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ABSTRACT

INTRODUCTION:

Neonatal sepsisisaclinical syndrome characterized by signs and symptoms of
infection with or without accompanying bacteremia in the first month of life. Rapid
and accurate diagnosis of neonatal sepsis is often Cumbersome in routine clinical
practice because of its non specific clinical presentation.

Although Blood culture is warranted as gold standard there is a substantial
time delay as the blood culture result is ready only after 24 to 72 hours. Therefore,
using rapid diagnostic methods including laboratory markers could be beneficial for
the diagnosis of neonatal sepsis.

AIM AND OBJECTIVES:
> Toknow the Effectiveness of serum Procalcitonin , C-Reactive Protein and
heamatological parameters versus Blood culture in early diagnosis of Neonatal

Sepsisin Neonatal Intensive Care Unit.

MATERIALSAND METHODS:

Study area: Neonatal intensive care unit at KLE’s Dr. Prabhakar Kore Hospital,
Belagavi.

Study design: A cross sectional study.

Study period: January 2017 to December 2017 over aperiod of 1 year.

Study participants: Neonates with signs suggestive of sepsis admitted to
Neonatal intensive care unit at KLE’s Dr. Prabhakar Kore Hospital,Belagavi.
Sample size: Sample sizeis calculated by using the formula:

(Za)? x sensitivity x (100-sensitivity)




(relative error) 2 x prevalance
where, :

Z a (constant) = 1.96 @2

S = Sengitivity = 81

d = relative error = 5%

p = prevalence = 7%

(2)? x 81x(100-81)/(5)? x7

4x81x19/25x7

6156/175

35.17 @36.
Sample size: 36.
Sampling procedure: Universa sampling method.
Inclusion criteria:
Neonates who are going to be started on antibiotics with :
a) Neonatal risk factorslike Low birth weight, Preterm, Prematurity or Twins
presenting with any of the following clinical signs:
Convulsions
Respiratory rate >60 breaths/min .
Severe chest indrawing .
Nasal flaring.
Grunting .
Buldging /depressed fontanelle.
Discharge draining from the ear.
Redness around umbilicus extending to the skin.

Temperature .37.7'C (or feels hot) or ,35.5°C(or feels cold).
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Lethargic or unconscious(not aroused by minimal stimulus).
Reduced movements.
Not ableto feed (not able to sustain suck).
Not attaching to the breast.
No suckling at al.
Crepitations.
Cyanosis and
Reduced digital capillary refill time.
Any of the signs listed above implies high suspicion of serious bacteria infection.
ORWITH
b) Maternal risk factors:
Premature rupture of membranes.
Prolonged labour( sum of 1% and 2™ stage of labour is >24 hours).
Rupture of membranes(>24 hours).
Maternal fever with evidence of bacterial infection within two weeks
prior to delivery.
Foul smelling or meconium stained liquor.
Urinary tract infection.
Caesarean section.
Single unclean or more than 3 sterile vaginal examinations.
Twin pregnancy.
Invitro conception.
Preclaamsia.
Gestational diabetes mellitus.

Cervicd stitch insitu.
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Exclusion criteria:
a) Neonateswho had Birth asphyxia, Aspiration syndrome.
b) Laboratory findings which are suggestive of Inborn errors of metabolism
c) Neonates with Congenital anamolies.
d) Referred cases aready treated with antibiotics.
Methodology:
Written consent was taken from the Mother.
1-2ml of venous blood was collected following aseptic precautions by a
trained staff prior to the administration of antibiotics for the sepsis screening,
which included Blood culture, Haematologica parameters, serum
Procalcitonin level and serum C-Reactive Protein level. A Second Blood
sample of was collecte to determine the seria levels of C-Reactive Protein
which is done 72 hours apart after the administration of Antibiotics.
The Sepsis work up included:
a) Haematological parameters.
b) Blood culture to isolate the organism.
c) Serum Procalcitonin Level: By Quantitative method using B.R.A.H.M.S
PCT kit using cobas e analysers.
d) Serum CRP levels:By Latex Serology test using Cobas ¢ analysers.
Statistical Analysis: To evaluate the Effectiveness of serum Procalcotonin
levels and serial levels of serum C-Reactive Protein against Blood culture and
Haematological parameters, Sensitivity analysis was done. Indices like Sensitivity,
Specificity, Positive Predictive Vaue and Negative Predictive Vaue was competed

for each of the screening procedures.
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RESULTS:
The screening tests applied in the present study showed the following results:

a) PCT: Sensitivity-65.59%
Specificity-53.84%
Positive Predictive Value-72.72%
Negative Predictive Vaue-50%

b) 15" CRP: Sensitivity-50%
Specificity-92.30%
Positive Predictive Vaue-92.30%
Negative Predictive Vaue-52.17%

¢) Haemoglobin percentage: Sensitivity-26.06%
Specificity-84.16%
Positive Predictive Value75%
Negative Predictive Vaue-39.28%

d) Tota WBC counts: Sensitivity-61.11%
Specificity-53.84%
Positive Predictive Value-64.70%
Negative Predictive Vaue- 36.84%

e) Platelet counts : Sengitivity-47.05%
Specificity-69.25%
Positive Predictive Vaue-66.66%
Negative Predictive Vaue-37.5%

CONCLUSION:
PCT showed the highest sensitivity followed by tota WBC counts and

CRP.CRP showed highest specificity and positive predictive value among all other
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markers. But neither of these markers are 100% sensitive nor 100% specific to be
relied as a sole marker. We would like to conclude that blood culture even though
considered as gold standard it is time consuming and at times gives false negative
results. The greatest predictability can be achieved by the combination of total WBC
counts, CRP and PCT rather than a single biomarker. So it is high time to initiate
rigorous steps to expand the continuing search for a definitive diagnostic biomarker
using multi-centric studies based on a harmonized protocol.

