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  The diagnosis of bacterial infections in critically ill patients 
is challenging. Clinical manifestations such as fever, 
tachycardia and, in severe cases, hypotension and shock 
are non-specifi c. Moreover, results from microbial cultures 
may be delayed for several days and are often negative, 
especially when obtained after commencement of empirical 
antimicrobial therapy. Early diagnosis of bacterial infections 
is critical because delayed antimicrobial therapy is associated 
with increased mortality.1 In addition, unnecessary 
treatment with broad-spectrum antibiotics contributes to 
the emerging global problem of multiresistant bacteria.

To facilitate early diagnosis of severe bacterial infections, 
the use of a multitude of sepsis biomarkers have been 
suggested. Among such biomarkers white blood cell count 
(WBC), C-reactive protein (CRP) and procalcitonin (PCT) are 
the most widely used, despite limitations.2-4

Infl ammation biomarkers react to the infl ammatory 
response but do not distinguish between bacterial 
infections and other types of infl ammatory response. The 
performances of WBC, CRP and PCT for differentiating 
sepsis from non-infectious infl ammatory response have 
been questioned.5-7 In the 2016 Surviving Sepsis campaign 
guidelines, their use is recommended only as adjuncts to 
clinical assessment of infection resolution.8 They are not 
included in the third international consensus defi nitions for 
sepsis and septic shock (Sepsis-3).9

Neutrophil degranulation is a major response to bacterial 
infections. Among granular proteins, calprotectin is the most 
abundant protein in the cytosolic fraction of neutrophils.10 
It is released into the circulation when neutrophils are 
activated or consumed. It has previously been shown, 
in a porcine septic shock model, that after an endotoxin 
infusion, there was an initial decrease in circulating WBC and 
a limited increase in interleukin-6.11 The synthesis of CRP 
and PCT have been attributed to increases in interleukin-6 
levels.12,13 This animal study raised the question of 
whether calprotectin, which is degranulated early from the 
neutrophils through an IL-6 independent pathway,14 would 
perform better as a marker of infection than WBC, CRP and 
PCT. The value of calprotectin to facilitate early detection 
of bacterial infections in critically ill patients has not been 
systematically explored before.

We conducted a prospective exploratory investigation of 
plasma calprotectin levels in critically ill patients with and 
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ABSTRACT

Background: Calprotectin is the most abundant protein 
in the cytosolic fraction of neutrophils, and neutrophil 
degranulation is a major response to bacterial infections.
Objectives: To assess the value of plasma calprotectin as an 
early marker of bacterial infections in critically ill patients and 
compare it with the corresponding values for procalcitonin 
(PCT), C-reactive protein (CRP) and white blood cell count 
(WBC).
Methods: We measured daily plasma calprotectin levels in 
110 intensive care unit patients using a newly developed 
turbidimetric assay run on clinical chemistry analysers. The 
likelihood of infection was determined according to the 
International Sepsis Forum criteria.
Results: Overall, 58 patients (52.7%) developed a suspected 
or confi rmed bacterial infection. Plasma calprotectin 
predicted such infections within 24 hours with an area 
under the receiver operating characteristics curve (ROC area) 
of 0.78 (95% CI, 0.68–0.89). The ROC area for calprotectin 
was signifi cantly greater than the corresponding ROC areas 
for WBC (P < 0.001) and PCT (P = 0.02) but only marginally 
better than the ROC area for CRP (0.71; 95% CI, 0.68–0.89).
Conclusion: Plasma calprotectin appears to be a useful 
early marker of bacterial infections in critically ill patients, 
with better predictive characteristics than WBC and PCT.
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without evidence of bacterial infection. We hypothesised 

that calprotectin levels would be higher in patients with 

microbiological and/or clinical evidence of a bacterial 

infection than in critically ill patients without suspected 

infection. In addition, we hypothesised that the predictive 

and diagnostic accuracy of plasma calprotectin would be 

superior to that of WBC, CRP and PCT.

Methods

The regional ethics review board in Stockholm approved 

our study and we obtained written informed consent from 

patients or their next of kin.
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Patient selection

Patients admitted to the general intensive care unit at the 
Karolinska University Hospital, Solna, Sweden, between 
August 2007 and November 2013 were assessed for 
eligibility. The original purpose of collecting data from these 
patients was to assess the predictive values of acute kidney 
injury biomarkers. Hence, only patients without acute or 
chronic kidney disease (estimated glomerular fi ltration 
rate [eGFR], > 60 mL/min/1.73 m2) on ICU admission, who 
were expected to stay beyond the next calendar day, were 
included. For the purpose of our study, aiming to assess 
biomarkers of early infections, we excluded patients who 
were receiving ongoing antibiotic therapy at ICU admission 
and patients without a study sample obtained before or on 
the day when antibiotic treatment was started in the ICU.

