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ABSTRACT 
Early detection of bacteremia in adults presenting to the emergency department with suspected infection is 
essential for timely treatment. However, blood culture results are delayed, highlighting the need for rapid serum 
biomarkers. This study aimed to evaluate the diagnostic performance of procalcitonin (PCT), lactate, and high-
sensitivity C-reactive protein (hs-CRP) for the early detection of bacteremia. This prospective observational study 
included adults aged over 18 years presenting to the emergency department with suspected infection. Blood 
cultures were obtained at presentation, along with simultaneous measurement of serum PCT, lactate, and hs-CRP 
levels. Bacteremia was defined as a positive blood culture after excluding contaminants. The diagnostic accuracy 
of each biomarker was assessed using receiver operating characteristic curve analysis. Patients with culture-
confirmed bacteremia had significantly higher levels of PCT, lactate, and hs-CRP compared with culture-negative 
patients. PCT demonstrated the best diagnostic performance, with an area under the curve (AUC) of 0.71. At a 
cut-off value of 0.396, PCT showed 83.9% sensitivity and 43.8% specificity. Lactate and hs-CRP showed lower 
discriminatory ability, with AUC values of 0.59 and 0.60, respectively. Combining biomarkers improved 
diagnostic accuracy compared with individual markers. PCT was the most useful standalone biomarker for the 
early detection of bacteremia in emergency department adults with suspected infection. Lactate and hs-CRP had 
limited diagnostic performance when used alone but may provide complementary value when combined with 
PCT. These biomarkers may support early clinical decision-making, help guide antibiotic use, and reduce 
unnecessary antimicrobial exposure while awaiting blood culture results. 
Keywords: Bacteremia, Emergency department, Procalcitonin, Lactate, hs-CRP, Biomarkers. 
How to cite this article: Pandey S, Sushma BJ, Rani B. Evaluation of the Diagnostic Value of Serum 
Procalcitonin, Lactate, and High-Sensitivity C-Reactive Protein for the Prediction of Bacteremia in Adult Patients 
in the Emergency Department. Int J Drug Deliv Technol. 2026;16(68s):644-655. DOI: 10.25258/ijddt.16.68s.79 
 
INTRODUCTION 
Bacteremia the presence of viable bacteria in the 
bloodstream is a serious, potentially life-threatening 
condition frequently encountered in emergency 
departments (EDs). It often represents a pivotal 
stage of systemic infection and may rapidly progress 
to sepsis, septic shock, and multiple organ 
dysfunction when not recognized and treated early. 
Timely diagnosis remains difficult because many 
patients present with non-specific manifestations 
such as fever, tachycardia, hypotension, or altered 
mental status, which can also occur in non-
infectious inflammatory states [1-3]. 
Blood culture is the reference standard for 
confirming bacteremia, yet it has important 
drawbacks. Results are delayed, sensitivity may be 
reduced in patients who have received antibiotics 
before sampling, and contamination can lead to 
misleading findings. Consequently, clinicians may 
initiate empirical broad-spectrum antibiotics while 
awaiting confirmation, a practice that can increase 
antimicrobial resistance, raise healthcare costs, and 
expose patients to avoidable adverse drug effects. 

These challenges underscore the need for rapid 
adjunctive tools that support early detection of 
bacteremia in emergency care [4,5]. 
In this context, serum biomarkers such as 
procalcitonin (PCT), lactate, and high-sensitivity C-
reactive protein (hs-CRP) have been increasingly 
studied for early diagnosis and risk assessment in 
suspected bacterial infection. PCT is relatively more 
specific for bacterial etiologies, lactate reflects 
tissue hypoperfusion and illness severity, and hs-
CRP indicates a systemic inflammatory response. 
Used individually or in combination, these markers 
may improve diagnostic discrimination and assist 
clinicians in making timely management decisions 
[6-11]. 
Accordingly, this study was conducted to determine 
the diagnostic value of serum PCT, lactate, and hs-
CRP for predicting bacteremia among adults 
presenting to the ED with suspected infection. 
Specifically, we aimed to compare the sensitivity, 
specificity, and overall diagnostic accuracy of each 
biomarker alone and in combination using blood 
culture as the reference method and to clarify their 
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potential contribution to earlier diagnosis, more 
appropriate antibiotic selection, and improved 
clinical decision-making in emergency settings. 
 
MATERIALS & METHODS 
 
Study Design and Setting 
The current research was an observational case-
control study. This was a prospective observational 
study conducted on the subjects of sepsis patients 
who visited the Intensive Care Unit (ICU) at the 
General Medicine Department, National Institute of 
Medical Sciences (NIMS) College, Jaipur, 
Rajasthan. 
 
Study Population 
A total of 215 Adult patients (≥18 years) presenting 
to the emergency department with clinical suspicion 
of infection or sepsis and for whom blood cultures 
were indicated were enrolled after obtaining 
informed consent. Patients who had already received 
prolonged antibiotic therapy, had known chronic 
inflammatory conditions, malignancy, or 
incomplete laboratory data were excluded. 
 
