with invasive
KP infection, the number of thrombotic complications
is striking.® Although the essential role of platelets is to
maintain vascular integrity and contribute to homeostasis,
platelets can also contribute to the innate immune response.’
These platelet-leukocyte aggregates have the capacity to
act as circulating platforms for generation of a thrombus,
producing clots that may lodge in the microvasculature,
obstructing the blood flow, and leading to dissemination.
Thus, this study aimed to describe the risk factors of IKLAS
among DM patients with community-acquired KP bacte-
remia. In addition, we compared the features of computed
tomography (CT) of the abdomen of the patients with
IKLAS to ascertain possible predictors of IKLAS among
DM patients with different glycemic control. We also
studied the platelet reactivity, platelet-monocyte aggregate
(PMA), and activation of plasmatic coagulation in a cohort
of diabetic patients with KP bacteremia who had either
IKLAS or non-IKLAS.

Subjects and methods

Study design and participants

DM patients who were admitted to Kaohsiung Chang Gung
Memorial Hospital (KCGMH) between January 1, 2013,
and December 31, 2016, with community-acquired mono-
microbial bacteremia caused by KP were enrolled in this
study to investigate the risk factors of IKLAS. Only the KP
isolates from the patients’ first blood collection were used
in this study. Peripheral blood samples were collected for
the whole-blood flow cytometry-based assay as described
later from eight healthy male volunteers aged between 25
and 40 years and 80 of the participants after KP bacteremia
was confirmed randomly. All protocols used in the pres-
ent study have been approved by the institutional review
board of KCGMH (201601500B0). The patients were

made anonymous to maintain confidentiality of the data.
All participants including eight healthy male volunteers
provided their written informed consent to participate in
the study.

The diagnosis of IKLAS was made in patients with
liver abscess who developed contemporaneous metastatic
KP infections at other body sites such as renal abscess,
splenic abscess, meningitis, empyema, mycotic aneurysm,
necrotizing fasciitis, or endophthalmitis.!” To investigate
the predisposing factors of IKLAS, the following clinical
variables were assessed: age, sex, comorbidities (includ-
ing cardiovascular diseases, liver cirrhosis, malignancy,
chronic renal failure, alcoholism, and biliary tract disease),
and a history of receiving high-dose steroids (>20 mg of
prednisolone daily for >3 weeks) or aspirin in the previ-
ous month prior to the collection of their first KP-positive
blood culture. To assess the glycemic control in these DM
patients, the HbA  was determined. The impact of glycemic
control on various outcomes of interest was evaluated by
grouping all patients into three categories on the basis of
HbA, levels: HbA, <7% (good glycemic control), HbA
7%—9% (suboptimal glycemic control), and HbA  >9%
(poor glycemic control).!!

Bacterial isolates and serotype

determination
All KP isolates were identified using standard methods. Cap-
sular genotyping of seven clinically significant capsular types
(Kl’ KZ’ KS’ KZO’ K54’ K57’

use of PCR assay. Briefly, PCR was performed using prim-

and K ) was performed with the

ers designed for the cps variable region. Genomic DNA was
extracted by boiling selected colonies in distilled water for
10 minutes. The PCR conditions were 96°C for 3 minutes,
followed by 30 temperature cycles of 96°C for 30 seconds,
53°C for 15 seconds, and 72°C for 30 seconds.'?

Characteristics of clinical imaging

All patients with IKLAS underwent contrast-enhanced CT
of the abdomen. In some patients, CT studies were per-
formed during follow-up to monitor complications. We only
reviewed the first imaging studies. The following features
were recorded: 1) number of abscesses (single or multiple);
2) unilocular or multilocular (presence of >1 mm thick septa-
tions); 3) solid or cystic appearance in most of the sections
showing the cavity with abscess; 4) gas within the cavity
with abscess; 5) thrombophlebitis (hypodense filling defects
in the contrast-enhanced hepatic veins, their tributaries, and/
or the inferior vena cava); 6) septic pulmonary embolism
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(focal or multifocal lung infiltrates); and 7) presence of
pleural effusion.

