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Prognostic value of C-reactive protein in neonatal sepsis 
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ABSTRACT 

Background: Infection is one of the major problems in neonates. The diagnosis of neonatal septicemia is 

difficult to establish based on the clinical criteria alone. Empirical treatment should not be delayed because 

of the high mortality. Blood cultures are considered the gold standard for diagnosis of neonatal sepsis. C-

reactive protein (CRP) is an acute phase protein found in the blood, the levels of which rise in response to 

inflammation. During the acute phase response, levels of CRP rapidly increase within 2 hours of acute insult, 

reaching a peak at 48 hours. 

Objective: To investigate the diagnostic value of CRP. To show the benefit of doing serial measurement of 

CRP in neonatal sepsis in providing additional support for the observation and follow up of patient with 

sepsis. To show the prognostic meaningful of CRP in neonatal sepsis. 

Methods: A hospital-based cross sectional study design was conducted in Mosul over one year period from 

the 1
st
 of Nov. 2010 to the 30

th
 of Oct. 2011. A total of 198 neonates aged 1-28 days who were admitted to 

pediatrics wards in Al-Khansaa Teaching Hospital in Mosul during the study period under provisional 

diagnosis of sepsis and had a positive C-reactive protein level >6 mg/l were included in the study. All 

patients were sent for blood culture, and the final diagnosis of sepsis depended on the result of blood 

culture.   

Results: Male gender constituted 63.5% of patients with sepsis compared to 51% patients without sepsis. 

Refusal to feed and tachypnea were the most frequent complaints in both groups (sepsis and no sepsis). All 

patients at admission had high CRP while only 52% had culture-proven sepsis. After 72 hrs of admission, 

CRP was still high in approximately half of the patients after receiving treatment but only 62% of them had 

positive blood culture. Higher initial CRP titer constituted 40.4% of the sepsis group compared to only 23.4% 

of no sepsis group, the difference was significant (p=0.009). CRP levels between 6 mg/L and 12 mg/L were 

more frequently observed among no sepsis than in sepsis groups (14.4% and 37.2% respectively). In 

patients with CRP ≥40 mg/L, CRP was significantly higher in patients with blood culture positive than in 

patients with suspected sepsis but negative blood culture, and after 72 hours of treatment high levels of CRP 

still constituted 60.6% of cases with proven sepsis compared to 46% among the suspected sepsis group but 

with negative blood culture. Death rate was 5% and E. coli was the predominant micro-organism isolated. 
Conclusion: Gram-negative micro-organisms are a predominant cause of neonatal sepsis in our community. 

Predictive value of CRP could be enhanced by serial rather than a single measurement. A high cut off value 

of CRP may be needed to diagnose neonatal sepsis. 
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 الخلاصة

ٔانرٙ ذغرٕظة ذشخٛصا يثكشا ٔعلاظا عشٚعا حرٗ قثم ٚعاَٙ يُٓا انطفم حذٚس انٕلادج  انًشاكم انرٙ قذْى أٚعرثش خًط انذو يٍ 

ٚاو نهحصٕل أٌ َرٛعح فحص انذو ذحراض انٗ عذج أٔيٍ انًعشٔف  ٔانرٙ ذعرًذ غانثا عهٗ صساعح انذو. ،ظٕٓس َرائط انفحٕصاخ

http://en.wikipedia.org/wiki/Protein
http://en.wikipedia.org/wiki/Inflammation
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ج عشٚعح ذًكٍ الأطثاء يٍ ذشخٛص خًط انذو ٔعلاظّ تغشعح. يغاعذ حٚعاد تذائم يخثشٚإصثح يٍ انضشٔسٖ أ، نزنك عهٛٓا

فٙ انذو ذشذفع ٌ َغثرّ أحٛس  ،عرعاَح تثشٔذٍٛ عٙ انرفاعهٙ نهًغاعذج فٙ ذشخٛص خًط انذوعذج دساعاخ نثحس ظذٖٔ الإ ظشٚدأ

 عاعح. 84نرٓاب ٔذصم رسٔذٓا خلال يٍ الإتغشعح خلال عاعرٍٛ 

ٔنًعشفح فائذج انقٛاط انرغهغهٙ نّ فٙ ذشخٛص  ،نقًٛح انرشخٛصٛح نثشٔذٍٛ عٙ انرفاعهٙٚٓذف انثحس نهرحقق يٍ ا :هذاف البحثأ

 خًط انذو ٔنرقٛٛى فائذذّ  فٙ يراتعح ذطٕس خًط انذو عُذ حذٚصٙ انٕلادج.

