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Objectives: To derive and validate a predictive algorithm integrating
a nomogram-based prediction of the pretest probability of infection
with a panel of serum biomarkers, which could robustly differenti-
ate sepsis/septic shock from noninfectious systemic inflammatory
response syndrome.
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Design: Multicenter prospective study.

Setting: At emergency department admission in five University
hospitals.

Patients: Nine-hundred forty-seven adults in inception cohort and
185 adults in validation cohort.

Interventions: None.

Measurements and Main Results: A nomogram, including age,
Sequential Organ Failure Assessment score, recent antimicro-
bial therapy, hyperthermia, leukocytosis, and high C-reactive
protein values, was built in order to take data from 716 infected
patients and 120 patients with noninfectious systemic inflamma-
tory response syndrome to predict pretest probability of infection.
Then, the best combination of procalcitonin, soluble phospholi-
pase A, group llA, presepsin, soluble interleukin-2 receptor a,
and soluble triggering receptor expressed on myeloid cell-1 was
applied in order to categorize patients as “likely” or “unlikely” to
be infected. The predictive algorithm required only procalcitonin
backed up with soluble phospholipase A, group IIA determined in
29% of the patients to rule out sepsis/septic shock with a nega-
tive predictive value of 93%. In a validation cohort of 1568 patients,
predictive algorithm reached 100% of negative predictive value
requiring biomarker measurements in 18% of the population.
Conclusions: We have developed and validated a high-performing,
reproducible, and parsimonious algorithm to assist emergency
department physicians in distinguishing sepsis/septic shock from
noninfectious systemic inflammatory response syndrome.

Key Words: biomarkers; emergency department; phospholipase
A, group lIA; procalcitonin; sepsis; systemic inflammatory
response syndrome
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ne of five patients with suspected sepsis at admission
O to emergency department (ED) may not be infected

(1). In Italy, the decision to start antibacterial therapy
is generally based on fever, leukocytosis, and increased C-reac-
tive protein values combined with clinical signs of infection.
This “Usual” approach is not specific and only partially repro-
ducible (2). Even when clinicians reach a definitive diagnosis of
sepsis, more than 40% of these cases are culture negative (3). It
is no surprise that, in patients with suspected sepsis and culture
negative status, the lack of a gold standard leads to a variable
percentage uncertain diagnosis with low interobserver agree-
ment, even after careful workup (1, 4). This hinders early appli-
cation of therapeutic bundles in sepsis/septic shock, whereas in
noninfected patients, it prevents prompt start-up of specific and
equally life-saving therapies. Over the last decade, there has been
great interest in procalcitonin to assist clinicians in their diagno-
sis of infection. However, procalcitonin alone does not have an
optimal level of performance for ruling out sepsis/septic shock
(5). Given the complexity of immune response to infection,
more recent research has increasingly focused on a combination
of biomarkers (6-8); however, only one study, conducted in two
ICUs, validated the combination identified as highly predictive
of infection in an external cohort (8). In ED setting, there are no
studies about a combination of biomarkers for early diagnosis
of sepsis based on the same rigorous approach. Therefore, the
objectives of this study were as follows:

1) to derive and validate a nomogram to stratify the pretest
probability of infection and

2) to derive and validate the accuracy of a panel of biomarkers
to rule out sepsis/septic shock on the basis of nomogram
prediction strata at ED admission.

METHODS

Setting and Participants

Patients were enrolled at ED admission in five Italian Uni-
versity hospitals. The centers of Novara, Rome, and Trieste
recruited, from March 15, 2013, to March 15, 2015, consecu-
tive adults who fulfilled two or more criteria of community-
acquired systemic inflammatory response syndrome (SIRS).
These patients constituted the inception cohort. The centers
of Brescia and Turin enrolled patients using the same criteria
and in the same period to constitute the validation cohort. The
study was approved by each local institutional review board.
Complete inclusion and exclusion criteria are listed in the
supplementary data (Supplemental Digital Content 1, http://
links.lww.com/CCM/D587)

