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ARTICLE INFO Abstract

- Background: Sepsisis regarded as a critical clinical status in neonates. Since blood culture is
Atrticle type: a time-consuming method, the present study was conducted to investigate the serum level of
Original Article Ferritin, Procalcitonin, and CRP in the peripheral blood of term neonates suspected with sepsis
R E—— to have a quicker diagnosis for the disease.
Keywords: Methods: In the present cross-sectional study, a total of 60 neonates suspected with sepsis
Sepsis who had been hospitalized in Ali ibn Abi Talib Hospital of Rafsanjan/ Iran in 2015-2016 were
Neonate randomly selected. Before conducting the treatment processes, blood samples were taken
Femitin from all neonatesand sent for blood culture. The intended markers were measured both before
Procalcitonin and after the treatments and the results were recorded in special forms for each neonate. Data
CRP ) were analyzed through SPSS20 and using chi-squared test, Paired t-test, and drawing a ROC
Rafsanjan curve for determining the best cut-off point and measuring the sensitivity and specificity.

Results: In this study, 70% of the neonates suspected with sepsis were male, 56.7% were
younger than 7 days old and 96.7% had natural weight. The most common symptoms were
poor feeding and reduced sucking reflexes. Data analysis of the markers indicate that they
reduced significantly after the treatment (p<0.001). The sensitivity, specificity, and the best
cut-off point were respectively 64.3%, 43.5%, and 257.8 for Ferritin, 78.6%, 50%, and 23 for
Procalcitonin and 85.7%, 65.2%, and 21.5 for CRP.

Conclusion: According to the obtained findings, applying these markers can be of a great use
in diagnosing neonatal sepsis. However, given the low sensitivity and specificity of Ferritin,
Procalcitonin and CRP in the present study, further studies need to be conducted to obtain
more definite results.
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Introduction

Neonatal sepsis is a clinical syndrome within the first
months of neonatal life associated with systemic symptoms and
bacterial infection (1). Sepsis is the most common cause of
mortality among neonates and in the developing countries, it
accounts for 30-50% of neonatal mortality every year (2). The
prevalence of this disease in the developed countries is 1-4
cases in every 1000 births. However, in the developing
countries, it has been reported to be 10 times higher (3).

One of the main factors in neonatal sepsis management is
accurate diagnosis; a large number of mortality arising from
sepsis can be prevented by early diagnosis (4). There are no
accurate diagnostic tests. Moreover, the interpretation of the
findings of such tests is difficult in neonates (5). As a result, a
set of clinical symptoms and laboratory tests are required for an
accurate diagnosis (6).

Nowadays, the diagnostic standard of sepsis is culturing of
blood as well as body fluids and tissues (7). However, this test
is commonly time-consuming with low sensitivity and
specificity (8). The minimum time which is needed for the
initial results of blood test is 24 hours and might cause problems
for the neonate because of delay in the treatment (9). Given the
limitations related to these laboratory tests, it is required to
apply other methods with more accurate results and higher
specificities (10). Previous studies have indicated that
measuring biochemical markers such as C Reactive Protein
(CRP), Procalcitonin, IL1b, IL8, IL6 and Ferritin can all be
applied for a quick diagnosis of this disease (10-14).

CRP is an acute-phase protein of non-specific reaction that
is commonly formed by liver through non-inflammatory
processes (15). CRP test is inexpensive, quick, and accessible,
and it is now considered as one of the para-clinical markers
either alone or in combination with other para-clinical factors

for initiating the treatment processes of neonatal sepsis (15, 16).
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Procalcitonin (PCT) is another marker being assessed by
researchers for the quick diagnosis of neonatal sepsis (17, 18).
Procalcitonin is a prohormone of calcitonin that is naturally
produced by the C cells of the thyroid gland (19). Numerous
studies have reported that in bacterial infection and sepsis, the
PCT existing in patients’ serum is measurable and it is closely
related to the intensity of sepsis (19, 20). Thus, PCT is known
as one of the markers of bacteremia and sepsis as similar as
cytokines, interleukins, and C-reactive proteins (21, 22).
Ferritin is another marker that is being greatly discussed for its
application in the quick diagnosis of neonatal sepsis (23).
Previous studies indicated that the Ferritin level of neonates
suffering from sepsis is higher than that of healthy neonates (24,
25).

The sensitivity, specificity, and cut-off points of these
markers have been varied in different studies (26-30). Given the
significance of this disease, the role of time in its prognosis and
treatment, the limited information available on Ferritin marker
especially in neonates suspected with sepsis, and the accessible,
inexpensive, and quick application of biomarkers applied in this
study, the present study was conducted to investigate the
relationship between the above mentioned diagnostic factors
and sepsis and their application as a marker of early diagnosis

and treatment.

