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Abstract Objective: To elucidate
the diagnostic accuracy of granulo-
cyte colony-stimulating factor 
(G-CSF), interleukin-8 (IL-8), and
interleukin-1 receptor antagonist 
(IL-1ra) in identifying patients with
sepsis among critically ill pediatric
patients with suspected infection.
Design and setting: Nested case-con-
trol study in a multidisciplinary neo-
natal and pediatric intensive care
unit (PICU). Patients: PICU patients
during a 12-month period with sus-
pected infection, and plasma avail-
able from the time of clinical suspi-
cion (254 episodes, 190 patients).
Measurements and results: Plasma
levels of G-CSF, IL-8, and IL-1ra.
Episodes classified on the basis of
clinical and bacteriological findings
into: culture-confirmed sepsis, prob-
able sepsis, localized infection, viral
infection, and no infection. Plasma
levels were significantly higher in
episodes of culture-confirmed sepsis
than in episodes with ruled-out in-
fection. The area under the receiver
operating characteristic curve was
higher for IL-8 and G-CSF than for
IL-1ra. Combining IL-8 and G-CSF

improved the diagnostic perfor-
mance, particularly as to the detec-
tion of Gram-negative sepsis. Sensi-
tivity was low (<50%) in detecting
Staphylococcus epidermidis bactere-
mia or localized infections. 
Conclusions: In this heterogeneous
population of critically ill children
with suspected infection, a model
combining plasma levels of IL-8 and
G-CSF identified patients with sep-
sis. Negative results do not rule out
S. epidermidis bacteremia or locally
confined infectious processes. The
model requires validation in an inde-
pendent data-set.

Keywords Intensive care, newborns ·
Granulocyte colony-stimulating 
factor · Interleukin-8 · Interleukin-1
receptor antagonist · Logistic 
regression models
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Introduction

Premature infants, term newborns, and critically ill chil-
dren are at increased risk of sepsis [1, 2, 3]. Early diag-
nosis is impeded because noninfectious processes, such
as low cardiac output syndrome, trauma, major surgery,
and neonatal respiratory distress can mimic the onset of

sepsis [4, 5, 6]. Microbiological results are usually not
available at the time of initial assessment. Extensive use
of empirical antimicrobial therapy is common [7].

Several biological markers with variable sensitivity
and specificity have been evaluated to improve the early
diagnosis of sepsis [8, 9, 10]. Among the most promising
parameters for increasing diagnostic accuracy are granu-
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locyte colony-stimulating factor (G-CSF), interleukin-8
(IL-8), and interleukin-1 receptor antagonist (IL-1ra)
[11, 12, 13]. It has been claimed that measurement of IL-
1ra even allows diagnosis to be advanced by up to 48 h
[11]. However, many of the encouraging data have been
obtained from selected populations of infants [11] or af-
ter excluding surgical cases [12].

It remains unknown whether these favorable findings
can be extended to the more heterogeneous population
encountered in pediatric intensive care, which includes
surgical and trauma patients. Therefore we compared the
diagnostic properties of IL-8, G-CSF, and IL-1ra deter-
minations in identifying patients with sepsis among a
heterogeneous group of pediatric intensive care patients
who were clinically suspected to have infection.

Methods

Patient population and setting

The population comprised all infants and children admitted during
a 12-month period to the level III multidisciplinary neonatal and
pediatric intensive care unit of a tertiary referral center. The unit
serves a population base of approximately 3 million and provides
postoperative care after major pediatric or neonatal surgery includ-
ing cardiac surgery, treatment for children with severe trauma or
medical conditions, and for outborn neonates with critical illness.

Study design

We prospectively followed a cohort of critically ill patients to en-
roll all episodes of illness in which clinicians suspected infection.
During these episodes we performed nested case-control analyses
using a stringent and a broadened definition of sepsis. For the pri-
mary analysis we used plasma samples obtained simultaneously
with a diagnostic sepsis-workup. In a secondary analysis we eval-
uated plasma samples collected 1 day prior to clinical suspicion of
sepsis to test whether cytokine measurement allows advancement
of diagnosis, as suggested by Kuster and coworkers [11].

The study was approved by the institutional review board, who
permitted the additional diagnostic assays on plasma obtained for
routine laboratory tests.

