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Abstract

Background: In the modern era of critical care management, sepsis remains a serious problem
accounting for thousands of death per year with noteworthy morbidity and mortality. Sepsis results in
multi-organ dysfunction secondary to culture-positive or negative infection. In diabetes mellitus (DM),
the major problem is vurnerable infection or sometimes development of sepsis and septic shock.
Researchers showed DM has reduced bacterial clearance as hyperglycemia decreases
polymorphonuclear function and less production of inflammatory cytokines.  Thus DM creates a co-
morbid condition in sepsis.  The mechanism of the inter-twining of diabetes, infection and
inflammatory response in sepsis is quite unclear.

Research methods: Our objective remains in clarifying the reliability of acute phase biomarkers as
diagnostic tool (Procalcitonin; PCT and C-reactive protein; CRP) in diabetic patient in comparison to
non-diabetic patients with sepsis. A total of 40 subjects, (20 patients had sepsis with DM, 20 patients
had sepsis without DM) were enrolled. PCT, CRP, and other laboratory testing (WBC count, ESR,
serum lactate, albumin) were done for all subjects at admission. Subjects were managed according to
hospital protocol and followed up till remedy. Acute phase biomarker status was assessed based on
their stratified concentration in groups.

Results: Compared with non-DM group, PCT and CRP in DM group were significantly high (all P <
0.05) and associated with bad outcome.

Conclusion: PCT level ( 40 ng/mL; odds ratio 1) and CRP level (100 mg/L; odds ratio 1)  proved
to be a reliable acute phase marker of sepsis patients with DM in Indian population.
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Introduction

Early detection and timely management of
sepsis is challenging for the critically ill patient.
Sepsis and its allied complications remains the
leading cause of mortality in adult admitted in

the hospitals in India as well as worldwide.
Delay in the diagnosis and management
results in rapid progression to circulatory
dysfunction, multiple organ failure and
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eventually death (Fleischmann et al., 2016;
WHO 2018; Chatterjee et al., 2017). The
deleterious, systemic inflammatory host
response to infection by microbial agents
(bacteria, fungi, virus and yeast) affecting all
organs is defined as sepsis. It is complicated
to diagnose patients with sepsis because there
is a lack of specific clinical signs. Sepsis
consolidates a spectrum of illness ranging
from minor symptoms to even organ
dysfunction (severe sepsis) and shock.
Conventionally, diagnosis of sepsis was based
on signs and symptoms of fever,
leucocytosis, tachycardia, and tachypnea,
supported by positive/negative bacterial
culture (Levy et al., 2001; Singer et al., 2016).
Frequently, septic patients present with
chronic diseases like diabetes mellitus (DM).
DM, a multifaceted disease includes immune
dysfunction, metabolic abnormalities,
hyperglycemia with higher burden of
cardiovascular and chronic kidney disease.
Diabetes patients are unusually more
vulnerable to infection (Wang et al., 2019;
Shah and Hux, 2003) like severe otitis externa,
rhinocerebral mucormycosis,
emphysemmatous pyelonephritis, diabetic foot
infection and emphysemmatous cholecystitis
etc (Hine et al., 2017). Diabetic therapies and
diabetes related immune abnormalities may
influence the host response to infection as it
has reduced bacterial clearance and thus
outcome of sepsis also.

For laboratory diagnosis, prognosis and easy
intervention in sepsis, the need for easy-
accessible biomarkers at admission is
inevitable. Currently, in our study we used
acute phase reactants Procalcitonin (PCT) and
C-reactive protein (CRP) as biomarkers to
diagnose sepsis and predict outcomes. PCT is
a 116 amino acid peptide precursor of the
hormone calcitonin, the latter plays a role in
calcium homeostasis (Snider et al, 1997). The
specific uses of PCT as marker of systemic
bacterial infections contribute towards its short
half-life (25–30 h in plasma) and spike
concentration (within 6-12h) after infection in
response to a pro-inflammatory stimulus. CRP,
a sensitive inflammatory biomarker (Vashist et
al., 2016) may be useful in determining sepsis
severity and its progression. CRP an acute
phase protein, belongs to a highly conserved

pentraxins family, are characterized by its
homo-pentameric structure and calcium-
dependent ligand-affinity for the
phosphocholine (PC) (Tillet and Francis, 1930;
Pepys and Baltz, 1983; Volanakis, 2001). The
presence of PC in microbial cellular
membranes enables CRP to recognize varied
pathogenic antigens as well as binds to
damaged and necrotic cells. In humans, the
CRP concentration may rise to nearly 100-fold
or more during systemic inflammation from its
normal low level (nearly 10 mg/L) (Thompson
et al, 1999; Pepys and Hirschfield, 2003).
Thus CRP is probably the single most useful
molecule for monitoring acute-phase reactions
and in therapeutic decisions.

