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INTRODUCTION: 
Neonatal Sepsis is dened as a clinical syndrome which occurs in the 
rst 28 days of life which is characterized by symptomatic systemic 

2illness due to infectious agents.  Despite the advances in neonatal care 
in the recent years, sepsis still remains a life-threatening condition. 
UNICEF data estimated that 2.8 million neonatal deaths that occurred 
globally in the year 2013 were due to sepsis and two-thirds of these 

1neonatal deaths have occurred in the developing countries.  The global 
incidence of neonatal deaths caused by sepsis is only 15% but in a 
developing country like India, sepsis accounts for about 30 to 50% of 

3neonatal mortality.

Neonatal sepsis with its high incidence and its grave prognosis, in spite 
of adequate treatment with modern antibiotics, has been a challenge 
for all times. Optimal diagnosis and treatment strategies are difcult to 
dene. The signs and symptoms are protean with a high mortality and 
thus there is urgent need to know whether the baby has sepsis, to 
institute treatment as quickly as possible. Conrmation of the 

4diagnosis by denitive culture is not possible rapidly.  The alteration in 
the immune system of the neonates in comparison to adults like 
reduced function of the neutrophils, presence of low concentration of 
immunoglobulin and defects in the complement system both 
qualitative and quantitative makes them more susceptible to 
infections. The pathogenic organism after gaining access into the 
blood stream sometimes causes overwhelming infection without any 
localisation resulting in sepsis. Clinical suspicion and timely diagnosis 
isimportant as even a few hours of delay in initiation of treatment 
results in rapid clinical deterioration of the neonate. The causes of 
neonatal sepsis may vary from time to time but it is usually of bacterial 
origin. Based on the onset of symptoms and probable mode of 
transmission, neonatal sepsis may be of following categories : a) Early 

1onset sepsis. b) Late onset sepsis. c) Very late onset sepsis.  Neonatal 
sepsis is a clinical syndrome of bacteraemia characterized by systemic 
signs and symptoms of infection in the rst month of life. Neonatal 
sepsis encompasses systemic infection of the newborn including 
sepsis, meningitis, pneumonia, arthritis, osteomyelitis and urinary 

5 tract infection of the newborn.

Globally of the 130 million babies born every year, about 4 million die 
in the rst 4 weeks of life, i.e. neonatal period. The main direct causes 
of neonatal deaths are estimated to be preterm birth (28%), severe 

6infection (26%), and birth asphyxia (23%).  According to recent data 
from National Neonatal Perinatal Database (NNPD) 2002-03 
collected from 18 centres from various parts of India, incidence of 
neonatal sepsis has been reported to be 29.9 per 1000 live births. Early 
onset sepsis contributed 67% of all sepsis. Meningitis contributed to 

10.6% of all cases of sepsis. Neonatal sepsis was one of the common 
causes of neonatal mortality contributing to 16% of all intramural 

7deaths.

Diagnosis of neonatal sepsis based on clinical symptoms is not 
possible. Although isolating its causative microorganisms using blood 
culture has been the gold standard for its diagnosis, but result will take 
24-72 hours after sampling and during this period, it is necessary to 
treat suspicious infants for sepsis with antibiotics according to clinical 

8symptomsand risk factors.  CRP is synthesized within 6 to 8 hours of 
exposure to an infective process or tissue damage. It has a half-life of 
19 hours and may increase more than 1000-fold during an acute phase 

9response.  The ability to early diagnosis or rule out neonatal sepsis 
results in to limit inappropriate antibiotic exposure and lowering the 

10cost of therapy.  Blood culture which is considered as gold standard 
for diagnosis is costly and time consuming (preliminary results are 
delayed for at least 48 hours or more). Moreover, the yield of blood 
culture is between 30% -70%, hence some neonates with sepsis go 
undetected. 

Various studies have shown that raised CRP had high sensitivity, 
specicity, positive and negative predictive value for neonatal sepsis. 
Detection of raised CRP in blood can be done rapidly by cheap and 
easily available kits. Since India is a developing country with high 
neonatal morbidity and mortality, there is requirement of rapid and 
economic diagnostic method to raise our medical health care levels to a 

11next step.  Successful treatment thus depends on early clinical 
diagnosis, vigorous therapy often prior to availability of denite 
clinical and bacteriological evidence. The wide spread use of antibiotic 
has not only changed the bacterial pattern responsible for neonatal 
sepsis but has also brought into the focus the problem of drug resistant 
bacteria. Hence on account of fulminating nature of the illness and 
emergence of resistant bacteria, it is essential to diagnose early with 
laboratory investigation like serial CRP; hence a study was planned to 
nd out the role of CRP against blood culture in early detection of 
neonatal sepsis, so that a feasible, rapid and a relatively economic 
method to diagnose neonatal sepsis at earliest can be instituted even at 
basic health care level.

