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ABSTRACT: Interleukin-6 (IL-6), interleukin-8 (IL-8), and procal-
citonin (PCT) are important parameters in the diagnosis of sepsis and
for differentiating between viral and bacterial infection in children.
We compared the value of IL-6, IL-8, and PCT with C-reactive
protein (CRP) in the diagnosis and treatment of late-onset sepsis
among infants admitted to the neonatal intensive care unit (group I)
and febrile infants admitted to general hospitals from home (group
II). Group I was divided into subgroups Ia, positive blood culture (all
Gram-positive cocci); Ib, negative blood culture; and Ic, controls.
Group II was divided into subgroups IIa, systemic enterovirus infec-
tion, and IIb, no enterovirus infection. Enterovirus was identified by
real-time (RT) polymerase chain reaction (PCR) and/or by culture in
blood and cerebrospinal fluid (CSF). The positive predictive values
of IL-6, IL-8, and PCT (78%, 72%, and 83%, respectively) were
better than that of CRP (63%) in the diagnosis of neonatal sepsis.
After 48 h of antibiotic treatment, IL-6 and IL-8 levels significantly
decreased and PCT stabilized in clinically recovered patients, sug-
gesting that these markers may be useful in distinguishing patients in
which antibiotic treatment may be discontinued. Among infants of
subgroup IIa, 80%–90% had normal values of IL-6, IL-8, and PCT,
whereas CRP was increased in 40%. In conclusion, IL-6, IL-8, and
PCT are better parameters than CRP in the diagnosis and follow-up
of neonatal sepsis due to coagulase-negative staphylococci (CoNS)
and in the exclusion of bacterial infection among those with entero-
viral infection among febrile infants presenting from home. (Pediatr
Res 59: 457–461, 2006)

Systemic infections are responsible for a high hospital
admission rate of neonates and young infants and for

prolonged hospitalization of infants admitted to neonatal in-
tensive care units (NICUs) (1,2). Nosocomial infections in
neonates admitted to NICUs are most frequently caused by
Gram-positive cocci, especially CoNS (2,3). The majority of
young infants admitted to pediatric wards in the summer
months because of high fever and suspected sepsis have
community-acquired enteroviral infection (4,5). The clinical
symptoms of bacterial and enteroviral sepsis in young infants

are usually difficult to distinguish and include fever, temper-
ature instability, irritability, lethargy, apnea, and abdominal
distention. Therefore, the differentiation of bacterial from viral
sepsis is difficult due to the nonspecific clinical signs and
symptoms. Because the consequences of a delay of treatment
in cases of bacterial neonatal sepsis may be severe, pediatri-
cians usually start antibiotic treatment promptly when an
infection is suspected. The initiation of antibiotic treatment is
based on the combination of clinical observations and labora-
tory results, especially the level of CRP and the ratio between
immature neutrophils and total neutrophils (I/T ratio) of the
blood film. However, these parameters are far from satisfac-
tory as early laboratory indicators of infection (6,7).
During recent year, several new parameters have been

introduced that appear to be more sensitive in detecting bac-
terial infection (7,8). Cytokines such as IL-6 and IL-8 and
PCT, which are induced by lipopolysaccharides or other bac-
terial compounds, are potentially valuable parameters in the
early diagnosis of bacterial sepsis because of their presence
already in the early phase (9–15).
We studied the additional value of IL-6, IL-8, and PCT for

the diagnosis of sepsis and for the differentiation between
bacterial and enteroviral infection in NICU patients and in
patients admitted to the pediatric ward of two general hospi-
tals with clinical signs of sepsis and compared the results with
CRP levels. Furthermore, we studied the levels of IL-6, IL-8,
and PCT after 48 h of antibiotic treatment as a tool for
deciding to discontinue antibiotic treatment earlier than after 7
to 14 d in patients with confirmed bacterial sepsis and clinical
recovery.

