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Serum Interleukin 8 Level as a Diagnostic Marker in Late Neonatal Sepsis
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Abstract

Objective: Late-onset sepsis is responsible for high morbidity and mortality in newborn infants
in the world and in particular in developing countries. In this study, we evaluated whether
clinical characteristics, laboratory parameters and measurements of serum interleukin-8 (IL-8)
are able to discriminate between late neonatal sepsis and normal baby.

Methods: This was a prospective (case-control) study conducted between March 2007 and
April 2008, at the neonatal intensive care unit, Ghaem Hospital, Mashhad, Iran. The study
comprised 93 neonates 272 hours of life. The infants were categorized in two groups based on
the clinical presentation, and biochemical markers including complete blood count, C-reactive
protein (CRP) and blood culture: 1) Control group including 42 infants with routine screening
and 2) Case group consisting of 38 infants with definitive infection (positive blood and/or
cerebrospinal fluid culture) or clinical sepsis (clinical and laboratory signs of infection without
positive blood or CSF culture). Receiver-operating characteristic curves were used for the
determination of thresholds for the infection group versus healthy neonate group.

Findings: Eighty infants were enrolled in this study. IL-8 and CRP decreased in order of
definitive infection, clinical sepsis and healthy subjects respectively (P<0.001). Sensitivity,
specificity, positive predictive value, negative predictive value for serum levels were 0.95, 0.1,
0.97, 0.1 for IL-8 and 0.83, 0.86, 0.83, 0.69 for CRP respectively (cut-off point for IL-8 >60pg/ml
and for CRP>6mg/dl).

Conclusion: 1L-8 may be a valid and early predictive marker of neonatal infection. Also, IL-8 is
associated with severity of infection.
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Introduction

Neonatal sepsis is a devastating disease with an
incidence of 1 to 10 per 1000 live births and a
mortality rate of 15% to 50%[!. Bacterial
infection contributes significantly to morbidity
and mortality in newborn infants(234], The term
of late-onset infection refers to the age at onset
of infection after third day of life.

Improvement outcome and successful
treatment depends on early initiation of
appropriate antibiotic therapy, but early

diagnosis of neonatal bacterial infections is
difficult, because clinical signs are non-specific,
variable and may initially be subtle. Isolation of
micro organism from blood, cerebrospinal fluid
(CSF) and urine is the gold standard method to
diagnose a neonatal infection, but
microbiological culture is not available until at
least 2-5 days. It is therefore recommended for
all neonates who develop signs of sepsis to start
empirical antimicrobial therapy. Thus, even
infants with no sepsis usually receive at least 3-5
days of antibiotic therapy. Therefore, markers
are needed to reliably identify truly and early

infected neonatesl(sl. In recent  years,
hematological and biochemical markers such as:
immature/total neutrophil ratiol®], platelet

countl’], C-reactive protein (CRP)I® and various
cytokines[®10], have all been suggested as being
useful indicators for early identification of septic
infants[1112] [L-8, a pro-inflammatory cytokine
predominantly produced by monocytes,
macrophages, and endothelial cells, rises early in
the course of neonatal bacterial infections.
Because of the high prevalence of neonatal
sepsis in Iran we aimed to compare IL-8 with
other laboratory tests including white blood cells
(WBCQ), platelets (PLT) and CRP in the early
diagnosis of late neonatal sepsis.

Subjects and Methods

This was a prospective (case-control) study
conducted between March 2007 and April 2008,
at the neonatal intensive care unit (NICU) and
emergency department in Ghaem Hospital,
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Mashhad, Iran. Ninety three neonates were
eligible for the study. Parental informed consent
was obtained for every patient and normal
newborn before admission to the study. This
study was done with approval of the Ethics
Committee of Mashhad University of Medical
Sciences.

The neonates were categorized on the basis of
their clinical presentation, complete blood count
(CBC), CRP and blood culture in: 1) Control
group and 2) Cases divided into subgroups of
definitive infection and clinical sepsis (Table 1).

Inclusion criteria were positive clinical signs
of sepsis and positive blood or cerebrospinal
fluid culture as a definitive infection (n=18).
Among them, 15 neonates had positive blood
culture and 3 cases positive cerebrospinal fluid
culture. The patients in subgroup clinical sepsis
had clinical and laboratory evidence of infection
[CRP>6 mg/d]l, platelet count <150000/cmm,
WBC>12000/cmm and/or absolute neutrophil
count (ANC)>6400/cmm)], but negative blood or
CSF cultures (n=20). Clinical signs of sepsis were
defined as the presence of two or more of the
following clinical signs: respiratory compromise
(tachypnea, grunting, intercostal retractions,
apnea and need to ventilation), gastrointestinal
compromise (feeding intolerance and abdominal
distension), neurological changes (seizure and
irritability), cardiovascular compromise (hypo-
tension and cyanosis), general signs (fever,
lethargy).

