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ABSTRACT
Introduction: In this study we tested how a combination of early and late
paraclinic markers could predict early onset neonatal sepsis (EONS). 

Methodology: The first 24 hours after the suspicion of EONS, we measured
interleukine (IL)-6, IL-8, IL-10, IL-18, tumor necrosis factor-alpha (TNF-α),
interferon gamma (INF-γ), procalcitonin (PCT) and C-reactive protein
(CRP) at 8-hour intervals on 123 neonates clinically suspected for EONS.
The neonates were divided into two groups. The sepsis group: 1A with blood
culture verified bacteraemia and 1B strongly suspected sepsis (29 patients).
The no sepsis group: 2A treated with antibiotics (37 patients) and 2B not
treated with antibiotics (57 patients). 

Results: Combined evaluation of each of the early markers with PCT >25
ng/ml for prediction of EONS at time 0, gave the following sensitivities and
specificities: IL-6 >250 pg/ml: 71% and 88%; IL-8 >900 pg/ml: 50% and
88%; IL-10 >40 pg/ml: 43% and 87%; and immature/total (I/T) ratio >0.35:
59% and 88%. The results of IL-18, TNF-α and IFN-γ did not predict EONS.

Conclusion: IL-6 combined with PCT values is a fair way to evaluate EONS at
the time of suspicion of infection. The “old” early marker, I/T ratio, is almost
as efficient as IL-6. By combining an early and a late marker it may be possi-
ble to reduce the diagnostic “non-conclusive” period of paraclinic values. 

Early onset neonatal sepsis (EONS) is often suspected in a neonatal
intensive care unit (NICU). In general the percentage of fatal neo-
natal infections is highest in the neonates with the lowest gestational
ages [1]. Many studies have tried to find reliable early reacting cy-
tokines for detection of EONS [2]. Because of variable degrees of un-
specific inflammation during the first three days of life [3-5], evalu-
ation of possible infection is sometimes extremely difficult in the
EONS. Therefore antibiotics may be used more often than necessary
in the NICU, which increases the risk of antibiotic resistance [6]. 

The aim of the study was to analyse the dynamics of a number of
paraclinic markers during the first 24 hours after the suspicion of
EONS, and on the basis of the results to test how well a combination
of an early and a late marker could predict EONS.

The inflammatory process in sepsis is biochemically very com-
plex. From laboratory and clinical studies it is known that some
proinflammatory cytokines peak very fast within one to four hours
after a sepsis stimulus [2, 7-9]. C-reactive protein (CRP) rises to a
maximum 12-24 hours and procalcitonin (PCT) 8-16 hours after
the septic stimulus [4, 10]. CRP is induced by proinflammatory cy-
tokines [11].

We evaluated seven early markers: Three proinflammatory cy-
tokines, interleukine (IL)-6, tumor necrosis factor-alpha (TNF-α)
and the chemokine IL-8; interferon gamma (IFN-γ) and one of the
IFN-γ inducers, IL-18; the antiinflammatory cytokine IL-10; the

ratio of immature to total number of neutrophiles (I/T-ratio) and
finally a late marker, PCT. 

Only high values of the markers are conclusive. We hypothesized
that with suspected EONS either a high early or a high late marker
strongly would support the diagnosis of EONS. 

MATERIAL AND METHODS
The data of the study was collected in the NICU of Aalborg Hos-
pital, University of Aarhus, between September 1999 and September
2001. Altogether, 123 neonates were consecutively included. Inclu-
sion criteria were: clinical signs of EONS with at least one significant
symptom indicating possible EONS (Table 1); age less than 72 hours
at admission and a birth weight more than 1200 g. We recom-
mended the weight limit of 1200 g based on our standards for the
maximum sizes of individual blood samples related to the body
mass. The study was approved by the local ethical committee. Both
verbal and written informed consent was given by the parents.

The patients were retrospectively allocated into a sepsis and no
sepsis group before the cytokine and PCT analyses were done: 

1A
Sepsis. Infants with blood culture verified bacteraemia (four infants:
one with Group B Streptococcus (GBS), two with Escherichia coli and
one with Staphylococcus aureus).

1B 
Strongly suspected sepsis (25 infants). Significant symptoms and in-
flammatory response defined by CRP >50 µg/ml at any time point,
in conformity with other studies on EONS (12-14). This strategy
was chosen as it is known that many true bacteraemia are not found
by the standard blood culture [15, 16].