METHODS

Patients. From January 2000 through December 2002, 66 infants with
clinical signs of sepsis and 26 infants without signs of infection admitted at
the NICU of Wilhelmina Children’s Hospital, Utrecht, were enrolled in the
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study as well as 19 infants admitted at the pediatric ward of two general
hospitals (Diakonessenhuis and Medical Center Mesos, Utrecht) with clinical
signs of sepsis, during the period of April 2000 through January 2001.
Inclusion criteria for all patients were age 60 d or younger and two or more
of the following clinical symptoms of infection: fever or temperature insta-
bility, respiratory distress, poor peripheral circulation, irritability, lethargy,
apnea, tachycardia, hypotension, poor feeding, abdominal distention, and
diarrhea (16). Gestational age, birth weight, sex, and age at onset of clinical
symptoms of infection were analyzed. Plasma levels of IL-6, IL-8, PCT, and
CRP were determined at onset of symptoms or at inclusion in the study and
at 48–72 h after onset of symptoms (NICU patients).

Parental informed consent was obtained for each patient entering the study.
The study was approved by the Medical Ethical Review Board of the
University Medical Center Utrecht.

Laboratory parameters. Standard biochemical and hematological param-
eters and samples for blood culture (0.5 mL) and for IL-6, IL-8, PCT, and
CRP determinations (0.5 mL) were obtained by peripheral venous puncture
before initiation of antibiotic therapy in infants suspected of sepsis or at the
moment of inclusion in the study as control infants. Plasma was separated
from the blood cells within 60 min by centrifugation at 1000 � g for 10 min
and stored in plastic tubes at �20°C until further use. CRP was measured by
rate nephelometry. IL-6 and IL-8 measurements were made using a fully
automated chemiluminescence assay (Immulite, Diagnostic Products Corpo-
ration). The detection limits of the assay were 1.0 pg/mL both for IL-6 and
IL-8, as indicated by the manufacturer. PCT was measured by a specific
immunoluminometric assay (Lumitest PCT, Brahms Diagnostica GMBH,
Berlin, Germany). Blood (0.5 mL) and CSF for RT-PCR for enteroviruses
was collected at onset of symptoms of NICU patients or at admission of
patients from general hospitals.

Microbiological examination. Blood, CSF, and urine cultures were per-
formed with the BacT/ALERT automated system (Organon Teknica) with
Pedi-Bact pediatric blood culture bottles. Bottles with positive results were
subcultured on blood agar plates. Isolates were identified by standard bacte-
riological methods. When a blood culture was positive within 48 h, it was
considered as a true bacteriemia. Besides the blood culture at onset of sepsis
and after 48 h, colony-forming units (CFUs) were counted.

Virological examination. Feces and CSF were inoculated on different cell
cultures including tertiary monkey kidney cells, human embryonic diploid
fibroblasts, and RD cells (derived from human rhabdomyosarcoma). Cultures
showing a cytopathic effect suggesting an enteroviral infection were typed by
neutralization tests that used pools of antisera and specific antisera, developed
at the National Institute of Public Health, RIVM, in The Netherlands (17).
RT-PCR for enteroviruses was carried out on blood, feces, and/or CSF as
described previously (18). Positive RT-PCR on blood and/or CSF was
interpreted as evidence of systemic enteroviral infection (4). Fecal specimens
of patients with gastrointestinal symptoms also were investigated for rotavirus
and adenovirus by a MAB-based enzyme immunoassay; nasopharyngeal
swabs of patients with pulmonary symptoms also were screened by immu-
nofluorescence with MAB for respiratory viruses. All analyses remained
negative in this study group.

Statistical analysis. The differences between the various categories of
patients in clinical data and laboratory values were analyzed by t test,
nonparametric Mann-Whitney test, or Wilcoxon signed ranks test, where
appropriate. Receiver operating characteristic (ROC) curves were created for
IL-6, IL-8, PCT, and CRP, using MedCalc software (MedCalc 5.00.019,
Mariakerke, Belgium). Sensitivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV) were calculated for IL-6, IL-8,
CRP, PCT, and the combination of IL-6 or IL-8 with CRP, using the cutoff

values for IL-6, IL-8, PCT, and CRP resulting from ROC analysis. Exact 95%
confidence intervals were calculated for all the parameters. Statistical signif-
icance was assumed for p � 0.05.

