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Abstract 
Tenascin C (TNC) is an extracellular matrix protein able to modulate the immune 
response. Knowledge regarding its role during sepsis and general critical illness is still 
limited. We here assessed the temporal dynamics of plasma TNC during sepsis and 
non-septic critical illness, its capacity to predict patient outcome, and its specificity 
towards infection. TNC plasma concentrations were measured in 895 consecutive 
sepsis patients on ICU-admission, day 2 and 4 thereafter, and, in a subset, before ICU- 
discharge. To assess TNC diagnostic value, we compared patients with abdominal 
sepsis (n=143) to non-infectious abdominal surgery controls (n=98), and patients with 
severe community-acquired pneumonia (CAP, n=227) to patients whose CAP diagnosis 
was retrospectively refuted (no-CAP controls, n=70). Plasma TNC levels were 
persistently elevated in sepsis patients compared to healthy volunteers throughout 
the ICU stay. TNC levels varied by site of infection and increased with the number of 
organs failing. Association of TNC levels with 30-day mortality could be wholly 
attributed to differences in disease severity. Non-infectious ICU patients also showed 
elevated TNC levels, albeit with different temporal dynamics. Although admission TNC 
was higher in CAP than in no-CAP patients, it performed poorly in distinguishing the 
two groups. 

TNC plasma levels are persistently elevated during sepsis and non-septic critical illness. 
In sepsis patients they are reflective of disease severity more than independent 
predictors of mortality. Despite higher levels in patients with infection compared with 
non-infectious controls, TNC does not perform sufficiently to be used as a standalone 
biomarker discriminating sepsis from non-infectious critical illness. 

Introduction 
The clinical manifestation of sepsis is a result of a deregulated immune response to 
infection in which both pro-inflammatory and immunosuppressive responses play an 
important role (1). While immunosuppression may impair host defence mechanisms 
(2), excessive pro-inflammatory signalling can result in extensive tissue damage during 
which Damage-Associated Molecular Patterns (DAMPs) are released from host cells, 
either passively, e.g. during necrosis, or actively, in response to cellular stress or 
immune signalling (1, 3). DAMPs play a crucial role in both the clearance of microbial 
pathogens and in tissue repair mechanisms. However, DAMPs have also been 
associated with adverse outcome during critical illness in general (4) and during sepsis 
specifically (5). DAMPs are suggested to exacerbate the immune response during 
sepsis, contributing to tissue damage and eventually organ failure and death (5). 
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Recently, Tenascin C (TNC) has emerged as a DAMP that may play an important role 
during sepsis (6). TNC is a large (>260kDa) hexameric extracellular matrix protein that 
was first characterized in the 1980s (7). In most healthy adult tissues TNC expression 
levels are low, but increase in response to cellular stress and tissue damage. TNC 
protein is then synthesized de novo and plays an important role in various processes 
such as wound healing and tissue fibrosis. TNC can modulate the immune response 
through activation of Toll-like receptor (TLR) 4, a pattern recognition receptor also 
implicated in the recognition of lipopolysaccharide (LPS) derived from gram-negative 
bacteria (8, 9). Injection of LPS into mice resulted in a rise in plasma TNC levels, which 
was in part responsible for other LPS effects as indicated by attenuated release of pro- 
inflammatory cytokines and less toxicity in TNC deficient animals (10). Additional 
studies demonstrated that TNC is required for the propagation of the immune 
response during sterile inflammation (reviewed in (6)). Together, this data indicates 
that TNC may play an important role in the exacerbation and perpetuation of the 
immune response during sepsis, thereby contributing to tissue damage and adverse 
clinical outcome. In accordance, a recent study entailing a limited number of patients 
reported elevated TNC levels in those with sepsis upon admission to the intensive care 
unit (ICU) (11). 

In this study, we aimed to describe the temporal dynamics of TNC plasma levels in 
sepsis patients during their ICU stay and to determine whether they depend on clinical 
presentation. Moreover, we asked if TNC levels were predictive of clinical outcome in 
these patients. Thirdly, we asked if elevated plasma TNC is specific for critically ill 
patients with infectious illness, compared to those with non-infectious illness – and 
more specifically if TNC is able to distinguish between these two groups in the context 
of community-acquired pneumonia (CAP). To this end, we sequentially measured 
plasma TNC in a large cohort of critically ill patients during the first 4 days after ICU 
admission, and in a subset also shortly before discharge. 

Materials and Methods 

Study design, patients and definitions 
This study was part of the Molecular Diagnosis and Risk Stratification of Sepsis (MARS) 
project, a prospective observational study (ClinicalTrials.gov identifier NCT01905033) 
in the mixed ICUs of two tertiary teaching hospitals in the Netherlands (Academic 
Medical Center, Amsterdam and University Medical Center Utrecht, Utrecht) (12, 13). 
For the current analysis, consecutive sepsis patients older than 18 years of age 
admitted between January 2011 and July 2013 and with an expected stay of at least 
24h were included via an opt-out method approved by the institutional review boards 
of both hospitals (IRB no. 10-1056C). For every patient, the plausibility of an infection 
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was assessed daily and confirmed post-hoc by an independent adjudication committee 
using a four-point scale (ascending from none, possible, probable, to culture 
proven)(12). Sepsis was defined as the presence of an infection diagnosed within 24 
hours after admission with a probable or definite likelihood combined with at least 
one general, inflammatory, hemodynamic, organ dysfunction or tissue perfusion 
variables derived from the 2001 International Sepsis Definitions Conference (14). 
Exclusion criteria for the current analysis were: infections diagnosed >7 days before 
ICU admission; readmissions, defined as any new ICU admission during the same 
hospital stay or within 30 days after the last ICU discharge; transfers from another ICU, 
except when they were transferred to a study center on the same day of presentation 
to the first ICU (see Supplemental Digital Content 1, which shows the flowchart of 
sepsis patient inclusion). Organ failure was defined as a score of 3 or more on the 
Sequential Organ Failure Assessment (SOFA) score, except for cardiovascular failure 
for which a score of 1 or more was used (15). Shock was defined as the use of 
vasopressors (norepinephrine) for hypotension in a dose of at least 0.1 µg/kg/min 
during at least 50% of the ICU day. The Municipal Personal Records Database was 
consulted to determine survival up to one year after ICU admission. Normal biomarker 
levels were acquired from EDTA plasma of 27 age- and gender-matched healthy 
volunteers (HV) from whom written informed consent was obtained. 

In separate analyses we compared plasma TNC in patients with sepsis with plasma TNC 
in patients admitted to the ICU without infection. First of all, we compared all sepsis 
patients to a cohort of patients admitted to the ICU following trauma. We then 
compared patients with abdominal or pulmonary sepsis to two patient groups with a 
more comparable clinical presentation upon admission to the ICU, but without 
infection. 