Materials & Methods

The statistical population of this descriptive cross-sectional
study included all term neonates hospitalized in the neonatal
ward and NICU of Ali ibn Abi Talib Hospital of Rafsanjan/
Iran in 2015-2016. Through applying measurement methods,
as well as sample size determination formula (Power=90 and
0=0-05), the sample size was defined to be 60 neonates. The
investigated samples were randomly selected among the term

neonates suspected to sepsis symptoms. Blood samples were
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collected at the time of admission and after the completion of
antibiotic treatment. The inclusion criteria were 1-to-28-day-
old term neonate, having one or more maternal risk factors of
neonatal sepsis (history of maternal urinary tract or genital
infection during pregnancy, maternal fever during the delivery,
Chorioamnionitis, Premature Rupture of Membranes for more
than 18 hours, meconium stained amniotic fluid, and preterm
delivery), the presence of one or more clinical symptoms of
sepsis such as fetal tachycardia, intolerance to breastfeeding,
respiratory distress, apnea, hypotonia, reduced reflexes, seizure,
hypothermia, hyperthermia, biliary vomiting, and localized
infections, stable and controlled vital signs of the neonate and
parental satisfaction for conducting interviews, examinations,
and tests.

The exclusion criteria were neonatal death, leaving the
hospital before receiving the test results, and having a disease

rather than sepsis during the hospitalization (22).

Measurement of Ferritin

The serum levels of Ferritin of neonates were measured
through ELISA test and using ELISA Kit. The test method of
this kit is immune enzymometry. This test has been designed
by using exclusive monoclonal antibody in a sandwich method,;
an anti-Ferritin monoclonal antibody is applied for stabilization
on the solid phase and an anti-Ferritin antibody is used for
conjugation with the enzyme (HRP). By adding the serum
sample, Ferritin reacts with the above mentioned antibodiesand
sandwiched between the antibody connected to the solid phase
and the antibody conjugated with the enzyme. After the
incubation time (45 minutes) at room temperature, irrigating the
wells by the irrigating solution, adding substrate and dye
solution, and incubating for 15 minutes, the blue color appears.
By adding the stop solution, the blue color turns into yellow.

The color intensity is measured at 450 nanometer wavelength.
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The color intensity is closely related to Ferritin density in the

sample.

Measurement of CRP

CRP measurement was conducted three times; at the
beginning of admission (first hour) and 24 and 48 hours after
the admission with a latex agglutination method. For
conducting of such a test, initially, specific anti-CRP antibodies
are prepared by injecting CRP to laboratory animals and then
they are linked to latex polystyrene particles. Thus, when the
patient’s serum containing CRP is mixed with the above
mentioned particles, agglutination is created. This test is rather
sensitive. By conducting this method (according to the
manufacturing institute), CRP can be measured in one milliliter
of serum (31). Sometimes, CRP level of the serum is high, and
as a result, due to a regional phenomenon, it is possible that a
positive serum is mistakenly reported as a negative serum.
Therefore, in negative cases, it is better to repeat the test with
the dilation of 1:5 or higher before reporting the test results (32).
It is worth mentioning that in this study, conducting CRP for
the second and third rounds was done for those neonates whose
CRP was reported to be negative in the first round. Moreover,
for neonates whose CRP was positive at the first round, the test

was conducted to assess the antibiotic treatment response.

Measurement of Procalcitonin

For measuring Procalcitonin level, the sample was
centrifuged and serum was detached and was frozen at-40° C
before conducting the analysis. Two hours after sample
collection, the Procalcitonin level was measured using
immunoluminometric assay with the Lumi Kit of Brahamas
test (Brahamas Diagnostic Berlin Germany).

Blood culture was conducted in neonates, and the

diagnostic results of the markers were compared with this gold



Journal of Kerman University of Medical Sciences

2019, Vol. 26, Issue 1

standard. Sampling was carried out by the researchers and in
the laboratory of the Faculty of Medicine, Rafsanjan University
of Medical Sciences. In addition, all neonates received the same

treatment.

Statistical analysis

The results of examinations and tests were registered on
neonates’ special forms and they were then recorded on a
computer. Variables included sex, age, temperature, birth
weight, maternal age, abdominal distension, abdominal
distension, reduced sucking reflex, Moro reflex, Routing reflex,
poor feeding, tracheal discharge, vomiting, intercostal
retraction, granting, blood pressure, heart rate, respiratory rate
and Ferritin, Procalcitonin and CRP levels. Data were then
entered into the SPSS version 20 and analyzed by using chi-
squared test, Paired t-test, and drawing a ROC curve for
determining the best cut-off point and measuring the sensitivity
and specificity. The ethical committee of Rafsanjan University
of Medical Sciences approved the protocol of the study

(IR.RUMS.REC.1394.124).