Platelet reactivity

Platelet reactivity reflected by P-selectin expression as
markers of platelet degranulation was determined by flow
cytometry.'? Platelet reactivity was measured in unstimulated
samples and after ex vivo platelet stimulation by ADP (low
dose: 7.8 uM and high dose: 31.2 uM; Sigma-Aldrich, St
Louis, MO, USA). Whole blood was added to a mixture of
4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid-buffered
saline and saturated concentrations of PE-labeled anti-CD62P
(P-selectin; BioLegend, San Diego, CA, USA) and PC7-
labeled anti-CD61 (platelet identification marker; Beckman
Coulter, Villepinte, France). After 20 minutes of incubation
at room temperature, 0.2% paraformaldehyde was added and
samples were analyzed. Platelets were gated based on their
forward- and sideward-scatter properties and positivity for
CD61, which was defined as a median fluorescence intensity
(MFI) exceeding that of its matched isotype control.

PMAs

The formation of PMA, which is considered as a sensitive
marker for platelet activation, was determined by incubating
citrated whole blood with PC7-labeled anti-CD61 and PE-
labeled anti-CD14 (a glycosylphosphatidylinositol-linked
membrane glycoprotein; BioLegend) as a monocyte identi-
fication marker.!* The platelet-monocyte complex formation
was quantified based on the MFI of CD61 on CD14-positive
cells.

Platelet-poor plasma was harvested from citrate antico-
agulated whole blood by centrifugation (1,500x g without
brake, 15 minutes, 20°C). The plasma concentrations of
PF-4 (R&D systems, Abbington, UK) were measured using
ELISA."

Statistical analyses

The categorical variables of patients’ characteristics were
compared using the chi-squared test or Fisher’s exact test, as
appropriate, while the continuous variables were expressed as
mean valuestSDs and compared using the Mann—Whitney
U test or Student’s #-test. A multivariate logistic regression
model was used to evaluate the predisposing factors of
IKLAS by calculating the OR and 95% CI of each clinical
variable. Hosmer-Lemeshow goodness-of-fit tests were
performed to evaluate the predictive performance of the
logistic regression model. Differences in CT features across
the groups were compared using ANOVA with posttests or

chi-squared test. Data on platelet reactivity, PMA, and plasma
markers levels were expressed as medians with IQR. The
experimental data between multiple groups were compared
using nonparametric Kruskal-Wallis test with Dunn’s post
test. All statistical computations were performed using SPSS
Statistics version 17.0 (SPSS Inc., Chicago, IL, USA). A
two-sided P-value of <0.05 was considered as statistically
significant in all analyses.

Results
Risk factors for invasive KP liver abscess

syndrome

Of the 175 DM patients with community-acquired mono-
KP bacteremia during the study period, 41 (23.4%) had
IKLAS. Based on the results of the serotype determination
by PCR assay, the K1/K2 serotype was identified in 22
(12.6%, including 20 K1 and two K2) isolates. As presented
in Table 1, IKLAS occurred more often in patients infected
with K1/K2 serotype KP strains than in those infected with
non-K1/K2 serotype KP strains (43.9% vs 3.0%, P<0.01).
The proportion of IKLAS was significantly higher among
DM patients with HbA | 29% than among those with HbA
<9.0% (78.0% vs 54.4%, P=0.01). In all, 24 (13.7%) patients
had received aspirin a month prior to the diagnosis of KP
infection, and they were less likely to develop IKLAS than
those who had not received aspirin (2.4% vs 17.1%, P=0.02;
Table 1). In multivariate analysis, IKLAS developing in DM
patients with community-acquired bacteremia was associated
with bacteremia due to K1/K2 serotype strains (adjusted
odds ratio [AOR], 8.81; 95% CI, 2.18-35.53; P<0.01),
poor glycemic control (AOR, 4.97; 95% CI, 1.73-14.23;
P<0.01), and recent treatment with aspirin (AOR, 0.17; 95%
CI, 0.04-0.79; P=0.02). There was adequate goodness of fit
(Hosmer and Lemeshow test: y>=0.50; P>0.99). The receiver
operating characteristic (ROC) curve analysis indicated that
the predictive performance of the logistic regression model
was adequate (area under the curve [AUC]=0.77). Hence,
there was no significant evidence of lack of fit for any of
the final models.

