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Abstract
Background: Sepsis is defined as a life-threatening condition 
resulting from an inappropriate response of the body to any 
infection. Procalcitonin has been found to be a good marker 
for the diagnosis of sepsis. However, there are limited studies 
on the relationship between increased procalcitonin levels and 
the clinical outcome. Therefore, the present study aimed to de-
termine the serum procalcitonin levels in septic patients and its 
association with mortality. 
Methods: This prospective, observational study was conduct-
ed from December 2017 to May 2019 and included 75 septic 
patients aged >18 years. Detailed history, physical, clinical and 
laboratory (procalcitonin) examination were performed for all 
the patients, and the clinical outcome was measured by cal-
culating the Acute Physiology and Chronic Health Evaluation 
(APACHE) II severity score. Chi-square test and Mann-Whitney 
U test were used to analyze the data. 
Results: Distribution of procalcitonin levels between the 
survival or non-survival patients was found to be insignif-
icant (P=0.09545). However, the difference in APACHE II 
scores between the survivors and non-survivors was ob-
served to be statistically significant (P=0.0001007). More-
over, the area under the ROC curve for serum procalcitonin 
and APACHE II score was found to be 87.31% and 76.97%, 
respectively. 
Conclusion: The present study found that the serum procalci-
tonin levels were elevated in septic patients, thus establishing its 
involvement in the prognosis of sepsis. Increased procalcitonin 
levels were also found to be associated with the increase in the 
APACHE II severity score. Therefore, both procalcitonin levels 
and APACHE II severity score can be used as biomarkers for the 
diagnosis of sepsis. 
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Introduction
Sepsis is defined as a life-threatening condition 

resulting from an inappropriate response of the body 
to any infection. According to WHO, the global ep-
idemiological burden of sepsis is estimated to affect 
more than 30 million people worldwide every year, 
potentially leading to 6 million deaths. [1] It is associat-
ed with significant mortality among patients admitted 
to intensive care units (ICU). The mortality rate due to 
sepsis depends on the severity of the disease and dete-
rioration of health. The conditions responsible for the 
increase in the mortality rate include old age, certain 
pre-existing comorbidities such as malignancy, im-
munosuppressed state, and patients on renal replace-
ment therapy. Therefore, an accurate identification of 
disease severity is important for making a prognosis, 
preventing and reducing the complications, treatment, 
and determining the reason for death. [2] 

Procalcitonin (PCT) is a biomarker consisting of 
116 amino acids and is a precursor of calcitonin. The 
levels of serum procalcitonin are increased 1000-fold 
in severe bacterial infections or sepsis in comparison 
to their concentration in normal healthy individuals. 
[3] It has a half-life of 15-20 h in the blood, and its con-
centration in the plasma depends on the severity of 
infection. [4] Various studies have reported that higher 
levels of PCT in septic patients were associated with 
increased risk of death. [5] There is lack of data on the 
relation between changes in PCT levels during illness 
and the outcome. With this significant background, the 
present study aimed t o measure the serum PCT levels 
during sepsis and to examine its relationship with the 
outcome of patients, i. e. survivors and non-survivors. 

There are many scoring systems available for as-
sessing and prognostication of the severity of septic 
conditions in critical care units. The severity score in 
terms of acute physiology and chronic health evalu-
ation II (APACHE II), simplified acute physiology 
score (SAPS), or mortality probability model (MPM) 
is computed from the data obtained on the first day of 
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ICU admission. The scoring systems usually consist of 
two parts: a severity score that is a number (generally 
higher the score more is the severity of the condition) 
and a computed probability of the mortality. [6, 7] The 
scoring systems segregate the severity of cases based 
on the clinical and biochemical parameters and clas-
sify them into specific risk categories. [8] APACHE II 
is a tool developed for the estimation of mortality in 
patients with sepsis. [9] In addition to clinical observa-
tions and advance treatments in health care, practicing 
clinicians also need to realize the importance of sever-
ity scores and utilize scoring systems in their day to 
day practice. [3] Hence, the present study aimed to de-
termine the serum PCT levels in septic patients and to 
determine its association with mortality by using the 
APACHE II severity scoring scale. 

Materials and Methods

Study design 
This prospective observational study was con-

ducted in the ICU of the Private Institute of Medical 
Sciences, in Maharashtra YY from December 2017 to 
May 2019.The study protocol was duly approved by 
the Ethical Committee prior to the initiation of the 
study. A total of 75 patients were enrolled after ob-
taining a written informed consent from them. The 
sample size was calculated as approximately 66 for 
a medium effect size (w=0.4) at a significance lev-
el of 95% and power of 90% and for Chi-square test 
of independence with df 1 (2-1 * 2-1). However, due 
to availability of patients, the final sample size was 
rounded up to 75.