Specifically, we compared patients with an abdominal sepsis (with a likelihood of 
infection of “probable” or “culture proven”) with an additional independent control 
group with comparable clinical context of abdominal insult but without infection, i.e., 
patients admitted to the ICU following abdominal surgery for a non-infectious 
condition (further referred to as post-op GI - for postoperative gastrointestinal 
controls) (see Supplemental Digital Content 2, which shows the flowchart of 
abdominal sepsis and post-op GI patient inclusion) (16). 

In addition, we compared patients with community-acquired pneumonia with an 
infection likelihood of “probable” or “culture proven” (referred to as “CAP”) with 
patients presenting to the ICU with an initial suspicion of pneumonia for which the 
clinical team started antibiotics, but who were retrospectively adjudicated as having an 
infection likelihood of “none” (hereafter referred as to ‘no-CAP controls’) (see 
22

Supplemental Digital Content 3, which shows the flowchart of CAP and no-CAP 
patient inclusion). (17). For these analyses, patients with a likelihood of infection of 
“possible” and patients with multiple sites of infection were excluded. 

Assays 
Daily (on admission and at 6 a.m. thereafter) leftover EDTA plasma (obtained from 
blood drawn for patient routine care) was stored at -80°C within 4h. TNC was 
measured by Luminex multiplex assay (BioPlex 200, BioRad, Hercules, CA, USA). 
Procalcitonin was measured by Kryptor (Thermo Fisher, Hennigsdorf, Germany). 

Statistical analysis 
We assessed the temporal evolution of TNC plasma concentrations at admission and 
day 2 and 4 thereafter using Friedman’s test followed by Dunn’s test with Holms’ 
correction. Among a subgroup of patients, an ICU discharge sample (<48 hours before 
discharge) was available and included in this analysis. Comparisons to healthy 
volunteer levels were made with the Wilcoxon rank-sum test, as were clinical two- 
group comparisons. Three or more groups were compared through Kruskal-Wallis 
analysis followed by Dunn’s test with Holms’ correction. 

To evaluate its potential use as a prognostic biomarker we assessed the relation 
between TNC and mortality. The primary endpoint for association with mortality was 
set at day 30 after ICU admission. The log-rank test was performed to compare 
survival in quartiles of TNC levels on ICU admission. Multivariate Cox regression was 
used to establish the independent association of TNC with mortality after adjusting for 
age, BMI and Charlson comorbidity index together with APACHE-IV or a modified SOFA 
score (excluding the contribution of the central nervous system). Hazard ratios (HR) 
were reported with 95% confidence intervals (CIs). To determine its use as a potential 
diagnostic biomarker, we evaluated the performance of TNC in discriminating 
between infectious- and non-infectious causes of critical illness. The area under the 
receiver operating characteristics (ROC) curve (AUC) and 95%CIs, considering 2000 
bootstrap replicates. The optimal threshold was determined using the Youden index 
for selection of the highest sum of sensitivity and specificity. ROC AUC models were 
compared using DeLong’s test. Net reclassification improvement for the prediction of 
CAP was assessed by means of the predictABEL R package (version 1.2-2) (18). The 
discriminative ability of tenascin C was assessed by adding this biomarker to a 
continuous reference model based on the use of procalcitonin. 

All analyses were conducted in R version 3.5.1 (19, 20). Data are represented by 
Tukey’s box and whisker plots in figures and as medians with interquartile ranges (IQR) 
in the text. P < 0.05 was considered statistically significant. 
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Results 

Characteristics of sepsis patients 
In total, 1806 sepsis patients were admitted to the ICU during the study period. Of 
these, 911 were excluded because they met one or more of our exclusion criteria: 
readmission (N=429), transfer from another ICU (N=148), infection diagnosed more 
than 24h after ICU admission (N = 47), infection diagnosed >7 days before ICU 
admission (N=235). Furthermore, 353 patients had to be excluded from the analysis 
because TNC plasma levels were not available. The remaining 895 admissions did not 
differ significantly from those in whom TNC was not measured with respect to 
demographics and disease severity (data not shown). The characteristics of the final 
cohort are presented in Table 1. 640 patients (71.5%) survived the first 30 days after 
ICU admission, whereas 255 (28.5%) did not. The most common sites of infection were 
the lung (46.5%) and abdomen (22.2%). The remaining cases were caused by a variety 
of infections, such as urinary, cardiovascular and skin infections. The site of infection 
was similar between survivors and non-survivors. As expected, non-survivors were 
more severely ill, as reflected by higher SOFA and APACHE IV scores upon admission. 

Plasma TNC levels are persistently elevated in sepsis patients during ICU  stay 
and associated with infection site and severity of disease 
Plasma TNC levels were significantly increased in sepsis patients at admission (39.9 
(27.7-57.4) ng/mL) when compared to healthy volunteers (16.6 (12.4-20.6) ng/mL, 
p<0.001). Plasma TNC remained high at day 2 (48.5 (33.4-70.1) ng/mL) and day 4 (46.1 
(32.8-65.2) ng/mL) after ICU admission and increased compared to day 0 (Figure 1A, 
p<0.001 for all time points). For a subset of patients still present in the ICU after day 6, 
an additional plasma sample was collected within 48h before ICU discharge (N=266; 
median ICU stay: 11 days (range: 6 - 68); median sample day: 10 (range 5-57)). In these 
patients TNC levels shortly before ICU discharge (39.7 (28.3-52.6) ng/mL) remained 
elevated compared to healthy controls (p<0.001, see Supplemental Digital Content 4, 
which shows TNC levels before discharge). Although TNC concentrations before 
discharge were slightly decreased compared to matched levels at day 2 (49.6 (34.5- 
70.8) ng/mL) and day 4 (46.0 (34.5-66.4) ng/mL, both p < 0.01), they were comparable 
to matched levels at admission (39.5 (28.7-58.0) ng/mL, p = 0.43). Plasma TNC levels 
varied depending on the site of infection (Figure 1B, p < 0.001), with pulmonary sepsis 
patients (36.8 (23.9-51.5) ng/mL) showing significantly lower TNC concentrations than 
patients with abdominal sepsis (45.0 (31.6-64.3) ng/mL) or other sites of infection 
(42.2 (30.2-65.7) ng/mL, p<0.001 for both comparisons). Moreover, TNC levels were 
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Figure 1) Plasma Tenascin C levels are increased in sepsis patients and are associated 
with site of infection and organ failure 
Blood was drawn from patients within 24 hours after admission to the ICU (day 0), and 
on day 2 and 4. (A) Sepsis patients had sustained elevated tenascin C levels compared 
to healthy volunteers (HV). (B) Tenascin C levels at admission varied dependent on the 
primary site of infection and (C) correlated with the number of organs failing. (D) 
Tenascin C levels were higher in patients presenting with shock at admission. Box and 
whisker diagrams depict the median, higher and lower quartile (boxes), and their 
respective 1.5 interquartile ranges (whiskers) as specified by Tukey. Grey boxes 
represent sepsis patients, white boxes or dotted lines represent healthy volunteers.  
*** p<0.001 (compared to HV or between groups), ††† p<0.001 (compared to day 0). 

higher in patients with a higher number of organs failing at admission (Figure 1C, 
p<0.001) and in patients admitted to the ICU with septic shock compared with sepsis 
without shock (Figure 1D, p<0.001). 

