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Abstract

Objective

To evaluate the usefulness of a new marker, pentraxin, as a prognostic marker in septic
shock patients.

Materials and methods

Single-centre prospective observational study that included all consecutive patients 18
years or older who were admitted to the intensive care unit (ICU) with septic shock. Serum
levels of procalcitonin (PCT), C-reactive protein (CRP) and pentraxin (PTX3) were mea-
sured on ICU admission.

Results

Seventy-five septic shock patients were included in the study. The best predictors of in-
hospital mortality were the severity scores: SAPS Il (AUC =0.81), SOFA (AUC =0.79) and
APACHE Il (AUC = 0.73). The ROC curve for PTX3 (ng/mL) yielded an AUC of 0.70, higher
than the AUC for PCT (0.43) and CRP (0.48), but lower than lactate (0.79). Adding PTX3

to the logistic model increased the predictive capacity in relation to SAPS 1l, SOFA and
APACHE Il for in-hospital mortality (AUC 0.814, 0.795, and 0.741, respectively). In crude
regression models, significant associations were found between in-hospital mortality and
PTX8. This positive association increased after adjusting for age, sex and immunosuppres-
sion: adjusted OR T3 for PTX3 = 7.83, 95% Cl 1.35—45.49, linear P trend = 0.024.

Conclusion

Our results support the prognostic value of a single determination of plasma PTX3 as a
predictor of hospital mortality in septic shock patients.
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Introduction

In 2017, the World Health Organization established sepsis as a global priority [1]. The Third
International Consensus Definitions for Sepsis and Septic Shock (Sepsis-3) defines sepsis as
life-threatening organ dysfunction caused by a dysregulated host response to infection [2]. It
is a major cause of admission to the intensive care unit (ICU) and a leading cause of mortality
and critical illness worldwide; it is responsible for more than 5 million deaths annually, with
an estimated global mortality of 30% [3].

Sepsis and septic shock are medical emergencies, so prompt identification and appropriate
management in the initial hours after onset improve outcomes [4], especially among high-risk
patients. Thus, biomarkers allowing early stratification and recognition of patients at higher
risk of mortality are needed. The two biomarkers that have been most widely studied and used
in patients with sepsis are the short pentraxin C-reactive protein (CRP), and procalcitonin
(PCT), the prehormone of calcitonin. Nevertheless, even they have limited abilities to distin-
guish sepsis from other inflammatory conditions or to predict outcome [5, 6]. PCT can be also
used to support shortening of the duration of antimicrobial therapy in sepsis patients (weak
recommendation, low quality of evidence), according to the latest Surviving Sepsis Campaign
(SCC) [4].

In recent years, pentraxin 3 (PTX3), an acute phase protein, has emerged as a promising
biomarker of sepsis. It is a prototypical member of the long pentraxin subfamily and a key
component of humoral innate immunity. PTX3 is expressed in a number of tissues, particu-
larly dendritic cells and macrophages, in response proinflammatory stimuli [7, 8]. Addition-
ally, it is stored in neutrophil granules and localises in neutrophil extracellular traps [9]. Once
released, PTX3 acts by recognising microbes, activating complement and facilitating pathogen
recognition by phagocytes, thus promoting pathogen clearance, tuning inflammatory
responses and promoting tissue remodelling [7, 8].

In healthy subjects, plasma PTX3 levels are barely detectable (<2 ng/mL) [10], but can
quickly rise in inflammatory and infectious conditions [8]. Levels are elevated in critically ill
patients, with a gradient from systemic inflammatory response syndrome (SIRS) to sepsis and
septic shock [11]. Thus, it has been proposed as prognostic marker for sepsis [11-17]. In a sys-
tematic review and meta-analysis, PTX3 significantly predicted disease severity and mortality
in sepsis [18].

The aim of this prospective study was to assess the prognostic value of a single determina-
tion of PTX3 in septic shock patients in relation to hospital mortality, comparing it with the
prognostic value of a single determination of the classical biomarkers CRP and PCT, on ICU
admission. We also aimed to evaluate whether its addition to severity scores could improve
their prognostic accuracy.

Materials and methods
Study design and setting

We performed a single-centre prospective observational study of 75 patients admitted to the
medical ICU of Marqués de Valdecilla University Hospital in Spain between April 2015 and
April 2016. All consecutive patients 18 years or older who were admitted to ICU with septic
shock, according to the Sepsis-2 definition, were eligible to participate. The latest Sepsis-3 defi-
nitions were applied and all patients were re-classified according to these new definitions. The
criteria for septic shock included the requirement for a vasopressor to maintain a mean blood
pressure of 65 mmHg and serum lactate level >2 mmol/L. Exclusion criteria included patients
under 18 years of age, as well as individuals with recent cardiac arrest or decision to withdraw
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life-sustaining treatment; patients who did not have septic shock at the time of ICU admission
but who subsequently developed it were also excluded.

Clinical and demographic characteristics were recorded for all patients, and included age,
sex and immunosuppression (AIDS, neutropenia [neutrophil count <1 x 10°/L], glucocorti-
coid exposure [>0.5 mg/kg for >30 d] and/or immunosuppressive or cytotoxic medications,
solid organ transplantation, allogeneic or autologous stem cell transplantation, haematological
malignancy, or solid tumour). Acute Physiology and Chronic Health Evaluation II (APACHE
II) score at 24 h, Simplified Acute Physiology Score (SAPS II) and Sequential Organ Failure
Assessment (SOFA) score at admission were also recorded.

The study was approved by the Clinical Research Ethics Committee of Cantabria (CEIC:
2014.159), and written informed consent was obtained from each participating patient or their
legal representatives, according to the Declaration of Helsinki.

Assay methods

An additional blood sample was drawn coinciding with the first extraction for clinical pur-
poses upon admission of the patient to the ICU. Serum and plasma samples were collected as
specified for the different assays, and aliquots for this specific study were stored at —80°C until
analysis.

Plasma PTX3 levels were measured by enzyme-linked immunosorbent assay (ELISA) using
a commercial kit (Quantikine Human Pentraxin 3/TSG-14; R&D Systems Europe, Abingdon,
UK). The sensitivity of the assay is 0.026 ng/mL. Specificity is <0.5% cross-reactivity observed
with available related molecules; <50% cross-reactivity observed with species tested. Intra-
assay reproducibility of the method is <2.6% and interassay reproducibility is <6.9%.