Data Collection 
Baseline demographic data, clinical features, vital 
signs, and relevant laboratory parameters were 
recorded at admission. Clinical severity was 
assessed using standard sepsis-related clinical 
evaluation as per institutional protocol  
 
Sample Collection and Laboratory Analysis 
Blood samples were collected at the time of 
presentation, prior to initiation of antibiotics. 

 Blood cultures were obtained under strict 
aseptic precautions and processed using 
standard microbiological techniques; 
culture positivity was considered the gold 
standard for diagnosing bacteremia. 

 Serum procalcitonin (PCT) levels were 
measured using an immunoassay-based 
method. 

 Serum lactate levels were estimated using 
an enzymatic method. 

 High-sensitivity C-reactive protein (hs-
CRP) was measured using a high-
sensitivity immunoturbidimetric assay. 

All investigations were performed in the central 
hospital laboratory following standard operating 
procedures  
 
 
Outcome Measures 
The primary outcome was the presence or absence 
of bacteremia confirmed by blood culture. The 
diagnostic performance of PCT, lactate, and hs-
CRP-individually and in combination was evaluated 
against blood culture results. 

 
Statistical Analysis 
Data were analyzed using IBM SPSS Statistics 
software. Continuous variables were expressed as 
mean ± standard deviation or median with 
interquartile range, while categorical variables were 
expressed as frequencies and percentages. 
Diagnostic accuracy was assessed using receiver 
operating characteristic (ROC) curve analysis, and 
the area under the curve (AUC) with 95% 
confidence intervals was calculated. A p-value 
<0.05 was considered statistically significant  
 
Ethical Considerations 
The study was conducted after obtaining approval 
from the Institutional Ethics Committee. Written 
informed consent was obtained from all participants 
or their legally authorized representatives before 
enrolment. 
 
RESULTS 
Demographic Characteristics of the Study 
Population 
A total of 215 individuals participated in this study, 
with the male participants being predominant (145 
males, 67.4%) compared to female participants (70 
females, 32.6%). This gender distribution, 
illustrated in Table 1 and Figure 1A, demonstrates a 
male-to-female ratio of approximately 2.1:1. 
Table 1. Gender wise distribution of patients. 

Gender Frequency Percentage 
Male 145 67.44% 
Female 70 32.56% 
Total 215 100% 

 
The age distribution presented in Table 2 revealed 
that the largest proportion of participants were in the 
50 to 59 years age-group (48 patients, 22.3%), 
followed closely by the 40-49 years cohort (41 
patients, 19.1%). Younger participants under 29 
years represented the smallest group (20 patients, 
9.3%).  
Table 2. Age-wise distribution of study participants 
(N=215). 

Age-group Frequency Percentage 
≤ 29 20 9.30 
30 - 39 37 17.21 
40 - 49 41 19.07 
50 - 59 48 22.33 
60 - 69 37 17.21 
≥ 70 32 14.88 
Total 215 100.00 

 
Age-gender-wise distribution has been listed in 
Table 3 and shown in Figure 1B. Among males, the 
majority of participants were observed in the 40-49 
and 60-69 age groups (each 20.69%), followed 
closely by the 50–59 group (20%). Younger males 
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(≤29 years) comprised the smallest proportion 
(7.59%). In females, the 50-59 years age group had 
the highest representation (27.14%), with relatively 
even distribution across the 30-39 years (18.57%), 
40-49 years (15.71%), and ≥70 years (15.71%) 
groups. The least number of female cases was in the 
60-69 years age group (10%). Overall, middle-aged 
and older adults formed the bulk of the study 
population, with males showing a broader age 
spread and females peaking in the 50-59 years age-
group. 
Table 3. Age and gender distribution of study 
participants (N=215) 

Age-group Male, n (%) Female, n 
(%) 

≤ 29 11, (7.59%) 9, (12.86%) 
30 - 39 24, (16.55%) 13, 18.57%) 
40 - 49 30, (20.69%) 11, (15.71%) 
50 - 59 29, (20.00%) 19, (27.14%) 
60 - 69 30, (20.69%) 7, (10.00%) 
≥ 70 21, (14.48%) 11, (15.71%) 
Total 145, (100%) 70, (100%) 

 
 
