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Objective: To determine an optimal cut-off point of serum C-reactive protein (CRP) levels for prediction of neonatal sepsis.
Material and Method: A prospective cohort study of neonates aged from birth to 30 days old presenting with signs and
symptoms of neonatal sepsis in neonatal intensive care unit (NICU) from January 2010 through December 2011 was
performed. Neonates were assigned to either sepsis or normal group depending on blood culture status. Serial CRP (12-24
hours apart) and complete blood count were then analyzed using independent t-test, Wilcoxon rank-sum test and Receiver
operating characteristic (ROC) curves.

Results: Of 53 neonates recruited into the present study, 26 (49%) were assigned to sepsis group and the remaining 27 (51%)
were assigned to normal group. Baseline characteristics for the two groups were similar except for the higher amount of male
participants in sepsis group (p-value 0.006). Most patients in sepsis group (7/26) demonstrated coagulase-negative staphylococci
(CoNS) sepsis. The values of 1% CRP and 2™ CRP were significantly higher in sepsis group compared to normal group (p-
value < 0.001 and 0.003). From ROC curves, at the cut-off points of 1 CRP > 1.90 mg/L and 2™ CRP > 1.25 mg/L, the
sensitivity were as high as 92.6% and 96.3%, respectively, and the specificity were both at 100%.

Conclusion: Serial CRP is safe as diagnostic tool to consider antimicrobial treatment in neonatal sepsis with sensitivity of
92.6% and 96.3% for the first CRP cut-off point > 1.90 mg/L and the second CRP > 1.25 mg/L with 100% positive predictive
value. Moreover, these safety profiles might help in reducing overuse of antibiotics with negative predictive value 96.3%.
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Neonatal sepsis remains a major life-
threatening condition despite advanced medical
development. The incidence of early onset neonatal
sepsis in USA is about 1.5% of live births in 20022,
The definite diagnosis obtained by blood culture is
delayed, posing difficulty in guiding antimicrobial
treatment and duration which might lead to overuse of
antibiotics. Fanaroff et al reported that signs and
symptoms associated with neonatal sepsis were non-
specific and had low positive predictive values only
13-20%®. Serial C-reactive protein (CRP) is utilized in
aiding diagnosis of neonatal sepsis with high
sensitivity and specificity. Predictive values of CRP for
neonatal sepsis were reported approximately 75-85%
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for sensitivity and specificity at the cut-off point 5-10
mg/L in many studies“'?, The objectives of the present
study were to determine the optimal cut-off point of
CRP and assess the predictive values of the new
optimal CRP level from the present study as the
diagnostic test in neonatal sepsis.

Material and Method

A prospective cohort study of neonates aged
from birth to 30 days old presenting with signs and
symptoms of neonatal sepsis in NICU and nursery ward
of Her Royal Highness Princess Maha Chakri
Sirindhorn Medical Center, Department of Pediatrics,
Srinakharinwirot University. Neonates were assigned
to either sepsis group or normal group depending on
blood culture status. Haematogical parameters from
complete blood count and serial CRP were then analyzed
using independent t-test Wilcoxon rank-sum test and
Receiver operating characteristic (ROC) curves. The
study protocol was approved by the institutional review
board and informed consent was obtained from each
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infant’s parents.

Population included all newborn infants, who
presented with signs and symptoms of neonatal sepsis,
e.g. thermoregulation instability, lethargy, apnea,
respiratory distress, abdominal distension, increasing
oxygen requirement or respiratory support, metabolic
derangement. Infants who had some conditions such
as postoperative PDA ligation, intracranial hemorrhage,
post resuscitation from severe asphyxia and antibiotics
given before sepsis work-up were excluded. Infants
who met the criteria will have the completed sepsis
work-up done including complete blood count (CBC),
blood culture, urinalysis, urine culture and cerebrospinal
fluid analysis. Radiographic studies for localized
infections were performed as clinically indicated. One
and a half mL of blood was required for a serum CRP
measurement which was performed by using a
commercial kit CRP (Latex) US, Roche Diagnostics
Corporation, Indianapolis, IN, USA). CRP level was
obtained at time of initial sepsis work-up and again at
12-24 hours later. Final diagnosis based on blood culture
results.

