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Objectives:	Early	identification	of	patients	with	infection	and	at	risk	
of	developing	severe	disease	with	organ	dysfunction	 remains	a	
difficult	challenge.	We	aimed	to	evaluate	and	validate	the	heparin-
binding	protein,	a	neutrophil-derived	mediator	of	vascular	leakage,	
as	a	prognostic	biomarker	for	risk	of	progression	to	severe	sepsis	
with	circulatory	failure	in	a	multicenter	setting.
Design:	A	prospective	international	multicenter	cohort	study.
Setting:	Seven	different	emergency	departments	in	Sweden,	Can-
ada,	and	the	United	States.
Patients:	Adult	patients	with	a	suspected	 infection	and	at	 least	
one	 of	 three	 clinical	 systemic	 inflammatory	 response	 syndrome	
criteria	(excluding	leukocyte	count).
Intervention:	None.
Measurements and Main Results:	Plasma	levels	of	heparin-bind-
ing	protein,	procalcitonin,	C-reactive	protein,	 lactate,	and	 leuko-
cyte	count	were	determined	at	admission	and	12–24	hours	after	
	admission	in	759	emergency	department	patients	with	suspected	
infection.	 Patients	were	 defined	 depending	 on	 the	 presence	 of	
infection	and	organ	dysfunction.	Plasma	samples	from	104	emer-
gency	department	patients	with	suspected	sepsis	collected	at	an	
independent	center	were	used	to	validate	the	results.	Of	the	674	
patients	diagnosed	with	an	infection,	487	did	not	have	organ	dys-
function	at	enrollment.	Of	these	487	patients,	141	(29%)	devel-
oped	organ	dysfunction	within	the	72-hour	study	period;	78.0%	
of	the	latter	patients	had	an	elevated	plasma	heparin-binding	pro-
tein	level	(>	30	ng/mL)	prior	to	development	of	organ	dysfunction	
(median,	10.5	hr).	Compared	with	other	biomarkers,	heparin-bind-
ing	protein	was	the	best	predictor	of	progression	to	organ	dys-
function	(area	under	the	receiver	operating	characteristic	curve	=	
0.80).	The	performance	of	heparin-binding	protein	was	confirmed	
in	the	validation	cohort.
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Conclusion:	 In	 patients	 presenting	 at	 the	 emergency	 department,	
heparin-binding	protein	is	an	early	indicator	of	infection-related	organ	
dysfunction	and	a	strong	predictor	of	disease	progression	to	severe	
sepsis	within	72	hours.	(Crit Care Med	2015;	43:2378–2386)
Key Words:	 circulatory	 failure;	 heparin-binding	 protein;	 organ	
dysfunction;	prognostic	biomarker;	sepsis;	severe	sepsis

The underlying pathogenesis of sepsis is complex and 
dependent on the etiologic microorganism, site of 
infection, and host factors (1, 2). As a result of the non-

specific diagnostic criteria of sepsis, patients at risk of becom-
ing more seriously ill are often not identified for resuscitation 
until they develop overt signs of organ failure. Indeed, almost 
a quarter of patients presenting with uncomplicated sepsis in 
an emergency department (ED) developed severe sepsis or sep-
tic shock within 72 hours (3). Delayed in-hospital progression 
to increased organ dysfunction was associated with increased 
transfer to the ICU and increased hospital length of stay (4). 
Furthermore, the progression to severe sepsis and organ failure 
is associated with increased mortality (5–7). The early iden-
tification of high-risk patients can lead to earlier initiation 
of resuscitation that could reduce morbidity and mortality 
(8–10). In addition, septic shock is associated with impaired 
quality of life and increased mortality for several years after 
the initial incident (11–13). Also, less severe organ dysfunction 
is associated with increased long-term mortality among survi-
vors (14, 15).

Heparin-binding protein (HBP) resides in the secretory 
and azurophilic granulae of neutrophils and can be released 
in the presence of bacteria (16–18). HBP has several functions, 
such as a chemoattractant and an activator of monocytes and 
macrophages (19). Also, it induces vascular leakage by interact-
ing with the capillary endothelium and breaking cell barriers 
(20). In vivo studies have demonstrated that HBP released by 
the complex formed by the group A streptococcal M1 protein 
and fibrinogen induces massive tissue edema contributing to 
severe organ damage (16–18). In clinical investigations, the 
release of HBP has been demonstrated in various infectious 
diseases caused by a wide array of bacteria (21–24). A recent 
single-center study of patients admitted for suspected infec-
tion and fever showed that plasma levels of HBP were signifi-
cantly higher among patients who presented with or developed 
severe sepsis (21).

The objectives of this study were to 1) validate the utility of 
a threshold concentration of plasma HBP to predict the devel-
opment of organ dysfunction and 2) to compare the perfor-
mance of HBP relative to currently used sepsis biomarkers in 
ED patients.