Data collection and operational defi nitions

Microbial culture results and timing of antibiotic therapy 
initiation were recorded. An infectious disease specialist 
blinded to the calprotectin results determined the 
likelihood of infection as no infection, possible infection, 
probable infection or confi rmed infection, according to the 
international sepsis forum criteria (see Appendix Table S1, 
online at cicm.org.au/Resources/Publications/Journal).15 

We classifi ed patients as having sepsis if they fulfi lled 
three or more criteria for the systemic infl ammatory 
response syndrome (SIRS) and had a possible, probable or 
confi rmed infection.16,17 Sepsis was further stratifi ed into 
“severe sepsis” if it was associated with organ dysfunction, 
and “septic shock” if it was associated with arterial systolic 
blood pressure < 90 mmHg or mean arterial pressure 
< 70 mmHg for at least 1 hour, despite adequate fl uid 
resuscitation, adequate intravascular volume status or the 
use of vasopressors in an attempt to maintain these pressures 
(Appendix Table S2).18 We defi ned onset of infection as the 
time when the clinician prescribed antibiotic therapy. 

To compare biomarker levels obtained from patients at 
the onset of a possible, probable or confi rmed infection with 
biomarker levels obtained from patients without infection, 
we used the following approach: 

• First, we calculated the median time from ICU admission 
to antibiotic therapy initiation in patients with possible, 
probable or confi rmed infection.

• Second, we identifi ed all biomarker levels obtained at the 
equivalent time from admission (equivalent ICU day) in 
non-infected patients. 

• Third, we compared biomarker levels obtained on the day 
of antibiotic initiation in patients with possible, probable 
or confi rmed infection with all available biomarker levels 
from non-infected patients at the equivalent ICU day. A 
similar approach was used to compare biomarker levels 
obtained on the day preceding antibiotic initiation. 

To facilitate a sensitivity analysis, we performed 1:1 
greedy matching on the ICU day when antibiotic therapy 
was initiated.19 For each patient with possible, probable 
or confi rmed infection, we randomly selected one control 
patient (without replacement) with available biomarker data 
for the corresponding ICU day. The process was repeated 
until the list of treated patients for whom a matched control 
could be found was exhausted. The same approach was 
used to match biomarker levels obtained on the day before 
initiation of antibiotic therapy.

We recorded patient demographics, comorbidities, 
Acute Physiology and Chronic Health Evaluation (APACHE) 
II scores, ICU admission diagnoses and ICU and 30-day 
mortality.

Sampling and biochemical analyses

We collected EDTA blood as soon as possible after arrival in 
the ICU and daily thereafter until ICU discharge or initiation 
of renal replacement therapy. Calprotectin was analysed for 
up to 7 consecutive days. When two daily blood tests were 
available, we used the mean value. After centrifugation at 
2000 rpm at 4°C for 10 minutes, the supernatant plasma 
was stored at −80°C. Study samples were analysed at 
the Department of Clinical Chemistry, Uppsala University 
Hospital, Uppsala, Sweden. Calprotectin results were not 
available to the clinicians, but CRP and PCT were used on a 
regular basis in the ICU. Laboratory personnel were blinded 
to clinical patient data.

Calprotectin was analysed on a Mindray BS-380 (Mindray 
Medical International) with reagents from Gentian. 
The instrument settings for the method were: sample 
volume, 3 µL; R1 volume, 200 µL; R2 volume, 30 µL. The 
detection wavelength was 605 nm.

The calprotectin assay is a particle-enhanced turbidimetric 
immunoassay using affi nity-purifi ed avian antibodies 
bound to particles. The antibody-coated particles bind 
to calprotectin present in the samples, leading to an 
aggregation of the particles and an increased turbidity. 
The increase in turbidity is proportional to the amount of 
calprotectin in the samples.20

We analysed PCT using an enzyme-linked immunosorbent 
assay (coeffi cient of variation [CV], 6% at 0.25 ng/mL; CV, 
3% at 10.4 ng/mL) on the Cobas EE (Roche Diagnostics). 
The expected normal PCT level was < 0.05 ng/mL. We 
analysed CRP by turbidimetry (CV, 4%) on the Architect 
Ci8200 (Abbott Laboratories). The expected normal CRP 
level was < 5 mg/L.

Statistical analysis

We analysed data using Stata, version 12 (StataCorp). 
Continuous variables are expressed as medians with 
interquartile ranges (IQRs) and compared using the Mann–
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Whitney U test. Categorical variables are summarised as 
frequencies with percentages and assessed using the χ2 test 
or the Fisher exact test. Changes over time for biomarker 
levels were tested by repeated-measures analysis of variance 
(RM-ANOVA), treating ICU day as the repeated-measures 
variable. For comparison of change over time between 
groups, an interaction variable (between group and time) 
was introduced in the RM-ANOVA model. 

We used multivariable logistic regression analysis to assess 
the independent association between calprotectin levels 
and infection. Variables were included in the multivariable 
model if they were statistically signifi cant at P < 0.10 in the 
univariable analyses. We assessed predictive and diagnostic 
values by calculating the area under the receiver-operating 
characteristics (ROC) curve. We tested equality of ROC areas 
by using the non-parametric approach, developed by De 
Long et al.21 Optimal cut-off levels were determined using 
Youden index calculations together with the ROC curve 
analysis.22 A two-sided P < 0.05 was considered statistically 
signifi cant.

