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Abstract

Sepsis is one of the most common causes of
morbidity and mortality in newborns. Diagnosis
of neonatal sepsis may be difficult because clin-
ical presentations are often non-specific. The
aim of this study was to evaluate the role of
qualitative C-reactive protein in the diagnosis
of neonatal sepsis, and examine the correlation
between C-reactive protein, blood culture and
risk factors for sepsis. This was a prospective
study, conducted in the Neonatal Intensive Care
Unit at Soba University Hospital, Sudan. A total
of seventy babies with a clinical diagnosis of
sepsis were included. Chi square test was used
to determine the association between C-reac-
tive protein and risk factors for sepsis and also
the association between C-reactive protein and
blood culture. Blood culture was positive in
41.4% of babies, and C-reactive protein was pos-
itive in 58% of babies with positive blood cul-
ture. There was significant association between
C-reactive protein results and blood culture
(P=0.00). In conclusion, we can assume that C-
reactive protein is a reliable diagnostic marker
of neonatal sepsis, especially in developing
communities with poor resources.

Introduction

Neonatal sepsis is a clinical syndrome of
bacteraemia characterized by systemic signs
and symptoms of infection in the first month of
life. It encompasses systemic infection of new-
born including septicemia, meningitis, pneu-
monia, arthritis, osteomyelitis and urinary
tract infection.!

The diagnosis of infection in neonates is
difficult, because of the non-specific clinical
presentation and the lack of reliable diagnostic
tests. As a result of this uncertainty, antimicro-
bial chemotherapy is often commenced on the
slightest clinical suspicion of infection.

OPENa.F\C(ESS

Healthcare in Low-resource Settings 2013; volume 1:e21

Recently there has been great interest in the
potential diagnostic value of a range of hema-
tological and immunological surrogate mark-
ers of infection.??

Although a positive blood culture remains
the standard for diagnosing neonatal sepsis,
many investigators have assessed measuring
the host response as an adjunct to culture-
based diagnosis. The goal of serum biomarker
research is to identify a means by which an
infected child can be identified rapidly, before
the onset of life-threatening symptoms.*

C-reactive protein (CRP), the most com-
monly used biomarker, is synthesized within 6
h of exposure to an infectious process and usu-
ally becomes abnormal within 24 h. Because
CRP takes up to 24 h after the onset of an
infection to become abnormal, it has little util-
ity in assisting the early detection of sepsis. C-
reactive protein is also limited in that other
processes in addition to infection can result in
elevation, including trauma and ischemia.’

The most rapid quantitative method for
determining CRP concentration is by neph-
elometry. Alternative positive CRP latex agglu-
tination test of undiluted sample corresponds
to plasma CRP concentration of 0.6-1 mg/dL.
Normalization of CRP elevation appears to be
helpful in determining the response to antimi-
crobial therapy and duration of treatment.®

Neonatal septicemia continues to be a major
cause of morbidity and mortality in Sudan. It is
one of the major causes of neonatal mortality
in developing countries contributing to 26% of
all neonatal deaths.”

In developing countries there is need for a
test that is cheap and easily performed with
quick availability of results. An ideal diagnostic
test for neonatal sepsis should have maximum
sensitivity and specificity. In recent years, var-
ious investigators have evaluated some highly
sensitive and specific inflammatory markers
(e.g. ELISA methods, haptoglobins, inter-
leukins and procalcitonin) to diagnose neona-
tal sepsis.® Although, these markers are sensi-
tive and specific, they are expensive, thus not
practical for developing countries. For this rea-
son, there have been many attempts to develop
screening tests to identify infected neonates
and guide the duration of treatment.

The aim of this study is to i) evaluate the
role of qualitative CRP in the diagnosis of
neonatal sepsis, ii) determine the relationship
between CRP and risk factors for sepsis and
iii) examine the correlation between CRP and
blood culture. To our knowledge this is the first
study done in Sudan to examine the correla-
tion between CRP and blood culture.