 
Blood Test Results of all Participants 
The blood test reports for all participants, including 
haematological and biochemical parameters, are 
provided in Table 4. The average white blood cell 
count (TLC) was 13.5, but it varied a lot from as low 
as 1.5 to as high as 50. Most people had a count 
around 11.7, with half falling between 7.8 and 16.7. 
When checking the types of white cells, the mean 
percentage of neutrophils was 83%, with most 
people having between 77% to 93%. Monocytes 
averaged 3%, while mean lymphocytes were around 
9.8%, but some had very low or high levels. For 
haemoglobin, the mean was 10.2, but it ranged 
widely from a very low 2.9 to a normal 17.5. 
In the biochemistry reports, random blood sugar 
(RBS) mean was 143, but some had extremely high 
sugar (up to 1095 mg/dL) while others had very low 
(15.8). The usual range was between 88.5 to 148. 
Kidney function tests showed that creatinine mean 
was 3.3 mg/dL, but half the people had levels 
between 0.7 and 4.7, with some going up to 20.6. 
Urea was also high on average (94.5mg/dL), with 
most people between 37.6 to 122, but some had very 
high levels up to 513 mg.dL. 
Overall, many participants had abnormal blood 
counts, high sugar, and signs of kidney problems, 
with some cases being very severe. 
Table 4. Summary of hematological and 
biochemical parameters among all study participants 

Variables 
mean 
± SD 

median 
(IQR) 

Range 

Hematological parameters 

TLC 
(x1000/µL) 

13.5 ± 
7.8 

11.7 (7.8 - 
16.7) 

1.5 - 50 

Neutrophils 
(%) 

83.0 ± 
13.3 

86.9 (77.4 - 
92.9) 

24.0 - 
99.0 

Monocytes 
(%) 

3.0 ± 
1.8 

2.8 (1.8 - 
4.0) 

0.0 - 
10.6 

Lymphocyt
es (%) 

9.8 ± 
6.4 

8.1 (5.0 - 
14.4) 

0.7 - 
36.1 

Hemoglobi
n (g/dL) 

10.2 ± 
2.9 

10.3 (7.7 - 
12.3) 

2.9 - 
17.5 

Biochemical Parameters 
RBS 
(mg/dL) 

143.3 ± 
125 

120.0 (88.5 
- 148.0) 

15.8 - 
1095.0 

Creatinine 
(mg/dL) 

3.3 ± 
3.7 

1.6 (0.7 - 
4.7) 

0.4 -
20.6 

Urea 
(mg/dL) 

94.5 ± 
84.8 

72.0 (37.6 - 
122.0) 

0.4 - 
513 

 
Study of Procalcitonin as an inflammatory 
marker in all selected participants 
The level of pro-calcitonin was recorded in all 
patients, and it was noted that most of the patients 
(104, 48.4%) had >2.00 ng/ml procalcitonin, 
followed by 75 cases (34.9%) having 0.05-0.5 ng/ml 
procalcitonin concentration, and 34 patients (15.8%) 
having 0.51-2.00 ng/ml concentration. Only 2 cases 
(0.9%) had less than 0.05 ng/ml procalcitonin (Table 
5, Figure 1C). 
Table 5.  Procalcitonin level wise distribution of 
study participants. 

Procalcitonin (In ng/ml) n = 215 In % 
< 0.05 2 0.93% 
0.05 - 0.500 75 34.88% 
0.51 - 2.00 34 15.81% 
> 2.00 104 48.37% 

 
Study of HS-CRP concentration as an 
inflammatory marker in all participants 
Table 6 and Figure 1D show the hs-CRP 
concentration in the studied patients. The data 
represented that amongst 215 cases, 150 participants 
(69.8%) had >3.0 mg/dL of hs-CRP, 41 cases 
(19.1%) had 1.3-3.0 mg/dL concentration and 24 
cases (11.2%) had <1.0 mg/dL hs-CRP level. 
Table 6. HS-CRP level wise distribution of study 
participants. 

HS-CRP (In mg/dL) n = 215 In % 
< 1.0 24 11.16% 
1.0 - 3.0 41 19.07% 
> 3.0 150 69.77% 

 
Study of lactate as an inflammatory marker in all 
participants 
The level of lactate was recorded in all patients and 
it was noted that 185 individuals (86%) had >19.8 
mg/dL lactate, followed by 30 cases (13.9%) having 
4.5-19.8 mg/dL concentration. None of the 
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participants had <4.5 mg/dL lactate concentration 
(Table 7, Figure 1E). 
Table 7. Lactate level wise distribution of study 
participants 

Lactate (In mg/dL) n = 215 In % 
< 4.5 0 0.00% 
4.5 - 19.8 30 13.95% 
> 19.8 185 86.05% 

Table 8 summarizes the average concentration, 
median and range of all the studied inflammatory 
markers, namely- procalcitonin, hs-CRP and lactate 
among all the studied cases. It was noted that 
procalcitonin ranged within 0.03-468.8 ng/ml in all 
cases. The average 13.85 ng/ml procalcitonin (SD 
37.7 ng/ml) with a median IQR of 1.68 (0.37-15.5) 
was recorded in participants.  
Table 8. Descriptive statistics of procalcitonin, HS-
CRP and lactate 

Variable
s 

Range 
Median 
(IQR) 

Mean ± 
SD 

Procalci
tonin 
(ng/ml) 

0.03 - 
468.8 

1.68 (0.366-
15.5) 

13.85 ± 
37.70 

HSCRP 
(mg/dL) 