 انصاَٙذششٍٚ ترذاء يٍ إنًذج عاو كايم  ،ظشٚد فٙ يغرشفٗ انخُغاء انرعهًٛٙ نلأطفال فٙ انًٕصمأدساعح يقطعٛح  طريقة البحث:

شرثاِ تئصاترٓى تأعشاض نًغرشفٗ نلإأدخهٕا ا، إٚي 04-0أعًاسْى تٍٛ  ديٍ كلا انعُغٍٛ ذشأح طفلا 094خرٛاس إ. ذى 0202

ذى عحة عُٛاخ انذو يٍ ظًٛع انًشضٗ ٔإسعانٓا نهًخرثش ٔ. /نرشيهغى 6 >انرفاعهٙ نذٚٓى خًط انذو ٔانزٍٚ كاَد َغثح تشٔذٍٛ عٙ 

 عرًاد عهٗ َرٛعح انضساعح نغشض انرشخٛص انُٓائٙ نلإصاتح تخًط انذو.لإٔذى ا ،نغشض صساعح انذو

. قهح انشضاعح ٔصٚادج عشعح انرُفظ % يٍ الإَاز0,% يقاسَح ب ,665طفال انزكٕس انًصاتٍٛ تخًط انذو كاَد َغثح الأ النتائج:

هٙ يشذفعح عُذ ظًٛع انًشضٗ عُذ دخٕل كاَد َغثح تشٔذٍٛ عٙ انرفاعٔ كصش الأعشاض شٕٛعا عُذ الأطفال يذاس انثحس.أكاَرا 

ٌ َغثح تشٔذٍٛ عٙ انرفاعهٙ تقٛد يشذفعح عُذ َصف أ. نٕحع ثح% يُٓى فقظ كاَد نذٚٓى صساعح دو يٕظ0,نكٍ  ،انًغرشفٗ

ٌ َغثح تشٔذٍٛ أ% . نٕحع 60سذفعد انٗ إٚعاتٛح صساعح انذو نذٚٓى إٌ َغثح أكًا  ،انعلاض ءعاعح يٍ تذ 20انًشضٗ ذقشٚثا تعذ 

كًا نٕحع ٔظٕد علاقح  .صساعح دو عانثحانًشضٗ انزٍٚ نذٚٓى عُذ  كصشأيهغى/نرش( كاَد  00-6عٙ انرفاعهٙ فٙ انًعًٕعح تٍٛ )

ء ٚعاتٛح فحص صساعح انذو قثم تذإيهغى /نرش ٔتٍٛ  84ح تشٔذٍٛ عٙ انرفاعهٙ نذٚٓى يعُٕٚح عانٛح تٍٛ انًشضٗ انزٍٚ ذرعأص قًٛ

 ،%,َغثح انٕفاج نهًشضٗ انًشاسكٍٛ فٙ انثحس ٔص نى ذرعاانعلاض.  ءعاعح يٍ تذ 20شخ ْزِ انُغثح عانٛح حرٗ تعذ عرًإٔ ،انعلاض

 كٕلا٘ ْٙ انغائذج كًغثة نخًط انذو.ٖ أكاَد ظششٕيح 

ياصاند ذشكم يشكهح كثٛشج نلأطفال حذٚصٙ  (راخ صثغح غشاو انغانثح)تانعشاشٛى  ٌ الإصاتح تخًط انذو انًغثثحإ :ستنتاجاتلإا

ظشاء قٛاعاخ يرراتعح نّ. َحراض انٗ قٛى عانٛح نثشٔذٍٛ عٙ انرفاعهٙ إٌ انقًٛح انرُثؤٚح نثشٔذٍٛ عٙ انرفاعهٙ ذشذفع عُذ إٔ انٕلادج.

 نغشض ذشخٛص الإصاتح تخًط انذو.