Results

In the present study, from 60 hospitalized neonates
suspected with sepsis, 42 neonates (70%) were male, and 18
neonates (30%) were female. In terms of the age range, 34
neonates (56.7%) had less than 7 days old and 26 neonates
(43.3%) had 7-28 days old. From these neonates, 58 neonates
(96.7%) had natural birth weights (2500-4000 grams) and 2
neonates (3.3%) weighed more than 4000 grams. The maternal
age of the investigated neonates is classified in three categories;
two mothers (3.3%) had less than 18 years old, 54 ones (90%)
had 18-35 years old and 4 ones (6.7%) had more than 35 years
old.

15

The clinical symptoms of the neonates participating in the
present study were investigated as well. Among the
investigated clinical symptoms, poor feeding and reduced

sucking reflexes had the highest frequencies (Table 1).

Table 1. The frequency distribution of clinical symptoms in the

investigated neonates

Clinical symptoms Frequency (%6)
Abdominal distension

present 4(6.7)
absent 56 (93.3)
Reduced sucking reflex

present 31(51.7)
absent 29(48.3)
Moro reflex

present 22(36.7)
absent 38(63.3)
Routing reflex

present 24 (40)
absent 36 (60)
Poor feeding

present 52 (86.7)
absent 8(133)
Tracheal discharge

present

absent 60 (100)
Vomiting

present 21(35)
absent 39 (65)
Intercostal retraction

present 16 (26.7)
absent 44 (7333)
Granting

present 17 (28.3)
absent 43(71.7)

In terms of vital signs, most of the neonates (48.3%) had the
temperature of less than 36 degrees. All of the neonates had
normal blood pressures and 83.3% of the neonates had the heart
rate of 100-180and 60% of the neonates had normal respiratory

status (Table 2).



Ferritin, Procalcitonin, CRP in neonates with sepsis

Kamiab, et al

Table 2. The frequency distribution of vital signs in the investigated neonates

Vital Signs Frequency (%)
Less than 36 29 (48/3)

Temperature 36-37.8 10 (16/7)
More than 37.8 21 (35)
Hypotension 0

Blood pressure Normal 60 (100%)
Hypertension 0
Less than 100 2(3R3)

Heart rate 100-180 50 (83/3)
More than 180 8 (1313)

. Bradypnea 36 (60)
Respiratory status Tachypnea 24 (40)

Data analysis related to pre- and post-treatment was
conducted using paired t- test (after making sure about the

accuracy of the defaults). According to the obtained results, the

mean of all three markers significantly reduced in response to

the treatment (Table 3).

Table 3. The values of the markers investigated both before and after the treatment

Marker status Mean+SD P value (Paired t test)
- Pre-treatment 45350+40.22
Ferritin Postireatment 25452425585 0001
Procalciton Pre-treatment 33.68+23.71 0,001
rocaicttonin Post-treatment 23.18+17.47 '
CRP Pre-treatment 28.35+27.01 0,001
Post-treatment 8.26+7.97

The results of blood culture were compared with the golden
standard. In whole, 14 cases had positive blood culture and 46
cases had negative blood culture. Data analysis was conducted
to investigate sensitivity and specificity. Moreover, the cut-off
points of the markers were obtained by using Receiver
Operating Characteristic (ROC) curve. The sensitivity,
specificity, and best cut-off point of Ferritin were respectively

64.3%, 43.5% and 257.8 with the area under the curve of 55%
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(p value: 0.507). For Procalcitonin, the sensitivity, specificity,
and best cut-off point were respectively 78.6%, 50% and 23
with the area under the curve of 64% (p value: 0.114). The
sensitivity, specificity, and best cut-off point of CRP were
respectively 85.7%, 65.2% and 21.5 with the area under the
curve of 83% (p value: 0.000). The results have been shown in

figure 1.
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Figure 1. The sensitivity and specfficity of the investigated markers

Discussion

Sepsis is one of the most important causes of mortality in
neonates. Its prevalence in the developing countries is
approximately ten times higher than that in the developed
countries (33, 34). Despite their diagnostic limitations, clinical
observations are the best way available for the early diagnosis
of bacterial infection in neonates (35).

