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Abstract Background: Atherosclerosis and vascular inflammatory response have been consid-
ered as risk factors for non-typhoidal Salmonella (NTS) vascular infection. The study aims to
assess the risk of vascular infection by measuring atherosclerosis severity, NTS vascular infec-
tion (NTSVI) score, and serum levels of inflammatory markers in people with NTS bacteremia.
Methods: A prospective observational study was conducted in two medical centers and two
regional hospitals. Adults aged �50 years with NTS bacteremia who underwent computed to-
mography (CT) scan for revealing vascular infections were enrolled. The degree of atheroscle-
rosis was scaled by a calcium score determined by a CT scan. Serum concentrations of
inflammatory biomarkers were determined in the patients enrolled in a medical center.
Results: Fourteen (20.3%) of 69 patients with NTS bacteremia had vascular infections. Calcium
scores over the thoracic (12,540 vs. 3,261, P Z 0.0005) and abdominal (9755 vs. 3,461,
P Z 0.0006) aorta of those with vascular infections were higher than those without vascular
infection. All vascular infections were present in the high-risk group (NTSVI score �1), yielding
a sensitivity of 100% and specificity of 30.9%. Among 17 low-risk patients (NTSVI score <1),
none had vascular infections, resulting in a negative predictive value of 100%. Higher plasma
concentrations of IL-1b were detected in the cases of vascular infection than those in the con-
trol group (23.6 vs. 1.06 pg/mL, P Z 0.001).
Conclusion: Atherosclerosis of the aorta which is associated with a positive NTSVI score can
predict the occurrence of vascular infections and serum IL-1b could be a biomarker for vascular
infection in patients with NTS bacteremia.
Copyright ª 2021, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
Introduction

Non-typhoidal Salmonella (NTS) can cause vascular in-
fections, or previously named mycotic aneurysm, and often
be accompanied by high morbidity and mortality even
managed by combined medical therapy and surgical inter-
vention.1 Mycotic aneurysm was reported to develop in 9%e
40.6% of patients aged �50 years with NTS bacteremia.2e4

Though the mechanism that Salmonella species infect
vascular endothelium remains unclear, clinical evidence
indicates that NTS leads to endothelial infection in the
presence of atherosclerosis.5 A scenario has been proposed
that transient bacteremia from a gastrointestinal source
results in bacterial seeding in damaged atherosclerotic in-
tima or overlying thrombus at the aorta or its branch, and
consequent vascular infection.6

Aortic calcification, an index of atherosclerosis, is a
predictor for cardiovascular mortality, independent of
other traditional risk factors.7 Although atherosclerosis is
correlated with NTS vascular infection, supporting evidence
from clinical studies are lacking. In the present study, we
utilized computed tomography (CT), which is a useful tool
for quantifying aortic calcification by aorta calcium scan-
ning,8 and evaluated the association between the degree of
atherosclerosis and risk of vascular infection in the pres-
ence of NTS infection.

There are no clinical findings or laboratory tests that are
specific for the diagnosis of vascular infection.9 Several
approaches are developed in the field of identification of
possible markers for abdominal aortic aneurysm (AAA),
which are mainly based on the pathological features of
medial destruction of the vascular wall, elastin fragmen-
tation,10 accumulation of macrophages and lymphocytes,11

and higher concentrations of proteolytic enzymes and
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cytokines. These inflammatory changes are associated with
excessive production of IL-1b,12 IL-6,13 metalloproteinases
(MMPs),14 and proteases.15 MMP-2 and MMP-9, majorly
produced by cells of mesenchymal lineage and macro-
phages, respectively,14 are required to produce abdominal
aortic aneurysms.14,16 Cathepsin S, a potent mammalian
elastase, is associated with the occurrence of abdominal
aortic aneurysms.15,17 However, their association with
infected aneurysms has not been elucidated.

The NTS vascular infection (NTSVI) score was proposed to
evaluate the risk of NTS vascular infection based on a retro-
spective study,1 which included four variables associated with
vascular infections, i.e., male sex, hypertension, coronary
arterial disease (CAD), and serogroup C1 infections.1 Among
the risk factors included in the scoring, hypertension and CAD
are linked to atherosclerosis.18,19 Adults with an NTSVI score
>1 were at high risk of NTS vascular infection and should
undergo a CT scan. In the present study, we conducted a
prospective, multicenter study that enrolled patients with
NTS bacteremia who underwent a CT scan to identify infection
focus to validate the NTSVI score. In addition, the calcium
score of the aorta on the CT scan as an indicator of aortic
atherosclerosis was investigated. The serum samples were
collected when NTS bacteremia was confirmed. The rela-
tionship between vascular infection and plasma concentra-
tions of potential biomarkers, including IL-6, IL-1b, MMP-2,
MMP-9, and cathepsin S was assessed.