 
INTRODUCTION 
 

-reactive protein (CRP) is an acute phase 

protein found in the blood, the levels of which 

rise in response to inflammation. Its physiological 

role is to bind to phosphocholine expressed on the 

surface of dead or dying cells (and some types of 

bacteria) in order to activate the complement 

system via the C1q complex.
1
 It is discovered by 

Tillett and Francis in 1930.
2
 It was initially thought 

that CRP might be a pathogenic secretion as it 

was elevated in people with a variety of illnesses 

including cancer.
3
 However, discovery of hepatic 

synthesis demonstrated that it is a native protein.
4-6 

 

It was so named because it was first discovered as 

a substance in the serum of patients with acute 

inflammation that reacted with the C- (capsular) 

polysaccharide of pneumococcus.
6 

It is 

synthesized by the liver in response to factors 

released by macrophages and fat cells.
4–6 

It is 

released in response to a wide range of acute and 

chronic inflammatory conditions like bacterial, viral, 

or fungal infections
7 

which cause release of 

interleukin-6 and other cytokines that trigger the 

synthesis of CRP and fibrinogen by the liver. CRP 

is a more sensitive and accurate reflection of the 

acute phase response than the ESR. In the first 24 

hrs, ESR may be normal but CRP is elevated. Also 

CRP returns to normal more quickly than ESR in 

response to therapy.
7-9

 

   Normal serum CRP concentration in healthy 

human is usually lower than 6 mg/L, slightly 

increasing with aging.
9,10

  

   Sepsis remains one of the most common 

diseases of the neonatal period and is still a 

significant cause of mortality and morbidity.
11 

 

Neonatal sepsis generally exhibits an insidious 

onset, with signs and symptoms in the majority of 

patients are highly nonspecific such as grunting, 

poor feeding, pallor, apnea, lethargy, irritability, 

hypothermia, and abnormal cry. There may be 

nonspecific clinical signs; tachypnea >60/min, 

nasal flaring, retraction, cyanosis, respiratory 

distress, bradycardia (<100/min), tachycardia 

(>180/min), hypotonia, seizures, poor skin color, 

and capillary refilling time longer than two 

seconds.
11,12

 

   Blood culture is considered the gold standard for 

diagnosis of neonatal sepsis. Nevertheless, its 

positivity varies widely (50% to 87%) and the 

C 
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http://en.wikipedia.org/wiki/Phosphocholine
http://en.wikipedia.org/wiki/Complement_system
http://en.wikipedia.org/wiki/Complement_system
http://en.wikipedia.org/wiki/C1Q_complex
http://en.wikipedia.org/wiki/Pneumococcus
http://en.wikipedia.org/wiki/Liver
http://en.wikipedia.org/wiki/Macrophage
http://en.wikipedia.org/wiki/Aging


Ghaith W. Hamdoon, et al                        Prognostic value of C-reactive protein in.. 

138  Ann Coll Med Mosul December 2013 Vol. 39 No. 2    

results are not available rapidly for use in defining 

therapeutic management. For this reason, 

neonatologist tries to find an alternative, faster 

laboratory tests for diagnosis of neonatal sepsis.
13

 

The tests used include the white blood cell count 

(WBC) and assays for markers of inflammatory 

reaction in serum, such as, C-reactive protein 

(CRP), interleukin-6 (IL-6), tumor necrosis factor 

alpha (TNF-α) and procalcitonin.
13,14

 Unfortunately, 

despite the availability of effective antibiotics, early 

diagnosis represents a major challenge because of 

the non-specific nature of signs and symptoms
15-18

 

and non-availability of standard microbial culture 

results in the first 48 hrs.
19 

 
 

Aim of the study 

1) To investigate the diagnostic value of CRP.  

2) To show the benefit of doing serial 

measurements of CRP in neonatal sepsis in 

providing additional support for the observation 

and follow up of patient with sepsis. 

3) To show the prognostic meaningful of CRP in 

neonatal sepsis. 
 

PATIENTS AND METHODS 

The present study was conducted in Mosul over 

one year period from the 1
st
 of Nov. 2010 to the 

30
th
 of Oct. 2011. A hospital-based cross sectional 

study design was adopted in order to achieve the 

objectives of the study.  