Results

During the present study period, 72 neonates
who were admitted with suspicious signs for sepsis.
However, 19 infants were excluded due to severe
asphyxia (7 cases), intracranial hemorrhage (6 cases),
postoperative PDA ligation (3 cases), antibiotics given
before completed sepsis work up (2 cases) and parents
refusal (1 case) respectively. Of 53 neonates recruited
into the study, 26 (49%) were assigned to sepsis group
and the remaining 27 (51%) were assigned to normal
group. Baseline characteristics for the two groups were
similar except for the higher amount of male participants
in sepsis group (p-value 0.006). Most patients in sepsis
group (7/26) demonstrated coagulase-negative
staphylococci (CoNS) sepsis the other organisms were

shown in Table 2. The values of 1 CRP and 2™ CRP
were significantly higher in sepsis group compared to
normal group (p-value < 0.001 and 0.003, respectively).

Patients in sepsis group illustrated signi-
ficantly lower absolute neutrophil counts and lower
platelet counts < 150,000/mm? along with higher I: T
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Fig. 1  Demonstration cut-off point and area under ROC
curve of 1*CRP > 1.90 mg/L
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Fig. 2  Demonstration cut-off point and area under ROC

curve of 2"CRP > 1.25 mg/L

Table 1. Characteristics of 53 neonates divided to normal and sepsis group

Parameters Normal Group (Mean + SD) Sepsis Group (Mean + SD) p-value
Number 27 26 -

Sex: male (%) 13 (48.1) 23(85.1) 0.006*
Gestation age(weeks) 34+38 34+34 0.97**
Birth weight (grams) 2,200.6 +1,043.1 2,077.3 + 859.7 0.64**
Age of onset (days) 105+8.1 9.15+8.2 0.67**
Caesarean section (%) 12 (52.2) 11 (47.8) 0.69*
Rupture of membrane (hours) 86+21 125+8.1 0.22*

* Chi-square test, ** Independent t-test
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ratio > 0.16, 1:M ratio > 0.25 and band form finding.
From ROC curves, at the cut-off points of 1 CRP >1.90
mg/L and 2" CRP > 1.25 mg/L, the sensitivity were as
high as 92.6% and 96.3%, respectively, and the
specificity were both at 100%. It clearly showed that
serial CRP at 12 to 24 hours after the onset of infection
had very high negative predictive values of 92.9% and
96.3% and positive predictive value of 100%.

Discussion

Neonatal septicemia is one of the major
causes of death in neonatal period. To establish the
diagnosis is difficult due to non-specific symptoms
and signs®3, Initiate treatment with empirical anti-

predictive value. The advantages of CRP over the
parameters from CBC are that it does not depend on
gestational age, post-natal age, hemoglobin level, or
red blood cell mass and because it does not cross the
placenta, therefore increased CRP level indicates the
response of the newborns by themselves to infection
or inflammation®7-9).

On the other hand, false positive CRP had
been reported in several studies. The increased CRP in
non infective condition can occurred in the infants who
already had tissue injury e.g. postoperative PDA

Table 2. Causative organisms in the sepsis group

biotics as soon as suspected infection is not uncom- ~ Organisms Number
mon condition. The diagnosis obtained by blood ) ]
culture is delayed which might lead to overuse of Coagulase-negative staphylococci !