Data Collection, Adjudication, and Follow-Up

Clinical data were registered prospectively without interfering
with usual clinical practice. At discharge or in the case of hospi-
tal death, the attending physician established a preliminary diag-
nosis that was recorded using a predefined classification system
(PDCS). The PDCS was based on guidelines compiled by the main
authorities in the field of infection and was approved, before the

start of enrollment, after discussions among the principal investi-
gators. The preliminary diagnosis categorized patients as infected
SIRS or noninfected SIRS (ni-SIRS). The latter group was defined
as SIRS associated with a noninfective diagnosis, whereas the for-
mer was defined as SIRS associated with an underlying infective
diagnosis. An independent physician retrospectively evaluated all
available records from clinical workup prescribed by the attend-
ing physician and established the diagnosis according to the same
explicit criteria (PDCS): the main objective of the use of identi-
cal predefined explicit criteria was to limit interobserver vari-
ability in infection diagnosis. When the attending physician and
independent physician were in agreement, a definitive diagnosis
was reached as mentioned above. In cases of disagreement, the
patients were considered debatable SIRS (d-SIRS). d-SIRS include
unclear SIRS cases that could not be robustly characterized as
infected. Patients with definitive diagnosis of infection were fur-
ther subdivided in clinically documented infections (c-infections)
and microbiologically documented infections (m-infections).
c-infections comprised SIRS cases with a clinical history and
course suggestive of infection without supporting gram stain
or cultures. c-infections in whom blood cultures were drawn
and resulted negative were defined culture-negative infections.
m-infections included SIRS cases with microbiological confirma-
tion of infection. m-infections were further subdivided into bac-
terial and nonbacterial infections depending on the type of germ
cultured in sterile biological fluids or identified by ancillary diag-
nostic examinations. Uncomplicated infection was a SIRS with a
definite infective etiology and absence of organ dysfunction. Sep-
sis was defined as infection associated with signs of hypoperfusion
or organ dysfunction. Septic shock was sepsis plus one or both of
the following conditions: mean systemic arterial pressure less than
60mm Hg (or < 80 mm Hg compared with usual pressure rates)
despite adequate fluid resuscitation strategy and need for dopa-
mine, norepinephrine, or epinephrine despite the administration
of fluids required to maintain mean arterial pressure greater than
60mm Hg (or > 80mm Hg in hypertensive patients).

Further details about PDCS, data collection, adjudication,
and follow-up are provided in the specific section of the sup-
plementary data (Supplemental Digital Content 1, http://links.
lww.com/CCM/D587).

Biomarker Analysis

A preliminary pilot study (9) and a thorough literature review
(10) guided the selection of biomarker analysis in this study.
The final list of biomarkers determined in frozen serum sam-
ples included procalcitonin, soluble phospholipase A, group
ITA (sPLA GIIA), presepsin, soluble interleukin-2 receptor o
(sCD25), and soluble triggering receptor expressed on myeloid
cell (sTREM-1). Details about biomarker analysis are reported
in the supplementary data (Supplemental Digital Content 1,
http://links.lww.com/CCM/D587).

Sample Size

Using data from previously published studies (9-11), we pro-
posed a sample size of at least 845 patients in the inception
cohort. These patients were enrolled to construct a predictive
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TABLE 1. Inception Cohort: Clinical Characteristics of the Patients With Definitive
Diagnosis at Emergency Department Admission

