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ABSTRACT

Background Neonatal sepsis remains a diagnostic challenge
due to its nonspesific symptoms and signs. Blood culture as the
gold standard is still a problem because it takes time, is expen-
sive, and not every health facility is able to perform.

Objectiq)e To evaluate the diagnostic accuracy of clinical symp-
toms, hematologic findings, and C-reactive protein (CRP) in neo-
natal sepsis.

Design Samples were taken from potentially infected neonates
admitted to the Maternal-Perinatal Unit of Sardjito Hospital, be-
tween December 1st, 2000 and March 31st, 2001 using at least
one of the criteria: prematurity, very low birth weight infants, ma-
ternal pyrexia during delivery, premature membrane rupture, or
thick, cloudy amniotic fluid. Clinical symptoms, total leukocyte,
neutrophil, platelet count, CRP, and blood culture as the gold stan-
dard were examined.

Results Among 99 neonates enrolled, the sensitivity, specificity,
positive and negative predictive value of clinical symptoms were
79.3%, 75.7%, 57.5%, and 89.9%, respectively; leukopenia/ leu-
kocytosis were 27.6%, 85.7%, 44.4%, and 74.1%; neutropenia/
neutrophilia were 41.4%, 71.4%, 37.5%, and 74.6%; thrombocy-
topenia were 79.3%, 51.8%, 40.4%, and 85.7%; positive CRP
were 58.6%, 78.6%, 53.1%, and 82.1%. Parallel tests increased
the sensitivity up to 89.7%. Specificity, positive and negative pre-
dictive value, and likelihood ratio were 44.3%, 40%, 91.2%, and
1.6, respectively. Serial tests increased the specificity up to 88.6%.
Sensitivity, positive and negative predictive value, and likelihood
ratio were 58.6%, 68%, 83.8%, and 5.1, respectively.
Conclusion Clinical sepsis, thrombocytopenia, and CRP are suf-
ficiently accurate as diagnostic tests for sepsis in potentially in-
fected neonates. Parallel tests will increase the sensitivity, while
serial tests increase the specificity [Paediatr Indones
2002;42:220-224].

Keywords: clinical symptoms, C-reactive protein, neona-
tal sepsis, leukopenia, leukocytosis, neutropenia, neutrophilia,
thrombocytopenia.

eonatal infection is still a big problem,

also in Indonesia, due to its high

morbidity and mortality rates.! The

major problems are to identify the
infected infant for administering appropriate
therapy as early as possible, and to discontinue
therapy if it is not indicated because the symptoms
and signs are usually not specific.? Besides the
clinical manifestations, various patterns of
hematologic changes associated with sepsis include
total white blood count, total neutrophil count,
platelet count and increased C-reactive protein
(CRP).

Almost 60% of neonatal infection can be
proven by blood culture, but obtaining the result
requires several days® and not every health facil-
ity can perform the procedure and the cost is ex-
pensive. Although a positive blood culture is gen-
erally considered to be the gold standard for diag-
nosis of septicemia, spurious results from contami-
nated samples are not infrequent. We need clini-
cal manifestations, hematologic, and CRP exami-
nation in attempt to support the diagnosis of in-
fection.4. This study was conducted to evaluate
the diagnostic value of clinical symptoms, white
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blood cell count, neutrophil count, platelet count,
and CRP in neonatal sepsis.

Methods

Babies admitted to the Maternal-Perinatal Unit of
Sardjito Hospital, Yogyakarta during the period of
December 1%, 2000 to March 31¢t, 2001 with high
risk for infections were included in the study. We
defined high risk for infection if there was at least
one of the criteria: prematurity (<37 weeks
gestational age); very low birth weight (< 1,500 g);
maternal pyrexia during delivery (>38°C or white
blood cell count >15,000/uL); premature rupture
of the membrane (> 24 hours), thick and cloudy
amniotic fluid. Subjects were tested for having
infection.*>¢ Neonates with congenital anomaly or
blood disorder not caused by sepsis were excluded
from this study.