2A 
No sepsis (treated with antibiotics) (37 infants). This group in-
cluded infants where antibiotic treatment was initiated because of
clinical symptoms but the inflammatory response was low to mod-
erate (CRP ≤50 mg/l). The antibiotic treatment was withdrawn after
few days (median length of treatment was three days) because dy-
namics and severity of symptoms never confirmed clinical EONS.
Antibiotic treated infants routinely started up with ampicillin (200
mg/kg/day) and gentamycin (3-4 mg/kg/day) intravenously. 

2B
No sepsis (not treated) (57 infants). These infants were observed
closely because of sepsis relevant symptoms. The severities of symp-
toms were not, though, considered relevant for initial treatment. The
following dynamics of the paraclinic and clinical symptoms sup-
ported this strategy. All infants recovered without need of antibiotics.

Blood sampling was performed 0, 8, 16, 24, 48 and 72 hours after
the neonate was suspected of EONS. At time 0 hours a blood culture
and leukocyte count including differential counts were made. CRP

Table 1. Percentage of infants with the specified clinical symptoms at inclu-
sion.

Sepsis No sepsis 
(n=29) (n=94)
% %

Respiratory: apnoea, respiratory distress, oxygen 
dependence   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  86 56

Circulatory: tachycardia, bradycardia, poor peripheral 
circulation, hypotension   . . . . . . . . . . . . . . . . . . . . . . . . .  45 21

Central nervous system: hypotonia, lethargy, 
irritability, seizures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  55 45

Gastrointestinal: vomiting, aspirates, abdominal 
distension   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  14 32

Abnormal temperature: fever, hypothermia   . . . . . . . . .  10  3
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was immediately analysed at all sampling times. At times 0, 8, 16
and 24 hours, 300 µl plasma was separated for later PCT and cy-
tokine analysis. The capillary blood sample was taken using heel
prick. The blood was then transported on ice, centrifuged, and the
plasma was frozen at –70 °C. 

The leukocyte differential counts were done manually by microscope.
CRP was routinely analysed by fixed-point immuno-rate color-

imetri (Vitros 950, Ortho-Clinical Diagnostics, Rochester, USA).
The detection limit was 10 µg/ml.

PCT was analysed using an immunoluminometric assay (LUMI-
test R PCT; BRAHMS Diagnostica, Berlin, Germany). The kit was
used according to manufacturer´s recommendations. Detection
limit was 0.08 ng/ml.

For the evaluation of IL-6, IL-8, IL-10, IL-18, IFN-γ and TNF-α,
we used an in-house test based on the Luminex platform [17, 18].
The following antibody pairs were used: IL-6 (R&D Systems cat. nr.
DY206 incl. standard), IL-8 (CLB Sanquin cat. nr. M9318. The
standard was from NIBSC cat. nr. 89/520), IL-10 (CLB Sanquin cat.
nr. M9310 incl. standard), IL-18 (Medical & Biological Laboratories
Co. cat. nr. D044-3/D045-6 standard B001-5), IFN-γ (R&D Systems
cat. nr. DY285 incl. standard) and TNF-α (R&D Systems cat. nr.
DY210 incl. standard). 12.5 µl patient serum was used for the assay.
Detection limits for the cytokines were: IL-6 4.6 pg/ml; IL-8 13.7
pg/ml; IL-10 13.7 pg/ml; IL-18 13.7 pg/ml; IFN-γ 7.8 pg/ml and
TNF-α 13.7 pg/ml.

STATISTICAL METHODS
In the evaluation of sensitivity and specificity of the different cut-off
values, we compared the results in the sepsis group with the results
found in the group with no sepsis. 

Differences between groups were analysed with Kruskal-Wallis
One-Way ANOVA on Ranks – not corrected for ties. Differences
were considered significant at p<0.05.

The statistical calculations were made by the NCSS statistical pro-
gram.

RESULTS
DEMOGRAPHIC AND CLINICAL CHARACTERISTICS
Except for GA (p=0.01), the two patient groups were not statistically
significantly different from each other concerning background char-
acteristics (p=0.14-0.87 One-Way ANOVA on ranks) (Table 2). The
median gestational age was 38 weeks, the median birth weight 3170
g and the median age when included in the study was eight hours.

SYMPTOMS
When the clinical symptoms at inclusion were categorized as given
in Table 1, the clinical score per patient (maximum one point from
each of the five groups of symptoms) was 2.1 (0.94) (mean (SD)) for
the sepsis group and 1.56 (0.82) for those with no sepsis. 

DYNAMIC ANALYSIS
The dynamics of the markers are illustrated in Table 3; 50, 90 and
100 percentiles are shown, as we find these values are the most inter-
esting when high specificity is wanted. 