Exclusion criteria were congenital
malformations, congenital infections associated
with the TORCH complex, and refusal of parens.

The symptoms were recorded by the resident
of pediatrics or neonatologist in the neonatal or
emergency unit. Thirteen infants were excluded
for the reasons related to problems with
specimens, including insufficient blood sample,
specimens becoming mislaid or insufficient data
for analysis and parental refusal.

Also forty-two healthy infants were recruited
as a control group (non-infected newborn was
defined as having no clinical or laboratory signs
of sepsis, which refer to clinic for screening tests
or physiologic hyperbilirubinemia).

Blood culture, cerebrospinal fluid culture,
urine culture, CBC with differential, platelet
count, blood sugar, urea, creatinin, sodium,
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potassium, calcium and serum interleukin-8 (IL-
8) were determined at the request of the
clinicians at initial evaluation. CRP concentration
during 6 hours after initial symptoms also was
determined.

From each neonate with suspected infection,

blood sample of 1 to 2cc was taken by
venipuncture for IL-8 determinations and other
laboratory tests. A similar blood sample was also
obtained from 42 healthy neonates concurrently
for serum bilirubin measurement or other
routine tests. Plasma was separated by
centrifugation and then stored in aliquots at
-70°C  until analysis. IL-8 enzyme-linked
immunosorbent assay kit (Bender Med system
GmbH) was used to determine the serum level of
IL-8 (normal value for IL-8 36pg/ml). All
samples ran in duplicate. Plasma CRP
concentrations were measured immunotur-
bidimetrically. Levels greater than 6 mg/dl were
defined as abnormal.
Data analysis: Descriptive and analyzing tests
(Mann-Whitney rank-sum test, Student t-test,
chi-square test, Pearson correlation and
Spearman rank correlation) were performed by
using SPSS software. Statistical comparison
between the groups (definitive infection group,
clinical sepsis group and control group) was
performed with analysis of variance (ANOVA)
test for Continuous data. Sensitivity and
specificity, and 95% confidence interval (CI)
values were calculated for IL-8, CRP and PLT.
Receiver-operating characteristic (ROC) curves
were used for the determination of thresholds
for the sepsis group versus healthy neonate
group. The relationship between CRP and IL-8
was determined with the Spearman rank
correlation test. The correlation coefficient and
its 95% CI are presented. A P-value of <0.05 was
considered statistically significant.

Findings

Of the 93 neonates recruited into the study,
complete data were obtained for eighty
consisting of 38 cases and 42 controls. Clinical
and laboratory characteristics are shown in
tables 1 and 2. No significant differences
(P>0.05) were observed between the controls
and cases with respect to weight, gestational age,
Apgar score at fifth minute, sex, mode of
delivery, maternal age, parity, history of
pregnancy and delivery problem (Table 1).

The cases comprised infants who fulfilled the
clinical criteria for sepsis (n=20) and those with
a definitive diagnosis of infection (n=18). Among
definitive infection subgroup, fifteen were blood-
culture positive: six for gram negative bacill,
four for Kilebsiella pneumoniae, three for
Escherichia coli, and two for Staphylococcus
epidermidis. CSF culture was positive for
Escherichia coli in two and for gram negative
bacilli in one patient.

Clinical features included lethargy (n=28),
poor feeding (n=23), respiratory distress (n=21),
apnea (n=11), seizures (n=14), fever (n=10), use
of ventilation (n=10), abdominal distension
(n=9), cyanosis (n=3), hypotension (n=2),
irritability (n=2). Significant differences were
observed between control and case groups
regarding platelet count, while WBC, ANC, CRP
and IL-8 (P<0.05, Table 2). IL-8 level was
decreased in order of definitive infection, clinical
sepsis and healthy subjects (P<0.001, Table 2).
Of the 38 infants assigned to the disease group, 7
patients expired. Mean serum level IL-8 in non-
survivors was 522.342 (316-727, 95% CI for
mean) higher than in survivors (158.182, 101-
215 95% CI, P<0.001). Figures 1 and 2 show that
there was a sensitivity of 94.8%, specificity of
100%, positive predictive value (PPV) of 97.4%,

Table 1: Clinical characteristics of participant groups

Definitive

infection
Number of participants - 18
Gestational age (wk) mean (SD*) 34.5 (3.6)
Birth weight (g) mean (SD) 2140(630)

