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ABSTRACT

Background: In the absence of accessibility to more recent, sophisticated techniques for early detection of neonatal
sepsis, most neonatal health care facilities are forced to still rely on various routinely available hematological
markers. However, reports on the diagnostic utility of these markers in the septic screen are rather conflicting.

Aim of the study was to evaluate the diagnostic accuracy of routinely available laboratory markers of sepsis screen,
and their combinations in diagnosis of early onset neonatal septicemia (EOS).

Methods: This prospective, hospital based, cross-sectional study was performed in the Department of Pediatrics of
two Tertiary Care Teaching Hospitals, North India. The study involved term neonates admitted with either suspected
EOS/ risk factors for sepsis in neonatal 1CU, post-natal ward, or the pediatric ward. Control group comprised
apparently healthy neonates without risk factors for sepsis. Blood cultures and sepsis screen were performed in all
babies at enrollment.

Results: The study group included 161 babies. Of these, 56 (34.78%) were blood culture positive. Control group
comprised 102 neonates. Sepsis screen was positive in 69.57% subjects with clinically suspected sepsis, 83.93% cases
of true sepsis, and 54.92% controls. Sensitivity, specificity, positive predictive value and negative predictive value of
sepsis screen were 83.93%, 35.29%, 41.59% and 80.00%, respectively. Amongst individual markers of sepsis screen,
CRP had best diagnostic utility with highest sensitivity (82.14%), specificity (89.22%), PPV (80.70%), NPV
(90.10%), and LR+ (7.62), and the lowest LR- (0.20). The combination of CRP plus I/T had the highest sensitivity
(78.57%), specificity (100%), PPV (100%) and NPV (89.47%), and the lowest LR- (0.21) amongst all other 2 marker
combinations.

Conclusions: Combination of CRP plus I/T can serve as a reliable and useful tool for rapid diagnosis of EOS in term
neonates. However, all other two test combinations do not have requisite high sensitivity, specificity and negative
predictive value.
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INTRODUCTION

The inability of neonates to effectively muster the
requisite minimum inflammatory response makes them
more susceptible to bacterial invasion of the blood stream
in comparison to older children and adults." However,
since, early features of neonatal septicemia are often non-

specific, minimal and subtle, distinguishing between
infected and uninfected babies may not always be easy.
Whereas on the one hand, indiscriminate use of
antibiotics (for presumed bacterial infection) may lead to
unnecessary and prolonged treatment of many uninfected
babies, besides heightening the risk of emergence of
multidrug resistant strains, delaying or withholding
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antibiotics from truly septicemic babies, on the other
hand, could also prove catastrophic, given the rapidity of
progression of the illness.?

Although a positive blood culture still remains ‘the gold
standard’ for diagnosing sepsis, it is very often negative.
Moreover, microbiological culture facilities in many
developing countries are still far from optimal. Most
pediatricians, therefore, are forced to rely, even today, on
a sepsis screen (which includes various hematological
and biochemical markers) for a quick and reliable
diagnosis. However, the reported sensitivity and
specificity of these individual markers, is rather low. An
elaborate  haematological scoring system (HSS)
formulated earlier, could also not find wide acceptance
amongst clinicians because of its unfavorable diagnostic
values, complexity of the scoring method, and the fact
that some of these tests were labour intensive and
required a highly trained technician to produce an
accurate result.”® Recent investigations have, largely,
focused on various groups of chemokines, cytokines,
adhesion molecules, components of the immune pathway,
and molecular genetics techniques which could be used
as early markers to diagnose neonatal infection.*
Howsoever promising though these advanced techniques
might seem, many of these potential markers of sepsis
besides being expensive and complex to perform, are still
not routinely available to the laboratory especially in
developing countries.  Furthermore, the greatest
predictability usually results from not a single assay, but
a combination of assays.’

Conflicting observations from different studies, coupled
with a shift in focus of researchers towards more
advanced techniques (that are of little help to most
clinicians from developing countries in routine decision
making) have made it rather imperative to have a fresh
look at various routinely available hematological and
biochemical markers of sepsis screen. It was with this in
view that the present study was undertaken to evaluate
the diagnostic accuracy of the routinely available markers
of sepsis screen, and their combinations in the diagnosis
of early onset neonatal septicemia (EOS).

