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ABSTRACT:  

Introduction: It's still difficult to diagnose bacterial and fungal infections in a timely manner. Most 

often, there is a paucity of trustworthy clinical and microbiological criteria from accessible 

specimens that may be used to identify bacterial infections and rule out other infections.  

Objectives: The objective of the study was to diagnose bacterial and fungal infections based on 

Procalcitonin level. 

Methods: PCT levels were measured in sera using the automatic analyzer VIDAS B.R.A.H.M.S 

PCT assay. The lower limit of detection of the assay was 0.05 ng/ml and the functional assay 

sensitivity was 0.09 ng/ml. For each sample, an aliquot of 5 to 10 ml whole blood was inoculated 

into BACTEC aerobic and anaerobic bottles. The bottles were incubated for 5 days. Identification 

of microorganisms was performed with the VITEK-2 system. 

Results: The main findings of this study are that, in patients with suspected sepsis, the PCT mean 

value of 48.12 ng/ml could be of help in predicting an infection caused by Gram-negatives, the mean 

value of 33.05 ng/ml could be of help in predicting an infection caused by Gram-positives, and the 

mean value of 11.59 ng/ml could be of help in predicting an infection caused by Fungi. In this study, 

the value of PCT for patients infected with Fungi did not exceed 50 ng/ml, the value of PCT for 

patients infected with Gram Positive bacteria did not exceed 100 ng/ml and in the case of Gram 

Negative, the value of PCT reached up to 200 ng/ml which is the maximum detection level. 

Conclusions: This study suggests that PCT may be of value in distinguishing Gram Negative from 

Gram Positive and fungal bloodstream infections. Nevertheless, its utility in predicting different 

microorganisms needs to be assessed in further studies. 
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1. Introduction 

Sepsis is a systemic immune response to infection by 

microbial organisms. Sepsis is defined as the presence 

(probable or documented) of infection together with 

systemic manifestations of infection. The most common 

primary source of infection resulting in sepsis is the 

lungs, accounting for about half of all cases, followed by 

the abdomen, and the urinary tract. No definitive source 

is found in one third of the cases [1]. Sepsis encompasses 

a spectrum of illness that ranges from minor signs and 

symptoms to organ dysfunction (severe sepsis) and 

shock. Increasing severity correlates with increasing 

mortality, which rises from 25-30% for severe sepsis to 

40-70% for septic shock [2]. Approximately, 25-35% of 

patients with severe sepsis and 40-55% of patients with 

septic shock die within 30 days [3]. 

Sepsis and its complication have a significant and 

increasing impact on health factor and are one of the 

leading causes of mortality. The incidence of sepsis is 

increasing worldwide. In general, sepsis accounts for 

approximately 2% of all hospitalizations in developed 

countries. Severe sepsis is a common, frequently fatal, 

and expensive condition [4]. Mortality rate in sepsis 

remains high despite the current advances in medical 

science, technologies, and practice. Timely diagnosis and 

treatment are highly important in reducing the morbidity 

and mortality associated with sepsis. At times, the 

diagnostic uncertainty remains high despite the available 

clinical information. Thus, a laboratory test with more 

specificity is essential. Serum biomarkers like PCT may 

aid in the early diagnosis of sepsis and therapeutic 

interventions. 

Sepsis is Systemic Inflammatory Response Syndrome 

(SIRS) due to bacterial infection and this condition 

requires prompt initiation of antibiotic therapy [5]. On 

the other hand, indiscriminate use of antibiotics in 

critically ill patients with SIRS due to other causes leads 

to overuse of antibiotics with risk of rise in antibiotic 

resistance. Search for a biomarker for sepsis which is 

highly specific and sensitive with minimum turnaround 

time that can reliably distinguish bacterial infection from 

other infections, such as, viral, fungal, or protozoal 

infection as well as non-infectious causes of SIRS is 

underway. It has also been felt that the biomarker should 

also be able to determine the severity of the infection and 

response to treatment, thus acting as an effective 

prognostic indicator [6]. 

Traditional markers of sepsis like C reactive protein 

(CRP), erythrocytes sedimentation rate (ESR) and 

leucocyte count have been widely used worldwide but all 

these lack specificity. Novel biomarkers which hold 

promise include PCT, interleukins, low eosinophil count, 

adrenomedullin, interferon resisting, natriuretic peptides, 

and copeptin; and the list is ever expanding [7]. 