MATERIALS AND METHODS

Study Design and Settings
This was a prospective, multicenter, observational, conve-
nience sample study of ED patients with suspected infection 

(ClinicalTrials.gov NCT01392508), conducted at five Swedish 
academic centers and one center in the United States. In Swe-
den, two Infectious Diseases Clinics with separate EDs (Skåne 
University Hospital, Lund, and Örebro University Hospital, 
Örebro) and three general EDs (Skåne University Hospital 
in Lund and in Malmö, and Linköping University Hospital) 
participated, and in the United States, the study center was 
a tertiary care academic medical center (Cooper University 
Hospital, Camden, NJ). The size of the catchment areas of the 
respective hospital varied from 140,000 to 400,000 inhabitants 
and the annual visits of the EDs from 45,000 to 84,000 per year. 
The study was conducted over a 15-month period between 
April 2011 and June 2012.

A validation cohort was composed of patients who had 
sepsis from the ED of St. Paul’s Hospital, a tertiary refer-
ral hospital with 40,000 annual visits, in Vancouver, Canada. 
Patients were recruited between January 2011 and July 2013. 
The Institutional Review Board for Human Research approved 
the trial at each center.

Patient Population
Patients were enrolled upon presentation to the ED when ful-
filling the following inclusion criteria: 1) age 18 years old or 
older; 2) a suspected infection after evaluation by the attending 
clinician; and 3) at least one of three clinical criteria for the sys-
temic inflammatory response syndrome (SIRS) (25). SIRS was 
defined as a) temperature more than 38°C or less than 36°C or 
self-reported fever/chills within the past 24 hours; b) respira-
tion rate more than 20 breaths/min; and c) heart rate more 
than 90 beats/min. The fourth criterion commonly used in 
SIRS definition, the WBC count, was not used as an inclusion 
criterion because the WBC count was not available when the 
patient presented to the ED. There were no exclusion criteria.

Data Collection
Patient data collected at enrollment included demographics, 
comorbid conditions, concomitant medication, vital signs 
(heart rate, respiratory rate, blood pressure, arterial oxygen sat-
uration [Sao

2
]), and mental status. Laboratory testing (WBC, 

platelets, C-reactive protein [CRP], international normalized 
ratio [INR], bilirubin, serum creatinine, and serum lactate) was 
performed, and the suspected source of infection was noted. 
Vital signs were documented at enrollment and later as often as 
available from the medical record. In addition, blood pressure 
was measured regularly (at least every fourth hour) during the 
first 24 hours. All signs of organ dysfunction including hypo-
tension were collected from the medical records, and mortality 
within the 72-hour study period was assessed.

Sample Collection and Biomarker Assays
Venous blood samples for the determination of biomark-
ers were drawn from patients at enrollment (sample 1) and 
again 12–24 hours after the initial sample (sample 2). Sam-
ples were processed locally at each site, centrifuged, stored at 
–80°C within 2 hours of collection and subsequently shipped 
on dry ice to a centralized laboratory for analysis of HBP and 
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procalcitonin (PCT). HBP was analyzed blinded and in dupli-
cate using the Axis-Shield HBP microtiter plate enzyme-linked 
immunosorbent assay (Axis-Shield Diagnostics, Dundee, 
United Kingdom) and PCT by the ADVIA Centaur BRAHMS 
PCT assay (Siemens Healthcare Diagnostics, Surrey, United 
Kingdom). WBC, CRP, and lactate analyses were performed at 
the clinical chemistry laboratories at each site. HBP and WBC 
were analyzed across the entire study population.

Definition of Outcomes
The primary outcome was the progression to infection-related 
organ dysfunction (severe sepsis) within the 72-hour time 
period from enrollment. A secondary outcome was the pres-
ence of severe sepsis at any time during the study period. The 
criteria for organ dysfunction were adapted from consensus 
criteria for sepsis syndrome (25, 26) and the current surviv-
ing sepsis guidelines (27). It was defined as present when any 
of the following criteria were met in the absence of preexist-
ing pathology that could explain the abnormal results: acute 
neurologic dysfunction such as a confused, drowsy, or uncon-
scious state; cardiovascular dysfunction defined as systolic 
blood pressure less than 90 mm Hg, a mean arterial pressure 
less than 70 mm Hg, a decrease in systolic blood pressure of 
more than 40 mm Hg, or the need for vasopressors; respira-
tory dysfunction defined as Sao

2
 less than 90% at any time or 

the need for mechanical ventilation; renal dysfunction defined 
as a creatinine increase more than 44 μmol/L between any 
two measurements; hematologic dysfunction defined as any 
platelet count less than 100 × 109/L or INR more than 1.5; and 
hepatic dysfunction defined as a total bilirubin more than 32 
μmol/L. Serum lactate elevation was not included as a criterion 
for organ dysfunction as its utility was evaluated as a marker in 
the study. If patients were discharged from the hospital before 
the 72-hour period and there was no evidence of organ dys-
function during the hospitalization, they were assumed to have 
no subsequent organ dysfunction. Septic shock was defined as 
sepsis plus hypotension (systolic blood pressure < 90 mm Hg 
or mean arterial pressure < 70 mm Hg) refractory to fluid 
resuscitation or the administration of vasopressors (27).