All infants were evaluated for clinical mani-
festations by a pediatrician. The patient was con-
sidered clinically sepsis if he met at least 1 sign in
4 out of 6 group categories: (1) general condition
(not doing well, poor feeding, fever, hypothermia,
sclerema); (2) gastrointestinal system (abdominal
distention, vomiting, diarrhea, hepatomegaly); (3)
respiratory system (apnea, dyspnea, tachypnea, re-
traction, flaring, grunting, cyanosis); (4) cardio-
vascular system (tachycardia, bradycardia); (5)
central nervous system (irritability, lethargy,
tremor, seizure); (6) hematologic system (jaundice,
splenomegaly, pallor, petechiae, purpura, and
bleeding).*7-

White blood cell, neutrophil and platelet
counts were calculated using standard procedures
by our central laboratory. We defined abnormal
white blood cell count when there was leukope-
nia/leukocytosis (<7 days old: <9,000/uL or
>30,000/ul; >7 days old: <5,000/uL or >21,000/
uL) ; neutropenia/neutrophilia (<7 days old:
<6,000/uL or >26,000/uL; >7 day old: <1,500/
uL or >10,000/uL).1® Thrombocytopenia was de-
fined as a platelet count of <150,000/uL.! CRP
measurement was done semi-quantitatively using
latex agglutination method. CRP is positive if >6
mg/L!. Blood cultures were performed to all the
high risk infants by our central laboratory and 4-6

days were required for the results. Blinding was
obtained by the difference between test and gold
standard result. The protocol was approved by the
Ethics Committee of Sardjito Hospital.
Accuracy of diagnostic test was analysed with
sensitivity, specificity, predictive values, and like-
lihood ratio. Sensitivity, specificity and predictive
values of clinical manifestation, white blood cell
count, neutrophil count, platelet count and CRP
were determined using the usual 2 x 2 tables. Re-
sults of blood culture were used as the gold stan-

dard.

Results

Between December 2000 and March 2001, a total
of 278 neonates were admitted to Maternal-
Perinatal Unit, Sardjito Hospital. One hundred and
fifty three (55%) met one of the criteria and were
grouped as potentially infected baby. However, only
99 cases fulfilled the criteria.

The characteristics of the subjects are shown
in Table 1. Blood cultures were positive in 29 neo-
nates (29%). Clinical sepsis was found in 40 neo-
nates (40%), leukopenia/leukocytosis was positive
in 32 neonates (32%), while thrombocytopenia was
positive in 57 neonates (58%). CRP >6 mg/L was
positive in 32 neonates (32%).

TaBLE 1. CHARACTERISTICS OF THE SUBJECTS

Variables n (99) %
Age

<7 days 86 87

>7 days 13 13
Sex

Male 60 61

Female 39 39
Birth weight

40009 2 2

2500-4000g 65 66

1500-2499g 27 27

<1500¢g 5 5
Gestational age

<37 weeks 21 21

37-41 weeks 77 78

>42 weeks 1 1
Maternal pyrexia/leukocytosis 21 21
Premature rupture of the membrane 18 18
Thick and cloudy amnion fluid 40 40
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TaBLE 2. SENSITIVITY, SPECIFICITY AND PREDICTIVE VALUES
OF CLINICAL SEPSIS IN THE DIAGNOSIS OF NEONATAL SEPSIS

Indicator + Blood - Blood Total
culture culture

+ Clinical sepsis 23 17 40

- Clinical sepsis 6 53 59

Total 29 70 99

Sensitivity: 79.3% (95% Cl: 59.7;91.3)

Specificity: 75.7% (95% CI: 63.7;91.3)

57.5%
Negative predictive value: 89.8%

Positive predictive value: (95% Cl: 41.0;72.6)

(95% Cl: 78.5;95.8)

The sensitivity and specificity of clinical sepsis were
79.3% and 75.7%, respectively (Table 2). Mean-
while, the sensitivity and specificity of the other
parameters are shown in Table 3. It can be seen
that clinical manifestation, platelet count, and CRP
can be considered as a diagnostic tool for neonatal
sepsis.

The use of parallel test (clinical finding, plate-
let count and CRP) resulted in a sensitivity of 89.6%,
specificity of 44.2%, positive likelihood ratio (LR)
of 1.6, and negative LR of 0.23. The use of serial test
started from the higher specificity (CRP, clinical
manifestation and thrombocytopenia) resulted in
sensitivity of 58.6%, specificity of 88.5%, positive LR
of 5.1, and negative LR of 0.46. In parallel test, with
the prevalence 29.3%, pre-test odds was 0.41, post-
test odds 0.65, post-test probability 0.39. In serial
test, pre-test odds was 0.41, post-test odds 2.09, the
post-test probability 0.67.

