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Sepsis is a serious infection and still a common cause of morbidity and mortality in resource-limited settings such as India. Even
when microbiologic diagnostics are available, bacteremia is only identified in a proportion of patients who present with sepsis
and bloodstream infections. Biomarkers have been used in a variety of disease processes and can help aid in diagnosing bacterial
infections.There have been numerous biomarkers investigated to aid with diagnosis and prognostication in sepsis with themajority
suffering from lack of sensitivity or specificity. Procalcitonin has been heralded as the biomarker that holds the most promise for
bloodstream infections. Data are emerging in India, and in this review, we focus on the current data of biomarkers in sepsis with
particular attention to how biomarkers could be used to augment diagnosis and treatment in India.

1. Introduction

Sepsis and its complications are a common cause of infectious
disease illness and mortality worldwide [1] and are a signif-
icant contributor to child death in India [2, 3]. Consensus
definitions of sepsis were first published in 1992 [4] and later
updated [5]. Better understanding of the pathophysiology
of sepsis, new diagnostics, and improved therapeutics were
reviewed in the surviving sepsis campaign guidelines [6]
and subsequently revised [7]. International guidelines were
published, and these have been supported and published in
Indian medical journals [8].

Sepsis is defined as systemic inflammatory response syn-
drome (SIRS) caused by infection [7, 9]. However, infections
can be difficult to confirm. Fever, tachycardia, hypotension,
and other vital sign abnormalities found in SIRS are not spe-
cific for infection and overlap with noninfectious etiologies
presenting with systemic inflammation. There is no gold
standard for diagnosing infection, and though blood cultures
processed with standard microbiologic techniques are a fre-
quent diagnostic step, their likelihood of returning with the
pathogen of interest depends on a variety of factors, including
prior antibiotic therapy [10, 11]. Delays in empiric treatment

for sepsis and bacteremia increase mortality [12] as well as
length of stay [13] and cost [14], making timely recognition of
infection and initiation of appropriate therapy an important
goal. Standard blood culture techniques require time with
results typically not available for at least 24–48 hours, high-
lighting the need for rapid diagnosis and risk stratification
where biomarkers could be of use.

There have been many attempts to augment clinical deci-
sion making with diagnostic tests to increase sensitivity and
specificity when diagnosing and treating sepsis and bac-
teremia. Initial studies employed fever and leukocytosis to
define sepsis [4], though these tests were nonspecific. Sub-
sequent studies focused on erythrocyte sedimentation rate
(ESR) and C-reactive protein (CRP) to help in the diagnostic
algorithm but suffered from the same lack of specificity. As
our knowledge of sepsis evolved, it became evident that not
only direct pathogen effects but also an exuberant inflamma-
tory host response was responsible for the deleterious clinical
and laboratory abnormalities. Sepsis is a systemic inflamma-
tory syndrome affecting all organ systems, and biomarkers
have focused on a number of pathogen and host responses,
including cytokines, cell markers, receptor biomarkers, coag-
ulation, vascular endothelial damage, vasodilation, organ
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dysfunction, acute phase protein markers, and other systems.
Sepsis provokes a systemic host response involving hundreds
of mediators that could be potentially used as biomarkers for
both diagnosis and prognosis [15]. A recent review detailed
nearly 180 biomarkers that have been evaluated including
IL-6, IL-8, lactate, soluble triggering receptor expressed on
myeloid cells-1 (sTREM-1), and procalcitonin (PCT) [16].
PCT has been the most studied and felt to hold the most
promise.

India, with population of 1.2 billion [17], has one of the
highest infectious disease burdens in the world [18]. While
systemic data on presentations of acute febrile illness are
lacking, 12% of adults (range 1–51%) of those presenting
with acute febrile illness will have bacteremia [19]. While
sepsis is not interchangeable with bloodstream infections, the
majority of research has been done on sepsis as a syndrome
and will be evaluated in this review. Availability of diagnostic
assays is variable in India [20], making diagnosis of these
common infections evenmore difficult.There is great interest
in developing decision tools that utilize biomarkers to help
aid the rapid diagnosis of bacterial infections. Additionally,
due to rising antibiotic resistance on the Indian subcontinent,
biomarkers that help with antibiotic stewardship are equally
needed. There have been numerous studies evaluating PCT
in different clinical scenarios, including sepsis, though the
majority of these studies have been in the United States and
Europe; there is great opportunity for well-designed studies
evaluating biomarkers for sepsis in India.

2. WBC, ESR, Lactate, and CRP

Initial consensus statements focusing on sepsis definitions
employed vital sign abnormalities and leukocytosis [4], but
it is well recognized that overlapping with noninfectious eti-
ologies exist [21]. Other routinely obtained, widely available
tests such as lactate, serum glucose, and platelet counts that
exhibit abnormalities in sepsis are nonspecific [9]. While
leukocyte count was employed in initial definitions of sepsis,
both leukocyte count and reliance on immature forms have
low predictive value [22–24]. Lactate has been incorporated
into definitions for sepsis, and normalization of serum lactate
levels has been used as part of goal-directed care [25]. There
is a broad consensus that an association between elevated
lactate concentrations and poorer outcome is seen; however,
a recent review [26] that included 28 studies found no ability
to recommend a threshold value because of the extensive
overlap of levels among patients with different outcomes.
There is also the belief that elevated lactate levels occur later
in disease and are less helpful as biomarkers from a diagnostic
perspective because other signs, symptoms, or data will be
available by that time. Serum lactate concentration at time
of admission has been recommended by the surviving sepsis
campaign guidelines as a marker of hypoperfusion [6] and a
trial looked at using serum lactate to monitor resuscitation
efforts [27].