Materials and Methods

This was a prospective hospital-based, case
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finding study, conducted in the neonatal inten-
sive care unit (NICU) at Soba University
Hospital in Khartoum, Sudan, February to
August 2011. All newborn babies (0-28 days)
admitted to NICU at Soba University Hospital
during the study period with clinical suspicion
of sepsis or having risk factors for sepsis were
included in the study. Specific risk factors that
were used in the study are duration of mem-
brane rupture >18 h, mode and place of deliv-
ery, whether labor was prolonged or precipi-
tate, intrapartum fever, antibiotic usage dur-
ing labor, history of vaginal discharge, previ-
ous sibling with neonatal sepsis in addition to
the gestational age, and weight of the baby.
Pediatricians usually look for specific symp-
toms and signs of sepsis, ie. symptoms like
refusal of feeds, lethargy, irritability, poor cry,
vomiting, diarrhea and fever. Specific signs
like cyanosis, tachpnoea, apnoea, seizures,
temperature instability, abdominal distension
and purpura are also taken into account.
Neonates with major congenital malformation
or with birth weight less than 1000 g were
excluded. A total of 70 babies were included in
the study. Data were collected using a precod-
ed and pretested specifically designed ques-
tionnaire (Appendix). At the time of admis-
sion, a complete septic screen was done, which
included complete blood count, CRP, blood cul-
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ture, chest X-ray, cerebrospinal fluid (if appli-
cable). C-reactive protein values were estimat-
ed qualitatively by the latex agglutination
method, with a detection limit of 6 mg/L.

The average cost of complete blood count is
60 Sudanese pound (10 US $), blood culture is
60 Sudanese pounds (10 US $) and qualitative
CRP is 15 Sudanese pounds (2.5 US §$).
Newborn babies were classified as having sep-
sis if they had signs suggestive of sepsis and a
positive blood culture. Probable sepsis was
diagnosed if they had a negative blood culture
with signs suggestive of sepsis and no sepsis if
there were no clinical features of sepsis with a
negative blood culture. Positive blood culture
was considered the gold standard against
which CRP result was compared.

The following values were considered
indicative of sepsis: white blood count (WBC)
<5000 or =25,000 mm?®; absolute neutrophil
count (ANC) <1800 or =5000; and CRP 6 mg/L
or more.

The sensitivity, specificity, positive (PPV)
and negative predictive values (NPV) were cal-
culated by the following equations:

Sensitivity=number of true positive/number of
true positive+number of false negative (1)

Specificity=number of true negative/
number of true negative+number of false
positive (2)

PPV=number of true positive/numberof true
positive+number of false positive 3)

NPV=number of true negative/number of true
negative+number of false negative (©)]

Data were analyzed using Statistical
Package for Social Sciences (SPSS) version
17; Chi square test was used to determine the
association between CRP and risk factors for
sepsis and also the association between CRP
and blood culture. P value was set on an alpha
level at 0.05 and 95% confidence limit.

Ethical clearance and approval for conduct-
ing this study was obtained from the ethical
committee of Soba University Hospital. Prior
informed consent was obtained from the par-
ents of the babies participating in this study
after full explanation of the study.

Results

A total of 70 babies with sepsis were admit-
ted, males were 43 (62.1%), females were 27
(37.9%). Twenty-nine babies (41.4%) were
proven sepsis (positive blood culture plus
signs of sepsis) and 41 babies (58.6%) were
probable sepsis (negative blood culture plus
signs of sepsis). C-reactive protein was posi-
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tive in 17 babies with proven sepsis and in only
6 babies with probable sepsis. There was a sig-
nificant association between CRP result and
blood culture (P=0.00).

In our study Klebseilla pneumonae was the
commonest bacteria isolated followed by
Staphylococcus aureus and Escherichia coli.
Figure 1 shows the percentage of babies infect-
ed with various organisms.

Lethargy and fever were the common pre-
senting symptoms (22.9 and 15.7%, respective-
ly) followed by refusal of feed (8.6%), vomiting
(5.7%) and poor cry (4.3%).

