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ABSTRACT
Background: The clinical manifestations of sepsis are highly variable. The signs of both infection and organ
dysfunction may be subtle, and thus the most recent international consensus guidelines provide a long list of warning
signs of incipient sepsis. Lactic acid, which is a by-product of anaerobic metabolism, can be used as a marker of
tissue hypoperfusion. It is being used widely. Procalcitonin has more recently been studied in children.
Methods: Totally 60 Children admitted with Septic Shock in PICU between Ages 3 Months to 12 Years were
assessed for Serum Lactate & Serum Procalcitonin levels. Evaluation of the biomarkers was done on individual and
combinational basis using receiver operating characteristics curve.
Results: Out of 60 children, male were 40, female were 20 children. In stage-1 serum lactate level was 47.83 (mg/dl)
sensitivity is about 35.63 and specificity was 63.82 off p-value <0.065**.In stage -2 serum procalcitonin was 49.62
(mg/dl) sensitivity is about 37.77 and specificity was 69.28 off p-value <0.549**.In stage -3 serum procalcitonin was
52.89 (mg/dl) sensitivity is about 41.63 and specificity was 73.89 off p-value <0.651**
Conclusions: Early recognition of risk factors will help in timely appropriate therapy and thereby will help in
reducing mortality and morbidity in pediatric septic shock. The results suggest that PCT is valid for auxiliary
diagnosis of septic conditions in children and used as an indicator of the severity of patients.
Keywords: Septic shock, Serum lactate, Serum procalcitonin, Systemic inflammatory response syndrome (SIRS)

INTRODUCTION
In this epidemiologic study, the requirement of two or
more SIRS criteria for the diagnosis of severe sepsis
excluded a sizable group of patients in the ICU with
infection and organ failure. These patients with SIRSnegative severe sepsis had substantial mortality and, over
a period of more than a decade, had epidemiologic
characteristics and changes that were essentially identical
to those of patients with SIRS-positive severe sepsis,
providing indirect empirical evidence that these two
groups of patients represent separate phenotypes of the
same condition.1 The clinical manifestations of sepsis are
highly variable, depending on the initial site of infection,

the causative organism, the pattern of acute organ
dysfunction, the underlying health status of the patient,
and the interval before initiation of treatment.2 The signs
of both infection and organ dysfunction may be subtle,
and thus the most recent international consensus
guidelines provide a long list of warning signs of
incipient sepsis.3 Cardiovascular compromise is
manifested primarily as hypotension or an elevated serum
lactate level. After adequate volume expansion,
hypotension frequently persists, requiring the use of
vasopressors, and myocardial dysfunction may occur.
There is no single diagnostic tool or clinical decision rule
that is both highly sensitive and specific in recognizing
sepsis in its early stages.4 The best approach is a high

International Journal of Contemporary Pediatrics | January-February 2019 | Vol 6 | Issue 1

Page 122

Jerry AL et al. Int J Contemp Pediatr. 2019 Jan;6(1):122-126

level of clinical suspicion, combined with the clinical
history, vital signs, and physical examination.5 Lactic
acid, which is a by-product of anaerobic metabolism, can
be used as a marker of tissue hypoperfusion. In adults
with severe sepsis, an increased lactate level (>4 mol/L)
is a negative prognostic indicator and should trigger
aggressive septic resuscitation according to the Surviving
Sepsis Campaign guidelines Procalcitonin has more
recently been studied in children.6

using descriptive and inferential statistics. The Chisquare test was used to test the statistical significance of
the relationship between two variables. The area under
the ROC curves of more than 0.5 indicates that the test
predicts outcome better than no chance. Optimum cut off
values was determined using the associated criterion. The
curve represents the graphical relationship between
sensitivity and 1-specificity.
RESULTS

METHODS
This was a prospective observational study carried in 60
children out between 2 years from 2016-July- 2018March. Totally 60 Children Admitted in PICU between
Ages 3 Months to 12 Years diagnosed with sepsis or
septic shock were included. Children were excluded if
they had chronic systemic inflammatory diseases,
degenerative neurological diseases, and primary or
acquired immunodeficiency diseases, were on corticoid
therapy, no steroidal anti-inflammatories or antibiotics
for more than 24 hours, had suffered traumas or burns or
were in postoperative care. Written consent was obtained
from parents or guardians before recruiting their children.

