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ABSTRACT  

Introduction. Procalcitonine (PCT) a été considérée comme un biomarqueur spécifique des infections bactériennes. 

Objectif. Pour déterminer la concentration sérique de PCT chez les patients présentant une septicémie positive à 
l'hémoculture et décrire la relation entre la concentration sérique de PCT et les bactéries isolées. 

Sujets et méthodes. Étude transversale descriptive sur 480 patients diagnostiqués avec une septicémie, à l'Hôpital Général 
de la Province de Ninh Thuan de Janvier à Septembre 2021. 

Résultats. La concentration médiane de PCT sérique dans le groupe hémoculture positive était 15,6 ng/mL, supérieure à 
celle du groupe hémoculture négative (p<0,05). L'aire sous la courbe était de 0,83 (p<0,001); des concentrations élevées ou 
basses de PCT ont permis d'identifier une septicémie positive d'hémoculture avec un seuil de 0,4 ng/mL avec une 
sensibilité de 80 % et une spécificité de 93 %. La concentration sérique médiane de PCT du groupe de bactéries gram-
négatives (32,6 ng/mL) était supérieure à celle du groupe gram-positif (p<0,05). 

Conclusions. La PCT peut distinguer une septicémie positive à l'hémoculture, ainsi qu'entre différentes espèces 

bactériennes. 
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Introduction. Procalcitonin (PCT) has been considered as a biomarker specifically for bacterial infections. 

Objective. To determination the serum PCT concentration in patients positive blood culture sepsis and describe the rela-
tionship between serum PCT concentration with isolated bacteria. 

Subjects and Methods. Descriptive cross-sectional study on 480 patients diagnosed with sepsis, at Ninh Thuan province 
general hospital from January-September 2021. 

Results. The median serum PCT concentration in the positive blood culture group was 15.6 ng/mL, higher than that in the 
negative blood culture group (p<0.05). The area under the curve was 0. 83 (p<0.001); high or low PCT concentrations were 
able to identify positive blood culture sepsis with a cut-off of 0. 4 ng/m with a sensitivity of 80% and a specificity of 93%. 
The median serum PCT concentration of the gram-negative bacteria group (32. 6 ng/ml) was higher than that of the gram-
positive group (p<0.05). 

Conclusions. PCT can predict positive blood culture sepsis, as well as between different bacterial species. 
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INTRODUCTION 
 
Sepsis is a life-threatening condition that can result 
from infection. In 2017, an estimated 48.9 million sep-
sis cases were recorded worldwide and 11 million sep-
sis-related deaths were reported, accounting for 19.7% 
of all deaths globally [15].  Blood cultures are consid-
ered the gold standard for identifying sepsis, and it is 
possible to identify pathogens and then test for sensi-
tivity to antibiotics, however results are slow (after 3-7 
days) [2] and not always positive.  Therefore, the study 
of biomarkers for sepsis is an area of interest and re-
search. Procalcitonin (PCT) is one of the markers that 
has shown great promise in identifying sepsis, as-
sessing disease severity, and guiding antibiotic sur-
veillance [8], [16], [19]. 

 
Procalcitonin is a peptide precursor of calcitonin and is 
part of the inflammatory process in sepsis. PCT con-
centrations tend to be elevated in bacterial infections 
[16] and high PCT has been known to predict sepsis [13].  

PCT is detectable in serum within 4 hours and has a 
half-life of 22-26 hours. Peaks occur between 12-48 
hours [7], [9], [12]. 

 
So far, there are many authors in the world as well as 
in Vietnam studying PCT in infectious diseases. Le 
Phan Ngoc Bich (2018), showed an association be-
tween increased PCT with early neonatal infection and 
mean PCT levels in pediatric patients with early neo-
natal infections of 4176 ± 15552 ng/mL [1]. However, 
this study has not shown PCT levels in positive blood 
cultures as well as the association between pathogenic 
bacteria. Ninh Thuan General Hospital has long imple-
mented PCT tests and blood cultures but there has 
been no research on this issue. Stemming from that 
fact, in order to contribute to improving the quality of 
treatment and limiting mortality due to sepsis, we 
have implemented the research "Serum procalcitonin 
levels  and their association with blood culture results at 
Ninh Thuan General Hospital in 2021" with two follow-
ing  goals:  
1. Determination of serum procalcitonin levels  in patients 
with positive blood culture sepsis. 
2. Describe the association of serum procalcitonin levels  
and isolated pathogenic bacterial agents. 
 
