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ABSTRACT

Objective: To evaluate the prognostic value of Pentraxin-3 and Procalcitonin in neonatal sepsis.

Study Design: Prospective observational study.

Place and Duration of Study: Neonatal Intensive Care Unit, Pakistan Aeronautical Complex Hospital, Kamra, Attock,
Pakistan, from May 24 to May 25.

Methodology: A total of seventy neonates with sepsis were enrolled, including forty in the improved group and thirty in the
deteriorated group. Clinical evaluation included anthropometric assessment, detailed history, physical examination, and
disease progression scoring using the neonatal 0053equential Organ Failure Assessment. Laboratory parameters included
complete blood count, blood culture, high-sensitivity C-reactive protein, Procalcitonin, and Pentraxin-3 levels.

Results: At baseline, median Pentraxin-3 levels was comparable between groups (1155.00 vs. 1006.50 pg/mL), while median
levels of procalcitonin (1.58 vs. 5.80 ng/mL), hs-CRP (44.50 vs. 88.50 mg/L), and creatinine (71.50 vs. 195.00 umol/L) were
significantly higher in the deteriorated group (p<0.001). After 72 hours, the improved group showed reductions in median
nSOFA score (8—5), Pentraxin-3 (1155.00 —327.00 pg/mL), procalcitonin (1.58—0.50 ng/mL), hs-CRP (44.50—7.90 mg/L),
TLC (14.95—8.00%10°/L), and creatinine (71.50 —55.50 pmol/L) (all p<0.05). Values before and after the arrows represent
baseline and 72-hour measurements, respectively. The deteriorated group demonstrated increases in nSOFA (10—18),
Pentraxin-3 (1006.5—2394.5 pg/mL), procalcitonin (5.80—-14.75 ng/mL), hs-CRP (88.5—217 mg/L), and TLC
(18.4—23.4x10°/L) (all p<0.05). Both markers showed strong correlation with worsening neonatal Sequential Organ Failure
Assessment scores and adverse outcomes.

Conclusion: Procalcitonin and Pentraxin-3 are valuable prognostic indicators in neonatal sepsis. Their incorporation into
clinical practice may enhance early risk stratification, guide treatment decisions, and improve neonatal outcomes.
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INTRODUCTION

Neonatal sepsis, a life-threatening condition in
newborns within the first month of life, remains a
significant global health concern, particularly in

this context, exploring the utility of biomarkers such as
procalcitonin and Pentraxin-3 holds promise for
enhancing the early detection and prognostication of
neonatal sepsis.’

regions like South Asia.l Among neonates, sepsis
ranks as the third most common cause of mortality. In
areas where healthcare infrastructure is limited,
neonatal sepsis poses a considerable burden on public
health systems.? Factors such as inadequate prenatal
care, poor sanitation, and limited access to skilled
birth attendants, risk of neonatal sepsis.® In South
Asia, including Pakistan, a substantial proportion of
neonatal deaths are attributed to sepsis-related
complications. Survivors of neonatal sepsis may
experience complications like developmental delays,
neurological impairments, and growth disturbances,*
highlighting the urgent need for early detection. In
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Procalcitonin, the precursor to the hormone
calcitonin, is synthesized primarily by the thyroid
gland under normal physiological conditions.
However, during bacterial infections, particularly
those characterized by systemic inflammation such as
sepsis, procalcitonin production increases
substantially.¢ Unlike traditional markers such as C-
reactive protein (CRP) or white blood cell count,
procalcitonin demonstrates a more rapid and specific
response to bacterial infections. Moreover, serial
monitoring of procalcitonin levels has shown promise
in guiding therapeutic interventions, including
antibiotic stewardship.” Similarly, Pentraxin-3, a
member of the Pentraxin family of pattern recognition
molecules, exhibits immunomodulatory functions
implicated in the innate immune response to microbial
pathogens. Elevated Pentraxin-3 levels have been
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associated with adverse outcomes, including septic
shock, multi-organ dysfunction, and mortality, in
neonates with sepsis. Additionally, Pentraxin-3 has
demonstrated  superior  discriminatory  ability
compared to conventional biomarkers, highlighting its
value as a prognostic tool in neonatal sepsis.?