Noninfectious Systemic

Infections, Inflammatory Response
Characteristics n=716 (%) Syndrome, n = 120 (%)
Male, n (%) 375 (52) 61(51) 0.768
Median age (IQR) 81 (73-87) 72 (569-83) 0.000
Median Charlson Index (IQR) 3(1-4) 2 (1-4) 0.008
Median Sequential Organ Failure Assessment score (IOR) 3(1-4) 2 (1-3) 0.000
Antibacterial therapy within 30 d, n (%) 295 (31) 17 (14) 0.000
Clinical variables, n (%)
Body temperature
>38°C 348 (49) 20 (17) 0.000
<36°C 33(5) 4(3) 0.639
WBC count
> 12,000/mm?3 401 (56) 48 (40) 0.001
< 4,000/mm? 27 (4) 4(3) 1.000
Respiratory rate > 20/min or Pco, < 32mm Hg 539 (75) 94 (78) 0.565
Heart rate > 90/min 527 (74) 105 (87) 0.001
C-reactive protein > 21.75mg/dL 609 (85) 45 (37) 0.000
Median biomarker (IOR)?
Procalcitonin (ng/mL) 0.525 (0.200-3.617) 0.127 (0.077-0.2170) 0.000
Soluble interleukin-2 receptor a (pg/mL) 14,189 (8,949-23,109) 9,079 (5,340-16,613) 0.000
Soluble triggering receptor expressed on 399.5 (270.2-649.5) 2839 (215.1-499.1) 0.000
myeloid cell-1 (pg/mL)
Soluble phospholipase A, group IIA (ng/mL) 31.60 (25.88-35.85) 11 (4.15-25.62) 0.000
Presepsin (pg/mL) 500.5 (313-970.5) 308 (194.5-529.5) 0.000
Severity of infection, n (%)
Uncomplicated infection 134 (19) - -
Sepsis 533 (74) — —
Septic shock 49 (7) - -
Mortality® 133 (19) 9(7) 0.002

IQR = interquartile range.

*Procalcitonin was not available for nine patients; soluble interleukin-2 receptor o, soluble phospholipase A, group IIA, and presepsin were not available for five patients.
®Mortality at 30 d was not available for 45 patients.

Dashes indicate data not applicable.

algorithm, combining a nomogram-based prediction of
the pretest probability of infection with the above biomark-
ers, which was then validated in an independent multicenter
prospective cohort of at least 100 patients (see Sample Size
paragraph of the supplementary data, Supplemental Digital
Content 1, http://links.lww.com/CCM/D587).

Statistical Analysis
To construct the nomogram in the inception cohort, we first
built a multivariable clinical logistic regression model (MCLRM)

by identifying the most powerful subset of independent clinical
predictors of infection diagnosis at the end of clinical workup.
MCLRM provided the equation used to generate the nomogram.
In agreement with the nomogram output, patients were catego-
rized in three groups with less than 50%, 50-80%, and greater
than 80% estimated probability of infection, respectively. Sec-
ond, to evaluate the nomogram and biomarker diagnostic per-
formance, receiver operating characteristic (ROC) curves were
constructed and areas under receiver operating characteristic
curves (AUC) were estimated. Third, the best combination of
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Figure 1. Characteristics (A) and performance (B) of the nomogram to predict pretest probability of infection. AUC = area under the receiver operating
characteristic curve, CRP = C-reactive protein, SOFA = Sequential Organ Failure Assessment.

biomarkers, which resulted significantly associated with definitive
diagnosis of infection, was assessed in each of the three groups.
A Multiple Biomarker Score (MBMS) was generated attributing
1 point for each biomarker with a value above the optimal cut-
off point. Finally, the MBMS allowed us to categorize patients in
“likely” to be infected or “unlikely” to be infected in each group
(i.e., MBMS 1, MBMS 2, and MBMS 3). To determine the nega-
tive predictive value (NPV) and positive predictive value (PPV)
of the combined use of the nomogram and MBMS (i.e., predic-
tive algorithm) in diagnosis of infection in the full spectrum of
severity and in sepsis/septic shock, the definitive categorization of
the patient at the end of clinical workup was compared with the
output of MBMS in traditional 2 X 2 tables. To validate the results
obtained in the inception cohort, the predictive algorithm was
applied in an independent validation cohort. The proportion of
false positive (FP) and false negative (FN) results was compared
with those of the inception cohort by the z score test for two
population proportions. To determine the performance of the
Usual approach, the prescription of antimicrobial therapy at ED
admission was compared with definitive diagnosis of sepsis/sep-
tic shock in traditional 2 X 2 tables for all the patients enrolled in
the study. To compare the NPV and PPV of Usual approach and
predictive algorithm in diagnosing sepsis/septic shock, we used
a generalized score statistic for comparison of values. d-SIRS
patients were reclassified using the predictive algorithm both in
the inception and validation cohorts. An example of nomogram
application and other details about the statistical analysis are pro-
vided in the supplementary data (Supplemental Digital Content
1, http://links.Iww.com/CCM/D587).