After review of the medical records including clinical, micro-
biological, laboratory, and radiological findings, the study 
physician at each site determined the infection status of each 
patient based on a standard algorithm in the Clinical Record 
Form. Similarly, data collected in the study and from the medi-
cal charts were used to determine the presence and time of 
onset of organ dysfunction at each site. For patients not clearly 
meeting the criteria for infection or organ dysfunction, three 
of the investigators (A.L., B.C., P.Å.), unaware of the biomarker 
results, reviewed the data and decided on the final classification. 
Patients with infections were divided into two groups: 1) infec-
tion with organ dysfunction, that is, patients with septic shock 
or severe sepsis and 2) infection without organ dysfunction.

Statistical Methods
Means, medians, sds, and interquartile ranges (IQRs) were 
reported as appropriate. Spearman rank correlation was used 

to assess the relationship between pairs of continuous variables. 
Areas under the receiver operating characteristic curves (AUC) 
were calculated to assess the diagnostic power of each marker, 
and significant differences were determined using a two sam-
ple Z test with a Bonferroni adjusted p value. To account for 
the wide distribution of data and potential nonlinear associa-
tions, markers values were transformed into quartiles based on 
the distribution within the study population when calculating 
odds ratios (OR). SPSS software system version 20.0 (SPSS, 
Armonk, NY) and Graphpad Prism 6 (GraphPad Software, La 
Jolla, CA) software were used for statistical calculations.

RESULTS

Patient Characteristics
A total of 806 ED patients with a suspected infection and at least 
one SIRS criterion were prospectively enrolled. Forty-seven 
patients (5.8%) were excluded, leaving 759 patients for further 
evaluation (Fig. 1). An infection diagnosis was established in 
674 patients (88.8%). Of these 674 patients, 328 (48.7%) had 
signs of organ dysfunction (severe sepsis) within the 72-hour 
study period, including 29 patients with septic shock (4.3%); 
52.7% of these patients had one organ dysfunction, 28.4% had 
two organ dysfunctions, and 18.9% had three or more organ 
dysfunctions. Cardiovascular (80.2%) and respiratory dys-
function (36.9%) were most common. Of the 85 patients who 
were not diagnosed with an infection, 22 (25.9%) had an organ 
dysfunction. Common diagnoses in these patients were auto-
immune disorder, pancreatitis, and cancer. The overall mean 
age was 58 years (range, 18–101), 46.0% were women, and 
89.7% were Caucasians. Patients with infection and organ dys-
function were older and had more comorbidities, such as car-
diovascular and malignant diseases and diabetes mellitus, than 
patients with infection without organ dysfunction. Details on 
patient characteristics are presented in Table 1. Four patients 
died within the 72-hour study period, all with an infection 
with organ dysfunction.

Accuracy of Biomarkers as Predictors of Risk of 
Severe Sepsis
To determine the potential of the candidate biomarkers to iden-
tify patients who progressed to severe sepsis, plasma from the 
487 infected patients without organ dysfunction at presenta-
tion was analyzed. Of these, 141 patients (29.0%) progressed to 
severe sepsis within the study period. To increase the likelihood 
of detecting patients who might deteriorate several hours after 
admission, biomarkers were measured twice, at enrollment 
and 12–24 hours later when clinically convenient. The high-
est biomarker value before detection of organ failure was used 
for analyses of the predictive capacity. The diagnostic accuracy 
for the identification of patients progressing to severe sepsis 
was highest for HBP, with an AUC value of 0.80 (Fig. 2). HBP 
was significantly better in identifying patients who developed 
organ dysfunction compared with the other markers (p < 0.01). 
When using only data from patients where all five markers had 
been measured, the AUC value for HBP increased to 0.82, still 
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significantly higher than for the other markers (p < 0.01). A 
combination of all five investigated markers improved the pre-
diction of progression to organ dysfunction (AUC, 0.85).

For discriminatory analyses of HBP, a threshold value of  
30 ng/mL was applied. One hundred ten of the 141 patients 
(78.0%) had an increased plasma HBP concentration more than 
30 ng/mL before developing organ dysfunction. This elevated 
HBP was detected several hours before fulfilling any of the criteria 
for organ dysfunction (median, 10.5 hr) (Fig. 3). When using sug-
gested cutoff values for other biomarkers, PCT (> 0.5 ng/mL) was 
increased in 73 of 139 patients (52.5%), WBC (> 12 × 109/L) in 
57.4%, CRP (> 130 μg/mL) in 59.3%, and lactate (> 2.0 mmol/L) 
in 28.1%, before the onset of organ dysfunction. HBP predicted 
progression to organ dysfunction with a sensitivity of 78.0% and 
a specificity of 76.3%, outperforming other biomarkers (Table 2).