IL-6, IL-8 and IL-10 median concentrations peaked at the time of

the initial blood sampling. PCT and CRP median values in group 1
created a characteristic “dome” peaking at 8-16 hours and 16-24
hours, respectively.

The median concentrations of IL-6, IL-8, IL-10, I/T ratio and
PCT (Table 3) were significantly different between the two groups at
time 0, 8, 16 and 24 hours (p= 0-0.03 ), except the IL-8 values at 24
hours (p=0.68) and Il-10 at 16 and 24 hours (p=0.11 and 0.85). 

IFN-γ only exceeded detection level in five patients and two of
these patients were in the group of no sepsis (one treated and one
not treated). TNF-α was measured above detection level in only
seven patients, five from the sepsis group and two from the group of
no sepsis (treated). For IL-18, IFN-γ and TNF-α there were no sig-
nificant differences between the two groups (p= 0.10-0.66). 

CUT-OFF VALUES
Using receiver operating characteristic (ROC) curves, the area under
the curve (AUC ) was greatest at time 0 hours for the cytokines IL-6
(0.77), IL-8 (0.70) and IL-10 (0,65). For PCT it was largest at 8
hours (0.83). AUC value for I/T ratio at time 0 was 0.81.

Table 2. Clinical and demographic characteristic of the infants.

Sepsis No sepsis 
(n=29) (n=94)

Gestational age, weeks*. . . . . . . . . . . . . . . . . .  39 (31-42) 37 (32-42)
Birth weight, g*  . . . . . . . . . . . . . . . . . . . . . . . .  3.3 (1.7-3.9) 3.1 (1.9-4.2)
Age at examination, hours* . . . . . . . . . . . . . . .  5 (1-33) 10 (1-46)

Prenatal antibiotics, % . . . . . . . . . . . . . . . . . . .  28 26
Vaginal delivery, %   . . . . . . . . . . . . . . . . . . . . .  79 64 
% apgar scores 5 minutes ≤ 7   . . . . . . . . . . . . .  3  11
Gender, % girls . . . . . . . . . . . . . . . . . . . . . . . . .  52 43

*) Median (10-90 percentiles)

Table 3. Sampling time (hours), percentiles for each group on the early and 
late markers of infection. 

  Sepsis (n=29)  No sepsis (n=94)
  percentiles  percentiles

Sampling time  50  90  100 50  90  100

CRP, µg/ml
 0 hour   . . . . . . . . .  19  78 169 <10 31 44
 8 hours   . . . . . . . .  52  81 165 <11 35 46
16 hours   . . . . . . . .  61 103 109 <13 29 39
24 hours   . . . . . . . .  65 117 197 <12 30 36
48 hours   . . . . . . . .  36  70 252 <11 24 33
72 hours   . . . . . . . .  21  55 270 <10 17 27

PCT, ng/ml
 0 hour   . . . . . . . . .   9  61 105 2 23 104
 8 hours   . . . . . . . .  33 120 160 7 33 111
16 hours   . . . . . . . .  35 179 302 6 55 102
24 hours   . . . . . . . .  27 169 282 5 42  82

IL-6, pg/ml
 0 hour   . . . . . . . . .  460 73,635 305,031 <4.6 96 25,214
 8 hours   . . . . . . . .   82 29,016  36,228 <4.6 12   4678
16 hours   . . . . . . . .   <4.6   6126  10,732 <4.6 <4.6    187
24 hours   . . . . . . . .   <4.6    626    1489 <4.6 <4.6    143

IL-8, pg/ml
 0 hour   . . . . . . . . .  319 37,257 67,433 <13.7 567 6351
 8 hours   . . . . . . . .  254   7405 14,028 <13.7 399 1784
16 hours   . . . . . . . .   25   1203   2055 <13.7 520 2857
24 hours   . . . . . . . .  <13.7   2612   3835 <13.7 901 6122

IL-10, pg/ml
 0 hour   . . . . . . . . .  <26 590 4453 <13.7 <52 1180
 8 hours   . . . . . . . .  <13.7  84  458 <13.7 <13.7 3917
16 hours   . . . . . . . .  <13.7  38  210 <13.7 <13.7  230
24 hours   . . . . . . . .  <13.7 <13.7   92 <13.7 <13.7   85

IL-18, pg/ml
 0 hour   . . . . . . . . .  21 118 181 23 157 361
 8 hours   . . . . . . . .  38 171 265 19 145 338
16 hours   . . . . . . . .  54 140 169 22 128 353
24 hours   . . . . . . . .  57 118 230 30 129 348