ESR has long been used as an adjunctive test for inflam-
mation; however, its utility as a biomarker for sepsis is limited
[28]. There have been many studies comparing ESR with
CRP; a recent study looked at the clinical utility of each test

and variations in results stratified by age and concluded that
each test provided similar information but that the time lapse
for escalation and resolution was faster for CRP [29]. In this
review, we will focus on CRP as it relates to sepsis. CRP
is an acute-phase reactant produced only by hepatocytes in
response to inflammation or tissue injury. In healthy young
adult volunteer blood donors, the median concentration
of CRP is below 0.8mg/L and can increase 1,000-fold in
response to an acute-phase stimulus [30, 31]. CRP hepatic
synthesis starts rapidly after a stimulus with rise noted by
about 6 hours with peak around 48 hours and a plasma
half-life of approximately 19 hours. The half-life is constant
under all conditions, so hepatic synthesis determines the
serum concentration [32]. IL-6, as well as other cytokines,
has been found to stimulate CRP production [31]. ESR and
CRP have been known for a long time to be elevated in
inflammatory conditions, including infection, and were used
widely as an adjunctive test in sepsis and have often been
used as a comparator for newer biomarkers [33]. Later studies
have questioned their utility due to lack of specificity [34–
36]. Studies have found that CRP changeswere not influenced
by neutropenia in septic patients [37], but CRP was not
a good predictor of infection in neutropenic patients [38].
Elevated CRP levels in sepsis have been correlated with
increased risk of death and organ failure [39], but in part
due to the persistence of elevated levels, were unable to
predict survival when evaluating CRP trends [40, 41]. CRP
has been used successfully during initial sepsis diagnosis, but
its specificity is further reduced later in the course due to
persistently elevated levels [42]. CRP has been found to be
significantly elevated in sepsis due to gramnegative infections
comparedwith grampositive infections suggesting a different
immunomodulatory response [43].

A year-long study evaluating 57 episodes of febrile neu-
tropenia among 26 young adults found that a rise in CRP
on day 3 showed a significant difference between those
with microbiologically defined infection when compared
with fever without microbiologic diagnosis and was able to
differentiate those that responded to addition of antifungal
therapy and those that responded to second line antimicro-
bial therapy [44].

There have been several investigations of CRP in sepsis
in India. Sugitharini et al. found that CRP levels were
significantly elevated in neonates with sepsis compared with
those without [45]. While Sugitharini’s study did not report
sensitivity of CRP in detecting sepsis, a study comparing CRP
levels in 80 septic pediatric patients in India with 30 healthy
pediatric controls found that CRP had a sensitivity of 67%,
specificity 97%, PPV 98%, and NPV 53%; this study found
a higher sensitivity and specificity for TNF-alpha levels
(sensitivity 85%, specificity 100%, PPV 100%, and NPV 71%)
[46]. While not specific to bacteremia, malaria is a common
complicating factor in patients who appear septic in India
which is not seen in locations that the majority of biomarker
research has been conducted; researchers have found that
CRP is elevated in cases of acute malaria [47] and degree
of CRP elevated was correlated with death and length of
hospitalization. CRP levels are known to be influenced by
genetic variants in Europeans, and one study evaluated
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genetic variants in Indian patients [48]. A study looking at
nondiabetic Asian Indians living in the United States found
significant elevation of plasmaCRP levels [49].More research
will need to be done to see how this affects interpretation of
CRP in Indian patients, though CRP will likely not be found
to have the necessary discriminatory power for diagnosis and
treatment of sepsis.

3. Procalcitonin

Procalcitonin is a 116 amino acid polypeptide precursor for
the hormone calcitonin. It was first identified in 1975 and
first linked to infectious disease in 1983 when increased
serum levels of immunoreactive calcitonin were described in
patients with staphylococcal toxic shock syndrome [50]. It
was not until Assicot et al. reported high serum PCT levels in
sepsis that the current research on PCT in bacterial disease
accelerated [51]. Procalcitonin offers favorable kinetics for a
biomarker: rising prior to two hours [52], reliably detectable
between 2 and 4 hours, peaking at 6 hours, and maintaining
a plateau through 8 and 24 hours [53]. At physiologic
homeostasis, PCT is detectable in very low levels in the serum
in healthy individuals [54] and can increase 1000-fold during
active infection. During infection in an animal model, PCT
is released from many cell types distributed throughout the
body [55] and is induced by interleukin-1𝛽, tissue necro-
sis factor (TNF)-𝛼, IL-6, and lipopolysaccharides and can
be attenuated by interferon-𝛾 that is elevated during viral
infections [56]. These and other observations have led to
the extensive evaluation of PCT as a marker of sepsis and
bloodstream infection.

While interpretations of many biomarkers suffer from
elevations in conditions other than bacterial infection, PCT
has shown promise in improved specificity in bacterial
infections. Early studies showed that PCT showed differences
in infectious versus noninfectious, inflammatory conditions
[57–59]. It has been shown to be able to differentiate between
patients with confirmed bacterial versus viral infections with
high sensitivity (95%) [60]. It has also been used to evaluate
secondary bacterial superinfection in patients admitted with
influenza [61, 62]. PCT had high sensitivity to exclude
bacteremia in urosepsis [63] and community acquired pneu-
monia [64]. Additionally, there have been studies showing
that bacteremia is highly unlikely when PCT levels are below
the threshold 0.1 ng/mL [65].

There have been several meta-analyses evaluating PCT as
a diagnostic marker in sepsis [33, 66–68]. While the earlier
meta-analyses had conflicting results and were limited by
populations studied and sepsis definitions, the most recent
meta-analysis [68] evaluating 30 studies with 3244 patients
yielded a sensitivity of 77% (95% confidence interval (CI):
72–81%) and specificity of 79% (CI: 74–84%) indicating that it
was a useful biomarker for diagnosis of early sepsis, but could
not be used in isolation and must be interpreted in context of
patient presentation.

Several studies have evaluated PCT for diagnosis of
sepsis in an emergency department (ED) setting. A meta-
analysis published in 2007 including 17 studies found a
sensitivity of 76% and specificity of 70% for the detection

of sepsis; however, these studies were heterogeneous in the
prevalence of sepsis and PCT cutoffs used for diagnosis [69].
A more recent study evaluated 336 adult emergency room
patients of which 60% had definite infection; PCT levels were
higher in septicemia (median PCT 2.3 versus 0.2 ng/mL) and
concentrations increased with likelihood of infection and
sepsis severity [70]. PCT best predicted septicemia when
compared with IL-6 and CRP with 73% sensitivity and 70%
specificity for bacteremia with a cutoff of 0.5 ng/mL.

