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In newborn infants, the early diagnosis of sepsis is an
important problem because the early signs and symptoms
of septicaemia in term or preterm infants are usually non-
specific.1,2 Many clinical and haematological scoring
systems have been developed in the early diagnosis of
neonatal sepsis.3-8 The aim of this study was to determine
if a relationship exists between the scoring systems and the
cytokine levels in neonatal sepsis. To our knowledge, this
relationship has not been previously evaluated in the
literature.

The study was carried out in Erciyes University Faculty
of Medicine, Division of Neonatology. Neonates with
physical signs of infection and respiratory or cardiovascular
dysfuction were included. Physical symptoms of infection
were defined by the presence of at least two of the following:
feed intolerance, abdominal distension, lethargy, irritability,
temperature instability, hyperbilirubinaemia and
hepatosplenomegaly.9 On admission, all infants were
evaluated and scored according to the criteria of Töllner3

and Rodwell et al4 and the results were recorded. In
addition, leukocyte count, serum C-reactive protein (CRP),
tumour necrosis factor (TNF)-alpha and interleukin (IL)-6

levels were studied. Serum TNF-alpha and IL-6
concentrations were measured by enzyme-linked
immunosorbent assay method. A combination of
cephalosporin plus aminoglycoside was initiated in all
infants, but antibiotics were changed in required infants
according to the antibiogram. The infants were divided into
two groups as blood culture positive and negative. The
groups were compared for the clinical laboratory findings
and scoring systems. Statistical analysis was performed by
using the Mann-Whitney U test - Wilcoxon Rank Sum W
and Spearman’s correlation coefficient test.

The study comprised 20 infants (13 boys and 7 girls) with
neonatal sepsis. Blood culture was positive in 12 (60%)
infants. The microorganisms isolated from blood cultures
included Staphylococcus epidermidis in 5 (41%) infants,
Eschericha coli in 2 (16.5%) infants, Enterobacter in 2
(16.5%) infants, Klebsiella in 2 (16.5%) infants and
Enterococcus in 1 (9.5%) infant. Three (15%) infants died.
We did not find a significant difference for the leukocyte
count, cytokine levels and scoring systems between the
blood culture positive and negative groups (Table I). In
determining whether there was a correlation between the

* Associate Professor of Pediatrics
Yüzüncü Yil University Faculty of Medicine, Van, Turkey

** Professor of Pediatrics
*** Pediatrician

**** Associate Professor of Pediatrics
† Associate Professor of Microbiology

Erciyes University Faculty of Medicine, Kayseri, Turkey
Address for Reprints: Dr Hüseyin Çaksen, K. Karabekir C. Gölbasi 3. S. Erkam sitesi. B Blok. No: 3/7, Van, Turkey.
E-mail: huseyincaksen@hotmail.com

The Relationship Between Scoring Systems and Cytokine Levels in
Neonatal Sepsis
H Çaksen,*MD, S Kurtoglu,**MD, I K Hallaç,***MD, H B Üstünbas,**MD, K Üzüm,****MD, H Kiliç,†

MD

Abstract
In this study, 20 newborn infants with sepsis were evaluated and scored according to the criteria of Töllner and Rodwell and associates.

Leukocyte count, serum C-reactive protein (CRP), tumour necrosis factor (TNF)-alpha and interleukin (IL)-6 levels were also studied in
all infants. The aim of this study was to determine if a relationship exists between the scoring systems and the cytokine levels in neonatal
sepsis. The infants were divided into two groups as blood culture positive and negative. Blood culture was positive in 12 (60%) infants. We
did not find a significant difference for leukocyte count, cytokine levels and scoring systems between the blood culture positive and negative
groups. However, we found a positive correlation between the scoring systems and serum CRP and TNF-alpha levels (P <0.05), but no
correlation with IL-6. In conclusion, we suggest that only serum CRP level without performing scoring and studying serum TNF-alpha
concentration may be used in early diagnosis of neonatal sepsis. However, further studies are necessary to define this because of the small
sample size of our pilot study.
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scoring systems and the parameters, which included CRP,
IL-6 and TNF-alpha levels, we found a positive correlation
between Töllner’s scoring system and CRP levels (r = 0.52;
P = 0.01) (Fig. 1), and Töllner’s scoring system3 and TNF-
alpha levels (r = 0.51; P = 0.02). However, there was no
correlation with IL-6 level (P = 0.25). Similar findings
were observed with Rodwell et al’s haematological scoring
system;4 a positive correlation was found between
haematological scoring and CRP levels (r = 0.54; P = 0.01)
(Fig. 2), and haematological scoring system and serum
TNF-alpha levels (r = 0.66; P = 0.001), but there was no
correlation with IL-6 (P = 0.20).

In 1982, Töllner3 developed a scoring system to determine
the early diagnosis of septicaemia in the newborn in which
both the clinical and laboratory findings such as skin color,
complete blood count, blood gas analysis, and cardiac,
respiratory and gastrointestinal  findings were used. In
1988, Rodwell et al4 composed three groups which included
sepsis, probable infection and non-infected infants, and
formulated a haematologic scoring system that assigned a
score of 1 for each of 7 findings: abnormal total leukocyte
count, abnormal total neutrophil (PMN) count, elevated
immature PMN count, elevated immature to total PMN
ratio, immature to mature PMN ratio >0.3, platelet count
<150,000/mm3, and pronounced degenerative changes in
PMNs. In the last scoring system, clinical findings of the
infants were not included.4

Several other scoring systems were also formulated.5-8

For example, Mautone and associates5 developed a scoring
system including blood and blood chemical tests which
were scored from 0 to 2. The results showed that neonates
with scores <5 should be considered free from sepsis, those
scoring 5-7 should arouse suspicion of sepsis, and sepsis
should be considered definitely present in those scoring >7.
This scoring system presented 100% sensitivity, 88.2%
specificity, 100% positive predictive value and 88.2%
negative predictive value. The authors of this study

Fig. 2. A relationship between serum C-reactive protein and Rodwell’s haematological
scoring system.

