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Abstract. – OBJECTIVE: To investigate the 
diagnostic effect of procalcitonin level in serum 
for patients with sepsis due to different patho-
genic causes.

PATIENTS AND METHODS: The clinical data 
of 132 sepsis patients were analyzed. Those 
patients were admitted to the Affiliated Hospital 
of Medical School of Ningbo University from 
January 2014 to January 2017. According to 
the blood culture results before antimicrobial 
therapy, patients were divided into two groups: 
Gram-negative bacteria group (G- group) and 
Gram-positive bacteria group (G+ group). The 
indexes, such as SOFA score, APACHE II score, 
length of stay in hospital and mortality rate, 
were used to evaluate disease severity of the 
two groups. The procalcitonin, WBC, hs-CRP 
and NEU% were detected and compared be-
tween the two groups of patients.

RESULTS: A total of 132 pathogenic bacte-
ria were detected in 132 patients, of which 44 
patients were infected with G– bacteria and 88 
patients were infected with G+ bacteria. Patients 
in G– group were mainly infected with Escherich-
ia coli, Acinetobacter baumannii, and Klebsiella 
pneumoniae, while patients in G+ group were 
mainly infected with Staphylococcus epidermid-
is and Staphylococcus aureus. The SOFA score, 
APACHE II score and mortality rate in G- group 
were higher than those in G+ group. The PCT lev-
els in G– group and G+ group were (54.89±21.64) 
ng/mL and (21.13±1.30) ng/mL, respectively. The 
PCT level in G– group was higher than that in 
G+ group, and the difference was statistically 
significant between them (p<0.05). There was 
no statistically significant difference in length 
of stay in hospital between the two groups 
(p>0.05). There were no statistically significant 
differences in WBC, hs-CRP and NEU% between 
the two groups (p>0.05).

CONCLUSIONS: The procalcitonin level in 
serum of sepsis patients at early stage of blood-
stream infection is significantly elevated and 
has diagnostic value for different pathogenic 
bacteria groups. It can also reflect the disease 
severity and predict the prognosis of sepsis 
patients.
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Introduction 

Sepsis is a systematic inflammatory response 
syndrome caused by infection; its mortality rate 
ranges from 21% to 48%. The most influential 
factor in the prognosis of patients is bloodstream 
infection, so rapid early diagnosis of bloodstream 
infection is critical for proper treatment1. In clini-
cal work, patients can be diagnosed early by iden-
tifying pathogenic bacteria, detecting auxiliary 
inflammatory cytokines and observing clinical 
symptoms. Common laboratory examinations in-
clude blood routine, procalcitonin (PCT), white 
blood cell count (WBC), high-sensitivity C-re-
active protein (hs-CRP) and neutrophil percen-
tage (NEU%)2. PCT is a kind of protein mainly 
produced by thyroid C-cells, which stays at a 
low level under normal body conditions. Howe-
ver, when multiple organ failure or severe fungal, 
bacterial and parasite infection occurs in human 
body, the PCT level in serum is significantly 
increased3. The focus of this study was to inve-
stigate the diagnostic effect of PCT in serum of 
sepsis patients caused by bloodstream infection of 
Gram-negative cocci and Gram-positive bacteria.

Patients and Methods

Patients 
The clinical data of 132 sepsis patients admit-

ted in the Affiliated Hospital of Medical School 
of Ningbo University from January 2014 to Ja-
nuary 2017 were retrospectively analyzed. In 44 
patients of G- group, 25 patients were male and 
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19 patients were female, aged 18-87 years with an 
average of (61.23±7.22) years. In 88 patients of G+ 
group, 53 patients were male and 35 patients were 
female, aged 20-86 years with an average age of 
(59.86±8.04) years. There were no significant dif-
ferences between the two groups in sex and age, 
and they were comparable.

Included criteria
1) Patients diagnosed with bloodstream in-

fection-induced sepsis via blood culture; 2) pa-
tients aged ≥ 18 years; 3) patients with completed 
clinical data and follow-up data.

Excluded criteria 
1) Patients with sepsis caused by burning; 2) 

patients who took drugs that stimulating inflam-
matory cytokines’ release; 3) patients with thyroid 
cancer or small cell lung cancer; 4) patients with 
organ perfusion for less than 72h.