IFN-γ pg/ml
 0 hour   . . . . . . . . .  <7.8 <9  22 <7.8 <7.8 39
 8 hours   . . . . . . . .  <7.8 <7.8  40 <7.8 <7.8 40
16 hours   . . . . . . . .  <7.8 <7.8  42 <7.8 <7.8 17
24 hours   . . . . . . . .  <7.8 <7.8 152 <7.8 <7.8 33

TNF-α, pg/ml
 0 hour   . . . . . . . . .  <13.7 <29 48 <13.7 <13.7 <13.7
 8 hours   . . . . . . . .  <13.7 <13.7 34 <13.7 <13.7 <90
16 hours   . . . . . . . .  <13.7 <16 29 <13.7 <13.7 <84
24 hours   . . . . . . . .  <13.7 <13.7 24 <13.7 <13.7 <48

IT-ratio
 0 hour   . . . . . . . . .  0.31 0.62 0.76 0.12 0.31 0.55
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At time 0 hours we found cut-off values with specificities around
95% using ROC curves and tables. These cut-off values had rather
low sensitivities ranging from 21 to 57% (Table 4A). The highest
sensitivity was seen for IL-6 and the second highest for I/T ratio.

COMBINATION OF EARLY AND LATE MARKERS 
AT TIME 0 HOURS
Combining IL-6 with PCT gave the highest sensitivity: sensitivity
71%, specificity 88% (I/T ratio combined with PCT was 59% and
88%) (Table 5A).

ALTERNATIVE CUT-OFF VALUES 
OFTEN USED IN OTHER STUDIES
Cut-off values for each marker were calculated using the points
closest to the upper left corner of the ROC curves (where sensitivity
and specificity are approximately identical). This strategy is often
applied in other studies [2, 19-21]. In our study, sensitivities then
varied from 64 to 71% and specificities from 61 to 79% (Table 4B).
When early markers were combined with PCT the sensitivity rose,
but as expected, the specificity dropped drastically. The values for
IL-6 combined with PCT now were 93% and 46% (Table 5B). 

PCT
We found that PCT >25 ng/ml was a fair late marker of EONS at
blood sampling at time 8 hours (AUC 0.83, Likelihood Ratio 4, sen-
sitivity 70% and specificity 86%), table not shown.

INDIVIDUAL MARKER CURVES
To illustrate the dynamics of the markers in verified EONS, the data
from the four infants are shown in Figure 1. 

DISCUSSION
We found that IL-6, IL-8 and IL-10 were reacting with maximum
plasma concentrations at the time when the infants were suspected
of having sepsis. PCT and CRP were late reacting with maximum
concentrations at 8-16 and 16-24 hours, respectively. Especially we
noted that when the cytokine values were decreasing, PCT and CRP
had just started to increase.

When we looked at the high cut-off values, i.e. with specificities
around 95%, of the single early markers at time 0 hour, IL-6 was the
best marker followed by the I/T-ratio; however, the sensitivity was
only 57% and 48%, respectively.

To improve the effectiveness of the tests we combined an early and
a late marker. The combined value of IL-6 and PCT at the first blood
sample was a fair EONS predictor (sensitivity 71% and specificity
88%). Observe that I/T ratio is almost as efficient as IL-6. By intro-
duction of these markers it may be possible to reduce the diagnostic
“non-conclusive” period of paraclinical values. 

In the sepsis group 26 of 29 infants had significant paraclinic
values for EONS at time 0. In the no sepsis group 21 of 94 infants
(37 were treated in the study) had paraclinic values significant for
EONS within the first 16 hours. So using paraclinic values alone for
the evaluation of EONS, 16 infants less would need to be treated.

This way the total days of antibiotic treatment in the no sepsis group
might be reduced from 111 to 63 days. 

We found that IL-18, IFN-γ and TNF-α were of no use in the
diagnosis of the EONS. To our knowledge IL-18 has not previously
been studied in infected infants. Lauw et al [22] found that IL-18
was raised in infected adults. Ng et al [18] found that IFN-γ was in-
creased in septic neonates. In five out of six studies summarized by
Mehr and Doyle [2] TNF-α was increased in infected infants,
especially if they had septic shock. In our study very few infants had
septic shock, which might be the reason for the difference between
the results. 

There are no rules concerning how to choose cut-off values from
an ROC curve. The values at which sensitivity and specificity are
equal are often used. Others prefer a high sensitivity to avoid miss-
ing a relevant patient [23]. In our study we chose cut-off values with
high specificity (approximately 95%) for the detection of sepsis. But
to be able to compare our study with others [2, 19-21] we calculated
the diagnostic power when combining low cut-off values on the
markers, i.e. the situation where sensitivity and specificity were al-
most equal. This strategy resulted in too many false positive results
(specificity 44-60% in the group of no sepsis). 