We conducted this study to evaluate the
association and the diagnostic and predictive
value of acute phase reactants, PCT and CRP
in patients admitted to the hospital to test the
hypothesis that higher concentrations of these
acute phase biomarkers would be associated
with sepsis patients having DM as compared
to non-diabetic patients with sepsis.

Materials and Methods

Study design

It is a cross-sectional observational study,
where the patients were admitted to ICU Unit,
Fleming Hospital, Kolkata 700046 during the
period June, 2018 to September, 2019.
Medical records of 40 (out of total 43 screened
patients; 93.023 %) patients (45.5 ± 18.5
years) were reviewed during their hospital stay
as their infection was proved (sepsis group,
culture positive) and in 3 (6.97 %) patients the
source of infection was not identified (culture
negative).  One patient died during the study
period (PCT=93.5 ng/ml; CRP=45.6 mg/L).
Sepsis patients with DM (Group I=20
individuals) and without DM (Group II=20
individuals) were diagnosed according to the
standard guidelines and treatment regime of
the Indian Society of Critical care Medicine.
Inclusion criteria includes diabetic foot,
diabetic foot gangrene, perianal abscess,
sternal abscess, malaria, pneumonia, urinary
tract infection, emphysema gall bladder,
pancreatitis, amoebic liver abscess and
bronchopneumonia. Patients with history of
malignancy or haematological disorders (like
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leukemia, lymphoma etc), any other chronic
infective or inflammatory disorder (like
rheumatoid arthritis, COPD, Crohn’s disease,
ulcerative colitis, connective tissue disorders,
Graves disease), trauma or recent surgery,
antitumor drug therapy, any kind of
transplantation were excluded. We had
recorded antimicrobial treatment history of
enrolled patients.

Patient with DM for more than 5 yrs, with
HBA1c level above 7% were included (Group
I). Patient who never had no history or
symptoms of diabetes in last 4 years and
HBA1c level less than 5.5% and after
admission their blood glucose level also
recorded normal were included as control
group (Group II).

Data collection

Observational medical data of the patients
were noted for their demographics, initial
diagnosis, length of hospital stay, and
outcome (survived or expired) at the time of
discharge from hospital. Blood samples were
drawn from all subjects within 24 h of
admission for complete haemogram,
erythrocyte sedimentation rate (ESR), blood,
urine and sputum culture. IgM antibodies
against dengue and peripheral blood smear for
malaria parasite were done when needed. The
Institutional Human Ethical Committee had
approved the study.

Procalcitonin and C-reactive protein

All samples (within 24 h of admission) were
analyzed in the Department of Pathology and
Biochemistry of the hospital. The PCT analysis
was performed by Elecsys BRAHMS PCT
electrochemiluminescence immunoassay on
Cobas E-170 by Roche Diagnostics, Germany.
Lower detection limit of the assay was 0.02
ng/mL and upper detection limit was 100
ng/mL. Results were determined via a
calibrator curve which was instrument-specific
generated by 2-point calibration and a master
curve provided via the reagent barcode. The
analyzer automatically calculated the PCT
concentration of each sample.

Serum CRP was measured by latex-enhanced
nephelometry [Behring Nephelometer ADVIA
1800 chemistry system, Siemens] as per
manufacturers’ instructions. CRP present in

the test sample will form an antigen-antibody
complex with the latex particles. Quantitative
CRP concentrations (done in triplicate, and the
mean was used for analysis) are calculated by
using a calibration curve. An automatic blank
subtraction is performed. The assay range
was 0.05–10 mg/L. Samples with
concentrations >10 mg/L were re-calculated at
higher dilutions.