* SD: Standard Deviation

Clinical sepsis nl::::;ltlz’s
20 42 0.7
36 (3.3) 36 (3) 0.5
2320(740) 2210(690) 0.7
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Table 2: Comparison of biochemical markers between groups

Definitive infection 510.86 (10.7-822)

i;';/m” Clinical sepsis 236.76 (11.2-728)
Healthy neonates  15.07 (0.4-50)
Definitive infection 22 (1-30)

;:rl:ll;/dl) Clinical sepsis 16.5 (2-28)
Healthy neonates 1 (0-13)

Platelet Definitive infection 196 (15-670)

(x103 Clinical sepsis 95 (12-370)

cmm) Healthy neonates 234 (28-648)

WBC* Definitive infection 16300 (4100-29000)

(cmm)  Clinical sepsis 15800 (5000-35000)

Healthy neonates 9200 (4200-16000)

* Definitive infection compared with healthy infants
t Clinical sepsis compared with healthy infants

i Clinical sepsis compared with definitive infection
# White Blood Cells

and negative predictive value (NPV) of 100% at
a cut-off value of 60 pg/ml for the IL-8 assay at
presence of signs and symptoms. Also IL-8
concentration and the peak CRP concentration
had sensitivities of 66%, Specificity of 100%,
NPP of 82.7%, and PPV of 100% (Fig. 2).
Thrombocytopenia was seen in 17 (44.7%) of
patients and 8 (19%) of normal newborns.

‘ P-value

Infection | Sepsis and
and healthy healthy
infants* infantst

Between
groups

Sepsis and
infection#

<0.001  <0.001 <0.001 <0.05
<0.001 <0.001 <0.001 <0.01
<0.05 <0.05 <0.01 <0.01
<0.01 <0.01 <0.01 >0.05
Discussion

Serum IL-8 was significantly higher in infants
with confirmed sepsis than healthy infants, prior
to the blood culture being positive. Among the
patients in confirmed sepsis group, not survived
infants had significantly higher serum IL-8 levels
than survived infants.

ROC Curve
1.0
J Source of the Curve
o —IL-8
——Quality CRP
0.8 Erythrocyte Sedimentation
- Rate
Sensitivity ——Absolute Neutrophil
Complete Blood Count
0.6 Reference Line
0.4—
0.2—
0.0 \ \ \ \
0.0 0.2 0.4 0.6 08 1.0
1 - Specificity

Diagonal segments are produced by ties.

Fig. 1: Sensitivity and specifity of laboratory tests
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Fig. 2: Sensitivity, specificity, positive predictive value and negative
predictive value of laboratory tests

The most common organism implicated in late

onset sepsis were gram negatives (86.6%) and in
13% of cultures grew Staphylococcus
epidermidis. In other studies, the most common
organism implicated in late onset sepsis was
Staphylococcus epidermis®t3l. It is partially
because too many patients attend NICU and the
ratio of nurse to patient is low.
The role of IL-8 and CRP for early diagnosis of
neonatal infection: Accurate and timely
diagnosis of late onset neonatal sepsis remains
challenging to the clinician and the biochemists.

The management of suspected neonatal sepsis
would be greatly simplified if there were a single
reliable marker of infection with results
available soon after the onset signs and
symptoms. A reliable prediction of the absence
of infection would be most useful in the clinical
setting as antibiotics could be withheld in more
of these infants than is the current practicel11.14],
The majority of suspected infective infants who
receive antibiotics for 2-3 days because clinical
signs suggest possible infection and early
laboratory parameters are unable to rule out
infection[!3l. Less than 10 percent of the
neonates evaluated and treated for sepsis had
definite infection(6l.

cytokines are promising diagnostic markers
and their levels are increased early in the
infective process!l’. We have found that serum

IL-8 concentrations are significantly higher in
neonates who are subsequently proven by
blood/CSF culture to have sepsis than for
healthy infants. IL-8 concentrations in our
infants with sepsis (510.86, range 27-822 pg/dl)
were up to 34 times higher than in healthy
neonates (15.07, range 0.4-50pg/dl). Consistent
with our findings, other clinical studies have
shown increased plasma levels of IL-8 in
neonatal sepsis. Recently IL-8 was found to
reduce in a cost-effective manner unnecessary
antibiotic therapy for nosocomial bacterial
infections in newborn infants by 73%l11819],
Serum IL-8 level has been reported to increase
both in early- and late-onset neonatal sepsis and
to have a sensitivity of about 80-91% and a
specificity of about 76-100%[20. In a study by
Edgar et al, who evaluated 60 infants with sepsis,
all 25 infants with positive blood culture results
had significant elevation of IL-6 and IL-8
levels[®21],

IL-8 is a cytokine that has a role in release,
activation and chemotaxis of neutrophils/2-4l.