Patients and methods

Study population

The prospective study was conducted in two medical cen-
ters and two regional hospitals in southern Taiwan and
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ethically approved by the institutional review boards of the
two medical centers (IRB approval numbers: A-ER-101-160
and 10,205e019). All the study methods were performed
following the relevant guidelines and regulations. Patients
aged �50 years with at least one blood sample positive for
NTS identified by the clinical microbiology laboratories from
1 March 2013 and 31 August 2016 were included. Informed
consents were obtained from all the participants. Their
medical records were reviewed regarding demographic
data, underlying diseases, clinical manifestations, and out-
comes. For patients with recurrent NTS bacteremia, only
the first episode was included as the indicated infection.

CT scan and calcium score measurement

CT scans of either thoracic or abdominal aorta or both were
decided by the attending doctors within one month after the
onset of NTS bacteremia. Patients were scanned by the
SOMATOM Definition Flash scanner (Simens Healthcare, For-
chheim, Germany). For calcium scanning, unenhanced CT
was performed with CARE DOSE4D switch for reducing radi-
ation dose in different conditions: 120 kV with effective
260 mAs; 0.5s rotation time; pitch 0.6; and 128-mm x 0.6-
mm slice collimation for abdominal aorta; 120 kV, quality
reference 100 mAs; 0.28s rotation time; pitch 2.0; and 128-
mm x 0.6-mm slice collimation for the thoracic and
abdominal aorta. Aorta calcium scoring was performed on
reconstructed images by an imaging cardiologist who was
masked to the patient’s medical records. The total calcium
score of the aorta was measured by the modified Agatston
Score using a non-ECG-gated chest or abdomen CT20,21 and
calculated by commercially available calcium scoring soft-
ware (Aquarius iNtuition software Version 4.4.7, TeraRecon,
Inc, San. Mateo, CA, USA). In brief, the modified Agatston
Score was calculated by taking the area of connected pixels
in an area identified as a ‘lesion’ that were all above a
certain threshold and multiplying this area by a scalar which
was related to the peak CT number in the lesion in question.
A modification of the Agatston Score was applied with a
threshold of 130 HU, and the scalar given to the highest
attenuation value for each lesion were as followed: 1 Z less
than 200 HU, 2 Z 200 to 299 HU, 3 Z 300 to 399 HU, and
4 Z 400 or more HU. The calculation of the scalar is applied
slice-by-slice, and the sum of all these slice-based calcula-
tions is taken to generate the total score for a 3D lesion.

NTSVI score

To assess the risk of vascular infection in patients with NTS
bacteremia, the presence of any of four risk factors (male
sex, hypertension, coronary arterial disease, and serogroup
C1 infection) was each assigned as þ1 point; malignancy
and immunosuppressive therapy �1 point, and the sum was
the NTVSI score.1 Based on our published data,1 we
assumed the incidence of vascular infection of 45% in the
high-risk group (i.e., NTSVI score >1) and 6% in the low-risk
group (NTSVI score �1). A sample size of 13 patients in the
low-risk group and 36 in the high-risk group at the ration of
1:2.6 would provide 80% power to detect a significant dif-
ference of vascular infections between two groups at an
alpha level of 0.05.
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Definitions of underlying diseases

The infection foci of bacteremia were determined clinically
by the presence of localized active infectious or inflam-
matory lesions coincident with NTS bacteremia, or the
isolation of an identical organism from clinical specimens
other than blood and feces. Otherwise, those were regar-
ded as having primary bacteremia.

Measurement of plasma concentrations of IL-6, IL-
1b, MMP, and cathepsin S

Blood was obtained from venipuncture or central catheter
line in the cases of NTS bacteremia and collected in EDTA
tubes, and plasma was stored at �80 �C until use. The
plasma levels of IL-6, IL-1b, MMP-2, MMP-9 (Invitrogen,
Camarillo, California), and cathepsin S (Thermo Fisher
Scientific, MA, USA), were determined by commercially
available ELISA kits, according to the manufacturers’
instructions.

Statistical analysis

Data analyses were conducted by the Statistical Package
for the Social Science for Windows (SPSSWIN; SPSS, Chi-
cago, IL, USA), Version 17.0. Continuous variables were
expressed as means � standard deviations (SDs) and were
compared by the Student’s t or ManneWhitney tests. Cat-
egorical variables, expressed as numbers and percentages,
were compared by the chi-squared test or Fisher’s exact
test. In addition, we tested the doseegradient relationship
between the calculated scores and the observed rates of
vascular infections based on the Cochran-Armitage trending
statistic test.