0.358 - 
84.8 

6.17 (2.02-
29.42) 

15.07 ± 
18.08 

Lactate 
(mg/dL) 

18.45 - 
138.78 

25.11 
(21.24-
37.08) 

37.38 ± 
27.82 

 
The hs-CRP ranged within 0.358-84.8 mg/dL in all 
cases. The average 15.07 mg/dL hs-CRP (SD 18.08 
mg/dL) with a median IQR of 1.68 (0.37-15.5) 
mg/dL was recorded in participants. 
The concentration of lactate ranged within 18.45 - 
138.78 mg/dL in all participants. The average 37.38 
mg/dL lactate (SD 27.8 mg/dL) with a median IQR 
of 25.11 (21.24-37.08) mg/dL was recorded in 
participants. 

 

Figure 1. (A) Gender distribution of study 
participants, displaying absolute counts (n) and 
relative percentages (%) (B) Stacked bar plot 
showing age and gender distribution of study 
participants (N=215). (C) Graph of procalcitonin 
distribution of study participants. (D) Bar plot of 
HS-CRP distribution of study participants. (E) Bar 
plot of lactate distribution of study participants. 
Bacterial Growth and Distribution Analysis 
Out of the total samples analysed, 52.1% (n = 112) 
exhibited bacterial growth, while 47.9% (n = 103) 
showed no growth (Figure 2, top left, Table 9). 
Among the culture-positive samples, Gram-negative 
bacteria were predominant, accounting for 71.4% (n 
= 80), whereas Gram-positive bacteria comprised 
only 28.6% (n = 32) of the isolates (Figure 2, top 
right). 
A further breakdown of the Gram-positive bacteria 
(Figure 2, middle) revealed that the most commonly 
isolated genus was Staphylococcus (N = 18, 56%), 
followed by Micrococcus (N = 7, 22%), 
Enterococcus (N = 4, 13%) and Bacillus (N = 3, 
9%). Staphylococcus represented the largest portion, 
indicating its significant role in Gram-positive 
infections in this cohort. 
Among the Gram-negative isolates (Figure 2, 
bottom), Pseudomonas was the most frequently 
identified genus, comprising 31 (39%) isolates, 
followed by Escherichia (n = 22, 28%), 
Acinetobacter (n = 12, 15%), Klebsiella and 
Enterobacter (n = 7, 9% each), and Sphingomonas 
(n = 1, 1%). The dominance of Pseudomonas 
indicates a high prevalence of opportunistic and 
potentially drug-resistant pathogens within the 
Gram-negative category. 

 
Figure 2: Distribution of bacterial growth. 
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Top left: Pie chart showing the proportion of samples with bacterial growth 

(52.1%) and those with no growth (47.9%); Top right: Among culture-positive 

samples, Gram-negative bacteria were more prevalent (71.4%) than Gram-

positive bacteria (28.6%); Middle: Distribution of Gram-positive bacterial 

genera; Bottom: Distribution of Gram-negative bacterial genera; Percentages 

and isolate counts are indicated alongside each genus. 

Table 9. Bacterial growth obtained 
Microbial 
growth 

Frequency Percentage 

No colonies 103 47.91% 
Bacterial 
colonies 

112 52.09% 

Total 215 100% 
 
Table 10, Figure 3 shows a detailed breakdown of 
the bacterial isolates. Among the Gram-negative 
bacteria (n = 80), the most frequently isolated 
species identified was Escherichia coli (n = 22, 
27.5%), followed by Pseudomonas aeruginosa (n = 
13, 16.3%). Other isolates included Pseudomonas 
spp. (n = 18, 22.5%) and Acinetobacter spp. (n = 10), 
Enterobacter cloacae (n = 5), Klebsiella 
pneumoniae (n = 4), Klebsiella spp. (n = 3), 
Enterobacter aerogenes (n = 2), Acinetobacter 
baumannii (n = 2), and Sphingomonas (n = 1). 
Among the Gram-positive bacteria (n = 32), 
Staphylococcus aureus accounted for nearly half the 
isolates (n = 15, 46.9%), highlighting its clinical 
importance. Other Gram-positive isolates included 
Micrococcus (n = 7), Enterococcus (n = 4), 
Staphylococcus spp. (n = 3), and Bacillus spp. (n = 
3).  
Table 10. Identified bacterial isolates from culture-
positive samples 

Gram-
staining 

Bacteria 
Cou
nt 

Percen
tage 

Gram 
Negative 
(n=80) 

Acinetobacter 
baumannii 

2 
2.5% 

Acinetobacter 
spp. 