Key words: Neonatal septicaemia, Procal citonin,C-Reactive Protein, Blood culture
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I ntroduction

INTRODUCTION

DEFINITION:

Neonatal sepsisisaclinical syndrome characterized by signs and symptoms of

infection with or without accompanying bacteremiain the first month of life.

It comprises of various systemic infections like Septicemia, Pneumonia,
Meningitis, Arthritis, Osteomyelitis and Urinary tract infections. Superficia

infections like Oral trush, Conjunctivitis are not included under neonatal sepsis .

Neonatal septicemia continues to be one of the leading causes of neonatal
morbidity and mortality worldwide. The incidence varies from country to country ,
but is much higher in developing countries. WHO estimates, there are about 5 million
neonatal deaths a year, 98% occurring in developing countries. In developing
countries, neonatal mortality (i.e deaths in the first 28 days of life per 1000 livebirths)
from all the causesis about 34. Most of these deaths occur in the first week of life, of

which most on the first day®®.
TYPESOF NEONATAL SEPSIS:

Neonatal sepsisisdivided into two categories depending on the Onset as:

a) EARLY ONSET SEPSIS (EOS)- which occurs within 72 hours of life.
Neonates with early onset sepsis present usually with Respiratory distress and
Pneumonia. The source of infection here generaly is Maternal genital tract. In
case of severe sepsis, the neonate may be symptomatic at birth. The usual
presentation in EOS is with respiratory distress and pneumonia. Few maternal/

perinatal conditions have been found to be associated with an increased risk of
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I ntroduction

EOS. Appropriate recognition of these potential risk factors would aid in

diagnosing sepsis early.

From the studies done by Narang and Bhakoo® from India, the following risk

factors appear to be associated with an increased risk of early onset sepsis:

1. Low birth weight (<2500 grams) or prematurity

2. Febrile illness in the mother with evidence of bacterial infection within 2
weeks prior to delivery.

3. Foul smelling and/or meconium stained liquor.

4. Prolonged ruptureof membranes (PROM).

5. Singleunclean or > 3 sterile vaginal examination(s) during labor.

6. Prolonged labor (sum of 1st and 2nd stage of labor > 24 hours)

7. Perinatal asphyxia (Apgar score <4 at 1 minute).

b) LATE ONSET SEPSIS (L OS)- which occurs after 72 hours of life. Neonates
usually present with SepticemiaMeningitis and Pneumonia. In LOS ,the
source of infection usually is either nosocomia (hospital-acquired) or
community-acquired and neonates present with septicemia, pneumonia or
meningitis. The factors which predispose to nosocomial sepsis include low
birth weight, prematurity, admission in intensive care unit, mechanical
ventilation, undergoing invasive procedures, administration of parenteral

fluids®.

Factors that predispose to the community-acquired LOS include poor personal
hygiene, poor cord care, bottle-feeding, and pre lacteal feeds. In contrast,

breastfeeding helpsin prevention of infections.
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CLINICAL CRITERIA FOR DIAGNOSIS OF NEONATAL SEPSIS? @;

Neonates with risk factors like Low birth weight, Preterm, Prematurity or Twins

presenting with any of the following clinical signs.

Convulsions.

Respiratory rate >60 breaths/min .

Severe chest indrawing .

Nasal flaring.

Grunting .

Buldging /depressed fontanelle.

Discharge draining from the ear.

Redness around umbilicus extending to the skin.
Temperature .37.7°C (or feels hot) or ,35.5°C(or feels cold).
Lethargic or unconscious(not aroused by minimal stimulus).
Reduced movements.

Not ableto feed (not able to sustain suck).
Not attaching to the breast.

No suckling at al.

Crepitations.

Cyanosisand

Reduced digital capillary refill time.

Any of the signslisted implies high suspicion of serious bacterial infection.
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ORWITH
Maternal risk factors:

Premature rupture of membranes.

Prolonged labour( sum of 1% and 2™ stage of labour is >24 hours).
Rupture of membranes(>24 hours).

Maternal fever with evidence of bacterial infection within two weeks
prior to delivery.

Foul smelling or meconium stained liquor.

Urinary tract infection.

Caesarean section.

Single unclean or more than 3 sterile vaginal examinations.

Twin pregnancy.

Invitro conception.

Preclampsia.

Gestational diabetes mellitus.

Cervicd stitch insitu.

Rapid and accurate diagnosis of neonatal sepsis is often Cumbersome. The
clinic manifestations of neonatal sepsis overlaps with those of non-infectious
conditions, such as the Meconium aspiration syndrome, Respiratory distress
syndrome, and Hemodynamic instability of various underlying etiologies.

In general, the identification and treatment of newborns with infection is
unsatisfactory in many developing country settings. Sick newborns present with
nonspecific signs and symptoms, a clinical diagnosis of neonatal sepsis is difficult in

routine clinical practice even in the most sophisticated settings®.
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Although Blood culture is warranted as gold standard and distinguish sepsis
from non-infectious conditions, it lacks sensitivity and specificity as blood culture
may yield false positive results because of contamination. Also it can remain negative
despite generalized bacterial infection. There is a substantial time delay as the blood
culture result is ready only after 24 to 72 hours™ .Cases of suspected but culture-

negative sepsis outnumber culture-positive ones by at least 15-20 times.