However, during the last two decades, PCT has attracted 

universal attention and is the most studied biomarker for 

sepsis. 

2. Methods 

A retrospective study was carried out on 149 patients and 

the study was carried out at the department of 

microbiology. Procalcitonin, bacterial culture and fungal 

culture were carried out by using different techniques. 

PCT (procalcitonin) estimation was carried out by 

VIDAS PCT kit on the principle of sandwich 

immunoassay method with a final fluorescent detection 

on serum. The solid phase receptacle (SPR) served as the 

solid phase as well as the pipetting device. The sample 

was transferred into the wells containing anti-PCT 

antibodies labelled with alkaline phosphatase 

(conjugate). The sample mixture was cycled in an out of 

the SPR several times. This operation enabled the antigen 

to bind with the immunoglobulin fixed to the interior 

wall of the SPR and the conjugate to form a sandwich. 

Unbound sample components were eliminated during the 

washing steps. During the final step the substrate was 

cycled in and out of the SPR and hydrolysis of the 

substrate occurred into a fluorescent product that was 

measured by the optical scanner in the instrument. 

Once the assay was completed, results were analyzed 

automatically by the analyzer. The concentrations were 

expressed in ng/ml. Values which were <0.05 ng/ml were 

considered positive and value >2.0 ng/ml was critical 

value and was reported as per protocol. 

The BacT-ALERT microbial detection system utilized a 

colorimetric sensor and reflected light to monitor the 

presence and production of CO2 that was dissolved in the 

culture medium. If microorganisms were present in the 

test sample, CO2 was produced as the organisms 
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metabolized the substrates in the culture medium when 

growth of the microorganisms produced CO2, the color 

of the gas permeable sensor installed in the bottom of 

each culture bottom changed from blue green to yellow. 

No interpretation was required as positive or negative 

culture bottles were determined by decision making 

software contained in the BacT-ALERT microbial 

detection system. Final identification and sensitivity 

were done using appropriate card on VITEK 2 system. In 

case of any problem with identification, specimen was 

processed as given in SOP of manual identification. 

Manual antibiotic sensitivity testing was done by Kirby 

Bauer method and interpretation of results was done 

following the CLSI guidelines. 

Culture of various specimens for isolation of fungus: The 

diagnosis of fungal infection was dependent entirely on 

the selection and collection of an appropriate clinical 

specimen for culture in Sabroud’s Dextrose Agar (SDA). 

Growth of fungus and identification was done by 

different morphology and biochemical procedure and 

AST was done to determine the susceptibility. 

Culture of various specimens for isolation of bacteria 

from body fluids/blood: 

Pleural, pericardial, peritoneal, CSF, blood and synovial 

fluids are normally sterile. The fluid from affected body 

cavity was aspirated by clinicians and was investigated 

in microbiology lab for identification of the etiological 

agent and antibiotic susceptibility. Culture of these fluids 

was done on different microbiological medias to detect 

and confirm clinically suspected infection. Organisms 

isolated were processed for identification and antibiotic 

susceptibility testing using the Bact-Alert 3D automated 

system and VITEK 2 system, respectively for the 

purpose. 

All data were statistically analyzed by using SPSS Ver. 

2020 software. The Chi-square test was used to check the 

association between the variables and P value less than 

0.05 was considered statically significant. 

3. Results 

All the 149 samples of PCT had critical values i.e., > 2 

and showing the growth of bacteria and fungus were only 

included in the study. The highest age of the participant 

was 94 and lowest age 19 with mean age of 60.69 with 

std. deviation of 60.69±14.58 as shown in table 1. 

 

 

AGE 

GROUP 

N Minimu

m 

Maximu

m 

Mean Std. 

Deviation 

149 19 94 60.69 14.58 

Table 1: Descriptive statistics of the participants whose 

samples showed growth. 

Variables Frequency Percentage 

(%) 

Gender 

Female 49 32.9 

Male 100 67.1 

Age category 

less than 25 years 4 2.7 

25 to 50 years 34 22.8 

above 50 years 111 74.5 

Type of specimen 

Blood 117 78.6 

Broncho alveolar 

lavage (BAL) 

1 .7 

Body fluid 2 1.3 

Pus 3 2.0 

Sputum 2 1.3 

Urine 24 16.1 

Type of organism 

FG 30 20.2 

GNB 61 40.9 
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GPC 58 38.9 

Total 149 100.0 

Table 2: Distribution of socio demographic variables of 

those whose samples showed growth. 