10 
12.5% 

Enterobacter 
aerogenes 

2 
2.5% 

Enterobacter 
cloacae 

5 
6.25% 

Escherichia coli 22 27.5% 
Klebsiella 
Pnemonia 

4 
5% 

Klebsiella spp. 3 3.75% 
Pseudomonas 
spp 

18 
22.5% 

Pseudomonas 
aerogenosa 

13 
16.25% 

Sphinogomonas 1 1.25% 

Gram 
Positive 
(n=32) 

Bacilli 3 9.38% 
Enterococcous 4 12.5% 
Micrococcus 7 21.88% 

Staphylcoccus 
aureus 

15 
46.88% 

Staphylococcous 3 9.38% 
 

 
Figure 3. Bar plot of bacterial isolates from culture-
positive samples. 
 
Demographic Characteristics by Bacterial 
Growth Status 
The mean age was comparable between the two 
groups (53.1 ± 15.9 vs. 50.3 ± 16.1 years, p = 0.22), 
with similar median ages (53.5 [IQR: 40.5-66.0] vs. 
50.0 [IQR: 38.5-63.0]). Age distribution was wide in 
both groups (range: 19-88 vs. 23-86 years). Gender 
distribution did not differ significantly (p = 1.0), 
with males comprising 67.9% (n = 76) of the 
bacterial growth group and 67.0% (n = 69) of the no-
growth group. The results are presented in Table 11. 
 
The age distribution of participants was assessed 
across both groups (Table 12, Figure 4). In the 
bacterial growth group, the majority of individuals 
were aged between 50-59 years (21.4%) and 60-69 
years (21.4%), followed closely by those aged 30-39 
years (17.9%) and 40-49 years (17.0%). In the no 
growth group, the largest proportion was observed 
in the 50-59 age group (23.3%), followed by 40-49 
years (21.4%) and 30-39 years (16.5%). Participants 
aged ≥70 years comprised 15.2% in the bacterial 
growth group and 14.6% in the no growth group, 
while the youngest age group (≤29 years) accounted 
for 7.1% and 11.7%, respectively. 
Table 11. Comparison of age and gender 
characteristics between patients with and without 
bacterial growth. 

Variable 
Bacterial 
Growth 

No Growth 
p-
Valu
e 

Age (years) 
Mean ± 
SD 

53.1 ± 15.9 50.3 ± 16.1 0.22 

Median 
(IQR) 

53.5 (40.5 – 
66.0) 

50.0 (38.5 – 
63.0) 

 

Range 19 – 88 23 – 86  
Gender, n (%) 
Male 76 (67.9%) 69 (67.0%) 

0.99 
Female 36 (32.1%) 34 (33.0%) 
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Data presented as mean ± standard deviation, median (interquartile range), or 

frequency (percentage); p-values from independent Mann-Whitney U test (age) 

and chi-square test (gender); ≤0.05 p-value=significant 

 

Table 12. Age-wise distribution of patients with and 
without bacterial growth in blood culture 

Age 
(Years) 

Bacterial 
Growth 

No Growth p-
val
ue Frequenc

y (%) 
% 

Frequ
ency 

% 

≤29 8 
7.
1 

12 
11
.7 

0.5
1 

30 - 39 20 
17
.9 

17 
16
.5 

40 - 49 19 17 22 
21
.4 

50 - 59 24 
21
.4 

24 
23
.3 

60 - 69  24 
21
.4 

13 
12
.6 

≥70 17 
15
.2 

15 
14
.6 

Data presented as frequency (percentage); p-value calculated using chi-square 

tes; ≤0.05 p-value=significant 

 
Figure 4. Age-wise distribution of patients with and 
without bacterial growth in blood culture. 
Hematological Profile Comparison Between 
Bacterial Growth and No Growth Groups 
Hematological parameters including total leukocyte 
count (TLC), neutrophil percentage, monocyte 
percentage, lymphocyte percentage, and 
haemoglobin levels were compared between the 
bacterial growth and no growth groups. Table 13 
shows the comparative analysis of these parameters 
between the two group. 
The TLC was significantly elevated in the bacterial 
growth group compared to the no growth group 
(pௗ=ௗ0.02). Notably, neutrophil percentages were 
substantially higher in the bacterial growth group 
than in the no growth group (pௗ<ௗ0.001), consistent 
with a neutrophilic response in bacterial infections 
(Table 13). 

Table 13. Comparison of hematological parameters 
between patients with and without bacterial growth 
in blood cultures. 

Var
iabl
es 

Bacterial 
Growth 

No Growth p-
v
al
u
e 

M
ea
n±
SD 

Med
ian 
(IQ
R) 

Ra
ng
e 

M
ea
n±
SD 

Med
ian 
(IQ
R) 

Ra
ng
e 

TL
C 

15.
1 ± 
9.1 

12.6 
(8.6 
- 
19.8
) 

4.3 
- 
50.
0 

11.
7 ± 
5.6 

11.3 
(7.0 
- 
15.2
) 

1.5 
- 
24.
7 

0.
0
2 

Ne
utr
oph
ils 

86.
1 ± 
11.
7 

89.8 
(80.
6 - 
94.1
) 

24.
0 - 
98.
5 

79.
7 ± 
14.
3 

85.2 
(70.
7 - 
91.0
) 

