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Background and objectives: 

procalcitonin (PCT), C-reactive protein (CRP) and erythrocyte sedimentation rate (ESR) as individual and combined predictors of 
bacterial sepsis, when compared to the gold standard microbiological cultures.
Patients and methods:

Results: Among 43 patients, 27 yielded positive blood cultures. Procalcitonin, CRP and ESR, individually, were able to predict 74.1% 
(95% CI; 0.553 to 0.868), 66.7% (95% CI; 0.478 to 0.814) and 70.4% (95% CI; 0.515 to 0.842), of positive blood cultures, respectively. In 
comparison, interpreting PCT & CRP, PCT & ESR and PCT, CRP & ESR in combinations were able to predict 51.9% (95% CI; 0.340 to 
0.693), 59.3% (95% CI; 0.407 to 0.755), 37.0% (95% CI; 0.215 to 0.558).
Conclusion: Procalcitonin, on its own, is the best predictor of bacteremia. Although PCT is an indispensible biomarker for the early 
prediction of bacteremia, careful evaluation of patients’ clinical status and other laboratory markers are also crucial.
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Despite the growing advancements of infection control and antibiotic therapy; the incidence of sepsis in developed countries 
has been persistently high reaching up to 30% of all admissions to intensive care units with a mortality rate of 62%, as reported 
in the SOAP study [1]. Such unfavorable prognosis for septic patients appears to be multi-factorial; with delayed diagnosis and 
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term SIRS which constitutes symptoms of pyrexia, tachycardia, tachypnea and leucocytosis [5]. However, SIRS could result from 

non-bacterial causes. Although microbiological culture is the gold standard test, it is time-consuming and uneconomical causing 
delayed treatments, subsequently leading to poor prognosis along with higher costs on healthcare systems.
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Survival rates of septic patients vary widely, requiring immediate intervention despite the delayed microbiological culture results. 

sepsis is crucial. As a result, recent studies have investigated biomarkers such as procalcitonin (PCT) [4,6-8] and C-reactive protein 
(CRP) [9,10] for the early detection of bacteraemia in septic patients. 

Procalcitonin is a 116-amino acid prohormone of calcitonin. It is produced by parafollicular C cells of the thyroid gland and 

allows for the proper assessment of response to therapy [11].

Other common laboratory biomarkers that were widely studied are CRP and erythrocyte sedimentation rate (ESR). When 

inconsistency in their reported diagnostic accuracy parameters [13-15].

indicators of bacterial sepsis, when compared to the gold standard microbiological cultures.

to the criteria established by ACCP/SCCM Consensus Conference, were included in this study [5]. Procalcitonin, CRP, ESR and 
microbiological cultures were obtained for each blood sample within the same time (±24 hours). Patients on antibiotics at time 
of blood collection or immunosuppressive drugs; or patients with major trauma, severe burns or recent surgery were excluded. 
Patients diagnosed with small cell lung cancer or thyroid carcinoma (C-cell) were also excluded.

Materials and Methods
Patients’ selection

To prepare the blood samples for PCT measurement, EDTA-plasma was separated from whole blood by centrifugation. PCT was 
measured semi-quantitatively using the “PCT-Q” (BRAHMS Diagnostica, Berlin, Germany). Six drops of plasma were dropped 

the validity of the test is determined by checking that the control band is visible. To determine the PCT concentration, the color 

progression to severe sepsis for each category is shown in Table 1.

Procalcitonin measurement and interpretation 

Risk of progression to severe systemic 
infection (severe sepsis)InterpretationPCT

LowLocal bacterial infection is possible Systemic infection (sepsis) is not 
likely< 0.5 μg/L

ModerateSystemic infection (sepsis) is possible, but various conditions are 
known to induce PCT as well 0.5 – 2 μg/L

HighSystemic infection (sepsis) is likely High risk for progression to 
severe systemic infection (severe sepsis)2-10 μg/L

High likelihood of severe sepsis or septic 
shockto severe bacterial sepsis or septic shock>10 μg/L

Table 1: Interpretation of PCT-Q (BRAHMS) values and risk of progression to severe sepsis, adapted from Meisner et al. [7]

Milan, Italy; now Siemens Inc, Germany). CRP levels above 0.01 g/L were considered abnormal. ESR was measured using the 
Westergren method using the Sediplast ESR system (Polymedco Inc, Cortlandt Manor, NY, USA). ESR above 15 mm/hour was 

was used to process blood cultures. Coagulase-negative staphylococcus grown on blood culture samples were considered as 
contaminants; and therefore rendered as negative blood cultures.