Serum PCT levels were measured by electrochemiluminescence immunoassay (ECLIA) on
a Cobas e411 autoanalyzer (Roche Diagnostics, Mannheim, Germany); serum CRP was deter-
mined by immunoturbidimetric assay; and plasma lactate by an enzymatic assay using a
Dimension EXL autoanalyzer (Siemens Health Care Diagnostics, Gwynedd, UK).

Statistical analysis

Categorical and discrete variables were expressed as counts (percentage). Continuous variables
were expressed as median and interquartile ranges (IQR). Statistical differences between
groups were assessed with the Chi-square test using Yates” correction or Fisher s exact test,
when appropriate, for categorical variables. Continuous variables were compared with the
Mann-Whitney U test. The correlation between continuous variables was calculated using
Spearman s rank correlation coefficient (rho).

To determine and compare the predictive value of the biomarkers and severity scores,
receiver-operating characteristic (ROC) curves were constructed and the area under the curve
(AUC) was calculated. The outcome variable was in-hospital mortality.

To estimate the strength of associations, the biomarkers and severity scores were divided
into dichotomous variables (low versus high values) according to the median and adjusted
odds ratios (OR) with their 95% confidence intervals (CI); 95% ClIs for in-hospital mortality
were calculated using unconditional logistic regression. The following potential confounders
were pre-established for inclusion in the models: age (as a continuous variable), sex and immu-
nosuppression status (yes/no).

In addition, exposure-response trends (biological gradient) were estimated, using a logistic
regression model with all potential confounders, categorizing the prognostic factors as ordinal
variables according to tertiles.
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The level of statistical significance was set at 0.05 and all tests were two-tailed. Data were
analysed using SPSS statistical software package 24.0 (SPSS, Inc., Chicago, IL, USA).

Results
Study population

Seventy-five septic shock patients were included in the study (53 men and 22 women) with a
median age at admission of 64 years (Table 1). At ICU admission, median APACHE II, SOFA
and SAPS II scores were 22, 10 and 42, respectively. The most common sites of infection were
the lungs (41.3%) and abdomen (32%). The ICU mortality rate was 24% and the in-hospital
mortality rate was 28%. Non-survivors were more severely ill, as reflected by significantly
higher severity scores and higher number of organ dysfunctions on ICU admission;

Table 1. Baseline characteristics of the study population, in relation to in-hospital mortality.

Characteristics Overall population Survivors Non-survivors p value
n=75 n=>54 n=21
Age (years), MD (IQR) 64 (49-74) 63 (47.2-70) 71 (59.5-76.5) 0.08
Male sex, n (%) 53 (70.7) 37 (68.5) 16 (76.2) 0.58
Immunosuppression, n (%) 25(33.3) 14 (25.9) 11 (52.4) 0.05
Charlson score, MD (IQR) 4 (2-6.6) 3.9(1.1-6.4) 5.6 (3.4-7.2) 0.28
Site of infection, n (%): 0.05
Lung 31 (41.3) 22 (40.7) 9(42.9)
Abdomen 24 (32) 15 (27.8) 9(42.9)
Urinary tract 9 (12) 9 (16.7) 0(0)
Skin-soft tissues 5(6.7) 5(9.3) 1(4.8)
Catheter 3(4) 2(3.7) 1(4.8)
Others 3(4) 1(1.9) 1(4.8)
Nosocomial infection, n (%) 46 (61.3) 33 (61.1) 12 (57.1) 0,79
APACHE II, MD (IQR) 22 (15-28) 19.5 (14-25.2) 25 (22-30) 0.006
SAPS II, MD (IQR) 42 (32-63) 36 (29.5-50.2) 61 (53.5-69) <0.001
SOFA, MD (IQR) 10 (7-13) 9 (7-12) 14 (10-17.5) <0.001
Organ dysfunction (number), MD (IQR) 3(2-4) 2(1-3.2) 4 (3-5) <0.001
Mechanical ventilation, n (%) 39 (52) 19 (35.2) 20 (95.2) <0.001
ARDS, n (%) 11 (14.7) 3(5.6) 8(38.1) <0.001
CVVHDF, n (%) 11 (14.7) 4 (7.4) 7 (33.3) 0.009
Bacteraemia, n (%) 23(30.7) 15 (27.8) 8 (38.1) 0.41
SvcO2 (%) 72 (61.4-78.6) 72.7 (62.1-78.7) 74.2 (60-78.6) 0.99
Lactate (mmol/L), MD (IQR) 2.7 (1.3-4.6) 2.1 (1-3.5) 4.6 (2.7-8.5) <0.001
PCT (ng/ml), MD (IQR) 11.8 (1.5-40.6) 9.6 (1.3-51.3) 12.9 (3.7-24.7) 0.47
CRP (mg/dl), MD (IQR) 22.8 (11.1-25) 23 (11.1-25) 20.8 (8.4-25) 0.56
Pentraxin-3 (ng/ml), MD (IQR) 63.8 (24.2-187) 41.8 (14.3-124.3) 114.4 (56.1-250) 0.01
ICU mortality, n (%) 18 (24) ---- ——-- ----
Hospital mortality, n (%) 21(28) —--- ——-- —---
ICU stay (days), MD (IQR) 4.9 (2.9-9.9) 5.9 (2.9-9.9) 4.9 (1.9-9.9) 0.10

Apache II: Acute Physiology and Chronic Health disease Classification System II; SAPS: Simplified Acute Physiology Score; SOFA: Sequential Organ Failure

Assessment; ARDS: Acute respiratory distress syndrome; CVVHDEF: Continuous venovenous haemodiafiltration; SvcO2: Central venous oxygen saturation; PCT:

Procalcitonin; CRP: C-reactive protein; VDBP: Vitamin D binding protein. MD (IQR); median (interquartile range). P results based on Mann-Whitney U test.

https://doi.org/10.1371/journal.pone.0243849.t001
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mechanical ventilation and haemodiafiltration were required in a higher percentage of non-
survivors compared to survivors.