METHODS

This prospective, hospital based, cross-sectional study
was performed in the Department of Pediatrics of two
Tertiary Care Teaching Hospitals in North India. The
study involved term neonates admitted in the Neonatal
Intensive Care Unit, post-natal ward, or the Pediatric
ward with clinical suspicion of early onset (onset <72
hours) septicemia or more than 3 risk factors for sepsis.
Risk factors for sepsis included birth weight <2000 g,
febrile illness in the mother within 2 weeks of delivery,
foul smelling and/ or meconeum stained liquor amnii,
prolonged rupture of membranes >12 hours, more than
three vaginal examinations during labour, prolonged and
difficult delivery with instrumentation, birth asphyxia,
and difficult resuscitation.” The following signs and

symptoms either alone or in combination were considered
suggestive of clinical sepsis: hypothermia, fever or
temperature instability, lethargy, refusal to feed,
irritability;  gastrointestinal ~ dysfunction with milk
intolerance, vomiting, abdominal distension or bloody
stool; respiratory dysfunction as evidenced by a
progressive increase in ventilator settings or oxygen
requirement in a previously stable infant, apnoeic spells,
sudden increase in respiratory rate or persistent
tachypnoea; cardiovascular dysfunction including sudden
increase or decrease in heart rate or persistent tachycardia
or bradycardia, poor peripheral circulation, prolonged
capillary filling time, hypotension or sudden increase in
requirement of inotropic support; and unexplained
abnormal biochemical and haematological parameters
such as persistent metabolic acidosis, hyperglycaemia,
thrombocytopenia, leukopenia.® Neonates already on
antibiotic therapy, gestational age <37 weeks or with
history of maternal antibiotics use within 2 weeks prior to
delivery were excluded from the study. The control group
was constituted by apparently healthy blood culture
negative neonates without any clinical features or risk
factors for sepsis.

The study was approved by the Institutional Ethics
Committee, and all efforts were made to remain true to
guidelines in ‘The Declaration of Helsinki.” Informed
written consent was obtained from the parents of all
subjects for participation in the study. A detailed history
was taken from the parents/care givers and meticulous
physical examination of the neonates performed. Two ml
venous blood samples were drawn, aseptically for blood
culture and sepsis screen at the time of enrollment. A
diagnosis of true sepsis was made in the presence of a
positive blood culture. Sepsis screen included various
laboratory markers, viz. total leukocyte count (TLC),
platelet count, immature to total neutrophil (I/T) ratio,
micro-erythrocyte sedimentation rate (ESR), gastric
aspirate cytology (GAC), and C-reactive protein (CRP).
Values of TLC <5000/mm?® (I/T) ratio >0.2, platelet
count <150,000/mm®, micro-ESR >15 mm, CRP >8
mcg/ml, GAC >5 polymorphs/Hpf were taken as
abnormal.® Sepsis screen was taken as positive when 2 or
more of these markers were abnormal.’

Statistical analysis

Continuous variables were expressed as means and
standard deviation. Sensitivity, specificity, positive
predictive value (PPV), negative predictive value (NPV),
likelihood of a positive test (LR+), and likelihood of a
negative test (LR-) along with their 95% Confidence
Intervals were calculated for each individual laboratory
marker as well as combination of two markers.

RESULTS
A total of 161 babies with clinically suspected EOS or

more than 3 risk factors for sepsis were enrolled in the
study. Of these, 56 (34.78%) were blood culture positive
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(true sepsis). Control group comprised 102 neonates.
There was an obvious male preponderance with males
accounting for 54.67% % and 60.78% of patients in the
study and control group, respectively (Table 1).

Sepsis screen was positive in 112 (69.57%) of subjects
with clinically suspected sepsis/risk factors for sepsis, 47
(83.93%) neonates with true sepsis, and 56 (54.92%)
controls. The sensitivity, specificity, positive predictive
value and negative predictive value of sepsis screen was
83.93%, 35.29%, 41.59% and 80.00%, respectively.