Imaging study of invasive KP liver abscess

syndrome

The characteristics of abdominal CT of 41 DM patients
with different glycemic control who developed IKLAS
are summarized in Table 2. A single abscess was found in
19 (46.3%) patients and multiple abscesses in 22 (53.7%)
patients. Among the patients with multiple abscesses, the
average number of lesions per patient was 2.2+0.78. The
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Table | Comparisons of characteristics between diabetic patients with community-acquired KP bacteremia who developed invasive

syndrome and those who did not develop invasive syndrome

Characteristics, n (%) Invasive syndrome (%) P-value®
Yes (n=41) No (n=134)
K//K, serotype of KP 18 (43.9) 4 (3.0 <0.01°
Male 17 (41.5) 47 (35.1) 0.47
Age 260 years 19 (46.3) 65 (48.5) 0.86
Newly diagnosed diabetes 8 (19.5) 15 (11.2) 0.19
HbA, <7% 4(9.8) 29 (21.6) 0.11
HbA, 7%-9% 5(122) 32 (23.9) 0.13
HbA, >9% 32 (78.0) 73 (54.4) 0.01°
Cardiovascular diseases 4(9.8) 4 (3.0) 0.09
Liver cirrhosis 3(7.3) 5(3.7) 0.39
Chronic renal failure 8 (19.5) 21 (15.7) 0.64
Alcoholism 3(7.3) 6 (4.5) 0.44
COPD 3(7.3) 6 (4.5) 0.44
Malignancy 3(7.3) 13 (9.7) 0.77
Biliary tract diseases 1 (2.4) 4 (3.0) >0.99
High-dose steroid use 3(7.3) 6 (4.5) 0.44
Aspirin use 1 (2.4) 23 (17.1) 0.02°
Leukocytes, x107/L¢ 12.2 (4.4) 10.4 (4.4) 0.75
Platelets, x10°/L* 178 (45) 202 (57) 0.87
C-reactive protein, mg/L* 163 (97) 166 (85) 0.83

Notes: “There was adequate goodness of fit (Hosmer and Lemeshow test: »>=0.50, P>0.99). ROC analysis indicated that the predictive performance of the logistic regression
model was adequate (AUC=0.77). "Results of multivariate analysis indicated that diabetic patients with community-acquired KP bacteremia who were infected with strains
expressing the K‘/K2 serotype (AOR, 8.81; 95% ClI, 2.18-35.53; P<0.01) and those with HIJAIc >9% (AOR, 4.97; 95% ClI, 1.73—14.23; P<0.01) were at increased risk of
developing IKLAS, whereas those who had recent therapy with aspirin (AOR, 0.17; 95% ClI, 0.04-0.79; P=0.02) were at a lower risk of acquiring IKLAS. ‘Data depicted are

mean values with SD.

Abbreviations: KP, Klebsiella pneumonia; ROC, receiver operating characteristic; AUC, area under the curve; AOR, adjusted odds ratio; IKLAS, invasive Klebsiella pneumoniae

liver abscess syndrome.

Table 2 Comparisons of CT findings between diabetic patients who develop IKLAS with different HbA, concentrations

CT features, n (%) HbA, concentrations P-value
<7% (n=4) 7%-9% (n=5) 29% (n=32)
Well-defined margin 3(75.0) 3 (60.0) 18 (56.0) 0.87
Multiple abscesses 2 (50.0) 2 (40.0) 18 (56.0) 0.86
A cystic component 3 (75.0) 4 (80.0) 26 (81.3) 0.99
Multilocular 3(75.0) 4 (80.0) 21 (65.6) 0.85
Gas in abscess | (25.0) 2 (40.0) 14 (43.8) 0.86
Hepatic venous thrombophlebitis 0 0 15 (46.8) 0.032
Septic pulmonary embolism I (25.0) 0 10 31.3) 0.40
Pleural effusion 2 (50.0) 3 (60.0) 22 (68.8) 0.73

Note: *Diabetic patients with IKLAS in the group with poor glycemic control (47%) had a significant probability of developing hepatic venous thrombophlebitis than those

patients with suboptimal or good glycemic control (P=0.03).