Inclusion and exclusion criteria

Patients with suspected bacterial infection were eligible. Clinically
suspected bacterial infection was defined as the presence of an ex-
plicit statement to that effect in the patient’s records plus the initi-
ation of a standard diagnostic workup to rule out infection (includ-
ing two sets of blood cultures), and/or the initiation of empirical
antibiotic therapy. Patients with long-term hospitalization could
contribute more than one episode, provided each occasion of clini-
cal suspicion (onset of episode) was at least 10 days apart and an-
tibiotic treatment was discontinued for at least 72 h before the on-
set of the next episode. Episodes were excluded from the analysis
when waste plasma obtained at diagnostic workup for suspected
infection yielded less than 85 µl. For the primary analysis only re-
sults from plasma samples obtained in parallel to blood cultures
drawn at the time of clinical suspicion of infection or within 2 h
were used. We also excluded episodes of patients admitted with a
proven localized viral infection (e.g., Respiratory syncitial virus).

Patient population

During the study period 775 patients were admitted to the unit. In
347 patients (46%) clinicians suspected 461 episodes of bacterial
infection. Sufficient plasma from the sample obtained at suspicion
of infection was available in 254 episodes (56%), which were con-
tributed by 190 patients. An average of 2.9±1.1 samples were
measured per patient. Twenty-seven episodes (11%) were classi-
fied as sepsis with positive blood culture and served as cases when
the stringent case definition was applied. A further 27 episodes
were classified as probable sepsis (negative blood cultures). Of
the 25 episodes considered as localized infection without major
systemic manifestation 15 were due to ventilator-associated pneu-
monia. The 130 episodes classified as no infection (50%) included
58 (45% of 130) episodes in which patients developed fever of un-
known origin after surgery. Among the 45 episodes deemed to be
unclassifiable, there were 8 episodes with a Gram-positive isolate
for Staphylococcus epidermidis, S. sanguis, or S. hominis in which
only one set of blood cultures was drawn from indwelling lines.
Table 1 summarized the characteristics of the study population.
Systemic antibiotic therapy was initiated at suspicion of infection
in 215 episodes (85%) and within 24 h thereafter in a further 29
episodes (11%).

Specimen collection and cytokine determination

All plasma samples were refrigerated at –80°C within 6 h of col-
lection. Samples were thawed once for cytokine determination and
all cytokines were determined within 8 h after thawing (parallel
assays). Cytokines were measured using commercially available
enzyme-linked immunosorbent assays (ELISA, R&D Systems,
Abington, UK). Blood cultures were processed on automated ana-
lyzers (Bactec 9240, Becton Dickenson, Fullerton, Calif., USA).
C-reactive protein was determined using a turbidimetric assay
(Boehringer-Mannheim, Mannheim, Germany) on a random ac-
cess analyzer (Beckman Synchron CX5, Beckman Instruments,
Fullerton, Calif., USA).

Table 1 Patient characteristics of 254 episodes of suspected infec-
tion

Category

Episodes/patients 254/190
Female gender: episodes 91 (36%)
Age: mean (years) 2.8±4.3
Age: median/interquartile range (years) 0.69/0.03–3.6
Length of stay: median/interquartile range (days) 7/4–16

Admission diagnosis
Postoperative care after cardiac surgery 68 (27%)
Postoperative care after other major surgery 37 (15%)
Trauma 18 (7%)
Suspected infection 30 (12%)
Respiratory failure 48 (19%)
Circulatory failure 28 (11%)
Neurological disorders 13 (5%)
Monitoringa 10 (4%)
Others 2 (1%)

Outcomes
Discharged alive: episodes/patients 232/170 
Death: episodes/patients 22/20

a Patients admitted for cardiac catheterization, decannulation from
tracheostomy, or adjustment of home ventilation



Classification of episodes and definitions

Two investigators (J.F., A.B.) independently assessed all episodes
of suspected infection from all clinical, laboratory, and microbio-
logical data available prior to cytokine measurement. Disagree-
ments were settled by consensus with a third investigator (S.F.).

The main outcome categories were culture-confirmed sepsis,
probable sepsis, localized infection (without systemic signs of
sepsis), no infection (defined as controls), and unclassifiable epi-
sodes. The adjudication criteria have been published in detail else-
where [6, 7]. In principle adjudication was based on the presence
of microbiological evidence (blood cultures, cultures from local
sites) on clinical evidence and on laboratory evidence. Adjudica-
tion criteria were comparable to previous studies in newborns [11]
and considered recommended definitions of inflammatory re-
sponses in critically ill children [6, 15, 16].