Results

Patient selection

We enrolled 188 patients with eGFR > 60 mL/min/1.73 m2 
and an expected length of stay > 24 hours. We excluded 
42 patients for whom antibiotic therapy had been initiated 
before ICU admission, and 36 patients without a study 
sample obtained before or on the day of antibiotic treatment 
initiation. Therefore, we included 110 patients for analysis. 
Overall, 52 patients (47.3%) did not have an infection 
during their ICU admission. In contrast, 58 patients (52.7%) 
had antibiotic therapy initiated after a median of 2.6 days 
(IQR, 1.0–4.0 days) due to possible, probable or confi rmed 
infection (Figure 1).

Patient characteristics

Baseline characteristics and outcomes for non-infected 
patients and patients with possible, probable or confi rmed 
infection are summarised in Table 1. Compared with non-
infected patients, patients with possible, probable or 
confi rmed infection had higher APACHE II and Sequential 
Organ Failure Assessment scores, and higher baseline 
creatinine levels. On admission, 36 non-infected patients 
(71%) and 51 patients with possible, probable or confi rmed 
infection (88%) fulfi lled at least three SIRS criteria (P = 0.02). 
Most patients were admitted after multi-trauma (about 
two-thirds). The median length of stay in the ICU was 3 days 
(IQR, 3–5 days) in the non-infected group and 7 days (IQR, 
4–12 days) in the group of patients with possible, probable 
or confi rmed infection (P < 0.001). By 30 days, four of the 
non-infected patients (8%) and 10 of the patients with 

possible, probable or confi rmed infection (17%) had died 
(P = 0.14).

Characteristics and severity of infection

Among the 58 patients with possible, probable or 
confi rmed infection, 38 (66%) had a confi rmed infection, 
13 (22%) had a probable infection and seven (12%) had 
a possible infection. Pneumonia was the primary infection 
in 44 patients (76%). In six patients (10%), no primary 
infection could be identifi ed. Blood cultures were taken 
before initiation of antibiotic therapy for 56 patients 
(97%) and were positive in eight patients (14%), with 
Staphylococcus aureus being the most common pathogen 
(Appendix Table S3). Overall, 24 patients (41%) developed 
severe sepsis and 25 patients (43%) developed septic 
shock in the ICU (Appendix Table S4).

Biomarker levels

We analysed 1643 calprotectin measurements obtained 
within a median of 8.8 hours (IQR, 3.3–19 hours) of ICU 
admission and for a maximum of 7 consecutive days in 
ICU.

Admission, peak and mean calprotectin levels were 
higher in patients with possible, probable or confi rmed 
infection than in non-infected patients (Table 2), and 
remained higher during the fi rst week in the ICU (P < 0.001) 
(Figure 2). In addition, calprotectin levels were signifi cantly 
higher at the time of antibiotic therapy initiation (median, 
ICU Day 3 [IQR, Day 1–4]) and on the day before initiation 
of such therapy (median, ICU Day 2 [IQR, Day 0–3]) than 
calprotectin levels obtained on the corresponding ICU day 
for non-infected patients.

Figure 1. Patient selection path

ICU = intensive care unit.
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Admission, peak and mean CRP and PCT levels were 

higher in patients with possible, probable or confi rmed 

infection than in non-infected patients. CRP levels were 

signifi cantly higher at the time of antibiotic therapy initiation 

and on the day before. However, PCT levels obtained at 

the time of antibiotic therapy initiation or on the previous 

day did not differ signifi cantly from PCT levels obtained on 

the corresponding ICU days in non-infected patients. WBC 

levels did not differ signifi cantly between the two groups 

(Table 2).

Peak calprotectin levels were higher in patients with SIRS 

than in patients without SIRS and increased further with 

increasing sepsis severity (P < 0.001) (Appendix Figure S1).

Biomarker performance at onset of possible, probable 
or confi rmed infection

In the multivariable logistic regression analysis, calprotectin 
on the day of antibiotic presciption was independently 
associated with possible, probable or confi rmed infection 
(odds ratio [OR] 2.0; 95% CI, 1.32–3.14) (Appendix Table 
S5). Calprotectin showed a higher ROC area than CRP, WBC 
and PCT (Table 3). ROC area for calprotectin was 0.76 (95% 
CI, 0.65–0.86). Using a cut-off for calprotectin of 3.4 mg/L 
rendered a sensitivity of 56% and a specifi city of 92%. PCT 
had an ROC area of 0.63 (95% CI, 0.49–0.77). Using a cut-
off for PCT of 0.66 µg/L rendered a sensitivity of 70% and a 
specifi city of 58%. CRP had an ROC area of 0.69 (95% CI, 