   It was decided to include all neonates who were 

admitted to pediatrics wards in Al-Khansaa 

teaching Hospital in Mosul during the study period 

under provisional diagnosis of sepsis and have a 

positive C-reactive protein level (CRP). 

    A positive CRP is a level equal or more than 6 

mg/L.
9
 A total of 198 neonates aged 1-28 days 

were included in the study, the mothers were 

interviewed and a questionnaire form was filled for 

each patient which contained information regarding 

age, sex, and presenting symptoms. The neonates 

were examined by one of the authors; the elicited 

sings were also recorded in the questionnaire 

form. An initial CRP level was recorded and 

followed by recording of another level after 72 

hours. Any neonate with initial CRP level below 6 

mg/L was excluded. All patients were sent for 

blood culture, and the final diagnosis of sepsis 

depended on the result of blood culture.  

   Analysis of the data was conducted by using 

SPSS, Minitab, and excel computer systems, X2 

test and Z test of two proportions were used to 

conduct the statistical analysis.  
 

RESULTS 
Table 1 shows the demographic characteristics of 

study population, it was clear from the table that 

more than one third of the study population were in 

the first week of life in both sepsis and no sepsis 

groups (53.9% and 42.6% respectively), on the 

other hand only 3.8% of patients who have sepsis 

were in their fourth week of life compared to 11.7% 

of patient who have no sepsis. 

    Male gender constituted 63.5% of patients with 

sepsis compared to 51% in no sepsis group. 

Weight of equal to 2.5 Kg or more constituted 

about one third of the study population in both 

groups. 

   Table 2 shows the main presenting symptoms 

among the study population. It is clear from the 

table that refusal to feed was a complaint in more 

than 90% of both groups (sepsis and no sepsis). 

Lethargy was less frequent among cases with 

sepsis (82.7%) compared to 95.5% of cases 

without sepsis, the difference was statistically 

significant. Seizure was reported in 12.5% of cases 

with sepsis compared to only 4.3% of no sepsis 

group, the difference was significant (p=0.039). No 

significant difference between the two groups was 

observed regarding other symptoms. 
 

Table1. Demographic characteristics of study population, 

Mosul 2012. 

Characteristic 
Final diagnosis according to 

blood culture 

Age (Days) 
Neonatal 
Sepsis 

    No.           % 

No Neonatal 
Sepsis 

   No.             % 

1-7      56         53.9     40          42.6 

8-14      26         25.0     18          19.1 

15-21      18         17.3     25          26.6 

22-28      04         03.8     11          11.7 

Total     104         100     94           100 

Gender   

Male      66         63.5     48          51.0 

Female      38         36.5     46          49.0 

Total      104        100     94           100 

Weight   

 2.5 Kg      35         33.7     31          33.0 

< 2.5 Kg      69         66.3     63          67.0 

Total      104       100     94          100 
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Table 2. Presenting symptoms among study population, 

Mosul 2012. 

Presenting 
symptom 

Final diagnosis according 
to blood culture P 

value 
Neonatal 
Sepsis 

No.             % 

No Neonatal 
Sepsis 

No.             % 

Refusal to 

feed 
95       91.3 85       90.4 

0.822 
(NS) 

Lethargy 86       82.7 90       95.5 
0.004 

(S) 
Yellow 

discoloration 

of skin and 

sclera 

15     14.4 23      24.5 
0.07 
(NS) 

Vomiting 15     14.4 19     20.2 
0.281 
(NS) 

Poor crying 37      35.6 43     45.7 
0.145 
(NS) 

Seizure   13       12.5 4        4.3 
0.039 

(S) 
Abdominal 

distention 
2           1.9 7         7.4 

0.062 
(NS) 

Apnea 13        12.5 10      10.6 
0.638 
(NS) 

Diarrhea 2          1.9 5         5.3 
0.196 
(NS) 

Chi squared test was used. 

 

   Table 3 shows the presenting signs among the 

study population. Tachypnea was the most 

frequent sign in both groups (37.5% and 44.6% 

respectively). Fever was observed in about 10% of 

both groups. No statistical differences have been 

observed between the two groups regarding any 

sign. 