RESULTS

Clinical Characteristics of Inception and Validation
Cohorts

A flow chart of enrollment and adjudication in the inception
cohort is shown in Supplementary Figure 1 (Supplemental

Digital Content 1, http://links.lww.com/CCM/D587), whereas
Supplementary Figure 2 (Supplemental Digital Content 1,
http://links.lww.com/CCM/D587) reports that of the valida-
tion cohort. The clinical characteristics of definitively diag-
nosed patients enrolled in the inception and validation cohort
are summarized in Table 1 and in Supplementary Table 1
(Supplemental Digital Content 1, http://links.Iww.com/CCM/
D587), respectively. Patients in the validation cohort were
younger than those of the inception cohort (p < 0.007), with
lower median Charlson Index and Sequential Organ Fail-
ure Assessment score (p < 0.000 and p < 0.001, respectively).
The most common source of infection, both in the inception
and validation cohorts, was the lower respiratory tract (LRT).
The etiology of m-infections is reported according to source
of infection in Supplementary Table 2 (Supplemental Digital
Content 1, http://links.lww.com/CCM/D587).

Definitive Diagnosis Prediction by the Predictive
Algorithm in the Inception Cohort

Clinical variables independently associated with definitive
diagnosis of infection are reported in Supplementary Table 3
(Supplemental Digital Content 1, http://links.lww.com/CCM/
D587). The nomogram based on their individual regression
weight is provided in Figure 1A. As shown in Figure 1B, the
AUC of the nomogram was 0.86 (95% CI, 0.82-0.90). Out of
the five biomarkers tested in group 1, only sPLA GIIA entered
the MBMS 1 with a cutoft of 11.25ng/mL. In group 2, sPLA-
,GIIA and procalcitonin entered the MBMS 2 with a cutoff of
25.39ng/mL and 0.1787 ng/mL, respectively. The distribution
of the patients with definitive diagnosis according to number
of positive biomarkers in MBMS 2 is provided in Supplemen-
tary Table 4 (Supplemental Digital Content 1, http://links.lww.
com/CCM/D587). The best cutoft value of number of positive
biomarkers for MBMS 2 was set between 0 and 1. In group 3,
none of the biomarkers, alone or in combination, improved
the nomogram classification. ROCs for MBMS 1 and MBMS 2,
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Figure 2. Inception cohort: receiver operating characteristic curves of biomarkers to diagnose infection according to its severity in group 1 and group 2.
Group 1: receiver operating characteristic curves of biomarkers in diagnose infection in the full spectrum of severity (A) and in sepsis/septic shock (B).
Group 2: receiver operating characteristic curves of biomarkers in diagnose infection in the full spectrum of severity (C) and in sepsis/septic shock (D).
MBMS 2 = Multiple Biomarker Score 2, sCD25 = soluble interleukin-2 receptor o, sPLA,GIIA= soluble phospholipase A, group IIA, sSTREM-1 = soluble

triggering receptor expressed on myeloid cell-1.

both in diagnosis of infection in the full spectrum of severity
or in diagnosis of sepsis/septic shock, are shown in Figure 2,
and their AUC in Table 2. In group 1, none of the patients with
sepsis and nine ni-SIRS were misclassified (Supplementary
Fig. 3, Supplemental Digital Content 1, http://links.lww.com/
CCM/D587); the corresponding figures for group 2 were five
and 15 patients, respectively (Supplementary Fig. 4, Supple-
mental Digital Content 1, http://links.lww.com/CCM/D587).
In group 3, sole use of the nomogram misclassified 24 patients

with ni-SIRS (Supplementary Fig. 5, Supplemental Digital
Content 1, http://links.lww.com/CCM/D587).

The NPV and PPV of the predictive algorithm for the diag-
nosis of sepsis/septic shock were 93% and 92%, respectively.