We found that Jaundice, abdominal disten-
sion, tachypnea and temperature instability
were the common clinical signs (27.1, 25.7,
22.9, 22.9%, respectively) followed by seizures
(8.6%), purpura (5.7%), skin mottling (1.4%),
and cyanosis (1.4%). Of the symptomatic
babies, 42.9% were CRP positive, whereas only
17.9% of the asymptomatic babies were CRP
positive. There was a significant association
between symptoms of sepsis and CRP results
(P=0.029).

Higher proportion of babies with late onset
sepsis were CRP positive (45.5%), compared
with those with early onset sepsis (21.6%),
and there was a significant association
between onset of sepsis and CRP results
(P<0.034).

In most of the neonates with positive CRP,
their mother had regular antenatal care. There
was no significant association between CRP
level and antenatal care follow up (P=0.216).
Table 1 shows the correlation between CRP
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and antenatal care follow up.

Out of the 70 babies, 44 were delivered by
caesarian section; of these, 15 (34.1%) were
CRP positive. Our study showed that there was
no significant association between CRP level
and mode of delivery (P=0.775).

Table 2 shows the correlation between CRP
and duration of membrane rupture: there was
no significant association between CRP and
duration of membrane rupture (P=0.137).
There was prolonged labor in 12 (17.14%) out
of the 70 babies, whereas labor was precipitate
in 3 (4.28%). There was no significant associ-
ation between CRP and history of labor
(P=0.438).

Interestingly enough, when taking intra-
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Figure 1. Babies infected with various
organisms (values expressed as percentage;
P=0.028).

Table 1. Correlation between C-reactive protein and regular antenatal care (P=0.216).

Yes n 44 23 67
% 65.70 34.30 100.00
No n 3 0 3
% 100.00 0.00 100.00
Total n 47 23 70
% 67.10 32.90 100.00

CRP, C-reactive protein.

Table 2. Correlation between C-reactive protein and duration of membrane rupture

(P=0.137).
Normal n 33 21 54
% 61.10 38.90 100.00
<18h n 1 0 1
% 100.00 0.00 100.00
>18h n 13 2 15
% 86.70 13.30 100.00
Total n 47 23 70
% 67.10 32.90 100.00

CRP, C-reactive protein.
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partum fever as a risk factor for sepsis, our
study showed that there was no significant
association between CRP and intrapartum
fever (P=0.615), again CRP level was not
affected by intrapartum antibiotic usage
(P=0.19).

Regarding the gestational age, our study
showed that 31.1% of the preterm babies were
CRP positive, whereas 37.5% of the term
babies were CRP positive. There was no signif-
icant association between CRP and gestational
age (P=0.675).

The correlation between CRP and birth
weight was not significant (P=0.236). Most of
the babies with sepsis had their weight rang-
ing between 1000 and 1500 g.

Table 3 shows the correlation between CRP
and total white blood cell (TWBC) count. There
was no significant correlation between CRP
and TWBC (P=0.074). Again, there was no sig-
nificant correlation between CRP and ANC
(P=0.557).

The diagnostic value of sepsis screen
parameter showed that CRP had good speci-
ficity and negative predictive value (NPV).
Table 4 shows the comparative analysis of the
tests used in this study.

Discussion

Neonatal sepsis with its high mortality rate
still remains a diagnostic and treatment chal-
lenge for the neonatal health care providers.
An early diagnosis of neonatal septicemia
helps the clinician in instituting antibiotic
therapy at the earliest, thereby reducing the
mortality rates in the neonates. There is no

single reliable test for the early definite diag-
nosis of neonatal sepsis, and therefore, there
is a continuing search for a new infection
marker. The C reactive protein has been the
most analyzed parameter for the detection of
bacterial infections for years.*!?