Abbreviations: CT, computed tomography; IKLAS, invasive Klebsiella pneumoniae liver abscess syndrome.

abscesses were predominantly solid in eight (19.5%) patients
and cystic in 33 (80.5%) patients. Unilobar involvement
was seen in 13 (31.7%) patients, and multilocular abscess
was present in 28 (68.3%) patients. Gas in the abscess cav-
ity was present in 17 (41.5%) patients, and hepatic venous
thrombophlebitis was present in 15 (36.6%) patients. There

were 11 (26.8%) patients with septic pulmonary emboli and
27 (65.9%) patients with pleural effusion. In a subgroup
analysis, hepatic venous thrombophlebitis was more likely
to be found in DM patients with IKLAS who had poor glyce-
mic control than in those with suboptimal or good glycemic
control (P=0.03; Table 2).
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Analysis of platelet reactivity to KP

infection
We further studied the platelet reactivity, PMAs, and soluble
platelet proteins, which are sensitive markers for platelet
activation, in this cohort of DM patients with community-
acquired KP bacteremia. The randomly selected patient char-
acteristics in both groups (40 patients in the IKLAS group and
another 40 patients in the non-IKLAS group) were similar,
including the intervals between the homeostatic testing and
blood cultures performed (42+18 vs 36120 hours, P=0.45) or
antibiotic treatment initiation (2418 vs 22112 hours, P=0.64).
The C-reactive protein levels measured when the homeo-
stasis assays were performed were comparable between the
patients in the IKLAS group and those in the non-IKLAS
group (124186 vs 102+74 mg/L; P=0.55). A group of eight
healthy volunteers were enrolled as controls. However, the
mean age of the controls was lower than that of the patients
in the IKLAS and non-IKLAS groups.

The IKLAS group had a significantly higher MFI of
PMA than the non-IKLAS group and controls (Figure 1).
The median MFI values (IQR) of the platelet marker CD61

Figure | PMAs in diabetic patients with IKLAS and in those with non-IKLAS.
Notes: PMAs are depicted as the MFI of the platelet marker CDé61 on CDI4-
positive cells in healthy controls (n=8), in patients with IKLAS (n=40), and in
patients with non-IKLAS (n=40). Data depicted are medians with IQR, minimum,
and maximum values.

Abbreviations: PMA, platelet-monocyte aggregate; IKLAS, invasive Klebsiella
pneumoniae liver abscess syndrome; MFI, median fluorescence intensity.

on CD14-positive cells were 47.0 (42.3-55.8) in the IKLLAS
group compared with 18.0 (15.0-23.5) in the non-IKLAS
group (P<0.001) and 4.0 (2.3-4.8) in controls (P<0.001;
Figure 1). Moreover, patients in the IKLAS group had a
significantly higher median MFI of the platelet membrane
expression of P-selectin (78.0; IQR, 76.2-81.8; Figure 2)
upon stimulation with a high-dose ADP than those in the
non-IKLAS group (28.0; IQR, 26.0-30.0; P<0.001) and
controls (22.0; IQR, 18.8-23.4; P<0.001). The plasma con-
centrations of PF-4 were statistically significantly higher in
the IKLAS group than those in the non-IKLAS group and
healthy controls (Figure 3); the median (IQR) concentra-
tions of PF-4 in these respective groups were 46.0 ng/mL
(32.5-57.0 ng/mL), 24.0 ng/mL (18.0-26.0 ng/mL), and
13.0 ng/mL (10.5-15.5 ng/mL).