G 1D) Thic eling . - Klebsiella pneumoniae 4
antibiotics**V. This clinical practice could result in an
. incid £ antib ial resi . Enterobacter cloacae 2
increase incidence o antibacteria re5|§t_ant0_rgan|5rr_15 Acinetobacter baumanii 2
and a hl_gh m_edlcal cost. '!'hus, a sensitive dlz_ignostlc Group B streptococcii 2
test which differentiates infected from non-infected  Escherichia coli 2
neonates would be very useful. In the present study, Pseudomonas aeruginosa 2
the authors found the new cut-off point of CRP that Candidaalbicans 2
lower level than discovered in the past. The results ~Enterobacter faecii 1
showed the 1*CRP > 1.90 mg/L and 2“CRP > 1.25 mg/  Proteus mirabilis 1
L had very high sensitivity, specificity and positive erpes simplex 1
Table 3. The first and second CRP results in the normal and sepsis group
Parameters Normal group median Sepsis group median p-value*

(inter-quartile range) (inter-quartile range)

1 CRP (mg/L) 0.27 (0.15-0.80) 30.40 (10.23-79.64) <0.001
2 CRP (mg/L) 0.10 (0-0.30) 21.40 (8.70-47.75) <0.001
* Wilcoxon rank-sum test
Table 4. The hematologic parameters of CBC in the normal and sepsis group
Paraneters Normal group Sepsis group p-value
Total WBC, mean + SD 15,151.81 + 6,421.39 11,647.70 + 7,117.52 0.07*
Absolute neutrophil counts, mean + SD 8,156.77 + 4,678.55 4,991.59 + 4,156.54 0.01*
I:T ratio, median (inter-quartile range) 0.05 (0-0.13) 0.23 (0.10-0.33) <0.001*
I:M ratio, median (inter-quartile range) 0.11 (0-0.22) 0.25 (0.11-0.43) 0.01**
Band form (%), median (inter-quartile range) 0 (0-1) 1(0-2) 0.006**
Platelet counts, mean + SD 204,132.70 + 79,694.54 142,231.50 + 117,327.10 0.03*
* Independent t-test, ** Wilcoxon rank-sum test
I:T ratio: immature/total neutrophil
I:M ratio: immature/mature neutrophil
J Med Assoc Thai Vol. 96 Suppl. 1 2013 S67



Table 5. The predictive values of the first and second CRP results in sepsis screening

Parameters Sensitivity (%) Specificity (%) NPV (%) PPV (%)
1t CRP* 92.6 100 92.9 100
2" CRP ** 96.3 100 96.3 100

* Cut-off point for 1t CRP > 1.90 mg/L, ** Cut-off point for 2"* CRP > 1.25 mg/L

NPV = negative predictive value, PPV = positive predictive value

ligation, intracranial hemorrhage and post resuscitation
from severe asphyxia®, Physicians can predict the
events associated with elevated CRP and can be
clinically aware of the possibility of false positive CRP.
Even so, we did not find false positive CRP in the present
study. Because neonatal sepsis remains a major life-
threatening condition and the yield of positive bacterial
culture is low and delayed. Most of the suspected
sepsis infants have mild symptoms and should be
treated base on maternal risk factors and clinical
manifestations®1Y),

Our finding supports to use serial CRP instead
of a single measurementas in the past studies®?'9, In
addition, due to the higher negative predictive values
and sensitivity of the second CRP than the first CRP,
physicians might obtain only one CRP measurement at
24 to 48 hours after the onset of suspected sepsis as a
diagnostic test if there is the limited budget situation
or lack of blood culture facility.

From the present study, due to very high NPV
of CRP, practitioners can consider using a negative
CRP which level < CRP 1.90 mg/L at the first time of
initial sepsis work-up and level < CRP 1.25 mg/L at 12-
24 hours later together with clinical evaluation to cease
the unnecessary antimicrobials that would help to
reduce cost, hospital stay and decrease the risk of
developing resistant organisms in NICU®7:18),

In conclusion, the cut-off points of CRP levels,
obtained from the present study, are lower than the
results from previous studies. Nevertheless, there was
asymmetrical distribution of the causative organisms
of neonatal sepsis, which CoNS has been found more
than other organisms®®% and this might bring about
the lower cut-off point levels compared with previous
studies. To provide the exact cut-off point of CRP level,
subanalysis of the CoNS group, separated from the
others, may get more appropriate cut-off point of CRP
level in future studies.
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