To define cases we used two different definitions of sepsis - ac-
counting for the difficulty to adjudicate on the presence of sepsis in
the absence of an undisputed gold standard. The first (stringent)
case definition required clinical, laboratory and microbiological
confirmation (positive bacterial blood cultures) of sepsis. The sec-
ond (broadened) case definition included all episodes with culture-
confirmed sepsis plus episodes deemed to be probable sepsis (neg-
ative blood cultures). This broadened definition follows the Ameri-
can College of Chest Physicians/Society of Critical Care Medicine
definition of sepsis, which does not require positive blood cultures
as criterion of sepsis [6, 15]. A control was defined as an episode
of suspected infection in which the subsequent clinical course, lab-
oratory data, and microbiological results excluded an infection, and
an alternative diagnosis could later be established.

Microbiological evidence of sepsis was assumed if cultures
grew a pathogen other than S. epidermidis, or cultures obtained
from two independent sites grew S. epidermidis. We considered
objective clinical evidence of sepsis to be present if two or more
of the following criteria were met: thermal instability or fever
(<36.0°C, >38.5°C); tachypnea/dyspnea (e.g., >60/min in new-
borns, >50 in infants, >40 in toddlers) or increased ventilation re-
quirements (increase in mean airway pressure × frequency by 30%
or more, increase in average oxygen requirement by 20% or
more); otherwise unexplained new infiltrate on chest radiographs
persisting for more than 48 h [16, 17, 18]; increased frequency of
apnea, desaturation, or bradycardia (neonates, more than one spell
per hour); pallor; cold limbs or delayed capillary refill time; arteri-
al hypotension (inotropes required to maintain mean arterial blood
pressure above age appropriate lower limit) [6]; enteral feeding in-
tolerance (gastric residual >1.5 ml/kg per feeding); seizures or
other alteration in mental state; and acidosis (arterial pH <7.25
and/or a base excess of more than –10 mmol/l).

Laboratory evidence of sepsis required two or more of the fol-
lowing criteria at clinical suspicion of infection: white blood cell
count less than 4000/ mm3, immature to total neutrophil ratio ex-
ceeding 0.3 [19, 20], otherwise unexplained thrombocytopenia of
less than 100,000 per mm3, or the plasma level of C-reactive pro-
tein higher than 20 mg/l [21].

Statistical analysis

Raw cytokine levels were compared across outcome categories by
the Kruskal-Wallis test. The diagnostic performance of each pa-
rameter or of combinations was assessed by logistic regression
analysis. The logit of the predicted probability served as the de-
pendent variable and the cytokine value determined at suspicion of
infection as the independent variable. Candidate variables were
entered using a stepwise selection procedure [22, 23]. Because
plasma levels showed a highly skewed distribution, we used the
log-transformed values of G-CSF, IL-8, and IL-1ra, which approx-
imated normal distribution. In the first analysis we entered epi-
sodes of culture-confirmed sepsis as cases and episodes classified

as no infection as controls. This analysis is comparable to several
studies in the field (e.g., the report on IL-1ra [11]), but artificially
omits those patients with probable sepsis but negative cultures. In
a second analysis we entered episodes of culture-confirmed sepsis
plus episodes of probable sepsis as cases. If not explicitly stated,
we present the data from the first analysis. Finally, we subjected
the samples available from 24 h prior to the diagnosis of sepsis to
the same analyses to determine whether cytokine determinations
allow advancing of diagnosis.

The diagnostic accuracy of G-CSF, IL-8, and IL-1ra plasma
levels was expressed as the area under the receiver operating char-
acteristic curve (AUC) [24]. The AUC is an overall measure of a
test’s discriminative ability. An AUC of 1 indicates a perfect test,
clinically useful tests yield an AUC larger than 0.75. The AUC of
a nondiscriminative test (e.g., tossing a coin) has an AUC of 0.5
[25]. Multilevel likelihood ratios were calculated for strata derived
from the distribution of results (low=0–49.9th percentile, moder-
ately elevated=50th–69.9th percentile, high=70th–89.9th percen-
tile, very high=90th percentile and above). Likelihood ratios indi-
cate by how much a given cytokine result raises or lowers the pre-
test probability of sepsis. Likelihood ratios greater than 10 or less
than 0.1 usually indicate clinically conclusive evidence, likelihood
ratios of 1:2 or 0.5:1 change the pretest probability only to an in-
significant degree [26, 27]. Statistical analyses were performed us-
ing SAS (version 6.12, SAS, Cary, N.C., USA).