We performed a subanalysis of DM patients in the IKLAS
group (Figure 2) and found that those with poor glycemic
control (HbA, 29.0%) had a significantly higher MFI of
PMA than those with suboptimal glycemic control (HbA
7%-9%) and good glycemic control (HbA  <7.0%). The
MFI (IQR) values of PMA were 48.0 (41.3-56.0) in the poor
glycemic control subgroup, 24.0 (18.0-26.0) in the subopti-
mal glycemic control subgroup, and 14.0 (10.5-25.8) in the
good glycemic control subgroup (Figure 4). Aspirin treat-
ment decreased the PMA in these tested patients. The MFI
(IQR) values of PMA were 38.0 (18.0-48.0) in patients with
aspirin treatment compared with 18.0 (14.3-24.0; P<0.001)
in those without aspirin treatment (Figure 5). No significant
correlation was observed between PMA and the time interval
between hemostatic testing and the initiation of antibiotic
therapy, Spearman’s rank (R*)=0.07, P=0.09.

Figure 2 Platelet reactivity in diabetic patients with IKLAS and in those with non-
IKLAS.

Notes: Platelet membrane expression of P-selectin is depicted as MFI in arbitrary
units, at baseline and after stimulation with two concentrations of the platelet
agonist ADP in healthy controls (n=8), in patients with IKLAS (n=40) and in patients
with non-IKLAS (n=40). Data depicted are median values with IQR.
Abbreviations: IKLAS, invasive Klebsiella pneumoniae liver abscess syndrome; MFI,
median fluorescence intensity.
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Figure 3 Plasma concentrations of PF-4 in diabetic patients with IKLAS and those
with non-IKLAS.

Notes: Data from healthy controls (n=8), patients with IKLAS (n=14), and patients
with non-IKLAS (n=14). Data depicted are median values with IQR, minimum, and
maximum values.

Abbreviations: IKLAS, invasive Klebsiella pneumoniae liver abscess syndrome.

Figure 4 PMAs in diabetic patients with IKLAS, stratified with different glycemic
control.

Notes: PMAs are depicted as the MFIl of the platelet marker CD61 on CDI4-
positive cells. Data depicted are median values with IQR, minimum, and maximum
values. The glycemic control was stratified into three categories: good glycemic
control (HbA,_<7%, n=4), suboptimal glycemic control (HbA,_ 7%-9%, n=5), and
poor glycemic control (HbA, 29%, n=31).

Abbreviations: PMA, platelet-monocyte aggregate; IKLAS, invasive Klebsiella
pneumoniae liver abscess syndrome; MFl, median fluorescence intensity.

Figure 5 PMAs in aspirin and non-aspirin using diabetic patients with community-
acquired KP bacteremia.

Notes: PMAs is depicted as the MFI of the platelet marker CD61 on CD |4-positive
cells. Data depicted are median values with IQR, minimum, and maximum values.
Abbreviations: PMA, platelet-monocyte aggregate; KP, Klebsiella pneumonia; MFI,
median fluorescence intensity.

Discussion

The inflammatory response during sepsis involves both
platelet and endothelial cell activation. Bacteria can either
support platelet adhesion or induce platelet aggregation.'®
P-selectin is a glycoprotein stored in Weibel-Palade bodies
of endothelial cells or a-granules of platelets. Upon stimu-
lation, the expression of P-selectin increases. The surface
P-selectin can be downregulated by internalization and
degradation or by shedding soluble P-selectin in plasma.
The activation of platelets leads to the formation of platelet-
leukocyte aggregates, which is both platelet and endothelial
cell P-selectin dependent.!” de Stoppelaar et al'® reported that
P-selectin-deficient mice infected with KP via the airways
to induce sepsis displayed 10—1,000-fold higher bacterial
burdens in the lungs, blood, and distant organs, and P-selectin
deficiency was associated with decreased platelet-monocyte
complexes and increased cytokine release, which suggests
that P-selectin is involved in the host defense against sepsis
caused by KP, with protective roles for both platelet and endo-
thelial cell P-selectins.'® In this current study, we found that
DM patients in the IKLAS group had a significantly higher
PMA and platelet P-selectin expression and higher plasma
PF-4 concentration than those in the non-IKLAS group and
controls. The IKLAS group had a higher platelet reactivity
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than the non-IKLAS group. These differences were observed
despite comparable plasma C-reactive protein concentrations,
suggesting that inflammation is not a major driving force in
KP-induced platelet activation.