Statistical analysis

The data were analyzed using Statistical
Package for the Social Sciences version 22.0
(Armonk, NY: IBM Corp). The continuous
variables with normal distribution were
expressed as means ± 2 standard deviation
and were compared using the Student's t-test,
whereas continuous variables with an
asymmetric distribution were expressed as
median. P <0.05 was considered statistically
significant.

Results

A total of 40 enrolled patients admitted to the
ICU of which 20 patients has sepsis with DM
(Group I) and the rest has sepsis without DM
(Group II=20 individuals). The median age of
the study population was 44 years (27–63
years) with majority of study population was
males (67.5%). Duration of diabetes in each
patient in Group I is variable. Nearly half of the
study population had fever at
presentation. Demographic variables (Patient’s
characteristics) of the study population
including median age, percentage of survivors,
male female ratio was summarized along with
respective p values in Table 1.

Table 1: Demographic variables of study
population*

Sepsis with
DM

(Gr I, n=20)

Sepsis
without DM
(Gr II, n=20)

Male 13 (65 %) 14(70 %)
Female 7(35 %) 6(30 %)

Duration of
illness (days)

Acute Acute

Survivors 19(95 %) 20(100 %)
Non-survivors 1(5 %) 0(0 %)
Median Age

(years)
42 44.5

Data are expressed in number and
percentage. Age is expressed in median
values.
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Some of the patient in the study cohort has co-
morbid conditions also. In 22.5 % of patients,
the primary diagnosis was cardiovascular
disease, 15 % suffered from diabetic foot or
diabetic foot gangrene, 7.7% from different
infections and 7.3% from peri-anal abscess or
sterna abscess disease, while 12.5 % had
pneumonia or bronchiolitis, 15 % had
gastrointestinal disorders, 5% urinary tract
infections and 15 % suffered from
miscellaneous causes. Out of the 40 patients,
85.2% were admitted through emergency, 4.1
% from operation rooms and 10.7 % from
other wards. All patients had blood culture
within 24 h of admission and were reported
positive in 37 patients (92.5 %). The outcome
of 40 admitted patients were 39 survivors
(97.5%) and one non-survivor (2.5%).

Table 2: Laboratory investigation of patients*

Sepsis
with DM

(Gr I,
n=20)

Sepsis
without

DM
(Gr II,
n=20)

p value
(p 0.05)

Age(years)
Range (Median)

27-63
(42)

27-63
(44.5)

0.37

Hb (g/dL) 9.8-12.5 10.1-
12.3

0.28

WBC(x109/L) 19-43 14-26 ˂0.00001
CRP (Median )
(mg/L)

67-
391(228)

21-193
(133)

˂0.00001

PCT(Median )
(ng/mL)

1.1-114
(43)

0.8-54
(23.5)

0.0031

Serum lactate
(mmol/L)

4.0-12.1
(9.13)

3.8-8.2
(6.16)

˂0.00001

ESR 14-55
(33.3)

10-42
(30.35)

0.084

Serum albumin
(g/dL)

1.8-3.2
(2.78 )

2.9-3.7
(3.27)

˂0.00001

Urea (mg/dL) 27.3-
126.1
(64.3)

21.9-
62.7

(36.05)

0.00014

Creatinine(mg/dL) 0.9-1.6
(1.37 )

0.8-2.1
(1.47 )

0.1052

*Values are expressed in range. p value at 0.05
level is taken as significant. Some values (in
parenthesis) are expressed in median value (lower
quartile–upper quartile).WBC=White blood Cell,
Hb=Hemoglobin, CRP=C reactive protein,
PCT=Procalcitonin, ESR=Erythrocyte
Sedimentation Rate.

Correlation between the clinical parameters of
Group I and Group II is shown in Table 2. No
significant differences were found for age,

hemoglobin concentration, ESR and creatinine
among the groups (p < 0.05). Group I patients
had higher WBC count, higher levels of CRP
and PCT, serum lactate and Urea than Group
II (Table 2). So there is significant differences
between WBC count, CRP PCT and serum
lactate concentration and Urea among the
groups (p < 0.05). CRP level was 2.03-3.2 fold
higher in Group I than Group II.PCT level in
Group I is 1.38 -2.11 fold more than Group II.
Comparable level of serum albumin and
creatinine was observed in both groups (Table
2). Acute phase biomarker (PCT and CRP)
along with serum lactate (another sepsis
biomarker) (Singer et al., 2016; Shankar-Hari
et al., 2016) were significantly higher in Group
I than Group II (2.78 [1.8-3.2] vs. 3.27 [2.9-3.7]
mmol/L; p 0.00001) (Table 2). Random Blood
Sugar (RBS), HbA1C (Glycated Hemoglobin)
and CBG (Capillary Blood Glucose) was
significantly higher in Group I diabetic
patients(Table 3).The level of RBS, Hb A1C
and CBG were within the normal limit in Group
II patients.