Infection markers evaluated in the neonatal intensive care unit that have been
studied in Preterm or Term neonates are classified as:

Haematological markers.

Acute phase proteinsand other proteins.

Components of the complement system.

Chemokines,cytokines and adhesion molecules.

Céll surface molecules

Early diagnosis followed by appropriate treatment of all newborns with clinical
suspicion of sepsis is an important strategy in preventing life threatening
complications and death. In developing countries like India, use of rapid diagnostic
tests such as Polymerase Chain Reaction(PCR) and Bacteria rapid antigen testsis too
expensive to use for diagnosis of neonatal sepsis and where culture and sensitivity
facilities are limited, so in magjority of newborns; initia suspicion/diagnosis of
neonatal sepsisis based on clinical features which are most of the times nonspecific,

which resultsin initiation of empirical antibiotic treatment.

The present trend which is being applied for all the neonates who are
suspected to have neonatal sepsis may lead to unnecessary and increased

antibiotic consumption, a higher incidence of the side-effects due to their use,
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increased resistance to the antibiotics, a long hospitalization, the separation of the

neonates from their mothers and increased health costs.

Therefore, using rapid diagnostic methods including laboratory markers could be
beneficial for the diagnosis of neonatal sepsis. Hence it’s necessary to rely on early
diagnostic markers. Out of the early diagnostic markers available, C-Reactive Protein

and Procalcitonin has the highest sensitivity and specificity rates®

C- reactive protein (CRP) has been widely used as a diagnostic tool for
identification infection. Although, a high level of CRP was shown to be a sensitive
and classical marker of inflammation in severa studies, but it cannot differentiate
bacterial infections from other infections. Moreover, non-infectious conditions like
Perinatal Asphyxia, Respiratory Distress Syndrome, Meconium Aspiration Syndrome

and Post surgical period can induce abnormal values of CRP.

Procalcitonin (PCT) is an acute phase protein which has recently attracted
attention as a measurable laboratory marker of sepsis. PCT increases during bacterial,

fungal, and parasitic infections.

Localized bacterial infections, severe vira infections and inflammatory
reactions of noninfectious origin do not or only dlightly change the PCT level in

contrast to CRP.

While some studies reported that PCT is more reliable than CRP for the
diagnosis of neonatal sepsis, others did not find any advantage of PCT over CRP.
There are several studies showing controversies on an ideal marker of sepsis’”. As
little information avail able based on comparison between these two potential markers,

this present study was conducted.
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AIM AND OBJECTIVES

This study was conducted with the following aim and objectives:

Aim:

» To know the Effectiveness of serum Procalcitonin , C-Reactive Protein and

heamatological parameters versus Blood culture in early diagnosis of Neonatal

Sepsisin Neonata Intensive Care Unit.

Secondary objectives:

>

To determine the prevalence of culture proven sepsis cases among the
suspected cases of neonatal septicemia.

To evauate the distribution of neonatal septicemia cases according to
the time of onset of sepsis.

Gender wise distribution of sepsis.

Distribution of sepsis according to gestational age.

Distributional of sepsis according to birth weight.

To assess maternal and fetal risk factors associated with neonatal
Sepsis.

To study the bacteriological profile of neonatal septicemia.
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Review Of Literature

REVIEW OF LITERATURE

EPIDEMIOLOGY:

Septicemia is one of the most commonly encountered problem in neonatal
nurseries and contributes considerably in neonatal morbidity and mortality®.Neonatal
septicemia either acquired from the Mother (vertical transmission ) or Nosocomial
(horizontal transmission)is a formidable problem encountered in the neonatal unit and

is the commonest primary cause of morbidity and mortality anong neonates®®.

The incidence of neonatal sepsis according to the data from National Neonatal
Perinatal Database (NNPD, 2002-03) is 30 per 1000 live births. The NNPD network
comprising of 18 tertiary care neonatal units across India found sepsis to be one of the
commonest causes of neonatal mortality contributing to 19% of all neonata
deaths* Three conditions: infection, birth asphyxia, and consequences of premature

birth/low birth weight, are responsible for majority of these deaths.

Annualy, 6.6 million under-five child deaths globally, in which about 44
percent occur during the first 28 days of life™®, this proportion is even higher —
around 54 percent — in countries that belong to WHO South East Asia Region

(SEAR).

In India, current NMR( SRS 2015) is 25 per 1,000 live births™, about 69
percent of infant deaths and more than fifty percent of under-five child deaths in our

country occur during the neonatal period .
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The Early Neonatal Mortality Rate (ENMR) — that is deaths that occur during
the first week of life - is 23 per 1,000 live births ‘. This implies that the early

neonatal period alone accounts for about 45 percent of total under-five child deaths.

India contributes to one-fifth live births and more than a quarter of neonatal
deaths that occur globally. About 0.76 million neonates died in 2012,which was the
highest for any country in the world for that year*?. A systematic analysis including
the global, regional, and national causes of child mortality in 2012 prematurity and

infections were identified to be the major causes of neonatal deathsin India ™2.