In light of the critical need for improved
diagnostic and prognostic tools in the management of
neonatal sepsis, this study aims to investigate the
utility of procalcitonin and Pentraxin-3 as prognostic
markers, elucidating their roles in neonatal sepsis,
evaluating their efficacy in early risk stratification,

severity assessment, and prediction of clinical
outcomes.
METHODOLOGY

This prospective observational study was

conducted in the Neonatal Intensive Care Unit (NICU)
of Pakistan Aeronautical Complex (PAC) Hospital,
Kamra, Attock, Pakistan, from May 24 to May 25.
The sample size was calculated using the Sensitivity
and Specificity Calculator 7.4(a), keeping confidence
interval 95%, margin of error 5%, sensitivity and
specificity from previous studies,” taking a reference
prevalence of 32.5%,the sample size calculated was 70.
All eligible neonates during the study period were
recruited using consecutive sampling, and a total of 70
neonates presenting with sepsis were enrolled.

Inclusion Criteria: Neonates up to 28 days of age,
with a gestational age between 32 and 40 weeks;

neonates with a clinically and/or laboratory-
confirmed diagnosis of neonatal sepsis.
Exclusion Criteria: Neonates with congenital

abnormalities, cardiogenic or hemorrhagic shock,
metabolic disorders, prior intravenous antibiotic use,
hypoxic-ischemic encephalopathy, or birth weight less
than 1.5 kg.

Ethical approval for the study was obtained from
the Institutional Review Board of PAC Hospital
Kamra, Attock (Reference No. Hosp-
Kam/4986/7/Trg, dated 3 May 2024). Written
informed consent was obtained from parents or
guardians before enrollment.

Neonatal sepsis was diagnosed according to the
International Sepsis Definitions (2001).19 Clinical
suspicion was raised in neonates with nonspecific
features such as lethargy, poor feeding, irritability,
temperature instability, or respiratory distress, and
confirmed by specific signs such as apnea,
bradycardia, hypotension, and hypoglycemia.ll

Sources of infection were assessed through
examination for omphalitis, skin pustules, respiratory
distress with retractions or grunting, abdominal
distension, or hepatosplenomegaly. Clinical diagnoses
were made by two NICU consultants with
postgraduate training in pediatrics and over five years
of neonatal care experience. To minimize subjective
bias, standardized diagnostic checklists were used,
and all cases were independently reviewed by both

consultants; disagreements were resolved by
consensus.
The neonatal Sequential Organ Failure

Assessment (nSOFA) score was calculated at
admission and repeated during hospitalization to
monitor progression. The score evaluates six organ
systems (respiratory, cardiovascular, hepatic,
coagulation, renal, and neurological) on a 0-4 scale,
with higher scores reflecting greater severity.1213 Blood
samples were collected at admission and repeated at
72 hours or earlier if clinically indicated.

Based on clinical course and outcome at 72 hours
of hospitalization, enrolled neonates were categorized
into two groups: Improved Group: Neonates who
demonstrated clinical recovery, with declining nSOFA
scores and improvement in laboratory parameters.
Deteriorated Group: Neonates who showed persistent
or worsening clinical features, rising nSOFA scores,
and deterioration in laboratory biomarkers, including
those who developed multi-organ dysfunction or
mortality.

Blood cultures were processed using the
BACTEC ALERT 3D system. Pentraxin-3 (PTX3) was
measured by quantitative sandwich  ELISA
(Elabscience), with absorbance read on a microplate
reader (STAT FAX 2100). Procalcitonin (PCT) and
high-sensitivity C-reactive protein (hs-CRP) were
quantified using the Ichroma™ fluorescence
immunoassay (FIA) system. All assays were
performed following appropriate quality control
procedures.

Demographic data, clinical findings, laboratory
results, and outcomes were recorded on a
standardized proforma. Research staff underwent
structured training in study protocols, clinical
assessments, and specimen handling; competency was
verified before study initiation and refreshed
periodically. To further minimize bias, laboratory staff
performing PTX3, PCT, and hs-CRP assays were
blinded to clinical data, and all samples were labeled
with anonymized identifiers. Inter-rater reliability of

Pak Armed Forces Med ] 2026; 76(SUPPL-9):51464



Prognostic Value of Pentraxin-3

nSOFA scoring was assessed at baseline using
duplicate scoring of a subset of patients.