   It was evident that the high initial level of CRP 

constituted 40.4% of the sepsis group compared to 

only 23.4% of no sepsis group, the difference was 

significant (p=0.009). On the other hand CRP 

levels between 6 mg/L and 12 mg/L was more 

frequently observed among no sepsis group 

(37.2%) compared to sepsis group (14.4%) 

(P=0.000), (Table 4). 

   Table 5 shows the CRP levels after 72 hours of 

admission, again the high levels of CRP (group 4) 

constituted 60.6% of cases with sepsis compared 

to 46% among the no sepsis group, the difference 

was not significant. 

   Figure 1 shows the main microorganisms that 

are discovered by culture among cases with 

sepsis. E. coli was the most common 

microorganism isolated (33.7%) followed by 

Klebsiella (26.9%). Proteus was isolated in one 

case only. 

   Table 6 shows that ten patients died (seven 

cases from sepsis group and three among no 

sepsis group). Forty percent mortality was among 

the group with initial CRP48 mg/L compared to 

30% among groups with initial CRP 24 mg/L<48 

mg/L and  12 mg/L<24 mg/L respectively. 
 

Table 3. Elicited signs among study population, Mosul 

2012. 

Elicited sign 

Final diagnosis according 
to blood culture P 

value 
Neonatal 
Sepsis 

No.      % 

No Neonatal 
Sepsis 

No.         % 

 Tachypnea 39   37.5 42       44.6 
0.305 
(NS) 

Hypothermia 11   10.6 14        14.9 
1.34 
(NS) 

Fever 10    9.6 10       10.6 
0.811 
(NS) 

Umbilical 

discharge 
2     1.9 3          3.2 

0.570 
(NS) 

Tachycardia 5     4.8 2          2.1 
0.308 
(NS) 

Bradycardia 2     1.9 0            0 *** 

Poor capillary 
refilling  

5    4.8 2          2.1 
0.302 
(NS) 

Chi squared test was used. 
 

Table 4. Distribution of study population according to 

initial CRP titer, Mosul 2012. 

C -reactive 
protein level 

Neonatal 
Sepsis 

No.        % 

No Neonatal 

Sepsis 
No.        % 

P 
value 

Group1 
CRP6mg/L<12mg/L  

15 14.4 35 37.2 
0.000 

(S) 

Group2 
CRP12mg/L<24mg/L 

25 24 28 29.8 
0.362 
(NS) 

Group3 
CRP24mg/L<48mg/L 

22 21.2 9 9.6 
0.020 

(S) 

Group4 
CRP 48mg/L 

42 40.4 22 23.4 
0.009 

(S) 

Total 104 100 94 100  

Z two proportions test was used. 
  

 

 

Table  5. Distribution of study population according to 72 

hours CRP titer, Mosul 2012. 

Positive C reactive 
protein level after 

72 hours 

Neonatal 
Sepsis 

No.     % 

No Neonatal 

Sepsis 
No.     % 

P 
value 

Group1 
CRP 6mg/L<12mg/L 

0 0 3 8.1 **** 

Group2 
CRP12mg/L<24mg/L 

9 14.8 11 29.7 
0.088 
(NS) 

Group3 
CRP24mg/L<48mg/L 

15 24.6 6 16.2 
0.367 
(NS) 

Group4 
CRP 48mg/L 

37 60.6 17 46.0 
0.154 
(NS) 

Total 61 100 37 100  

Z two proportions test was used. 
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 Table 6. Distribution of mortality among study population 

according to initial CRP titer, Mosul 2012. 

C- reactive protein 
level 

Mortality among study population 

Neonatal 
Sepsis 

No.      % 

No Neonatal 
Sepsis 

No.        % 

Total 
 

No.    % 

Group 1 
CRP6mg/L<12mg/L  

0 0 0 0 0 0 

Group 2 
CRP12mg/L<24mg/L 

2 28.6 1 33.33 3 30 

Group 3 
CRP24mg/L<48mg/L 

2 28.6 1 33.33 3 30 

Group 4 
CRP 48mg/L 

3 42.8 1 33.33 4 40 

Total 7 100 3 100 10 100 

 

Figure 1. Distribution of sepsis cases according to 

culture results, Mosul 2012. 
 

