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Background Neonatal sepsis is a leading cause of newborn mortality in the developing world. Most of the newborn
babies admitted to a neonatal ICU for different reasons acquire hospital-acquired infections. Early and optimal man-
agement is pivotal for successful outcomes. However, most of the places lack advanced automated culture facilities.
Procalcitonin could potentially be used for early diagnosis of such infection.

Objective To study the diagnostic role of serum procalcitonin in newborn hospital-acquired sepsis.
Materials and methods A case-control study was conducted in a tertiary care hospital in northern India.

Results Culture-positive nosocomial sepsis group consisted of 59 patients and the control group of 41 patients.
Gram-negative organisms were the most commonly isolated organisms (91.5%). The baseline median and inter-
quartile range (IQR) serum PCT of the study population was 0.3 (0.18-.44) ng/ml. The median (IQR) serum PCT values
at the time of clinical deterioration in the nosocomial sepsis and the sepsis-like illness groups are 4 (6.5) ng/mland 1.2
(1.6) ng/ml, respectively (p=000). The area under the ROC curve for the prediction of bacterial infection for PCT

was 0.864. On the ROC curve, the PCT level that combined the greatest sensitivity and comparatively good specificity
was 1.95 ng/ml, with a sensitivity of 88%, and specificity of 79%.

Conclusion We conclude that serum procalcitonin is a reliable marker for the diagnosis of neonatal nosocomial

Background

The neonatal intensive care unit (NICU) is a conducive
place for disseminating infections, due to a range of
patient-specific, disease-specific, and treatment-specific
factors [1, 2]. The problem is further compounded in the
developing world by the lower availability of resources,
low nurse-to-patient ratio, poor infection control prac-
tices, and lack of antimicrobial stewardship policies [1].
Some studies from the developing world have reported
rates of hospital-acquired sepsis as high as 51-52%
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among all NICU admissions [3, 4]. These infections are
associated with very high mortality rates, high treat-
ment costs, and prolonged hospital stays [5, 6]. Success-
ful treatment of hospital-acquired infections is based on
early initiation of appropriate antibiotic therapy. How-
ever, due to the stereotypic nature of the illness in neo-
nates, diagnosis of the infection remains challenging [7].
The gold standard for the diagnosis of such infection is
blood culture or culture of other sterile body fluids [8].
However, culture reports are available only after 48-72 h
making this investigation less useful in guiding the treat-
ment. To avoid delay in the treatment or avoid unneces-
sary antibiotic use, a rapid, point-of-care, sensitive, and
specific laboratory test would be helpful to guide clini-
cians in deciding whether or not to add antibiotics [9, 10].
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Procalcitonin (PCT) is the prohormone of calcitonin
and has been reported to be an excellent predictor of
infection across different age groups. Previous studies
also suggested that PCT may have a high sensitivity for
nosocomial neonatal infections [11, 12]. The lower cutoff
value for PCT in predicting neonatal sepsis varies from
study to study. However, most of the studies have found
a procalcitonin threshold of 1 ng/mL or above as a strong
predictor of late-onset sepsis in neonates. We conducted
a case—control study with the objective to find the use-
fulness of serum PCT as a reliable diagnostic test for the
diagnosis of nosocomial neonatal sepsis.