A nationally representative survey on causes of child and neonatal mortality
done by Awasthi et a which included data from the Million Death Study from
India®™, found the significant causes for neonatal mortality being prematurity and
perinatal asphyxia followed by sepsis. These findings go in hand with overal global

pattern®?,

Every year an estimated 30 million newborns acquire infection and 1.2 million

die of the disease*?.

A higher incidence of neontal sepsis is observed by many authors in
developing countries than in developed countries. The reasons listed are high rate of
home delivery in developing sepsis,often overseen by unskilled attendants ,unclean

environment and limited resources™(9

The incidence has been reported to vary between 1-10/1000 live births in

developing countries and 1-4/1000 live births in developed countries®.
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Incidence is 7.1-38/1000 live births in Asia,6.25-23/1000 live birth in Africa,
3.5 -8.9/1000 live birth in south America and carribean ,6/1000 live births in USA

and Austrdia®.

Stoll et a™” in his study reported the incidence of neonatal sepsis as:

India, Pakistan, Thailand, Malaysia 2.4-16/1000 live births.
Sub Saharan Africa 6-21/1000 live births.
Middle east and north Africa 1.8-12/1000 live births.

In Indig, literature indicates that the incidence varies from 11-24.5 /1000 live

birthsin India’.
Risk factorsfor Neonatal Septicemia:

The pathogenesis of neonatal septicemia are multifactorial. These factors interact

together causing sepsis. They are asfollows:

1. Maternal/prenatal risk factors
2. Neonatal risk factors.
3. Nosocomial risk factors.

4. Others.

1.Maternal or prenatal risk factors ™®:Mother can acquire infection during
pregnancy or just before delivery and inturn transmit the infection transplacentally to

the foetus.
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A few materna risk factors play a role in increased incidence of neonatal

infections and they include:

a) Prolonged Rupture Of Membranes (PROM): is defined as rupture of
membranes prior to the onset of labor for more than 18 hours™ . It’s a major
risk factor for chorioamnionitis and neonatal sepsis The risk of neonatd
septicemia increases to approximately 10 fold in neonates born to mothers

with rupture of membranes before delivery™®.

PROM was an important risk factor in early onset neonatal sepsis. A study
done by kerur et a®® showed that 90.2% of the mothers had PROM of more than 12

hours and 70.6% had PROM for 12-24 Hours.

b) Choriocamniotis. chorioamniotis is the inflammation of the placental
membrane as a result of microbia invasion of amniotic fluid.It is usually
associated with PROM and the risk of neonatal septicemia is increased by

approximately 2-3 times in the presence of chorioamniotis and PROM.

Chorioamniotis appears to be an important febrile illness in the mother during
pregnancy and during delivery.Attack rates of neonatal infection increase significantly
in presence of chorioamniotis, diagnosed by amniotic fluid analysis or histologically.
Clinically, signs of chorioamniotis include intrapartum fever ,maternal leucocytosis

and uterine terderness.

A study conducted by Sawhney et al‘®® showed that the newborn was at risk of
acquiring infection when the gestational age was <34 weeks and when prolonged

rupture of membranes for >24 hours was associated with amniotic fluid infection.
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¢) Foul sméling liquor:The presence of foul smelling liquor has been
considered as an indication of chorioamniotis.Breakdown products of bacterial

metabolism are thought to impart foul smell to the amniotic fluid.

Takkar et a® observed that the presence of foul smelling liquor was

associated with 10% incidence of septicemiain their study.
d) Singleunclean or morethan 3 clean vaginal examination:

Schrag et a*® reported that>2 vaginal examinations remained significantly
associated with early onset sepsis with p value of 0.0005 and odds ratio of 1.1, 1.3 and

1.9 for 2-3,4 and =4 vaginal examinations respectively.

In our country, a lot of obstetrics practice is in the hands of untrained
traditional birth attendants(dais).This leads to poor standard of asepsisin feild practice
which includes conducting vagina examination with ungloved hands “*%¥ History of
unclean vagina examination are often associated with 10% deep infections’®?.

Unclean vaginal examination was seen to be an independent factor in causing

sepsis®.

Singh et a® consider Vaginal examination performed without gloves ,with
unsterile gloves ,any vagina examination performed by an untrained birth attendant

are at the high risk of sepsis.
e) Prolonged labour(sum of 1st and 2nd stage of labor > 24 hours)

labour lasting more than 24 hours with prolonged duration of second stage of
labour with rupture of membranes, increases the chances of invasion of

microorganismsinto the fetus®®.
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f) Pre-eclampsia: About 40-50% of newborns ,whose mothers have pre-
eclampsia have neutropenia that generally resolves after 3 days of agethese

infants may be at increased risk of neonatal infection®.

g) Maternal pyrexia: Maternal fever in association with polymorphonuclear
leucocytosis and bacteriologica evidence of infection has been investigated as

a predisposing factor for neonatal sepsis?.

Significant association was found with maternal pyrexia and neonatal
septicemia in a study conducted by Movahedian et al®”.However in a similar study,
Chacko et ad®@observed no association between peripartum fever in the mother and

increased sepsis in the newborn.

h) Maternal UTI: unless treated and resolved before labour ,maternal UTI was
associated with an increased risk of infection in the neonates ,presumably by
increasing the risk of preterm birth and increasing the rate of

chorioamniotis®,

i) Maternal colonization with Group B Streptococcus(GBS) :Maternd
colonization without clinical complications carries a 0.5-5% risk of early onset
neonatal septicemia,similar to the risk of uncomplicated PROM.