 

Figure 1:  Bacterial and fungal infections. 

Out of total 149 selected samples that had shown growth, 

119 samples showed bacterial growth and the remaining 

30 samples showed fungal growth, i.e., 79.87% patients 

were having bacterial infection and remaining 20.13 % 

patients were having fungal infection. 

 

Figure 2: Prevalence of the infections among different 

age groups. 

The prevalence of sepsis among the age group  of 0-20 

was 4, out of which, the growth of GPC, GNB and fungus 

was 2, 1 and 1 respectively. The prevalence of sepsis 

among the age group of 21-40 was 9. Out of those, the 

growth of GPC, GNB and Fungal was 3, 4 and 2 

respectively. The prevalence of sepsis among the age 

group of 41-60 was 54. Out of those, the growth of GPC, 

GNB and fungus was 21, 25 and 8 respectively. The 

prevalence of sepsis among the age group of 61-80 was 

69. Of those, the growth of GPC, GNB and Fungal was 

26, 26 and 17 respectively. The prevalence of sepsis 

among the age group of 81-100 was 13 and the growth of 

GPC, GNB and fungus was 6, 5 and 2 respectively. 

 

Figure 4: Number of patients according to 

Procalcitonin ranges. 

 

Figure 1: Infections among different genders 

Out of total 149 patients, 100 patients were found to be 

male while, 49 were female. Out of the 100 male patients, 

the prevalence of GPC, GNB and fungal growth was 40, 

39 and 21 respectively. Out of the 49 female patients, the 

prevalence of GPC, GNB and fungal growth was 18, 22 

and 9 respectively. 

The graph shows the different ranges of PCT and 

corresponding growth. Out of total 149 samples that have 

shown growth, 98 samples are found to be between the 

PCT ranges of 0-25, i.e. 49% samples have PCT range of 
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0-25. Out of these 98 samples, 31 samples have shown 

growth of GPC, mainly Streptococcus, Staphylococcus 

and Enterococcus. Forty-one samples have shown 

growth of GNB, mainly K. pneumoniae and E. coli. The 

remaining 26 samples have shown fungal growth, mainly 

Candida. 

Out of the total 149 samples, 4 samples were positive 

between the PCT ranges of 76-100. All the 5 samples 

showed bacterial growth only. Out of these 4 samples, 1 

sample has shown growth of GPC and only the remaining 

3 samples have shown growth of GNB. Out of the 149 

positive samples, 3 samples were found positive between 

the PCT ranges of 101-125. All the 3 samples showed 

GNB growth only. 

Of the total 149 samples, 1 sample was found positive 

between the PCT ranges of 126-150. The sample showed 

GNB growth only, while 2 samples were found positive 

between the PCT ranges of 151-175. Both the samples 

showed GNB growth only. Out of total of 149 samples, 

5 samples were found positive between the PCT ranges 

of 176-200. All the 5 samples showed GNB growth only. 

There is no fungal growth found in PCT values above 50 

and no GPC was found above 100. 

Variabl

es 

PCT interpretation Chi 

squa

re 

value 

P 

value 

2.00 to 9.99 

ng/ml 

(severe 

systemic 

infection) 

more 

than 10 

ng/ml 

(severe 

sepsis or 

septic 

shock) 

  

Sex 

Female 26 (35.6%) 23 

(30.3%) 

 

0.483 

 

0.301 

Male 47 (64.4%) 53 

(69.7%) 

Age category (yrs) 

less than 

25 

1 (1.4%) 3 (3.9%)  

1.636 

 

0.441 

 
25 to 50 19 (26.0%) 15 

(19.7%) 

more 

than 50 

53 (72.6%) 58 

(76.3%) 

Total 73 (100.0%) 76 

(100.0%

) 

  

Table 3. Association of different PCT levels with socio 

demographic variables. 