PCT levels have been found to differ between medical
and surgical patients with septic shock with higher baseline
levels in surgical patients proposed to be due to transient
bacteremia, endotoxin release, or ischemia, and a higher
threshold value (9.7 ng/mL) had higher sensitivity (92%) for
surgical patients [71]. PCT levels have also found to differ for
neonatal patients with sepsis with a meta-analysis showing
that neonates with sepsis and meningitis sensitivity ranged
from 81 to 100% [72].

PCT does not appear to be affected by neutrophil count
and has been evaluated in patients presenting with neu-
tropenic fever. A recentmeta-analysis of 30 studies evaluating
PCT in neutropenic patients found PCT to be helpful, but not
diagnostic for bacteremia due to lack of standard definitions,
heterogeneity of study populations, and small number of
patients included in some of the studies [73]. Knowing that
PCT levels increase with severity of infection and over time,
serial levels may be indicated in this population. It should be
noted that PCT remains unaffected by corticosteroids when
compared with CRP [74].

Data are not sufficient tomake determinations of PCTuse
in fungemia. PCT levels in candidemia do not appear to show
the same level of elevation as in bacteremia; one retrospective
analysis of bacteremia and candidemia in nonneutropenic
patients showed a significantly lower PCT level in candidemic
patients [75]. However, most of the studies evaluating PCT in
invasive fungal infections are limited by small case counts;
a recent meta-analysis including 8 studies with 474 episodes
of suspected infection (155 confirmed or probable invasive
fungal infections) showed a pooled sensitivity of 0.82 (95%
CI, 0.48–0.95) and specificity of 0.80 (95%CI, 0.60–0.91) [76].
They noted the negative likelihood ratio could not be used to
safely exclude systemic fungal infection. It should be noted
that the studies included had a wide range of PCT cutoffs
(0.3–5.5 ng/mL).

PCT has been investigated in several studies in India,
thoughmost have focused on case reports or series looking at
specific diagnoses such as scrub typhus [77], septic arthritis
and osteomyelitis [78], H1N1 [79], pancreatitis [80, 81],
pyelonephritis [82], and meningitis [83].

One Indian study looked at PCT with a semiquantitative
PCT test as well as eubacterial PCR in comparisonwith blood
cultures [84]. Ninety patients (60 septic patients compared
with 30 nonseptic patients) were evaluated; compared with
blood cultures, the sensitivity, specificity, and positive and
negative predictive values for PCT were 100%, 62%, 57%, and
100%, respectively. The authors concluded that PCT may be
useful as a rapid test for detecting septicemia but compared
with blood cultures lacked specificity whichmay be in part to
the high cutoff value of 2 ng/mL that was used in this study.
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A more recent prospective study in India conducted from
2006 to 2008 evaluated 100 patients and found a sensitivity
of 94% with a significant association with Sequential Organ
Failure Assessment scores, but no significance for severity
of sepsis or mortality [85]. Another study conducted in an
Indian ICU setting evaluated 40 patients found that patients
with PCT ≥ 2 ng/mL had statistically significant correlation
with the presence of sepsis (𝑃 < 0.0001) with a moderate
sensitivity (86%) and high specificity (95%) [86]. It should be
noted that a 2 ng/mL threshold is higher than many studies
(0.1–2 ng/mL). PCT was evaluated as a biomarker in neonatal
sepsis in 118 neonates with early onset sepsis compared
with 61 normal samples [45]. There were significantly higher
levels of PCT (1.500 ± 0.2400 𝜇g/L) in neonates with sepsis.
Obviously, there is great opportunity to study PCT in India.

4. PCT for Antimicrobial Stewardship

Due to its ability to help differentiate between viral and
bacterial infections, PCT has been evaluated for its ability
to guide decisions for appropriate antibiotic therapy. India
has one of the highest rates of infectious diseases and has
alarmingly high rates of resistant bacteria, making utilization
of diagnostics that help indicatewhenunnecessary antibiotics
can be avoided a prime goal [87, 88]. Initially there were
two small, single center studies investigating the use of PCT
in an antibiotic management algorithm for septic patients.
The first evaluated serial PCT measurements in 39 patients
compared with 40 controls in an ICU setting and found
a 4-day reduction in the duration of antibiotic therapy
(𝑃 = 0.003) and a smaller overall antibiotic exposure (𝑃 =
0.0002), 2-day shorter ICU stay (𝑃 = 0.03) without a
difference in 28-day mortality, clinical cure, or relapse [89].
The second evaluated surgical ICU patients and found a
decrease in antibiotic exposure days (5.9 ± 1.7 versus 7.9 ±
0.5 days, 𝑃 < 0.001) and decrease in length of stay without
negative effects on outcomes [90]. The PRORATA trial, a
multicenter, prospective, open-label, and randomized control
trial including 621 patients in 8 ICUs in 6 hospitals followed
these smaller studies and found a 23% reduction in antibiotic
usage at day 28 [91]. Importantly, PCT guided deescalation
in antibiotics was noninferior to standard of care with a 10%
noninferior mortality difference assumed. They cautioned
not to extrapolate results to surgical ICU patients as they
comprised only 10% of the population and concluded that
PCT-based algorithms are likely to have the greatest benefit at
aiding discontinuation of antibiotics rather than withholding
them from critically ill patients especially given that no ideal
threshold for starting or withholding antibiotics in critically
ill patients has been established. PCTmeasurements have also
been found to be statistically significantly higher in patients
with true bacteremia when compared to patients deemed
to have contaminants with coagulase negative staphylococci
[92] which certainly have implications for decreasing inap-
propriate antibiotic use. There have been numerous other
studies evaluating deescalation of antibiotics in a variety of
clinical syndromes, including respiratory disease [93].