Gottof’s comprehensive studies have identified the high risk of situations that
increase the likelihood of neonatal GBS disease whom mother is colonized®?. They
are:

1. PROM>18 hours( risk increased 7 fold)

2. Materna fever (risk increased 4 fold)

3. Prematurity (risk increased 7 fold).
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]) Mode of presentation, Type and Place of delivery:

Higher rates of perinatal death due to infection, birth asphyxia and other
causes is known with abnormal presentation, difficult labour and instrumental vaginal

(30)

delivery

Vaginal delivery may result in the colonization of microorganisms from the
vagina flora on the neonatal skin and gastrointestinal tract. Higher incidence of
septicemiais also noted in neonates delivered at home or at tertiary hospital. Unclean
delivery practices in home deliveries and prolonged hospital stay in neonates
delivered by operative means at the hospital predispose them to infections acquired

from the environment®V,

2.Neonatal factors:

Important predisposing factors for neonatal septicemia include Prematurity,
Low Birth Weight, male sex, twins, certain congenital anamolies, birth asphyxia,

difficult resuscitation and skin wounds.

a) Prematurity:Prematurity is the single most significant factor in neonata
septicemia,premature neonates have a 3-20 fold high risk compared to term
neonates.

Studies have found consistently increased incidence as well as mortality in
prematures.

There are a number of possible explainations for increased incidence of
infection in premature neonates. Inherent in the preterm neonates are deficiencies in
most arms of immune system, including immunoglobulin production, complement

opsonic functions and phagocytic capability.
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b) Low Birth Weight: Babies less than 2.5kgs are more likely to develop
septicemia due to inappropriate immunological response.They have low levels
of various complement systems and poor mucosal defences. There is a clear
inverse relationship between birth weight to the rate of neonata infections
,mortality and gestational age.Birth weight <1000 grams increase the neonatal
infection rate by 26 fold when compared to term babies'®?.

¢) Male gender:Male infants are 2-6 times more at risk of neonatal septicemia
than females® . This may be linked to the X - linked immune regul atory genes.
3.Nosocomial risk factors:

Includes prolonged length of hospital stay,degree of overcrowding in neonatal
unitsinvasive procedureslack of hand washing by hospital personne and
indiscriminate use of prophylactic antibiotics that later alter the indigenous flora of
the neonate eliminating sensitive strains and leads to colonization and proliferation of

more virulent drug resistant strains of microorganisms'=>.
a) Procedures:

Endotracheal intubation,Assisted ventilation,Umbilical catheterization and
Exchange transfusion, when carried out without due regard to asepsis, constitutes
important portal for entry of microorganisms.

Catheter related sepsis is commonly encountered in the neonatal intensive care
unit. Single lumen vascular catheters are commonly used for early access in sick
neonates.These include umbilical catheters (arterial and venous),central venous
cathters(percutaneously placed silicone and surgically placed broviac)and peripheral

arterial catheters.
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Incidence of all vascular associated sepsis has been reported to be around
3.5% in hospitalized neonates'®?.

In a stud y of nosocomial sepsis in neonates with single lumen vascular
catheters,Bhandari et a® found a prevalence of sepsisin 10.5% neonates who had an

umbilical artery catheter and 13.1% sepsisin infants with umbilical vein catheters.
b) Nursery outbreak:

Spread of microorganisms to newborns occurs by droplets from respiratory
tract of patients,nursery personnel or other neonates. Organism may be transferred
from from one baby to another by hands of nursery personnel.The greatest hazard
however is an open or draining lesion.Colonization of the neonates skin, umbilicus,
nasopharynx, gastrointestinal tract by pathogenic bacteria or fungi is a common
prerequisite for subsequent nosocomia infection.Antibiotics interfere with

colonization by the normal flora and falicitate colonization by pathogens.
4.0thers:

a) Geographic factors'™: Bacterial etiology of neonatal septicemia varies from

one hospital to another and from a community to another.
b) Socio-economic status and Parenteral literacy:

The most significant factors causing septicemia are low birth weight and
prematurity and and inversely related socio-economic status.Babies of poor illiterate
parents have high incidence of neonatal infection because they are usually of low
birth weight,delivered before 37 weeks of gestation,suffer malnutrition and have poor

prenatal care.Their immunological status is comparatively diminished.Most deliveries
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in poor families are conducted at home under improper aseptic conditions,further

thereisadelay in appreciating illness and seeking treatment >

ETIOLOGY OF NEONATAL SEPSIS:

Neonatal sepsis is caused by Gram-positive and Gram-negative bacteria and
yeast. Although in developed countries, Gram positive bacteria remain the major
source of in infection, the developing countries, Gram negative organisms have been

implicated as the most common causes®®®.

The spectrum of organisms that causes neonatal sepsis changes over times and
varies from region to region and country to country. This may be due to the changing

pattern of antibiotic use and changesin lifestyle™.

Periodic evaluation and recognition of organisms responsible for neonatal

sepsisis essential for the appropriate management of neonates.