PTX3 levels were higher than normal in all patients, with a median PTX3 level of 63.8
(24.2-187) ng/mL. Median PCT and CRP levels were 11.8 ng/mL (1.5-40.6) and 22.8 (11.1-
25) ng/mL, respectively. Plasma PTX3 concentrations were higher in non-survivors compared
to survivors (114.4 vs. 41.8 ng/mL, P = 0.01). However, serum PCT and CRP concentrations
showed no statistically significant differences between these groups.

At ICU admission, plasma PTX3 levels showed a statistically significant positive correlation
with the APACHE II score (rho = 0.402, P<0.001), SOFA score (rho = 0.378, P = 0.001), SAP-
S-1I score (rho = 0.449, P<0.001) and PCT (rho = 0.329, P = 0.005), but not with CRP
(rho = 0.157, P = 0.187), ICU length of stay (rho = 0.104, P = 0.82) or hospital length of stay
(rho = 0.041, P=0.73).

Prognostic value of PTX3: ROC and regression analysis

Among the prognostic factors studied, the best rates of prediction of in-hospital mortality
were the severity scores: SAPS II (AUC = 0.81), SOFA (AUC = 0.79) and APACHE 1II

(AUC = 0.73). The ROC curve for PTX3 (ng/mL) yielded an AUC of 0.70, higher than the
AUC for PCT (0.43) and CRP (0.48) but lower than the AUC for lactate (0.79) (Table 2) (S1
Fig). Adding PTX3 to the logistic model slightly increased the predictive capacity in relation to
SAPS II, SOFA and APACHE II for in-hospital mortality (AUC 0.814, 0.795, and 0.741,
respectively) (Table 3).

Tables 4 and 5 show the strength of associations (OR) and exposure-trends (biological gra-
dient) between severity scores and biomarkers, including PTX3, in relation to in-hospital mor-
tality. When categorising the prognostic factors according to the median and tertiles, the
results were consistent with the predictive capacity determined using the AUCs. With respect
to biomarkers, lactate was statistically significantly associated with in-hospital mortality, but
the associations were higher for PTX3 compared to PCT and CRP.

Among the severity scores (SOFA, SAPS II and APACHE II), significant crude positive
associations were obtained for in-hospital mortality, crude OR at the highest tertile (OR T3):
OR T3 for SAPS II = 30.73, 95% CI 3.57-264,49 P trend <0.001; OR T3 for SOFA = 59.80,
95% CI 0.65-19.84, P trend = 0.001; and OR T3 for APACHE II = 5.90, 95% CI 1.37-25.36, P
trend = 0.016). After adjusting for age, sex and immunosuppression, these positive associations
increased for all severity scores.

Regarding biomarkers, non-significant associations with no dose-response P trends were
found for PCT and CRP. In crude regression models, significant associations with significant

Table 2. Area under the curve (AUCs) with 95% confidence intervals (CIs) for severity scores and biomarkers in
relation to in-hospital mortality.

AUC? (95% | CI)
APACHE IT 0.728 0.612 0.843
SAPS1I 0.814 0.713 0.915
SOFA 0.785 0.672 0.899
PCT (ng/ml) 0.534 0.398 0.671
CRP (mg/dl) 0.481 0.339 0.623
Lactate (mmol/L) 0.794 0.692 0.895
Pentraxin-3 (ng/ml) 0.698 0.575 0.822

# AUC denotes Area Under the Curve ROC; 95% CI Confidence interval at 95%.

https://doi.org/10.1371/journal.pone.0243849.t1002
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Table 3. Area under the curve (AUCs) with 95% confidence intervals (Cls) estimated through regression models
for different combinations of APACHE II, SAPS II, SOFA and pentraxin-3 in relation to in-hospital mortality.

AUC* (95% | CI)
APACHE II + Pentraxin-3 (ng/ml) 0.741 0.624 0.858
SAPS II + Pentraxin-3 (ng/ml) 0.817 0.719 0.916
SOFA + Pentraxin-3 (ng/ml) 0.795 0.689 0.901

# AUC denotes Area Under the Curve ROC; 95% CI Confidence interval at 95%.

https://doi.org/10.1371/journal.pone.0243849.t003

dose-response trends were found between in-hospital mortality and PTX3. This positive asso-
ciation increased after adjusting for age, sex and immunosuppression: adjusted OR at the high-
est tertile (ORa T3) for PTX3 = 7.83, 95% CI 1.35-45.49, P trend = 0.024. Lactate was the
biomarker with highest associations: adjusted OR at the highest tertile (ORa T3) for lac-

tate = 36.47, 95% CI 3.85-345.38, P trend <0.001 (Table 5).

Discussion

In our study, we evaluated the prognostic value of PTX3, PCT and CRP in patients with septic
shock defined according to Sepsis-3 criteria. Our findings suggest that plasma PTX3 could be a

Table 4. Associations between severity scores and in-hospital mortality.

Survivors Non-survivors
Severity scores Cut-off points N=114 N=25 OR (95% CI) ORa (95% CI)
APACHE II (Median)
Low (reference) <22 38 6 1.00 -- 1.00 --
High 23+ 16 15 5.94 1.95 18.06 6.59 1.82 23.93
APACHE II (Tertiles)
Low (reference) <17 23 3 1.00 -- 1.00 --
Medium 18-25 18 8 341 0.79 14.72 2.92 0.57 14.94
High 26+ 13 10 5.90 1.37 25.36 6.22 1.18 32.67
p linear trend p=00I6 p=0.029
SAPS IT
High (reference) <42 36 2 1 -- 1 -
Low 43+ 18 19 19 3.98 90.69 23.362 3.972 137.411
SAPS II (Tertiles)
High (reference) <35 26 1 1 -- 1 --
Medium 36-56 17 7 10.71 1.21 94.96 11.01 1.13 107.37
Low 57+ 11 13 30.73 3.57 264.49 48.67 4.46 530.95
p linear trend p<0.001 p=0.001
SOFA (Median)
High (reference) <10 36 6 1 -- 1 --
Low 11+ 18 15 5.00 1.66 15.07 13.10 2.58 66.47
SOFA (Tertiles)
High (reference) <8 24 1 -- 1 --
Medium 9-12 20 3.60 0.65 19.84 2.75 0.41 18.40
Low 13+ 10 13 15.60 2.96 82.17 59.80 5.13 696.73
p linear trend p =0.001 p =0.001

OR,: Odds ratio adjusted for age, sex and immunosuppression.

https://doi.org/10.1371/journal.pone.0243849.t004
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Table 5. Associations between biomarkers and in-hospital mortality.