Table 1. Patient characteristics and outcomes

  Possible, probable or 
Variable No infection (n = 52) confi rmed infection (n = 58) P

Median age, years (IQR) 38 (26–64) 48 (28–66) 0.30

Female, n (%) 18 (35%) 9 (16%) 0.02

Median APACHE II score (IQR) 13 (9–19) 17 (13–24) 0.001

Median SOFA score (IQR) 5 (4–8) 8 (6–11) < 0.0001

SIRS, n (%) 36 (71%) 51 (88%) 0.02

Median bodyweight, kg (IQR) 76 (70–90) 81 (70–91) 0.13

Median baseline creatinine level, µmol/L, with MDRD (IQR) 78 (68–88) 88 (76–94) 0.01

Median baseline creatinine level, µmol/L, without MDRD (IQR) 73 (62–83) 83 (69–91) 0.05

True baseline creatinine level available, n (%) 35 (67%) 37 (64%) 0.70

Median time admission to enrolment, hours (IQR) 9 (3–19) 8 (3–15) 0.76

Median time admission to antibiotic therapy, days (IQR) – 2.6 (1–4) –

Co-morbidity, n (%)   

 Diabetes 5 (10%) 3 (5%) 0.37

 Cardiovascular disease 13 (25%) 16 (28%) 0.76

 COPD or asthma 2 (4%) 5 (9%) 0.31

 Gastrointestinal or liver disease 2 (4%) 8 (14%) 0.07

 Any malignancy 3 (6%) 8 (14%) 0.16

Admission diagnosis, n (%)   

 Neurological 3 (6%) 3 (5%) 0.89

 Respiratory 4 (8%) 10 (17%) 0.13

 Cardiovascular 5 (10%) 3 (5%) 0.37

 Trauma 36 (69%) 37 (64%) 0.55

 Gastrointestinal 4 (8%) 2 (3%) 0.33

 Sepsis 0 3 (5%) 0.14

Outcomes   

 Renal replacement therapy, n (%) 0 0 –

 Median ICU length of stay, days (IQR) 3 (3–5) 7 (4–12) < 0.0001

 ICU mortality, n (%) 3 (6%) 4 (7%) 0.81

 30-day mortality, n (%) 4 (8%) 10 (17%) 0.14

IQR = interquartile range. APACHE = Acute Physiology and Chronic Health Evaluation. SOFA = Sequential Organ Failure Assessment. SIRS = systemic 
infl ammatory response syndrome. MDRD = modifi cation of diet in renal disease. COPD = chronic obstructive pulmonary disease.
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Table 2. Biomarker levels

Biomarker (median [IQR]) n* No infection Possible, probable or confi rmed infection P

Calprotectin, mg/L    

 On admission  52/58 0.78 (0.38–1.6) 1.5 (0.69–3.3) 0.042

 Peak  52/58 1.9 (1.0–4.5) 5.0 (2.2–8.4) < 0.001

 Mean  52/58 1.6 (0.7–3.6) 3.5 (1.5–6.5) < 0.001

 On day antibiotics initiated 43/48 1.3 (0.77–2.3) 3.8 (1.4–6.3) < 0.001

 On day before antibiotics initiated 45/37 1.1 (0.67–2.0) 2.2 (0.82–3.8) < 0.001

C-reactive protein, mg/L    

 On admission  43/56 26 (8–43) 57 (8–122) 0.057

 Peak  52/58 172 (107–252) 294 (212–369) < 0.001

 Mean  52/58 102 (38–180) 163 (97–260) < 0.001

 On day antibiotics initiated 49/52 129 (76–168) 202 (128–286) 0.003

 On day before antibiotics initiated 48/49 114 (61–173) 135 (68–221) 0.007

Procalcitonin, µg/L    

 On admission  51/58 0.4 (0.2–1.8) 0.9 (0.2–3.4) 0.02

 Peak  51/58 0.7 (0.3–3.5) 2.7 (0.6–8.6) 0.016

 Mean  51/58 0.4 (0.2–1.2) 0.9 (0.3–2.2) < 0.001

 On day antibiotics initiated 36/35 0.6 (0.3–2.4)  1.0 (0.4–8.6) 0.09

 On day before antibiotics initiated 48/49 0.4 (0.2–1.6) 0.8 (0.1–1.3) 0.99

White blood cell count, x 109/L    

 On admission  51/58 11 (7.5–14) 9.3 (7.6–14) 0.89

 Peak  52/58 14.8 (11.2–20.2) 16.3 (13.1–2) 0.26

 Mean  52/58 10 (7.8–14) 10 (7.5–14) 0.17

 On day antibiotics initiated 48/53 8.8 (7.1–11) 9.5 (7.0–13) 0.43

 On day before antibiotics initiated 48/49 8.6 (7.1–11) 9 (6.6–13) 0.35

* Number of patients without infection/number of patients with possible, probable or confi rmed infection.