The selected patients were diagnosed and classified 
using the systemic inflammatory response syndrome 
(SIRS) inclusion/exclusion criteria into the following 3 
groups, namely, sepsis, severe sepsis, and septic shock. 
[10] A detailed history was obtained from the patients, 
and general physical and systemic examination of the 
patients was done. Patients of either sex, >18 years of 
age, and who were diagnosed with sepsis and admitted 
to ICU were included in the study. Patients <18 years 
of age, having major trauma, burns, surgery, chronic 
infections necessitating chronic antibiotic usage and 
immunosuppression were excluded from the study. 
The APACHE II severity score6 and PCT levels were 
calculated on the day of admission of the patients. Se-
rum PCT level of 2 ng/mL was considered as a cut-off 
point for the diagnosis of sepsis. 

Measurement of procalcitonin
The FinecareTM procalcitonin rapid quantitative 

test, which is a sandwich fluorescence immunoas-
say-based system (model no: FS-112) was used for the 
measurement of PCT. When PCT-containing sample 
is added into the sample well of the test cartridge, the 
fluorescence-labeled detector PCT antibodies bind to 
the PCT antigens present in the sample specimen and 
form immune complexes. These immune complexes 
then migrate to the nitrocellulose matrix of the test 
strip by capillary action and get immobilized on the 
test strip. Therefore, the more the PCT in the blood 
specimen, the more complexes get accumulated on the 
test strip and signal intensity in the form of fluores-
cence which reflects the amount of captured PCT. 

Statistical analysis 
Data were analyzed using Microsoft Excel. Chi-

square test and Mann-Whitney U test were used to 
compare the categorical variables. A P value of <0.05 
was considered as statistically significant. The speci-
ficity and false positivity rate of serum PCT levels and 
APACHE II score for predicting mortality were cal-
culated and receiver operating characteristic (ROC) 
curve was plotted for the same. 

Results
A total of 75 patients were included in this study 

and most of them were in the 61-70 years age group. 
The most common co-morbidities were diabetes and 
hypertension, observed in 26.7% and 12% of patients, 
respectively. The most common body system involved 
in the sepsis was the respiratory system (49.3%) fol-
lowed by the genitourinary tract (26.7%). The mean 
age of the study population, based on the outcome 
of sepsis, i. e., survivors and non-survivors, was 
55.17±16.61 and 50.89±14.46, respectively. The demo-
graphic characteristics of the study participants and 
their association with various parameters are shown 
in Table 1.

In this study, the distribution of serum PCT was 
assessed based on the organ system involved in the 
source of sepsis. The mean serum PCT levels were 
found to be 4.79±3.10 ng/mL (respiratory system), 
6.41±4.53 ng/mL (genitourinary system), 6.60±3.50 
ng/mL (gastrointestinal system), 2.41±0.36 ng/mL 
(cellulitis), and 13.8 (central nervous system). The 
PCT level was observed of be ≥2 ng/mL in about 87% 
of the patients (65 out of 75 patients), which con-
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Table 1
Demographic features and distribution of study population
1) Age- and gender-wise distribution of patients 

Age group (years) Male (n=47) n (%) Female (n=28) n (%) Total (n=75) 
25-40 9 (0.47) 10 (0.53) 19
41-50 8 (0.73) 3 (0.27) 11
51-60 6 (0.4) 9 (0.6) 15
61-70 16 (0.8) 4 (0.2) 20
71-80 8 (0.8) 2 (0.2) 10
2) Distribution of different comorbidities according to gender

Comorbidities Male (n=47) n (%) Female (n=28) n (%) Total (n=75) n (%) 
Diabetes mellitus 12 (0.6) 8 (0.4) 20 (26.6) 
COPD 4 (0.5) 4 (0.5) 8 (10.6) 
Hypertension 6 (0.67) 3 (0.33) 9 (12) 
Chronic liver disease 5 (1.0) 0 (0) 5 (6.6) 
CKD 3 (0.5) 3 (0.5) 6 (8.0) 
No comorbidities 17 (0.63) 10 (0.37) 27 (36) 
3) Distribution of system involvement in the study population 