Objectives: To evaluate Validity of  C-Reactive Protein as a screening 
test in neonatal sepsis. 

Material and Method: This prospective observational study was 
carried out to evaluate Validity of  C-Reactive Protein as a diagnostic 
test in neonatal sepsis.
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ABSTRACT
Background: Neonatal sepsis with its high incidence &grave prognosis, in spite of adequate treatment with modern antibiotics, has been a 
challenge for all times. Optimal diagnosis and treatment strategies are difcult to dene. It is essential to diagnose early with laboratory 
investigation like serial CRP; so that a feasible, rapid and a relatively economic method to diagnose neonatal sepsis at earliest can be instituted even 
at basic health care level. hence a study was planned to nd out the role of CRP against blood culture in early detection of neonatal sepsis. Aim & 
Objective: Material and Method: To evaluate Validity of C-Reactive Protein as a screening test in neonatal sepsis.  This prospective study was 
carried out inpaediatric dept of medical college. 100  neonates (≤ 28 days) with suspected neonatal sepsis having a birth weight of  ≥ 1000 grams 
admitted during a period from January 2020 to March 2020 were screened primarily with C-Reactive Protein. Serial level of CRPon the day of 

nd th th th th th th stadmission,2  ,4  ,6  ,8 & 10  day was compared with the serial blood cultureon the day of admission,8 ,15 & 21  day to establish the validity of 
CRP as a screening test. Data analysis carried out by Percentages, Chi Square test, Sensitivity, Specicity, Positive predictive value, Negative 
predictive value.  Amongst 100neonate 76% were early neonates,65% were low birth weight,CRP was having high sensitivity & Results:
specicity(78.57%,76.74% respectively). ROC analysis showed AUC 0.8 with p<0.001.  CRP is a good screening test & establishes Conclusion:
its validity in diagnosing suspected sepsis.
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Inclusion criteria- All the neonates (≤ 28 days) with suspected 
neonatal sepsis having a birth weight of  ≥ 1000 gramsadmitted during 
a period from January 2020 to March 2020 included in the 
study.Suspected neonatal sepsis was considered if neonate had clinico 
pathological features i.e. maternal pyrexia (within 1 week prenatal 
and/or 48 hours postnatal), prolonged rupture of membranes (18 
hours), foul smelling vaginal discharge and/or maternal urinary tract 
infection diagnosed in last month of delivery, neonates with h/o of birth 
asphyxia, low birth weight & prematurity. Neonates having 
unexplained hypothermia or hyperthermia, lethargy, irritability, poor 
feeding or milk intolerance, respiratory dysfunction evidenced by 
apnoea (>20sec.), tachypnoea (>60 breaths/minute), cardiovascular 
dysfunction such as persistent tachycardia (>160 beat/min) or 
bradycardia (<100 beats/min), poor peripheral circulation, hypotonia 

12or circumoral cyanosis or pallor were also included. 

Exclusion criteria-
Neonates undergone surgery because of risk of wound infection, 
neonates with congenital anomalies, Prior administration of an 
Antibiotic regimen for >24 hours in neonates & neonates with any 
metabolic disorder were excluded from study. Study undertaken by the 
Department of Paediatrics (Pediatrics ward and NICU) of Government 
Medical College Aurangabad. Estimated sample size was calculated 
using standard statistical formula which was standardised with the 

11estimate of prevalence from a previous study. Estimated 
prevalence(P) = 6 ; Condence interval = 95 % ( z = 1.96 ); Absolute 
precision (d) = 5% ;n = z 2 [P (1-P)] ÷ d 2 ; n = 1.96 × 1.96 [0.06 ( 1- 0.06 
)] ÷ 0.05 × 0.05. Using this formula sample size comes out to be 92 
considering the admission rate, inow of the cases & loss to follow up 
at our tertiary care centre. 100 neonates were nally enrolled. Neonates 
of parents who were willing to give written informed consent and 
fullling above inclusion & exclusion criteria were assessed clinically 
with proper history, clinical examination and investigations as per 
performa.