Results

Cytokine results

All three parameters were markedly elevated in cases of
culture-positive or probable sepsis, whereas the magni-
tude of response was minimal in localized infections or
episodes without infection (Fig. 1). The traditional mea-
sures of test accuracy and multilevel likelihood ratios for
IL-8, G-CSF, and IL-1ra are presented in Table 2. The
listed values for sensitivity, specificity, and negative and
positive predictive values correspond to the point closest
to the upper left-hand corner on the receiver operating
characteristic curve. Figure 2 shows the relationship be-
tween sensitivity, specificity, and plasma levels for all
three parameters. The true negative rate (specificity) re-
mained similar for G-CSF and IL-8 over a wide range of
possible cutoff levels and was higher than for IL-1ra.
The sensitivity was higher for G-CSF and IL-8 than for
IL-1ra, but all parameters showed a relevant rate of false
negative results. The latter was attributable to the low
sensitivity in episodes of culture-confirmed sepsis with
S. epidermidis isolates. The highest value of each cyto-
kine obtained during the clinical course from episodes
with a positive blood culture result is presented in Ta-
ble 3. For some patients the level was obtained prior to
clinical suspicion. Post-hoc analysis revealed lower G-
CSF levels for episodes with Gram-positive pathogens
than with Gram-negative isolates (Wilcoxon test,
p=0.04). In the case of S. epidermidis bacteremia cyto-
kine levels of all parameters were lower than with other
causative organisms (all p<0.002). 

The best parameters for discriminating between the
presence or absence of infection were IL-8 (AUC=0.81)
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and G-CSF (AUC=0.80). G-CSF and IL-8 also provided
the largest likelihood ratios for positive and negative re-
sults (Table 2). Conversely, IL-1ra levels yielded lower
discriminative ability (AUC=0.73). Post-hoc analysis at-
tributed most false positive IL-1ra results to newborns
with respiratory distress and patients developing nonin-
fectious fever following surgery. Combining G-CSF and
IL-8 improved the prediction (AUC=0.84; Table 2,
Fig. 3). Post-hoc analysis showed that the combined
model would not have missed any case of Gram-negative
sepsis. The equation of the model was:

logit=-8.657+0.565×ln (G-CSF)+0.996×ln (IL-8)

Fig. 1 Raw values of cytokines obtained at suspicion of infection
stratified by outcome category. The groups are abbreviated as fol-
lowing: sepsis BC+ sepsis with positive blood culture; sepsis BC–
probable sepsis according to clinical and laboratory data, negative
blood cultures; loc process localized infection without systemic
involvement; viral inf viral infection; no infection unclassifiable

Fig. 2 Sensitivity and specificity of G-CSF, IL-8, and IL-1ra plot-
ted against the predicted probability of sepsis obtained from the
logistic regression model. The additional horizontal axes represent
the corresponding plasma levels of G-CSF, IL-8 and IL-1ra

Table 2 Diagnostic characteristics of G-CSF, IL-8, and IL-1ra in
the case of infection. Sensitivity, specificity, and predictive values
are calculated for the cutoff values which represented the best dis-
criminative power as derived from the receiver operating charac-
teristic curves

G-CSF IL-8 IL-1ra Combined
modela

Sensitivity (%) 57 57 33 67
Specificity (%) 95 93 89 93
Positive predictive value (%) 86 80 58 82
Negative predictive value (%) 82 82 74 85
Area under the receiver 0.80 0.81 0.73 0.84

operating curve

Likelihood ratios
Very high levelsb 9.4 >10 3.0 >10
High levelsc 6.2 2.1 1.9 7.5
Moderately elevated levelsd 0.57 0.86 0.80 0.45
Low levelse 0.33 0.17 0.45 0.11

a G-CSF + IL-8
b G-CSF, IL-8, IL-1ra: >3,000, 900, >40,000 pg/ml
c G-CSF, IL-8, IL-1ra: 750–3,000, 250–900, 12,000–40,000 pg/ml
d G-CSF, IL-8, IL-1ra: 120–750, 80–250, 2,000–12,000 pg/ml
e G-CSF, IL-8, IL-1ra: <120, <80, <2,000 pg/ml
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All analyses were repeated using the broadened case def-
inition (culture-confirmed sepsis plus probable sepsis vs.
no infection). Figure 3 presents the corresponding re-
ceiver operating characteristic curve (combined model
IL-8 and G-CSF AUC=0.86). In all analyses IL-8 and G-
CSF outperformed IL-1ra (data not shown).