Definitive Diagnosis Prediction by the Predictive
Algorithm in the Validation Cohort

AUC for the nomogram in the validation cohort was 0.95
(95% CI, 0.92-98) (Supplementary Fig. 6, Supplemental
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TABLE 2. Inception Cohort: Areas Under Receiver Operating Characteristic Curves of the
Biomarkers to Diagnose Infection According to Its Severity in Group 1 and Group 2

Soluble
Interleukin-2

Soluble
Phospholipase

Groups and Severity

Soluble
Triggering Receptor
Expressed on

Multiple
Biomarker

of Infection Receptor a A, Group IIA Presepsin Myeloid Cell-1 Procalcitonin Score 2
Group 1
Full spectrum 0.626 0.821 0.495 0.376 0.509 NA
of severity (0.483-0.768) (0.703-0.94) (0.343-0.647) (0.213-0.54) (0.321-0.696)
Sepsis/septic 0.581 0.864 0.542 0.617 0.557 NA
shock (0.376-0.787) (0.764-0.963)  (0.294-0.79) (0.467-0.768) (0.321-0.793)
Group 2
Full spectrum 0.58 0.715 0532 0.496 0.693 0.776
of severity (0.484-0.676) (0.632-0.798) (0.436-0.628) (0.4-0.592) (0.612-0.774) (0.699-0.852)
Sepsis/septic shock 0617 0.771 0.596 0.563 o.77 0.85

(0618-0.716) (0.687-0.855)

(0.495-0.697)

(0.460-0.666) (0.688-0.852) (0.778-0.923)

NA = not applicable.

Digital Content 1, http://links.lww.com/CCM/D587). Catego-
rization of the patients using the predictive algorithm is shown
in Supplementary Figure 7 (Supplemental Digital Content 1,
http://links.lww.com/CCM/D587). The NPV and PPV of the
predictive algorithm for the diagnosis of sepsis/septic shock
were 100% and 93%, respectively.

Definitive Diagnosis Prediction by the Predictive
Algorithm in Both Cohorts

The final categorization of both inception and validation cohorts
using the predictive algorithm is shown in Figure 3. In the
whole population, five patients (0.7%) with sepsis/septic shock
were misclassified by the predictive algorithm. The propor-
tion of FN did not differ between the inception and validation
cohorts whether in diagnosis of infection in the full spectrum
of severity (z score = 0.28; p = 0.28) or in sepsis/septic shock
(z score = —1.45; p = 0.14). Furthermore, we found no statisti-
cally significant difference in the proportion of FP between the
cohorts (z score = —1.4516; p = 0.14) (Supplementary Table 5,
Supplemental Digital Content 1, http://links.lww.com/CCM/
D587). From the comparison of predictive values, predictive
algorithm resulted significantly better than the Usual approach
in ruling out sepsis/septic shock (p < 0.000); we found no statis-
tically significant dissimilarity between the predictive algorithm
and Usual approach in ruling in sepsis/septic shock (p = 0.11).

d-SIRS Versus Definitive Diagnosis

The definitive categorization of d-SIRS using the predic-
tive algorithm and comparison with patients with definitive
diagnosis are shown in Figure 3 and Supplementary Table 6
(Supplemental Digital Content 1, http://links.lww.com/CCM/
D587), respectively.

DISCUSSION
In most of the studies about sepsis, the prescription of blood
cultures and antibacterial therapy at ED admission have been

considered a signal of when sepsis is suspected by the treat-
ing physician (10-15). Our study clearly highlights the limita-
tions of this approach: blood cultures were drawn in 82% of
the patients with a definitive diagnosis of ni-SIRS, and antibi-
otic treatment was improperly administered to 52% of them.
Conversely, 4% of those with a definitive diagnosis of sepsis/
septic shock, at the end of clinical workup, did not receive anti-
bacterial therapy at ED admission despite that fact that early
treatment has been demonstrated to decrease patient mortal-
ity (16). Further significant disadvantages of the usual practice
include the fact the combined use of SIRS criteria with suspect
infection has given disappointing results in terms of sensitivity
and specificity for the diagnosis of sepsis in ED setting (17).
This approach, therefore, is neither accurate nor reproducible
as it is subject to further level of adjudication by expert opin-
ion before patients might be included in sepsis studies (18).