As dready mentioned, pathogens often implicated in neonatal sepsis in
developing countries differ from those seen in developed countries. Overal, Gram-
negative organisms are more common and represented by Klebsiella, Escherichia cali,
Pseudomonas, and Salmonella. Of the Gram-positive organisms, most commonly
isolated are Staphylococcus aureus, CONS, Streptococcus pneumonia and
Streptococcus pyogenesc". According to the National Neonatal-Perinatal database
report, Klebsiella as the predominant (29%) pathogen®?®9“9 which match with

reports from other countries studies “D“?,

In general, the common bacterial causes of early onset sepsis (EOS)

include®:
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a) Group B- Streptococcus
b) Escherichiacaoli
c) Streptococcus pneumonia
d) Viridans streptococci
e) Enterococci
f) Haemophilusinfluenza
0) Neisseriameningitides
h) Neisseria gonorrhoeae
i) Listeriamonocytogenes etc.
Of these, Group B- streptococcus and Listeria monocytogenes are usually of

maternal origin.

The common bacteria causing late onset sepsis include'?:

a) Staphylococcus aureus

b) Coagulase negative Staphylococci
c) Enterococci

d) Citrobacter

€) Enterobacter

f) Klebsiellapneumonia

g) Samonela

Coagulase negative Staphylococci and Staphylococcus aureus in case of Gram
positive bacteria, Escherichia coli & Klebsiella are found in frequent association with

first episode of LOS in infants of very low birth weight.
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Agents that are implicated to cause nosocomial infection include CONS,
Escherichia coli, Klebsiella pneumoniae, Salmonella, Enterobacter aerogenes,

Pseudomonas, Serratia and Citrobacter.

Ziba mosaiebi et a " from Iran reported that the most common organism
isolated from neonatal sepsis was Klebsiella followed by Staphylococcus aureus,
E.coli, Pseudomonas, Acinetobacter. Klebsiella was the commonest organism causing
Early Onset Sepsis while Staphylococcus aureus was the commonest isolate in Late

Onset Sepsis.

In a study done by Rahman et a“? reported that the most common organism
isolated from sepsis in neonates was Escherichia coli followed by Staphylococcus

Pseudomonas and Klebsiella.

A study done by Shaw CK et al from Nepa in the year 2007 reported that
Staphylococcus aureus was the most frequent organism followed by Klebsiella and

E.coli in causing sepsisin neonates®.

Shalini Tripathi et a “?from India reported Klebsiella pneumoniae to be the
commonest organism contributing 32.5% and S.aureus (13.6%) as the second
common cause of sepsis in intramura neonates. In case of extra-mura admissions ,
sepsis accounts for 38 % of deaths where Klebsiella(27.5%) was the commonest
followed by Staphyloccocus aureus(14.9%). Though the commonest isolates are the

same, the mortality tends to be higher in extramural cases.

Zakariya et a“” in the year 2010 from Pondicherry has reported that
Klebsiella pneumoniae was the commonest organism causing sepsis inneonates

especialy in developing countries.
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FUNGAL SEPSIS:

Neonatal sepsis although has classically been attributed to bacterial organisms,
prevalence of fungal sepsis among the neonates is on a rise in the present era of
antibiotics. The wide availability of over-the-counter antibiotics and inappropriate use
of broad-spectrum antibiotics in the community may explain the above situation.
Importance of Candida infection in nursery and intensive care units (ICUs) is
increasingly being recognized. Candida species contributes to most fungal infections
in neonates, around 9-13%; a much smaller number may be attributed to Malassezia,

Zygomycetes or Aspergillus®.

Fungal sepsis is an important problem in sick new born infantswith a
mortality rate between 21%*® and 76%“?.although less frequent than gram positive
or gram negative infections ,invasive infections with fungal organisms,primarily

Candida species,resultsin substantial morbidity and mortality®*>Y.

Fungal sepsis should be suspected in the critically ill neonate with negative
blood cultures.approximately 2.5% of all bloodstream infections in very low birth

weight neonates are estimated due to fungal etiologies'®?.

The other causes of neonatal sepsis include : Adeno virus, Cytomegalovirus ,
Enterovirus, Human Herpes viruses including HSV and VZV, HIV, Parvovirus,
Rubella virus, Plasmodia, Toxoplasma gondii etc., Infection acquired by the neonates

after discharge are usually community acquired.
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NEONATAL IMMUNITY:

The immune system and its response differs in neonates from that of adults.
Both qualitative and quantitative defects have been observed and demonstrated in

term as well as preterm neonates.

Neutrophils or the polymorphonuclear cells play avital role in effective killing
of bacteria. In neonates there is reduced adhesion and adherence of these cells to the
lining vascular endothelium which further decreases its migration into the tissues.
Also these polymorphs show deficient chemotaxis (neutrophil migration) because of
the reduced expression of (-2 integrins , selectins and cell membrane adhesion
molecules. Neonatal polymorphic cells are less deformable than adults. This limits the
phagocytic activity of the cells and efficient killing of bacteria is impaired further in
sepsis. Easy depletion of neutrophil reserve due to reduced bone marrow response

makes the neonate more susceptible to infection.

The neonatal macrophage and monocyte chemotaxis is impaired in early
childhood as compared to adults. It includes the circulating monocytes as well as the
macrophages in liver, spleen and lungs which are responsible for immune modul ation.
The chemotactic, bactericidal, cytokine producing and antigen presenting activity of

the monocyte-macrophage system are less competent at birth.

Activation of T-cells in neonates results in ineffective production of cytokines
which participates in the stimulation of B-cells and their further differentiation “°.
The neonates are deficient of memory T-cells as well. Subsequent exposure of the

neonate to the antigenic stimuli increases the memory T-cells.
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In neonates NK cells are seen in far fewer numbers in periphera circulation
which are functionally immature resulting in lower levels of interferon-y synthesis on

primary stimulation than the normal natural killer cells.