Survivors Non-survivors
Biomarkers Cut-off points N=114 N=25 OR (95% CI) ORa (95% CI)
PCT (ng/ml) (Median)
Low (reference) < 11.80 30 8 1.00 -- 1.00 --
High 11.81+ 24 13 2.03 0.72 5.7 2.87 0.86 9.58
PCT (ng/ml) (Tertiles)
Low (reference) < 4.00 20 5 1.00 -- 1.00 --
Medium 4.01-22.60 15 10 2.67 0.75 9.45 2.31 0.6 8.9
High 22.61+ 19 6 1.26 0.33 4.84 1.73 0.39 7.75
p linear trend p=0753 p=0422
CRP (mg/dl) (Median)
Low (reference) <22.70 26 12 1.00 -- 1.00 --
High 22.71+ 28 9 0.7 0.25 1.92 0.82 0.27 2.46
CRP (mg/dl) (Tertiles)
Low (reference) <13.00 17 8 1.00 -- 1.00 --
Medium 13.01-25.00 32 12 0.797 0.273 2.325 0.998 0.311 3.202
High 25.01+ 5 1 0.425 0.042 4.263 0.39 0.033 4.65
p linear trend p =0.466 p=0.6I15
Lactate (mmol/L) (Median)
Low (reference) < 24.00 33 6 1.00 -- 1.00 --
High 24.01+ 21 15 3.93 1.32 11.73 4.48 1.36 14.75
Lactate (mmol/L) (Tertiles)
Low (reference) <18 26 1 1.00 -- 1.00 --
Medium 18.01-32.00 16 7 11.38 1.28 101.22 9.53 1.00 90.40
High 32.01+ 12 13 28.17 3.29 240.81 36.47 3.85 345.38
p linear trend p<0.001 p<0.001
Pentraxin-3 (ng/ml) (Median)
Low (reference) < 63.80 30 8 1.00 -- 1.00 --
High 63.81+ 24 13 2.03 0.72 5.7 2 0.64 6.24
Pentraxin-3 (ng/ml) (Tertiles)
Low (reference) <31.90 23 2 1.00 -- 1.00 --
Medium 31.91-116.60 16 9 6.47 1.23 34.01 6.05 1.05 34.93
High 116.61+ 15 10 7.67 1.47 39.99 7.83 1.35 45.49
p linear trend p=00I5 p=0.024

OR,: Odds ratio adjusted for age, sex and immunosuppression.

https://doi.org/10.1371/journal.pone.0243849.t005

potential predictor of mortality, having, according to our results, a superior prognostic value
compared to PCT and CRP. Our results also support severity scores—classical markers used to
predict mortality—as predictors of mortality, particularly SAPS II. This reproducible accuracy
of the severity scores supports the validity of our results for PTX3. We also found that PTX3
was elevated and showed a stronger correlation with disease severity, organ dysfunction and
other clinical parameters than CRP or PCT in septic shock.

In accordance with a previous study, CRP remained equally high in both survivors and

non-survivors [12]. Although PTX3 and CRP belong to the same pentraxin family, PTX3 dif-
fers from CRP in terms of gene organization and localisation, ligand recognition, cellular
source and inducing signal [7, 8]. PTX3 is an acute phase protein secreted by various cells in
response to proinflammatory signals, unlike the short pentraxin CRP, which is produced in
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the liver and induced by IL-6. Under normal physiological conditions, plasma PTX3 levels are
low (<2 ng/mL) but increase rapidly in sepsis as a result of neutrophil degranulation—up to
100 ng/mL depending on the severity of disease [19]—with levels maintained through de novo
production by endothelial cells and some monocytic cells [20, 21]. PTX3 increases within 6-8
h of response to infection, compared to 24-30 h for CRP.

The association between PTX3 and the increase in in-hospital mortality remained after
adjusting for the main confounding factors, namely age, sex, and immunosuppression, sup-
porting the independence of this association. Moreover, an exposure-response pattern (a dose-
response trend) was found, where higher levels were associated with a higher risk of mortality.
Patients with high levels (third tertile) had an approximately eight-fold risk of in-hospital mor-
tality compared to patients with lower PTX3 levels. However, the predictive accuracy of a sin-
gle PTX3 determination, in relation to the AUC determined by the ROC curves, was lower
than the severity scores (SAPS II, SOFA, APACHE II), but superior to the classically used bio-
markers (CRP, PCT) in predicting the risk of mortality in septic shock patients. The predictive
accuracy in relation to severity scores was slightly increased by adding PTX3 to the logistic
models. The clinical relevance of this slight increase merits further attention in future studies,
to elucidate whether systemic PTX3 levels would have prognostic value and could help to
determine the prognosis of patients with septic shock, complementing disease severity classifi-
cation systems and other biological markers.

Sepsis occurs when the release of proinflammatory mediators in response to an infection
extends beyond the boundaries of the local environment, leading to a more generalised
response, so it is difficult to describe it with a single measure. The predictive scoring systems
used to predict mortality in ICU patients have major limitations, including poor generalisabil-
ity, deterioration over time and possibly lead-time bias [22-24], and they also tend to be used
more in research than in routine clinical practice. For this reason, although PTX3 did not per-
form as well as severity scores, especially SAPS II, it should not be excluded for use as a predic-
tor of outcome. CRP is sensitive but not very specific, since it is increased in all inflammatory
disorders, while PCT differentiates between infectious and non-infectious causes of critical ill-
ness better than CRP [25]. Nevertheless, they provide limited information in relation to patient
prognosis in critically ill patients [26, 27]. A meta-analysis of 21 studies with a total of 6007
patients concluded that the initial PCT level was of limited prognostic value in patients with
sepsis [28]. In another meta-analysis of 25 studies with 2353 patients, Arora et al. found that,
in a subgroup of patients with severe sepsis and septic shock, there was no difference in PCT
values between survivors and non-survivors on day 1 (P = 0.062) [29]. In addition, serum lev-
els may be altered by clinical and demographical conditions [30-32]. Our data showed a signif-
icant correlation between PCT and PTX3 at ICU admission, but PCT was not an independent
marker for in-hospital mortality, nor was CRP. At ICU admission, the AUC value of a single
PTX3 determination was significantly much better than CRP and PCT in predicting in-hospi-
tal mortality. Moreover, PTX3 levels correlated better with disease severity and organ dysfunc-
tion than PCT or CRP.