Results

Clinical characteristics of patients with NTS
bacteremia

During the study period, 76 adults (�50 years) with NTS
bacteremia were eligible for the study. Among them,
seven without CT scans were excluded, and thus a total
of 69 patients were included for further analysis. The
serogroups among 69 NTS isolates included group B (15,
21.7%), C1 (2, 2.9%), C2 (3, 4.3%), D (48, 69.6%) and un-
defined (1, 1.4%).

The mean age of 69 enrolled patients was 69.5 years with
a male preponderance (50, 72.5%) (Table 1). Most patients
had at least one underlying medical illness, including hy-
pertension (50, 72.5%), dyslipidemia (25, 36.2%), coronary
arterial disease (14, 20.3%), cerebrovascular disease (6,
8.7%), congestive heart failure (5, 7.2%), and peripheral
arterial occlusive disease (1, 1.4%). Thirty (43.5%) had dia-
betes mellitus, 34 (49.3%) kidney disease, 20 (29.0%) malig-
nancy, 9 (13.0) chronic lung disease, 6 (8.7%) cirrhosis, 5
(7.2%) HIV infection, and 1 (1.4%) connective tissue disease.
Nineteen (27.5%) received immunosuppressive therapy,
including prednisolone (9, 13%), chemotherapy (7, 10.1%),
and immunomodulating agents for autoimmune diseases or



Table 1 Clinical characteristic of 69 adults aged �50
years with non-typhoidal Salmonella (NTS) bacteremia.

Characteristics Case, n (%)

Age, years (mean � standard deviation) 69.5 � 11.1
Gender, male 50 (72.5)
Serogroups of NTS isolates
B 15 (21.7)
C1 2 (2.9)
C2 3 (4.3)
D 48 (69.6)
Unidentified 1 (1.4)

Infection sites
Primary bacteremia 48 (69.6)
Vascular infection 14 (20.3)
Intra-abdominal infection 2 (2.9)
Skin and soft tissue infection 2 (2.9)
Septic arthritis 2 (2.9)
Osteomyelitis 1 (1.4)
Pneumonia 1 (1.4)
Pericardial abscess 1 (1.4)

Underlying diseases
Hypertension 50 (72.5)
Kidney disease 34 (49.3)
Diabetes mellitus 30 (43.5)
Dyslipidemia 25 (36.2)
Malignancy 21 (30.4)
Immunosuppressive therapy 19 (27.5)
Coronary arterial disease 13 (18.8)
Chronic lung disease 9 (13.0)
Cerebral vascular disease 6 (8.7)
Liver cirrhosis 6 (8.7)
HIV infection 5 (7.2)
Congestive heart failure 5 (7.2)
Peripheral arterial occlusive disease 1 (1.4)
Connective tissue disease 1 (1.4)

In-hospital mortality 5 (7.2)
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solid-organ transplant (3, 4.3%). The in-hospital mortality
rate was 7.2% (5 patients).

Overall, 14 (20.3%) patients had vascular infection and
the in-hospital mortality rate was 15.4% (2 of 13). Of the 14
patients with vascular infections, ten were infection over
abdominal aorta, two with the involvement of thoracic
aorta, one with infective endocarditis, and one with
extension from thoracic to the abdominal aorta. Three
patients underwent vascular surgery and one of them died.
Other infection sites included skin and soft tissue infection
(2, 2.9%), septic arthritis (2, 2.9%), osteomyelitis (1, 1.4%),
intra-abdominal infection (2, 2.9%), pericardial abscess (1,
1.4%), and pneumonia (1, 1.4%). Fourty-eight (69.6%) pa-
tients without identified focus were regarded as having
primary bacteremia.
Association between calcium scores of aorta and
risk of NTS vascular infections

Among the 69 participants with NTS bacteremia, 37 received
thoracic and abdominal scans to survey the presence of
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vascular infection, the other 9 with thoracic scan only, and
the remaining 23 with only abdominal scan. Calcium scores
of the thoracic and abdominal aorta were measured in 46
and 60 patients, respectively. The patients with vascular
infection had higher calcium scores, indicating the severity
of atherosclerosis, over thoracic aorta (12,540 vs. 3,261,
P Z 0.0005) and abdominal aorta (9755 vs. 3,461,
P Z 0.0006), when compared with their counterparts
without vascular infection (Fig. 1). Patients with an NTSVI
score �2 had higher calcium scores over thoracic aorta (8862
vs. 2,878, P Z 0.012) and abdominal aorta (7310 vs. 3,386,
P Z 0.014) than those with an NTSVI score <2.