As far as the humoral immunity is concerned , the ability of the neonate to
generate immunoglobulin for an antigenic stimulus is initialy low at birth. But the
magnitude of this response rises rapidly with increase in post-natal age. Newborns
usualy lack antibody mediated protection against Enterobacteriaceae especialy

Escherichiacali.

The neonate is able to synthesize IgM, IgG, IgE in utero. Large proportion of
IgG in neonates is maternally acquired in the late gestationaperiod. Its specificity is
determined by the mother’s previous antigenic exposure and lower levels are found
with increasing prematurity. This maternally derived antibody falls rapidly after birth.
The neonate is not capable of secreting IgA till 2-5 weeks after birth and receives it
from the mother during breast- feeding. In total, the response to the polysaccharide

antigens is diminished.

The concentration of the components of complement system vary widely
among the neonates though their synthesis starts in the early gestation.The deficiency
of the complement system is more observed in the alternate pathway than in the

classical pathway. Premature neonates have still lower levels of complement activity.

The terminal cytotoxic components in the complement system that are
responsible for efficient killing of Gram negative bacteria are deficient in neonates.
Complement system is mainly responsible for bactericidal activity against E.coli and

act as opsonins aong with the antibody in phagocytosis.Because of lower levels of
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fibronectin which is involved in neutrophil adherence and opsonisation , neonates
show reduced opsonic efficiency against E.coli, S.pneumoniae, Group B Streptococci

etc.

The Neonatal immune system with the individual deficiencies of the
components and interdependence of all these factors in order to evoke an immune
response as awhole conspire to convert the situation to a great hazard on exposing the

neonate to infectious threats.

Pathogenesis of sepsis:

The unique pathophysiology contributes to the clinical syndrome of neonatal
sepsis. Neonates are less efficient in triggering response to infection due to their
deficient immune status compared to adults. Conditions co-existing with sepsis

renders the diagnosis a complex process as its manifestations vary in neonates.

The pathogenesis depends on the following factors:

The time of exposure

— Status of the host immune system and its response
— Quantity of the inoculums

— Virulence of the infecting microorganisms

— Maturity of the neonate

— Underlying co -morbid conditions

— Procedures done invasively

— Genetic predisposition

— Presence of transplacental maternal antibodies.
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Transplacental infections can occur at any stage of gestation and its
presentation varies. The timing of the infection during gestation determines the
outcome. The fetus is maintained optimally in a sterile environment before birth. The
organisms causing sepsis ascend from the maternal genital tract either during the
rupture of amniotic membrane or during the course of labour which results in

infection.

Chorioamnionitis which is the intra- amniotic infection is a magjor risk factor
for EOS. Here sepsis begins in utero when the foetus inhales or swallows the infected
amniotic fluid. The neonate can present with the symptoms within hours or days of

birth when the colonised skin or mucosais compromised.

Pyati et a®(1983) reported that the preterm neonates are exposed to Group-
B Streptococci in utero while the term neonates are often exposed to the organisms
while passing through the birth canal. After birth, the neonates may acquire infection
from mother and family members, inanimate sources used for resuscitation or health

personnel viadirect contact.

Most meningitis cases are due to hematogenous dissemination and less often
due to contiguous spread.Mechanisms for elimination of the organisms are activated
when bacteria gain access into the blood stream of the neonate. Normally the bacteria
are efficiently killed by the monocyte-macrophage system. However,sometimes it

may develop systemic inflammatory response syndrome and progress into sepsis.
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Current conceptsin the pathophysiology of sepsis®”:

The earlier belief that the bacteria and their components like endotoxins (lipo-
polysaccharides) of Gram negative bacteria and lipo-teichoic acid of Gram positive
bacteria were responsible for the direct toxic effects is now being co-added by other

factorsand modified.

Recent research indicated that the physiological effect generated by bacterial
infections are largely mediated by proinflammatory cytokines activated in response to
the presence of microbial components within the vascular compartment.The
prominent among the cytokines are Tumour Necrosis Factor(TNF) and interleukin-
1(IL-1) which are rapidly produced by macrophages,endothelial cells and many other
cellular elements on exposure to bacterial products.these cytokines induce fever, acute
phase changes, hypotension and endothelia injury, aterations which are similar to
those observed after endotoxins or bacterial inoculation.a number of other mediators
like interleukin-6(1L-6),Interleukin-8(1L-8),Platel et activating factor(PAF),Interferon-
y,microphage proteins,arachidonic acid metabolites and some still unidentified

substance al'so amplify the systemic inflammatory response®®?.

These components of complement C3a and C5a are capable of provoking
release of histamine from mast cells and basophils,mediating contraction of smooth

muscle and increased capillary permeability which can agrrevate hypotension in

Sepsis.

The intrinsic coagulation pathway may e activated by a direct interaction
between endotoxins and coagulase factor XI1 .Endotixins can induce the release of the

tissue necrosis factor by monocytes and endothelial cells directly or through
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cytokinesithus factor VII and the extrinsic coagulation pathway is aso
activated,leading to the development of dessiminated intravascular coagulation
Factor XIlI adso stimulates the conversion of prekalikrein to kalikrein and

subsequent conversion of kininogen to bradykinin which is a potent vasodilator.