Early diagnosis

An important clinical question is an early diagnosis up to
24 h prior to the documented clinical suspicion [11].
Samples from the calendar day preceding the day of sus-
picion of infection were available in 82 episodes. Of
these, 15 later progressed to culture-positive sepsis. G-
CSF levels were elevated (>950 pg/ml) in 7 episodes
(47%, 95% CI 21–73%), and IL-8 and IL-1ra levels

(>12000 pg/ml [11]) were elevated (>340 pg/ml) in 6 ep-
isodes (40%, 95% CI 16–68%). In 41 control episodes
G-CSF remained lower than 950 pg/ml in 40 (97%); and
IL-8 remained lower than 340 pg/ml in 39 (95%) and IL-
1ra lower than 12000 pg/ml in 37 episodes (93%).

Discussion

The primary aim of this study was to elucidate the diag-
nostic accuracy of G-GSF, IL-8, and IL-1ra in distin-
guishing critically ill infants and children with sepsis
from those who are suspected to have bacterial infection.
Unlike other studies with selected patient populations,
we enrolled a heterogeneous cohort of medical and sur-
gical pediatric intensive care patients. In our dataset in-
cluding 254 episodes of suspected bacterial infection,

Table 3 Peak cytokine levels (pg/ml) from episodes with positive
blood cultures (OA outcome adjudication, S classified as sepsis
with positive blood culture, U unclassifiable episode, Severity se-
verity of illness according to American College of Chest Physi-

cians/Society of Critical Care Medicine criteria, MOF multiple-or-
gan failure, Day day of highest measured level, day –1 day prior
to clinical suspicion, day 0 day of clinical suspicion of infection,
day 1 day after clinical suspicion)

OA Severity G–CSF IL–8 IL–1ra

Isolated pathogen Peak Day Peak Day Peak Day

Staphylococcus epidermidis U Shocka <98 0 119 0 1,969 0
Staphylococcus epidermidis U Severe sepsisa 126 0 109 1 3,102 0
Staphylococcus epidermidis S MOFa <98 0 799 0 1,406 0
Staphylococcus epidermidis S Shock 489 0 83 0 16,585 0
Staphylococcus epidermidis U Shocka <98 0 85 0 2,499 0
Staphylococcus epidermidis U Shocka 104 0 <78 0 1,391 0
Staphylococcus epidermidis S Shocka 214 0 400 0 9,281 –1
Staphylococcus epidermidis U Severe sepsis 190 0 369 –1 2,465 0
Staphylococcus epidermidis S Sepsis 1,895 0 875 1 9,061 1
Staphylococcus epidermidis S Sepsis >15,625 0 421 0 7,877 0
Staphylococcus epidermidis S Sepsis 684 1 209 0 17,420 0
Staphylococcus epidermidis U Sepsis 145 0 169 –1 2,415 –1
Staphylococcus haemolyticus U Severe sepsis 101 0 138 0 1,529 0
Staphylococcus aureus S Shock 7,020 1 2,816 1 54,420 0
Staphylococcus aureus S Shock <98 0 1,614 0 6,746 0
Staphylococcus hominis S Sepsisa 615 0 276 0 31,062 0
Staphylococcus warneri S Severe sepsis >15,625 1 >12,500 1 >100,000 0
Streptococcus sanguis U Shock <98 0 229 –1 2,711 –1
Streptococcus pneumoniae S Sepsis 1,468 1 <78 1 32,820 0
Streptococcus pneumoniae S MOFa 1,763 1 1,144 1 >100,000 1
Enterococcus fecalis S Sepsis 366 –1 1,591 0 10,820 0
Enterococcus fecalis S Shock >15,625 0 >12,500 0 >100,000 0
Unidentified Gram-positive anaerobe bacilli S Shock 5,998 –1 119 –1 5,441 –1
Enterobacter cloacae S Severe sepsis 14,869 –1 1,478 –1 14,885 –1
Enterobacter cloacae S Severe sepsis >15,625 –1 2,399 –1 >100,000 –1
Fusobacterium nucleatum S Sepsis 4,640 0 1,276 0 31,200 0
Haemophilus influenzae S Sepsis 12,650 0 1,008 0 22,530 0
Klebsiella oxytoca S Sepsis 3,101 0 3,918 1 3,783 0
Klebsiella pneumoniae S Sepsis >15,625 1 1,214 1 9,700 2
Neisseria meningitidis S Shock 6,933 0 5,131 0 62,390 0
Neisseria meningitidis S Sepsis 5,425 0 155 0 56,400 0
Serratia marcescens S MOFa >15,625 0 >12,500 –1 >100,000 0
Serratia marcescens S Severe sepsis 259 0 1,493 –1 9,148 0
Serratia marcescens S Severe sepsis 288 –1 1,030 –1 15,040 0
Unidentified Gram-negative pathogens S Shock >15,625 1 >12,500 1 >100,000 1