Plasma TNC levels are higher in non-survivors, but not independently 
associated with mortality 
In order to investigate the relationship between plasma TNC levels and mortality, 
patients were stratified according to survival 30 days after ICU admission. TNC levels at 
admission were significantly higher in non-survivors (45.3 (30.3-65.9) ng/ml) than in 
survivors (38.7 (26.7-55.9) ng/ml, p<0.001, Figure 2A). Moreover, this difference 
persisted at day 2 and day 4 after admission (p<0.001 for both time-points). Stratifying 
patients into quartiles by admission plasma TNC showed that higher TNC levels were 
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(42.2 (30.2-65.7) ng/mL, p<0.001 for both comparisons). Moreover, TNC levels were 

24

Figure 1) Plasma Tenascin C levels are increased in sepsis patients and are associated 
with site of infection and organ failure 
Blood was drawn from patients within 24 hours after admission to the ICU (day 0), and 
on day 2 and 4. (A) Sepsis patients had sustained elevated tenascin C levels compared 
to healthy volunteers (HV). (B) Tenascin C levels at admission varied dependent on the 
primary site of infection and (C) correlated with the number of organs failing. (D) 
Tenascin C levels were higher in patients presenting with shock at admission. Box and 
whisker diagrams depict the median, higher and lower quartile (boxes), and their 
respective 1.5 interquartile ranges (whiskers) as specified by Tukey. Grey boxes 
represent sepsis patients, white boxes or dotted lines represent healthy volunteers.  
*** p<0.001 (compared to HV or between groups), ††† p<0.001 (compared to day 0). 

higher in patients with a higher number of organs failing at admission (Figure 1C, 
p<0.001) and in patients admitted to the ICU with septic shock compared with sepsis 
without shock (Figure 1D, p<0.001). 

Plasma TNC levels are higher in non-survivors, but not independently 
associated with mortality 
In order to investigate the relationship between plasma TNC levels and mortality, 
patients were stratified according to survival 30 days after ICU admission. TNC levels at 
admission were significantly higher in non-survivors (45.3 (30.3-65.9) ng/ml) than in 
survivors (38.7 (26.7-55.9) ng/ml, p<0.001, Figure 2A). Moreover, this difference 
persisted at day 2 and day 4 after admission (p<0.001 for both time-points). Stratifying 
patients into quartiles by admission plasma TNC showed that higher TNC levels were 
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Table 1 Clinical characteristics and outcome of sepsis patients stratified according to 
survival status 30 days after ICU admission 

Data is represented as median (IQR), or as N (%) when categorical. BMI: Body mass index 
(kg/m2). GI: gastro-intestinal. APACHE: Acute Physiology and Chronic Health Evaluation. SOFA: 
Sequential Organ Failure Assessment. aCentral nervous system not included in score (modified 
SOFA). 

All patients 
N = 895 

Survivors 
N = 640 

Non-Survivors 
N = 255 

p-value 

Demographics 
Age - years 62 (51 – 71) 62 (49-70) 66 (55-75) <0.001 
Sex - male 526 (58.8) 370 (57.8) 156 (61.2)  0.40 
Ethnicity - white 772 (88.7) 543 (87.7) 229 (91.2)  0.17 
BMI  24.7 (22.2-28.1) 24.8 (22.3-28.4) 24.4 (22.0-27.8)  0.28 
Admission type - medical 683 (76.3) 476 (74.4) 207 (81.2)  0.038 

Medical history 
Malignancy  208 (23.2) 132 (20.6) 76 (29.8)  0.004 
Renal insufficiency 124 (13.9) 87 (13.6) 37 (14.5)  0.80 
Cardiovascular insufficiency 241 (26.9) 174 (27.2) 67 (26.3)  0.85 
Respiratory insufficiency 171 (19.1) 125 (19.5) 46 (18.0)  0.68 
Immune deficiency or  
immunosuppressive medication 

226 (25.3) 149 (23.3) 77 (30.2)  0.039 

Charlson comorbidity index 3 (2-5) 3 (2-5) 4 (2-6) <0.001 
Site of infection  0.522 

Pulmonary 416 (46.5) 291 (45.5) 125 (49.0) 
Abdominal/GI 199 (22.2) 142 (22.2) 57 (22.4) 
Other 192 (21.5) 207 (32.3) 73 (28.6) 

Severity of disease in the first 24h 
APACHE IV score  80 (63-101) 74 (59-92) 95 (77-120) <0.001 
SOFA scorea  7 (5-9) 7 (5-9) 9 (6-12) <0.001 
Number of organs failing <0.001 

0 58 (7.1) 52 (8.9) 6 (2.6) 
1 249 (30.4) 190 (32.6) 59 (25.1) 
2 370 (45.2) 279 (47.9) 91 (38.7) 
3 105 (12.8) 48 (8.2) 57 (24.3) 
4+ 36 (4.4) 14 (2.4) 22 (9.4) 

Shock 309 (31.4) 194 (30.3) 115 (45.1) <0.001 
Renal replacement therapy 105 (11.8) 55 (8.6) 50 (19.6) <0.001 

Outcome 
ICU length of stay - days 6 (3-11) 6 (3-12) 5 (3-10)  0.11 
Hospital length of stay - days 18 (9-37) 24 (14-47) 9 (4-15) <0.001 
ICU mortality 173 (19.3) 10 (1.6) 163 (63.9) <0.001 
Hospital mortality 284 (31.7) 55 (8.6) 229 (89.8) <0.001 

Figure 2) Plasma Tenascin C levels are higher in non-survivors 
Blood was drawn from patients within 24 hours of admission to the ICU (day 0), and on 
day 2 and 4. (A) Patients were stratified according to survival status at day 30. Box and 
whisker diagrams depict the median, higher and lower quartile (boxes), and their 
respective 1.5 interquartile ranges (whiskers) as specified by Tukey. Lighter boxes 
represent survivors, darker boxes non-survivors. The dotted line represents the median 
tenascin C levels of healthy volunteers. (B) Kaplan-Meier plots of survival time up to 30 
days after ICU admission, stratified by quartiles of plasma tenascin C at admission. *** 
p<0.001 

associated with increased mortality (p<0.01, Figure 2B). Including age, BMI and the 
Charlson comorbidity index in a multivariate cox regression did not affect the 
association of TNC with increased 30-day mortality (HR 1.004 (1.001 - 1.007), p<0.01). 
However, after incorporating measures of disease severity such as the APCACHE-IV 
score or the modified SOFA score, TNC no longer added to the prediction of 30-day 
mortality (HR 1.002(0.995-1.005), p = 0.14 and HR 1.001(0.998-1.004), p = 0.52, 
respectively). This indicates that plasma TNC is associated with disease severity, rather 
than having independent predictive value for adverse clinical outcome. 