Our study findings are consistent with previous studies that examined PTX3 as a prognostic
marker for sepsis [11-17]. Levels of PTX3 have been correlated with disease severity, organ
dysfunction and markers of coagulation activation and, when compared with other biomark-
ers (e.g. IL-6, TNFo and CRP), have shown a stronger correlation with clinical parameters
[33]. In a systematic review and meta-analysis, PTX3 was identified as a marker of sepsis sever-
ity and predictor of mortality, but with limited specificity [18]. In a prospective study with 112
patients with septic shock, baseline PTX3 levels were an independent predictor of 28-day mor-
tality, unlike CRP and PCT [17]. In contrast to our study, Mauri et al. reported that, although
high PTX3 levels over the first 5 days from onset of sepsis were correlated with poorer
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outcomes, the initial PTX3 levels at ICU admission did not differ between survivors and non-
survivors [12]. Additionally, Caironi et al., in a large multicentre randomised controlled trial,
found that plasma PTX3 concentrations were higher in non-survivors compared to survivors
on day 1 and were correlated with severity. While PTX3 levels on day 7 showed a significant
predictive value for 90-day mortality, PTX3 levels on day 1, after adjustment for all confound-
ers, were not associated with 90-day mortality in patients with severe sepsis or septic shock
[15]. These conflicting outcomes may due to the heterogeneity of different study subjects. Both
studies were designed with patients with severe sepsis and septic shock according to the first
criterion of sepsis based on the concept of SIRS. In addition, patients were randomised at
enrolment. In contrast, our clinical study was conducted on a homogeneous group of patients
who met the updated definition of septic shock. Additionally, the timing of mortality analysis
was different (90-day mortality vs. in-hospital mortality), and in both studies, a sandwich
ELISA developed in-house was used to determine PTX3 levels.

It should be pointed out that our results are also consistent with recent prospective studies,
according to the Sepsis-3 definitions [34-37]. In contrast to our study, Hu et al. reported that
PCT is a moderate predictor of 28-day mortality in patients with sepsis and septic shock.

Our results also showed that elevated lactate levels were highly associated with in-hospital
mortality in septic shock, in line with other studies [4, 38-41]. Lactate has been widely used as
a marker of altered tissue perfusion. Adult patients with septic shock can be identified using
the clinical criteria of hypotension requiring the use of vasopressors to maintain mean blood
pressure of 65 mmHg or greater and having a serum lactate level greater than 2 mmol/L per-
sisting after adequate fluid resuscitation [2]. However, an elevated lactate level is a sensitive
marker for cellular dysfunction in sepsis [42, 43], but is non-specific, since it can be elevated
in other types of shock, such as cardiogenic, obstructive or hypovolaemic shock, and can be
affected by several factors, such as liver disease [41, 44].

The present study has several advantages. We performed a prospective study with a very
homogeneous group of patients who met septic shock criteria in accordance with the latest
Sepsis-3 definitions at the time of admission to the ICU. Furthermore, the prognosis was estab-
lished very promptly because it was based on the fact that blood samples were obtained on
ICU admission.

This study also has some limitations, namely that the generalisability of our findings is con-
strained by the fact that this was a single centre observational study with a small sample size.

Conclusions

In summary, our results support the available published studies suggesting the prognostic
value of a single determination of plasma PTX3 as a predictor of hospital mortality in septic
shock patients, defined according to the latest Sepsis-3 criteria.

Further multicentre studies with larger sample size are needed in order to generalise
these results, elucidating the existence of subgroups of patients with specific characteristics in
whom this biomarker could demonstrate higher accuracy in assessing the risk of mortality or
increased severity. This would allow us to better understand the predictive potential of PTX3
in comparison to other existing biomarkers such as lactate, PCT or CRP or severity scores.

Supporting information

S1 Fig. ROC curves for severity scores and biomarkers with respect to ‘in-hospital mortal-
ity’.

(DOC)

PLOS ONE | https://doi.org/10.1371/journal.pone.0243849 December 10, 2020 9/12


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0243849.s001
https://doi.org/10.1371/journal.pone.0243849

PLOS ONE

Pentraxin 3 and septic shock

Author Contributions

Conceptualization: B. Suberviola, M. Santibafiez.

Data curation: S. Perez-San Martin, B. Suberviola, M. T. Garcia-Unzueta, M. Santibafiez.

Formal analysis: M. Santibaiiez.

Methodology: B. Suberviola.

Writing - original draft: S. Perez-San Martin, B. Suberviola, M. T. Garcia-Unzueta, B. A.

Lavin, S. Campos, M. Santibanez.

References

1.

10.

11.

12.

13.

14.

15.

Global Sepsis Alliance. WHA Adopts Resolution on Sepsis. https://www.global-sepsis-alliance.org/
news/2017/5/26/wha-adopts-resolution-on-sepsis. Accessed 15 September 2020.

Singer M, Deutschman CS, Seymour CW, Shankar-Hari M, Annane D, Bauer M, et al. The Third Inter-
national Consensus Definitions for Sepsis and Septic Shock (Sepsis-3). JAMA. 2016; 315:801-10.
https://doi.org/10.1001/jama.2016.0287 PMID: 26903338

Fleischmann C, Scherag A, Adhikari NK, Hartog CS, Tsaganos T, Schlattmann P, et al. Assessment of
Global Incidence and Mortality of Hospital-treated Sepsis. Current Estimates and Limitations. Am J
RespirCrit Care Med. 2016; 193:259-72. https://doi.org/10.1164/rccm.201504-07810C PMID:
26414292

Rhodes A, Evans LE, Alhazzani W, Levy MM, Antonelli M, Ferrer R, et al. Surviving Sepsis Campaign:
International Guidelines for Management of Sepsis and Septic Shock: 2016. IntensiveCareMed. 2017;
43:304-77.