All the neonates who were clinically symptomatic / suspected to have 
sepsis were screened primarily using CRP and at the same time blood 
culture was also sent. On admission before giving antibiotic, under all 
aseptic precaution 2 ml of blood was drawn and inoculated into a BHI 
broth (BRAIN HEART INFUSION BROTH) & sent to microbiology 

thlab. Serial blood culture were evaluated on the day of admission, 8  
th stday,15 day & 21 day.  CRP done by latex slide agglutination test and 

consider as positive ≥6ug/lit ( 6 micro gram/ml). Serial level of CRP 
nd th th th thwere evaluated on the day of admission, 2 ,4 ,6 ,8 & 10  day. 

thAnalysis was carried out on admission before treatment(0  day CRP & 
th th th0  day blood culture) & after treatment(10  day CRP & 8  day blood 

culture) to evaluate serial monitoring of CRP against blood culture. 
Relevant to clinical situation CSF, Urine analysis and swabs of 
infective focus were taken & other routine investigations carried out. 
The empirical antibiotic therapy was started according to antibiotic 
guidelines in the NICU, if CRP was positive, awaiting the blood 
culture reports.Simultaneously Pilot testing was done to establish 
validity of performa.Data analysis carried out by Percentages, Chi 
Square test, Sensitivity, Specicity, Positive predictive value, 
Negative predictive value. The “p” value of less than 0.05 accepted as 
an indicator of statistical signicance. Data analysis carried out using 
Microsoft MS Excel & Epi Info statistical software. 

Approval from the IEC / IRB (Institutional Ethical Committee / 
Institutional Review Board) was taken.

RESULTS :- 
The number of of neonates participated in the study were 100. Out of 
those neonates 76% of neonates were early neonates. Male to female 
ratio was 1 / 1.04  with slight female preponderance males were 49%, 
while female neonates were 51%. 65% neonates were below normal 
weight with 35% of the neonates being low birth weight, while 20% of 
the neonates having very low birth weight. 62% of the neonates were full 
term. 48% of the neonate were intramurally born. 78% were born 
normally while 19% delivered through lower segment caesarean section. 
4% neonates were having h/o of PROM, 2% Foul smelling liquor, 4% 
maternal fever but maximum number of neonates i.e 90% were having a 
history of other risk factors for sepsis such as prematurity, LBW, birth 
asphyxia h/o of prolonged  labor  etc. (Table no 1)

Table 1: Demographic Characteristics of neonates enrolled in this 
study

An association between blood culture  & CRP levels on the day of 
admission shows 46 cases showing CRP as well as blood culture  
positive while 19 cases were showing CRP as well as blood culture as 
negative. Chi square test applied shows that the difference  is  
signicant (P< 0.017) giving a strong association in the CRP levels and 
blood culture. While the Sensitivity 76.66, Specicity 47.55, Positive 
predictive value 68.65, Negative  predictive value 57.57. were as 
follows on the day of admission before treatment. An association 
between blood culture 8th day & CRP levels on 10th day in neonates 
shows 11cases showing CRP as well as blood culture  positive while 66 
cases were showing CRP as well as blood culture as  negative. Chi 
square test applied shows that the difference is highly signicant(P < 
0.001) giving a strong association in the CRP levels and blood culture 
after treatment when monitored serially. As there is decrease in CRP 
levels in previously positive  cases so also there is concurrent decrease 
in positive blood culture in neonates as compared  to the time of 
admission. This gives a serial temporal correlation between CRP levels 
& blood culture. While the Sensitivity 78.57, Specicity 76.74, 
Positive predictive value 35.48, Negative  predictive value 95.65 were 
as follows after treatment when monitored serially. (Table 2)  (Fig 1)

Table 2 : Blood Culture & CRP Levels at Admission before 
treatment & after treatment

Figure 1 : Blood Culture & CRP Levels at admission before 
treatment & after treatment  

At admission                                      After treatment  
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Sr. No Characteristics Frequency Percentage
1 Age Early neonate 76 76

Late neonate 24 24
2 Sex Male 49 49

Female 51 51
3 Birth 

weight
Normal 35 35
LBW 45 45
VLBW 20 20

4 Maturity Preterm 36 36
Term 62 62
Post term 02 02

5 Birth 
Place

Intramural 48 48
Extramural 52 52

6 Mode of 
delivery

Normal 78 78
Assisted 3 3
LSCS 19 19

7 Risk 
factors

H/o PROM 4 4
H/o Foul smelling liquor 2 2
H/o Maternal fever 4 4
H/o others 90 90