METHODS 

 
Subjects of study 

A total of 480 patients diagnosed with sepsis were pre-
scribed PCT tests from January 1st to September 9, 
2021. 
 Selection criteria. Patients diagnosed with sepsis are 
prescribed PCT tests and blood cultures at the same 
time. 
 

Exclusion criteria. Only for PCT tests but not for blood  

cultures.  
 
Methods 

Study design: Cross-sectional and descriptive study. 
Sample size and how to choose a template: Sample size  
was chosen by  convenient selection. 
 
Data collection  
Patients who met the sample selection criteria were 
included in the study group to record information 
such as age, gender, number of admission, diagnosis, 
PCT test results and blood culture. 

 
Evaluation techniques and standards 

PCT: Taking 1.5 ml of venous blood into a tube with-
out EDTA antifreeze (red cap tube). Readings on the 
Cobas E411 automatic immune-computer. Assess-
ment of PCT increased according to Meisner (2014) 
includes [12]: Normal (< 0.05 ng/mL); Slight increase 
(0.05<PCT<2 ng/mL); Moderate increase (2≤PCT<10 
ng/mL); Elevated (PCT>10 ng/mL). 

 
Blood culture: Blood collection before using antibiot-
ics.  Take 3-5 mL of venous blood, ensure the correct 
sterile technique, put it in a Bact/Alert FA plus 
blood culture bottle. Isolation of pathogenic bacteria 
according to the guidance of the Ministry of Health 
(2017), identification of bacteria using the Phoenix 
100 automatic system.  
 
Data processing and analysis 

Data is entered and processed using SPSS software. 
Qualitative variables are represented as ratios (%). 
Use median values and percentile intervals (25 and 
75) to describe quantitative variables that do not 
have a standard distribution. 
 
RESULTS 

 
Serum PCT levels in patients with sepsis  
Male and female are equivalent with a male : female 
ratio of 1.1 : 1.  The distribution by age group is quite 
similar, highest in the 15-59 year old group and low-
est in the 0-14 year old group. 
 

 
 

  LE HUY THACH  SERUM PROCALCITONIN LEVELS AND BLOOD CULTURE 

TABLE 1 
General characteristics of the study 
sample (n=480) 

Characteristics N Percentage 

Sex 
Male 253 52,7 

Female 227 47,3 

Age group 

0 - 14 years 102 21,3 

15 - 59 years 191 39,8 

≥ 60 years 187 39,0 
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Sepsis with positive blood  results accounted for 

15.0%. The median serum PCT concentration in the 

positive blood culture group was 15.6 ng/mL higher 

than in the negative blood culture group (0.7 ng/ml), 

which was statistically significant (p<0.05). 

The majority of PCT concentrations at < 2 ng / nl 

accounted for 60.0%, followed by >10 ng / ml ac-

counted for 24.8%. There were significant differences 

between PCT and blood cultures (p<0.05). 

FIGURE 1. The value of PCT in determining positive 

blood culture in sepsis. 

 

 

The area below the curve of 0.83 with p<0.001 is sta-
tistically significant, so high or low PCT concentra-
tions are capable of identifying positive blood cul-
tures with a cut-off point of 0.4 ng/mL, 80% sensitiv-

ity and 93% specificity . 
 
Association of serum PCT levels with pathogenic 
bacteria  

FIGURE 2. The value of PCT determines infection caused 
by gram-negative and gram-positive bacteria. 
 