Pierrakos C, Vincent JL. Sepsis biomarkers: a review. Crit Care. 2010; 14:R15 https://doi.org/10.1186/
cc8872 PMID: 20144219

Henriquez-Camacho C, Losa J. Biomarkers for sepsis. Biomed Res Int. 2014; 2014:547818. https://doi.
org/10.1155/2014/547818 PMID: 24800240

Garlanda C, Bottazzi B, Bastone A, Mantovani A. Pentraxins at the crossroads between innate immu-
nity, inflammation, matrix deposition, and female fertility. Annu Rev Immunol. 2005; 23: 337-66. https://
doi.org/10.1146/annurev.immunol.23.021704.115756 PMID: 15771574

Mantovani A, Garlanda C, Doni A, Bottazzi B. Pentraxins in innate immunity: from C-reactive protein to
the long pentraxin PTX3. J Clin Immunol. 2008; 28:1—13. https://doi.org/10.1007/s10875-007-9126-7
PMID: 17828584

Jaillon S, Peri G, Delneste Y, Frémaux I, Doni A, Moalli F, et al. The humoral pattern recognition recep-
tor PTX3 is stored in neutrophil granules and localizes in extracellular traps. J Exp Med. 2007; 204:793—
804. https://doi.org/10.1084/jem.20061301 PMID: 17389238

Yamasaki K, Kurimura M, Kasai T, Sagara M, Kodama T, Inoue K. Determination of physiological
plasma pentraxin 3 (PTX3) levels in healthy populations. Clin Chem Lab Med. 2009; 47:471-77. https://
doi.org/10.1515/CCLM.2009.110 PMID: 19327124

Muller B, Peri G, Doni A, Torri V, Landmann R, Bottazzi B, et al. Circulating levels of the long pentraxin
PTX3 correlate with severity of infection in critically ill patients. Crit Care Med. 2001; 29:1404—7. https://
doi.org/10.1097/00003246-200107000-00017 PMID: 11445697

Mauri T, Bellani G, Patroniti N, Coppadoro A, Peri G, Cuccovillo |, et al. Persisting high levels of plasma
pentraxin 3 over the first days after severe sepsis and septic shock onset are associated with mortality.
Intensive Care Med. 2010; 36:621-9. https://doi.org/10.1007/s00134-010-1752-5 PMID: 20119647

Bastrup-Birk S, Skjoedt MO, Munthe-Fog L, Strom JJ, Ma YJ, Garred P. Pentraxin-3 serum levels are
associated with disease severity and mortality in patients with systemic inflammatory response syn-
drome. PLoSOne. 2013; 8:e73119. https://doi.org/10.1371/journal.pone.0073119 PMID: 24039869

Uusitalo-Seppala R, Huttunen R, Aittoniemi J, Koskinen P, Leino A, Vahlberg T, et al. Pentraxin 3
(PTX3) is associated with severe sepsis and fatal disease in emergency room patients with suspected
infection: a prospective cohort study. PLoS One. 2013; 8:e53661. https://doi.org/10.1371/journal.pone.
0053661 PMID: 23341967

Caironi P, Masson S, Mauri T, Bottazzi B, Leone R, Magnoli M, et al. Pentraxin 3 in patients with severe
sepsis or shock: the ALBIOS trial. Eur J Clin Invest. 2017;73-83. https://doi.org/10.1111/eci.12704
PMID: 27864924

PLOS ONE | https://doi.org/10.1371/journal.pone.0243849 December 10, 2020 10/12


https://www.global-sepsis-alliance.org/news/2017/5/26/wha-adopts-resolution-on-sepsis
https://www.global-sepsis-alliance.org/news/2017/5/26/wha-adopts-resolution-on-sepsis
https://doi.org/10.1001/jama.2016.0287
http://www.ncbi.nlm.nih.gov/pubmed/26903338
https://doi.org/10.1164/rccm.201504-0781OC
http://www.ncbi.nlm.nih.gov/pubmed/26414292
https://doi.org/10.1186/cc8872
https://doi.org/10.1186/cc8872
http://www.ncbi.nlm.nih.gov/pubmed/20144219
https://doi.org/10.1155/2014/547818
https://doi.org/10.1155/2014/547818
http://www.ncbi.nlm.nih.gov/pubmed/24800240
https://doi.org/10.1146/annurev.immunol.23.021704.115756
https://doi.org/10.1146/annurev.immunol.23.021704.115756
http://www.ncbi.nlm.nih.gov/pubmed/15771574
https://doi.org/10.1007/s10875-007-9126-7
http://www.ncbi.nlm.nih.gov/pubmed/17828584
https://doi.org/10.1084/jem.20061301
http://www.ncbi.nlm.nih.gov/pubmed/17389238
https://doi.org/10.1515/CCLM.2009.110
https://doi.org/10.1515/CCLM.2009.110
http://www.ncbi.nlm.nih.gov/pubmed/19327124
https://doi.org/10.1097/00003246-200107000-00017
https://doi.org/10.1097/00003246-200107000-00017
http://www.ncbi.nlm.nih.gov/pubmed/11445697
https://doi.org/10.1007/s00134-010-1752-5
http://www.ncbi.nlm.nih.gov/pubmed/20119647
https://doi.org/10.1371/journal.pone.0073119
http://www.ncbi.nlm.nih.gov/pubmed/24039869
https://doi.org/10.1371/journal.pone.0053661
https://doi.org/10.1371/journal.pone.0053661
http://www.ncbi.nlm.nih.gov/pubmed/23341967
https://doi.org/10.1111/eci.12704
http://www.ncbi.nlm.nih.gov/pubmed/27864924
https://doi.org/10.1371/journal.pone.0243849

PLOS ONE

Pentraxin 3 and septic shock

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Kim SB, Lee KH, Lee JU, Ann HW, Ahn JY, Jeon YD, et al. Long Pentraxin 3 as a predictive marker of
mortality in severe septic patients who received successful early goal-directed therapy. Yonsei Med J.
2017; 58:370-9. https://doi.org/10.3349/ym|.2017.58.2.370 PMID: 28120568

JieH, Li Y, PuX, Ye J. Pentraxin 3, a Predicator for 28-Day Mortality in Patients With Septic Shock. Am
J Med Sci. 2017; 353:242—6. https://doi.org/10.1016/j.amjms.2017.01.003 PMID: 28262210