CRP, ESR and blood cultures
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A total of 45 blood samples were collected from 45 patients. Two patients were excluded from this study because of the presence 

with proven bacteremia, Gram-positive bacteria was detected in 16 (59.3%) samples, whilst Gram-negative bacteria was detected 
in 11 samples (40.7%) (Table 2). PCT, CRP and ESR were able to correctly predict positive blood cultures in 20, 18 and 19 samples, 
respectively (Table 3). Combinations of PCT and CRP; PCT and ESR; and PCT, CRP and ESR were able to correctly predict positive 
blood cultures in 14 (51.9%), 16 (59.3%) and 10 (37%) samples, respectively. Patient’s characteristics are presented in Table 4. 

Figure 1: Receiver operating characteristics (ROC) for positive microbiological blood cultures of PCT, CRP and ESR, individually and in combinations

in combinations (Figure 1). Area under the curves (AUC) for positive microbiological blood cultures of PCT, CRP and ESR, 
individually and in combinations were calculated (Table 7).

Statistical analysis

Results

Number (%)Bacteria

16 (59.3%)Gram-positive

8Staphylococcus aureus (S. aureus)

2Streptococcus pyogenes (S. pyogenes)

6Streptococcus pneumoniae

11 (40.7%)Gram-negative

3Klebsiella spp

7Escherichia coli (E. coli)

1Pseudomonas aeruginosa

Table 2: Gram-positive Vs. Gram-negative bacteria isolated from blood cultures

individually and in combinations are presented in Table 7.
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TotalNegative Blood 
Cultures

Positive Blood 
Cultures

25520PCT > 2

18117PCT < 2

431627Total

TotalNegative Blood 
Cultures

Positive Blood 
Cultures

281018CRP >0.01 g/L

1569CRP <0.01 g/L

431627Total

TotalNegative Blood 
Cultures

Positive Blood 
Cultures

291019ESR >15 mm/hr

1468ESR <15 mm/hr

431627Total

Table 3: Comparison between micriobiological blood cultures and procalcitonin, CRP and ESR in 
diagnosing bacterial sepsis

PercentFrequencyPatients’ characteristics

41.918< 60 years
Age groups

58.12560 and above

55.824Male
Gender

44.219Female

58.125Positive
PCT

41.918Negative

67.429Positive
ESR

32.614Negative

65.128Positive
CRP

34.915Negative

62.827Positive
Culture

37.216Negative

Table 4: Patients characteristics

P valueTotal
Negative Culture (n = 16)Positive Culture (n = 27)

Patients’ characteristics
PercentFrequencyPercentFrequency

0.41
1844.4%855.6%10< 60 years

Age groups
2532%868%1760 +

0.49
2441.7%1058.3%14Male

Gender
1931.6%668.4%13Female

Table 5: 

predicting bloodstream bacterial infections. On the other hand, relying on negative PCT and ESR, in combination, was the best 
way to exclude a bacterial cause of sepsis.

Discussion
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empirically start antibiotics early in septic patients or to defer starting antibiotics until the results of microbiological blood cultures. 

lack of reliability in diagnosing bacterial bloodstream infections [13-16]. Consequently, recent studies have proposed the use of 
PCT as an alternative new biomarker [17,18].