a Shock preexistent (e.g., compromised circulation after cardiac surgery)
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plasma levels of IL-8 and G-CSF yielded high discrimi-
native accuracy, which is similar to the data reported on
newborns [12]. Second, in contrast to the favorable re-
sults reported for IL-1ra on premature infants [11], the di-
agnostic performance of IL-1ra measurements was low.
This was attributable to a low specificity particularly in
patients after surgery or during the first postnatal days.
Third, combining IL-8 and G-CSF relevantly increased
the predictive accuracy, particularly with regard to not
missing patients with Gram-negative sepsis. Fourth, the
model discriminated well between patients with sepsis
and patients with localized infection or a noninfectious
inflammatory response. Fifth, we confirmed earlier find-
ings [11] that cytokine measurement allowed advancing
the diagnosis of sepsis in a considerable proportion of pa-
tients. Finally, we showed that the parameters are unsuit-
ed to diagnosing bacteremia from S. epidermidis.

Our study differs from others in the field in several
ways. First, we used only patients as controls in whom
clinicians suspected bacterial infection. This reduces the
possible bias arising from overestimating test accuracy
by selection of patients as controls [28] who were a prio-
ri distinguishable from cases. The finding that clinicians
prescribed antibiotics in almost all of our control patients
underscores the physicians’ uncertainty to rule in or rule
out bacterial infection from currently available diagnos-
tic tools. Moreover we performed two independent ana-
lyses using a narrow and a broad definition of sepsis
cases. The two analyses yielded similar results.

Synthesizing the data from this study, the following
practical conclusions may be drawn: If a clinician ob-
tains elevated plasma levels for IL-8 (>340 pg/ml) or G-
CSF (>950 pg/ml) in a patient with minimal symptoms
otherwise not warranting immediate initiation of antibi-
otic treatment, the patient is highly likely to progress to
sepsis within the next 24 h. However, negative results do
not rule out infection. If diagnostic testing is employed
at a later stage during clinical course, elevated levels of
either of the cytokines are suggestive of sepsis and war-
rant initiation of sepsis directed therapy. When negative
results are obtained, localized infections without general-
ized inflammatory response (e.g., ventilator associated
pneumonia or abscess) are neither confirmed nor ruled
out, a finding consistent with the literature [29, 30]. Neg-
ative results do also not rule out bacteremia with S. epi-
dermidis. Thus, if both IL-8 and G-CSF are low and lo-
calized processes are unlikely, adopting a watchful ap-
proach awaiting further evidence (e.g., results from cul-
tures) may be justified [31]. Unlike IL-1ra levels, plasma
levels of IL-8 and G-CSF remained negative in surgical
patients with postoperative fever who did not have infec-
tion. This suggests a propensity for IL-8 and G-CSF to
differentiate between sepsis and other causes of symp-
toms in the postoperative care of sick patients.

A limitation of the study was the small amounts of
plasma available, which hindered additional determina-
tion of IL-6 [32] or procalcitonin [28]. Further potential
caveats arise from the absence of an undisputed and ex-
ternally quantifiable gold standard for the diagnosis of
sepsis in all pediatric and neonatal patients. The case-
control design using patients with culture-confirmed sep-
sis as cases may overestimate the tests’ accuracy [33].
The broadened sepsis definition including episodes of
probable sepsis was based on outcome adjudication and,
therefore, prone to misclassification error. This error may
have affected the second analysis towards underestimat-
ing test accuracy. However, it is unlikely that the poten-
tial bias affected the parameters differentially. Therefore
the comparison of the three tests remains valid even
though residual bias cannot be ruled out. The third limita-
tion is that we were unable to identify patients with viral
sepsis. For this reason we excluded viral episodes in the
analysis. While IL-8 and G-CSF levels identify more pa-
tients with sepsis than blood cultures alone, caution
should also be exerted when basing treatment decisions
on negative test results. The main application of this diag-
nostic tool is for sepsis workup during the early course of
disease. Clinicians should bear in mind that none of these
tests provide perfect information. They assist, but do not
replace clinical reasoning. Finally, it should be borne in
mind that we did not test the clinical performance of our
model in a data-set independent of the derivation data-set
or in another study population. Thus our algorithm should
be regarded as “hypothesis generating.” It needs to be
validated by independent studies.

