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Abstract

Objectives: To evaluate diagnostic accuracy of urinary im-
mune biomarkers (IBM) for late-onset sepsis (LOS) in very
preterm infants.
Methods: Thismulticenter, prospective diagnostic accuracy
study, included preterm infants <32 weeks of gestation and
birth weight <1,500 g, needing evaluation for suspected LOS.
Urine samples obtained concurrent to blood culture and
sepsis screen were evaluated for interleukin-8 (IL-8) and
monocyte chemoattractant protein-1 (MCP-1) levels using
enzyme immunoassay. Positive blood and/or CSF culture
served as reference standards. Receiver operating charac-
teristic curveswere used to evaluate performance of urinary
IBM for detection of LOS.
Results: During September 2021–September 2023, we
evaluated 136 preterm, very low birth weight infants (mean
gestational age: 28.2 weeks, mean birth weight: 933 g) for
sepsis after 72 h of postnatal age and prior to 37 weeks
postmenstrual age. Twenty four infants had culture-
positive sepsis. Median IL-8 and MCP-1 levels in neonates
with LOS were 86.5 pg/mL and 230.2 pg/mL and those in
non-infected neonates were 66.5 pg/mL and 212.1 pg/mL.

Urinary IL-8 had sensitivity and specificity of 42 and 51 %
[AUC: 0.46 (0.35–0.57)] and urinary MCP-1 had sensitivity
and specificity of 46 and 53 % [AUC: 0.49 (0.38–0.60)] for
detection of LOS.
Conclusions: Urinary IL-8 and MCP-1 had low sensitivity
and specificity for diagnosis of LOS in very preterm infants.
These findings underscore the need to establish reference
ranges for urinary IBM in preterm neonates.
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Introduction

Late-onset sepsis (LOS) is a common morbidity in preterm,
very low birth weight (VLBW) neonates. Its incidence in
VLBW infants varies between 10 and 12 % in developed na-
tions [1, 2], to over 30 % in developing countries [3]. Along
with a high risk of mortality, LOS is associated with signifi-
cant brain injury [4, 5] and long-term respiratory morbidity
[6]. While early detection of LOS is essential to reduce sepsis-
related mortality and morbidities, accuracy in diagnosing
sepsis is also of paramount importance to avoid unnecessary
antibiotic exposure to potentially non-infected neonates.

Conventional microbiological cultures of blood and/or
cerebrospinal fluid (CSF) is the current gold standard for the
diagnosis of neonatal sepsis. However, the long turnaround
time, the effect of prior antibiotic exposure and small inocu-
lation volumes on the interpretation of culture results, un-
derscores the importance of reliable laboratory biomarkers
as add-on diagnostic tests for sepsis. The currently available
biomarkers have low sensitivity for detecting LOS,may not be
detected in early stages of the disease and may demonstrate
elevated levels in non-infective states [7]. None of the
currently available biomarkers or their combinations have
adequate diagnostic accuracy to be reliably used in the diag-
nosis of neonatal sepsis.

Interleukins (IL) are a class of pro-inflammatory cyto-
kines that are released from macrophages at the onset of
inflammation [8] and reach detectable levels in the blood
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much earlier than other biomarkers of sepsis. Chemokines
or chemotactic cytokines are heparin-binding proteins that
attract monocytes and T lymphocytes at the inflammatory
site. The expression of the monocyte chemoattractant pro-
tein (MCP-1) has been reported to increase in preterm in-
fants exposed to perinatal infections [9]. The utility of ILs for
early diagnosis of sepsis has been extensively studied,
although limited testing capacities, assay complexities and
reagent costs have largely precluded their clinical applica-
tion. Serum IL-6 and IL-8 are the most commonly studied
immune biomarkers (IBM) in neonates, with a sensitivity
ranging between 60 and 90 % and specificity between 50 and
85 %, for the detection of neonatal sepsis [10, 11]. Besides
serum, the IBMs have been evaluated in other body fluids,
such as urine, tracheal aspirate, amniotic fluid, and cord
blood [12–15]. Urinary IL-8 and MCP-1 have been reported as
reliable biomarkers in diagnosis of sepsis, but the studies are
limited to term neonates [16] or to infections localized to the
urinary tract [17]. Urinary IBM estimations are non-invasive
and may offset the sample volume constraints specific to
serum evaluations in very premature infants. Furthermore,
the correlations between serum and urinary ILs have been
poorly studied and may not allow drawing of inferences on
urinary IL levels, based on the serum measurements. There
are limited data on the evaluation of urinary IBM in detec-
tion of culture positive sepsis in neonates. The objective of
our study was to evaluate the diagnostic accuracy of urinary
IL-8 and MCP-1 as immune biomarkers for LOS in very
preterm infants born at <32 weeks of gestation.