RESULTS

In total, 111 patients were included in the study: 92 admit-
ted at the NICU (group I) and 19 at the pediatric wards of the
two general hospitals (group II). For further analysis, the
patients were divided in five subgroups: group Ia, proven
bacterial sepsis [CoNS (n � 35) or Staphylococcus aureus
(n � 2)] (n � 37); group Ib, clinical sepsis (blood culture
negative) (n � 29); group Ic, infants without symptoms of
infection (controls) (n � 26); subgroup IIa, proven enterovirus
infection based on a positive RT-PCR on blood or CSF or on
positive culture of CSF (n � 10); subgroup IIb, clinical signs
of sepsis, with negative enterovirus PCR on blood or CSF or
negative enterovirus culture (n � 9).
Enterovirus RT-PCR was performed, in addition to bacte-

rial cultures, on 46 of 92 infants admitted at the NICU from
group I: in this group no enteroviral infection was diagnosed.
The clinical characteristics and values for IL-6, IL-8, PCT,

and CRP at onset of clinical signs of sepsis or at inclusion in
the study are summarized in Table 1 for group I and in Table 2
for group II. There were no significant differences between the
subgroups of groups I and II in gestational age, birth weight,
male/female ratio, or time at onset of symptoms.

Group I. Diagnostic cutoff values with the optimum sensi-
tivity and specificity derived from the ROC curve were �60
pg/mL for IL-6, �50 pg/mL for IL-8, �0.5 �g/L for PCT, and
�14 mg/L for CRP. Sensitivity, specificity, PPV, and NPV for
IL-6, IL-8, CRP, PCT, and for the combination of CRP with
IL-6 or IL-8 for the diagnosis of sepsis in group I infants are
shown in Table 3.
The highest PPV was found for PCT (PPV of 83%) and the

highest NPV was found for IL-8 in combination with CRP
(NPV of 92%) The PPVs of the individual parameters were
lowest for CRP. Antibiotic treatment was started in all patients
from groups Ia and Ib because of clinical signs suggesting
infection. In these patients, IL-6, IL-8, PCT, and CRP were
reevaluated after 48 h of treatment. IL-6 was reevaluated in 20
of 37, IL-8 in 25 of 37, PCT in 26 of 37, and CRP in all 37
infants from group Ia; IL-6 and IL-8 were reevaluated in 10 of
29, PCT in 10 of 29, and CRP in all 29 infants from group Ib.

Table 1. Clinical characteristics and values for IL-6, IL-8, CRP and PCT of infants treated at the neonatal intensive care unit at onset of
symptoms of sepsis

Group Ia: proven sepsis (n � 37) Group Ib: clinical sepsis (n � 29) Group Ic: controls (n � 26)

GA, wk, median (range) 29 (25–40) 29 (26–41) 30 (26–41)
BW, g, median (range) 1300 (825–3800) 1200 (690–3800) 1400 (690–3700)
Male/female 19/16 14/14 18/8
Age at onset, d, median (range) 12 (4–35) 14 (3–41) 10 (4–24)
IL-6, pg/mL, median (range) 1050 (1.6–38,855)* 30 (1.6–1500)** 6 (1–56)
IL-8, pg/mL, median (range) 279 (13–7617)* 41 (22–600) 30 (1–138)
CRP, mg/L, median (range) 17 (5–119)** 15 (5–75)** 5 (5–14)
PCT, �g/L, median (range) 1.0 (0.25–64)* 0.29 (0.12–1.5)** 0.15 (0.1–0.95)

* p � 0.05 vs Ib and Ic; ** p � 0.05 vs Ic.
GA, gestational age; BW, birth weight.
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The plasma levels of IL-6, IL-8, and PCT at the onset of
symptoms were significantly higher in subgroup Ia (with
proven sepsis) than in subgroup Ib (with negative blood
culture) and the control group Ic (p � 0.05) (Table 1, Fig. 1).