41.
0 - 
97.
8 

<
0.
0
0
1 

Mo
noc
ytes 

3.0 
± 
1.9 

2.8 
(1.7
0 - 
4.0) 

0.0 
- 
10.
6 

3.0 
± 
1.6 

2.9 
(1.8 
- 
4.1) 

0.0 
- 
8.9 

0.
7
1 

Ly
mp
hoc
ytes 

9.3 
± 
6.6 

7.3 
(4.2 
- 
13.6
) 

0.7 
- 
36.
1 

10.
4 ± 
6.0 

9.2 
(5.3 
- 
15.0
) 

1.0 
- 
30.
3 

0.
0
8 

He
mo
glo
bin 

10.
0 ± 
3.0 

9.7 
(7.6 
- 
12.1
) 

3.9 
-
17.
5 

10.
5 ± 
2.8 

10.6 
(8.4 
- 
12.4
) 

2.9 
- 
17.
5 

0.
2 

 
Comparison of Biochemical Parameters Between 
Groups 
Biochemical parameters, including random blood 
sugar (RBS), creatinine, and urea levels, were 
compared between the bacterial growth and no 
growth groups (Table 14). Although higher mean 
RBS (162.9ௗ±ௗ164.2 mg/dL vs. 121.9ௗ±ௗ50.3 mg/dL), 
creatinine (3.3ௗ±ௗ4.1 mg/dL vs. 3.3ௗ±ௗ3.3 mg/dL), and 
urea (94.9ௗ±ௗ91.8 mg/dL vs. 94.1ௗ±ௗ76.3 mg/dL) 
levels were observed in the bacterial growth group, 
these differences were not statistically significant (p 
= 0.38, 0.46, and 0.58, respectively). 
 
Table 14. Comparison of Biochemical parameters 
between patients with and without bacterial growth 
in blood cultures 

Vari
able
s 

Bacterial 
Growth 

No Growth p
-
v
al
u
e 

Me
an 
± 
SD 

Med
ian 
(IQ
R) 

Ra
ng
e 

M
ea
n 
± 
S
D 

Med
ian 
(IQ
R) 

R
an
ge 
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RBS 
(mg/
dL) 

16
2.9 
± 
16
4.2 

124.
3 
(83.
8 - 
156.
3) 

15.
8 - 
10
95.
0 

12
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Association of Hematological and Biochemical 
Parameters with Bacterial Growth 
To further examine the association between clinical 
parameters and the presence of bacterial infection, a 
multiple logistic regression analysis was performed 
using the glm function with binomial family, 
adjusted for age and gender (Figure 5A). The 
analysis revealed that a higher total leukocyte count 
(TLC) was significantly associated with bacterial 
growth (OR: 2.04, 95% CI: 1.11-3.86, p=0.021), as 
was an elevated neutrophil percentage (OR: 2.14, 
95% CI: 1.13-4.19, p=0.022). Conversely, monocyte 
and lymphocyte percentages, as well as hemoglobin 
levels, did not show significant associations 
(p>0.05). Among biochemical parameters, random 
blood sugar (RBS) levels were significantly higher 
in patients with bacterial growth (OR: 2.5, 95% CI: 
1.31-5.06, p=0.006), suggesting a possible link 
between hyperglycemia and infection. However, 
creatinine and urea levels were not significantly 
associated with bacterial presence. These findings 
underscore the potential of routine hematological 
and biochemical markers particularly TLC, 
neutrophils, and RBS in indicating bacterial 
infections. 
 
Inflammatory Markers in Relation to Bacterial 
Growth 
Further comparisons between patients with and 
without bacterial growth were made for 
inflammatory parameters (Table 15). Serum 
procalcitonin levels were markedly elevated in 
individuals with bacterial growth, with a median 
(IQR) of 2.4 (0.5-18.1) ng/mL compared to 0.4 (0.2-
2.6) ng/mL in those without bacterial growth 
(p<0.001). Similarly, high-sensitivity C-reactive 
protein (hsCRP) levels were significantly higher 
among infected individuals (median 9.6 (5.0-16.7 
mg/L) than those without infection (median 6.7 (3.0-
12.2) mg/L, p=0.01). Lactate levels were also 
significantly elevated in the bacterial growth group 
(median: 28.1 (22.4-54.7) mg/dL) compared to the 

no-growth group (median: 24.4 (21.2-35.3) mg/dL, 
p=0.03). These findings suggest that inflammatory 
markers like procalcitonin and hsCRP, as well as 
urea, may serve as valuable indicators for 
differentiating bacterial infections in clinical 
settings. 
 