Materials and methods

This multi-centre, prospective, diagnostic accuracy study
was conducted at the Neonatal intensive care unit of Surya
Children’s Hospital (SCH) and King Edward Memorial Hos-
pital (KEM), Mumbai during the time period of September
2021 to September 2023. The study was approved by the
Institutional Ethics Committee of both centers, EC-04/09/2021
and EC/OA-72/2022 respectively. Written consent was ob-
tained from the parents prior to the enrolment of neonates
in the study.

Participants

Consecutively admitted preterm infants with gestational
age <32 weeks and birth weight of <1,500 g, needing evalua-
tion for suspected sepsis after 72 h of postnatal age were
included in the study.

Infants presenting with one or more of clinical signs,
including fever >100 °C, tachypnoea (respiratory rate of >60
per minute) with respiratory distress, apnoea requiring
positive pressure ventilation, need for invasive ventilation,
feeding intolerance (defined as clinical status that leads to
interruption of feeds for a period of not less than 24 h),
abdominal distension, lethargywith refusal to feed, seizures,
hypotension (mean arterial pressure in mmHg less than the
gestational age in weeks) or oliguria (urine output less than
1 mL/kg/h), were included for sepsis evaluation [18].

Neonates were excluded if they had serious congenital
anomalies, surgical conditions or post-inflammatory states
like necrotizing enterocolitis. Infants treated with antibi-
otics for risk factors of EOS (within 1st 48 h of age) were
excluded if an antibiotic-free interval of at least 96 h was not
achieved prior to inclusion in our study. Assessments of
urinary biomarker was performed only for the first evalu-
ation of LOS in eligible infants.

Index test: urinary immune biomarkers (IL-8
and MCP-1)

Given the lack of normative data for urinary IBM in neonates
and thewide variation in the positivity threshold reported in
literature [19], we estimated urinary levels of IL-8 andMCP-1
in a control sample of 22 healthy preterm neonates. These
included inborn preterm neonates born <32 weeks of
gestation with a birth weight of <1500 g and a postnatal age
of >7 days and without clinical signs suspicious of sepsis.

We chose the 95th centile of the distribution of the data
to define the cut-off for positivity (92 pg/mL for IL-8 and
257 pg/mL for MCP-1). These infants were not part of the
study population.

Approximately 5–10 mL of urine was collected from
infants included in the study, in urine collection bags during
evaluation of sepsis andwithin 4 h of initiation of antibiotics.
Infants were catheterized if urine cultures also had to be
sent as part of sepsis evaluation. Urine samples were frozen
and stored at −20 °C in the laboratory of the two partici-
pating hospitals (SCH andKEM) and sent frozen to the testing
laboratory at the Institute of Chemical Technology (ICT),
Mumbai. Samples were aliquoted and stored at −80 °C until
testing.

The urinary interleukins were analyzed in 96-well
plates, using sandwich ELISA kits (GENLISA Human MCP-1/
CCL2 andHuman IL-8/CXCL8, Krishgen Biosystems,Mumbai,
India). The assay sensitivity of the test kit was set
to <9.375 pg/mL for MCP-1 and <15 pg/mL for IL-8. Both bio-
markers had a standard calibration range of 15.6–1,000 pg/
mL and an intra-assay coefficient of variation of <10 %. The
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urine samples and standards were incubated with mono-
clonal antibodies in pre-coated microwells. Results were
obtained in 5 h. The details of immunoassay have been
included in the Supplementary Material.