Among patients who progressed to severe sepsis within the 
first 24 hours, nine had plasma levels below the cutoff for HBP 
at admission but were positive at the second sampling, which 
was at the time of or after detection of organ failure. Including 
these patients in the analysis by using the highest HBP value 
in the two samples increased the AUC to 0.85, suggesting that 
more frequent testing might further increase the utility of 
plasma HBP for prediction of severe sepsis.

Unadjusted ORs of progression to organ dysfunction for 
infected patients increased continuously across quartiles for all bio-
markers (Table 3). The OR in the top quartile was highest for HBP 
(20.5; 95% CI, 9.92–42.4), indicating that a patient with elevated 

HBP has a greatly increased risk 
of developing severe sepsis.

Biomarker Distribution 
in Relation to the Final 
Diagnosis of Organ 
Dysfunction
In addition to the analysis of 
biomarkers as predictors, their 
ability to identify severe sepsis 
at any time (present at enroll-
ment or developing during 
the study period) was investi-
gated. For this, all 674 infected 
patients, including the ones 
who presented with organ 
dysfunction, were analyzed. 
The highest biomarker values 
obtained either at admission 
or in the 12- to 24-hour sample 
were used. The concentrations 
of all biomarkers were signifi-
cantly higher in patients who 
had (at ED admission) or devel-
oped severe sepsis (Fig. 4). The 
median HBP plasma concen-
tration was 63.5 ng/mL (IQR, 
35.1–114.1) in the group with 
organ failure versus 18.8 ng/mL 

(IQR, 10.6–29.7) among patients without organ failure. Receiver 
operating characteristic curves for the identification of severe 
sepsis at any time demonstrated that HBP had an AUC of 0.85 
(95% CI, 0.82–0.88), significantly higher than all other biomark-
ers (p < 0.01): PCT, 0.78 (0.74–0.81); WBC, 0.74 (0.70–0.77); 
CRP, 0.76 (0.72–0.80); and lactate, 0.70 (0.66–0.74).

In the total study cohort of 759 patients, 85 patients were 
not diagnosed with an infection. Of these, 22 had signs of 
organ dysfunction. The median plasma HBP concentration 
was significantly higher in these organ dysfunction patients 
(27.6 ng/mL; IQR, 17–49) compared with the 63 noninfected 
patients without organ dysfunction (11.1 ng/mL; IQR, 7–19).

Performance of HBP in an Independent Validation 
Cohort
Plasma samples from 104 patients from a prior prospective study 
of endotoxin tolerance in sepsis (28) were used to validate the HBP 
assay in an independent cohort (Supplemental Table 1, Supple-
mental Digital Content 1, http://links.lww.com/CCM/B419). Of 
the 21 patients with severe sepsis, nine presented without signs 
of organ dysfunction at enrollment. The diagnostic accuracy for 
HBP in predicting severe sepsis in this cohort was higher than in 
the larger prospective cohort with an AUC of 0.89 (95% CI, 0.74–
1.03). The AUC for determining the final diagnosis of severe sepsis 
(i.e., severe sepsis at any time) was 0.91 (0.82–0.99). The AUC for 
lactate was 0.53 (0.31–0.76) for predicting and 0.72 (0.57–0.86) 
for diagnosing severe sepsis. When the plasma HBP threshold of 

Figure 1. Flow chart of patients in the study cohort and subsequent patient outcomes.

http://links.lww.com/CCM/B419
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30 ng/mL was applied to this cohort, the sensitivity was 78% and 
the specificity 95% in predicting severe sepsis among infected 
patients presenting without organ dysfunction. Among the 41 
patients without an established infection diagnosis, HBP levels 
were low (median, 3.6 ng/mL; range, 1–25). None of these patients 
had a HBP level above the threshold of 30 ng/mL.

DISCUSSION
In this ED-based multicenter study, plasma HBP was a robust 
predictor of disease progression to infection-related organ 
dysfunction, that is, severe sepsis. A prognostic biomarker with 
high clinical utility should predict outcomes before clinical 
signs of the primary outcome become apparent. In the present 

TABLE 1. Characteristics of the Study Population

Characteristics
Infection With Organ  
Dysfunction (n = 328)

Infection Without Organ  
Dysfunction (n = 346)

No Infection  
(n = 85) p

Age, mean years (range) 65 (18–101) 52 (18–94) 59 (18–92) < 0.001

Gender, % female 45 44 58

Race, n (%)

  White 297 (91) 307 (89) 77 (91)

  Black 13 (4) 17 (5) 1 (1)

  Other 18 (5) 22 (6) 7 (8)

Comorbidities, n (%)

  Cardiovascular disease 119 (36) 55 (16) 13 (15) < 0.001

  Diabetes mellitus 69 (21) 45 (13) 8 (9) < 0.01

  Renal disease 39 (12) 25 (7) 5 (6)

  Liver disease 7 (2) 6 (2) 4 (5)