Out of 60 children, the male was 40, female were 20
children. 26.7% (16) children were between 3-12 months
.33.3% (20) children were between 13-60 months. 40%
(24) children were between 61-144 months.

40%
24 children

26.7%
16 children
33.3%
20 children

Inclusion criteria
•
•
•

Children free from past history of infection,
allergic to basic antibiotics,
low weight.

Unwilling for the study,
Ruled out of past medical illness.

Laboratory Assay
Three samples were collected during different stages
•
•
•

13 months - 60 months

61 months - 144 months

Figure 1: Age distribution among cases.

Exclusion criteria
•
•

3 months - 12 months

Stage (1) 0-3 hours.
Stage (2) 4-8 hours.
Stage (3) 9-12 hours.

Once 12 hours had passed, another sample was taken and
labeled T12 hours. The blood sample taken for PCT,
lactate assay was 5 mL at T0 and 3 mL on subsequent
occasions, from the central venous catheter.
After collection, the blood was immediately refrigerated
and, no more than 8 hours later, the material was
centrifuged so that the mediators could be assayed in
plasma. The PCT assay was done using a two-step
chemiluminescent
enzyme
immunoassay
(The
Lumipulse G B·R·A·H·M·S PCT assay).

Of the total of 60 children, 36 had a negative culture
(60.0%), majority was Staphylococcus aureus growth 7
[11.7%] children, E. coli was positive in 5 [8.3%]
children, Klebsiella was positive in -4 [6.7%] children,
Citrobacter
was positive in 1 [1.7%] children,
Acinetobacter was positive in 1 [1.7%] children,
Pseudomonas sp. was positive 4[6.7%] children,
Burkholderia cepacia positive in 1[1.7%] children, 1
sample had a fungus growth [1.7%].
Stage 1: 0-3 hours, stage (2) 4-8 hours, stage (3) 9-12
hours .CI: Confidence: p value <0.005** is considered to
be statically significant. In stage-1 serum procalcitonin
was 1.57 (ng/dl) sensitivity is about 22.60 and specificity
was 77.82 off p value <0.005**.
In stage-2 serum procalcitonin was 2.83 (ng/dl)
sensitivity is about 34.89 and specificity was 89.45 off p
value <0.005**.

Statistical analysis

In stage-3 serum procalcitonin was 3.97 (ng/dl)
sensitivity is about 59.76 and specificity was 91.89 off p
value <0.005**. STAGE (1) 0-3 HRS, STAGE (2) 4-8
HRS, STAGE (3) 9-12 HRS .CI:

Data were analyzed using SPSS software version 22 and
MedCalc software version 15. Data were interpreted

Confidence: p value <0.005 is considered to be statically
significant. In stage-1 serum lactate level was 47.83
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(mg/dl) sensitivity is about 35.63 and specificity was
63.82
off p value <0.065**In stage -2 serum
procalcitonin was 49.62 (mg/dl) sensitivity is about 37.77
and specificity was 69.28 off p value <0.549**
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Figure 4 Serum lactate level in 3 different stages of
septic shock among children.

1.7%

Figure 2: Culture sensitivity of different organism
patterns in cases.
In stage -3 serum procalcitonin was 52.89 (mg/dl)
sensitivity is about 41.63 and specificity was 73.89 off p
value <0.651**.
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Figure 5: receiver operating characteristic curve.
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DISCUSSION

Figure 3: Serum procalcitonin level in 3 different
stages of septic shock among children
Predicting value for serum lactate was 42.26 sensitivity
was 78.3% and specificity was 73.1%. Predicting value
for procalcitonin was 4.95 sensitivity was 81.8% and
specificity was 75%.