The serum PCT median concentration of gram-
negative blood cultures was 32.6 ng/mL, higher than 
that of the gram-positive bacterial group (p<0.05).  
The area below the curve of 0.72 with p<0.01 is sta-
tistically significant, so high or low PCT concentra-
tions are capable of identifying sepsis due to gram-
negative bateria with a cut-off point of 10.2 ng/ml, a 
sensitivity of 74% and a specificity of 67%. 
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TABLE 2 Features of blood culture 

Blood Frequency Percentage 

Sepsis of  positive blood 72 15.0 

Sepsis of negative blood 408 85.0 

Total 480 100 

  

TABLE 3 
Association of serum PCT levels with 

blood cultures (n=480) 

PCT (ng/mL) General 
Blood 
culture 

(+) 

Blood 
culture    

(-) 
p* 

Median 1,04 15.6 0.7 

< 
0.05 

25th - 75th 0.17 - 9,8 1.4 - 85.9 0.14 - 4.7 

Minimum 0.03 0.08 0.03 

Maximal 644 644 116 

*Wilcoxon test. 

TABLE 4 Elevated levels of serum procalcitonin 

PCT 
(ng/mL) 

General 
Blood 

culture (+) 
Blood cul-

ture (-) p 

n % n % n % 

< 2 288 60.0 21 2.2 267 65.4 

<0.05 
2 - 10 73 15.2 9 12.5 64 15.7 

> 10 119 24.8 42 58.3 77 18.9 

Total 480 100 73 100 408 100 

  

TABLE 5 
Association of serum PCT levels with 

bacterial group (n=72) 
PCT  

(ng/mL) 
General 

Bacteria 

gram (-) 

Bacteria 

gram (+) 
p* 

Median 15.6 32.6 1.9 

< 0.05 
25th - 75th 1.4 - 86 9.5 - 119 0.64 - 17 

Minimum 0.08 0.11 0.08 

Maximal 200 379 200 

*Wilcoxon Accreditation 

TABLE 6 
Prevalence and serum PCT concentration of 
isolated bacteria 

Bacterial species N (%) 
Median 

PCT (ng/
mL) 

Gram nega-
tive 

(N=42) 

E. coli 21 50.0 58.7 

Klebsiella spp. 9 21.4 45.2 

Acinetobacter spp. 5 11.9 25.6 

Pseudomonas 
aeruginosae 

4 
 

9.5 
 

20.5 
 

Burkholderia pseu-
domallei 

2 
 

4.8 
 

111.6 
 

Proteus spp. 1 2.4 11.2 

Gram posi-
tive (N=30) 

S. aureus 7 22.6 16.5 

Staphylococcus 
coagulase (-) 17 

54.8 
1.5 

Streptococcus spp. 3 9.7 0.71 

Strep. pneumoniae 2 6.5 101 

Enterococcus spp. 1 3.2 1.37 
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In the gram-negative bacterial group, E. coli accounted 
for 50.0% and in the gram-positive bacterial group 
Staphylococcus coagulase (-) accounted for 54.8%. The 
median concentration of PCT in gram-negative bacte-
rial is much higher than in gram-positive bacteria. 
 
DISCUSSION 

 

Serum PCT levels in patients with sepsis 

The results of the study in Table 2 showed that sepsis  

with positive blood results  accounted for 15.0%, simi-

lar to Kalathia, positive blood cultures accounted for 

17.8% [11], Le Huy Thach, positive blood cultures in 

early neonatal infections accounted for 15.3% [17]. 

 

On the association of serum PCT levels and blood cul-

ture results; the results in Table 3 showed that the me-

dian concentration of positive blood culture group 

serum PCT was higher than that of negative blood cul-

ture group (p<0.05). This suggests that PCT is very 

valuable in early prediction of blood culture outcomes 

for conducting treatment interventions. Similar to us, 

Nguyen Viet Phuong et al. (2017), the average pct con-

centration of group patients with positive blood cul-

ture sepsis was 21.76 ± 36.62 ng / ml, which is statisti-

cally significant higher than that of negative blood cul-

ture sepsis group. In addition, this study also showed 

that PCT concentrations > 10 ng/ml accounted for the 

highest proportion (55.5%) [6], similar to ours (58.3%) 

and at the same time there was also a significant dif-

ference between the levels of increased PCT between 

the 2 groups of positive and negative blood cultures 

[6]. Research by Yan et al. (2017) on PCT levels in sep-

sis caused by different bacterial sources and species, 

resulted in 486 sepsis positive for blood cultures, 254 

(52.26%) positive for Gram-negative bacteria and 202 

(42.18%) positive for Gram-positive bacteria. Median 

PCT concentrations in the gram-negative group were 

higher than in the gram-positive group, statistically 

significant differences with p<0.001 [20]. 