Reference standard: blood or CSF culture
(BACTEC method)

Study infantswere sampled simultaneously for sepsis screen
(white cell count, absolute neutrophil count, platelet count
and C-reactive protein (CRP)), and blood culture. Approxi-
mately 1 mL of blood was collected for cultures and was
processed using the BACTEC method. White blood cell and
platelet counts weremeasured using automated cell counter
and CRP was measured using rapid immunoturbidometric
method. Additional investigations for sepsis, such as urine
analysis, endotracheal aspirate cultures, serum procalcito-
nin, and chest and abdominal X-rays were ordered at the
discretion of the clinician.

Intravenous antibiotic was commenced in the study
infants until culture reports were available. Antibiotics were
administered for a duration of 14 days in culture positive
sepsis. Antibiotics were ceased once blood cultures were
reported to be sterile (approximately three days). Infants
whose cultures were negative, but had abnormal laboratory
markers (CRP>10 mg/L or white blood cell count<4,500
or >24,000/cummor absolute neutrophil count<1,000/cumm
or platelet count<100,000 cells/cu mm) were treated with
antibiotics for a duration of 5 days.

Target condition

LOSwas defined by the presence of positive blood and/or CSF
culture after 72 h of postnatal age. Isolation of bacteria or
fungi from urine, tracheal secretions and other common
sites of microbial colonization were not included in the
definition of sepsis. Organisms commonly considered as skin
commensals were also excluded. Coagulase-negative staph-
ylococcal infection was defined by isolation of the organism
in two blood cultures drawn 24 h apart or by a positive blood
culture in the presence of an intravascular line [20].

The treating physicians recorded the demographic and
neonatal outcome data for each infant in a predesigned case-
record form.

The blood culture reports of the study infants were
masked to the researchers at ICT who reported and inter-
preted the IBM levels in the study infants. Blood culture
reports were interpreted by the microbiologists at both the
treating hospitals without the knowledge of urinary IBM

values. The laboratory personnel were also masked to the
clinical condition of the study infant.

Statistical analysis

Categorical variables were reported as counts and percent-
ages and continuous variables were reported as median and
interquartile ranges. Urinary IBM levels and other labora-
tory biomarker levels were compared between those with
andwithout proven LOS. Two sample t test/Mann-Whitney U
test were used to compare the values between the groups.

We used the receiver operating characteristic (ROC)
curve to determine test performance in discriminating be-
tween the infected and non-infected neonates. The area
under the ROC greater than 0.75was considered optimal. The
diagnostic accuracy was reported at the prespecified cutoff
for both the urinary IBM. Sensitivity, specificity, likelihood
ratio (LR) of positive and negative test, were reported with
95 % confidence intervals. LR of a positive test of >5 and a
negative test of <0.2 was considered to rule in or rule out
sepsis with moderate probability. Statistical analysis was
performed using Stata version 15.1 (StataCorp LLC).

Results

During the study period of Sep 2021 to Sep 2023, 180 infants
were screened for eligibility. Urinary IBM estimation
concomitantwith blood culture testingwas performed in 136
infants. The study enrolment process has been displayed in
Figure 1. Urine samples were not available from four infants
and were excluded from the analysis (inability to collect
urine within 4 h of antibiotic initiation-three infants, sample
contamination with feces in one infant).

The median gestational age of the included infants was
28.2 weeks and birth weight was 933 g. Seventy-six (56 %)
neonates were extremely premature (<28 weeks of gesta-
tion). The median postnatal age at assessment of urinary
IBM levels was 23 days. Median duration of hospital stay was
58 days. Tachypnoea and/or respiratory distress (37 %) was
the most common reason for sepsis evaluation, followed by
apnea requiring positive pressure ventilation (27 %) and
feed intolerance (23 %). A total of six study infants died
during the hospital stay (Table 1).

Culture-positive sepsis was confirmed in 24 infants
(18 %). Of those, 22 had a positive blood culture, one had a
positive CSF culture and one infant had both positive blood
and CSF culture. Klebsiella was the most common organism
(7 infants) reported among the infected neonates. E. coli
sepsis was noted in four infants, followed by Acinetobacter,
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Pseudomonas and Enterococcal infections in three infants
each. Methicillin-resistant Staphylococcus aureus was the
causative organism in two infants, Streptococcus and coag-
ulase negative staphylococcal infection were noted in one
infant.