  Malignancy 52 (16) 24 (7) 17 (20) < 0.001

  Respiratory disease 44 (13) 42 (12) 6 (7)

  Immunocompromised 14 (4) 13 (4) 0

  No comorbidities 127 (39) 212 (61) 52 (61) < 0.001

Source of infection, n (%)

  Lower respiratory 125 (38) 102 (29) 0 < 0.05

  Upper respiratory 7 (2) 29 (8) 0 < 0.001

  Urogenital 75 (23) 59 (17) 0

  Skin/soft tissue 40 (12) 63 (18) 0 < 0.05

  Intra-abdominal 42 (13) 48 (14) 0

  Other 19 (6) 24 (7) 0

  Unknown 20 (6) 21 (6) 0

Vital signs at entry, mean (range)

  Temperature, °C 38.3 (35.0–41.4) 37.8 (34.5–40.3) 37.4 (34.7–39.6) < 0.001

  Heart rate, beats/min 96 (50–156) 92 (53–141) 93 (55–152) < 0.01

  Respiratory rate, per min 23 (12–52) 20 (9–45) 21 (10–38) < 0.001

  Systolic BP, mm Hg 131 (69–248) 134 (80–222) 133 (92–230)

  Diastolic BP, mm Hg 71 (25–175) 77 (48–120) 77 (44–125) < 0.001

Blood cultures (%)

  Obtained, number of patients 303 (92) 238 (69) 49 (58) < 0.001

  Positive, number of patients 83 (27) 23 (10) 0 < 0.001

BP	=	blood	pressure.
p	values	refer	only	to	comparisons	between	patients	with	infection,	with	or	without	organ	dysfunction,	respectively.	Only	p	values	<	0.05	are	indicated.
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study, 29% of the patients with infection who presented with-
out signs of organ dysfunction progressed to severe sepsis 
within 72 hours, a proportion that is similar to the results of 
some other recent ED studies (3, 21, 29). In this important but 
diagnostically challenging group, HBP was the best biomarker 

with increased plasma levels several hours before circulatory 
failure or organ dysfunction developed. In this respect, HBP 
seems to elevate prior to the other investigated markers. The 
rapid increase of HBP can be explained by its location within 
the secretory granulae, which are the first to be mobilized 
upon neutrophil activation. After release, HBP contributes to 
the neutrophil-mediated permeability changes of the endothe-
lium leading to vascular leakage. The likelihood of an elevated 
HBP is probably increased if the patient sample is obtained 
closer to the onset of organ dysfunction. This tendency was 
seen in the current study. The results also aligns with a previ-
ous single-center study that showed increased plasma HBP in 
over 90% of the patients with infection who developed severe 
sepsis after inclusion (21). Furthermore, the negative predic-
tive value of 89.5% for HBP indicates a high probability for 
excluding the progression to a more severe disease in an other-
wise clinically stable patient with infection. The data also sug-
gest that repeated HBP analysis during the initial time period is 
beneficial in improving detection of the development of organ 
dysfunction.

The inclusion criteria, suspected infection, and one clini-
cal SIRS criterion were selected to enroll broad range of ED 
patients. Of note, 49% of the infected patients were diagnosed 
with organ dysfunction. This is comparable to the occurrence 
rate in another large ED study (29) but higher than in a previ-
ous epidemiological study (3). Difficulties in the classification 
of infection severity and the identification of organ dysfunc-
tions could explain the differences between studies (30, 31). In 
a recent sepsis study based in an ICU, the frequency of organ 
failure in the same cohort differed from 10% to 36% depend-
ing on the use of liberal or restrictive settings of criteria and 
on the timing of measurements (31). A post hoc analysis of the 
patients without organ dysfunction who had an elevated HBP 
(false positives) showed that there was a tendency to treat this 
group with more IV fluids and antibiotics than other patients 
with uncomplicated infections (data not shown). Many of 
these “false-positive” patients had organ dysfunction variables 
just below threshold for classifying as organ dysfunction.

The strengths of the study include the large study popula-
tion with a broad range of clinical presentations and diagnoses, 
the careful blinded and accurate measurements of HBP, and 
the careful monitoring of organ dysfunction. The distribu-
tions of most common diagnoses, microbiological findings, 
and types of organ dysfunctions are similar to recent reports 
(32). Samples were handled at independent hospital laborato-
ries, and HBP was analyzed by an assay reproduced outside of 
the laboratory where it was developed. Some limitations of the 
study are the incomplete sample size for comparative biomark-
ers (i.e., CRP), the lack of data on long-term mortality, and the 
limited number of patients in the validation cohort. Also, the 
presented cutoff value for HBP was higher than in previous 
studies of HBP as a sepsis marker (21, 23). The threshold value 
was selected to give the best combined sensitivity and speci-
ficity. However, it is unclear if transportation and handling of 
samples outside the research laboratory is an explanation for 
varying cutoffs or if it reflects different patient cohorts.