System Male (n=47) n (%) Female (n=28) n (%) Total (n=75) n (%) 
Respiratory system 24 (0.65) 13 (0.35) 37 (49.3) 
Genitourinary tract 9 (0.45) 11 (0.55) 20 (26.6) 
Gastrointestinal system 11 (0.73) 4 (0.27) 15 (20) 
Cellulitis 2 (1.0) 0 2 (2.6) 
Central nervous system 1 (1.0) 0 1 (1.3) 
4) Frequency distribution of age in the study population and its association with the outcome 

Age group (years) Survivors (n=47) n (%) Non-survivors (n=28) n (%) Total (n=75) n (%) 
25-40 10 (0.53) 9 (0.47) 19 (25.3) 
41-50 7 (0.64) 4 (0.36) 11 (14.6) 
51-60 8 (0.53) 7 (0.47) 15 (20) 
61-70 13 (0.65) 7 (0.35) 20 (26.6) 
71-80 9 (0.90) 1 (0.10) 10 (13.3) 
5) Distribution of outcome in study population and its association with gender 

Gender Survivors (n=47) n (%) Non-survivors (n=28) n (%) Total (n=75) n (%) 
Male 31 (0.66) 16 (0.34) 47 (62.6) 
Female 16 (0.57) 12 (0.43) 28 (37.3) 
6) Distribution of comorbidities in study population and their correlation with the outcome

Comorbidities Survivors (n=47) n (%) Non-survivors (n=28) n (%) Total (n=75) n (%) 
Present 24 (0.50) 24 (0.5) 48 (64) 
Absent 23 (0.85) 3 (0.15) 27 (36) 
7) Distribution of system involved in the study population and its association with outcome 

System Involved Survivors (n=47) n (%) Non-survivors (n=28) n (%) Total (n=75) n (%) 
Respiratory system 27 (0.73) 10 (0.27) 37 (49.3) 
Genitourinary system 11 (0.56) 9 (0.24) 20 (26.6) 
Gastrointestinal system 7 (0.47) 8 (0.53) 15 (20) 
Cellulitis 2 (1.0) 0 (0) 2 (2.6) 
Central nervous system 0 (0) 1 (1.0) 1 (1.3) 

COPD: Chronic obstructive pulmonary disease, CKD: Chronic kidney disease
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firmed the role of PCT in the onset of sepsis. However, 
the distribution of PCT levels was found to be differ-
ent based on the outcome of patients, i. e. survival or 
non-survival (Table 2). 

The present study’s results also showed the fre-
quency distribution of APACHE II severity score 
in the study population. It was observed that about 
30.67% of the patients had the APACHE II score in 
the range of 26-30 and 36-100.The mean APACHE 
II score in survivors and non-survivors was found 
to be 28.51±4.79 and 41.25±12.75, respectively. The 
difference in these scores between the survivors and 
non-survivors was statistically significant (P=0.0001). 
Like PCT levels, the distribution of APACHE II score 
based on the outcome of patients was also calculated 
in this study, and the difference in APACHE II scores 

(<30 and ≥30) between the survivors and non-survi-
vors was statistically significant (P=0.0169) (Table 3). 

The receiver operating characteristic curve (ROC) 
was plotted for serum PCT levels in the group of sur-
vivors and non-survivors. The area under the ROC 
curve for serum PCT for predicting mortality was ob-
served to be 87.31%. The cutoff point for probability 
of individual survival was 0.3229.The sensitivity of the 
model was 85.71% and the specificity was 82.97%. For 
every one-unit change in the PCT level, the log odds 
of survival (versus non-survival) increased by 0.5502 
(Figure 1). The model was

 

log

3.6452 0.5502 *(Serium PCT)

Survival
Non Survival  

Table 2
Distribution of procalcitonin in the study population based on various parameters
1) Distribution of serum PCT in study population and its association with the organ system serving as the source of sepsis 

Serum procalcitonin 
(ng/mL) Respiratory system Genitourinary 

system
Gastrointestinal 

system Cellulitis Central nervous 
system

Mean ± SD 4.79 ± 3.10 6.412 ± 4.53 6.604 ± 3.50 2.41 ± 0.36 13.8 ± 0.00
2) Distribution of serum PCT in the study population and its correlation with the outcome

Serum procalcitonin Survivors n (%) Non-survivors n 
(%) Total n (%) Mean ± SD P value

≥2 38 (0.59) 27 (0.41) 65 (86.6) 6.25 ± 3.68 0.09545C
<2 9 (0.90) 1 (0.10) 10 (13.3) 1.69 ± 0.11

C: Chi-square test of independence 

Table 3
Distribution of APACHE II score in the study population and its association with the outcome of patients
1) Frequency distribution of APACHE II score in study population