Figure 2. Daily mean calprotectin levels for patients with no infection 
and patients with possible, probable or confi rmed infection

ICU = intensive care unit. inf. = infection.
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0.60–0.81). Using a cut-off for CRP of 133 mg/L rendered a 
sensitivity of 76% and a specifi city of 54% (Table 3). 

Predicting the development of possible, probable or 
confi rmed infection

Calprotectin predicted possible, probable or confi rmed 
infection infection within 24 hours before initiation of 
antibiotic therapy with an ROC area of 0.78 (95% CI, 
0.68–0.89). The optimal cut-off value of 1.8 mg/L predicted 
possible, probable or confi rmed infection with a sensitivity 
of 62% and a specifi city of 88%. PCT had an ROC area 
of 0.50 (95% CI, 0.34–0.66). Using a cut-off for PCT of 
0.78 µg/L rendered a sensitivity of 56% and a specifi city of 
58%. CRP had an ROC area of 0.71 (95% CI, 0.68–0.89). 
Using a cut-off for CRP of 130 mg/L rendered a sensitivity 
of 62% and a specifi city of 94% (Table 3). 

Sensitivity analyses

We performed our fi rst sensitivity analysis after excluding 
patients with possible and probable infections. Calprotectin 
showed a higher ROC area than CRP, WBC and PCT. The 
ROC area for calprotectin was 0.70 (95% CI, 0.57–0.83). 
Using a cut-off for calprotectin of 3.5 mg/L rendered a 
sensitivity of 55% and a specifi city of 90%. PCT had an ROC 
area of 0.65 (95% CI, 0.48–0.81). Using a cut-off for PCT of 
0.66 µg/L rendered a sensitivity of 73% and a specifi city of 
58%. CRP had an ROC area of 0.71 (95% CI, 0.58–0.84). 
Using a cut-off for CRP of 133 mg/L rendered a sensitivity of 
82% and a specifi city of 54% (Appendix Table S6).

In the sensitivity analysis, calprotectin predicted confi rmed 
infection 24 hours ahead of time, with an ROC area of 0.82 
(95% CI, 0.70–0.94). The optimal cut-off value of 1.6 mg/L 
predicted confi rmed infection with a sensitivity of 66% and 
a specifi city of 93%. All the other biomarkers had lower 
ROC areas (Appendix Table S6). 

We performed a second sensitivity analysis after greedy 
matching of patients to facilitate comparison of biomarker 
levels taken on the equivalent ICU day. The diagnostic values 
of calprotectin, CRP and PCT were similar but the diagnostic 
value of the WBC was signifi cantly lower than the diagnostic 
value of calprotectin (P = 0.003). Calprotectin predicted 
possible, probable or confi rmed infection 24 hours ahead 
of time with an ROC area of 0.68 (95% CI, 0.57–0.78). The 
predictive ROC areas for CRP, PCT and WBC did not differ 
signifi cantly from 0.5 (Appendix Table S7).

Discussion

Key fi ndings

We conducted an observational study to assess the 
predictive and diagnostic value of plasma calprotectin for 
bacterial infections in an exploratory cohort of critically ill 
patients. We found that, compared with patients without 
evidence of infection, calprotectin levels were signifi cantly 
greater in patients with a possible, probable or confi rmed 
infection 24 hours before the infection was suspected and 
antibiotic therapy was initiated. In addition, the predictive 
value of calprotectin was superior to PCT and WBC. Finally, 
we found that calprotectin levels increased with greater 
sepsis severity, and remained elevated during the fi rst week 
in the ICU despite treatment.

Comparison with other studies

To our knowledge, ours is the fi rst study to explore the 
performance of calprotectin as a predictor of bacterial 
infections in critically ill patients. However, a recent pilot 
study assessed the value of calprotectin to distinguish 
between infectious and non-infectious causes of SIRS. In 
that study, plasma calprotectin was analysed during the fi rst 

Table 3. Diagnostic and predictive performance of white blood cell count, procalcitonin, C-reactive protein, 
and calprotectin for possible, probable or confi rmed bacterial infection 

Accuracy ROC area (95%CI) Cut-off Sensitivity Specifi city P*

Diagnostic accuracy (same day as antibiotic prescription)     

 White blood cell count 0.54 (0.43–0.65) 10.7 43% 74% 0.01

 Procalcitonin 0.63 (0.49–0.77) 0.66 70% 58% 0.30

 C-reactive protein 0.69 (0.60–0.81) 133 76% 54% 0.56

 Calprotectin 0.76 (0.65–0.86) 3.4 56% 92% –

Predictive accuracy (1 day before antibiotic prescription)     

 White blood cell count 0.44 (0.33–0.56) 8.5 66% 41% 0.0003

 Procalcitonin 0.50 (0.34–0.66) 0.78 56% 58% 0.02

 C-reactive protein 0.71 (0.68–0.89) 130 62% 94% 0.41

 Calprotectin 0.78 (0.68–0.89) 1.80 62% 88% –

ROC = receiver operating characteristic. * P is for the test of equality between the ROC area of each biomarker v calprotectin.
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3 days in the ICU in patients with sepsis (n = 15), in elective 
post-operative patients with SIRS (n = 23) and in patients 
without SIRS admitted to the ICU with severe intoxication 
(n = 7). No signifi cant difference in calprotectin levels 
between septic and post-operative patients was found (the 
ROC area was 0.65 for discriminating between the two 
groups), which was inferior to the diagnostic accuracy of 
CRP (ROC area, 0.74). However, the likelihood of infection 
was not assessed in that study, and the timing of calprotectin 
measurement in relation to sepsis onset was not reported.