Data was analyzed using Statistical Package for
Social Sciences, version 27.0. Shapiro-Wilk test was
used initially to check for normality. Normally

distributed  variables @~ were  platelets  and
hemoglobin(expressed as Mean.#SD, using an
independent  t-test). =~ SOFA  scores,Pentraxin-3,

procalcitonin-CRP, Total leukocyte count, Creatinine
and Bilirubin were not distributed normally(expressed
as median(IQR) ,using Wilcoxon signed rank test and
Mann-Whitney U test). A p-value <0.05 was
considered statistically significant.

RESULTS

Among the seventy neonates enrolled, 42(60.0%)
were females, and 28(40.0%) were males. The majority
were delivered via lower segment cesarean section (42,
60.0%), while 28(40.0%) were born through
spontaneous vaginal delivery. Most neonates were late
preterm, with 35(50.0%) born at 32-34 weeks,
26(37.1%) at 35-37 weeks, and 9(12.9%) at 38-40 weeks
of gestation. Apgar scores of 4-5 were observed in
54(77.1%) neonates, while 15(21.4%) had scores of 6-7,
and only 1(1.4%) had a score of 8-9. Ventilatory
support was required in 24(34.3%) neonates.
Premature rupture of membranes (PROM) was noted
in 50(71.4%) cases. Maternal comorbidities included
diabetes in 25(35.7%) mothers and hypertension in
27(38.6%) mothers.

Table-l summarizes within-group comparisons
over a period of 72 hours. The median total n-SOFA
score declined in the improved group(n=40) from 8.00
at baseline to 5.00 at 72 hours(p<0.001). Significantly
decreasing trends were also observed in Pentraxin-3
levels 1155pg/ml to 327pg/ml (p<0.001),pro-calcitonin
levels from 1.58 ng/ml to 0.50 ng/ml (p<0.001), and
hs-CRP from 44.50 mg/L to 7.90 mg/L. Contrary to it,
in the deteriorated group (n=30), the median total n-
SOFA score increased from 10.00 at baseline to 18.00 at
72 hours (p<0.001). Significant increasing trends were
seen in Pentraxin-3 levels from 1006.50pg/ml to
2394.50pg/ml and pro-calcitonin level from 5.80ng/ml
to 14.75ng/ml in this group.

Inter-group comparisons are shown in Table-IIL
At baseline, Pro-calcitonin(5.80ng/ml vs 1.58ng/ml)
and hs-CRP (44.50 vs 88.50mg/L) were increased in
deteriorated group as compared to improved group.
Baseline Pentraxin-3 levels (1155.00 pg/ml vs 1006.00
pg/ml)and total leukocyte count did not differ
significantly between groups. Significant inter-group

differences were observed at 72 hours for Pentraxin-3
(327.00pg/ml vs 329450 pg/ml) and procalcitonin
levels(0.50 ng/ml vs 14.75 pg/ml). These findings
indicate that rising Pentraxin-3 and Procalcitonin
levels strongly correlated with clinical deterioration
and higher nSOFA scores, whereas declining levels
were associated with recovery.

Table-I: Comparison of baseline and 72-hour values in Improved (n=40) and
Deteriorated (n=30) groups among the total study population (n=70)

. Improved Group (n=40) Deteriorated Group (n=30)
5 Baseline After 72 Hours | P-value Baseline After 72 Hours | p-value
nSOFA total — [8.00 (6.00-11.00)[ 5.00 (3.00-6.00) | <0.001 [10.00 (9.00-12.00) 18'02%%800" <0.001
Egg;j:“"‘y 2.00 (2.00-3.00) | 1.00 (0.00-1.00) | <0.001 | 3.00 (2.00-4.00) | 3.00(3.00-4.00) | <0.001
fgg‘;z"a““lar 2.00 (2.00-3.00) [ 1.00 (0.00-1.00) | <0.001 | 3.00 (3.00-4.00) | 3.00 (3.00-4.00) 053
:’Se(‘;‘:/:"l"gy 2.00 (2:00-3.00) | 1.00 (0.00-1.00) | <0.001 | 3.00 (3.00-4.00) | 4.00 (3.00-4.00) [ ~0.01
Pentraxin-3 1155.00(684.00- | 327.00 (124.00- | <0.001 | 1006.50 (656.00- | 2394.50 (1444.00- | <0.001
(pg/mL) 2374.00) 574.00) 1993.00) 4537.00)
Procalcitonin | 1.58 (0.26-0.67) | 0.50 (0.00-0.17)| <0.001 | 5.80 (5.00-9.00) | 14.75 (12.00- | <0.001
(ng/mL) 19.00)
4450 (1200- | 7.90(0.00- | <0.001 | 8850 (52.00- | 217.00(141.00- 0.05

hs-CRP (mg/L) 63.00) 11.00) 137.00) 345.00)