Median IL-8 levels in the studied infants were 79.2
(16.6–357.1) pg/mL and MCP-1 levels were 239 (49–579) pg/mL.
The median value of IL-8 and MCP-1 was not significantly
different between infants with sepsis and the non-infected
neonates (Table 2).

The area under the ROCwas 0.46 (0.35–0.57) for IL-8 and
0.49 (0.38–0.60) for MCP-1 (Figure 2). The sensitivity and
specificity of IL-8 for LOS were 42 % (95 % CI: 22–63 %) and
51 % (95 % CI: 41–60 %), using the prespecified cut-off of
92 pg/mL. The sensitivity and specificity of MCP-1 were esti-
mated as 46 % (95 % CI: 26–67 %) and 53 % (95 % CI: 43–62 %),
using the prespecified cut-off of 257 pg/mL (Table 3).

Discussion

Our study shows that urinary IBM (IL-8 andMCP-1) had poor
sensitivity and specificity (<50 %) and may not be reliable in
diagnosing LOS in very preterm infants, of <32 weeks of
gestation. The area under ROC <0.5 also suggested poor

performance of the urinary interleukins over a range of
decision thresholds. A randomly chosen infected neonate, as
compared to a non-infected neonate is less likely to be
correctly diagnosedwith sepsis based on urinary interleukin
levels.

Interleukins contribute to the early phase of immune
activation in response to inflammatory process. The serum
IL-6 and IL-8 levels peak at 6 h after onset of bacteremia and
decline over next 24 h [21, 22], making them promising bio-
markers for early detection of sepsis. Serum MCP-1 has also
been reported as a potential biomarker for differentiating
between sepsis and systemic inflammatory response syn-
drome in critically ill children [23].

Very limited literature exists on the molecular kinetics
of urinary IBM and its role in the diagnosis of neonatal in-
fections. While the significance of urinary interleukins has
been commonly studied in the context of urinary tract in-
fections [17, 24–26], Bentlin et al. evaluated the reliability of
urinary IL-8 for diagnosis of LOS in 56 premature infants
[27]. They reported that at optimized thresholds, the sensi-
tivity of urinary IL-8 (92 %) was higher than that of serum
IL-8 (69 %) for detection of LOS. However, their analysis
included neonates with either clinical or culture-positive
sepsis after 48 h of age. Another study reported significantly
elevated urinary levels of IL-8, inducible protein-10 and

Figure 1: Flow diagram of study enrolment.
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MCP-1 levels in 15 term infants with presumed sepsis as
compared to 15 healthy control neonates admitted to
neonatal nursery[16]. The results of our study were in
contrast to these previous studies. It is possible that urinary
IBM levels may be reflective of local inflammatory response
than systemic infection. We measured cytokine levels at a
single time point in the early phase of infection. The prob-
ability of capturing peak levels of cytokines could have been
higher with serial evaluations of interleukins.

Our study had certain strengths. Over 50 % of our study
population comprised of extremely low birth weight infants
with high risk of sepsis attributable mortality. We did not
include a control sample of healthy infants for the diagnostic
accuracy analysis. Those infants may not require screening
for sepsis in realworld setting and their inclusion could have
impacted the generalization of our results. Our reference
standard did not include clinically diagnosed sepsis based
on abnormalities in other biomarkers of sepsis, thereby
reducing the misclassification of infected and non-infected
neonates. Prospective study design, blinding of test inter-
pretation by clinical and microbiology team, pairing of uri-
nary interleukin assessments with blood cultures in all
included infants may potentially reduce selection bias in the
interpretation of our results. Lower rates of participant ex-
clusions and sample losses are some of the other strengths.
Urine samples were stored at −20 °C at the treating hospitals

Figure 2: Receiver operating characteristic curves of urinary interleukin-
8 (IL-8) and monocyte chemoattractant protein-1 (MCP-1) for the diag-
nosis of late-onset sepsis in very preterm infants. The figure illustrates the
diagnostic performance of IL-8 and MCP-1 for various threshold levels.
AUC, area under the curve; IL-8, 0.46 and MCP-1, 0.49. IL-8, Interleukin-8;
MCP-1, monocyte chemoattractant Protein-1.

Table : Baseline characteristics.