DISCUSSION 

Based on clinical picture alone the diagnosis of 

neonatal infection is difficult to establish, yet it is 

imperative that treatment is instituted early 

because of the high mortality associated with 

neonatal infection. 

   In the present study 63.5% of the infected babies 

were boys and this was similar to other studies.
20,21

  

This possibly may be due to impaired defense 

mechanisms and low immunoglobulin G levels in 

boys .
3,6,7,21

 

   All our patients (198) at admission had high 

serum CRP level while only 104 (52%) of them had 

culture-proven sepsis and this was in agreement 

with study
 

done in England, in which culture-

proven sepsis were 55.4%.
22

 The low positivity of 

blood culture underscores the need for other tests 

in diagnosing neonatal sepsis. 

   After 72 hrs of admission, CRP was still high in 

approximately half (98 patients) of our patients 

after receiving treatment for neonatal sepsis but 

only 61 (62%) of them had positive blood culture. 

Serial CRP measurements can be helpful in 

monitoring the response to treatment and to 

determine the duration of antibiotic therapy.
23,24 

In 

a cohort of 60 neonates with early-onset sepsis, 

Ehl et al
25 

demonstrated that after initiation of a 

successful antibiotic therapy, CRP values further 

increased, peaking and consecutively decreasing 

after 16 hrs. A CRP level that returned to the 

normal range may indicate that antibiotic was 

effective, allowing its discontinuation,
26

 provided 

that the clinical condition of the neonate has 

improved and culture results were negative.   

   On the other hand, in group 1 patients (CRP ≥ 6< 

12 mg/L) 37.2% of patients with suspected sepsis 

but negative blood culture, had high CRP 

compared with only 14.4% of them with positive 

blood culture. This is because a raised CRP is not 

necessarily diagnostic for sepsis, as elevations 

may also occur as a physiologic phenomenon after 

birth or non-infection-associated conditions 

(PROM, prolong labor meconium aspiration, IVH, 

perinatal asphyxia and fetal distress).
27-29

 In 1982, 

Ainbender et al
30

 described CRP values > 20 mg/L 

in 11 of 100 uninfected infants consecutively 

admitted to the special care nursery. The authors 

described that 8 of the 11 infants had, either singly 

or in combination, shock, meconium aspiration 

pneumonitis, fetal distress, maternal fever and 

PROM, and none was found to be infected. Forest 

et al
31

 reported elevated CRP values between 11 

and 70 mg/L in 16/49 uninfected neonates 

admitted to the NICU with diagnoses of 

intraventricular hemorrhage (IVH), meconium 

aspiration pneumonia, anoxic encephalopathy, 

PROM, respiratory distress syndrome, 

chorioamnionitis, aspiration pneumonia, and 

transitory tachypnea. Therefore, concerns were 

raised about the reliability of CRP during the early 

stage of the disease being neither able to diagnose 

nor to rule out an infection with certainty. 

   Moreover, in group 4 patients (CRP ≥48 mg/l) 

CRP was significantly higher with blood culture 

positive than in patients with suspected sepsis but 

negative blood culture (p value = 0.009), and after 

72 hours of treatment a high levels of CRP still 

constituted 60.6% of cases with proven sepsis 

compared to 46% among the suspected sepsis 

group but with negative blood culture. An elevated 

CRP measured at the time of the first clinical 

suspicion probably reflects a more advanced 

infectious process.
25
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   In this study the death rate was 5 % and this is 

lower than that in India which was 13.3%.
21

    

   Refusal to feed and lethargy were the most 

common presenting symptoms in both sepsis and 

no sepsis groups. There was no statistical 

difference between symptoms and signs of both 

groups apart from seizure which was more 

common in sepsis group and lethargy which was 

more common in non- sepsis group and this may 

be due to other causes like hypoglycemia or 

electrolytes disturbances or IVH. 

   E.coli was the predominant organism isolated in 

this study with 34%, while in India,
 21

 Serbia
 32

 and 

Bangladesh
33

 klebsialla was the most common 

isolated micro-organism. Staphylococcus 

epidermidis was the most common micro-organism 

isolated in studies done in Nottingham, England
 22

 

and China.
 3 

 

CONCLUSION 

Sepsis with Gram-negative micro-organisms is a 

predominant cause of neonatal sepsis in our 

community. 