There have been several meta-analyses of PCT algorithms
that evaluated antibiotic use. Three evaluated a variety of

infections [94–96]. The first included 14 randomized con-
trolled trials (RCTs) (𝑁 = 4467 patients) that investigated
PCT algorithms for antibiotic treatment decisions in adult
patients with respiratory tract infections and sepsis from
primary care, ED, and ICU settings. There was no difference
in mortality in any setting. In the primary care setting, 2
studies found 74–42% reduction in antibiotic prescription
and a 13–0% [97, 98]; in the ED 6 trials found reduction in
antibiotic prescription from47 to 15% andduration from+8%
to−55% [99–101]; in the ICU setting 6 trials showed reduction
in duration from 37 to 20% [89, 102]. The second review [95]
evaluated 6 published RCTs comparing PCT-guided antimi-
crobial therapy to usual care in ICU patients; PCT guidance
was associatedwith significantly reduced antimicrobial expo-
sure (effect sizes, 20%–38%).The third [96] included 7 studies
with 1458 patients (4 with respiratory infections, 2 with
septic patients, and 1 with surgical ICU patients) and found
that PCT-guided therapy was associated with reduction in
antibiotic use at inclusion (4 studies, pooled OR 0.506, 95%
CI 0.290–0.882, 𝑃 = 0.016), duration of antibiotic therapy
(6 studies, weighted mean difference (WMD) 2.785, 95%
CI 1.225–4.345, 𝑃 = 0.000), and total antibiotic exposure
days/1,000 days (4 studies, pooled RR 1.664, 95% CI 1.155–
2.172, 𝑃 = 0.000) without differences in length of total
hospital stay or mortality.

Four meta-analyses [103–106] evaluated PCT-guided
treatment on antibiotic usage in ICU patients. Heyland et
al. found that PCT-guided treatment was associated with a
significant reduction in antibiotic use (WMD−2.14 days, 95%
CI: −2.51 to −1.78, 𝑃 < 0.00001) [103]. Another meta-analysis
[104] included 7 RCTs with 1131 ICU patients and found
that use of PCT-guided strategies decreased the duration of
antibiotic therapy for the first episode of infection (WMD
−2.36 days, 95% CI: −3.11 to −1.61) and the total duration
of antibiotic treatment by 4 days (WMD −4.19 days, 95%
CI: −4.98 to −3.39) without difference in 28-day mortality
or relapse infection rate. Another analysis [105] incorporated
7 studies, 6 of which were included in the previous meta-
analysis [104] and found similar decreases for antibiotic use
for first infection episode (pooled WMD = −3.15 days, 95%
CI: −4.36 to −1.95, 𝑃 < 0.001) and no difference in mortality.
The most recent meta-analysis by Prkno et al. [106] was the
first to analyze PCT-guided treatment effects on antibiotic
use and clinical outcomes in ICU patients with severe sepsis
and septic shock. In that analysis 7 studies consisting of 1075
patients observed that whilemortality and length of stay were
no different between PCT-guided treatment and standard of
care, there was a statistically significant decrease in duration
of antibiotic use in the PCT-guided approach (hazard ratio:
1.27, 95% CI: 1.01; 1.53). They comment that using a PCT-
guided approach for treatment of severe sepsis reduces antibi-
otic exposure without an obvious difference in mortality,
though more research is needed to further define the PCT
algorithms used in different patient populations as different
cutoff values were used for different patient populations with
differences noted between medical and surgical patients with
severe sepsis.

Kaur et al. published a review in 2013 evaluating PCT
in an effort to reduce inappropriate antibiotics in an Indian
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emergency setting [107], but no studies evaluating PCT for
antibiotic stewardship in India have been published to date.

5. PCT Assays, Cost, and
Implementation in India

Currently there are several PCT assays that have been devel-
oped and compared in the literature.The main manufacturer
of PCT assays is BRAHMS and include the Kryptor, VIDAS,
PCT-Q, and PCT LIA assays [108].

PCT sensitive Kryptor assay provides a sensitive, func-
tional assay sensitivity of 0.06 ng/mL with results available
in 19 minutes using 20–50mL of plasma or serum [109].
The BRAHMS PCT LIA is a manual PCT assay that can test
plasma or serum using a luminometer and has a detection
limit of ∼0.3 to 0.5 ng/mL with results available after 1 hour
incubation time [110]. The LIASON BRAHMS PCT is a
fully automated random access analyser that uses two-site
immunoluminometric assay with functional sensitivity of
0.3 ng/mL and can have results within 30 minutes [108].
VIDAS BRAHMS PCT is an enzyme-linked fluorescent
immunoassay providing quantitative PCT measurements
with a functional detection limit of 0.09 ng/mL [108]. The
BRAHMS PCT-Q is a manual immunochromatographic test
for the semiquantitative detection of PCT after incubation
of 30 minutes and can distinguish ranges above 0.5 ng/mL
[108]. The PCT-Q is marketed as a point-of-care testing kit.
Results are indicated by four different shades of red, corre-
sponding to different PCT ranges, indicating the possibility
and severity of sepsis [111]. Although the kit is designed to
require no specialized training, the semiquantitative nature
requires interpretation by the operator, and user difficulties
in interpreting results have been reported, and its results
only showedmoderate agreement comparedwith theKryptor
assay when used in the clinical setting [111]. There are several
other PCT platforms available from BRAHMS.

Schuetz et al. reported that the Kryptor and VIDAS
systems could be used interchangeably [112], and Steinbach
et al. found agreement between the Kryptor and PCT-Q
systems for ranges of PCT that were common to both
systems [113]; PCT-Q assay has the disadvantage of being
able to discriminate values <0.3 ng/mL. The fully automated
LIASONsystemhas been found to have good correlationwith
the previous PCT-Q assay as well [114].