Among neonates with suspected sepsis, serum 
calprotectin failed to distinguish blood culture-positive 
cases from culture-negative controls (ROC area, 0.61; 95% 
CI, 0.35–0.87). Calprotectin was inferior to both CRP and 
platelet count.23

In a recent study including 75-year-old, healthy subjects, 
the reference interval for serum calprotectin was 0.3–
2.6 mg/L.24 In our study, the optimal cut-off for plasma 
calprotectin for predicting sepsis (1.8 mg/L) was within that 
range. However, the mean age in our study population was 
46 years (SD, 21 years) (median age, 46.5 years [IQR, 28–66 
years]). A reference interval for serum calprotectin for that 
age group has not yet been defi ned. Furthermore, our non-
infected patients with a high degree of SIRS had a similar 
median admission calprotectin level (0.8 mg/L [IQR, 0.4–
1.6 mg/L]) but a greater median peak level (1.9 mg/L [IQR, 
1.0–4.5 mg/L) and mean (1.6 mg/L [IQR, 0.7–3.6 mg/L]) 
than the cohort of healthy 75-year-old individuals. This 
suggests that systemic infl ammation triggers neutrophil 
degranulation of calprotectin to some extent, even in 
the absence of infection. This is further supported by the 
fact that plasma calprotectin concentrations are elevated 
in infl ammatory conditions such as reumatoid arthritis,25 
cystic fi brosis,26 colorectal carcinoma,27 multiple sclerosis28 
and after major surgery.29

In our study, calprotectin showed an ROC area of 0.76 
for the diagnosis of sepsis and an ROC area of 0.78 for the 
prediction of sepsis. This was despite a high SIRS prevalence 
in patients with possible, probable or confi rmed infection 
and in non-infected patients. This fi nding contrasts with 
previous studies and suggest that bacterial infections 
trigger early neutrophil activation with concomitant release 
of calprotectin into the blood stream.

Signifi cance of study fi ndings

Bacterial infection is diffi cult to diagnose in the ICU. Patients 
often have concomitant acute and chronic conditions 
which may affect vital signs and attenuate the effi cacy of 
traditional biomarkers used to detect bacterial infection, ie, 
CRP and PCT.12,30,31 Microbiological results come to hand 
late in the course and are often inconclusive. Methods for 
direct molecular detection of microbial DNA in blood are 

now available.32 The minimum time for analysis is 8 hours 
but, in practice, in our ICU results are available only after 
24–36 hours due to fi xed-time analyses.

Our fi ndings suggest that plasma calprotectin can be 
used as an early biomarker of severe bacterial infections in 
patients requiring intensive care.

Our methodology can be applied to all types of chemistry 
analysers in hospital laboratories, with a turnaround time of 
only 10 minutes for centrifugation and 10 minutes for the 
assay. The instrument platforms are usually available around 
the clock.

Rapid analysis time and high platform availability, in 
combination with an observed specifi city of about 90% for 
possible, probable or confi rmed bacterial infection, makes 
calprotectin an attractive biomarker to assist in decisions 
about antibiotic therapy in the ICU. 

Early detection and initiation of antibiotic treatment in 
septic shock is associated with lower mortality.1,33 This 
therapeutic goal may be facilitated by using calprotectin 
as an additional tool in the decision-making process. 
In addition, calprotectin-guided therapy may prevent 
unnecessary use of antibiotics and the associated problem 
with multiresistant bacteria. Whether such calprotectin-
guided therapy improves patient-centered outcomes needs 
to be tested in a randomised clinical trial.

Study strengths and limitations

Our study has several strengths. We collected data 
prospectively, thereby reducing the risk of bias. We 
performed daily calprotectin measurements during the 
entire stay in ICU or for up to 7 consecutive days, and 
showed signifi cantly elevated calprotectin levels in patients 
with possible, probable or confi rmed infection in this time 
frame. Treating clinicians, laboratory staff and infectious 
disease specialists were blinded to the results, which allowed 
an unbiased assessment of calprotectin as a predictor of 
bacterial infections.

Our study has some limitations. We excluded patients 
with renal dysfunction on admission. The predictive value 
of calprotectin can therefore not be extrapolated to 
patients with acute renal injury or chronic renal dysfunction 
present at admission. It was a single-centre study, but it 
was performed at a tertiary hospital, which permitted some 
external validity to similar centres in the developed world. 
The age of our study population was lower than a standard 
ICU population, therefore the generalisability of our study 
results to older ICU populations is limited. 