] 14.95 (12.00- [8.00(7.00-11.00)| <0.001 | 1840 (1500~ | 23.40 (17.00- 0.01
TLC (10/L) 23.00) 21.00) 32.00)
Platelets 264.85t9059 | 242.65:97.97 | 0.6 | 227.06:106.72 | 247.13%89.96 0.28
(x10°/1)
Hemoglobin 16.76+2.58 15.38t2.85 | 0.01 16.82£2.22 15.34+1.61 <0.001
(g/dL)
Creatinine 7150 (59.00- | 5550 (45.00- | 0.02 | 195.00 (128.00- | 78.00(58.00- <0.001
umol . . 5. .
(wmol /L) 101.00) 77.00) 345.00) 124.00)
Bilirubin 57.00 (40.00- | 7650 (57.00- | 0.01 | 93.00(65.00- | 45.00 (36.00- 0.01
(wmol /L) 81.00) 126.00) 160.00) 56.00)

Legend: Values expressed as median (IQR) for non-parametric variables and meanxzSD for
parametric variables. ~ Paired t-test was used for parametric variables; Wilcoxon signed-rank test
was used for non -parametric variables.

Abbreviations: nSOFA = neonatal Sequential Organ Failure Assessment; hs-CRP = high-sensitivity
C-reactive protein; TLC = total leukocyte count; SD = standard deviation; IQR = interquartile
range

Table-1I: Baseline and 72-hour intergroup comparison of laboratory parameters
between Improved (n=40) and Deteriorated (n=30) groups in the total study population
(n=70)

Parameters Impr(;[\::;lu();mup Delent;[r‘a:;g) Group pvalue
Pentraxin-3 (pg/mL) 1155.00(684.00-2347.00) | 1006.50(656.00-1993.00) <0.001
Procalcitonin (ng/mL) 158 (0.26-0.67) 5.80 (5.00-9.00) <0.001
hsCRP (mg/L) 4450 (12.00-63.00) 88.50 (52.00-137.00) <0.001
TLC (<10°/L) 14,95 (12.00-23.00) 1840 (15-21) 035
Platelets (<10°/L) 264.85£90.59 227.06+106.72 0.61
Hemoglobin (g/dL) 16.76+2.58 1682222 015
Creatinine (umol/L) 7150 (59.00-101.00) 195 (128.00-345.00) <0.001
Bilirubin (xmol/L) 57.00 (40.00-81.00) 93 (65.00-160.00) 0.001
Pentraxin-3 after 72 h 327 (124.00-574.00) 2394.50 (1444.00-4537.00) <0.001
(pg/mL)

Procalcitonin after 72 h 050 (0-0.17) 14.75 (12.00-19.00) <0.001
(ng/mL)

hs-CRP after 72 h (mg/L) 7.90 (0.00-11.00) 217.00 (141.00-345.00) <0.001
TLC after 72 h (x10°/L) 8.00(7.00-11.00) 2340 (17.00-32.00) <0.001
Platelets after 72 h (<10°/L) 242.65£97.97 247.13+89.96 1.00
Hemoglobin after 72 h (g/dL) 15.38£2.85 15.36+1.61 0.005
Creatinine after 72 h 55.50 (45.00-77.00) 78.00 (58.00-124.00) 0.003
(umol/L)

Bilirubin after 72 h (umol/L) 76,50 (57.00-126.00) 45.00 (36.00-56.00) 0.001

Legend: Intergroup comparison at baseline and 72 hours using the Mann-Whitney test for non-
parametric variables and independent t-test for parametric variables.