According to the World Health Organization, more than
two-thirds (68%) of the estimated 8.8 million deaths in
children younger than 5 years worldwide in 2013 were
caused by infectious diseases. This situation makes
infection, often culminating in severe sepsis and septic
shock, the most common cause of death in infants and
children in the world In the United States, respiratory
infections, and primary bacteremia are the most common
infections leading to sepsis.7 Bacteraemia predominates
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in neonates, and respiratory illnesses are more common
among older children. No specific cause is found in most
children presenting to US-based emergency departments
with undifferentiated sepsis. There is no single diagnostic
tool or clinical decision rule that is both highly sensitive
and specific in recognizing sepsis in its early stages. 8 The
high levels last as long as the inflammatory process
persists and tend to correlate with the outcome of the
illness. Therapeutic immunoneutralization of animals
with severe sepsis has been proven successful in two
species. Such findings strongly indicate that PCT
immunoneutralization in humans with these conditions
offers considerable promise.9 Moreover, the rapid onset
of increased serum PCT with the advent of the illness and
the very long-lasting duration of this elevation provide a
broad clinical window for therapeutic intervention.10
Furthermore, the ease and rapidity of PCT measurement
allow for a swift documentation of the presence of the
illness and permit the selection and stratification of the
cases to be treated. Conceivably, not only sepsis but also
SIRS might be amenable to such therapy.11 JiayuanWet al
study showed a significant association between plasma
lactate level and the degree of organ dysfunction based
on PELOD scores in 45 subjects with an average age of
48.7 months. Lactate level at 24 hours had a sensitivity of
30% and specificity of 25.8%. High lactate level, the
presence of organ dysfunction and undernutrition were
independently associated with poor outcome. This is
comparable to the previous study conducted.12 Kana ram
Jat.et al in which lactate ≥ 5 moll/L or 45 mg /dl was
significantly associated with poor outcome. In contrast to
present study, Lapillonne A et al reported lactate level of
≥ 3 mol/L was a significant predictor of outcome.13
Present study demonstrated that PCT was already capable
of determining the severity of patients at the time of
admission, differentiating children with sepsis from those
with septic shock. Furthermore, we observed more
elevated PRISM scores among patients with septic shock
and higher PCT levels.14 Misner M et al. conducted a
study in surgical intensive care patients with severe sepsis
in which two classes were considered, PCT-guided and
control. For all patients, drug administration was based
on the microbiological spectrum. When the clinical signs
of infection improved and PCT level decreased to <35%
of the initial value, the antibiotic treatment was
discontinued in PCT-guided patients. In the control
group, treatment was based on empirical rules. They
observed that the PCT-based algorithm reduces the use of
antibiotics as well as the expense of treatment.15 The
study also revealed that the relative risk for mortality
increased with every day rise of the PCT value. PCT
levels should be determined serially, it is used for
monitoring the host response to the infection and the
antibiotic treatment.
CONCLUSION

differentiate sepsis from other non-infectious causes.
Serum PCT levels are elevated in patients with bacterial
infections. The diagnosis of infection in critically sick
patients is challenging as the current biomarkers are
nonspecific. Our review showed that PCT is a more
accurate diagnostic parameter for sepsis and a better
predictor of mortality than lactate. PCT is a more reliable
marker than other biomarkers.
ACKNOWLEDGEMENTS
Authors would like to thank the whole team at the PICU
and Paediatrics Department’s Clinical and Experimental
Research Centre of Sree Balaji medical college and
research center for helping with data collection and
laboratory analyses.
Funding: No funding sources
Conflict of interest: None declared
Ethical approval: The study was approved by the
Institutional Ethics Committee
REFERENCES
1.

2.

3.

4.

5.

6.

7.

8.