Table 3: Sugar profile of patients*
Sepsis

with DM
(Gr I,
n=20)
Range

(median)

Sepsis
without DM

(Gr II,
n=20)
Range

(median)

p value (p
0.05)

RBS
(mg/dl)

187-
391(311.5)

124-
209(163)

0.00001

HbA1C
(%)

8.6-11.4
(9.9)

5.6-6.4
(6.1)

0.00001

CBG
(mg/dl)

202-
426(346.5)

97-186
(147)

0.00001

*RBS=Random Blood Sugar; HbA1 C=  Glycated
Hemoglobin ;CBG= Capillary Blood Glucose

To determine the range of variation in patients,
PCT and CRP values were graded along their
increasing concentration in Table 4 and Table
5. PCT level >2 ng/ml was observed in 36
(90%) patients and more than 100 ng/ml in 3
patients (7.5%) in Group I. No patients had
PCT level >100 ng/ml in Group II (Table 4).
CRP level >100 mg/L was observed in 32
(80%) patients where 8 patients of Group I had
CRP level >240 mg/L. No patients had CRP
level >240 mg/L in Group II (Table 5).Very
high concentration of PCT and CRP was
observed in Group I.
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Table 4: Concentration of procalcitonin (ng/ml) in
patients

PCT
(ng/mL)

Sepsis
with DM

(Gr I,
n=20)

Sepsis
without DM

(Gr II,
n=20)

p value (p
0.05)

Upto 10 2.5
(4; 20 %)

2
(4; 20 %)

0.3954

10-40 26.5
(6; 30 %)

23.5
(14; 70 %)

0.002675

40-100 69
(7; 35 %)

48.5
(2; 10 %)

0.000106

˃100 110
(3; 15 %)

0
(0)

0.00001

*Values are expressed in median (number of
patients and percentage in parenthesis). p value at
0.05 level is taken as significant. Concentration of
Procalcitonin from 10 ng/mL  to 100 ng/mL  in 2
groups were noted.

Table 5: Concentration of CRP (mg/l) in patients

CRP
(mg/L)
Median
(No. of

patient;%)

Sepsis
with DM

(Gr I,
n=20)

Sepsis
without

DM
(Gr II,
n=20)

p value (p
0.05)

20-60 0(0) 33.5
(4; 20 %)

0.00134

61-120 84
(3; 15 %)

72
(3; 15 %)

0.3933

121-180 165
(3; 15 %)

150.5
(12; 60

%)

0.000019

181-240 218.5
(6; 30 %)

193
(1; 5 %)

0.000382

˃240 333
(8; 40 %)

0
(0)

0.00001

*Values are expressed in median (number of
patients and percentage in parenthesis). p value at
0.05 level is taken as significant. Concentration of
CRP from 20 mg/L  to 240 mg/L  in 2 groups were
noted.

Discussion

Sepsis is the most common cause of non-
coronary death in ICU with massive
epidemiological burden. It is a progressively
common cause of mortality and morbidity
especially in critically ill patients, elderly and
immune-compromised individuals. According
to Sepsis-3 guidelines, sepsis was defined as
life-threatening organ dysfunction caused by a
dysregulated host response to infection (Levy
et al., 2003; Singer et al., 2016; Shankar-Hari,
et al.,  2016; Seymour et al., 2016). Sepsis
refers to the systemic response to infection by
different microbes such as bacteria, yeast,
parasite and fungi where the patient usually
develops high fever, leukocytosis, tachycardia

and tachypnea etc. Bacteria causes the most
common pathogenic invasions (Feldmann and
Geistbert, 2011; Calrk et al., 2004; Paessler
and Walker, 2013). Sepsis connected with
multiple organ dysfunction syndrome (MODS)
or hypotension is known as septic shock
(Reinhart et al., 2010). The signs and
symptoms of sepsis are mostly variable and
are influenced by pathogen burden, virulence
factor, host susceptibility and the portal of
entry. Respiratory tract, gastrointestinal tract
and genitourinary infections are the primary
infection sites.