TABLE I: CLINICAL AND LABORATORY FINDINGS OF THE INFANTS WITH AND WITHOUT CULTURE POSITIVE

Study group

Parameters Culture positive Culture negative Z P
(n = 12) (n = 8)

Age at admission (day) 5.75 ± 5.86 6.57 ± 6.96 -0.38 >0.05
Gestational age (week) 37.75 ± 2.26 37.75 ± 2.43  0.00 >0.05
Weight (g) 2630 ± 636 2602 ± 541 -0.07 >0.05
Leukocyte count (mm3) 12.316 ± 7409 11.100 ± 3351 -0.46 >0.05
Serum CRP level (mg/dL) 74 ± 120 17 ± 29 -1.09 >0.05
Serum TNF-alpha (pg/mL) 148 ± 275 175 ± 336 -0.03 >0.05
Serum IL-6 (pg/mL) 292 ± 344 290 ± 424 -0.42 >0.05
Töller scoring system 10.0 ± 3.51 8.43 ± 1.84 -0.93 >0.05
Haematologic scoring system 4.50 ± 1.38 3.87 ± 1.55 -0.75 >0.05

CRP: C-reactive protein; IL-6: interleukin-6; TNF: tumour necrosis factor

Fig. 1. A relationship between serum C-reactive protein and Töllner’s scoring system.

500

400

300

200

100

0

T�llner’s scoring system

4 6 8 9 10.5 11 12 13 14 15

Se
ru

m
 C

-r
ea

ct
iv

e 
pr

ot
ei

n 
(m

g/
dL

)

300

200

100

0

Rodwell’s haematological scoring system

2 3 4 5 6 7

Se
ru

m
 C

-r
ea

ct
iv

e 
pr

ot
ei

n 
(m

g/
dL

)



420

Annals Academy of Medicine

Scoring Systems and Cytokine Levels—H Çaksen et al

REFERENCES

1. Darmstadt G L. Infections of the neonatal infants. In: Behrman R E,
Kliegman R M, Jenson H B, editors. Textbook of Pediatrics. 16th ed.
Philadelphia: WB Saunders, 2000:538-52.

2. Çaksen H, Yüksel S, Kursat Öztürk M, Sümerkan B, Coskun A. Use of
acridine orange leukocyte cytospin test in diagnosis of neonatal sepsis.
J Paediatr Child Health 2001; 37:523.

3. Töllner U. Early diagnosis of septicemia in the newborn. Clinical
studies and sepsis score. Eur J Pediatr 1982; 138:331-7.

4. Rodwell R L, Leslie A L, Tudehope D I. Early diagnosis of neonatal
sepsis using a hematologic scoring system. J Pediatr 1988; 112:761-7.

5. Mautone A, Montagna O, Giusti A, De Simone B, Balducci G, Santoro
A. Proposed scoring system for the early diagnosis of infection in
neonates [Italian]. Minerva Pediatr 1989; 41:143-5.

6. Singh M, Narang A, Bhakoo O N. Predictive perinatal score in the
diagnosis of neonatal sepsis. J Trop Pediatr 1994; 40:365-8.

7. Mahieu L M, De Muynck A O, De Dooy J J, Laroche S M, Van Acker
K J. Prediction of nosocomial sepsis in neonates by means of a
computer-weighted bedside scoring system (NOSEP score). Crit Care
Med 2000; 28:2026-33.

8. Stempniewicz K, Stempniewicz B, Lip T, Grzywna W. Usefulness
of a scoring system based on selected hematologic values in early
diagnosis of neonatal bacterial infections [Polish]. Ginekol Pol 1995;
66:685-8.

9. Lauterbach R, Zembala M. Pentoxifylline reduces plasma tumour
necrosis factor-alpha concentration in premature infants with sepsis.
Eur J Pediatr 1996; 155:404-9.

10. Dollner H, Vatten L, Austgulen R. Early diagnostic markers for neonatal
sepsis: comparing C-reactive protein, interleukin-6, soluble tumour
necrosis factor receptors and soluble adhesion molecules. J Clin
Epidemiol 2001; 54:1251-7.

concluded that the system was reliable and easy to use.5

Mahieu et al7 developed a scoring system composed of
CRP, neutrophil fraction, thrombocytopenia, fever, and
prolonged parenteral nutrition exposure to predict
nosocomial sepsis in ill neonates.

In our study, we used the scoring systems of Töllner 3 and
Rodwell et al4 which were universal. Our findings showed
that there was a positive correlation between scoring systems
and serum CRP and TNF-alpha levels in both scoring
systems. Recently, Dollner10 compared 6 inflammatory
mediators [CRP, IL-6, soluble TNF receptors (p55 and
p75) and soluble adhesion molecules (ICAM-1 and E-
selectin)] as early diagnostic tests for neonatal sepsis and
studied the possible benefit of combining parameters.
They noted that CRP was the single best diagnostic test.
Diagnostic accuracy was further improved by combining
CRP and IL-6, whereas the other parameters (p55, p75,
ICAM-1 and E-selectin) added no further diagnostic
information.10

In conclusion, we suggest that only serum CRP level
without performing scoring and studying serum
TNF-alpha concentration may be used in the early diagnosis
of neonatal sepsis. However, further studies are necessary
to define this because of the small sample size of our
pilot study.