“Amongst all individual markers, CRP was observed to
be the best diagnostic marker having the highest
sensitivity (82.14%, 95% CI: 69.60 to 91.09 ), specificity
(89.22%, 95% CI: 81.52 to 94.49), PPV (80.70%, 95%
Cl: 68.09 to 89.95), NPV ( 90.10 %, 95% CI: 82.54 to
95.15), and LR+ ( 7.62, 95% CI: 4.30 to 13.49), and the
lowest LR- (0.20, 95CI: 0.11 to 0.35) followed by I/T
ratio (sensitivity: 78.57, 95% CI. 65.56 to 88.41;
specificity: 81.37%, 95% CI: 72.45 to 88.40; PPV:
69.84%, 95% CI: 56.98 to 80.77; NPV: 87.3%, 95% CI:
78.97 to 93.30; LR+ : 4.22, 95% CI: 2.75 to 6.47; and
LR-: 0.26, 95% CI: 0.16 to 0.44). On the other hand,

Micro ESR was observed to be the least diagnostic single
marker having the lowest specificity (71.57%, 95% CI:
61.78 to 80.06); PPV (34.09%, 95% CI: 20.49 to 49.92),
LPV (64.04%, 95% CI: 54.51 to 72.81) and, LR+ (0.94,
95% CI: 0.55 to 1.60), and highest LR- (1.02, 95% CI:
0.84 to 1.25). GAC was observed to have the least
sensitivity (23.21%, 95% ClI: 12.98 to 36.42) (Table 2).”

Table 1: Clinical characteristics of study population.

Characteristics Study group Co_ntrol group
(n=102)

Mean birth 2580.63+372.55 2590.71+434.65

weight (g)

Mean gestational - 5 55,1 15 38.33+1.13

age (weeks)

In born:out born  2.74:1 2.92:1

Male:female 1.21:1 1.55:1

Cllnlca_l features 62 (38.51%) 0

of sepsis

Mean age at

2.09+0.80 2.0+0.82

sampling (days)

Blood culture

ositive 56 (34.78%) 0

Table 2: Diagnostic accuracy of various laboratory markers of sepsis screen.

Sensitivity (%) Specificity (%) PPV(%), NPV (% LR-
HETLET (95%Cl)y( ) (9p5%C|)y( ) (95%(>CI)) (950/503 LR- (95%CI)  g505c1)
crp 8214 89.22 80.70 90.10 7.62 0.20
(69.60,91.09)  (81.52,94.49)  (68.09,89.95)  (82.54,95.15)  (4.30,13.49)  (0.11,0.35)
VT ratio 7857 81.37 69.84 87.37 4.22 0.26
(65.56, 88.41)  (72.45,88.40)  (56.98,80.77)  (78.97,93.30)  (2.75, 6.47) (0.16, 0.44)
Platelet  37.50 79.41 50.00 69.83 182 0.79
count  (24.92,51.45)  (70.27,86.78)  (34.19,65.81)  (60.61,78.00)  (1.09, 3.03) (0.63, 0.99)
TLc %214 79.41 46.15 68.07 1.56 0.85
(20.29,45.96)  (70.27,86.78)  (30.09, 62.82)  (58.90,76.31)  (0.91, 2.68) (0.70, 1.05)
cac | 2821 76.47 35.14 64.46 0.99 1.00
(12.98,36.42)  (67.04,84.31)  (20.21,52.54)  (55.25,72.95)  (0.55, 1.78) (0.84, 1.20)
Micro-  26.79 7157 34.09 64.04 0.94 1.02
ESR (15.83,40.30)  (61.78,80.06)  (20.49,49.92)  (54.51,72.81)  (0.55, 1.60) (0.84,1.25)

Amongst combinations of 2 markers, CRP plus I/T was to
observed have the best diagnostic accuracy with the
highest sensitivity (78.57%, 95% CI: 65.56 to 88.41),
specificity (100%, 95% CI: 96.45, 100), PPV (100%,
95% ClI: 91.96 to 100) and NPV (89.47%, 95% CI: 82.33
to 94.44), and the lowest LR- (0.21, 95% CI: 0.13 to
0.35) (Table 3). On the other hand, combination of I/T
Ratio plus GAC was observed to have the least diagnostic
utility with the lowest specificity (77.45%, 95% CI: 68.11
to 85.14), PPV (25.81%, 95% CI: 11.86 to 44.61), NPV
(62.20%, 95% CI: 53.17 to 70.65), and LR+ (0.63, 95%
Cl: 0.30 to 1.32), and the highest LR- (1.11, 95% CI:
0.95 to 1.29). Combination of I/T Ratio plus Micro-ESR
had the poorest sensitivity (8.93, 95% CI: 2.96 to 19.62).