Figure 1 shows that after 48 h of treatment, the levels of
IL-6 and IL-8 had decreased significantly in subgroup Ia and
were comparable with the values of IL-6 and IL-8 in sub-
groups Ib and Ic. The median levels of PCT were similar at the
onset of symptoms and after 48 h of treatment in subgroups Ia

and Ib. In contrast to IL-6, IL-8, and PCT, the values of CRP
were not different between subgroups Ia and Ib at the onset of
infection, although they were significantly higher than in the
control group (p � 0.005). After 48 h, CRP had significantly
increased in subgroup Ia (p � 0.05) (Fig. 1).
Antibiotic treatment was continued for 7–10 d in all infants

with proven sepsis, whereas in patients of subgroup Ib, the
antibiotics were discontinued after 3 d if the blood culture
remained negative, the patients were clinically well, and no
infection sites were found.
All patients from group I recovered, except for one patient

in subgroup Ia. This latter patient needed laparotomy because
of necrotizing enterocolitis and died 23 d after inclusion in the
study because of superior vena cava syndrome.
Group II. There were no statistical differences found be-

tween various categories (Table 2, Fig. 2) in this group of
patients. Enteroviral infections occurred in the summer and
fall in eight of 10 patients; in both subgroups of group II, a
male predominance was found. Due to the small number of
patients in this group, the predictive values for the diagnosis of
sepsis or enteroviral infection could not be evaluated.
Table 2 shows that normal median values were found for

IL-6, PCT, and CRP for infants in subgroup IIa, with proven
enteroviral infection as well as for infants in subgroup IIb,
with clinical signs of infection but with negative bacterial
blood culture or enterovirus culture or PCR. The median level
of IL-8 was below the cutoff value in subgroup IIa but slightly
increased in subgroup IIb (Fig. 2.) One infant from subgroup
IIa had an increased level of IL-8 (917 pg/mL) and another

Table 2. Clinical characteristics and values for IL-6, IL-8, CRP, and PCT of infants presenting with clinical sepsis at the pediatric wards
of two general hospitals

Subgroup IIa:
enterovirus sepsis

(n � 10)

Subgroup IIb:
no enterovirus sepsis

(n � 9)

GA, wk, median (range) 40 (39–42) 40 (38–41)
BW, g, median (range) 3745 (3300–4480) 3450 (2760–3860)
Male/female 7/3 6/3
Age at onset, d, median (range) 26 (5–55) 3 (1–55)
Admission during summer/fall, n (%) 8 (80) 7 (80)
IL-6, pg/mL, median (range) �50 (�50–210) �50 (�50–288)
IL-6, �60 pg/mL, n (%) 1 (10) 5 (55)
IL-8, pg/mL, median (range) �50 (�50–917) 83 (�50–7310)
IL-8, �50 pg/mL, n (%) 1 (10) 4 (44)
CRP, mg/mL, median (range) 13 (5–44) 12 (3–98)
CRP, �14 mg/L, n (%) 4 (40) 4 (44)
PCT, �g/L 0.17 (0.1–0.94) 0.43 (0.12–58)
PCT, �0.5 �g/L, n (%) 2 (20) 4 (44)

GA, gestational age; BW, birth weight.

Table 3. Sensitivity, specificity, PPV, and NPV for IL-6, IL-8, CRP, and PCT for the diagnosis of sepsis in infants admitted to the NICU
(cutoff values determined with ROC analysis)

IL-6 �60 pg/mL IL-8 �50 pg/mL CRP �14 mg/L PCT �0.5 �g/L

IL-6 �60 pg/mL
and/or

CRP �14 mg/L

IL-8 �50 pg/mL
and/or

CRP �14 mg/L

SENS, % (95% CI) 68 (50–82) 84 (68–94) 65 (47–80) 69 (51–83) 92 (78–98) 97 (86–100)
SPEC, % (95% CI) 76 (56–90) 52 (33–71) 52 (33–71) 82 (63–94) 41 (24–61) 41 (24–61)
PPV, % (95% CI) 78 (60–91) 72 (53–82) 63 (46–78) 83 (64–94) 67 (54–80) 68 (54–80)
NPV, % (95% CI) 65 (46–80) 74 (48–89) 54 (34–72) 68 (49–83) 80 (52–96) 92 (64–100)

SENS, sensitivity; SPEC, specificity.