It has been anticipated that diabetes will affect
nearly 57.2 million people by 2025 in India
based on World Health Organization (WHO)
report (King et al., 1998). Thus the occurrence
of sepsis in DM patients has become more
recurrent, as it is well recognized that the cells
partaking in the innate and adaptive immune
responses in diabetic patients have immune-
compromised function with chronic low grade
inflammation (Wellen et al., 2005).

Early evaluative diagnosis and prompt
antimicrobial therapy are the aspects of early
management of sepsis. The major diagnostic
uncertainty remains even after thorough
physical examination, scrutinizing the patient’s
history, chest X-ray, and different laboratory
examinations. The overlapping signs and
symptoms of bacterial and viral infections are
also crucial. Thus, for definite differential
diagnosis in these cases a more specific
laboratory test is required. The scientific
advancement in the clinical medicine equipped
us to screen wide range of acute phase
protein in sepsis development as relevant
biomarkers to diagnose sepsis, deciding the
treatment regime and management of
antibiotics dosage (Sakr et al., 2008).

WBC count, CRP and interleukin-1 (IL-6) are
conventional markers of sepsis used for
diagnosis. The number of WBC increase
during the acute phase responses (normal
range: 4–10×109/L).CRP tests are easy to
perform at low cost with high analytical
sensitivity (Brenner et al, 2014). In ICU  sepsis
patients, the optimization of the treatment
delivered should not be restricted to clinical
protocols and procedures, but also include risk
management, performance, and early
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outcome (preferably in the first 24 h of
patient’s admission) predictions. CRP is most
used biomarker of infection in ICU patients
(Povoa et al., 2005; Lelubre et al., 2013). As
the level of Il-6 and TNF- increases in DM, so
CRP concentration also increases (Boras et
al., 2014; Szalai et al.,1998; Pickup et al.,
2000).

Albumin is a negative acute phase marker
(reference range=3.5–5.5 g/dL), that is rapidly
down-regulated by inflammatory signals
(Hübner et al, 2016, Sang et al, 2015) as also
evident from Table 2. The serum lactate level
is considered a sensitive sepsis and septic
shock biomarker reflecting cell-based
metabolism. The values of biomarker of
infection may remain apparently normal in
sepsis patients with depressed immune
responses (Singer et al., 2016). Likewise,
Filho et al conducted a retrospective cohort
study including In 443 ICU patients admitted
with severe sepsis or septic shock has the
initial blood lactate level of more than 2.5
mmol/L which best predict  the 28-day
mortality among these patients (Filho et al.,
2016). In our study significant difference
between lactate value was observed in Group
I as compared to Group II (Table 2).

Compared to CRP, PCT has better prognostic
and diagnostic value and employed in
distinguishing bacterial and viral meningitis
(Usama et al., 2011). Positive blood culture is
a gold standard for confirmed bacteremia in
identifying the causative agent for subsequent
application in antimicrobial sensitivity, but the
delayed bacterial culture report poses difficulty
to clinicians for early sepsis diagnosis regime
(Hine et al., 2017; Angus et al., 2001). In
suspected cases, the traditional sepsis
diagnosis includes blood, urine or bronchial
fluid and/or cerebrospinal fluid (CSF) culture
usually within 24 to 48 hours of admission.
Sepsis diagnosis becomes difficult in negative
culture report. Some laboratory investigations
for bacterial infection diagnosis are either non-
specific or require longer estimation period.