DISCUSSION

The advantage of most hematological and biochemical
tests comprising neonatal sepsis screen is not just the
rapidity of obtaining results (usually 1 hour), but also
their ease of performance even in the side laboratories
(normally attached to the wards) without the requirement
for any sophisticated instruments. Considering the high
mortality and serious morbidity associated with neonatal
sepsis, a diagnostic marker with a very high sensitivity
(infected infants have a positive test) and negative
predictive value (a negative test confidently rules out
infection) approaching 100% is desirable since, all septic
infants should be identified early and treated.>® In order

International Journal of Contemporary Pediatrics | October-December 2016 | Vol 3 | Issue 4 Page 1146



Zaka-ur-Rab Z et al. Int J Contemp Pediatr. 2016 Nov;3(4):1144-1149

to minimize unnecessary use of antibiotics in false
positive cases, a competent diagnostic marker also needs
to have a reasonably high specificity (the test is negative
if infection is absent) and a good positive predictive value
(infection is present when the test is positive), preferably
better than 85%.%% The ideal early diagnostic test for

infection would have 100% sensitivity and specificity.
Such an ideal test, however, is rather unlikely to be
discovered, since most tests are measured on a
continuous scale with an overlap between infected and
non- infected infants.*

Table 3: Diagnostic accuracy of combinations of two laboratory markers of sepsis screen.

Sensitivity
(%), (95%Cl)

Specificity
(%), (95%CI)

CRP+I/T Ratio

CRP+TLC

CRP+Miicro-
ESR

CRP+GAC

CRP+Platelets

TLC+I/T Ratio

TLC+Micro-
ESR

TLC+GAC

TLC+Platelets

I/T Ratio+Micro-
ESR

I/T Ratio+tGAC

T
Ratio+Platelets

Platelets+GAC

Platelets+Micro-
ESR
GAC+Micro-
ESR

78.57
(65.56, 88.41)
26.79

(15.83, 40.30)
10.71

(4.03, 21.88)
14.29

(6.38, 26.22)
28.57

(17.30, 42.21)
25.00

(14.39, 38.37)
10.71

(4.03, 21.88)
23.21

(12.98, 36.42)
17.88

(8.91, 30.40)
08.93

(2.96, 19.62)
14.29

(6.38, 26.22)
28.57

(17.30, 42.21)
17.86
(8.91,30.40)
10.71

(4.03, 21.88)
14.29

(6.38, 26.22)

100.00
(96.45, 100)
87.25

(79.19, 93.04)
92.16

(85.13, 96.55)
86.27

(78.04, 92.29)
80.39

(71.35, 87.59)
84.31

(75.78, 90.76)
88.24

(80.35, 93.77)
80.39

(71.35, 87.59)
80.39

(71.35, 87.59)
89.22

(81.52, 94.49)
77.45

(68.11, 85.14)
79.41

(70.27, 86.78)
78.43

(69.19, 85.96)
89.22

(81.52, 94.49)
90.20

(82.71, 95.20)

PPV(%), NPV(%), LR-
(95°/c(>CI)) (95%(0 & LR- (95%C1)  g504c1)
100.00 89.47 0.21
(91.96,100)  (82.33, 94.44) (0.13, 0.35)
53.57 68.46 2.10 0.84
(33.87,72.49) (58.73,76.33) (1.08,4.10)  (0.70, 1.00)
42.86 65.28 137 0.97
(17.66,71.14)  (56.90,73.01) (050t03.74) (0.87, 1.08)
3636 (17.20,  64.71 1.04 0.99