In the present study CRP =6mg/dl as the cut-
off value, for diagnosis definitive sepsis was a
sensitivity of 83%, specificity of 85%, PPV of
83%, and NPV of 68%. In various studies using
CRP 21 mg/dl as the cut-off value, the range of
reported statistical outcomes is as follows;
Sensitivity 70% to 93%, specificity 41% to 98%,



positive predictive accuracy 6% to 83%, and
negative predictive accuracy 97% to 99%/[20.22],
In a study by Kocabas et al, in CRP 210 mg/dl
sensitivity was 80.8%, specificity 100%, PPV
100%, and NPV 85.2%[20l. CRP is a very good
marker for sepsis after 12 h duration.

Although acute phase proteins have higher
sensitivity and specificity, 10-30% of genuinely
infected cases could still remain undiagnosed
during the first 2 days of clinical presentation
despite serial measurements.

IL-8 superiority to CRP in the detection of
systemic inflammation is shown by the results in
the present study. Here, in this study, CRP level
correlated positively with IL-8 concentration,
and PPV and specificity of the 2 assays were
comparable. Franz et al studied IL-8 in
combination with CRP and procalcitonin levels
in 46 infants; 9 had culture positive bacterial
infection. In their study, the combination of IL-8
(270 pg/ml) and/or CRP (>10 mg/dl) was a
reliable marker for the early diagnosis of
bacterial infection in newborn infants. This had a
sensitivity of 91% and a specificity of 73%[°18l.
Association between serum level of IL-8 and
severity of neonatal infection: In the present
study, serum concentrations of IL-8 in non
surviving neonates were 3.3 times higher than in
surviving neonates (522.34 vs 155.18 pg/dl).
Among neonates with confirmed sepsis, a non
survivor infant had significantly high serum IL-8,
which was also a predictor of mortality. The
findings suggest that IL-8 level is related to
severity of systemic inflammation. In adults with
sepsis, serum levels of IL-8 are higher in
nonsurvivors than in survivors,[l. In the study of
Franz et all*18], a very premature infant who
succumbed to a blood culture-proven sepsis had
extremely high levels of circulating IL-8, greater
than 10000pg/ml. Chemokines and proinflam-
matory cytokines are essential for host defense
against microbial infection[23], but excessive
influx of activated leukocytes coupled with
exaggerated production of potent
proinflammatory mediators can contribute to
deleterious consequences, leading to widespread
small-vessel damage, multiorgan dysfunction,
and deathl24],

One of our limitations of the present study
was small sample size in subgroups of patients.
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Conclusion

Serum level of IL-8 is a mediator of inflammation
and can be used in diagnosis and prognosis of
neonatal sepsis.

Serum IL-8 level was significantly higher in
infants with confirmed infection than healthy
newborns, prior to blood culture being positive
and also it is associated with severity of
infection. Further studies with large sample size
in subgroups of suspected infective infants are
needed to confirm our finding.

Acknowledgment

This study was kindly supported by vice-
chancellor research office, Mashhad University
of Medical Sciences, Iran, Neonatal Research
Center and Immunologic Research Center,
Mashhad, Iran and Mrs Nasrin Moheghi.

Conflict of interest: None declared.

References

1. Nupponen I, Andersson S, Jarvenpda A, et al.
Neutrophil CD11b expression and circulating
Interleukin-8 as diagnostic markers for early-
onset neonatal sepsis. Pediatrics. 2001;108(1):
12-8.

2. Franz AR, Bauer K, Schalk A, et al. Measurement
of interleukin 8 in combination with C-reactive
protein reduced unnecessary antibiotic therapy
in newborn infants: a multicenter, randomized,
controlled trial. Pediatrics. 2004;114(1):1-8.

3. Maamouri GH, Boskabadi H, Tavakkol Afshari ],
Shakeri MT. Evaluation of quantitative IL6 in the
diagnosis of neonatal sepsis. ] Mashhad Univ
Med Sci. 2006;49(93):253-6.

4. Verboon-Maciolek MA, Thijsen SF, Hemels MA,
et al. Inflammatory mediators for the diagnosis
and treatment of sepsis in early infancy. Pediatr
Res. 2006;59(3):457-61.