Discussion

The purpose of this study was to compare the
diagnostic value of clinical findings, hematologic
findings and CRP in neonatal sepsis with blood
culture examination as the gold standard. Our
study showed that the sensitivity and specificity
of clinical sepsis were 79.3% and 75.7%,
respectively. It has been known that total white
blood cell counts are of limited value in the
diagnosis of septicemia of the newborn. Among
neonates evaluated for suspected sepsis, less than
half of those with decreased (<5,000/uL) or
elevated (>20,000/uL) cell counts are ultimately
identified as being infected!!, while Oski et al'©
defined leukopenia if white blood cell count
<9,000/mL (<7 days old) or < 5,000/mL (>7 days
old) and leukocytosis if white blood cell count
>30,000/mL (<7 days old) or >21,000/mL (>7
days old). Leukopenia/leukocytosis had a 27.6%
sensitivity and a 85.7% specificity, while in the
Kosim study! had 16.7% and 66.7 %, respectively.
Anwer & Mustafa (2000) had a specificity of 93%
but a sensitivity of 14%!3. Total neutrophil counts
decreased or elevated in only one quarter to one
third of infant with bacteremia, particularly when
counts were obtained early in the course of
illness.!'? Neutropenia/neutrophilia had a
sensitivity and a specificity of 41.4% and 71.4%,
while Anwer & Mustafa (2000) found over 60%
and 50%, respectively!’.

Thrombocytopenia accompanying bacterial
infection is thought to be due to a direct effect of
bacteria or bacterial products on platelets and vas-

TaBLE 3. SENSITIVITY, SPECIFICITY, PREDICTIVE VALUES, AND LIKELIHOOD RATIO IN DIAGNOSIS OF

NEONATALSEPSIS

Indicator of sepsis sensitivity specificity PPV* NPV** PLRt NLR$
% % % %

Clinical 79.3 75.7 57.5 89.8

Leukopenia/leukocytosis 27.6 85.7 44 .4 741

Neutropenia/neutrophilia 41.4 71.4 39.5 74.6

Thrombocytopenia 79.3 51.8 40.4 85.7

CRP + 58.6 78.6 53.1 82.1

Parallel test 89.7 44.3 40.0 91.2 1.6 0.23
Serial test 58.6 88.6 68.0 83.8 5.1 0.48

* Positive predictive value, ** Negative predictive value, T Positive likelihood ratio

I Negative likelihood ratio

222 e Paediatrica Indonesiana, Vol. 42 No. 9-10 © September - October 2002



Ari Mulyani et al: Clinical and blood examinations in neonatal sepsis

cular endothelium leading to increased aggrega-
tion and adhesion, or due to increased platelet de-
struction caused by immune mechanisms.!214
Thrombocytopenia (<150,000/uL) had a 79.3%
sensitivity and a 51.8% specificity, while Kosim et
al (1993) found 11.1% and 66.7%, respectively!.

CRP is known to be produced by the fetus
and has been found in high concentrations in the
sera of newborn infants with a variety of infec-
tion. So, the increased CRP level may be used as a
diagnostic procedure of neonatal infections.! CRP
with cut off point of >6 mg/L had a sensitivity
and specificity of 58,6% and 78.6%, respectively,
while Kosim et al (1993) found a 83.3% sensitiv-
ity and a 58.3% specificity!. Anwer & Mustafa
(2000) found a sensitivity of over 60% with a speci-
ficity 50%.13

Results from these analyses showed that
both white blood cell count and neutrophil count
had low sensitivity; on the other hand clinical
manifestation, platelet count and CRP examina-
tion had higher sensitivity and specificity. The
clinical manifestation, platelet count, and CRP
were sufficiently accurate as diagnostic tests for
potentially infected neonates. Parallel test in-
creased the sensitivity up to 89.7%. The speci-
ficity, positive predictive value, negative predic-
tive value, and likelihood ratio were 44.3%, 40%,
91.2%, and 1.6, respectively. Serial test started
from the higher specificity examination (CRP,
clinical manifestation and platelet count) in-
creased the specificity up to 88.6%. Sensitivity,
positive predictive value and negative predictive
value were 58.6%, 68%, and 83.8%, respectively,
likelihood ratio was 5,1. So this test was suffi-
ciently accurate as diagnostic test for sepsis in
potentially infected neonates. Parallel test is used
in clinical practice. Results of this study are lim-
ited to neonates with potential infection. To
generalise the results in large population, we need
to conduct a study in all neonates.

In conclusion, clinical sepsis, thrombocy-
topenia, and CRP are sufficiently accurate as di-
agnostic tests for sepsis in potentially infected
neonates. Parallel test increases sensitivity, while
serial test increases specificity. There is high
probability of having sepsis, if the results are posi-
tive.

10.
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