Methods

This was a case—control study conducted in a ter-
tiary care hospital in northern India, over a period of
24 months from June 2020 to May 2022. The study sub-
jects included babies of all gestational ages admitted in
the neonatal ICU of the hospital for various indications,
with a negative initial septic screen (defined as negative
initial screening blood culture or other sterile body fluid
cultures, first-day serum PCT level less than 1 ng/mL and
Hs-CRP level less than 6 ng/mL), who developed pre-
sumed hospital-acquired sepsis (nosocomial sepsis) while
in the hospital. We excluded babies who were on prior
antibiotics or various cultures taken after the 1st dose of
the antibiotic, post-surgical babies, babies with necrotiz-
ing enterocolitis, an inborn error of metabolism, and
babies with major congenital anomalies from the study.
Suspected hospital-acquired sepsis included patients who
developed any one of the following during their hospital
course: poor feeding, lethargy, poor neonatal reflexes,
temperature instability, respiratory distress, tachycardia,
and poor perfusion. These patients were enrolled in the
study and were further divided into 2 groups: the con-
firmed nosocomial sepsis group (a neonate with clinically
suspected sepsis and positive blood culture and/or CSF
culture and/or urine culture (supra-pubic tap) and the
control group (a baby with suspected nosocomial sepsis
and negative blood and/or CSE, and/or urine culture).
A standard data extraction form was prepared to cap-
ture the baseline demographic and clinical data from the
studied population. All the enrolled patients underwent
full baseline septic work which included complete blood
count (CBC), blood culture, and baseline procalcitonin.
CSF analysis and urine culture were done at baseline
only when clinically indicated. Patients who developed
any sign of nosocomial sepsis underwent repeat full sep-
tic profiles which included blood culture, CSF analysis,
and/or urine culture (supra-pubic tap). The blood culture
specimen was cultured using BacTAlert (Biome Rieux,
India®) automated blood culture system. Blood culture
was considered negative only after 4 days of incubation.
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CSF and urine culture was done using the semi-quantita-
tive method in which urine was inoculated on the CLED
agar plat, and incubated at 35C, overnight. PCT was
measured by a fluorescence immunoassay using QDX
Instacheck.

The recorded data was compiled and entered in a
spreadsheet (Microsoft Excel) and then exported to the
data editor of SPSS Version 20.0 (SPSS Inc., Chicago, Illi-
nois, USA). Shapiro Wilk test was done for the normality
test in the case of continuous variables. Parametric data
has been represented by mean + SD and non-parametric
data by median (IQR). Nominal data is represented by N
(%). The receiver operating characteristic (ROC) curve
was constructed to find the AUC for procalcitonin. Sta-
tistical significance is taken as 0.05, and data with a
value<0.05 is taken as significant. The sample size was
calculated by using Statulator, a free online sample cal-
culator (https://statulator.com/SampleSize/s1P.html).
Assuming the 92% sensitivity of the blood PCT for the
diagnosis of neonatal sepsis, and an expected prevalence
rate of hospital-acquired neonatal sepsis of 30%, the
study required a minimum sample size of 95 patients.

The study got ethical approval from the Institutional
Ethics Committee (IEC-SKIMS) (No. SIMS 1131/1EC-
SKIMS/2021). Written informed consent was taken from
the legal guardians before enrolling the subjects into the
study.

Results

During the study period, a total of 1110 inborn patients
were admitted to our NICU. A total of 143 patients
developed suspected nosocomial sepsis during the study
period. Forty-three patients were excluded after apply-
ing the inclusion and exclusion criteria. A total of 100
patients were enrolled in the study. On the basis of the
results of the various culture studies, study patients were
divided into two groups: the “nosocomial sepsis group”
(culture positive), with 59 patients in the group, and the
“sepsis like illness group” (negative culture reports) con-
sisting of 41 patients. The baseline demographic and
clinical characteristics of the study population are shown
in Table 1. Nosocomial sepsis was diagnosed by posi-
tive blood culture for different organisms in 45 patients,
positive CSF culture for 10 patients, and positive urine
culture for four patients. The organism profile of the cul-
ture-positive group was Acinetobacter Baumannii (33),
Klebsiella pneumoniae (12), Escherichia coli (7), staphylo-
coccus aureus (3), Pseudomonas aeruginosa (2), and Can-
dida albicans (2). The baseline laboratory variables are
shown in Table 2. The median (IQR) baseline (1st day of
admission) serum PCT of the study population (N=100)
was 0.3 (0.18-0.44) ng/ml. The median (IQR) serum
PCT values at the time of clinical deterioration in the
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Table 1 Demographic and clinical characteristics of the study population