PCT has better specificity for screening
bacterial infections than other pro-
inflammatory markers in sepsis diagnosis
(Brechot et al., 2015).  The PCT level rises
rapidly than CRP levels and spikes within very

short time. Appropriate therapeutics and timely
respond by the patient causes the level of PCT
returns to normal concentration quite faster
than CRP (Standage and Wong, 2011).
Raveendran 2019 reported that PCT and CRP
are the common markers of sepsis. In general,
as evident by various studies,  PCT in
combination with CRP would serve as a
promising tool for understanding the cause,
diagnosis, progression/ regression, prediction
and outcome of sepsis management. PCT
recently become a possible marker of interest
in systemic inflammatory response to infection
(Raveendran et al, 2019). Sharma et al.
showed in their review PCT and CRP as
important biomarker of neonatal sepsis with
varied reported specificity and sensitivity. It
was shown in a study of 75 neonates that
PCT in combination with CRP and other
laboratory tests for septic screening can help
in better diagnosis of neonatal sepsis.  Both
CRP and and PCT showed a sensitivity of
88.90% and specificity of 80.30% for PCT and
89.40% for CRP (Sharma et al., 2017).

There was no noteworthy difference in medical
history and demographic data, such as age,
gender, and history of DM between the two
groups (Table 1). Increased WBC count as
inflammatory marker evident by 4.3-4.75 fold
increase in Group I. The level of blood PCT in
healthy subjects is below the limit of clinical
detection (normal range: 0.021–0.500
ng/ml) (Dandona et al., 1994; Wang et al.,
2019). The comparison of clinicopathological
parameters between two groups (Table 2)
illustrates the higher baseline inflammation
index of Group II patients as compared with
Group I. The level of PCT rises in response to
a pro-inflammatory bacterial stimulus, and it is
often grouped as an acute phase reactant
(Long et al., 2012).PCT does not rise
significantly in viral infection. In Group I
patients, PCT level 100ng/mL was observed
in 15% of the patients (Table 4). CRP level
above 100mg/L (indication of bacterial
septicemia) was observed in 90% Group I
patients. Increased PCT and CRP level was in
agreement with other studies where these two
acute phase biomarkers were related with
severity with sepsis (Sierra et al., 2004;
Davies, 2015).
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As DM increases the infection rate, so Group I
patients with sepsis and DM had very high
level of PCT and CRP.PCT, a marker of
bacterial sepsis, also grades well with degree
of sepsis (Meisner et al., 1999). It is also
evident from Table 4. The blood levels of the
three inflammatory markers tested (WBC, PCT
and CRP) all exhibited noteworthy differences
between Group I patients from Group II.

DM patients have elevated blood glucose
levels (Table 3), which in the tissue surface
layer will increase vulnerability to bacterial
colonization and can eventually upregulate
neutrophil adhesion and the expression of
intercellular adhesion molecules, thereby
downregulating neutrophil chemotaxis and
their consequent antibacterial actions (Morigi
et al.,1998).

The course of increasing concentrations of
PCT and CRP (Table 4 and 5) in patients were
shown by bad outcome of death of a patient
with high PCT level 93.5 ng/ml and CRP of
45.6 mg/L .It should be noted that all the
enrolled patients had acute sepsis, as they
were followed and observed for a period of 28
days; nobody had septic shock or severe
sepsis. Patients with SIRS or sepsis were not
individually analyzed, since distinction
between non-infectious and infectious etiology
of systemic inflammation is quite difficult, and
this was not an objective of our
study. Increase in the PCT levels of Group II
patients with DM may be associated with
insulin resistance and other metabolic
syndromes (Becker et al., 2004).

This study has some limitations. It is a study
carried out on a small population in a single
hospital, which limits the extent of the results,
so the study remains observational. Positive
microbial culture results may be also be

caused by contamination and negative results
do not eliminate sepsis. Since most common
laboratory and clinical parameters lack
specificity and sensitivity, other tests are
required to give a glance of early marker of the
infection that causes the inflammatory
response to permit early diagnosis and for the
employment of specific treatment.

PCT and CRP are reliable marker in Group I
than ESR and WBC count. PCT is also
reported as an interesting biomarker to
estimate the prognosis of severe systemic
inflammatory response and sepsis (Gramm et
al., 1995; Oberhoffer et al., 1996; Meisner et
al., 1999). PCT and CRP along with other
laboratory parameters (WBC count, serum
lactate) may turn out to be the most promising
sepsis markers, capable of balancing clinical
symptoms and routine laboratory
investigations suggestive of severe infection.
In a systematic review in 2018, PCT performs
better than CRP in diagnostic accuracy of
predicting sepsis (Tan et al, 2018; Davies,
2015).The role of PCT and CRP in prognosis,
prediction and diagnostic values in sepsis
patients with DM in Indian population has not
been studied well.
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