The predictive algorithm may contribute in settling major
concerns in usual practice to rule out of sepsis/septic shock.
On the one hand, the proposed nomogram is fully replicable,
on the other, its association with multiple biomarkers misclas-
sified only five of 700 patients (0.7%) with sepsis/septic shock.
In all of these FN cases, the source of infection was LRT, and
three of five patients were c-infections. Interestingly, median
concentrations of procalcitonin and sPLA GIIA were signifi-
cantly inferior in c-infections than in m-infections (p < 0.000
and p < 0.003, respectively) and for procalcitonin, as previ-
ously reported in other studies, in LRT infections than non-
LRT infections (p < 0.000) (19). It is not surprising that, when
the performance of predictive algorithm in ruling out sepsis/
septic shock was compared with that of the Usual approach,
based on the physician decision to prescribe antibiotics, the
NPV of the predictive algorithm resulted significantly better
than that of the Usual approach (p < 0.000).

Furthermore, the predictive algorithm would have dis-
couraged the use of antibacterial therapy in 44% of ni-SIRS
patients, classified as “unlikely” to be infected and treated at
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1161 patients assessed for eligibility

29 patients excluded:

18 declined to give consent

4 witnessed aspiration

7 serum for biomarkers drawn 24 hours after ED
admission

Nomogram
1132 patients included:
859 infections
135 ni-SIRS
138 d-SIRS

10 patients at least 1 biomarker not available

Multiple Biomarker Score*
1122 patients included

DEFINTIVE DIAGNOSIS 986
Infections 852
M-infection 367
Bacterial 339

AB not received (0;5;1)
Non bacterial 28

Received AB (4;21;0)

AB not received (1;2;0)

C-infections 485

Received AB (60;236;37)

Ni-SIRS 134
Received AB 66
AB not received 68
D-SIRS 136
Culture negative 111

BC not drawn 25
Received AB (6;8;0)

Reccived AB (26;62;0)
AB not received (3;19:1)

AB not received (4:6;1)

Culture negative 446
Received AB (68;327;27)
AB not received (4:20:0)

BC not drawn 39
Received AB (14;20;3)
AB not received (1;1;0)

UNLIKELY v

DEFINTIVE DIAGNOSIS 108
Infections 31
M-infections 7 C-infections 24
Bacterial 7 Culture negative 20
Received AB (5;2;0) Received AB (16;3;0)
AB not received (0;0;0) AB not received (1;0;0)
Non bacterial 0 BC not drawn 4
Received AB Received AB (4;0,0)
AB not received AB not received (0;0;0)
Ni-SIRS 77
Received AB 29
AB not received 48
D-SIRS 28
Culture negative 23
Received AB (5;13;0)
AB not received (0;5;0)
BC not drawn 5
Received AB (2;0;0)
AB not received (2;1;0)

DEFINTIVE DIAGNOSIS 878
Infections 821
M-infections 360 C-infections 461
Bacterial 332 Culture negative 426
Received AB (55;234;37)
AB not received (0;5;1)
Non bacterial 28
Received AB (4;21;0)
AB not received (1;2;0)
Ni-SIRS 57
Received AB 37
AB not received 20
D-SIRS 108
Culture negative 88
Received AB (21;:49:0)
AB not received (3;14;1)
BC not drawn 20
Received AB (4;8;0)
AB not received (2:5;1)

AB not received (3;20;0)
BC not drawn 35

Received AB (8;20;3)

AB not received (3,1;0)

v B

Received AB (52;324:27)

from that of infected patients
(p = 0326 and p = 0.329,
respectively). We speculate
that in these FP patients clas-
sified by the nomogram in the
groups 1 and 2 as “unlikely” to
be infected, serial biomarker
determination might induce
prompt discontinuation of
antibiotics.

To our knowledge, this is
the largest multicenter study
aimed at evaluating the role
of multiple biomarkers in the
diagnosis of infection both in
an inception cohort and in a
validation cohort. Our study
includes patients routinely
managed at ED admission but
usually excluded from clinical
trials because of age, comor-
bidities, and recent antimicro-
bial exposure. This “real-life”
context is the complex ground
that might benefit most from
the use of biomarkers, and
yet this is the context where it
is difficult to identify the role
biomarkers may play.