Variable Nosocomial sepsis group (N=59) Sepsis-like lliness group (N=41) P value
Gestational age in weeks, mean+SD 346+25 340426 0.23
Birth weight in kg, mean +SD 24+08 23407 0.66
Female, N (%) 31 (52) 17 (41) 0.27
LSCS born, N (%) 40 (67.7) 22 (53) 0.15
Worsening of respiratory status 11(18) 7(17.9) 0.79
Presser support requirement 13(21) 3(7) 0.03
Temperature instability 23 (37.7) 21 (53.8) 0.30
Seizures 4(6.5) 5(12.8) 031
Lethargy/irritability 23(37.7) 16 (41) 0.84

Table 2 Laboratory values of the study population

Variable Nosocomial sepsis group (N=59) Sepsis-like illness group (N=41)  Pvalue
“Total leucocyte count (103/ul) (mean =SD) 10.8+4.9 11.2+55 03
Platelet count (1 03/ul) (median (IQR)) 232 (142) 229 (122) 0.68
Procalcitonin (ng/ml) (median (IQR)) 0.3(0.27) 0.31(0.25) 0.67
bTotal leucocyte count (10*/ul) (median (IQR)) 13(17.8) 12(10.2) 0.93
bPlatelet count (10*/l) (median (IQR)) 68 (139) 110 (192) 0.77
bProcalcitonin (ng/ml) (median (IQR)) 4(6.5) 12(1.6) 0.00

@Values at admission
bValues at the time of clinical deterioration in the NICU

nosocomial sepsis and the sepsis-like illness groups are 4
(6.5) ng/ml and 1.2 (1.6) ng/ml, respectively. The differ-
ence was statistically significant (P=0.00). It can be seen
from the above results that the median baseline PCT
value of the study cohort was 0.3 ng/ml only. However,
the median PCT value in the nosocomial sepsis group
showed statistically significant elevation compared to the
“sepsis-like illness” group. The ROC curve was elaborated
for PCT at a 95% confidence interval. The area under the
ROC curve (Fig. 1) for the prediction of bacterial infec-
tion for PCT was 0.864 (95% confidence interval 0.79 to
0.93; p=0.0001). On the ROC curve, the PCT level that
combined the greatest sensitivity and comparatively
good specificity was 1.95 ng/ml, with a sensitivity of 88%,
specificity of 79%, positive predictive value of 74%, and a
negative predictive value of 87%.

Discussion

Nosocomial sepsis in a nursery is a common phenom-
enon in developing countries and carries very high mor-
tality [6]. The clinical features of sepsis in this population
are highly nonspecific, resembling many non-infective
disorders like the inborn error of metabolism, ductus-
dependent circulation, and birth asphyxia, etc. This
often leads to an overuse of high-end antibiotics which
includes carbapenems, colistin, glycylcycline class drugs,

etc., leading to the emergence of extended drug-resistant
bugs in the NICU environment [13]. Blood culture is the
gold standard for the diagnosis of sepsis; however, culture
reports would be available only after 48—72 h making this
investigation less useful in guiding the treatment. Besides,
culture facilities may not be available in many sick new-
born care units (SNCUs) of the country, thus further
limiting its role in the diagnosis. Many acute inflamma-
tory markers which typically rise in sepsis like micro ESR,
high-sensitivity C-reactive protein (hs-CRP), and procal-
citonin have been extensively studied in neonatal sepsis
[9, 10]. Serum procalcitonin particularly has been studied
in the diagnosis of systemic bacterial infections in various
age groups, the aforementioned marker rises specifically
in invasive bacterial infections, particularly in gram-neg-
ative sepsis [12], which are the most common organisms
seen in our cohort, as well in different places across India
[6]. One area that remains largely unexplored is finding
the role of serum PCT in differentiating true nosocomial
sepsis among clinically suspected patients from “sepsis-
like illness” which are very common among admitted
neonates. The results of our study found that the said
investigation is a reasonably sensitive and specific tool for
achieving the said objective. At the cutoff value of 2 ng/
ml, PCT was 88.4% sensitive to diagnose culture-positive
sepsis among clinically suspected patients. A few studies
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Fig. 1 Receiver operating characteristic (ROC) curve of procalcitonin in detecting nosocomial sepsis. Area under the curve for PCT is 0.864 (95% Cl