   The routine ordering of serum CRP for neonate 

with sepsis is based on weak evidence. Predictive 

value of CRP could be enhanced by serial rather 

than a single measurement. A high cut off value of 

CRP may be needed to diagnose neonatal sepsis. 

Further, future studies with large number of 

patients are needed to definitively determine the 

diagnostic accuracy of CRP levels in neonates with 

infections. 
 

REFERENCES 
1. Thompson D, Pepys MB, Wood SP. The physiological 
structure of human C-reactive protein and its complex 
with phosphocholine. Structure 1999; 7(2):169–77.  
2. Tillett WS, Francis T. Serological reactions in 
pneumonia with a nonprotein somatic fraction of 
pneumococcus. J Exp Med 1930; 52(4): 561-71.  
3. Pepys MB, Hirschfield GM. C-reactive protein: a 
critical update. J Clin Invest 2003;111(12):1805–12.  
4. Kennelly PJ, Robert F, Rodwell VW, et al. Harper's 

illustrated biochemistry. 28
th

 ed. McGraw-Hill Medical; 
2009.p. 571-91.  
5. Pincus M R, Richard A, Bernard J, et al. Henry's 
clinical diagnosis and management by laboratory 
methods. 22

nd
 ed. Saunders Elsevier; 2007.p. 295-301. 

6. Ratey JJ, Noskin GA, Braun R, et al. Kelley's 
Textbook of Rheumatology: 2-Volume Set, Expert 
Consult: Online and Print (Textbook of Rheumatology 
(Kelley's)(2 Vol)). 8

th
 ed. Philadelphia: Saunders; 2008. 

p.393-398. 
7. Lau DC, Dhillon B, Yan H, Szmitko PE, Verma S. 
Adipokines: molecular links between obesity and 

atheroslcerosis. Am J Physiol Heart Circ Physiol 2005; 
288 (5): H2031–41.  
8. Mantovani A, Garlanda C, Doni A, Bottazzi B. 
Pentraxins in innate immunity: from C-reactive protein to 
the long pentraxin PTX3. J Clin Immunol 2008;28(1):1-
13.  
9. Clyne B, Olshaker JS. The C-reactive protein. J 
Emerg Med 1999;17(6): 1019–25. 
10. Pradhan AD, Manson JE, Rifai N, Buring JE, Ridker 
PM. C-reactive protein, interleukin 6, and risk of 
developing type 2 diabetes mellitus. JAMA 2001;286(3): 
327–34. 
11. Klein J, Marcy MS, Klein JO, et al. Infectious 
diseases of the fetus & newborn infant. Bacterial sepsis 
and meningitis. 6

th
 ed. Philadelphia: WB Saunders; 

2005.p.835-90. 
12. Jackson GL, Engle WD, Sendelbach DM, Vedro DA, 
Josey S, Vinson J, et al. Are complete blood cell counts 
useful in the evaluation of asymptomatic neonates 
exposed to suspected chorioamnionitis? Pediatrics 
2004;113:1173-80. 
13. Couto RC, José A, Barbosa A, Tania M, Fernando 
M. Diagnostic markers of infection in neonates. Arch Dis 
Child Fetal Neonatal Ed 2004; 89:229-35.  
14. Kaufman D, Fairchild KD. Clinical microbiology of 
bacterial and fungal sepsis in very low-birthweight 
infants. Clin Microbiol Rev 2004; 17: 638-80. 
15. Daoud AS, Abuekteish F, Obeidat A, el-Nassir Z, al-
Rimawi H. The changing face of neonatal septicemia. 
Ann Trop Paediatric1995;15:93–6. 
16. Mathai E, Christopher U, Mathai M, Kumar J A, Rose 
D, Bergstro¨m S. Is C-Reactive protein level useful in 
differentiating infected from uninfected neonates among 
those at risk of infection. Indian Pediatr 2004;41:895–
900. 
17. Enguix A, Rey C, Concha A, et al. Comparison of  
procalcitonin with C-reactive  protein and serum amyloid 
for the early diagnosis of  bacterial sepsis in critically ill 
neonates and children. Intensive Care Med. 2001; 
27(1):211–5. 
18. Sluncheva B, Vakrilova L, Emilova Z, et al. Inborn 