Variab

les 

PCT interpretation Chi 

squar

e 

value 

P 

value 

2.00 to 

9.99 

ng/ml 

(severe 

systemic 

infection) 

more 

than 10 

ng/ml 

(severe 

sepsis or 

septic 

shock) 

  

Type of specimen 

Blood 
55 

(75.4%) 

62 

(81.6%) 

 

 

 

 

4.993 

 

 

 

 

0.545 

Bal 1 (1.4%) 0 (0.0%) 

Body 

fluid 

1 (1.4%) 1 (1.3%) 

Pus 1 (1.4%) 2 (2.6%) 

Sputum 2 (2.7%) 0 (0.0%) 

Urine 
13 

(17.8%) 

11 

(14.5%) 

Total 
73(100.0

%) 

76 

(100.0%) 

  

Figure 2: Association of different PCT levels with type 

of specimen. 
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Variabl

es 

PCT interpretation Chi 

squar

e 

value 

P 

valu

e 

2.00 to 9.99 

ng/ml 

(severe 

systemic 

infection) 

more than 

10 ng/ml 

(severe 

sepsis or 

septic 

shock) 

  

Type of infection 

Bacteria

l 

56 (76.7%) 63 (82.9%)  

0.885 

 

0.34

7 Fungal 17 (23.3%) 13 (17.1%) 

Total 
73 

(100.0%) 

76 

(100.0%) 

  

Figure 3:  Association of different PCT levels with type 

of infection. 

Variables Types of infection Chi 

squar

e 

value 

P 

value 

Bacterial Fungal   

Gender 

Female 
40 

(33.6%) 

9 (30.0%) 0.142 0.707 

Male 
79 

(66.4%) 

21 

(70.0%) 

Age category 

less than 

25 years 

3 (2.5%) 1 (3.3%)  

12.966 

 

0.05* 

25 to 50 

years 

27 

(22.7%) 

7 (23.3%) 

above 50 

years 

89 

(74.8%) 

22 

(73.3%) 

Total 

119 

(100.0%) 

30  

(100.0%) 

  

Figure 4: Association of type of infection with type of 

gender and age. 

*=Significant 

4. Discussion 

The study evaluated the diagnostic accuracy of PCT in 

bacterial and fungal infections. The PCT is a reliable 

marker that contributes to the early diagnosis of invasive 

bacterial and fungal infection and also for the evaluation 

of their severity and prognosis.  

The present study was carried out in a population of 149 

patients mainly from internal medicine wards, for which 

blood cultures were collected together with sera for PCT 

determination.  

The age distribution is similar to studies done around the 

world. A western study reported a higher incidence of 

sepsis in patients aged above 57 years [8]. The mean age 

in an epidemiological study of sepsis in India was 54.9 

years. It is found that males (67.1%) are more affected 

with sepsis compared to females (32.9%) in the present 

study. Studies by previous workers also indicated a 

higher incidence among men. Martin et al., in 2000 

studied the demography, temporal incidence and changes 

in incidence and outcome of sepsis over 20 years in the 

United States and reported that sepsis was more common 

in men, accounting for 48.1% of cases on average per 

year and men were more likely to have sepsis than 

women with a mean annual relative risk of 1.28 [8]. Todi 

et al. [9] reported from a multicenter trial done at 12 

centers in India that sepsis was more common in males. 

The ability of PCT to discriminate infections by Gram-

positive or Gram-negative organisms has been recently 

described. Charles et al. in 2008 in a retrospective study 

on 97 bacteremia episodes, found that serum PCT levels 

were markedly greater for Gram-negatives than for 

Gram-positives [10]. Similarly, Koivula et al. in 2011 

predicted the elevated levels of PCT within 24 hours after 

the onset of fever as an infection of Gram-negative 

bacteremia in haematological patients [11]. Brodská et 

al. in 2013, in a retrospective study evaluating 166 

patients, found that PCT cut-off of 15 ng/ml can 
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discriminate between sepsis caused by Gram-negative 

bacteria or by Gram-positives and fungi, with a 

specificity of 87.8%. In that study, infections caused by 

Gram Negatives were the most prevalent (61 out of total 

149 samples or 40.9%). In this study, it was observed that 

the patients infected with GNB were most prevalent in 

the age group of above 40 years. The maximum samples 

were from age the group of 41 to 80years, i.e. 51 out of 

61 samples [12]. Only 1 sample was observed in the age 

group of 0 to 20 years. It was also observed that the 

Maximum PCT value of 200 ng/ ml was seen only in 

GNB. Maximum infection among GNB was caused by 

Enterobacteriaceae family which included E. coli with 28 

cases K. pneumoniae with 27 cases contributing 90.1 % 

of total infection caused by Gram Negatives. Similarly, 

Shuhua et al. (2014) observed that E. coli and K. 

pneumoniae were the most common causative pathogens 

of Gram-negative bacterial infections. Similarly, they 

also observed that PCT levels in patients with E. coli or 

K. pneumoniae sepsis were significantly higher than in 

patients with other Gram-negative, Gram-positive or 

fungal sepsis.  