Abbreviations: hs-CRP = high-sensitivity C-reactive protein; TLC = total leukocyte count; SD =
standard deviation; IQR = interquartile range

DISCUSSION

In this study, significant differences were
observed between the improved and deteriorated
groups over 72 hours. In the improved group, the
median total nSOFA score declined from 8.0 (6-11) at
baseline to 5.0 (3-6) after 72 hours (p<0.001), reflecting
clinical recovery. In contrast, patients in the
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deteriorated group showed a sharp rise in nSOFA
scores from 10.0 (9-12) to 18.0 (15-20) (p<0.001).
Similarly, Pentraxin-3 levels decreased markedly in
the improved group from 1155 pg/mL to 327 pg/mL
(p<0.001), whereas they rose substantially in the
deteriorated group from 1006.5 pg/mL to 2394.5
pg/mL (p<0.001). Procalcitonin showed a comparable
trend, falling from 1.58 ng/mL to 0.50 ng/mL in the
improved group (p<0.001), but increasing from 5.80
ng/mL to 14.75 ng/mL in the deteriorated group
(p<0.001). These findings highlight the prognostic
utility of Pentraxin-3 and Procalcitonin, in parallel
with nSOFA dynamics, for differentiating clinical
trajectories in neonatal sepsis. Interestingly, PCT
showed earlier separation between groups, whereas
PTX3 divergence appeared later, suggesting a
complementary role of the two biomarkers in
prognostication.

Our findings agreed with Fahmey et al., who also
reported elevated PTX3 levels in septic neonates with
poor outcomes, supporting its role as a severity
marker.* Similarly, Sabry et al., demonstrated that
PTX3 levels were significantly higher in neonates with
systemic bacterial infection and correlated with sepsis
severity.’> However, unlike these studies where
baseline PTX3 was already elevated in non-survivors,
our results showed no significant difference at
baseline, with prognostic separation appearing only
after 72 hours. This suggests that PTX3 dynamics over
time may provide additional prognostic information
compared to a single baseline value.

With regard to PCT, our study confirms earlier
reports highlighting its diagnostic and prognostic
relevance. Habib et al., found serum PCT to be an
accurate early biomarker for neonatal sepsis, using
blood culture as the reference.’ These findings were
extended by demonstrating its utility not only in
diagnosis but also in monitoring progression, as
persistently high or rising levels were associated with
worsening nSOFA scores and poor outcomes.
Importantly, our study highlights that PCT rises
earlier than PTX3, which may give it an edge as an
initial risk stratification tool.

The combined assessment of biomarkers with
clinical scoring adds strength to prognostication. Prior
studies have either evaluated biomarkers in isolation
or relied mainly on blood cultures, which have well-
recognized limitations such as low sensitivity and
delayed reporting.’” By incorporating both PCT and
PTX3 with nSOFA scoring, our study provides

evidence for a more comprehensive approach. This
aligns with the findings of Mironov et al., who
validated the prognostic accuracy of nSOFA in
neonatal sepsis, and suggests that combining dynamic
biomarker trends with objective clinical scoring may
improve early identification of high-risk neonates.1”

Despite these encouraging results, some
differences exist compared to the published literature.
For example, while Dinleyici et al., demonstrated that
PTX3 could serve as an early marker in fetal
inflammatory response syndrome,!8 our data indicate
that PTX3 may be more useful for monitoring
progression rather than initial risk stratification. This
discrepancy could be due to differences in study
populations, assay methodologies, or timing of
sampling. Similarly, unlike Mucka et al., study, where
PCT specificity was questioned due to elevations in
non-infectious inflammatory conditions,’ our data
showed a consistent correlation between PCT and
sepsis severity, possibly reflecting the careful
exclusion of confounding conditions in our cohort.

Overall, our results support the integration of
PCT and PTX3 into neonatal sepsis management.
While PCT may serve as an early indicator of severity,
PTX3 provides valuable information on progression
and prognosis. Used together, alongside validated
clinical scoring systems, these biomarkers may
enhance early risk stratification.

LIMITATIONS OF STUDY

This study has certain limitations. First, it was
conducted at a single tertiary care center with a relatively
small sample size, which may limit the generalizability of
the findings. Second, although we attempted to minimize
bias through blinding and standardized diagnostic
checklists, some degree of subjectivity in clinical assessment
could not be entirely eliminated. Third, serial measurements
were limited to admission and 72 hours; more frequent
sampling might have provided a clearer picture of
biomarker kinetics. Finally, resource constraints did not
allow parallel evaluation of additional emerging biomarkers,
which could have further strengthened the comparative
analysis and stratification.

CONCLUSION

Procalcitonin and Pentraxin-3 demonstrated strong
prognostic significance in neonatal sepsis, with their serial
measurement closely reflecting clinical progression and
outcome. Their integration with nSOFA scoring enhances
risk stratification and provides a reliable means of
distinguishing recovery from deterioration in critically ill
neonates.
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