While purchasing a PCT platform can be expensive, there
have been several analyses to indicate that PCT-based algo-
rithmsmight be cost-effective in different patient populations
and illnesses [103]. Heyland et al. performed an economic
analysis of PCT-based algorithms compared with standard
of care in a meta-analysis [103] including five studies, four of
which have been referenced earlier in this paper [89–91, 102].
As the results of the analysis demonstrated no difference in
mortality, length of stay, or recurrent infection, cost analysis
in Canadian dollars evaluated acquisition costs of antibiotics,
administration costs of intravenous antibiotics, and PCT
testing costs, including assay material, reagents, technician
time, purchase, maintenance of a bench top analyzer, and
overhead. They utilized three cost scenarios and found an
average cost savings per treatment episode of Can$470.62 in

2011. This number increased to over Can$1100 cost saving
per episode using more expensive antibiotics but showed an
increase in cost over standard therapy by Can$193.64 per
patient using the least expensive antibiotic scenario andmost
frequent PCT testing algorithm. Total cost savings depend on
a variety of factors including local costs of the PCT assay, the
frequency of PCTmeasurement, and the cost and duration of
the antibiotics used.

It is difficult to translate the above data to India where
antibiotic use, availability, and ease of implementing a test are
drastically different. As cost changes over time, it is always
difficult to use historical studies such as Heyland’s which
was published in 2011. But as PCT testing becomes more
mainstream, testing cost will decrease while still providing
opportunity to decrease antibiotic use. As semiquantitative
testing, such as the PCT-Q test, is the least expensive and
the easiest to implement and provides point-of-care results,
this may be the platform of interest until other options are
available. The area of cost-effectiveness of PCT testing in
sepsis in India is an opportunity for further research.

6. sTREM-1, IL-6, IL-8, IL-27

While PCT has shown the most promise and has been
the most studied of biomarkers for sepsis and bloodstream
infections to date, there are hosts of other biomarkers that
have been evaluated with a recent review indicating at
least 180 that have been researched [16]. Triggering receptor
expressed on myeloid cells-1 (TREM-1) was reported to be
upregulated in various inflammatory diseases as well as in
sepsis; TREM-1 expression is associated with elevations in
soluble TREM-1 (sTREM-1). Studies have shown that the
expression of TREM-1 is elevated in vitro in the presence
of bacteria or fungi as well as peritoneal fluid and tissue
from infected patients [115, 116] but remains at normal levels
in noninfectious inflammatory conditions and may be a
therapeutic target for sepsis [117].

Some studies have shown sTREM-1 to be superior to CRP
and PCT [118] but other studies have shown that sTREM-
1 has poor discriminatory power compared with routinely
available parameters [119]. A recent meta-analysis found that
the sensitivity of sTREM-1 for the diagnosis of bacterial
infection was 82% and that the specificity was 86% [120].

While IL-6 and IL-8 levels have been shown to be elevated
in sepsis and associated with severity and outcome [121], they
have not been found to be superior to PCT as biomarkers
[58, 70]. These cytokines have been found to be elevated in
neutropenic fever [38] and neonatal sepsis [122] but have
been less useful in the adult population [123].

Wong and colleagues looked at genome-wide transcrip-
tional profile differences in leukocytes between infected and
noninfected pediatric ICU patients and found 221 differ-
entially expressed probes [124]. Individual patient mosaics
were assigned to either noninfectious illness or sepsis classes
thereby achieving 90% specificity and 94% PPV. Interleukin-
27 (IL-27) presented the highest predictive power. The same
group subsequently validated their findings by measuring
serum levels of IL-27 in a separate study and found serum IL-
27 concentrations were significantly higher in patients with
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sepsis in comparison with noninfected patients yielding 92%
specificity and 91% PPV for bacterial infection in critically
ill children. There are many more candidate biomarkers that
have been developed that require more investigation prior to
use, including markers of endothelial cell activation [125].

Data in the Indian population on these biomarkers are
lacking as a whole. Sugitharini also looked at a variety of
mediators in neonatal sepsis [45] including granule-associ-
ated mediators (neutrophils elastase (NE), myeloperoxidase
(MPO), and nitric oxide (NO)), proinflammatory cytokines
(TNF𝛼, IL-1𝛽, and IL-6), anti-inflammatory cytokines (IL-
10 and IL-13), chemokines (IL-8 and monocyte chemotactic
protein (MCP-1) and novel cytokines). They found signifi-
cantly higher levels of NE, NO, TNF𝛼, IL-1𝛽, IL-6, and IL-8 in
neonates with early onset sepsis compared with controls.The
levels of MPO were downregulated, and there was no change
in IL-13. The presence of 17 inflammatory proteins including
IL-16, TNF𝛼, TNF𝛽, andMCP-1were upregulated in neonatal
sepsis. This study evaluated a number of biomarkers that
are dysregulated during sepsis in a neonatal population
suggesting that many of the ideas about biomarkers in studies
in Europe and in adult patients may be similar after more
study is done.

7. Future Directions

The many biomarkers that are under investigation for sepsis
diagnosis and prognosis have been well documented, but no
one test is sufficient to exclude bloodstream infection. There
has been hope that a combination of biomarkers could create
a useful algorithm with adequate sensitivity and specificity to
aid in diagnosis.

Initial studies attempted to incorporate PCT into decision
models and found that CRP improved model fit and created
a resulting score that was more accurate than physician judg-
ment of SIRS alone [126]. Utilizing data from the expanding
research on biomarkers, an observational study evaluated
17 immune mediators and employed a combined cytokine
score with IL-6, IL-8, and IL-10 and showed it was useful
predictor of outcome [127]. A study of 151 patients (96
with bacterial infections) were evaluated with 6 biomarkers
including sTREM-1, CRP, and PCT and found that a com-
bination of the markers showed improved diagnostic ability
compared with any single maker [128]. Another approach
that created a bioscore using PCT, sTREM-1, and CD64
index in 300 consecutive patients and subsequently externally
validated the score in an independent prospective cohort
of 79 patients found each biomarker to be independent
predictors of infection but the performance of the bioscore
to be superior to each individual biomarker and significantly
elevated (𝑃 < 0.001) in patients with sepsis compared to
noninfected patients [129].