Severe neonatal infections are one of the
most significant causes of pediatric mortality,
resulting in more than 500,000 deaths each
year.!! Ninety-nine percent of these deaths
occur in low resource settings.”? Identifying
neonates with severe infections is difficult in
high resource settings, and limited laboratory
capability in low resource settings makes diag-
nosis even more challenging. Clinical criteria
for the diagnosis of neonatal sepsis have been
developed and are included in the WHO
Integrated Management of Childhood Illness
(IMCI) program.’

In the present study an attempt has been
made to evaluate the usefulness of qualitative
CRP as a predictor of sepsis, and also to study
the correlation between CRP, blood culture and
risk factors for sepsis. This is because it is
simple and cost effective.

In our study, 29 babies (41.4%) were proven
to have bacterial sepsis based on positive blood
culture results. This is different from a study
done in Egypt where it was found that 70% of
the neonates had positive blood cultures. In
the same study, the identified bacteria includ-
ed Gram positive cocci, Staphylococcus epider-
midis, Staphylococcus aureus, and Streptococci
agalacti as the commonest organisms and this
is in contrast to our study where Klebseilla
pneumonae was the commonest bacteria iso-
lated followed by Staphylococcus aureus and
Escherichia coli.*

In a study conducted in Poland where 48

Table 3. Correlation between C-reactive protein and total white blood cell count

(P=0.074).

Normal (5000-25,000 mm?) n 4 16 57
% 71.90 28.10 100.00

Abnormal (<5000 or 225,000 mm®)  n 6 7 13
% 46.20 53.80 100.00

Total n 47 23 70
% 67.10 32.90 100.00

TWBC, total white blood cell; ANC, absolute neutrophil count; CRP, C-reactive protein.

Table 4. Comparative analysis of tests used in study.

CRP 63 85.36 73.9 744
TWBC 27.60 37.80 80.77 81.82
ANC 62.69 44.00 44.00 62.69

PPV, positive predictive value; NPV, negative predictive value; CRP, C-reactive protein; TWBC, total white blood cell; ANC, absolute neutrophil

count.
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babies with a clinical diagnosis of sepsis were
recruited, it was found that 18 (58%) out of 31
babies with positive blood culture had
increased CRP, which is similar to what
obtained in our study where 17 (58%) out of 29
babies with proven sepsis had positive CRP.®

In a study done by Dollner et al. in Norway, 6
inflammatory mediators including CRP were
compared as early diagnostic tests for neonatal
sepsis and the possible benefit of combining
parameters was studied. C-reactive protein
performed best as a diagnostic test for neona-
tal sepsis. Diagnostic accuracy was further
improved by combining CRP and interleukin-6,
whereas the other parameters added no fur-
ther diagnostic information.'®

In this study, CRP had sensitivity, specifici-
ty, PPV, NPV of 63, 85.36, 73.9, 73.9%, respec-
tively, at a cut-off value of 6 mg/L. These results
are comparable to those reported by Abdollahi
et al., i.e. lower sensitivity and higher speci-
ficity of CRP in detecting sepsis among their
study group.'” Nuntnarumit et a/. in Bangkok
(Thailand), reported the highest sensitivity,
specificity, PPVs and NPVs. This is probably
due to the quantitative sampling method
which they used as compared to the qualitative
method used in the present study.!®

When we studied the hematological param-
eters for sepsis, we found that the WBC had
high specificity and NPV, while the ANC
showed unsatisfactory results. However, the
specificities were better if combined together
and can have a good NPV. This is in agreement
with a study done by Varsha et al., who found
that the use of multiple hematological parame-
ters is a good diagnostic aid for both early and
late neonatal sepsis.!?

Conclusions

Neonatal sepsis remains a major cause of
neonatal mortality and morbidity and early
diagnosis and prompt treatment determine
good outcome. Qualitative CRP has strong cor-
relation with blood culture and can reliably be
used as an indicator of sepsis. High cost of
other inflammatory markers preclude their
clinical and routine application in low resource
settings. Therefore, CRP being easily measur-
able and more affordable, can be conveniently
used as a good marker for the diagnosis of
neonatal sepsis especially in developing com-
munities with limited resources.
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