Methods 
1) Before antibiotic treatment, 5 mL blood was 

extracted from the elbow vein of all patients, and 
placed in biochemical tubes. The blood was centri-
fuged at 3000 r/min with centrifugal radius of 10 
cm for 5 m to take the upper-layer serum to be de-
tected. The hs-CRP and PCT levels were detected 
by enzyme-linked immunosorbent assay. NEU% 
and WBC were counted by flow cytometry. 2) The 
Sequential Organ Failure Assessment (SOFA sco-
re) and Acute Physiology and Chronic Health Eva-
luation System II score (APACHE II score) were 
calculated according to the worst data in the first 
24 h, after patients were admitted into the ICU; 3) 
The length of stay in hospital and mortality rate 
were calculated based on the 28-d outcome.

Written consents were obtained from all 
subjects. This study was approved by the Ethics 
Committee of the Affiliated Hospital of Medical 
College of Ningbo University.

Statistical Analysis
Statistical Product and Service Solutions (SPSS) 

19.0 software (IBM Corp. IBM SPSS Statistics for 
Windows, Armonk, NY, USA) was used for sta-
tistical comparison. The measurement data were 
presented as mean ± standard, and t-test was used 
for intergroup comparisons. Enumeration data 
were presented as [n (%)], and chi-square test was 
used for intergroup comparisons. p<0.05 suggested 
that the difference was statistically significant.

Results

Distribution of Pathogenic Bacteria 
A total of 132 pathogenic bacteria were de-

tected in 132 patients, of which 44 patients were 
infected with G- bacteria and 88 patients were in-
fected with G+ bacteria. Patients in G- group were 
mainly infected with Escherichia coli, Acineto-
bacter baumannii and Klebsiella pneumoniae, 
while patients in G+ group were mainly infected 
with Staphylococcus epidermidis, Staphylococ-
cus aureus and Staphylococcus aureus (Table I).

Comparison of Disease Degree
The SOFA score, APACHE II score and mor-

tality rate in G- group were higher than those in 
G+ group, and the differences were statistically 
significant (p<0.05). There was no statistically si-
gnificant difference in length of stay in hospital 
between the two groups (p>0.05) (Table II).

Table I. Distribution of pathogenic bacteria.

G– group	 Strain number	 G+ group	 Strain number
	 (n, %)		  (n, %)

Escherichia coli	 20 (45.45)	 Staphylococcus epidermidis	 25 (28.47)
Acinetobacter baumannii	 9 (20.45)	 Staphylococcus human	 20 (22.72)
Klebsiella pneumoniae	 6 (13.63)	 Staphylococcus aureus	 14 (15.90)
Pseudomonas aeruginosa	 4 (9.09)	 Enterococcus faecium	 9 (10.22)
Enterobacter cloacae	 2 (4.57)	 Staphylococcus haemolyticus	 8 (9.09)
Proteus mirabilis	 1 (2.27)	 Staphylococcus xylose	 2 (2.27)
Bacterioides	 1 (2.27)	 Staphylococcus Kirschner	 2 (2.27)
Rhizobium radiobacter	 1 (2.27)	 Staphylococcus saprophyticus	 2 (2.27)
		  Enterococcus faecalis	 2 (2.27)
		  Staphylococcus aureus	 1 (1.13)
		  Streptococcus oralis	 1 (1.13)
		  Staphylococcus lentus	 1 (1.13)
		  Green Staphylococcus	 1 (1.13)
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Comparisons of PCT, WBC,
hs-CRP and NEU% 

The PCT levels in G- group and G+ group were 
(54.89±21.64) ng/mL and (21.13±1.30) ng/mL, re-
spectively. The PCT level in G- group was higher 
than that in G+ group, and the difference was stati-
stically significant (p<0.05). There were no statisti-
cally significant differences in WBC, hs-CRP and 
NEU% between the two groups (p>0.05) (Table III).

Discussion

Sepsis caused by bloodstream infection is a 
serious infectious disease, and early diagnosis 
and appropriate clinical treatment are important 
means to reduce the mortality rate of patients4. 
The early clinical manifestation of bloodstream 
infection is fever. Clinically blood culture is re-
garded as the golden standard for bloodstream 
infection. However, because the test needs to 
take a long time, and the positive rate of results 
is low, the collection of specimens easily leads to 
normal skin flora contaminated. Thus, its appli-
cation is limited in the diagnosis of bloodstream 
infection5,6. PCT is originally extracted from cell 
culture fluid of thyroid tumor, a peptide hormone, 
in recent years, which has been widely used in the 
early diagnosis of bacterial infection as a marker7. 
And in serum, PCT level has lower degradation 
rate and better stability8 than other inflammatory 
indicators. Therefore, this study explored the dia-
gnostic effect of PCT level in serum on sepsis pa-
tients caused by different pathogens, in order to 
provide a reference for the later clinical treatment.