Combination of biomarkers has also been evaluated in a
pediatric sepsis model [130]. After a genome-wide expression
profiling, a risk stratification tool investigated 12 markers
and employed 5 biomarkers in the analysis.The PERSEVERE
model was found to have sensitivity for mortality of 93% (79–
98), specificity 74% (69–79), PPV 32% (24–41), andNPV 99%
(96–100).

Combination models have also been evaluated in neona-
tal sepsis evaluating four tests (microerythocyte sedimenta-
tion rate, immature to total neutrophil count, morphological
changes in neutrophils, and CRP) and found the role of these
tests in early diagnosis of neonatal sepsis were statistically
significant (𝑃 < 0.05) with a combination of three or all of
these four tests was highly specific (95–100%) [131].

In order to advance the field of biomarker research in
India, well-designed studies are necessary to evaluate thresh-
old values for the diagnosis and deescalation of antibiotics
in Indian patients with sepsis. Additionally, more study of
specific subgroups, including pediatric versus adult patients,
varying severity of sepsis, medical versus surgical patients,
and other populations with specific syndromes is needed in
general, and in India, in specific. Further study of investiga-
tional biomarkers thatmay hold promise for evaluating sepsis
either as an individual test or in conjunction with other tests
to improve sensitivity and specificity needs to be investigated
for their potential use in India.

8. Summary

Sepsis continues to be a significant cause of morbidity and
mortality despite advances in therapeutics and diagnostics.
Biomarkers for sepsis, and by extension bloodstream infec-
tions, hold much promise for increasing the rapidity with
which sepsis is diagnosed and for risk stratification for prog-
nostication. Despite extensive research, no single biomarker
can yet serve as the lone diagnostic parameter. PCT remains
the most researched and utilized biomarker for sepsis. While
cost effectiveness analyses have been done on PCT in acute
respiratory infections, there is still a need for robust cost
effective analyses in sepsis [132] which will be of keen interest
in India to determine potential rational implementation
strategies.While there are publications that come out of India
evaluating PCT and other biomarkers in sepsis, the level of
evidence is still not such tomake definitive recommendations
for use. PCT may be an effective tool for utilization in an
algorithm for diagnosing sepsis and lessen dependence on
microbiology resources that can vary in India. Data about
biomarkers and PCT in sepsis are gradually increasing and
will help provide informed next steps for research in India.
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[1] I. Jawad, I. Lukšić, and S. B. Rafnsson, “Assessing available infor-
mation on the burden of sepsis: global estimates of incidence,
prevalence and mortality,” Journal of Global Health, vol. 2, no. 1,
Article ID 10404, 2012.

[2] C. Lahariya, C. R. Sudfeld, D. Lahariya, and S. S. Tomar, “Causes
of child deaths in India, 1985–2008: a systematic review of
literature,” Indian Journal of Pediatrics, vol. 77, no. 11, pp. 1303–
1311, 2010.



BioMed Research International 7

[3] C. Lahariya and V. K. Paul, “Burden, differentials, and causes of
child deaths in India,” Indian Journal of Pediatrics, vol. 77, no. 11,
pp. 1312–1321, 2010.

[4] R. C. Bone, R. A. Balk, and F. B. Cerra, “Definitions for sepsis
and organ failure and guidelines for the use of innovative
therapies in sepsis. THE ACCP/SCCM consensus conference
committee,” Chest, vol. 101, pp. 1644–1655, 1992.

[5] B. Goldstein, B. Giroir, and A. Randolph, “International
pediatric sepsis consensus conference: definitions for sepsis
and organ dysfunction in pediatrics,” Pediatric Critical Care
Medicine, vol. 6, no. 1, pp. 2–98, 2005.

[6] R. P. Dellinger, J. M. Carlet, and H. Masur, “Surviving sepsis
campaign guidelines formanagement of severe sepsis and septic
shock,” Critical Care Medicine, vol. 32, pp. 858–873, 2004.

[7] R. P. Dellinger, M. M. Levy, and J. M. Carlet, “Surviving Sepsis
Campaign: international guidelines for management of severe
sepsis and septic shock,”Critical CareMedicine, vol. 36, pp. 296–
327, 2008.

[8] P. Khilnani, S. Deopujari, and J. Carcillo, “Recent advances in
sepsis and septic shock,” Indian Journal of Pediatrics, vol. 75, no.
8, pp. 821–830, 2008.

[9] M. M. Levy, M. P. Fink, J. C. Marshall et al., “2001 SCCM/
ESICM/ACCP/ATS/SIS international sepsis definitions confer-
ence,” Critical Care Medicine, vol. 31, no. 4, pp. 1250–1256, 2003.

[10] D. Flayhart, A. P. Borek, T. Wakefield, J. Dick, and K. C.
Carroll, “Comparison of BACTEC PLUS blood culture media
to BacT/Alert FA blood culture media for detection of bacterial
pathogens in samples containing therapeutic levels of antibi-
otics,” Journal of ClinicalMicrobiology, vol. 45, no. 3, pp. 816–821,
2007.

[11] R. Zadroga, D. N.Williams, R. Gottschall et al., “Comparison of
2 blood culture media shows significant differences in bacterial
recovery for patients on antimicrobial therapy,” Clinical Infec-
tious Diseases, vol. 56, no. 6, pp. 790–797, 2013.

[12] M. A. Puskarich, S. Trzeciak, N. I. Shapiro et al., “Association
between timing of antibiotic administration andmortality from
septic shock in patients treated with a quantitative resuscitation
protocol,” Critical Care Medicine, vol. 39, no. 9, pp. 2066–2071,
2011.

[13] A. F. Shorr, S. T. Micek, E. C. Welch, J. A. Doherty, R. M.
Reichley, and M. H. Kollef, “Inappropriate antibiotic therapy in
Gram-negative sepsis increases hospital length of stay,” Critical
Care Medicine, vol. 39, no. 1, pp. 46–51, 2011.