5. Murray B. Can antibiotic resistance be
controlled? N Engl ] Med. 1994;330(17):1229-
30.

6. Berger C, Uehlinger ], Ghelfi D, et al. Comparison
of C-reactive protein and white blood cell count



Iran ] Pediatr; Vol 20 (No 1); Mar 2010

10.

11.

12.

13.

14.

15.

with differential in neonates at risk of
septicaemia. Eur ] Pediatr. 1995;154(2):138-44.

. Rodwell RL, Leslie AL, Tudehope DI. Early

diagnosis of neonatal sepsis using a hematologic
scoring system. ] Pediatr. 1988;112(5):761-7.

. Wagle SGA, Kohan R, Evans SF. C-reactive

protein as a diagnostic tool of sepsis in very
immature babies. ] Paediatr Child Health. 1994;
30(1):40-4.

. Gonzalez BE, Mercado CK, Johnson L, Brodsky

NL. Early markers of late-onset sepsis in
premature neonates: clinical, hematological and
cytokine profile. ] Perinat Med. 2003;31(1):60-8.

Baier RJ, Loggins ], Yanamandra K. IL-10, IL-6
and CD14 polymorphisms and sepsis outcome in
ventilated very low birth weight infants. BMC
Med. 2006;12(4):10-6.

Ng PC, Cheng SH, Chui KM, et al. Diagnosis of late
onset neonatal sepsis with cytokines, adhesion
molecule, and C-reactive protein in preterm very
low birthweight infants. Arch Dis Child Fetal
Neonatal. 1997;77(3):221-7.

Maamouri GH, Boskabadi H, Tavakkolafshari J,
Shakeri MT. Evaluation Quantities Interleukin 6
in diagnosis of Neonatal sepsis . Medical Journal
of Mashad University of Medical Sciences 2006;
93(49): 253-260.

Fanaroff AA, Korones SB, Wright LL, et al
Incidence, presenting features, risk factors and
significance of late onset septicemia in very low
birth weight infant. Pediatr Infect Dis ]. 1998;
17(7):593-8.

Mishra UK, Jacobs SE, Doyle LW, Garland SM.
Newer approaches to the diagnosis of early
onset neonatal sepsis. Arch Dis Child Fetal
Neonatal. 2006;91(3):208-12.

Horisberger T, Harbarth S, Nadal D, et al. G-CSF
and IL-8 for early diagnosis of sepsis in neonates
and critically ill children - safety and cost
effectiveness of a new laboratory prediction

16.

17.

18.

19.

20.

21.

22.

23.

24.

model: study protocol of a randomized
controlled trial. Crit Care. 2004;8(6):443-50.

Magudumana MO, Ballot DE, Cooper PA, et al.
Serial interleukin 6 measurements in the early
diagnosis of neonatal sepsis. ] Trop Pediatr.
2000;46(5):267-71.

Ng PC, Lam HS. Diagnostic markers for neonatal
sepsis. Curr Opin Pediatr. 2006;18(2):125-31.

Franz AR, Steinbach G, Kron M, Pohlandt F.
Reduction of unnecessary antibiotic therapy in
newborn infants using interleukin-8 and C-
reactive protein as markers of bacterial
infections. Pediatrics. 1999;104(3):447-53.

Franz AR, Kron M, Pohlandt F, Steinbach G.
Comparison of procalcitonin with interleukin 8,
C-reactive protein and differential white blood
cell count for the early diagnosis of bacterial
infections in newborn infants. Pediatr Infect Dis
J. 1999;18(8):666-71.

Kocabas E, Aysun S, Necmi A. Role of
procalcitonin, C-reactive protein, interleukin-6,
interleukin-8 and tumor necrosis factor-a in the
diagnosis of neonatal sepsis. Turk ] Pediatr.
2007;49(1):7-20.

Edgar JD, Wilson DC, McMillan SA, et al
Predictive value of soluble immunological
mediators in neonatal infection. Clin Sci. 1994;
87(2):165-71.

Chiesa C, Pellegrini G, Panero A, et al. C-reactive
protein, interleukin-6, and procalcitonin in the
immediate postnatal period: influence of illness
severity, risk status, antenatal and perinatal
complications, and infection. Clin Chem. 2003;
49(1):60-8.

Schollin J. Interleukin-8 in neonatal sepsis. Acta
Paediatr. 2001;90(9):961-2.

Tryzmel ], Miskolci V, Castro-Alcaraz S, et al.
Interleukin-10 inhibits proinflammatory
chemokine release by neutrophils of the
newborn without suppression of nuclear factor-
kappa B. Pediatr Res. 2003;54(3):382-6.