At admission
Blood Culture Total Chi sq P-

valuePositive Negative
CRP- Level Positive 46 21 67 6.3 0.017

Negative 14 19 33
Total 60 40 100

After treatment
Blood Culture Total Chi sq P-

valuePositive Negative
CRP -Level Positive 11 20 31 17.22 0.001

Negative 03 66 69
Total 14 86 100
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Figure no 2 Composite Bar diagram showing serial CRP levels with 
respect to blood culture. Sensitivity, specicity, PPV &NPV of 
76.66%, 47.55%, 68.65% & 57.57%  respectively on the day of 
admission (0thday)(from Table no 2) while sensitivity, specicity, 
PPV &NPV of 78.57%, 76.74%, 35.48% & 95.65% respectively on 
the (10th day)(Table no 3). When we monitor serial levels, the 
sensitivity & specicity increases. This establishes diagnostic 
accuracy (reliability & validity) of serial level of CRP against blood 
culture

Figure 2 : Sensitivity, Specificity, Positive Predictive Value (PPV), 
Negative Predictive Value (NPV) of serial CRP levels with respect 
to blood culture 

Serial CRP level
C- Reactive Protein was found to have a good discriminatory power as 
a screening test to predict sepsis in neonates on receiver operating 
characteristic (ROC) analysis. It was compared against the blood 
culture which is a gold standard conrmatory test. Serial monitoring of 
CRP with blood culture was carried out &comparison was made by 
plotting ROC curve at admission i.e before institution of antibiotic (0th 
day CRP with 0th day blood culture) & after treatment i.e (10th day 
CRP with 8th day blood culture). Area under the curve (AUC) was 
higher when monitored serially i.e after treatment(AUC : 0.851; P 
value < 0.001) as compared to at admission(AUC : 0.743; P value < 
0.001). In addition there was signicant increase in specicity after 
treatment while sensitivity was same. Specicity (at admission 47.55; 
after treatment 76.74). (Table3)(Fig 4)

Table 3 :- Sensitivity & Specificity of C-Reactive Protein to predict 
sepsis by Receiver Operating Characteristic Analysis.  

Figure 3 :- Receiver operating characteristic analysis Curve for 
CRP at admission& after treatment

At admission                                    After treatment

There were various micro organisms  isolated from the positive blood 
cultures. 16 cultures were positive for Kleibsiella pneumoniae, 15 for 

Staphylococcus Aureus, 5 for Pseudomonas Aeroginosa, 10 for Gram 
negative non fermenting rods, while 14 for Actinobacter bowmanii. 40 
blood cultures were sterile.

DISCUSSION :-
In the present study 60% of the neonates with clinical suspicionof sepsis 
were found to be culture positive. These ndings are in congruence with 

(13,14,15)study done by Mary et al 41,Khatua et al,  Joshi etal  while other 
(16,17)studies showed a less incidence like St Geme et al, Tallur et al This 

wide range in incidence of culture positive neonatal sepsis reported 
worldwide could be as a result of lack of standard denition of clinical 
sepsis across different centre's & lack of proper information about 
antibiotics received prior to blood culture and difference in culture 
technique.The male to female ratio of study population was 1:1.04. There 
is a slight female preponderance for culture positivity in the present study 
which is against nding of the studies by St geme et al,Khatua et al,Tallur 

(16,44, 17,18)et al & Kuruvilla et al
                          
Culture proven sepsis was more common among the preterm and low 
birth weight babies. Similar ndings were reported in various studies 

(13,14,15)including May et al, Khatua et al, Joshi et al  LBW and preterm 
neonates are at high risk of developing sepsis in comparison to a term 
neonate as they are vulnerable to sepsis due to their intrinsic 
susceptibility to infection owning to the immature immune system in 
addition to other factors like prolonged hospital stay, total parenteral 
nutrition and exposure to invasive procedures. Preterm neonates are 
more susceptible to infections due to lack of inherent defensive 
mechanism, both humeral and cellular defense mechanisms. The 
results of the present study are comparable with the other studies.  It is 
also evident from present study that nearly a high proportion of cases 
had birth weight < 2.5 kgs and low proportion of Gestational age  <37 
wks as risk factors for developing septicaemia. This is comparable 

(13,18)with studies conducted by May et al,  Kuruvella et al  Clinical 
chorioamnionitis diagnosed by presence of foul smelling liquor & 
maternal fever was present in 2% & 4% of the culture proven sepsis in 
present study which is comparable with studies conducted by St.Geme 

(15,17).et al, Takker et al 
                
Further in this study a signicant proportion of culture provensepsis 
was found to be associated with Normal vaginal delivery which is 
against the ndings seen in other studies which showed assisted 
vaginal delivery using instrumental procedures a susceptibility factor. 