Regional venous thrombophlebitis is a complication of
various local infectious diseases that can spread throughout
the body. In sepsis, microthrombi form in the blood capillar-
ies.!” Hepatic venous thrombophlebitis frequently occurs in
patients with liver abscesses and appears as non-enhancing
linear structures or gas without expanding the lumen on
contrast-enhanced CT.? The hepatic venous thrombophlebitis
may facilitate the seeding of microorganisms into the blood
circulation, which might result in hematogenous metastatic
infection in patients with liver abscess caused by KP.*!
Evidence suggests that DM patients have a higher platelet
reactivity and baseline activation than healthy controls.”
Furthermore, a close relationship between poor glycemic
control and increased platelet activity in these DM patients
was noted.?? We found that DM patients with a poor glyce-
mic control have higher rates of developing hepatic venous
thrombophlebitis and invasive syndrome (Tables 1 and 2).
In agreement with the previous report,* hepatic venous
thrombosis is considered as an important sign of metastatic
infection in DM patients. Wang et al** reported that hepatic
venous thrombophlebitis was associated with 72.7% of meta-
static infections. They also revealed that poorly controlled
diabetes was associated with liver abscess caused by KP.>*
In this study, we postulated that the KP might activate the
platelet activity especially in DM patients with poor glycemic
control and form a septic thrombosis, which can lead to seed-
ing of microorganisms with metastatic infection.

With regard to aspirin therapy on platelet reactivity, lower
soluble P-selectin levels were found in patients with stable
coronary disease after a percutaneous coronary intervention
under aspirin therapy.? In addition, 1 week of low-dose aspi-
rin therapy could attenuate platelet activation in HIV-infected
adults.”® Furthermore, a well-conducted, retrospective study
from the Mayo Clinic has shown significantly reduced rates
of embolism in patients with infective endocarditis who had
been taking aspirin prior to the diagnosis.”” These findings
were also supported by a prospective investigation showing a
significant reduction in the frequency of S. aureus bacteremia
in patients with indwelling hemodialysis catheters who had
been taking long-term aspirin.?® The capsular polysaccharide
surrounding the KP bacteria enables the bacteria to evade
phagocytosis. We found that the reduction in capsular poly-
saccharide by salicylates, the major metabolite of aspirin,
may therefore attenuate the pathogenicity of KP stains.? In

this study, several patients used aspirin that inhibits platelet
activation via the COX-1 pathway,*® leading to decreased
platelet reactivity, which may contribute to lower the patients’
risk for developing IKLAS.

Our study had several limitations. Peripheral blood
samples were collected randomly from 80 participants
after KP bacteremia. Differences among these selected par-
ticipants in this approach to blood test may have resulted in
ascertainment bias. The case number of the patients in each
group remained small, and the hemostatic assays were only
performed once in patients with positive blood cultures. KP
isolated from patients in the non-IKLAS group was likely to
be rapidly killed by antibiotics, despite the similar time inter-
vals between hemostatic testing and performance of blood
cultures or antibiotic treatment initiation among patients in
the IKLAS and non-IKLAS groups. Still, increased platelet
activation was observed among patients in the IKLAS group
related to persistent bacteremia could not to be excluded
in this current study. Finally, any potential contribution of
other medications except aspirin taken by the patients might
influence the platelet activity in the IKLAS group cannot be
excluded in this study.

Conclusion

KP bacteremia complicated with IKLAS is associated with
marked platelet activation, which may contribute to the
occurrence of vascular complications seen in these infections.
Given the role of platelets in immunity and host defense,
further studies are needed to investigate the potential role of
platelet inhibition in preventing the development of IKLAS
in diabetic patients with KP bacteremia.
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