In the present study, infections caused by fungi were the 

least prevalent (30 out of total 149 samples of 20%). 

According to Leli et al. (2015), low concentrations of 

PCT in critically ill patients might suggest fungal 

infection. Similarly in this study also, it was observed 

that PCT levels in fungal cases did not exceed more than 

50 ng/ml which exceed up to 100 ng/ml in GPC and up 

to 200 ng/ml in GNB [13]. PCT levels might be used as 

a surrogate marker to distinguish Gram-negative sepsis 

from Gram-positive or fungal sepsis. Similarly, Shuhua 

et al. (2014), observed that serum PCT [14] levels were 

significantly higher in patients with Gram-negative 

sepsis than in patients with Gram-positive or fungal 

sepsis [15, 16]. LPS binding to TLR4 activates the 

classical MyD88-dependent signaling pathway and 

induces the production of cytokines, such as tumor 

necrosis factor-α (TNF-α) and interleukin-6 (IL-6) 

(Takeuchi et al., 1999). Oberhoffer et al. in 1999, 

demonstrated that both LPS and sepsis-related cytokines 

increased PCT expression in human peripheral blood 

mononuclear cells (PBMCs). In PBMCs cultured with 

LPS, TNF-α, or IL-6, PCT mRNA was detected at levels 

4- to 230-fold, 2- to 90-fold, or 2- to 35-fold, [17] 

respectively, higher than in control cultures. In addition, 

Gram-positive pathogens induce relatively poor cytokine 

levels (TNF-α and IL-6) than Gram-positive ones do, 

owing to TLR2-dependent simulation [18,19]. These 

factors might mediate the expression of serum PCT 

concentrations in response to Gram-negative bacterial 

infections. 

Serum PCT concentrations were moderately elevated in 

fungal and Gram-positive sepsis, mechanisms of PCT 

expression were different. TLRs were sensed by both 

Gram-positive bacteria and fungi, but the major receptors 

recognizing fungi are CLRs [20]. In addition, serum 

interferon-gamma (IFN-γ) levels are markedly elevated 

in patients with fungal infections [21]. IFN-γ is a critical 

factor for defense against fungal infections. In vitro, PCT 

secretion has been found to be inhibited by IFN-γ [22]. 

Thus, PCT concentrations in fungal sepsis might be 

regulated by IFN-γ levels [23]. Similarly [24] observed 

that out of total 171 patients, the number of patients who 

had BC-negative results, gram-positive cocci (GPC), and 

gram-negative rods (GNRs) were 124, 28, and 19, 

respectively.  

5. Conclusion:  

The present study demonstrates serum PCT to be among 

the most promising sepsis markers in critically ill 

patients, capable of complementing clinical signs and 

routine lab. parameters suggestive of severe infection. 

Serum PCT levels were significantly higher in patients 

with Gram-negative sepsis than in patients with Gram-

positive and higher in Gram Positive sepsis than in 

Fungal sepsis. It should be noted that the importance of 

microbiological examinations remains unchanged. Blood 

culture and antimicrobial susceptibility testing are 

required in clinical applications to positively identify 

causative microorganisms and assess their sensitivity to 

different antibiotics. In this study, it is concluded that, in 

patients with suspected sepsis, the PCT mean value of 

48.12 ng/ml could be of help in predicting an infection 

caused by Gram-negatives, the PCT mean value of 33.05 

ng/ml could be of help in predicting an infection caused 

by Gram-positives, the PCT mean value of 11.59 ng/ml 

could be of help in predicting an infection caused by 

fungi. In this study, the value of PCT for patients infected 

with fungi did not exceed 50 ng/ml, the value of PCT for 

patients infected with Gram Positive bacteria did not 

exceed 100 ng/ml and in case of Gram Negative, the 

value of PCT reached up to 200 ng/ml which is the 
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maximum detection level of the VIDAS B.R.A.H.M.S 

PCT. These results suggest that PCT could be of some 

help to clinicians in evaluating the more appropriate 

initial antimicrobial therapy in the cases in which, even 

if informed of the presence of Gram-negative bacilli in 

patients’ Blood Culture, they have to wait further 24–48 

hours for species identification. The ability of PCT to 

discriminate infections by Gram-positive or Gram-

negative organisms has been recently described. 
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