Figure 2. Diagnostic accuracy of biomarker testing for infection-
related organ dysfunction, that is, severe sepsis. Receiver operating 
characteristic curves are shown comparing heparin-binding protein (HBP), 
procalcitonin (PCT), C-reactive protein (CRP), lactate, and leukocyte 
count in discriminating between patients with infection who progressed 
to organ dysfunction and those who did not. The highest biomarker value 
before onset of organ dysfunction was used. The area under the receiver 
operating characteristic curve values (95% CI) for the progression to 
organ dysfunction were as follows: HBP, 0.80 (0.76–0.85); PCT, 0.70 
(0.64–0.75); WBC, 0.72 (0.66–0.77); CRP, 0.70 (0.65–0.75); and lactate, 
0.64 (0.58–0.69). HBP was significantly better than all the other markers 
in discriminating between patients who progressed to organ dysfunction 
and those who did not (p < 0.01).

Figure 3. Analysis of infected patients progressing to organ dysfunction 
after enrollment. Plasma heparin-binding protein (HBP) levels and times 
from plasma sampling to the development of organ dysfunction are 
indicated. Each dot represents one of the 141 patients. Patients with organ 
dysfunction detected at 24 hr or later after sampling are marked at 24 hr.
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The results from the validation of the HBP assay in patients 
independent from the multicenter cohort suggested a robust 
reproducible performance of plasma HBP to predict progres-
sion to severe sepsis.

In conclusion, the host response to sepsis involves numer-
ous mediators, many of which have been proposed as sep-
sis biomarkers (33, 34). HBP represents one such mediator 
with an important role in a central sepsis mechanism, the 

induction of vascular leakage. Targeting HBP release has 
shown dramatic effects on organ damage in animal experi-
ments (16). HBP was the best single marker predictive of pro-
gression to organ dysfunction (i.e., severe sepsis) in patients 
with infection in the ED setting. Accordingly, we suggest that 
measurement of plasma HBP may facilitate decisions on early 
management to potentially prevent progression to severe sep-
sis in the ED. Furthermore, plasma HBP may be a predictive 

TABLE 2. Discriminatory Value of Biomarkers for the Final Diagnosis of Severe Sepsis in 
Patients Who Did Not Have Organ Dysfunction at Sampling (n = 487)

Variable Heparin-Binding Protein Procalcitonin WBC C-Reactive Protein Lactate

Cutoff Value 30 ng/mL 0.5 ng/mL 12 × 109/L 130 μg/mL 2.0 mmol/L

Sensitivity 78.0 52.5 57.4 59.3 28.1

Specificity 76.3 71.1 71.7 72.5 84.3

Positive predictive value 57.3 42.7 45.2 45.8 41.4

Negative predictive value 89.5 78.6 80.5 82.0 74.9

TABLE 3. Quartile Ranges and Odds Ratios for Progression to Organ Dysfunction Among 
Patients With Infection Who Presented Without Organ Failure (n = 487) in the Emergency 
Department

Variable Reference Group Level OR 95% CI

Heparin-binding protein (ng/mL) 0.0–12.2

12.3–23.1 1.30 0.56–2.98

23.2–48.0 3.86 1.85–8.06

48.1–807.3 20.5 9.92–42.37

Procalcitonin (ng/mL) 0.0–0.16

0.17–0.32 1.56 0.80–3.04

0.33–0.75 2.07 1.08–3.97

0.76–69.2 6.25 3.33–11.74

WBC (109/L) 0.0–7.7

7.8–10.1 2.95 1.35–6.45

10.2–13.8 5.53 2.62–11.68

13.9–57.9 13.0 6.21–27.22

C-reactive protein (μg/mL) 0.0–42

43–96 2.56 1.18–5.54

97–175 4.01 1.9–8.48

176–474 7.85 3.77–16.3

Lactate (mmol/L) 0.0–1

1.1–1.3 2.31 1.16–4.62

1.4–1.8 3.25 1.73–6.1

1.9–5.3 4.17 2.21–7.89

OR	=	odds	ratios.
The	highest	biomarker	value	before	onset	of	organ	dysfunction	was	used.	The	reference	group	represents	the	first	(lowest)	heparin-binding	protein	quartile	(n	=	122).
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biomarker for patient stratification in future therapeutic sep-
sis trials.

ACKNOWLEDGMENTS
We thank the physician, nursing, and other staff from the par-
ticipating institutions, Ann Åkesson and Britt-Marie Hansson 
for excellent technical assistance, and Rasmus Hermansson 
and Fredrik Lindahl for help with sampling. In addition, we 
thank the Randall Scholarship Fund and Pepperdine Univer-
sity for the support of the Shock Research Internship students 
who assisted with the study.