We used a consensus classifi cation to defi ne infection. 
This involved the inclusion of patients with a lower likelihood 
of infection, ie, patients with possible or probable infection, 
thus carrying a risk of misclassifi cation. However, our results 
remained after excluding such patients from the analysis.
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Conclusions

In an exploratory cohort of critically ill patients with a 
high prevalence of SIRS, plasma calprotectin was an early 
and specifi c marker of bacterial infection, which refl ects 
its role in host defence. In addition, our fi ndings suggest 
that calprotectin may be more robust as a marker than 
conventional markers such as CRP, PCT and WBC. Our 
fi ndings support further assessment of calprotectin as 
a diagnostic tool to guide initiation and de-escalation of 
antibiotic therapy in critically ill patients.

Acknowledgements
We thank Ola Friman, Elisabeth Hellgren, Åsa Bengtsson and 

Jenny Svedlund, research nurses at the Karolinska general ICU, 

for assistance with plasma sampling and patient recruitment. We 

gratefully acknowledge the dedication of Carina Brännström at 

the Department of Clinical Chemistry, Uppsala.

Author contributions
Niklas Jonsson, Claes-Roland Martling and Johan Mårtensson 

designed and coordinated the study. Tom Nilsen developed the 

assay and he and Anders Larsson conducted biomarker analyses. 

Johan Mårtensson, Niklas Jonsson and Max Bell collected study 

data. Niklas Jonsson, Johan Mårtensson, Claes-Roland Martling 

and Patrik Gille-Johnson analysed and interpreted the data. 

Niklas Jonsson and Johan Mårtensson performed the statistical 

analysis. All authors participated in writing the manuscript. All 

authors read and approved the final manuscript.

Competing interests
Tom Nilsen is employed by Gentian, who developed the 

turbidimetric immunoassay used to analyse Calprotectin in our 

study.

Author details
Niklas Jonsson, Intensivist1

Tom Nilsen, Physicist2,3

Patrik Gille-Johnson, Infectious diseases specialist4

Max Bell, Intensivist1

Claes-Roland Martling, Professor1

Anders Larsson, Professor2

Johan Mårtensson, Intensivist1,5

1  Section of Anaesthesia and Intensive Care Medicine, 

Department of Physiology and Pharmacology, Karolinska 

Institutet, Stockholm, Sweden.

2  Department of Medical Sciences, Clinical Chemistry, Uppsala 

University, Uppsala, Sweden.

3  Gentian, Moss, Norway.

4  Department of Clinical Sciences, Danderyd Hospital, Karolinska 

Institutet, Stockholm, Sweden.

5  Department of Intensive Care, Austin Hospital, Melbourne, 

VIC, Australia.

Correspondence: niklas.jonsson@karolinska.se

References
1 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: 1589-96. 

2 Aguiar FJB, Ferreira-Júnior M, Sales MM, et al. [C-reactive 

protein: clinical applications and proposals for a rational use] 

[Portuguese]. Rev Assoc Med Bras 2013; 59: 85-92.

3 Vincent JL, Beumier M. Diagnostic and prognostic markers in 

sepsis. Expert Rev Anti Infect Ther 2013; 11: 265-75.

4 Reinhart K, Bauer M, Riedemann NC, Hartog CS. New 

approaches to sepsis: molecular diagnostics and biomarkers. 

Clin Microbiol Rev 2012; 25: 609-34.

5 Clyne B, Olshaker JS. The C-reactive protein. J Emerg Med 

1999; 17: 1019-25. 

6 Ugarte H, Silva E, Mercan D, et al. Procalcitonin used as a 

marker of infection in the intensive care unit. Crit Care Med 

1999; 27: 498-504.

7 Coburn B, Morris AM, Tomlinson G, Detsky AS. Does this adult 

patient with suspected bacteremia require blood cultures? 

JAMA 2012; 308: 502-11.

8 Rhodes A, Evans LE, Alhazzani W, et al. Surviving Sepsis 

campaign: international guidelines for management of sepsis 

and septic shock: 2016. Crit Care Med 2017; 45: 486-552. 

9 Singer M, Deutschman CS, Seymour C, et al. The third 

international consensus definitions for sepsis and septic shock 

(Sepsis-3). JAMA 2016; 315: 801-10. 

10 Berntzen HB, Fagerhol MK. L1, a major granulocyte protein; 

isolation of high quantities of its subunits. Scand J Clin Lab 

Invest 1990; 50: 769-74.

11 Castegren M, Skorup P, Lipcsey M, et al. Endotoxin tolerance 

variation over 24 h during porcine endotoxemia: association 

with changes in circulation and organ dysfunction. PloS One 

2013; 8: e53221.

12 Vincent JL, Donadello K, Schmit X. Biomarkers in the critically 

ill patient: C-reactive protein. Crit Care Clin 2011; 27: 241-51.