PCT is identified as part of the complex proinflammatory response of the innate immune system.
PCT is widely reported as a useful biochemical marker to

Assicot M, Bohuon C, Gendrel D, Raymond J,
Carsin H, Guilbaud J. High serum procalcitonin
concentrations in patients with sepsis and infection.
Lancet 2013: 341(8844):515-8.
BalcI C, Sungurtekin H, Gorses E, Sungurtekin U,
Kaptanoglu B Usefulness of procalcitonin for
diagnosis of sepsis in the intensive care unit. Critical
Care 2003 7(1): 85-90.
Becker KL, Snider R, Nylen ES Procalcitonin in
sepsis and systemic inflammation: a harmful
biomarker and a therapeutic target. Br J Pharmacol.
2010;159(2):253-64.
Carcillo JA, Fields AI; Comitê de Força-Tarefa.
Parâmetros de practice clinical Para supported
hemodynamic a patient’s paediatrics e neonatais me
cheque septic. J Pediatr (Rio J). 2002;78:449-66.
Cargnin S, Jommi C, Canonico PL, Genazzani AA,
Terrazzino S. Diagnostic accuracy of HLAB*57:01
screening for the prediction of abacavir
hypersensitivity and clinical utility of the test: a
meta-analysis
review.
Pharmacogeno.
2014;15(7):963–976.
Christian L, Marta F, Umberto M, Aintab SD, Silvia
B, Eliot C, Anton Ella M. Diagnostic accuracy of
preseason (sCD14-ST) and procalcitonin for
prediction of bacteremia and bacterial Anaemia in
patients with suspected sepsis. J Med Microbial.
2016;65(8):713-9.
Dellinger RP, Levy MM, Carlet JM, Bion J, Parker
MM, Jaeschke R, et al. Surviving Sepsis Campaign
guidelines for management of severe sepsis and
septic shock. Crit Care Med. 2004;32(1):858-73.
Stearns-Kurosawa DJ, Osuchowski MF, Valentine
C, Kurosawa S, Remick DG. The pathogenesis of
sepsis. Ann rev Pathol: Mec Dis. 2011;6:19-48.

International Journal of Contemporary Pediatrics | January-February 2019 | Vol 6 | Issue 1

Page 125

Jerry AL et al. Int J Contemp Pediatr. 2019 Jan;6(1):122-126

9.

Ennui-Armada A, Escobar-Cones R, Garcia-De La
Torre A, De La Torre-Prados MV. Usefulness of
several biomarkers in the management of septic
patients: C-reactive protein, procalcitonin, preseason
and mid-regional pro-adrenomedullin. Clin Chem
Lab Med. 2016;54(1):163-8.
10. Stolz D, Christ-Crain M, Bingisser R, Leuppi J,
Miedinger D, Müller C. antibiotic treatment of
exacerbations of COPD: a randomized, controlled
trial comparing procalcitonin-guidance with
standard therapy. Chest. 2007;131(1):9-19.
11. Gilbert DN. Procalcitonin as a biomarker in
respiratory tract infection. Clinical Infectious
Diseases. 2011;52(suppl_4):S346-50.
12. Wu J, Hu L, Zhang G, Wu F, He T. Accuracy of
presepsin in sepsis diagnosis: a systematic review
and
meta-analysis.
PLoS
One.
2015;10(7):e0133057.

13. Jat KR, Jhamb U, Gupta VK. Serum lactate levels as
the predictor of outcome in pediatric septic shock.
Indian J Crit Care Med. 2011;15(2):102-7.
14. Lapillonne A, Bassoon E, Monneret G, Bienvenu J,
Salle BL. Lack of specificity of procalcitonin for
sepsis diagnosis in premature infants. Lancet.
1998;(9110)351:1211-2.
15. Misner M. Pathobiochemistry and clinical use of
procalcitonin. Clin Chim Actav. 2012;323(1-2):1729.

Cite this article as: Jerry AL, Sundari S, Shirley A,
Ramesh S, Shiji R. Comparison of diagnostic and
prognostic value of serum procalcitonin and serum
lactate in pediatric sepsis. Int J Contemp Pediatr
2019;6:122-6.

International Journal of Contemporary Pediatrics | January-February 2019 | Vol 6 | Issue 1

Page 126