Fig. 3 Receiver operating characteristic curve for the model com-
bining results from G-CSF and IL-8. Broad line Curve for culture-
confirmed sepsis compared to controls (narrow sepsis definition,
area under the curve AUC=0.84); thin line curve using the broad-
ened sepsis definition (culture-confirmed sepsis plus probable sep-
sis, AUC=0.86)
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In summary, we observed that measuring plasma levels
of IL-8 and G-CSF but not IL-1ra is helpful for the diagno-
sis of bacterial sepsis in a heterogeneous cohort of critical-
ly ill newborns and children. A combined prediction model
using IL-8 and G-CSF levels improved the diagnostic ac-
curacy over the determination of a single parameter.

Acknowledgements We are indebted to Michel Ramser for assis-
tance in data collection and cytokine determination. We thank
Francis E. Cook, Department of Epidemiology, Harvard School of
Public Health, Boston, Massachusetts, for guidance and advice
throughout conduction of the project.

References

1. Stoll BJ, Gordon T, Korones SB,
Shankaran S, Tyson JE, Bauer CR,
Fanaroff AA, Lemons JA, Donovan
EF, Oh W, Stevenson DK, Ehrenkranz
RA, Papile LA, Verter J, Wright LL
(1996) Early-onset sepsis in very low
birth weight neonates: a report from
the National Institute of Child Health
and Human Development Neonatal Re-
search Network. J Pediatr 129:72–80

2. Stoll B, Gordon T, Korones S, 
Shankaran S, Tyson J, Bauer C, 
Fanaroff A, Lemons JA, Donovan EF,
Oh W, Stevenson DK, Ehrenkranz RA,
Papile LA, Verter J, Wright LL (1996)
Late-onset sepsis in very low birth
weight neonates: A report from the 
National Institute of Child Health and
Human Development Neonatal 
Research Network. J Pediatr
129:63–71

3. Martinot A, Leclerc F, Cremer R, 
Leteurtre S, Fourier C, Hue V (1997)
Sepsis in neonates and children: defini-
tions, epidemiology, and outcome.
Pediatr Emerg Care 13:277–281

4. Bone RC (1995) Sepsis, sepsis syn-
drome, and the systemic inflammatory
response syndrome (SIRS). Gulliver in
Laputa. JAMA 273:155–156

5. Proulx F, Fayon M, Farrell CA, Lacroix
J, Gauthier M (1996) Epidemiology of
sepsis and multiple organ dysfunction
syndrome in children. Chest
109:1033–1037

6. Fischer J, Fanconi S (1996) Systemic
inflammatory response syndrome
(SIRS) in pediatric patients. In: 
Tibboel D, van der Voort E (eds) Inten-
sive care in childhood. A challenge to
the future. Update in intensive care and
emergency medicine, vol 25. Springer,
Berlin Heidelberg New York,
pp 239–254

7. Fischer JE, Ramser M, Fanconi S
(2000) Use of antibiotics in pediatric
intensive care and potential savings.
Intensive Care Med 26:959–966

8. Casey LC, Balk RA, Bone RC (1993)
Plasma cytokine and endotoxin levels
correlate with survival in patients with
the sepsis syndrome. Ann Intern Med
119:771–778

9. Fujishima S, Sasaki J, Shinozawa Y,
Takuma K, Kimura H, Suzuki M, 
Kanazawa M, Hori S, Aikawa N
(1996) Serum MIP-1 alpha and IL-8 in
septic patients. Intensive Care Med
22:1169–1175

10. Kennon C, Overturf G, Bessman S, 
Sierra E, Smith KJ, Brann B (1996)
Granulocyte colony-stimulating factor
as a marker for bacterial infection in
neonates. J Pediatr 128:765–769

11. Kuster H, Weiss M, Willeitner AE,
Detlefsen S, Jeremias I, Zbojan J, 
Geiger R, Lipowsky G, Simbruner G
(1998) Interleukin-1 receptor antago-
nist and interleukin-6 for early diagno-
sis of neonatal sepsis 2 days before
clinical manifestation. Lancet
352:1271–1277

12. Berner R, Niemeyer CM, Leititis JU,
Funke A, Schwab C, Rau U, Richter K,
Tawfeek MS, Clad A, Brandis M
(1998) Plasma levels and gene expres-
sion of granulocyte colony-stimulating
factor, tumor necrosis factor-alpha, in-
terleukin (IL)-1beta, IL-6, IL-8, and
soluble intercellular adhesion mole-
cule-1 in neonatal early onset sepsis.
Pediatr Res 44:469–477

13. Samson LM, Allen UD, Creery WD,
Diaz-Mitoma F, Singh RN (1997) Ele-
vated interleukin-1 receptor antagonist
levels in pediatric sepsis syndrome.
J Pediatr 131:587–591