The results of this study showed that a total 
of 132 pathogenic bacteria were detected in 132 
patients, of which 44 patients were infected with 
G- bacteria and 88 patients were infected with G+ 
bacteria. The PCT levels in G- group and G+ group 
were (54.89±21.64) ng/mL and (21.13±1.30) ng/mL, 
respectively. The PCT level in G- group was higher 
than that in G+ group, and the difference was sta-
tistically significant between them (p<0.05). It has 
been pointed out that9, G+ cocci pathogens were 
mainly from respiratory infection, but the G- Ba-
cillus were mainly from digestive infection, which 
suggested that G+ cocci pathogens lead to the dise-
ase because of the exotoxin, whose dominant sec-
tor of exotoxin is extremely unstable protein that 
is vulnerable to damage. The G- Bacillus leads to 
disease because of endotoxin, whose main sector 
is lipopolysaccharide, affecting macrophages and 
neutrophils, and promoting the production of in-
terleukin-1, interleukin-6, tumor necrosis factor -α 
and other cytokines. These cytokines induce PCT 
produced in neuroendocrine cells of spleen, liver, 
lung and kidney, leading to an increase in PCT le-
vel in patients. PCT level in serum of patients in G- 
group was higher than that in G+ group, which can 
provide the main basis for identifying the main pa-
thogens of sepsis patients clinically, so as to select 
the appropriate antimicrobial drugs for treatment10. 
WBC refers to counting the number of white blood 
cells contained in unit volume of blood. If bleeding 
and infection occur, WBC level will be significant-
ly increased11. Hs-CRP is a C-reactive protein in 
plasma, also known as high-sensitivity C-reactive 
protein12. It is a common indicator to distinguish 
low-level inflammatory state13. NEU contains ly-

Table II. Comparison of disease degree.

Group	 Cases	 Sofa score	 Apache II score	 Length of stay	 Mortality
	 (n)	 (score)	 (score)	 (d)	 (n, %)
				  
G– group	 44	 7.51±1.61	 25.54±9.13	 19.68±9.04	 6 (13.63)
G+ group	 88	 6.79±1.52	 21.89±7.56	 17.14±10.26	 5 (5.68)
χ2/t		  2.549	 2.377	 1.652	 7.158
p		  0.016	 0.033	 0.098	 0.019

Table III. Comparisons of PCT, WBC, hs-CRP and NEU%.

Group	 Cases (n)	 Pct (ng/ml)	 Hs-crp (mg/l)	 Wbc (×109/l)	 Neu%
				  
G– group	 44	 54.89±21.64	 124.66±31.25	 13.58±2.71	 77.25±41.32
G+ group	 88	 21.13±1.30	 111.36±31.83	 14.64±2.74	 66.93±37.65
χ2/t		  2.524	 1.935	 1.693	 1.949
p		  0.018	 0.060	 0.087	 0.055
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sozyme, myeloperoxidase, alkaline phosphatase, 
lysozyme, acid hydrolase and other enzymes, whi-
ch are relevant to cell digestion and phagocytosis. 
So if the body is infected, NEU% will be increa-
sed[14]. However, there were no statistically signifi-
cant differences in WBC, hs-CRP, NEU% betwe-
en the two groups in this study (p>0.05). This 
result shows that PCT is more specific and sensiti-
ve than traditional inflammatory markers, such as 
WBC, hs-CRP and NEU%, for the identification of 
bloodstream infections in sepsis patients, and the 
number of WBC in microbial infection is more or 
less. The unskilled or non-standard operation may 
have an impact on cell counting. The SOFA score 
is a quantitative assessment index that dynamically 
describes the organ dysfunction of sepsis patients, 
with simple standard, and the results are easy to be 
obtained with objective reliability. The hemodyna-
mic changes of patients can better reflect the seve-
rity of sepsis in patients15. APACHE II score consi-
sts of three parts, age score, acute physiology score 
and chronic health score. The higher the score is, 
the more severe the patient will be. It is a common 
indicator evaluating the condition and prognosis 
of ICU patients16. The results of this study showed 
that the SOFA score, APACHE II score and morta-
lity rate in G- group were higher than those in G+ 
group, and the differences were statistically signifi-
cant (p<0.05). There was no statistically significant 
difference in length of stay in hospital between the 
two groups (p>0.05). This result suggests that the 
disease of G- bacillus patients is more serious and 
the prognosis is worse.

Conclusions

We observed that in the early stage of blood-
stream infection in sepsis patients, PCT level in se-
rum is elevated significantly, which has diagnostic 
value for different pathogenic bacteria. Also, it can 
reflect the severity of disease and predict the pro-
gnosis of patients.
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