In terms of laboratory findings, separating microorganism
from the blood, cerebrospinal fluid, urine, and other important
organs of the body is the most important tool to confirm sepsis
diagnosis. However, these tests are sometimes false negative
and they are time-consuming as well. Thus, other non-specific
tests such as complete counting of peripheral blood cells,
counting premature white blood cells, platelets, and other tests
including specific microbial antigen through CIE, Limulus
assay, latex agglutination, micro-sedimentation, CRO, and

Procalcitonin can be applied (36-38).
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The pre- and post-treatment analysis of the data related to
the investigated markers indicated significant change of the
markers after the treatment. The findings of the present study
are greatly similar to those of the studies conducted on the
comparison of Procalcitonin and CRP. This indicates that both
of the aforementioned markers are subject to significant
changes in neonatal sepsis (39). In the study conducted by
Abedini et al., on the changes of Procalcitonin, CRP, and
number of peripheral white blood cells (both before and three
days after the treatment) with the diagnosis of SIRS, a proper
consistency between Procalcitoninand CRP has been reported
while no significant consistency between serum Procalcitonin
with CRP and the number of blood leukocytes on the third day
of the treatment has been reported (37). In another study
conducted by Casado-Flores to compare Procalcitonin with
serum CRP and peripheral blood neutrophils, it was reported

that the value of serum Procalcitonin has priority over CRP and
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is a useful and valuable marker in determining the intensity of
bacterial infections (39).

In the present study, both Procalcitonin and CRP were
applied for diagnosing neonatal sepsis and significant results
were found. However, it seems that the number of positive
cases in the relationship of CRP with positive blood culture is
higher than that of Procalcitonin. Furthermore, in a study
conducted by Jalali et al., the findings indicated that
Procalcitonin can be used as a valuable marker in diagnosing
neonatal sepsis. The sensitivity and specificity of PCT were
respectively 75% and 42.6% in all neonates, 100% and 22.5%
in 48-hour-old and younger neonates, and 71.4% and 71.4% in
neonates older than 48 hours (40).

Results of a study performed by Ageela Ayub et al.,
indicated that blood parameters can be applied as acceptable
markers in diagnosing neonatal sepsis; the sensitivity,
specificity, and accuracy of CRP were respectively reported to
be 75%, 83.9%, and 80%. Moreover, the sensitivity, specificity,
and accuracy of blood Ferritin level were 88.6%, 69%, and 78,
respectively (41). In Garcia et al. study, the sensitivity and
specificity of serum Ferritin in diagnosing neonatal sepsis were
reported to be 100% and 58%, respectively (22). In a study
performed by Halstead ES et al, it has been discussed that
applying blood Ferritin index in neonates is likely to be greatly
helpful in diagnosing neonatal sepsis (23). The findings of the
study conducted by Demet Demirkol et al., as well as the
findings of the study conducted by Kanda et al., indicated
higher level of blood Ferritin in neonates suffering from sepsis
(24, 25). One of the main reason behind the low sensitivity and
specificity of these markers in the present study (in comparison

to those of the aforementioned studies) is that the present study
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aimed at investigating neonates suspected with sepsis and the
inclusion criteria were different.

In the present study, the clinical symptoms of poor feeding
and reduced sucking reflexes were the most frequent ones. In
terms of vital signs status, most of the neonates had a
temperature of less than 36°C, normal blood pressure, natural
heart rate, and 60% of the neonates had normal respiratory
status. The findings of the studies have reported symptoms such
as hyperthermia, respiratory distress, anorexia, and vomiting as
the most prevalent symptoms of suffering from sepsis (34, 42,
43). Based on the gestational age and the intensity of infection,
the clinical symptoms of sepsis in neonates are different. Fever
is one of the rare symptoms and hypothermia is one of the most
prevalent symptoms in these neonates.

The general symptoms are hypothermia and poor feeding
and non-specific symptoms are anuria and acidosis (26). The
findings of the present study are consistent with those of the
previous studies.

It is worth mentioning that the present study, like any other
study, has some limitations affecting the generalizability and
accuracy of its findings. The limitations of the present study
include the cross-sectional design, as well as the limited number
of samples. On the other hand, the present study attempted to
investigate the serum levels of the mentioned markers and
determining their sensitivity and specificity in neonates
suspected with sepsis and given the limited number of studies
conducted in this field, this can be regarded as one of its strong

points.

Conclusion
Since sepsis is regarded as one of the dangerous situations

threatening life, the diagnostic tests are required that have high
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sensitivity. Given the sensitivity of markers, one cannot merely
use these markers for diagnosing the sepsis. Thus, given the
ease of application as well as the short time spent for them, they
can be applied as a part of the diagnostic methods in
combination with other methods. Also, these methods can save
time and are cost- effective. Given what stated above, it is
recommended to conduct further studies with higher sample

sizes to acquire more definite results.
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