59.34) (56.05,72.70) (0.47,233)  (0.87,1.13)
44.44 67.21 1.46 0.89
(27.94,61.90) (58.13,75.44) (0.82,258)  (0.73, 1.08)
46.67 67.19 159 0.89
(28.34,65.67) (58.33,7522) (0.84t03.02) (0.75, 1.06)
33.33 64.29 091 101
(13.34,59.01)  (55.75,72.20) (0.36,2.29)  (0.90, 1.14)
39.39 65.60 118 0.96
(22.91,57.86) (56.58, 73.86) (0.64,2.20)  (0.80, 1.14)
33.33 64.06 091 102
(17.29,52.81) (55.11,72.35) (046,181)  (0.87, 1.19)
31.25 64.08 0.83 102
(11.02,58.66) (55.61,71.96)  (0.30,2.26)  (0.92, 1.14)
25.81 62.20 0.63 111
(11.86, 44.61) (53.17,70.65) (0.30,1.32)  (0.95, 1.29)
4324 66.94 139 0.90
(27.10,60.51) (57.81,7522) (0.79,2.44)  (0.74, 1.09)
31.25 63.49 0.83 1.05
(16.12,50.01) (54.45,71.88) (0.42,1.62)  (0.89, 1.23)
35.29 64.54 0.99 1.00
(14.21,61.67) (56.05,72.41) (0.39,2.54)  (0.89, 1.12)
44.44 65.71 146 0.95
(21.53,69.24) (57.23,7352) (061,348)  (0.84, 1.08)

Current evidence suggests that promising markers may be
useful for early termination of antimicrobial treatment,
but none of the current diagnostic tests are sensitive and
specific enough to influence the clinical decision for
withholding antibiotic treatment at the onset of suspected
infection.” Some researchers have even stated that the
decision to start antibiotics need not necessarily be
conditional to the results of sepsis screen in the presence
of a strong clinical suspicion of sepsis.” According to
some authors, a negative screen must be repeated within
12 hours in case of persisting clinical suspicion of
septicemia. Two sepsis screens performed 12-24 hours
apart had a negative predictive value of 100%.°

In the present study, the sepsis screen was positive in
69.57% of all cases with clinical features of septicemia or
>3 risk factors for sepsis, and in 83.93% of those with a
positive blood culture (true sepsis). The sepsis screen was
observed to have a high sensitivity and NPV, but a low
specificity and PPV. This is contrary to the findings of
some researchers who reported that presence of two
abnormal parameters in a screen was associated with a
sensitivity of 93-100%, specificity of 83%, PPV of 27%
and NPV of 100% for detecting neonatal sepsis. Based on
their results these researchers advocated that if two (or
more) parameters were abnormal, it should be considered
as a positive screen and the neonate started on
antibiotics.”
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Conflicting results have been obtained in different studies
on diagnostic accuracy of individual markers of sepsis
screen. TLC, total neutrophil count, immature neutrophil
count, I/T ratio, immature to mature neutrophil (I/M)
ratio, morphological or degenerative changes in
neutrophil such as vacuolisation, Ddghle bodies,
intracellular bacteria, toxic granulation, and platelet count
have been studied either singly or in combination.? Since
no currently available test or groups of test provided the
ideal of high sensitivity, specificity, and NPV, an
elaborate haematological scoring system (HSS) involving
seven of the above variables (one point allocated to each
abnormal variable) was formulated.® The higher the
score, the greater the certainty that the suspected septic
episode was genuine. Using a cut off of >3, the score had
a high sensitivity of 96%, but a disappointingly low
positive predictive value of 31%.° This scoring system,
however, has not been adopted widely.

White cell counts and ratios of haematological
parameters are reported to vary widely across studies,
with sensitivities and specificities ranging from 17% to
90% and 31% to 100% respectively.’® In general, the
abnormal leukocyte ratios, including the I/T ratio >0.2,
tend to have high sensitivity, whereas abnormal leukocyte
counts, such as leukopenia and neutropenia, tend to have
high specificity.? TLC <10 x 10%L, TNC <8 x 10%L, I/M
>0.25, I/T >0.14, band count >15% and platelet count
<150 x 10° were found to have optimal sensitivities and
negative predictive values by some authors.* Similarly,
an abnormal I/T ratio followed by an abnormal I/M ratio
were reported to be the most sensitive indicators in
identifying infants with sepsis."***® These two criteria
along with thrombocytopenia were reported to have a
high negative predictive value over 94%.* On the other
hand, I/M ratio followed by I/T ratio was reported to have
the highest high sensitivity for identifying neonates with
sepsis as per some authors.* In another study, immature
PMN count was reported to have the highest sensitivity
followed by Immature:Total (I/T) ratio and total PMN
count; while I/M ratio followed by I/T ratio, degenerative
changes and platelet count were reported to be highly
specific tests for diagnosing sepsis in neonates. I/M was
also reported to have the highest PPV."® The authors
further stated that HSS had much higher sensitivity,
specificity, PPV and NPV in preterm babies in
comparison to term neonates. Some workers were of the
view that during the first three days of life leukopenia,
neutropenia, elevated I/M ratio and CRP were good
diagnostic aids for neonatal sepsis, whereas after 3 days
of life, CRP was the best single test.!®* However,
Abnormalities in these markers soon after a birth
complicated by clinical signs and obstetric risk factors of
sepsis were highly suggestive of early onset neonatal
sepsis.* These reports, therefore, advocate the use of
multiple indicators for detection of sepsis. Although CRP
was found to have highest sensitivity (82.14 %) amongst
individual markers of sepsis screen in the present study, a
substantial proportion of septicemic patients were likely
to be missed if it were used alone.