Table 15. Comparison of Inflammatory markers 
between patients with and without bacterial growth 
in blood cultures. 
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Predictive Value of Inflammatory and Metabolic 
Markers 
In the multivariable logistic regression model 
adjusted for age and gender, elevated procalcitonin 
levels were strongly associated with the presence of 
bacterial growth, with an odds ratio (OR) of 5.1 
(95% CI: 2.55-11.18, p<0.001). Similarly, hsCRP 
showed a significant independent association with 
bacterial infection, with an OR of 3.8 (95% CI: 1.92-
7.90, p<0.001). Lactate levels also emerged as a 
significant predictor, with an OR of 2.1 (95% CI: 
1.08-4.11, p=0.03). These findings indicate that 
procalcitonin, hsCRP, and lactate are independently 
associated with bacterial infection and may serve as 
reliable biomarkers in diagnostic evaluation (Figure 
5B). 
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Figure 5.  (A) Forest plot of hematological and 
biochemical predictors for bacterial growth in blood 
cultures. (B) Forest plot of inflammatory predictors 
for bacterial growth in blood cultures 
Receiver Operating Characteristic (ROC) Curve 
Analysis 
To further evaluate the diagnostic performance of 
the three biomarkers Procalcitonin, high-sensitivity 
C-reactive protein (HSCRP), and Lactate in 
distinguishing blood culture-positive from blood 
culture-negative patients, ROC curve analysis was 
performed. 
As illustrated in Figure 6, the ROC curve for 
Procalcitonin showed the highest discriminative 
ability with an Area Under the Curve (AUC) of 0.71, 
followed by hs-CRP with an AUC of 0.60, and 
Lactate with a relatively lower AUC of 0.59. These 
findings indicate that Procalcitonin has superior 
sensitivity and specificity characteristics compared 
to the other two markers in the context of bacteremia 
detection. 
The ROC curves also visually highlight this 
performance, with the Procalcitonin curve lying 
farthest from the diagonal line (line of no 
discrimination), indicating better predictive 
accuracy. HSCRP showed moderate performance, 
while Lactate demonstrated the least utility in this 
diagnostic setting. 

 
Figure 6. Receiver operating characteristic (ROC) 
curves for inflammation biomarkers in predicting 
bacterial growth. 
 
Table 16, sums-up the area under the curve, 
sensitivity and specificity of all the markers studied 
in the present study. Procalcitonin showed highest 
sensitivity (83.9%) and 43.8% specificity; hs-CRP 
had 74.1% sensitivity; and 42% specificity and 
lactate had 69.4% sensitivity and 38.45% specificity. 
Table 16. Diagnostic accuracy in prediction of 
bacterial growth 
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DISCUSSION 
Bacteremia, defined as the presence of bacteria in 
the bloodstream, can progress to sepsis, a severe and 
potentially fatal syndrome characterized by a 
dysregulated host immune response to infection. 
This systemic dysregulation leads to widespread 
organ dysfunction and is associated with substantial 
global morbidity and mortality [12-14]. Bacteremia 
contributes significantly to global deaths annually, 
as invasive bacteria proliferate in the blood and 
trigger a rapid, dysregulated systemic inflammatory 
cascade [15]. However, the current diagnostic gold 
standard for bacteremia blood culture has several 
limitations, including a long turnaround time (5-7 
days), risk of contamination, and false-negative 
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results. These drawbacks may delay timely 
treatment and adversely affect patient outcomes 
[16]. 
This study evaluated the diagnostic value of 
inflammatory biomarkers, including procalcitonin 
(PCT), high-sensitivity C-reactive protein (hsCRP), 
and lactate, by comparing patients with confirmed 
bacterial growth to those without bacterial infection. 
In addition to inflammatory markers, hematological 
and biochemical parameters were compared 
between the two groups. Our results provide key 
insights into the diagnostic and prognostic utility of 
these parameters for distinguishing bacterial 
infections from non-infectious conditions. 
Bacterial growth was detected in 52.1% of samples, 
with Gram-negative bacteria (71.4%) 
predominating over Gram-positive species (28.6%). 
This finding is consistent with reports of an 
increasing burden of Gram-negative pathogens in 
healthcare settings (17). The most frequent Gram-
negative isolates were Pseudomonas spp. (39%), 
Escherichia coli (27.5%), and Acinetobacter spp. 
(15%), which are well recognized as causes of 
hospital-acquired and opportunistic infections [17]. 
Among Gram-positive organisms, Staphylococcus 
aureus (46.9%) was the most common, reflecting its 
persistent role in both community- and healthcare-
associated infections [18]. 
The rising burden of Gram-negative bloodstream 
infections (BSIs) is a major public health concern. 
In 2019, BSIs were associated with an estimated 
2.91 million deaths globally, with Gram-negative 
pathogens implicated in more than half of these 
cases [19]. Alongside changing epidemiology, the 
distribution of causative pathogens and their 
antimicrobial resistance profiles have also evolved 
substantially [20]. 
Surveillance data indicate a steady increase in 
Gram-negative BSIs over time. For example, the 
SENTRY surveillance program reported an increase 
from 33.5% in 1997 to 43.4% in 2016, with E. coli 
overtaking S. aureus as the leading causative agent 
[21]. Similar trends have been reported regionally; 
in China, the proportion of Gram-negative BSIs 
increased from 58.4% in 2014 to 73.0% by 2019 
[22]. This shift is further complicated by escalating 
antibiotic resistance, particularly to carbapenems 
[23]. 
Haematologically, patients with bacteremia 
demonstrated higher total leukocyte count (TLC), 
and neutrophil percentage was significantly 
associated with bacterial growth. This is consistent 
with the established view that leukocytosis and 
neutrophilia are common features of bacterial 
infection [24]. Although leukocytosis is frequently 
used as an indicator of microbial infection, its 
predictive value for bacteremia has been 
inconsistent across studies, and threshold values 
remain non-standardized [25-30]. Furthermore, 