Elevated plasma TNC levels are not specific for sepsis 
As a DAMP, TNC has been suggested to play a role during both sterile and infection- 
induced inflammation (21). We therefore asked if plasma TNC is specific for infectious 
critical illness, or a general marker for tissue injury. To study this, we looked at a group 
of trauma patients admitted to the ICU without concurrent infection (N=75, see 
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Table 1 Clinical characteristics and outcome of sepsis patients stratified according to 
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Data is represented as median (IQR), or as N (%) when categorical. BMI: Body mass index 
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Sequential Organ Failure Assessment. aCentral nervous system not included in score (modified 
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226 (25.3) 149 (23.3) 77 (30.2)  0.039 
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ICU mortality 173 (19.3) 10 (1.6) 163 (63.9) <0.001 
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Figure 2) Plasma Tenascin C levels are higher in non-survivors 
Blood was drawn from patients within 24 hours of admission to the ICU (day 0), and on 
day 2 and 4. (A) Patients were stratified according to survival status at day 30. Box and 
whisker diagrams depict the median, higher and lower quartile (boxes), and their 
respective 1.5 interquartile ranges (whiskers) as specified by Tukey. Lighter boxes 
represent survivors, darker boxes non-survivors. The dotted line represents the median 
tenascin C levels of healthy volunteers. (B) Kaplan-Meier plots of survival time up to 30 
days after ICU admission, stratified by quartiles of plasma tenascin C at admission. *** 
p<0.001 

associated with increased mortality (p<0.01, Figure 2B). Including age, BMI and the 
Charlson comorbidity index in a multivariate cox regression did not affect the 
association of TNC with increased 30-day mortality (HR 1.004 (1.001 - 1.007), p<0.01). 
However, after incorporating measures of disease severity such as the APCACHE-IV 
score or the modified SOFA score, TNC no longer added to the prediction of 30-day 
mortality (HR 1.002(0.995-1.005), p = 0.14 and HR 1.001(0.998-1.004), p = 0.52, 
respectively). This indicates that plasma TNC is associated with disease severity, rather 
than having independent predictive value for adverse clinical outcome. 

Elevated plasma TNC levels are not specific for sepsis 
As a DAMP, TNC has been suggested to play a role during both sterile and infection- 
induced inflammation (21). We therefore asked if plasma TNC is specific for infectious 
critical illness, or a general marker for tissue injury. To study this, we looked at a group 
of trauma patients admitted to the ICU without concurrent infection (N=75, see 
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Supplemental Digital Content 5). Unlike sepsis patients, these patients did not have 
increased TNC plasma levels at ICU admission (17.8 (12.7-23.4) ng/mL) compared to 
healthy volunteers. Although plasma TNC increased at day 2 (23.9 (15.8-35.1) ng/mL, 
p<0.01) and at day 4 (30.6 (19.5-41.2) ng/mL, p<0.001 compared to HVs), TNC levels 
remained lower than those of sepsis patients on the same day (p<0.001 for all time 
points, see Supplemental Digital Content 6), indicating that TNC may be increased 
specifically in sepsis patients. 

However, as shown in Figure 1B, TNC plasma levels are, at least in part, dependent on 
the site of injury. Most (N=28, 37%) trauma patients included here, were diagnosed 
with head and/or face injury, while most sepsis patients suffered from pulmonary or 
abdominal injury. In order to account for the effect of the affected region on TNC 
plasma levels, we performed two analyses comparing ICU patients with a more 
comparable disease presentation. 

First, we compared abdominal sepsis patients (a subgroup of the sepsis cohort 
reported above; N = 143) to ICU patients admitted after abdominal surgery for a non- 
infectious condition (post-op GI controls; N = 98) (Table 2). When compared with post- 
op GI controls, abdominal sepsis patients were more severely ill, as indicated by higher 
SOFA scores and a higher frequency of shock at admission, which was associated with 
higher mortality rates. Whereas, when compared to healthy subjects, abdominals 
sepsis patients had elevated plasma TNC levels at admission (44.8 (30.9-58.3) ng/mL) 
as well as at day 2 and 4 (p<0.001 at day 0-4), admission TNC levels in post-op GI 
controls (19.0 (13.8-28.8) ng/mL) were not significantly increased compared to healthy 
volunteers (p = 0.08). At day 2 and 4 TNC levels had increased significantly in this 
group (p <0.001 and p = 0.03, respectively, Figure 3). At every time point from 
admission to day 4, plasma TNC concentrations were higher in abdominal sepsis 
patients than in post-op GI controls. Second, we compared plasma TNC concentrations 
in ICU patients with confirmed CAP (a subgroup of the sepsis cohort reported above; N 
= 227), with those in patients who at admission were suspected of CAP and treated as 
such, but were later re-classified as suffering from non-infectious disease (no-CAP 
controls; N = 70; Table 3) (16). When compared with no-CAP controls, CAP patients 
had a higher median Charlson comorbidity index and were more severely ill, as 
reflected by a higher SOFA score and an increased ICU- and hospital length of stay. 
However, 30-day mortality did not differ between groups. Both CAP patients and no- 
CAP controls showed persistently elevated plasma TNC levels when compared with 
healthy subjects (CAP: p<0.001 for day 0-4, no-CAP: p<0.01 at day 0, p<0.001 at day 2 
and 4) (Figure 4A). At admission, CAP patients showed significantly higher TNC levels 
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Table 2 Clinical characteristics and outcome of abdominal sepsis patients and post-op 
GI controls 

Post-op GI 
 controls 
N = 98 

Abdominal  
sepsis 
N = 143 

p-value

Demographics 
Age - years 65 (56-73) 62 (52.5-71) 0.16 
Sex - male 67 (68.4) 79 (55.2) 0.06 
Ethnicity - white 91 (92.9) 125 (87.4) 0.25 
BMI 24.9 (22.6-29.1) 24.7 (22.2-28.8) 0.35 
Medical history 
Charlson comorbidity index 4 (2-6) 3 (2-5) 0.06 
Severity of disease in the first 24h 
APACHE IV score 54 (42-71) 77 (62-99) <0.001 
SOFA scorea 5 (3-7) 8 (6-10) <0.001 
Shock 11 (11.2) 68 (47.6) <0.001 
Outcome 
ICU length of stay - days 2 (2-3) 4 (2-10) <0.001 
Hospital length of stay - days 15 (11-32) 21 (11-47) 0.19 
ICU mortality 3 (3.1) 27 (18.9) 0.001 
Hospital mortality 12 (12.2) 46 (32.2) 0.001 
Mortality at day 30 10 (10.2) 39 (27.3) 0.002 

Data is represented as median (IQR), or as N (%) when categorical. BMI: Body mass 
index (kg/m2). APACHE: Acute Physiology and Chronic Health Evaluation. SOFA: 
Sequential Organ Failure Assessment. a Central nervous system not included in score 
(modified SOFA). Of the post-op GI controls, 79 (81%) underwent elective surgeries. 
The remaining 19 patients (19%) were surgical emergencies. 