Figure 1. Levels of IL-6, IL-8, PCT, and CRP at the onset of symptoms of
infection and after 48 h of antibiotic treatment in infants admitted to the
NICU: proven sepsis (n � 37), clinical sepsis (n � 29), controls (n � 26), *p
� 0.05 between the levels at onset and after 48 h of treatment.
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infant had an increased levels of IL-6 (210 pg/mL) and PCT
(0.94 �g/L). In the infant with increased IL-8, a urinary tract
infection was diagnosed in addition to an enteroviral infection.
In the infant with increased IL-8 and PCT, no other infectious
agent was found. In four of eight infants with enterovirus
sepsis, aseptic meningitis was diagnosed (pleocytosis range,
488–4800 leukocytes/mm3). IL-6, IL-8 PCT, and CRP levels
were normal. In four of nine infants from subgroup IIb
(clinical signs of sepsis, diagnosis enteroviral infection nega-
tive), the IL-6, IL-8, and PCT levels were above the cutoff
values.
The median values of CRP were low in both subgroups,

although an increased value above the cutoff value of 14 mg/L
was noted in four of 10 infants from subgroup IIa (one with
normal levels of IL-6, IL-8, and PCT) and in four of nine
infants from subgroup IIb (three with increased levels of IL-6,
IL-8, and PCT). None of the infants from group II had a
positive bacterial blood culture. In two infants from subgroup
IIb with increased levels of all four parameters, the diagnosis
of urinary tract infection was made. These patients were
treated with antibiotics, irrespective of the magnitude or
change in levels of inflammatory mediators.

DISCUSSION

These data show that IL-6, IL-8, and PCT are superior to
CRP in the diagnosis of late-onset neonatal sepsis due to
CoNS and that they have normal values in the majority of
infants with systemic enteroviral infection.
Previous studies in adults and children have demonstrated

the important role of IL-6, IL-8, and PCT in the diagnosis of
sepsis (19,20). Most studies on new parameters performed in
infants were limited to cases with clinical signs of early-onset
sepsis (within 48 h after birth) (7,12,13,21,22). IL-6 or IL-8 in
combination with CRP was found to be a good marker of
bacterial infection in neonates and adds important information
if one is considering withholding or stopping antibiotic ther-
apy (10,15,23). Results of studies on the use of PCT as an
early marker of neonatal sepsis are contradictory. A significant

increase was found in both term infants and preterm infants
with sepsis (8,9,22,24). The diagnosis of sepsis is difficult in
neonates admitted to the NICU due to nonspecific clinical
signs. Therefore, reliable indicators of sepsis would be helpful
in an accurate diagnosis, resulting in decreased unnecessary
use of antibiotics.
Our study was carried out in 37 preterm infants with

documented sepsis (subgroup Ia) due to Gram-positive cocci;
in 35 patients, sepsis was due to CoNS. A recently reported
study showed that even preterm infants are able to produce
IL-6 and IL-8 in case of infection (25). Another report sug-
gested that coagulase-negative infections may probably cause
a weaker inflammatory response than infections with other
microorganisms (10,26). The median levels of IL-6 and IL-8
in our population with CoNS sepsis were much higher than
reported before, and the levels in two infants with S. aureus
sepsis did not differ from the total subgroup Ia. The median
levels of PCT in infants with sepsis due to CoNS were lower
than in studies in critically ill children (8). The PPV was
highest (83%) for PCT, whereas the NPV was highest (74%)
for IL-8. In agreement with the results of a recent study on
infants with early-onset sepsis, the combination of IL-8 with
CRP also improved the sensitivity and NPV in our NICU
population (23).
At present, CRP is widely used as a parameter in the

diagnosis of sepsis because it is easy to determine and not very
costly (6). Using CRP only, we could not distinguish between
infants with positive or negative blood culture. IL-8 or PCT
values would be a better choice; however, none of these
parameters had an excellent predictive values. Furthermore,
assays are more expensive and the determinations of cytokines
more elaborate. For these reasons, many hospital laboratories
are not able to perform these assays.
The use of cytokines and PCT in the follow-up of treat-