13 Oberhoffer M, Stonans I, Russwurm S, et al. Procalcitonin 

expression in human peripheral blood mononuclear cells 

and its modulation by lipopolysaccharides and sepsis-related 

cytokines in vitro. J Lab Clin Med 1999; 134: 49-55.

14 Hetland G, Talgo GJ, Fagerhol MK. Chemotaxins C5a and 

fMLP induce release of calprotectin (leucocyte L1 protein) from 

polymorphonuclear cells in vitro. Mol Pathol 1998; 51: 143-8.

15 Calandra T, Cohen J. The international sepsis forum consensus 

conference on definitions of infection in the intensive care 

unit. Crit Care Med 2005; 33: 1538-48.



Critical Care and Resuscitation • Volume 19 Number 3 • September 2017

ORIGINAL ARTICLES

213

16 Bone RC, Balk RA, Cerra FB, et al. Definitions for sepsis and 

organ failure and guidelines for the use of innovative therapies 

in sepsis. Chest 1992; 101: 1644-55.

17 Bernard G, Fisher C. Efficacy and safety of recombinant human 

activated protein C for severe sepsis. New Engl J Med 2001; 

344: 699-709.

18 Levy MM, Fink MP, Marshall JC, et al. 2001 SCCM/ESICM/

ACCP/ATS/SIS International Sepsis Definitions Conference. 

Intensive Care Med 2003; 29: 530-8.

19 Gu XS, Rosenbaum PR. Comparison of multivariate matching 

methods: structures, distances, and algorithms. J Comput 

Graph Stat 1993; 2: 405-20.

20 Nilsen T, Sunde K, Larsson A. A new turbidimetric immunoassay 

for serum calprotectin for fully automatized clinical analysers. 

J Inflamm (Lond) 2015; 12: 45.

21 DeLong ER, DeLong DM, Clarke-Pearson DL. Comparing 

the areas under two or more correlated receiver operating 

characteristic curves: a nonparametric approach. Biometrics 

1988; 44: 837-45.

22 Bewick V, Cheek L, Ball J. Statistics review 13: receiver 

operating characteristic curves. Crit Care 2004; 8: 508-12.

23 Decembrino L, De Amici M, Pozzi M, et al. Serum calprotectin: 

a potential biomarker for neonatal sepsis. J Immunology Res 

2015; 2015: 147973.

24 Nilsen T, Sundstrom J, Lind L, et al. Serum calprotectin levels in 

elderly males and females without bacterial or viral infections. 

Clin Biochem 2014; 47: 1065-8.

25 Berntzen HB, Olmez U, Fagerhol MK, Munthe E. The leukocyte 

protein L1 in plasma and synovial fluid from patients with 

rheumatoid arthritis and osteoarthritis. Scand J Rheumatol 

1991; 20: 74-82.

26 Hayward C, Glass S, van Heyningen V, Brock DJ. Serum 

concentrations of a granulocyte-derived calcium-binding 

protein in cystic fibrosis patients and heterozygotes. Clin Chim 

Acta 1987; 170: 45-55.

27 Kristinsson J, Roseth A, Fagerhol MK, et al. Fecal calprotectin 

concentration in patients with colorectal carcinoma. Dis Colon 

Rectum 1998; 41: 316-21.

28 Bogumil T, Rieckmann P, Kubuschok B, et al. Serum levels of 

macrophage-derived protein MRP-8/14 are elevated in active 

multiple sclerosis. Neurosci Lett 1998; 247: 195-7.

29 Garred P, Fosse E, Fagerhol MK, et al. Calprotectin and 

complement activation during major operations with or 

without cardiopulmonary bypass. Ann Thorac Surg 1993; 55: 

694-9.

30 Uzzan B, Cohen R, Nicolas P, et al. Procalcitonin as a diagnostic 

test for sepsis in critically ill adults and after surgery or trauma: 

a systematic review and meta-analysis. Crit Care Med 2006; 

34: 1996-2003.

31 Tang BMP, Eslick GD, Craig JC, McLean AS. Accuracy of 

procalcitonin for sepsis diagnosis in critically ill patients: 

systematic review and meta-analysis. Lancet Infect Dis 2007; 

7: 210-7.

32 Metzgar D, Frinder MW, Rothman RE, et al. The IRIDICA 

BAC BSI assay: rapid, sensitive and culture-independent 

identification of bacteria and candida in blood. PloS One 

2016; 11: e0158186.

33 Weiss SL, Fitzgerald JC, Balamuth F, et al. Delayed antimicrobial 

therapy increases mortality and organ dysfunction duration in 

pediatric sepsis. Crit Care Med 2014; 42: 2409-17 .  ❏

Liv Sullivan: livs@cicm.org.au



Appendix 
This appendix was part of the submitted manuscript and has been peer reviewed. It is 
posted as supplied by the authors. 

 
 

Figure7: ROC curve for USCOM SVV for predicting F responsiveness (compares SVV in 
SV>15% and not SV>15%) 
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Figure 8: ROC curve for SMII ability to predict cases with low cardiac output state (LVEF 
<35%). 
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