Moreover, it was not found to have optimal specificity,
PPV and NPV. Sensitivity and specificity of CRP for
diagnosis of early onset sepsis have been reported to
range from, 43 to 90% and 70 to 78%, respectively in
various other studies.” In late onset sepsis, the specificity
and positive predictive value of CRP reportedly range
from 93% to 100%. Thus CRP is a ““specific’’ but ‘‘late”’
marker of neonatal infection.® CRP had higher sensitivity
and specificity than total neutrophil count and I/T ratio as
a diagnostic marker in neonates.’® It is synthesized within
six to eight hours of exposure to an infective process or
tissue damage, with a half-life of 19 hours, and may
increase more than 1000-fold during an acute phase
response.”” CRP levels have been shown to rise during
the initial 24 hours in many babies irrespective of
administration of antibiotics.®*® These were considered
the best tools available for assessment of effectiveness of
antibiotic therapy, its duration, and whether or not
recurrence of infection had occurred following cessation
of treatment.”® Despite its promising characteristics the
test has been reported to be falsely negative in cases of
life threatening central nervous system candidiasis
(probably because of the localised and chronic low grade
nature of these infections).” Conversely, increased CRP
concentrations have been observed in some non-infective
clinical conditions such as meconium aspiration, tissue
necrosis, recent vaccination, and post-surgery.*®

It has been observed that specificity of two test
combinations was higher than that of individual tests, but
three test combinations had no overall advantage over
two test combinations.?? Some authors, on the other hand,
were of the view that a combination of three tests
enhances the sensitivity of these tests.® CRP with any
other marker (gastric aspirate, band cell / neutrophil ratio,
toxic granules) except micro-ESR has been reported to
have a sensitivity of 100% but a lower specificity.”” In an
earlier study, CRP with gastric aspirate was found to be
the best combination with sensitivity of 80% and
specificity of 70%.** The combination of CRP (0.10
mg/1) with full blood examination (abnormal film and/or
/T ratio >0.2) and/or gastric aspirate (>5
polymorphs/high power field or potential pathogen on
gram stained smear and/or culture of potential pathogen)
has been reported to have a sensitivity of 97%, specificity
of 61%, NPV of 98%, and likelihood ratio of 49 for early
onset neonatal sepsis.”® In the present study, amongst
combinations of 2 markers, CRP plus I/T was observed
have the best diagnostic value with the highest sensitivity
(78.57%), specificity (100%), PPV (100%) and NPV
(89.47), and the lowest LR- (0.21). On the basis of its
high diagnostic accuracy, this combination appeared to be
the most suitable one for identification of cases of EOS.
However, these findings are contrary to observations of
some others who reported that a combination of CRP
with haematological parameters decreased the sensitivity
and NPV of HSS."!

The findings of the present study suggest that in fresh
cases of EOS, untreated with prior antibiotics, abnormal
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CRP in combination with I/T ratio could serve as a
simple and reliable tool for rapid detection of neonatal
sepsis. However, all other two test combinations did not
have the sensitivity, specificity and negative predictive
value required for precise diagnosis of neonatal
septicemia. Relying only on abnormality of any 2
markers of sepsis screen is, therefore, liable to result in
inadvertent over treatment of a large majority of
uninfected neonates. However, since preterm babies as
well as those on prior antibiotic therapy had been
excluded in the present study, further large scale studies
need to be conducted on combinations of different tests in
these populations groups.
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