So if combinations of early and late markers are used at time 0 it is
important to use high cut-off values. This way a restrictive antibiotic
politic is supported. Remembering though, that when the clinical
symptoms are considered serious, treatment should always be initi-
ated without waiting for initial paraclinic values.

THE STRENGTH OF THIS STUDY
1. We analysed the dynamics of the markers every eight hour in the

first 24 hours. This way we could show that the values of the
cytokines fell rapidly, while the late markers peaked 16-24 hours
after the suspicion of EONS. 

2. Therefore our high cut-off technique focusing on peak values of
early and late markers is valuable. Screening for a high early or

  Cut-off Likelihood ratio  Sensitivity, % Specificity, % PPV, % NPV,  %

A 
IL-6    . . . . . . . . . . . . . . . .  250 pg/ml 10 57 94 76 88
IL-8   . . . . . . . . . . . . . . . .  900 pg/ml  8 36 96 71 83
IL-10 . . . . . . . . . . . . . . . .  100 pg/ml  5 29 94 62 81
I/T ratio. . . . . . . . . . . . . .  0.35 10 48 95 76 84
PCT   . . . . . . . . . . . . . . . .  25 ng/ml  3 21 92 46 79

B
IL-6    . . . . . . . . . . . . . . . .  12 pg/ml  2 71 71 43 89
IL-8    . . . . . . . . . . . . . . . .  130 pg/ml  2 64 70 40 86
IL-10 . . . . . . . . . . . . . . . .  15 pg/ml  3 64 79 47 86
I/T ratio. . . . . . . . . . . . . .  0.2  3 70 75 49 88
PCT  . . . . . . . . . . . . . . . .  5.75 ng/ml  2 68 67 39 87

Table 4. Cut-off values for prediction of 
early neonatal sepsis at time 0 hours. 
A: Cut-off values representing the situ-
ations in which the specificities are 
about 95%. B: Cut-off values represent-
ing the situations, in which sensitivity 
and specificity are almost equal, i.e. 
lower cut-off values. The correspond-
ing likelihood ratio, sensitivity, specifi-
city, positive predictive value (PPV) and 
negative predictive value (NPV) are 
listed for each of the markers.

Table 5. Combination of an early and a late marker at time 0 hours for 
prediction of early neonatal sepsis. Cut-off values are those listed in Table 
4. A: Cut-off valuws representing the situation in which the specificity of the 
single marker is around 95%. B: Cut-off values representing the situation 
in which sensitivity and specificity of the single marker are almost equal. 
The corresponding likelihood ratio, sensitivity, specificity, positive predic-
tive value (PPV) and negative predictive value (NPV) are listed for each of 
the markers.

  Sensitivity, % Specificity, % PPV, % NPV, %

A
PCT+ IL-6 . . . . . . . . . . . .  71 88 65 91
PCT+ IL-8 . . . . . . . . . . . .  50 88 56 85
PCT+ IL-10 . . . . . . . . . . .  43 87 50 83
PCT+ I/T ratio   . . . . . . . .  59 88 62 86

B 
PCT+ IL-6 . . . . . . . . . . . .  93 46 35 95
PCT+ IL-8 . . . . . . . . . . . .  89 44 33 93
PCT+ IL-10 . . . . . . . . . . .  93 48 36 96
PCT+ I/T ratio   . . . . . . . .  85 60 35 92
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late marker minimises the risk of reacting on an insignificant
raise in values caused by unspecific inflammation in the new-
born.

3. Further, by using the LUMINEX flow cytometric technique, we
could analyse many markers although we only had a small serum
volume.

THE WEAKNESS OF THE STUDY
1. We only had very few infants with a positive blood culture.
2. Our paraclinic definition of sepsis was based on CRP values

above 50 mg/l. Many studies have used other values and par-
ameters [2, 19-21] but unfortunately no consensus exists on this
subject. We find our method acceptable. Especially as the symp-
tom scores on every infant has been evaluated by a senior neo-
natologist before the analyses of the new markers were made.

3. Markers related to CRP are biased to better results, as CRP are
part of our definition of sepsis [10, 24]. 

4. We have not included the most vulnerable infants with a birth
weight less than 1200 g.

5. The markers from the present study and the interpretation re-
sulting from the chosen cut-off values ought to be tested in a
prospective clinical study.

CONCLUSION
PCT combined with IL-6 (or I/T ratio) is fair for detecting EONS at
the first blood sample. By the introduction of IL-6 and PCT it may
be possible to reduce the number of infants treated with antibiotics

by reducing the diagnostic “non–conclusive” period of the paraclin-
ical values.
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