REFERENCES
	 1.	Dremsizov	 T,	Clermont	G,	 Kellum	 JA,	 et	 al:	 Severe	 sepsis	 in	 com-

munity-acquired	pneumonia:	When	does	it	happen,	and	do	systemic	
inflammatory	response	syndrome	criteria	help	predict	course?	Chest 
2006;	129:968–978

	 2.	Shapiro	N,	Howell	MD,	Bates	DW,	et	al:	The	association	of	sepsis	
syndrome	and	organ	dysfunction	with	mortality	in	emergency	depart-
ment	 patients	 with	 suspected	 infection.	 Ann Emerg Med	 2006;	
48:583–590,	590.e1

	 3.	Glickman	SW,	Cairns	CB,	Otero	RM,	et	al:	Disease	progression	 in	
hemodynamically	stable	patients	presenting	to	the	emergency	depart-
ment	with	sepsis.	Acad Emerg Med	2010;	17:383–390

	 4.	Arnold	RC,	Sherwin	R,	Shapiro	NI,	et	al;	Emergency	Medicine	Shock	
Research	Network	(EM	Shock	Net)	Investigators:	Multicenter	obser-
vational	study	of	 the	development	of	progressive	organ	dysfunction	
and	therapeutic	 interventions	in	normotensive	sepsis	patients	in	the	
emergency	department.	Acad Emerg Med	2013;	20:433–440

	 5.	Martin	GS,	Mannino	DM,	Eaton	S,	et	al:	The	epidemiology	of	sepsis	
in	the	United	States	from	1979	through	2000.	N Engl J Med	2003;	
348:1546–1554

	 6.	Sakr	Y,	Vincent	JL,	Schuerholz	T,	et	al:	Early-	versus	late-onset	shock	
in	European	intensive	care	units.	Shock	2007;	28:636–643

	 7.	Vincent	JL,	Sakr	Y,	Sprung	CL,	et	al;	Sepsis	Occurrence	in	Acutely	
Ill	 Patients	 Investigators:	 Sepsis	 in	 European	 intensive	 care	 units:	
Results	of	the	SOAP	study.	Crit Care Med	2006;	34:344–353

	 8.	Bastani	A,	Galens	S,	Rocchini	A,	et	al:	ED	identification	of	patients	
with	severe	sepsis/septic	shock	decreases	mortality	in	a	community	
hospital.	Am J Emerg Med	2012;	30:1561–1566

	 9.	Kumar	A,	Roberts	D,	Wood	KE,	et	al:	Duration	of	hypotension	before	
initiation	of	effective	antimicrobial	therapy	is	the	critical	determinant	of	
survival	in	human	septic	shock.	Crit Care Med	2006;	34:1589–1596

	10.	Rivers	EP,	Katranji	M,	Jaehne	KA,	et	al:	Early	interventions	in	severe	
sepsis	and	septic	shock:	A	review	of	the	evidence	one	decade	later.	
Minerva Anestesiol	2012;	78:712–724

	11.	Winters	 BD,	 Eberlein	M,	 Leung	 J,	 et	 al:	 Long-term	mortality	 and	
quality	of	life	in	sepsis:	A	systematic	review.	Crit Care Med	2010;	
38:1276–1283

	12.	Yende	S,	D’Angelo	G,	Kellum	JA,	et	al;	GenIMS	Investigators:	Inflam-
matory	 markers	 at	 hospital	 discharge	 predict	 subsequent	 mortal-
ity	after	pneumonia	and	sepsis.	Am J Respir Crit Care Med	2008;	
177:1242–1247

	13.	Cuthbertson	BH,	Elders	A,	Hall	S,	et	 al;	Scottish	Critical	Care	Trials	
Group;	Scottish	Intensive	Care	Society	Audit	Group:	Mortality	and	qual-
ity	of	life	in	the	five	years	after	severe	sepsis.	Crit Care	2013;	17:R70

	14.	Murugan	 R,	 Karajala-Subramanyam	 V,	 Lee	 M,	 et	 al;	 Genetic	 and	
Inflammatory	Markers	of	Sepsis	 (GenIMS)	 Investigators:	Acute	kid-
ney	injury	in	non-severe	pneumonia	is	associated	with	an	increased	
immune	response	and	lower	survival.	Kidney Int	2010;	77:527–535

	15.	Linder	A,	Fjell	C,	Levin	A,	et	al:	Small	acute	increases	in	serum	creati-
nine	are	associated	with	decreased	long	term	survival	in	the	critically	
ill.	Am J Respir Crit Care Med	2014;	189:1075–1081

	16.	Herwald	H,	Cramer	H,	Mörgelin	M,	et	al:	M	protein,	a	classical	bac-
terial	 virulence	 determinant,	 forms	 complexes	 with	 fibrinogen	 that	
induce	vascular	leakage.	Cell	2004;	116:367–379

Figure 4. Analysis of peak biomarker values in infected patients. Two plasma 
samples were collected in the study: one at enrollment and one after 12–24 hr. 
The maximal value obtained for each biomarker was used to calculate the 
median values (line), interquartile range (boxes), and the 10–90% ranges 
(whiskers) for patients in each patient group. CRP = C-reactive protein, 
HBP = heparin-binding protein, PCT = procalcitonin.