hematological disorders, non-infectious 
inflammatory diseases, trauma, and surgery can 
confound interpretation31. The markedly higher 
neutrophil percentage observed in the bacterial 
growth group supports neutrophilic predominance 
as a hallmark of acute bacterial infection and 
suggests that neutrophil percentage may be more 
discriminatory than TLC alone [32-33]. 
In contrast, lymphocyte and monocyte percentages 
did not differ significantly between groups, 
suggesting limited discriminatory value in this 
setting. While monocytes contribute to phagocytosis 
and antigen presentation, their peripheral proportion 
may not rise as sharply as neutrophils in acute 
bacterial infection [34]. Haemoglobin levels also did 
not differ significantly, which may reflect 
heterogeneity in underlying conditions in the study 
population, despite reports linking anaemia to 
chronic infection [35-36]. 
Among biochemical parameters, creatinine and urea 
showed no significant differences between groups. 
Random blood sugar (RBS) was higher in the 
bacterial growth group, and regression analysis 
demonstrated a significant association with bacterial 
growth, consistent with evidence that 
hyperglycemia can impair immune function and 
increase infection risk [37]. Dysglycemia is 
common in severe infections, though patterns may 
vary by illness severity and timing, with early stress 
responses often producing hyperglycemia via 
increased hepatic gluconeogenesis and 
glycogenolysis, while hypoglycemia may occur in 
more severe states when glucose consumption 
exceeds synthesis [38-45]. As our cohort included 
patients with bacteremia rather than sepsis, the 
observed hyperglycemia may reflect an early stress 
response. 
Among inflammatory biomarkers, PCT was the 
strongest predictor of bacterial infection, consistent 
with its established role in bacterial infections and 
sepsis [46]. PCT showed superior discriminative 
performance (AUC: 0.71) compared with hsCRP 
(AUC: 0.60) and lactate (AUC: 0.59), aligning with 
evidence supporting its diagnostic utility [47-49]. 
Although hsCRP was elevated in the bacterial 
growth group, its lower specificity limits its use as a 
standalone marker. Lactate was significantly higher 
in infected patients (p = 0.03) but demonstrated the 
lowest AUC, indicating limited diagnostic 
discrimination in this cohort, though it remains 
useful for risk stratification in emergency and 
critical care settings [50]. 
Biologically, PCT is a precursor of the hormone 
calcitonin, and its levels rise during systemic 
inflammatory responses particularly bacterial 
infections due to increased production by multiple 
tissues [51]. Similarly, CRP is an acute-phase 
reactant that increases rapidly in response to 
inflammation from infection or tissue injury. 
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Importantly, PCT, hsCRP, and lactate can be 
measured in less than one hour, offering a practical 
advantage over blood culture and enabling earlier 
antibiotic decision-making. While PCT appears to 
be the most reliable single biomarker, a 
multiparametric approach incorporating hsCRP, 
lactate, neutrophilia, hyperglycemia, and clinical 
assessment may improve diagnostic accuracy and 
shorten the time to appropriate therapy when 
bacteremia is strongly suspected. 
 
CONCLUSION 
This study demonstrates that integrating 
inflammatory biomarkers with routine 
hematological and biochemical tests can improve 
the early identification of bacteremia. Gram-
negative pathogens were predominant most notably 
Pseudomonas spp. and Escherichia coli while 
Staphylococcus aureus continued to represent a 
clinically significant Gram-positive cause. Patients 
with bacteremia showed significantly higher total 
white blood cell (WBC) counts, marked 
neutrophilia, and elevated random blood sugar, 
whereas other blood indices and renal function 
markers contributed less to discrimination. Among 
the evaluated biomarkers, procalcitonin showed the 
best diagnostic performance, exceeding the 
accuracy of C-reactive protein (CRP) and lactate, 
which were helpful but less specific. Given the 
inherent delays and diagnostic constraints of blood 
culture, rapid assays such as procalcitonin used 
alongside standard laboratory findings may support 
earlier diagnosis and more appropriate antibiotic 
initiation. This combined strategy is particularly 
important amid escalating antimicrobial resistance 
and has the potential to enhance clinical outcomes. 
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