14. De Latorre FJ, Pont T, Ferrer A,
Rossello J, Palomar M, Planas M
(1995) Pattern of tracheal colonization
during mechanical ventilation. Am
J Respir Crit Care Med 152:1028–1033

15. Fayon MJ, Tucci M, Lacroix J, Farrell
CA, Gauthier M, Lafleur L, Nadeau D
(1997) Nosocomial pneumonia and tra-
cheitis in a pediatric intensive care
unit: a prospective study. Am J Respir
Crit Care Med 155:162–169

16. Saez-Llorens X, Vargas S, Guerra F,
Coronado L (1995) Application of new
sepsis definitions to evaluate outcome
of pediatric patients with severe sys-
temic infections. Pediatr Infect Dis J
14:557–561

17. Saez-Llorens X, McCracken GH Jr
(1993) Sepsis syndrome and septic
shock in pediatrics: current concepts of
terminology, pathophysiology, and
management. J Pediatr 123:497–508

18. Fagon JY, Chastre J, Hance AJ, Domart
Y, Trouillet JL, Gibert C (1993) Evalu-
ation of clinical judgment in the identi-
fication and treatment of nosocomial
pneumonia in ventilated patients. Chest
103:547–553

19. Manroe BL, Weinberg AG, Rosenfeld
CR, Browne R (1979) The neonatal
blood count in health and disease. I.
Reference values for neutrophilic cells.
J Pediatr 95:89–98

20. Schelonka RL, Yoder BA, des Jardins
SE, Hall RB, Butler J (1994) Peripher-
al leukocyte count and leukocyte in-
dexes in healthy newborn term infants.
J Pediatr 125:603–606

21. Hanley JA, McNeil BJ (1982) The
meaning and use of the area under a re-
ceiver operating characteristic (ROC)
curve. Radiology 143:29–36

22. Hosmer DW, Lemeshow S (1989) Ap-
plied logistic regression. Wiley, New
York

23. Berger C, Uehlinger J, Ghelfi D,
Blau N, Fanconi S (1995) Comparison
of C-reactive protein and white blood
cell count with differential in neonates
at risk for septicaemia. Eur J Pediatr
154:138–144

24. Swets JA (1988) Measuring the accura-
cy of diagnostic systems. Science
240:1285–1293

25. Irwig L, Tosteson AN, Gatsonis C,
Lau J, Colditz G, Chalmers TC, 
Mosteller F (1994) Guidelines for me-
ta-analyses evaluating diagnostic tests.
Ann Intern Med 120:667–676

26. Jaeschke R, Guyatt GH, Sackett DL
(1994) Users’ guides to the medical lit-
erature. III. How to use an article about
a diagnostic test. B. What are the re-
sults and will they help me in caring
for my patients? The Evidence-Based
Medicine Working Group. JAMA
271:703–707

27. Akaike H (1974) A new look at the sta-
tistical model identification. IEEE
Trans Automatic Control 19:716–723

28. Chiesa C, Panero A, Rossi N,
Stegagno M, De Giusti M, Osborn JF,
Pacifico L (1998) Reliability of procal-
citonin concentrations for the diagnosis
of sepsis in critically ill neonates. Clin
Infect Dis 26:664–672



1331

29. Bonten MJ, Froon AH, Gaillard CA,
Greve JW, de Leeuw PW, Drent M,
Stobberingh EE, Buurman WA (1997)
The systemic inflammatory response in
the development of ventilator-associat-
ed pneumonia. Am J Respir Crit Care
Med 156:1105–1113

30. Pauksen K, Elfman L, Ulfgren AK,
Venge P (1994) Serum levels of granu-
locyte-colony stimulating factor 
(G-CSF) in bacterial and viral infec-
tions, and in atypical pneumonia. 
Br J Haematol 88:256–260

31. Escobar GJ (1999) The neonatal “sep-
sis work-up”: personal reflections on
the development of an evidence-based
approach toward newborn infections in
a managed care organization. Pediat-
rics 103:360–373

32. Messer J, Eyer D, Donato L, Gallati H,
Matis J, Simeoni U (1996) Evaluation
of interleukin-6 and soluble receptors
of tumor necrosis factor for early diag-
nosis of neonatal infection. J Pediatr
129:574–580

33. Lijmer JG, Mol BW, Heisterkamp S,
Bonsel GJ, Prins MH, van der Meulen
JH, Bossuyt PM (1999) Empirical evi-
dence of design-related bias in studies
of diagnostic tests. JAMA
282:1061–1066