APACHE II Score Total (n=75) Percentage (%) 
15-20 3 4.00
21-25 15 20.00
26-30 23 30.67
31-35 11 14.67
36-100 23 30.67
2) Distribution of APACHE II score in the study population and its relationship with the outcome

Outcome Mean ± SD P value
Survivors (n=47) 28.51 ± 4.79

0.0001007M
Non-survivors (n=28) 41.25 ± 12.75
3) Distribution of APACHE II score in the study population and its association with the outcome

APACHE II Score Survivors n (%) Non-survivors n (%) P value 
<30 29 (0.76) 9 (0.24) 

0.0169C 
≥30 18 (0.49) 19 (0.51) 

C: Chi-square test of independence, M: Mann-Whitney U test
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Figure 1

Similarly, ROC curve was also plotted for APACHE 
II severity score. The area under the ROC curve for 
APACHE II score for predicting mortality was 76.97%. 
The cutoff point for probability of individual survival 
was 0.6437.The sensitivity of the model was 67.85% 
and the specificity was 100%. For every one-unit 
change in APACHE II score, the log odds of survival 
(versus non-survival) increased by 0.1527 (Figure 2). 
The model was

 

log

5.6601 0.1527 *(APACHE II score)

Survival
Non Survival  

Figure 2

Discussion
Sepsis is a life-threatening condition resulting from 

an inappropriate response of the body to any infec-
tion. [2] It continues to be the cause of mortality in ma-
jority of the cases with patients admitted for intensive 
care treatment. The plasma concentration of PCT has 
been correlated with the severity of septic infection. [11] 

Therefore, the present study was designed to measure 
the serum PCT levels in septic patients and to examine 
its relationship with the outcome of patients. 

The mean serum PCT (≥2) level observed in the 
study population was 6.25±3.68 ng/mL, which was 
lower in comparison to the study results of Jain et al (6.9 
ng/mL). [12] However, the remaining patients with <2 

ng/mL of serum PCT had an average value of 1.69±0.11 
ng/mL. Moreover, a PCT level of more than 2 ng/mL 
was found in about 87% of the total patients, which 
demonstrates that serum PCT can be used as a prog-
nostic marker in sepsis. Furthermore, area under the 
ROC curve for serum PCT for predicting mortality was 
87.31% and the cutoff point for probability of individu-
al survival was 0.3229.The sensitivity of the model was 
85.71% and the specificity was 82.97%. These results 
were similar to the results obtained in previous studies 
that showed sensitivity and specificity of 67% and 80%, 
respectively. [13-15] However, the cutoff values of PCT for 
probability of individual survival were different in these 
studies. The difference in these cutoff values across dif-
ferent studies could be attributed to different methods 
of PCT measurement as well as variance in the severity 
of inflammation and infection present in different pa-
tients in different studies. [13-15] 

The maximum number of patients (about 30.67%) 
had APACHE II score in between the range of 26-30 
and 36-100.Furthermore, the mean APACHE II severi-
ty score was observed to be 28.51±4.79 and 41.25±12.75 
in survivors and non-survivors, respectively, which was 
found to be significantly different between both the 
groups of patients (P=0.0001007). The study of Jain et 
al reported somewhat similar results in which the mean 
APACHE II score in survivors and non-survivors was 
21.9±7.1 and 28.6±7.1, respectively. [12] Likewise, few 
other studies showed similar results of higher mean 
APACHE II score in non-survivors as compared to sur-
vivors. [14, 16-18] Additionally, similar to the PCT levels, 
area under the ROC curve for predicting mortality was 
also calculated for APACHE II score and was found to 
be 76.97%. The cutoff point for probability of individu-
al survival was 0.6437.The sensitivity and specificity of 
the model were 67.85% and 100%, respectively. Various 
reports in the literature have shown similar results as in 
the present study in which sensitivity of the model lies 
in the range of 60%-80% and specificity lies in the range 
of 80%-100%. [19, 20] Therefore, taking into consideration 
the similarities between the results of previous reports 
and present study, it may be concluded that serum PCT 
levels are an independent marker for prognostication 
of mortality. 

Conclusion
The present study demonstrated that the levels of 

serum PCT were increased in septic patients, thus es-
tablishing its involvement in the prognosis of sepsis. 
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Moreover, increased PCT levels were also found to be 
associated with the increase in the APACHE II sever-
ity score. Therefore, both PCT and APACHE II sever-
ity score can be used as biomarkers for the diagnosis 
of sepsis. 
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