(35.2 (23.6-51.3) ng/mL) than no-CAP controls (23.7 (16.6-34.5) ng/mL; p<0.001). This 
difference persisted until day 2 (p<0.001), but had dissipated at day 4 (p = 0.13). This 
group of patients represents an important and difficult clinical dilemma for ICU 
physicians, as reflected by the fact that both CAP and no-CAP patients were treated on 
suspicion of pneumonia. We asked if TNC could provide diagnostic value in the context 
of suspected CAP upon ICU admission. The ROC AUC for plasma TNC for the distinction 
between CAP and no-CAP patients was 0.67 (95% CI 0.59-0.74, Figure 4B). The Youden 
Index determined an optimal cut-off at 26.7 ng/mL, at which TNC had a specificity of 
69.6% and a sensitivity of 61.4% in distinguishing between CAP patients and no-CAP 
controls. In a subset of 95 patients (65 CAP and 30 No CAP controls), the admission 
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Supplemental Digital Content 5). Unlike sepsis patients, these patients did not have 
increased TNC plasma levels at ICU admission (17.8 (12.7-23.4) ng/mL) compared to 
healthy volunteers. Although plasma TNC increased at day 2 (23.9 (15.8-35.1) ng/mL, 
p<0.01) and at day 4 (30.6 (19.5-41.2) ng/mL, p<0.001 compared to HVs), TNC levels 
remained lower than those of sepsis patients on the same day (p<0.001 for all time 
points, see Supplemental Digital Content 6), indicating that TNC may be increased 
specifically in sepsis patients. 

However, as shown in Figure 1B, TNC plasma levels are, at least in part, dependent on 
the site of injury. Most (N=28, 37%) trauma patients included here, were diagnosed 
with head and/or face injury, while most sepsis patients suffered from pulmonary or 
abdominal injury. In order to account for the effect of the affected region on TNC 
plasma levels, we performed two analyses comparing ICU patients with a more 
comparable disease presentation. 

First, we compared abdominal sepsis patients (a subgroup of the sepsis cohort 
reported above; N = 143) to ICU patients admitted after abdominal surgery for a non- 
infectious condition (post-op GI controls; N = 98) (Table 2). When compared with post- 
op GI controls, abdominal sepsis patients were more severely ill, as indicated by higher 
SOFA scores and a higher frequency of shock at admission, which was associated with 
higher mortality rates. Whereas, when compared to healthy subjects, abdominals 
sepsis patients had elevated plasma TNC levels at admission (44.8 (30.9-58.3) ng/mL) 
as well as at day 2 and 4 (p<0.001 at day 0-4), admission TNC levels in post-op GI 
controls (19.0 (13.8-28.8) ng/mL) were not significantly increased compared to healthy 
volunteers (p = 0.08). At day 2 and 4 TNC levels had increased significantly in this 
group (p <0.001 and p = 0.03, respectively, Figure 3). At every time point from 
admission to day 4, plasma TNC concentrations were higher in abdominal sepsis 
patients than in post-op GI controls. Second, we compared plasma TNC concentrations 
in ICU patients with confirmed CAP (a subgroup of the sepsis cohort reported above; N 
= 227), with those in patients who at admission were suspected of CAP and treated as 
such, but were later re-classified as suffering from non-infectious disease (no-CAP 
controls; N = 70; Table 3) (16). When compared with no-CAP controls, CAP patients 
had a higher median Charlson comorbidity index and were more severely ill, as 
reflected by a higher SOFA score and an increased ICU- and hospital length of stay. 
However, 30-day mortality did not differ between groups. Both CAP patients and no- 
CAP controls showed persistently elevated plasma TNC levels when compared with 
healthy subjects (CAP: p<0.001 for day 0-4, no-CAP: p<0.01 at day 0, p<0.001 at day 2 
and 4) (Figure 4A). At admission, CAP patients showed significantly higher TNC levels 
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Table 2 Clinical characteristics and outcome of abdominal sepsis patients and post-op 
GI controls 

Post-op GI 
 controls 
N = 98 

Abdominal  
sepsis 
N = 143 

p-value

Demographics 
Age - years 65 (56-73) 62 (52.5-71) 0.16 
Sex - male 67 (68.4) 79 (55.2) 0.06 
Ethnicity - white 91 (92.9) 125 (87.4) 0.25 
BMI 24.9 (22.6-29.1) 24.7 (22.2-28.8) 0.35 
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Charlson comorbidity index 4 (2-6) 3 (2-5) 0.06 
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APACHE IV score 54 (42-71) 77 (62-99) <0.001 
SOFA scorea 5 (3-7) 8 (6-10) <0.001 
Shock 11 (11.2) 68 (47.6) <0.001 
Outcome 
ICU length of stay - days 2 (2-3) 4 (2-10) <0.001 
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ICU mortality 3 (3.1) 27 (18.9) 0.001 
Hospital mortality 12 (12.2) 46 (32.2) 0.001 
Mortality at day 30 10 (10.2) 39 (27.3) 0.002 

Data is represented as median (IQR), or as N (%) when categorical. BMI: Body mass 
index (kg/m2). APACHE: Acute Physiology and Chronic Health Evaluation. SOFA: 
Sequential Organ Failure Assessment. a Central nervous system not included in score 
(modified SOFA). Of the post-op GI controls, 79 (81%) underwent elective surgeries. 
The remaining 19 patients (19%) were surgical emergencies. 