Lee YT, Gong M, Chau A, Wong WT, Bazoukis G, Wong SH, et al. Pentraxin-3 as a marker of sepsis
severity and predictor of mortality outcomes: A systematic review and meta-analysis. J Infect. 2018;
76:1-10. https://doi.org/10.1016/}.jinf.2017.10.016 PMID: 29174966

Daigo K, Hamakubo T. Host-protective effect of circulating pentraxin 3 (PTX3) and complex formation
with neutrophil extracellular traps. Front Immunol. 2012; 3:378. https://doi.org/10.3389/fimmu.2012.
00378 PMID: 23248627

Lee GW, Lee TH, Vilcek J. TSG-14, a tumor necrosis factor- and IL-1-inducible protein, is a novel mem-
ber of the pentaxin family of acute phase proteins. J Immunol. 1993; 150:1804—12. PMID: 7679696

Alles VV, Bottazzi B, Peri G, Golay J, Introna M, Mantovani A. Inducible expression of PTX3, a new
member of the pentraxin family, in human mononuclear phagocytes. Blood. 1994; 84:3483-93. PMID:
7949102

Patel PA, Grant BJ. Application of mortality prediction systems to individual intensive care units. Inten-
sive Care Med. 1999; 25:977-82. https://doi.org/10.1007/s001340050992 PMID: 10501755

Nassar AP Jr, Mocelin AO, Nunes AL, Giannini FP, Brauer L, Andrade FM, et al. Caution when using
prognostic models: a prospective comparison of 3 recent prognostic models. J Crit Care. 2012; 27:423.
el. https://doi.org/10.1016/j.jcrc.2011.08.016 PMID: 22033059

Salluh JI, Soares M. ICU severity of illness scores: APACHE, SAPS and MPM. CurrOpinCrit Care.
2014; 20(5):557-565. https://doi.org/10.1097/MCC.0000000000000135 PMID: 25137401

van Engelen TSR, Wiersinga WJ, Scicluna BP, van der Poll T. Biomarkers in Sepsis. Crit Care Clin.
2018; 34:139-52. https://doi.org/10.1016/j.ccc.2017.08.010 PMID: 29149935

Silvestre J, Pévoa P, Coelho L, Aimeida E, Moreira P, Fernandes A et al. Is C-reactive protein a good
prognostic marker in septic patients?. Intensive Care Med. 2009; 35:909—13. https://doi.org/10.1007/
s00134-009-1402-y PMID: 19169668

Kibe S, Adams K, Barlow G. Diagnostic and prognostic biomarkers of sepsis in critical care. J Antimi-
crobChemother. 2011; 66 Suppl2:ii83—40. https://doi.org/10.1093/jac/dkg523 PMID: 21398306

LiuD, SulL, Han G, Yan P, Xie L. Prognostic Value of Procalcitonin in Adult Patients with Sepsis: A Sys-
tematic Review and Meta-Analysis. PLoS One. 2015; 10:e0129450. https://doi.org/10.1371/journal.
pone.0129450 PMID: 26076027

Arora S, Singh P, Singh PM, Trikha A. Procalcitonin Levels in Survivors and Nonsurvivors of Sepsis:
Systematic Review and Meta-Analysis. Shock. 2015; 43:212-21. https://doi.org/10.1097/SHK.
0000000000000305 PMID: 25423128

Becker KL, Snider R, Nylen ES. Procalcitonin assay in systemic inflammation, infection, and sepsis:
clinical utility and limitations. Crit Care Med. 2008; 36:941-52. https://doi.org/10.1097/CCM.
0B013E318165BABB PMID: 18431284

Schuetz P, Bretscher C, Bernasconi L, Mueller B. Overview of procalcitonin assays and procalcitonin-
guided protocols for the management of patients with infections and sepsis. Expert Rev Mol Diagn.
2017; 17:593-601. https://doi.org/10.1080/14737159.2017.1324299 PMID: 28443360

Samsudin |, Vasikaran SD. Clinical Utility and Measurement of Procalcitonin. ClinBiochem Rev. 2017;
38:59-68. PMID: 29332972

Porte R, Davoudian S, Asgari F, Parente R, Mantovani A, Garlanda C, et al. The Long Pentraxin PTX3
as a Humoral Innate Immunity Functional Player and Biomarker of Infections and Sepsis. Front Immu-
nol. 2019 Apr 12; 10:794. https://doi.org/10.3389/fimmu.2019.00794 PMID: 31031772

Hu C, Zhou Y, Liu C, Kang Y. Pentraxin-3, procalcitonin and lactate as prognostic markers in patients
with sepsis and septic shock. Oncotarget. 2017; 9:5125-36. https://doi.org/10.18632/oncotarget.23701
PMID: 29435167

Hamed S, Behnes M, Pauly D, Lepiorz D, Barre M, Becher T, et al. Pentraxin-3 Predicts Short- and
mid-term mortality in patients with sepsis and septic shock during intensive care treatment. Clin Lab.
2018; 64:999-1011. https://doi.org/10.7754/Clin.Lab.2018.180116 PMID: 29945330

Song J, Park DW, Moon S, Cho HJ, Park JH Seok H, et al. Diagnostic and prognostic value of interleu-
kin-6, pentraxin 3, and procalcitonin levels among sepsis and septic shock patients: a prospective con-
trolled study according to the Sepsis-3 definitions. BMC Infect Dis. 2019; 19:968. https://doi.org/10.
1186/s12879-019-4618-7 PMID: 31718563

Song J, Moon S, Park DW, Cho HJ, Kim JY, Park J, et al. Biomarker combination and SOFA score for
the prediction of mortality in sepsis and septic shock: A prospective observational study according to