 

For the PCT cut-off point for determining a positive 

blood culture in sepsis, our study showed that an area 

below the curve of 0.83 with p<0.001 is statistically 

significant, so high or low PCT concentrations are ca-

pable of identifying a positive blood culture in sepsis 

with a cut-off point of 0.4 ng/ml with an 80% sensitivi-

ty and 93% specificity. Bui Thi Hong Chau et al. (2010) 

studied 132 patients with severe infection, the best cut-

off point of PCT in the diagnosis of severe infection 

was 1.77 ng/mL, with a sensitivity of 78.79%,  

specificity of 73.33%, positive predictive value of 

86.6% and negative predictive value of 38.89% [3]. 

When we analyzed the association of serum PCT 

levels and isolated pathogenic bacteria, we found 

that in patients with gram-negative bacterial infec-

tion, there were higher serum PCT levels than in 

gram-positive bacterial infection. Specifically, the 

results in table 5  showed that the serum PCT medi-

an concentration of the gram-negative bacterial-

positive blood culture group was 32.6 ng/ml, higher 

than that of the gram-positive bacterial group 

(p<0.05). Our results are similar to other studies 

around the world. Yan et al. (2017), median PCT con-

centrations in the gram-negative bacteria-positive 

group were higher than in the gram-positive bacteri-

al group (p<0.001), In addition, this study showed 

that in sepsis patients, the cut-off point of PCT of 

10.3 ng/mL could identify infections caused by gram

-negative bacteria,  with a specificity of 80.2% [20]. 

Similarly, research by Yunus et al. (2018), on the use 

of PCT to determine the severity of sepsis, outcome 

of patients, and characteristics of infection, showed 

that sites that are commonly infected with gram-

negative bacteria have higher PCT values than sites 

infected with gram-positive bacteria (p=0.03). The 

sensitivity and specificity of PCT for septic shock 

were 63% and 65% [21], respectively. 

 

Regarding the proportion of isolated bacterial patho-

gens, the results showed that in the gram-negative 

bacterial group, E. coli accounted for 50.0%, and in 

the gram-positive bacterial group Staphylococcus co-

agulase (-) accounted for 54.8%. Comparison of isolat-

ed bacterial models in blood specimens, showed that 

there were large differences depending on the sub-

ject and region studied. Japoni (2009) gram-positive 

bacteria accounted for the majority of positive cases, 

with Staphylococcus coagulase (-) accounting for 66.7% 

and S. aureus accounting for only 1.5%. Among gram

-negative bacteria, the highest proportion is Acineto-

bacter (10.6%), E. coli accounts for only 3% [10].  The 

study, authored by Velaphi et al. (2019), showed that 

the cause of early-onset neonatal sepsis was  group B 

Streptococcus accounting for 35.4%, followed by 

Streptococci viridans (24.2%), S. aureus accounting for 

only 3%. Among gram-negative bacteria, bacteria 

with the highest pathogenicity rate was E. coli (8.1%), 

followed by A. baumannii at 4.0% [18]. 

 

Meanwhile, our results are  consistent with  Opota' s  
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(2015) study, where gram-negative bacterial agents 
account for 62% and gram-positive bacteria is 35.4%. 
Of the gram-negative bacterial group, the most com-
mon is E. coli (28.6%) [14]. Cao Minh Nga (2009), in 
the group of gram-negative bacteria causing sepsis 
accounted for the highest proportion of E. coli 
(24.11%) and Klebsiella spp. (17.85%). In the gram-
positive bacterial group is S. aureus (8.93%) [4].  
 
Tran Thi Thanh Nga et al. (2015), common causative 
agents of sepsis are E. coli (20.6%), S. aureus (18.5%), 
Klebsiella (8.9%), A. baumannii (8%), S. maltophilia 
(6.8%), Negative Staphylococcus coagulase (5.9%), B. 
pseudomallei (4.4%) and P. aeruginosa (4%) [5]. It sug-
gests that E. coli  has emerged as the leading bacteria 
causing sepsis in the pathogenic bacterial model                 
at hospitals. However, other germs such as viral and  
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