NTSVI score and vascular infection

NTSVI scores and the corresponding prevalence of vascular
infection were summarized in Fig. 2. None of 17 patients
with an NTSVI score of �1 and 0 had vascular infection. The
corresponding figures for those with a score of 1, 2, or 3
were 13.8% (4 of 29), 38.9% (7 of 18), and 60.0% (3 of 5). No
patients had a score of 4 in the present study. The Cochran-
Armitage trending test demonstrated that the prevalence
of vascular infection increased with the NTSVI score
(P Z 0.001). The risks of vascular infection in the corre-
sponding NTSVI scores in the present study as well as our
previous research were shown in Fig. 2. The risk of patients
in the current cohort with an NTSVI score of 1, 2, or 3 was
comparable to that observed in our previous study (10.6%,
39.4%, and 55.2%).1

We validated the NTSVI score during the period with a
low prevalence of serogroup C1 NTS infection. A score <1
was found in 17 (24.6%) of 69 patients (Table 2), and none
had vascular infection on CT scans, resulting in a negative
predictive value of 100%. All 14 patients with vascular
infection had an NTSVI score �1, yielding a sensitivity of
100% and specificity of 30.9%. Among 23 patients with a
higher score (�2), 43.5%10 had vascular infection and 91.3%
(i.e., negative predictive value) of those with score <2 did
not have such a complication. The sensitivity and specificity
of vascular infection with the criterion of an NTSVI score �2
was 71.4% and 76.4%, respectively.

Plasma concentrations of inflammation markers

A total of 45 stored plasma samples were available for test
and analysis. Plasma concentrations of IL-1b, IL-6, MMP-2,
MMP-9, and cathepsin S were determined in 10 patients with
vascular infection and 35 without vascular infection (the
controls). Higher plasma concentrations of IL-1b were detec-
ted in patients with vascular infection than the controls (23.6
vs. 1.06 pg/mL, PZ 0.001). In contrast, circulating IL-6, MMP-
2, MMP-9, and cathepsin S levels were not associated with the
vascular infection in adults with NTS bacteremia (Fig. 3).

Discussion

Our clinical and image data support NTS vascular infection
is associated with atherosclerosis of the aorta. An increase
of serum IL-1b level, a pro-inflammatory marker, is asso-
ciated with NTS vascular infection. An increase of the NTSVI
score which is associated with atherosclerosis can help to



Figure 1. Comparison of calcium scores of the aorta measured by computed tomography scan between adults with non-typhoidal
Salmonella bacteremia with and without vascular infection. (A) Calcium scores of the thoracic aorta in those with (n Z 11) and
without (n Z 35) vascular infection and control. (B) Calcium scores of the abdominal aorta in those with (n Z 13) and without
(n Z 47) vascular infection and control.

Figure 2. The proportions of vascular infection among adults aged at least 50 years with non-typhoidal Salmonella (NTS)
bacteremia with different NTSVI scores in the present and previous study [1]. * “0” indicated no case in the score �2 and 4 rather
than 0% of vascular infection.

Table 2 Sensitivity, specificity, and predictive values of the NTSVI score in prediction of vascular infection in adults with non-
typhoidal Salmonella bacteremia.

NTSVI score Vascular infection Sensitivity (%) Specificity (%) Positive predictive value (%) Negative predictive value (%)

Yes, n Z 13 No, n Z 56

<2 4 42 71.4 76.4 43.5 91.3
�2 9 14
<1 0 17 100 30.9 26.9 100
�1 14 38

NTSVI Z non-typhoidal Salmonella vascular infection.
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predict the occurrence of NTS vascular infection. We vali-
dated the clinical utility of the NTSVI score, which can es-
timate the risk of vascular infection for adults aged �50
years with NTS bacteremia.
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Current evidence suggests aortic atherosclerosis is a
predisposing factor for NTS vascular superimposed in-
fections,5,22 and calcification is common in vascular
atherosclerotic lesions.23 Aortic calcification in plain



Figure 3. Comparisons of plasma concentrations of five biomarkers, including IL-1b (A), IL-6 (B), MMP -2 (C), MMP-9 (D), and
cathepsin S (E), between 10 adults with vascular infection and 35 without vascular infection.
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radiographs24,25 and spiral CT8 indicated an increased risk
of cardiovascular and cerebrovascular events. To our
knowledge, the linkage of vascular calcification and NTS
infection was rarely mentioned. In the TTP-NTSVI score,
male sex, peripheral arterial occlusive disease (PAOD),
CAD, and time to positivity (TTP) were independent pre-
dictors for VI.26 Aortic artery calcium was shown to be
associated with PAOD according to the Multi-Ethnic Study
of Atherosclerosis study.7 Our results showed NTS vascular
infection was associated with a high calcium score of the
aorta, indicative of severe atherosclerosis. In addition,
the severity of atherosclerosis is significantly higher in
patients with an NTSVI score �2, i.e., at extremely high
risk of vascular infection.