Baseline characteristics Neonates (n=)

Gestational age at birth, weeks . (.–.)
Birth weight, g  (–,)
Male gender  (%)
Multiple births  (%)
Postnatal age, days  (–)
Time to urine sample collection, minutesa  (–)
Duration of hospital stay, days  (–)

Clinical signs of sepsis:

Tachypnoea and/or respiratory distress, n, %  (%)
Apnea requiring IPPV or respiratory support, n, %  (%)
Abdominal distension or feed intolerance, n, %  (%)
Fever > degree celsius, n, %  (%)
Hypotension, n, %  (%)
Oliguria or peripheral hypoperfusion, n, %  (%)

Laboratory investigations:

Thrombocytopenia, n, %  (%)
Platelet count, cells/cu.mm . x  (.–.)
White blood cell count, cells/cu.mm , (,–,)
CRP, mg/L . (.–.)
IL-, pg/mL . (.–.)
MCP-, pg/mL . (.–.)
Duration of antibiotic therapy, days  (–)

Data expressed as median (st quartile, rd quartile) or n(%). aMedian time
between suspicion of sepsis and collection of urine sample. IPPV,
intermittent positive pressure ventilation; CRP, c- reactive protein; IL,
interleukin; MCP, monocyte chemoattractant protein.

Table : Comparison of laboratory markers in infants with and without
late onset sepsis.

Laboratory markers Neonates with
LOS (n=)

Neonates without
LOS (n=)

p-
Value

White cell count, cells/
cu.mm

  ( –
)

  ( –
)

.

Absolute neutrophil
count, cells/cu.mm

  ( –
)

  ( – ) .

Platelet count
(x  cells/cu.mm

. (.–.) . (.–.) .

CRP, mg/L . (.–.) . (.–.) .
Urinary IL-, pg/mL . (.–.) . (.–.) .
Urinary MCP-, pg/mL . (.–

.)
. (.–.) .

Data expressed as median (st quartile- rd quartile). p-Values calculated
using Wilcoxon ranksum test. CRP, c- reactive protein; IL-, interleukin ;
LOS, late onset sepsis; MCP-, monocyte chemoattractant protein-.
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for a period of 48–72 h prior to transfer to −80 °C storage
conditions at the testing laboratory. Stability of urinary
biomarkers has been reported at a storage temperature of
4 °C over a period of 3–7 days[28, 29]. The impact of pre-
analytical storage temperatures on biomarker levels in our
study is less likely.

Our study had some limitations. We chose a conve-
nience sample size of 136 infants due to funding con-
straints. Assuming a 20 % prevalence of LOS in our unit, a
minimally acceptable sensitivity of 90 % for the biomarker
assay and a precision of ± 15 %, a sample size of approxi-
mately 350 would be required for such evaluations [30].
The test threshold selected for the study may not neces-
sarily be optimal to distinguish sepsis from its close dif-
ferential diagnosis. Wide variations in urinary IBM levels
among infants with confirmed LOS precluded the identi-
fication of an optimum threshold for positivity based on
our study data. Large-scale evaluations in healthy term
and preterm infants are required to derive normative
ranges of these biomarkers, standardize the decision
thresholds and to study the influence of gestational age,
postnatal age and other morbidities on these levels. We did
not concurrently measure serum levels of IL-8 to verify
concordance with the urinary levels. Although serum IL-8
is reported to have moderate diagnostic accuracy [31], it is
important to note that most of these evaluations have been
conducted in the context of early-onset sepsis and the
diagnostic cut-off has varied from 0.65 to 300 pg/mL in
clinical studies. Reports also indicate that urinary inter-
leukin levels may not correlate with the serum levels in
neonates.

It is possible that these tests may have better diagnostic
properties on serial evaluations or when combined with
other biomarkers [32]. While such assessments may facili-
tate monitoring of response to treatments and enable pre-
diction of disease severity and prognosis, it remains
important to ascertain the ability of these biomarker com-
binations to discriminate between infants with and without
infection, particularly in the early phase.

Conclusions

Urinary IBM (IL-8 and MCP-1) were not reliable in diagnosis
of LOS in very preterm infants. Validation of biomarker
levels in infected and non-infected neonates across different
gestations and postnatal ages would be required to reliably
estimate the diagnostic accuracy of these urinary IBMs.
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