Furthermore, in the group
most likely to be infected (i.e.,
group 3), biomarkers do not
improve the diagnostic per-
formance of the nomogram
for ruling out infection. These
results indicate that biomark-
ers should be applied only to
selected patients with a lower
likelihood of infection accord-

ing to the nomogram (groups

Figure 3. Predictive algorithm: final adjudication of the patients enrolled in inception and validation cohort.
‘Biomarkers were not available for seven infections, one noninfectious systemic inflammatory response
syndrome (ni-SIRS), and two debatable systemic inflammatory response syndrome (d-SIRS). AB = antibacterial
therapy, BC = blood cultures, c-infections = clinically documented infections, ED = emergency department,
MBMS = Multiple Biomarker Score, m-infections = microbiologically documented infections.

ED admission following the Usual approach. Conversely, the
predictive algorithm misclassified 29% patients with ni-SIRS
not receiving antimicrobial therapy at ED admission as “likely”
to be infected. These patients represent a major concern. FP
did not differ from true negative (TN), in terms of age, comor-
bidities, and disease severity, but in terms of etiology, since
new diagnosis or progression of underlying solid cancer was at
least seven times more common in FP than in TN. In ni-SIRS
patients diagnosed with solid cancer, median concentrations of
procalcitonin and sPLA GIIA were not significantly different

1 and 2), which account for
about 30% of our population.
This selective use of biomark-
ers in infection diagnosis has
never been highlighted in pre-
vious studies and may poten-
tially reduce the costs of biomarker employment in clinical
practice.

In agreement with the results of our pilot study (9), sPLA-
,GIIA exhibited a performance at least comparable with pro-
calcitonin: both contributed to infection diagnosis in the
patient cohort with intermediate infection probability (group
2), but only sPLA GIIA contributed to infection diagnosis
in the cohort of patients with the lowest infection probabil-
ity (group 1). In addition, even if nomogram is not imple-
mented for all the patients with a definitive diagnosis, the



performance of sPLA GIIA in diagnosing infection, regard-
less of its spectrum of severity, is better than that of presepsin,
sCD25, and sSTREM-1 (Supplementary Fig. 8, Supplemental
Digital Content 1, http://links.lww.com/CCM/D587). The lat-
ter result seems to be generalizable to ED since sepsis preva-
lence in the whole population enrolled in our report is similar
to that found in previous studies conducted in the same
setting (1).

Finally, the predictive algorithm may assist physicians in
ruling out sepsis/septic shock in d-SIRS. It could be hypothe-
sized that in view of the small proportion of sepsis/septic shock
misdiagnosed by the predictive algorithm in patients with a
definitive diagnosis, 13 blood cultures negative d-SIRS (14%)
treated at ED admission for suspect sepsis/septic shock and
classified as “unlikely” to be infected, have a negligible risk of
infection (Fig. 3). This aspect could constitute a further benefit
of the predictive algorithm since our new method would have
prevented the use of empirical antibacterial therapy in these
patients.

Our study has several limitations. First, SIRS criteria were
used to enroll the patients in this study: this may constitute a
major concern as one of eight patients had SIRS negative sepsis
(20). A debate is ongoing as to whether to include or abandon
the combined use of SIRS criteria with suspected infection to
diagnose sepsis. Nonetheless, SIRS criteria are still widely used
in clinical practice and in observational and interventional tri-
als (21-23). Second, in this study, trauma was infrequent (3%
of ni-SIRS and 7% of suspect ni-SIRS in d-SIRS), whereas
burns were absent limiting the use of our algorithm to these
cohorts of patients. Third, on the basis of retrospective studies,
there is a clear relationship between patient outcome and early
diagnosis of sepsis (24, 25). Of the biomarkers included in the
predictive algorithm, C-reactive protein and procalcitonin are
available in prime time, whereas sPLA GIIA is not: this may
constitute an obstacle to the widespread application of our
strategy. However, the optimal time window between the start
of the appropriate antibacterial therapy and outcome is still
subject to debate (26). In the absence of prospective studies,
it is impossible to be certain as to the exact collocation of the
predictive algorithm; however, we cannot a priori exclude its
immediate use in clinical practice, especially after a point of
care measurement of sPLA GIIA (27).

In conclusion, this multicenter prospective study supports
the usefulness of a reproducible, parsimonious predictive algo-
rithm in ruling out sepsis/septic shock from noninfectious
SIRS at ED admission.
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