(17)According to Tallur et al NVD showed higher rates of culture 
isolation than the neonates delivered by LSCS which coincides with 
our study. The foetus is at risk of exposure to the colonized microbial 
orain the maternal genital tract during labour. The encounter with 
thepathogens during delivery in contrast to the sterile in-utero 
environmentaccounts for this high degree of culture positivity among 
the neonatesdelivered by AVD/NVD than LSCS.

There were 48% of neonates were  intramural admissions. This nding 
goes against studies done by the report of National Neonatal Perinatal 

(7)Database 2002- 2003. This probably reects that Hospital, being a 
tertiary referral centre for both Obstetrics and Pediatrics cases, has 
maximum late referral and intervened cases with higher proportion of 
babies born with adverse intrapartum and neonatal risk factors for 
neonatal sepsis. The variations in the occurrence of perinatal risk 
factors probably reect differences in the rates of occurrence of the 
predisposing risk factors in the various studies.
                          
The present study was undertaken to assess the utility of CRP test as 
marker for diagnosis of neonatal septicaemia. Serum concentration of 
CRP increase several hundred-fold in response to bacterial infection, 
making it an attractive diagnostic test for neonatal sepsis. The 
relatively low cost of the readily available CRP test makes it an 
attractive single test to screen for neonatal sepsis. We got a signicant 
46 of culture positive septic neonates were CRP positive giving a high 
sensitivity76.66%. We found that 19 neonates with culture negative 
was also CRP negative has a moderate specicity of 47.55%. Similar 
studies done throughout the world have given a wide range of 
specicities. a positive predictable value for CRP of 68.65%. &a 
negative predictable value for CRP of 57.57%.These ndings were 

(11,19)similar to studies by Sumit Bhatia et al, R.S Jaiswal et al while these 
(60)ndings were against studies such as William E Beniz et al Different 

studies have used different methods and different cut off value to 
denote CRP positivity. We used rapid slide latex agglutination 
qualitative method for determination of CRP and used a cut off value of 
6μg/ml for CRP positivity. The difference in various studies is due to 
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Variable Sensitivity Specicity Std. 
Error

P- 
value.

Area 
Under  
Curve

 95% 
Condence 
Interval

Lower 
Bound

Upper 
Bound

CRP At 
admission

78.66 47.55 0.050 0.001 0.743 0.645 0.841

CRP After 
Treatment

78.57 76.74 0.045 0.001 0.851 0.762 0.940



Volume - 9 | Issue - 9 | September - 2020 PRINT ISSN No. 2277 - 8179 | DOI : 10.36106/ijsr

different cut-off values used in the qualitative test (kit). We had higher 
sensitivity because our cut-off was 6 ug/ml. The differences in the 
results of this parameter shown by the different studies may be due to 
variations in the blood sampling time, the severity of infection, the age 
of the neonates.

The sensitivity of CRP is negated during the initial 48 hours of 
infection since there is only a slow rise. Further elevated CRP 
concentrations in conditions other than sepsis like PROM and 
meconium aspiration are found to affect its specicity as well. Hence 
CRP can be used as a sensitive tool in diagnosing ,following the course 
of treatment and predicting the prognosis in neonatal sepsis. Also it 
assists in diagnosing sepsis early on the day of admission itself and also 
prevents inadvertent use of antibiotics thereby reducing further 
emergence of drug resistant strains. 

CONCLUSION :- 
C- Reactive Protein was found to have a good discriminatory power to 
predict neonates suspected to be having sepsis, so that early institution 
of antibiotic can be started before waiting for the conrmatory gold 
standard blood culture results to come. It will ultimately increase the 
survival rate. Hence CRP is a good screening test & establishes its 
validity in diagnosing suspected sepsis.But CRP still cannot be relied 
as a sole marker. A much detailed intervention and multiple large scale 
cross sectional studies with a much higher sample size should be 
performed to further conrm these ndings to make serum CRP “the 
diagnostic marker” of sepsis.
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