[14] A. L. Cheah, T. Spelman, D. Liew et al., “Enterococcal bacter-
aemia: factors influencing mortality, length of stay and costs of
hospitalization,” Clinical Microbiology and Infection, vol. 19, no.
4, pp. E181–E189, 2013.

[15] K. Reinhart, M. Bauer, N. C. Riedemann, and C. S. Hartog,
“New approaches to sepsis: molecular diagnostics and biomark-
ers,” Journal of Clinical Microbiology, vol. 25, no. 4, pp. 609–634,
2012.

[16] C. Pierrakos and J. L. Vincent, “Sepsis biomarkers: a review,”
Critical Care, vol. 14, no. 1, article R15, 2010.

[17] Census Provisional Population Totals,TheRegistrar General and
Census Commissioner.

[18] World Health Statistics, World Health Organization, 2011.
[19] J. Deen, L. von Seidlein, F. Andersen, N. Elle, N. J. White, and Y.

Lubell, “Community-acquired bacterial bloodstream infections
in developing countries in south and southeast Asia: a system-
atic review,” The Lancet Infectious Diseases, vol. 12, no. 6, pp.
480–487, 2012.

[20] S. Bhattacharya, “Blood culture in India: a proposal for a
national programme for early detection of sepsis,” Indian
Journal of Medical Microbiology, vol. 23, no. 4, pp. 220–226,
2005.

[21] J.-L. Vincent, “Dear SIRS, I’m sorry to say that I don’t like you,”
Critical Care Medicine, vol. 25, no. 2, pp. 372–374, 1997.

[22] L. Bogar, Z. Molnar, P. Kenyeres, and P. Tarsoly, “Sedimentation
characteristics of leucocytes can predict bacteraemia in critical
care patients,” Journal of Clinical Pathology, vol. 59, no. 5, pp.
523–525, 2006.

[23] B. H. Davis and N. C. Bigelow, “Comparison of neutrophil
CD64 expression, manual myeloid immaturity counts, and
automated hematology analyzer flags as indicators of infection
or sepsis,” Laboratory Hematology, vol. 11, no. 2, pp. 137–147,
2005.

[24] B. Müller, S. Harbarth, D. Stolz D et al., “Diagnostic and
prognostic accuracy of clinical and laboratory parameters in
community-acquired pneumonia,” BMC Infectious Diseases,
vol. 7, article 10.

[25] R. P. Dellinger, M. M. Levy, A. Rhodes et al., “Surviving sepsis
campaign: international guidelines for management of severe
sepsis and septic shock,” Critical Care Medicine, vol. 41, no. 2,
pp. 580–637, 2013.

[26] H. A. Borthwick, L. K. Brunt, K. L. Mitchem, and C. Chaloner,
“Does lactate measurement performed on admission predict
clinical outcome on the intensive care unit? A concise system-
atic review,” Annals of Clinical Biochemistry, vol. 49, no. 4, pp.
391–394, 2012.

[27] A. E. Jones, N. I. Shapiro, S. Trzeciak, R. C. Arnold, H. A.
Claremont, and J. A. Kline, “Lactate clearance versus central
venous oxygen saturation as goals of early sepsis therapy: a
randomized clinical trial,” Journal of the American Medical
Association, vol. 303, no. 8, pp. 739–746, 2010.

[28] M. Barati, F. Alinejad, M. A. Bahar et al., “Comparison ofWBC,
ESR, CRP and PCT serum levels in septic and non-septic burn
cases,” Burns, vol. 34, no. 6, pp. 770–774, 2008.

[29] A. Osei-Bimpong, J. H. Meek, and S. M. Lewis, “ESR or CRP? A
comparison of their clinical utility,” Hematology, vol. 12, no. 4,
pp. 353–357, 2007.

[30] B. Shine, F. C. De Beer, and M. B. Pepys, “Solid phase radioim-
munoassays for human C-reactive protein,” Clinica Chimica
Acta, vol. 117, no. 1, pp. 13–23, 1981.

[31] C. Gabay and I. Kushner, “Acute-phase proteins and other
systemic responses to inflammation,”The New England Journal
of Medicine, vol. 340, no. 6, pp. 448–454, 1999.

[32] D. M. Vigushin, M. B. Pepys, and P. N. Hawkins, “Metabolic
and scintigraphic studies of radioiodinated human C-reactive
protein in health and disease,” Journal of Clinical Investigation,
vol. 91, no. 4, pp. 1351–1357, 1993.

[33] B. Uzzan, R. Cohen, P. Nicolas, M. Cucherat, and G.-Y. Perret,
“Procalcitonin as a diagnostic test for sepsis in critically ill adults
and after surgery or trauma: a systematic review and meta-
analysis,” Critical Care Medicine, vol. 34, no. 7, pp. 1996–2003,
2006.

[34] K. M. Ho and J. Lipman, “An update on C-reactive protein for
intensivists,” Anaesthesia and Intensive Care, vol. 37, no. 2, pp.
234–241, 2009.

[35] M. Limper, M. D. de Kruif, A. J. Duits, D. P. M. Brandjes, and E.
C.M. van Gorp, “The diagnostic role of Procalcitonin and other
biomarkers in discriminating infectious from non-infectious
fever,” Journal of Infection, vol. 60, no. 6, pp. 409–416, 2010.



8 BioMed Research International

[36] K.-E. Kimand J.-Y.Han, “Evaluation of the clinical performance
of an automated procalcitonin assay for the quantitative detec-
tion of bloodstream infection,” Korean Journal of Laboratory
Medicine, vol. 30, no. 2, pp. 153–159, 2010.

[37] P. Póvoa, V. C. Souza-Dantas, M. Soares, and J. I. F. Salluh,
“C-reactive protein in critically ill cancer patients with sepsis:
influence of neutropenia,” Critical Care, vol. 15, no. 3, article
R129, 2011.

[38] A. Engel, E. Mack, P. Kern, and W. V. Kern, “An analysis
of interleukin-8, interleukin-6 and C-reactive protein serum
concentrations to predict fever, gram-negative bacteremia and
complicated infection in neutropenic cancer patients,” Infection,
vol. 26, no. 4, pp. 213–221, 1998.