(35.2 (23.6-51.3) ng/mL) than no-CAP controls (23.7 (16.6-34.5) ng/mL; p<0.001). This 
difference persisted until day 2 (p<0.001), but had dissipated at day 4 (p = 0.13). This 
group of patients represents an important and difficult clinical dilemma for ICU 
physicians, as reflected by the fact that both CAP and no-CAP patients were treated on 
suspicion of pneumonia. We asked if TNC could provide diagnostic value in the context 
of suspected CAP upon ICU admission. The ROC AUC for plasma TNC for the distinction 
between CAP and no-CAP patients was 0.67 (95% CI 0.59-0.74, Figure 4B). The Youden 
Index determined an optimal cut-off at 26.7 ng/mL, at which TNC had a specificity of 
69.6% and a sensitivity of 61.4% in distinguishing between CAP patients and no-CAP 
controls. In a subset of 95 patients (65 CAP and 30 No CAP controls), the admission 
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Figure 3) Plasma Tenascin C levels in 
abdominal sepsis and non-infectious 
gastro-intestinal critical illness 

Tenascin C levels were measured in 
plasma of ICU patients diagnosed with 
abdominal sepsis, or admitted to the 
ICU because of non-infectious gastro- 
intestinal illness (post-op GI controls). 
The dotted line represents the median 
tenascin C levels of healthy volunteers 
(HV). At admission, post-op GI controls 
did not have significantly elevated 
tenascin C levels (p = 0.08), whereas 
tenascin C levels of abdominal sepsis 
patients were significantly increased. At 
day 2 and 4, both groups showed 
significantly increased tenascin C levels 
compared to HVs. At all time- points, 
abdominal sepsis patients had 
significantly higher tenascin C levels 
compared to post-op GI controls. *** 
p<0.001, * p<0.05 

plasma levels of both TNC and procalcitonin, a widely investigated biomarker for CAP 
(22), were available. In this subset, the AUC of TNC was 0.66 (95% CI 0.54 – 0.78) and 
the AUC of PCT 0.69 (95% CI 0.57 – 0.80, p = 0.64). Thus, both TNC and procalcitonin 
performed similarly poorly in distinguishing between CAP and no-CAP patients. 
Additionally, the combination of TNC with PCT did not improve the prediction of 
infection compared with PCT alone in patients with an initial suspicion of pneumonia 
(net reclassification improvement 0.20 [95%CI -0.23 - 0.63], p = 0.36) (see 
Supplemental Digital Content 7) which illustrates the net reclassification analysis). 

30

Table 3 Clinical characteristics and outcome of patients suspected of CAP, stratified by 
post-hoc diagnosis 

No CAP 
N = 70 

CAP 
N = 227 

p-value

60 (48-69) 63 (52-72) 0.19 
39 (55.7) 144 (63.4) 0.31 
55 (78.6) 196 (86.7) 0.14 
24.5 (21.2-28.3) 24.0 (21.3-27.3) 0.60 

2 (1-5) 4 (2-6) 0.01 

77 (53-103) 80 (61-101) 0.40 
6 (3-8) 7 (5-9) 0.004 
4 (20.0) 73 (32.2) 0.07 

3 (2-5) 6 (3-11) <0.001 
10 (5-20) 14 (8-26) 0.007 
12 (17.1) 47 (20.7) 0.63 
17 (24.3) 70 (30.8) 0.37 

Demographics 
 Age - years 
 Sex - male 
 Ethnicity - white 
 BMI 
 Medical history 
 Charlson comorbidity index 

Severity of disease in first 24h 
   APACHE IV score 

 SOFA scorea 
 Shock 

Outcome 
 ICU length of stay - days   

   Hospital length of stay - days 
   ICU mortality 

 Hospital mortality
 Mortality at day 30 16 (22.9) 70 (30.8) 0.26 

Data is represented as median (IQR), or as N (%) when categorical. BMI: Body mass index 
(kg/m2). APACHE: Acute Physiology and Chronic Health Evaluation. SOFA: Sequential Organ 
Failure Assessment. a Central nervous system not included in score (modified SOFA). 

Discussion 
TNC is an extracellular matrix protein that recently drew attention as a potential 
DAMP with the ability to regulate the immune response (6, 8). Thus far, TNC has 
primarily been studied in models of sterile inflammation and wound healing (6). In this 
study, we performed a detailed analysis of plasma TNC concentrations in 3 cohorts of 
critically ill patients. We here report elevated plasma TNC levels in sepsis patients 
upon admission to the ICU, which associated with mortality. Notably, the association 
of plasma TNC with mortality was dependent on disease severity. Moreover, we 
showed that TNC levels remain high throughout ICU stay and vary depending on the 
site of infection. Further analysis showed that increased TNC levels are not specific for 
sepsis patients, as they were also increased in ICU patients suffering from non- 
infectious illness. 

TNC can be produced by a wide variety of tissues and cells. In healthy adults TNC 
expression and synthesis are mainly localized to specific connective tissues, 
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Figure 3) Plasma Tenascin C levels in 
abdominal sepsis and non-infectious 
gastro-intestinal critical illness 

Tenascin C levels were measured in 
plasma of ICU patients diagnosed with 
abdominal sepsis, or admitted to the 
ICU because of non-infectious gastro- 
intestinal illness (post-op GI controls). 
The dotted line represents the median 
tenascin C levels of healthy volunteers 
(HV). At admission, post-op GI controls 
did not have significantly elevated 
tenascin C levels (p = 0.08), whereas 
tenascin C levels of abdominal sepsis 
patients were significantly increased. At 
day 2 and 4, both groups showed 
significantly increased tenascin C levels 
compared to HVs. At all time- points, 
abdominal sepsis patients had 
significantly higher tenascin C levels 
compared to post-op GI controls. *** 
p<0.001, * p<0.05 

plasma levels of both TNC and procalcitonin, a widely investigated biomarker for CAP 
(22), were available. In this subset, the AUC of TNC was 0.66 (95% CI 0.54 – 0.78) and 
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infection compared with PCT alone in patients with an initial suspicion of pneumonia 
(net reclassification improvement 0.20 [95%CI -0.23 - 0.63], p = 0.36) (see 
Supplemental Digital Content 7) which illustrates the net reclassification analysis). 
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Table 3 Clinical characteristics and outcome of patients suspected of CAP, stratified by 
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N = 227 
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2 (1-5) 4 (2-6) 0.01 

77 (53-103) 80 (61-101) 0.40 
6 (3-8) 7 (5-9) 0.004 
4 (20.0) 73 (32.2) 0.07 

3 (2-5) 6 (3-11) <0.001 
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12 (17.1) 47 (20.7) 0.63 
17 (24.3) 70 (30.8) 0.37 
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Data is represented as median (IQR), or as N (%) when categorical. BMI: Body mass index 
(kg/m2). APACHE: Acute Physiology and Chronic Health Evaluation. SOFA: Sequential Organ 
Failure Assessment. a Central nervous system not included in score (modified SOFA). 