bacterial infections during neonatal period. Akush 
Ginekol (Sofiia) 2006;45:42–8. 
19. Døllner H, Vatten L, Austgulen R. Early dignostic 
markers for neonatal sepsis: comparing C-reactive 
protein, interleukin-6, soluble tumor necrosis factor 
receptors and soluble adhesion molecules. J Clin 
Epidemiol 2001;54:1251–7. 
20. Khassawneh M, Hayajneh WA, Kofahi H, Khader Y, 
Amari Z, Daud A. Diagnostic Markers for Neonatal 
Sepsis: Comparing C- reactive protein, Interleukion-6 
and immunoglobulin M. Scandinavian Journal of 
Immunology 2007; 65:171-175. 
21. Manucha V, Rusia U, Sikka M, ma Faridi M, Madan 
N. Utility of hematological parameters and C-reactive 
protein in the detection of neonatal sepsis. J. Paediatr. 
Child Health 2002; 38:459–464. 
22. Edgar JDM, Gabrie V, Gallimore JR, McMillan SA, 
Grant J. A Prospective study of the sensitivity, specificity 
and diagnostic performance of soluble intercellular 
adhesion molecule 1, highly sensitive C-reactive protein, 
soluble E-selectin and serum amyloid A in the diagnosis 
of neonatal infection. BMC Pediatrics 2010; 10:22. 



Ghaith W. Hamdoon, et al                        Prognostic value of C-reactive protein in.. 

142  Ann Coll Med Mosul December 2013 Vol. 39 No. 2    

23. Pourcyrous M, Bada HS, Korones SB, Baselski V, 
Wong SP: Significance of serial C-reactive protein 
responses in neonatal infection and other disorders. 
Pediatrics 1993;92:431–435. 
24. Kawamura M, Nishida H. The usefulness of serial C-
reactive protein measurement in managing neonatal 
infection. Acta Paediatr. 1995; 84:10–13. 
25. Ehl S, Gehring B, Pohlandt F. A detailed analysis of 
changes in serum C-reactive protein levels in neonates 
treated for bacterial infection. Eur J Pediatr 1999; 158: 
238–242. 
26. Ehl S, Gering B, Bartmann P, Högel J, Pohlandt F: 
C-reactive protein is a useful marker for guiding duration 
of antibiotic therapy in suspected neonatal bacterial 
infection. Pediatrics 1997; 99: 216–221. 
27. Benitz WE, Han MY, Madan A, Ramachandra P: 
Serial serum C-reactive protein levels in the diagnosis of 
neonatal infection. Pediatrics 1998;102:E41. 
28. Nuntnarumit P, Pinkaew O, Kitiwanwanich S. 
Predictive values of serial C-reactive protein in neonatal 
sepsis.  J Med Assoc Thai 2002;85 (Suppl 4):S1151-8. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

29. Hofer N, Zacharias E, Müller W, Resch B. An Update 
on the Use of C-Reactive Protein in Early-Onset 
Neonatal Sepsis: Current Insights and New Tasks. 
Neonatology 2012;102:25–36. 
30. Ainbender E, Cabatu EE, Guzman DM, Sweet AY. 
Serum C-reactive protein and problems of newborn 
infants. J Pediatr 1982;101:438–440. 
31. Forest JC, Larivière F, Dolcé P, Masson M, Nadeau 
L. C-reactive protein as biochemical indicator of bacterial 
infection in neonates. Clin Biochem 1986;19:192–194. 
32. Janković B, Pasić S, Marković M, Veljković D, Milicić 
M. C-reactive protein concentrations during initial 
(empiric) treatment of neonatal sepsis. Srp Arh Celok 
Lek 2001;129 (Suppl 1):17-22. 
33. Afroza S. Neonatal sepsis- a global problem: an 
overview. Mymensingh Med J 2006 Jan;15(1):108-14. 
34. Fan Y, Yu JL, Astruc D. Clinical manifestations and 
treatment of early-onset neonatal sepsis: a Chinese-
French comparison. Onghua Er Ke Za Zhi. 2012; 50(9): 
664-71. 