P valueNPV (CI)PPV (CI)OR (CI)NLR (CI)PLR (CI)(CI)
Sensitivity 

(CI)Test(s)

0.00661.11% (35.75-
82.7)

80% (59.3-
93.17)

6.286 (1.61-
24.57)

0.377 (0.18-
0.77)

2.37 (1.11-
5.07)

68.8% (0.44-
0.86)

74.1% (0.55-
0.87)PCT

0.7840% (16.34-
67.71)

64.29% (44.07-
81.36)1.2 (0.33-4.36)0.889 (0.39-

2.03
1.067 (0.67-

1.7)
37.5% (0.18-

0.61)
66.7% (0.48-

0.81)CRP

0.5942.86% (17.66-
71.14)

65.52% (45.67-
82.06)

1.425 (0.39-
5.26)

0.790 (0.34-
1.87)

1.126 (0.72-
1.77)

37.5% (0.18-
0.61)

70.4% (0.52-
0.84)ESR

0.03250% (29.93-
70.07)

82.35% (56.57-
96.2)

4.667 (1.08-
20.19)

0.593 (0.37-
0.94)

2.765 (0.94-
8.17)

81.3% (0.57-
0.93)

51.9% (0.34-
0.69)PCT & CRP

0.0150% (29.93-
70.07)

82.35% (56.57-
96.2)

6.303 (1.45-
27.45)

0.501 (0.3-
0.84)

3.160 (1.09-
9.18)

81.3% (0.57-
0.93)

59.3% (0.41-
0.75)PCT & ESR

0.243.33% 25.46-
62.57)

76.92% (46.19-
94.96)

2.55 (0.58-
11.18)

0.77 (0.53-
1.12)

1.98 (0.64-
6.13)

81.3% (0.57-
0.93)

37% (0.21-
0.56)

PCT, CRP & 
ESR

CRP: C-reactive protein, ESR: erythrocyte sedimentation rate, NLR: negative likelihood ratio, NPV: negative predictive value, OR: diagnostic odds ratio, PCT: 
procalcitonin, PLR: positive likelihood ratio, PPV: positive predictive value
Table 6: Diagnostic value for positive microbiological blood cultures of PCT, CRP and ESR, individually and in combinations

IntervalAsymptotic 
b

Standard 
ErroraAreaTest Result Variable(s)

Upper BoundLower Bound

0.8780.5500.0200.0840.714PCT

0.7210.3580.6690.0920.539ESR

0.7020.3400.8210.0920.521CRP

0.8310.5000.0720.0850.666PCT and CPR positive

0.8630.5420.0280.0820.703PCT and ESR positive

0.7650.4180.3210.0890.591PCT, CPR and ESR positive

a: under the nonparametric assumption; b: Null hypothesis: true area = 0.5
Table 7: Area under the curves (AUC) for positive microbiological blood cultures of PCT, CRP and ESR, individually and in 
combinations

levels should be interpreted with correlation to the patients’ clinical status and other laboratory tests. Procalcitonin levels were 

and WBC [17]. Arai et al. 2014 [19] investigated the relational contribution of PCT, WBC, CRP & platelets in predicting blood 

CRP [19]. 
et al. 2014 [20] found 

in patients with a decreased eGFR [17].

inconsistency in their reported diagnostic accuracy parameters [13-15].
In comparing PCT, CRP and ESR, individually and in combinations, we found that PCT was the best predictor of a positive blood 
culture with a sensitivity of 74.1% and PPV of 80% (Table 6). Moreover, although PCT, in combination with CRP, ESR or both, 

markers such as CRP and ESR, PCT remains the best biomarker in diagnosing or excluding bacterial sepsis.
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prospective studies could be done in the future. Another limitation in our study was the use of a semi-quantitative method of 

PCT in the diagnosis of sepsis should be investigated, with special considerations to various clinical conditions and co-morbidities, 

in our study. Finally, future studies should focus on implementing the use of PCT in the diagnostic criteria of sepsis.

In conclusion, careful evaluation of the patients’ clinical status, PCT and other laboratory markers are crucial in the early 
assessment of bacteremia. Although PCT levels are the best predictors of bacterial sepsis, interpretation should be done carefully 
when deciding the empiric use of antibiotics. 

Conclusion
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