Discussion 
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DAMP with the ability to regulate the immune response (6, 8). Thus far, TNC has 
primarily been studied in models of sterile inflammation and wound healing (6). In this 
study, we performed a detailed analysis of plasma TNC concentrations in 3 cohorts of 
critically ill patients. We here report elevated plasma TNC levels in sepsis patients 
upon admission to the ICU, which associated with mortality. Notably, the association 
of plasma TNC with mortality was dependent on disease severity. Moreover, we 
showed that TNC levels remain high throughout ICU stay and vary depending on the 
site of infection. Further analysis showed that increased TNC levels are not specific for 
sepsis patients, as they were also increased in ICU patients suffering from non- 
infectious illness. 

TNC can be produced by a wide variety of tissues and cells. In healthy adults TNC 
expression and synthesis are mainly localized to specific connective tissues, 
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Figure 4) Plasma tenascin C levels in patients with CAP and no-CAP ICU controls 

(A) Plasma tenascin C in patients with confirmed community-acquired pneumonia (CAP)
and in patients suspected of having CAP on admission but in whom retrospectively the
diagnosis was rejected (no-CAP controls). The dotted line represents the median
tenascin C levels of healthy volunteers (HV). (B) Receiver operator characteristics of
plasma tenascin C. Area-under-curve and 95% confidence interval analysis was
performed by bootstrap resampling (2000 replicates). *** p<0.001, ** p<0.01, n.s. =
not significant.

underneath some epithelia and several stem cell niches (6). TNC can be induced 
through many different signals, including mechanical stress (e.g. in arterial and 
skeletal muscles) and immunological stress (e.g. inflammation and tissue damage). As 
a result, plasma TNC can have multiple sources, including fibroblasts, smooth muscle 
cells and tissue macrophages (6). Hence, the cellular or tissue origin of plasma TNC in 
critically ill patients is difficult to determine. Of note, we found no increase in TNC 
messenger RNA expression in blood leukocytes of sepsis patients compared to healthy 
controls and TNC was not induced by stimulation of human whole blood with LPS 
(data not shown). Thus, TNC present in the circulation of critically ill patients is likely 
derived from extravascular cells in injured tissues. The correlation between plasma 
TNC to the number of organs failing further points towards pathological tissue damage 
as a driver of TNC production. 

Although the acute treatment for sepsis and short-term survival have improved greatly 
over the past decades, many patients still experience long-term adverse 
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outcomes (2, 23). Our finding that TNC levels remained increased throughout ICU stay 
– even up to two months after admission – suggests that TNC may play a role beyond
the acute phase of sepsis. In accordance, in a murine model of rheumatoid arthritis
TNC did not affect acute inflammation, but regulated its persistence over time (8).
Moreover, a recent in vitro study found that while a low dose of TNC could enhance
cytokine production by monocytes, a high dose could induce immune tolerance (24),
one of the major long-term complications in sepsis patients (2, 23). Likewise, a
prolonged upregulation of TNC following sepsis may affect the immune system’s
response to subsequent challenges. Therefore, studying the association between TNC
plasma levels of sepsis patients after ICU-discharge and the sustained immune
suppression and increased vulnerability to infections in this population is of interest.

With the exception of traumatic brain injury (25), little is known about the role of TNC 
during trauma in humans. Although, in contrast with the previous report, we found no 
increased TNC levels at admission, they did increase at day 2 and 4. Nonetheless, TNC 
levels of trauma patients remained much lower than those of sepsis patients. 
However, TNC levels at least partly depend on the site of injury. Indeed, patients 
admitted to the ICU after major abdominal surgery for a non-infectious condition or 
for suspected CAP classified in retrospect as non-infectious disease also demonstrated 
increased plasma TNC concentrations at admission. At this time, TNC levels were 
significantly higher in the abdominal and pulmonary sepsis patients. However, four 
days after ICU-admission, plasma TNC concentrations in non-infectious critically ill 
patients raised until reaching levels observed in sepsis patients, even though almost 
none of the former acquired an infection during ICU stay. Together, this data indicates 
that TNC levels are dependent more on the site of tissue injury, than on the presence 
of infection, although the latter may influence the temporal dynamics of TNC release. 
This is consistent with previous investigations showing that DAMPs in general, and 
TNC specifically, can be released from cells injured by both bacterial or sterile insults 
(3, 4, 6). 
Pneumonia is the major cause of sepsis (26). A quick and accurate diagnosis of CAP 
remains challenging, especially in patients with comorbidities and in the elderly (27). 
Therefore, much research has been done to find biomarkers that can distinguish 
between infectious and non-infectious causes of critical illness including CAP(28-29), 
with procalcitonin being acknowledged as a primary candidate(30, 31). Our group 
recently reported a molecular biomarker derived from genome-wide messenger RNA 
expression profiles in blood leukocytes that could discriminate between CAP and a 
condition resembling CAP for which the physician started therapeutic antibiotics but 
which was subsequently re-classified as no-CAP; this biomarker, the FAIM3/PLAC8 
ratio, outperformed procalcitonin (17). We here evaluated plasma TNC as a potential 
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Figure 4) Plasma tenascin C levels in patients with CAP and no-CAP ICU controls 

(A) Plasma tenascin C in patients with confirmed community-acquired pneumonia (CAP)
and in patients suspected of having CAP on admission but in whom retrospectively the
diagnosis was rejected (no-CAP controls). The dotted line represents the median
tenascin C levels of healthy volunteers (HV). (B) Receiver operator characteristics of
plasma tenascin C. Area-under-curve and 95% confidence interval analysis was
performed by bootstrap resampling (2000 replicates). *** p<0.001, ** p<0.01, n.s. =
not significant.

underneath some epithelia and several stem cell niches (6). TNC can be induced 
through many different signals, including mechanical stress (e.g. in arterial and 
skeletal muscles) and immunological stress (e.g. inflammation and tissue damage). As 
a result, plasma TNC can have multiple sources, including fibroblasts, smooth muscle 
cells and tissue macrophages (6). Hence, the cellular or tissue origin of plasma TNC in 
critically ill patients is difficult to determine. Of note, we found no increase in TNC 
messenger RNA expression in blood leukocytes of sepsis patients compared to healthy 
controls and TNC was not induced by stimulation of human whole blood with LPS 
(data not shown). Thus, TNC present in the circulation of critically ill patients is likely 
derived from extravascular cells in injured tissues. The correlation between plasma 
TNC to the number of organs failing further points towards pathological tissue damage 
as a driver of TNC production. 