[39] S. M. A. Lobo, F. R. M. Lobo, D. Peres Bota et al., “C-reactive
protein levels correlate with mortality and organ failure in
critically III patients,”Chest, vol. 123, no. 6, pp. 2043–2049, 2003.

[40] K. Tschaikowsky, M. Hedwig-Geissing, G. G. Braun, and M.
Radespiel-Troeger, “Predictive value of procalcitonin, inter-
leukin-6, and C-reactive protein for survival in postoperative
patients with severe sepsis,” Journal of Critical Care, vol. 26, no.
1, pp. 54–64, 2011.

[41] K. Tschaikowsky, M. Hedwig-Geissing, J. Schmidt, and G. G.
Braun, “Lipopolysaccharide-binding protein for monitoring of
postoperative sepsis: complemental to C-reactive protein or
redundant?” PLoS ONE, vol. 6, no. 8, Article ID e23615, 2011.

[42] Y. Sakr, U. Burgett, F. E. Nacul, K. Reinhart, and F. Brunkhorst,
“Lipopolysaccharide binding protein in a surgical intensive care
unit: a marker of sepsis?” Critical Care Medicine, vol. 36, no. 7,
pp. 2014–2022, 2008.

[43] R. Abe, S. Oda, T. Sadahiro et al., “Gram-negative bacteremia
induces greater magnitude of inflammatory response than
Gram-positive bacteremia,” Critical Care, vol. 14, no. 2, article
R27, 2010.

[44] N. Chaudhary, K. Kosaraju, K. Bhat, I. Bairy, and A. Borker,
“Significance of interleukin-6 (IL-6) and C-reactive protein
(CRP) in children and young adults with febrile neutropenia
during chemotherapy for cancer: a prospective study,” Journal
of Pediatric Hematology/Oncology, vol. 34, no. 8, pp. 617–623,
2012.

[45] V. Sugitharini, A. Prema, and E. BerlaThangam, “Inflammatory
mediators of systemic inflammation in neonatal sepsis,” Inflam-
mation Research, vol. 62, no. 12, pp. 1025–1034, 2013.

[46] S. Kumar and M. Rizvi, “Serum tumor necrosis factor alpha
and C-reactive protein in pediatric patients with sepsis and
its correlation with microbiologic findings,” Indian Journal of
Pathology and Microbiology, vol. 53, no. 3, pp. 494–497, 2010.

[47] R. Paul, P. K. Sinha, R. Bhattacharya, A. K. Banerjee, P.
Raychaudhuri, and J. Mondal, “Study of C reactive protein as
a prognostic marker in malaria from Eastern India,” Advanced
Biomedical Research, vol. 1, article 41, 2012.

[48] A. Mahajan, R. Tabassum, S. Chavali et al., “Common variants
in CRP and LEPR influence high sensitivity C-reactive protein
levels in North Indians,” PLoS ONE, vol. 6, no. 9, Article ID
e24645, 2011.

[49] M. Chandalia, A. V. Cabo-Chan Jr., S. Devaraj, I. Jialal, S.
M. Grundy, and N. Abate, “Elevated plasma high-sensitivity
C-reactive protein concentrations in Asian Indians living
in the United States,” Journal of Clinical Endocrinology and
Metabolism, vol. 88, no. 8, pp. 3773–3776, 2003.

[50] R.W. Chesney, D.M.McCarron, and J. G. Haddad, “Pathogenic
mechanisms of the hypocalcemia of the staphylococcal toxic-
shock syndrome,” Journal of Laboratory and Clinical Medicine,
vol. 101, no. 4, pp. 576–585, 1983.

[51] M. Assicot, D. Gendrel, H. Carsin, J. Raymond, J. Guilbaud,
and C. Bohuon, “High serum procalcitonin concentrations in
patients with sepsis and infection,” The Lancet, vol. 341, no.
8844, pp. 515–518, 1993.

[52] F. M. Brunkhorst, U. Heinz, and Z. F. Forycki, “Kinetics of
procalcitonin in iatrogenic sepsis,” Intensive Care Medicine, vol.
24, no. 8, pp. 888–889, 1998.

[53] P. Dandona, D. Nix, M. F. Wilson et al., “Procalcitonin increase
after endotoxin injection in normal subjects,” Journal of Clinical
Endocrinology and Metabolism, vol. 79, no. 6, pp. 1605–1608,
1994.

[54] R.H. Snider Jr., E. S. Nylen, andK. L. Becker, “Procalcitonin and
its component peptides in systemic inflammation: immuno-
chemical characterization,” Journal of Investigative Medicine,
vol. 45, no. 9, pp. 552–560, 1997.

[55] B.Müller, J. C.White, E. S. Nylén, R. H. Snider, andK. L. Becker,
“Ubiquitous expression of the calcitonin I gene in multiple
tissues in response to sepsis,” Journal of Clinical Endocrinology
and Metabolism, vol. 86, no. 1, pp. 396–404, 2001.

[56] P. Linscheid, D. Seboek, E. S. Nylen et al., “In vitro and in
vivo calcitonin I gene expression in parenchymal cells: a novel
product of human adipose tissue,” Endocrinology, vol. 144, no.
12, pp. 5578–5584, 2003.

[57] F.M. Brunkhorst, O. K. Eberhard, andR. Brunkhorst, “Discrim-
ination of infectious and noninfectious causes of early acute
respiratory distress syndrome by procalcitonin,” Critical Care
Medicine, vol. 27, no. 10, pp. 2172–2176, 1999.

[58] S. Harbarth, K. Holeckova, C. Froidevaux et al., “Diagnostic
value of procalcitonin, interleukin-6, and interleukin-8 in criti-
cally ill patients admitted with suspected sepsis,”The American
Journal of Respiratory and Critical CareMedicine, vol. 164, no. 3,
pp. 396–402, 2001.

[59] B. Müller, K. L. Becker, H. Schächinger et al., “Calcitonin
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