0.79-0.93)

on the preterm population observed similar results. A
retrospective study by Fendler WM [12] et al. on preterm
babies found PCT a good parameter that could differenti-
ate between the ‘sepsis-like’ episode and bacterial sepsis.
Similarly, in another study by Turner D [11] et al. again
on preterm infants with suspected nosocomial sepsis,
elevated serum Procalcitonin was associated with a high
likelihood for neonatal sepsis, and advocated continued
antibiotic therapy. Our study was different from most
of the previous studies in terms of the control popula-
tion and gestational age of the studied population. We
included a homogeneous group of newborn babies across
all gestations with suspected nosocomial sepsis on the
basis of clinical symptoms who were later on divided into
culture positive sepsis group and sepsis-like illness group.
This indeed represents the common clinical scenario for
the use of PCT levels for further management.

Serum PCT rise also depends on the class of organ-
ism causing systemic infection with gram-negative sepsis
leading to the highest elevation followed by gram-positive

sepsis. The coagulase-negative staphylococcal infec-
tion causes the least PCT rise. Fendler et al. [12] found
the highest elevation in gram-negative sepsis compared
to gram-positive sepsis and no sepsis. This is a relevant
finding as the gram-negative organisms were isolated in
91.5% of our sepsis patients and are also frequently iso-
lated organisms from most of the NICUs across India.
Since the risk of death is higher in gram-negative sep-
ticemia, its early identification and aggressive treatment
are the cornerstone to a favorable outcome [14, 15]. We
collected blood samples for PCT estimation immediately
after suspicion of hospital-acquired sepsis and before
instituting the antibiotic therapy because appropriate
antibiotic therapy is known to rapidly decrease serum
PCT levels, thus giving erroneously low levels.

Some studies however have not found serum PCT a
good tool for the diagnosis of neonatal sepsis. In a study
by Franz et al. [16], the sensitivity and specificity of PCT
for patients evaluated after 72 h of life were only 38%
and 59%, respectively. They found the highest sensitivity
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to diagnose culture-positive sepsis with IL8. The possi-
ble reason for the low sensitivity and specificity in their
cohort was the inclusion of all suspected sepsis patients
in their study irrespective of the positive culture report.
Of a total of 46 included patients only nine patients were
culture positive. IL8 is still not available in most devel-
oping countries making the investigation inaccessible for
routine use.

The optimal cutoff values for serum PCT varies widely
between different studies; therefore, we aimed to define
a “cutoft” for serum PCT in nosocomial sepsis that can
reliably guide us about the immediate management of the
suspected patient. We observed, at a value of 1.95 ng/ml,
serum PCT has a sensitivity of 88%, specificity of 79%,
positive predictive value of 74%, and a negative predictive
value of 87%. Most of the studies have reported sensitiv-
ity and specificity values ranging from 60 to 100% and
from 79 to 100%, respectively [17-20]. The most likely
explanations for the wide heterogeneity of the sensitiv-
ity and specificity in different studies are variations in the
study design including the diverse age range, the defini-
tion of nosocomial sepsis, and the different nature of the
control groups. We studied a homogeneous group of
neonates with clinically suspected nosocomial sepsis in
which confirmed nosocomial sepsis was made based on
culture studies, an approach that closely resembles the
clinical scenario where the diagnostic test is intended to
be used.

Limitations of the study
The main limitation of our study was the limited sample
size and single-centric nature of the study.

Conclusion

We conclude that the serum procalcitonin is a reliable
marker for the diagnosis of neonatal nosocomial sepsis.
At a value of 1.95 ng/ml, serum PCT has a sensitivity of
88%, a specificity of 79%, a positive predictive value of
74%, and a negative predictive value of 87%. The above
results would be invaluable for early optimal treatment of
nosocomial sepsis pending culture results and withhold-
ing antibiotics in patients with the sepsis-like illness.
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