Although the acute treatment for sepsis and short-term survival have improved greatly 
over the past decades, many patients still experience long-term adverse 
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outcomes (2, 23). Our finding that TNC levels remained increased throughout ICU stay 
– even up to two months after admission – suggests that TNC may play a role beyond
the acute phase of sepsis. In accordance, in a murine model of rheumatoid arthritis
TNC did not affect acute inflammation, but regulated its persistence over time (8).
Moreover, a recent in vitro study found that while a low dose of TNC could enhance
cytokine production by monocytes, a high dose could induce immune tolerance (24),
one of the major long-term complications in sepsis patients (2, 23). Likewise, a
prolonged upregulation of TNC following sepsis may affect the immune system’s
response to subsequent challenges. Therefore, studying the association between TNC
plasma levels of sepsis patients after ICU-discharge and the sustained immune
suppression and increased vulnerability to infections in this population is of interest.

With the exception of traumatic brain injury (25), little is known about the role of TNC 
during trauma in humans. Although, in contrast with the previous report, we found no 
increased TNC levels at admission, they did increase at day 2 and 4. Nonetheless, TNC 
levels of trauma patients remained much lower than those of sepsis patients. 
However, TNC levels at least partly depend on the site of injury. Indeed, patients 
admitted to the ICU after major abdominal surgery for a non-infectious condition or 
for suspected CAP classified in retrospect as non-infectious disease also demonstrated 
increased plasma TNC concentrations at admission. At this time, TNC levels were 
significantly higher in the abdominal and pulmonary sepsis patients. However, four 
days after ICU-admission, plasma TNC concentrations in non-infectious critically ill 
patients raised until reaching levels observed in sepsis patients, even though almost 
none of the former acquired an infection during ICU stay. Together, this data indicates 
that TNC levels are dependent more on the site of tissue injury, than on the presence 
of infection, although the latter may influence the temporal dynamics of TNC release. 
This is consistent with previous investigations showing that DAMPs in general, and 
TNC specifically, can be released from cells injured by both bacterial or sterile insults 
(3, 4, 6). 
Pneumonia is the major cause of sepsis (26). A quick and accurate diagnosis of CAP 
remains challenging, especially in patients with comorbidities and in the elderly (27). 
Therefore, much research has been done to find biomarkers that can distinguish 
between infectious and non-infectious causes of critical illness including CAP(28-29), 
with procalcitonin being acknowledged as a primary candidate(30, 31). Our group 
recently reported a molecular biomarker derived from genome-wide messenger RNA 
expression profiles in blood leukocytes that could discriminate between CAP and a 
condition resembling CAP for which the physician started therapeutic antibiotics but 
which was subsequently re-classified as no-CAP; this biomarker, the FAIM3/PLAC8 
ratio, outperformed procalcitonin (17). We here evaluated plasma TNC as a potential 
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biomarker for the diagnosis of CAP considering the higher admission levels in patients 
with CAP when compared with no-CAP patients. Clearly, with an AUC of 0.67, plasma 
TNC did not adequately discriminate between CAP and no-CAP patients. 

One earlier study reported on circulating TNC levels in sepsis patients (11). This 
investigation entailed 167 patients of whom blood was obtained at a single time point, 
within 24 hours after admission to the ICU. Consistent with our data, non-surviving 
patients had higher serum TNC levels, irrespective of the presence of shock upon 
admission. The authors therefore concluded that TNC is an independent predictor of 
mortality. However, the current investigation encompassing a higher number of 
patients shows that the association between circulating TNC levels and mortality is not 
independent, but rather is a reflection of patient severity. Furthermore, the present 
study shows that TNC levels are elevated throughout ICU stay, and that despite higher 
levels in infected patients, TNC cannot be used as a reliable standalone biomarker for 
the diagnosis of sepsis. 

Conclusions 
In this large observational study, we report a sustained elevation of plasma TNC levels 
in ICU patients, regardless of whether they had sepsis or other critical disease. This 
precludes use of TNC as a diagnostic biomarker for infection in this setting. Although 
plasma levels were associated with disease severity, TNC did not independently 
predict 30-day mortality, which also limits its potential use as a prognostic marker. The 
persistence of elevated circulating TNC levels, together with its described effects on 
immune cells, may hint to a potential role for TNC in the late sequelae of critical illness 
in general and of sepsis in particular, but this requires further study. 
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with CAP when compared with no-CAP patients. Clearly, with an AUC of 0.67, plasma 
TNC did not adequately discriminate between CAP and no-CAP patients. 

One earlier study reported on circulating TNC levels in sepsis patients (11). This 
investigation entailed 167 patients of whom blood was obtained at a single time point, 
within 24 hours after admission to the ICU. Consistent with our data, non-surviving 
patients had higher serum TNC levels, irrespective of the presence of shock upon 
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mortality. However, the current investigation encompassing a higher number of 
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independent, but rather is a reflection of patient severity. Furthermore, the present 
study shows that TNC levels are elevated throughout ICU stay, and that despite higher 
levels in infected patients, TNC cannot be used as a reliable standalone biomarker for 
the diagnosis of sepsis. 
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in ICU patients, regardless of whether they had sepsis or other critical disease. This 
precludes use of TNC as a diagnostic biomarker for infection in this setting. Although 
plasma levels were associated with disease severity, TNC did not independently 
predict 30-day mortality, which also limits its potential use as a prognostic marker. The 
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Supplemental Digital Content 4. Plasma tenascin C levels before ICU discharge Supplemental Digital Content 5. Table of clinical characteristics and outcome 
of trauma patients admitted to the ICU 

Sepsis N = 895 Trauma N = 75 p-value

Demographics 
Age - years 62 (51-71) 47 (32-62) <0.001 
Sex - male 526 (58.8) 59 (78.7) 0.001 
Ethnicity - white 772 (88.7) 62 (82.7) 0.17 
BMI 24.7 (22.2-28.1) 24.1 (22.5-27.4) 0.66 
Medical history 
Charlson comorbidity index 3 (2-5) 0 (0-2) <0.001 
Severity of disease in first 24h 
APACHE IV score 80 (63-101) 54 (41-71) <0.001 
SOFA scorea 7 (5-9) 5 (3-6) <0.001 
Shock 309 (34.5) 13 (17.3) 0.004 
Outcome 
ICU length of stay - days 6 (3-11) 8 (5-14) 0.003 
Hospital length of stay - days 18 (9-37) 22 (14-45) 0.03 
ICU mortality 722 (80.7) 70 (93.3) 0.01 
Hospital mortality 611 (68.3) 66 (88.0) 0.001 
Mortality at day 30 640 (71.5) 63 (84.0) 0.03 

Data is represented as median (IQR), or as N (%) when categorical. BMI: Body mass index 
(kg/m2). APACHE: Acute Physiology and Chronic Health Evaluation. SOFA: Sequential Organ 
Failure Assessment. a Central nervous system not included in score (modified SOFA). Patients 
were diagnosed with the following types of trauma: Abdominal (N=8), Chest (N=18), Head/Face 
(N=28), Pelvic (N=5), Spinal (N=7) or Other (N=9). The sepsis cohort is also described in Table 1. 
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