Copyright © 2015 by the Society of Critical Care Medicine and Wolters Kluwer Health, Inc. All Rights Reserved.

Linder et al

2386 www.ccmjournal.org	 November	2015	•	Volume	43	•	Number	11

	17.	McNamara	C,	Zinkernagel	AS,	Macheboeuf	P,	et	al:	Coiled-coil	irregu-
larities	and	instabilities	in	group	A	Streptococcus	M1	are	required	for	
virulence.	Science	2008;	319:1405–1408

	18.	Macheboeuf	P,	Buffalo	C,	Fu	CY,	et	al:	Streptococcal	M1	protein	con-
structs	a	pathological	host	fibrinogen	network.	Nature	2011;	472:64–68

	19.	Linder	A,	Soehnlein	O,	Akesson	P:	Roles	of	heparin-binding	protein	in	
bacterial	infections.	J Innate Immun	2010;	2:431–438

	20.	Gautam	N,	Olofsson	AM,	Herwald	H,	et	al:	Heparin-binding	protein	
(HBP/CAP37):	A	missing	link	in	neutrophil-evoked	alteration	of	vas-
cular	permeability.	Nat Med	2001;	7:1123–1127

	21.	Linder	A,	Christensson	B,	Herwald	H,	et	al:	Heparin-binding	protein:	
An	early	marker	of	circulatory	failure	in	sepsis.	Clin Infect Dis	2009;	
49:1044–1050

	22.	Linder	A,	Akesson	P,	Brink	M,	et	al:	Heparin-binding	protein:	A	diagnostic	
marker	of	acute	bacterial	meningitis.	Crit Care Med	2011;	39:812–817

	23.	Linder	A,	Åkesson	P,	Inghammar	M,	et	al:	Elevated	plasma	levels	of	
heparin-binding	protein	in	intensive	care	unit	patients	with	severe	sep-
sis	and	septic	shock.	Crit Care	2012;	16:R90

	24.	Kjölvmark	C,	Akesson	P,	Linder	A:	Elevated	urine	 levels	of	heparin-
binding	protein	in	children	with	urinary	tract	infection.	Pediatr Nephrol 
2012;	27:1301–1308

	25.	Bone	RC,	Balk	RA,	Cerra	FB,	et	al:	Definitions	for	sepsis	and	organ	
failure	and	guidelines	for	the	use	of	innovative	therapies	in	sepsis.	The	
ACCP/SCCM	 Consensus	 Conference	 Committee.	 American	 Col-
lege	 of	Chest	 Physicians/Society	 of	Critical	Care	Medicine.	Chest 
1992;	101:1644–1655

	26.	Levy	MM,	Fink	MP,	Marshall	JC,	et	al:	2001	SCCM/ESICM/ACCP/
ATS/SIS	International	Sepsis	Definitions	Conference.	Crit Care Med 
2003;	31:1250–1256

	27.	Dellinger	RP,	Levy	MM,	Rhodes	A,	et	al:	Surviving	Sepsis	Campaign:	
International	guidelines	for	management	of	severe	sepsis	and	septic	
shock,	2012.	Intensive Care Med	2013;	39:165–228

	28.	Pena	OM,	Hancock	DG,	Lyle	NH,	et	al:	An	endotoxin	tolerance	signa-
ture	predicts	sepsis	and	organ	dysfunction	at	initial	clinical	presenta-
tion.	EBioMedicine	2014;	1:64–71

	29.	Shapiro	NI,	Trzeciak	S,	Hollander	JE,	et	al:	A	prospective,	multicenter	
derivation	of	a	biomarker	panel	to	assess	risk	of	organ	dysfunction,	
shock,	and	death	in	emergency	department	patients	with	suspected	
sepsis.	Crit Care Med	2009;	37:96–104

	30.	Vincent	JL,	Opal	SM,	Marshall	JC,	et	al:	Sepsis	definitions:	Time	for	
change.	Lancet	2013;	381:774–775

	31.	Klein	Klouwenberg	PM,	Ong	DS,	Bonten	MJ,	et	al:	Classification	of	
sepsis,	severe	sepsis	and	septic	shock:	The	 impact	of	minor	varia-
tions	 in	data	capture	and	definition	of	SIRS	criteria.	 Intensive Care 
Med	2012;	38:811–819

	32.	Angus	DC,	van	der	Poll	T:	Severe	sepsis	and	septic	shock.	N Engl J 
Med	2013;	369:840–851

	33.	Pierrakos	 C,	 Vincent	 JL:	 Sepsis	 biomarkers:	 A	 review.	 Crit Care 
2010;	14:R15

	34.	Reinhart	K,	Bauer	M,	Riedemann	NC,	et	al:	New	approaches	to	sep-
sis:	Molecular	diagnostics	and	biomarkers.	Clin Microbiol Rev	2012;	
25:609–634