Another finding that a significant difference in plasma
levels of IL-1b was observed between those with and
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without infected aneurysm is of clinical significance. In mice
models, blockade of IL-1b suppresses abdominal aortic
aneurysm formation,27,28 suggesting that inhibition of IL-1b
may be a therapeutic strategy in high-risk patients. Salmo-
nella infection is recognized by the innate immune system
via Toll-like receptors (TLRs) and other pattern-recognition
receptors (PRRs) alike, leading to the activation of nuclear
factor-kB (NF-kB) that induces the transcription of pro-IL-
1b. Inflammasomes are assembled in the macrophage
cytosol upon sensing extracellular and intracellular Salmo-
nella pathogen-associated molecular patterns (PAMPs), and
serve as platforms for the activation of the caspase-1 pro-
tease, which in turns triggers the maturation and secretion
of the IL-1b and IL-18, and initiates pyroptosis of macro-
phages. IL-1b plays a pivotal role in controlling Salmonella
infection by recruiting neutrophils.29 The nucleotide-binding
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oligomerization domain-like receptor family pyrin domain
containing 3 (NLRP3) inflammasome was suggested to be a
key driver of the development and progression of athero-
sclerosis.30 Our results support the hypothesis that Salmo-
nella vascular infection induces the release of IL-1b into
systemic circulation through local macrophage activation
and produces a significantly higher level of serum IL-1b than
those without vascular infections. Elevated serum IL-1b
level is a potential biomarker of NTS vascular infection, but
its clinical use needs more supporting evidence.

Insignificant changes of other circulating biomarkers
between the groups of vascular infection and control can be
partially explained by the fact that the expression of MMP31

or IL-632 increased in the presence of Gram-negative bac-
teria sepsis. MMP or cathepsin S, a component of the
extracellular matrix, has been associated with tumor
metastasis,33 which is a common underlying disease in our
study patients.

Our results showed that the NTSVI score was associated
with both NTS vascular infection and atherosclerotic degree
of the aorta. Patients with NTS bacteremia could be
dichotomized by the NTSVI score into high-risk (NTSVI score
�1) and low-risk (NTSVI score <1) groups of vascular
infection. The negative predictive value and sensitivity of
the NTSVI score were both 100%. With the aging of the
general population and the increasing prevalence of
atherosclerosis, the population susceptible to NTS vascular
infections is expanding. Because the mortality rate related
to delayed diagnosis of NTS vascular infection is high, a
comprehensive CT scan is recommended for adults at high
risk of NTS vascular infection, i.e., adults aged �50 years
with an NTSVI score �1 or persons with severe atheroscle-
rosis, to facilitate early interventions of vascular infections
and avoid unfavorable outcomes.

In the study, there was a rarity of patients scored with
point of serogroup C1 NTS infection. Serogroup C1 NTS
infection has been one of the important risk factors asso-
ciated with vascular infection in the NTSVI score when S.
Choleraesuis (serogroup C1) was prevalent in the community
in Taiwan. In our previous study, serogroup C1 NTS infection
contributed to 18.2% of the cases with NTS bacteremia, in
contrast to only 6.9% in the current series. The trend of
incidence for serogroup C1 NTS infection is decreased34,35

after the government took several actions to improve the
quality of pig husbandry.34 Despite the decline of prevalent
serogroup C1 NTS infection in Taiwan, the predictive power
of NTSVI score for vascular infections caused predominantly
by serogroups B (esp. S. Typhimurium) and D (esp. S.
Enteritidis), the main causative NTS serogroups in both
Taiwan and the world,35,36 remained constant.

Owing to the rarity of mycotic aneurysms, the number of
patients was relatively small, which is a major limitation in
this study. A multi-center study that enrolls more partici-
pants to validate the utility of NTSVI score in diagnosing
NTSVI is warranted in the future.

Conclusion

An aggressive CT study to screen the presence of vascular
infection is necessary for elderly people with NTS bacter-
emia, especially those with risk factors associated with
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atherosclerosis. Clinical NTSVI score is easy to use and can
predict the risk of vascular infections, which are associated
with aortic calcium scores. In addition, serum IL-1b is a
potential biomarker in predicting vascular infection but
needs further research.
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