ment with antibiotics has been previously advocated
(8,10,13,15,23). In our study, we found a rapid decrease after
48 h of IL-6 and IL-8 levels in infants with uneventful clinical
recovery. CRP levels, however, showed an increase after 48 h
of treatment in these infants. IL-6 drives the acute phase
response based on IL-6 response elements within the promotor
region of CRP and thus the increase in CRP follows that of
IL-6 (27). Furthermore, CRP has a much longer half-life (6,7).
In an earlier study, we have found that in infants with CoNS
sepsis, CRP normalized after 5–6 d (3).
In contrast to CRP, PCT levels stabilized after 48 h of

treatment and, in agreement with previous studies, should
decrease to their normal values after 2–3 d. For this reason,
PCT may be useful as a prognostic marker of infection (8).
Because we found an excellent NPV (NPV of 92%) for the
combination of IL-8 and CRP and a significant decrease in
IL-8 and IL-6 after 48 h of treatment in septic infants, these
parameters may be useful in the follow-up of treatment of
infants with clinical signs of sepsis and proven CoNS sepsis to
aid in the decision to discontinue antibiotic treatment early in
those infants who have clinically recovered. This strategy may
help reduce the burden of antibiotic use and diminish the
threat of emerging multiresistant microorganisms in the
NICU.

Figure 2. Levels of IL-6, IL-8, PCT, and CRP in infants admitted to two
general hospitals with a clinical diagnosis of sepsis. Enterovirus positive (EV
pos) (n � 10), enterovirus negative (EV neg) (n � 9).
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In the group of infants who presented to the pediatric wards
of the two general hospitals with clinical signs of sepsis,
systemic enteroviral infection was confirmed in 53%. Entero-
viral infection is frequently diagnosed in infants admitted to
the hospital, especially during the summer months (1,4,28).
The median age at onset of symptoms in the enteroviral group
was much higher than in the group without enteroviral infec-
tion (26 and 3 d, respectively). In this population, it would be
interesting to be able to differentiate immediately between
infants with a bacterial infection or a possible enteroviral
infection before the culture or PCR results are known. In this
way, it would be possible to refrain from antibiotic treatment
of infants who later appear to have an enterovirus infection.
Increased CRP concentrations have been also observed in

noninfected clinical conditions and viral infections (6). In
contrast to CRP, low values of PCT and/or IL-6 were found in
infants infected with adenovirus, rotavirus, or respiratory syn-
cytial virus (29–31). In particular, PCT, a parameter that is
both stable and simple to determine, was repeatedly found to
be better than CRP in the diagnosis of viral infection.
Our results showed that in 90% of the infants with entero-

viral sepsis, the levels of IL-6 and IL-8 were below the cutoff
value and in 80% of the infants the levels of PCT were below
the cutoff value, whereas the CRP was increased in 40% of
them. On the other hand, in about 70% of the infants without
proven enteroviral sepsis, at least one of the parameters was
increased above the cutoff value. Two of these patients had
urinary tract infection; in the other six infants, a diagnosis of
viral of bacterial infection could not be confirmed.
In conclusion, our results suggest that IL-6, IL-8, and PCT

are better diagnostic tools in the diagnosis of bacterial sepsis
caused by CoNS than CRP, but none of them can be used as
a gold standard. Measurements of IL-8 in combination with
CRP improved sensitivity and the NPV that can reduce un-
necessary antibiotic therapy in infants without infection.
Rapid decrease in IL-6 and IL-8 levels to below the cutoff
value after antibiotic treatment in cases with proven sepsis
caused by CoNS may justify the early discontinuation of
antibiotic treatment in clinically recovered patients. Levels of
IL-6, IL-8, and PCT are normal in the majority of infants with
systemic enteroviral infection and may be more useful than
CRP in the decision to start or to refrain from antibiotic
treatment in infants presenting with clinical signs of systemic
infection in general hospitals.
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