PLOS ONE | https://doi.org/10.1371/journal.pone.0243849 December 10, 2020 11/12


https://doi.org/10.3349/ymj.2017.58.2.370
http://www.ncbi.nlm.nih.gov/pubmed/28120568
https://doi.org/10.1016/j.amjms.2017.01.003
http://www.ncbi.nlm.nih.gov/pubmed/28262210
https://doi.org/10.1016/j.jinf.2017.10.016
http://www.ncbi.nlm.nih.gov/pubmed/29174966
https://doi.org/10.3389/fimmu.2012.00378
https://doi.org/10.3389/fimmu.2012.00378
http://www.ncbi.nlm.nih.gov/pubmed/23248627
http://www.ncbi.nlm.nih.gov/pubmed/7679696
http://www.ncbi.nlm.nih.gov/pubmed/7949102
https://doi.org/10.1007/s001340050992
http://www.ncbi.nlm.nih.gov/pubmed/10501755
https://doi.org/10.1016/j.jcrc.2011.08.016
http://www.ncbi.nlm.nih.gov/pubmed/22033059
https://doi.org/10.1097/MCC.0000000000000135
http://www.ncbi.nlm.nih.gov/pubmed/25137401
https://doi.org/10.1016/j.ccc.2017.08.010
http://www.ncbi.nlm.nih.gov/pubmed/29149935
https://doi.org/10.1007/s00134-009-1402-y
https://doi.org/10.1007/s00134-009-1402-y
http://www.ncbi.nlm.nih.gov/pubmed/19169668
https://doi.org/10.1093/jac/dkq523
http://www.ncbi.nlm.nih.gov/pubmed/21398306
https://doi.org/10.1371/journal.pone.0129450
https://doi.org/10.1371/journal.pone.0129450
http://www.ncbi.nlm.nih.gov/pubmed/26076027
https://doi.org/10.1097/SHK.0000000000000305
https://doi.org/10.1097/SHK.0000000000000305
http://www.ncbi.nlm.nih.gov/pubmed/25423128
https://doi.org/10.1097/CCM.0B013E318165BABB
https://doi.org/10.1097/CCM.0B013E318165BABB
http://www.ncbi.nlm.nih.gov/pubmed/18431284
https://doi.org/10.1080/14737159.2017.1324299
http://www.ncbi.nlm.nih.gov/pubmed/28443360
http://www.ncbi.nlm.nih.gov/pubmed/29332972
https://doi.org/10.3389/fimmu.2019.00794
http://www.ncbi.nlm.nih.gov/pubmed/31031772
https://doi.org/10.18632/oncotarget.23701
http://www.ncbi.nlm.nih.gov/pubmed/29435167
https://doi.org/10.7754/Clin.Lab.2018.180116
http://www.ncbi.nlm.nih.gov/pubmed/29945330
https://doi.org/10.1186/s12879-019-4618-7
https://doi.org/10.1186/s12879-019-4618-7
http://www.ncbi.nlm.nih.gov/pubmed/31718563
https://doi.org/10.1371/journal.pone.0243849

PLOS ONE

Pentraxin 3 and septic shock

38.

39.

40.

41.

42,

43.

44.

the Sepsis-3 definitions. Medicine (Baltimore). 2020; 99(22):e20495. https://doi.org/10.1097/MD.
0000000000020495 PMID: 32481464

Casserly B, Phillips GS, Schorr C, Dellinger RP, Townsend S, Osborn TM, et al. Lactate measurements
in sepsis-induced tissue hypoperfusion: results from the Surviving Sepsis Campaign database. Crit
Care Med 2015; 43:567-73. https://doi.org/10.1097/CCM.0000000000000742 PMID: 25479113

Haas SA, Lange T, Saugel B, Petzoldt M, Fuhrmann V, Metschke M, et al. Severe hyperlactatemia, lac-
tate clearance and mortality in unselected critically ill patients. Intensive Care Med 2016; 42:202—-10.
https://doi.org/10.1007/s00134-015-4127-0 PMID: 26556617

Arnold RC, Shapiro NI, Jones AE, Schorr C, Pope J, Casner E et al. Multicenter study of early lactate
clearance as a determinant of survival in patients with presumed sepsis. Shock. 2009; 32:35-9. https://
doi.org/10.1097/shk.0b013e3181971d47 PMID: 19533847

Nguyen HB, Rivers EP, Knoblich BP, Jacobsen G, Muzzin A, Ressler JA, et al. Early lactate clearance
is associated with improved outcome in severe sepsis and septic shock. Crit Care Med. 2004;
32:1637-42. https://doi.org/10.1097/01.ccm.0000132904.35713.a7 PMID: 15286537

Levy B, Gibot S, Franck P, Cravoisy A, Bollaert PE. Relation between muscle Na+K+ ATPase activity
and raised lactate concentrations in septic shock: a prospective study [published correction appears in
Lancet. 2005 Jul 9-15;366(9480):122]. Lancet. 2005; 365: 871-75. https://doi.org/10.1016/S0140-
6736(05)71045-X PMID: 15752531

Garcia-Alvarez M, Marik P, Bellomo R. Sepsis-associated hyperlactatemia. Crit Care. 2014; 18: 503.
https://doi.org/10.1186/s13054-014-0503-3 PMID: 25394679

Rivers EP, Elkin R, Cannon CM. Counterpoint: should lactate clearance be substituted for central
venous oxygen saturation as goals of early severe sepsis and septic shock therapy? No. Chest. 2011;
140: 1408-13. https://doi.org/10.1378/chest.11-2563 PMID: 22147818

PLOS ONE | https://doi.org/10.1371/journal.pone.0243849 December 10, 2020 12/12


https://doi.org/10.1097/MD.0000000000020495
https://doi.org/10.1097/MD.0000000000020495
http://www.ncbi.nlm.nih.gov/pubmed/32481464
https://doi.org/10.1097/CCM.0000000000000742
http://www.ncbi.nlm.nih.gov/pubmed/25479113
https://doi.org/10.1007/s00134-015-4127-0
http://www.ncbi.nlm.nih.gov/pubmed/26556617
https://doi.org/10.1097/shk.0b013e3181971d47
https://doi.org/10.1097/shk.0b013e3181971d47
http://www.ncbi.nlm.nih.gov/pubmed/19533847
https://doi.org/10.1097/01.ccm.0000132904.35713.a7
http://www.ncbi.nlm.nih.gov/pubmed/15286537
https://doi.org/10.1016/S0140-6736%2805%2971045-X
https://doi.org/10.1016/S0140-6736%2805%2971045-X
http://www.ncbi.nlm.nih.gov/pubmed/15752531
https://doi.org/10.1186/s13054-014-0503-3
http://www.ncbi.nlm.nih.gov/pubmed/25394679
https://doi.org/10.1378/chest.11-2563
http://www.ncbi.nlm.nih.gov/pubmed/22147818
https://doi.org/10.1371/journal.pone.0243849