Neutrophils initiate phagocytosis and microbial killing by degranulation and
release of severa proteolytic enzymes and toxic oxygen radicals ,a process that can
also cause damage to nearby tissues.additionally neutrophils induced damage to the
surrounding contributes to the separation of tight endothelia cell junctions of the

capillaries and the development of vascular |eakage and septic shock.

NEWER DIAGNOSTIC TESTSDIAGNOSIS OF NEONATAL SEPSIS“9;

“Isolation of bacteria from blood is a standard and most specific method used
to diagnose neonatal sepsis. Positive cultures ranged from 8% to 73% in the diagnosis
of potential neonatal sepsis. An additional drawback of culture based diagnosis is the
24-48 hour assay time. Newer diagnostic tests can be grouped into:

1. Acutephasereactants

2. Cél surface markers

3. Granulocyte colony stimulating factor
4. Cytokines

5. Molecular genetics

6. Mol cell proteomics

1. Acutephasereactants:

These groups of endogenous peptides are produced by the liver as part of an

immediate response to infection or tissue injury. These reactants are C- reactive
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protein, Procalcitonin, Fibronectin, Haptoglobin, Lactoferrin, Neopterin and

Oromucosoid.

C-reactive protein®®®):CRP is a rapidly responsive acute phase reactant,an
abnormal B-globulin,synthesized in the liver within 6-8 hours of an inflammatory
stimulus. CRP is synthesized within six to eight hours of exposure to an infective
process or tissue damage, with a half life of 19 hours and its level may rise to more

than 1000 fold during an acute phase response.

CRPisawidely known marker commonly used for early detection of neonata
sepsis in nursery. There is reported wide variation in normal CRP level of newborns

asitssensitivity & specificity aswell asregarding its use as indicator of sepsis.

Moreover, CRP has been shown to be elevated not only in infectious but also
in non-infectious conditions of neonates including Meconium aspiration, Respiratory

distress syndrome, Fetal hypoxia and Intraventricular hemorrhage.

Different cut-off values for raised CRP have been recommended by different
studies using varying protocols. Though several studies confirmed that CRP levels are
useful in the early diagnosis of sepsis, there are reports to the contrary . The cascade
of events in sepsis leading to rise of CRP may take few hours to days; therefore

predictive value of CRP is higher after 24 to 48 hours of infection.

Procalcitonin ®®CICIELE). procgcitonin (PCT) is produced by Monocytes and
Hepatocytes which begins to rise four hours after exposure to bacterial endotoxin,
peaking at six to eight hours, and remaining raised for at least 24 hours with ahaf life
of 25-30 hours. Several studies have shown that serum Procalcitonin concentrations

increase appreciably in systemic bacterial infection.
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Procalcitonin (PCT), a precursor of the hormone calcitonin, is another
biomarker for bacteria infection. PCT is present at very low concentrations of 0.033
ng/ml in the serum of healthy individuals and is known to increase by up to 1000-fold
under inflammatory conditions. It is reported to rise within 2-4 h of infection and

peaks at 6-8 h. Persistent elevated levels are indicative of the persisting infection or

Sepsis.

As abiomarker for bacterial infection, most studies suggest PCT to be a useful
and accurate biomarker and more useful than other common inflammatory markers.
Also studies have reported significantly elevated levels of PCT in patients with sepsis
compared with those without sepsis. Studies have aso reported PCT being used as a
prognostic marker, indicating that PCT levels are a good indicator of response to

treatment, severity of sepsis.

Similar to CRP, it is unclear if PCT can be used to distinguish Gram-positive
from Gram-negative bacteria infections, which are treated with different strategies.
Studies showed PCT helps to distinguish fungal and viral infections from bacterial
infections. During vira infections, PCT levels are reported to remain at low levels,

often at concentrations found in healthy individuals.

Unlike other hematological indices, PCT has been reported to be useful in
indicating the severity of infection, progress following the treatment, and predicting
outcomes. However, false negative cases had been found and very high serum
concentrations were detected in patients with respiratory distress syndrome, acute
lung and inhalation injuries, hemodynamic failure, and severe trauma, even in the

absence of bacterial infection.
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In summary, PCT levels elevate during EOS and LOS and its overall
diagnostic utility is comparable with CRP. However its use is limited in developing

countries due to high cost.

2. Cdl surface markers:

Neutrophil CD11b and CD64 appear to good markers for diagnosis of early
and late onset infections. CD11b is a subunit of the b2 integrin adhesion molecule,
normally expressed at a very low concentration on the surface of non-activated
neutrophils. There is a 2-4 fold increase in neutrophil CD11b expression in infants

with blood culture positive sepsis.

But in preterm infants with RDS, significant activation of circulating
phagocytes occurs within 1 to 3 hours of the onset of mechanical ventilation,
independent of surfactant administration, which indicates that mechanical ventilation
may be the inducer of this systemic inflammatory response. Therefore, CD11bis not a

good marker for neonatal sepsis.

3. Granulocyte colony stimulating factor:

Granulocyte colony stimulating factor (GCSF), a mediator produced by bone
marrow, facilitates proliferation and differentiation of neutrophils, and has been
proposed to be a reliable infection marker for early diagnosis of neonatal sepsis. A
concentration = 200 pg/ml has a high sensitivity (95%) and negative predictive value

(99%) for predicting early onset neonatal bacterial and fungal infections.
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4. Cytokines:

As antigen specific immunity develops later e.g. at 2 years of age in the case
for encapsulated bacteria, neonates initially depend on natural (innate) immunity. This
includes phagocytes (by monocytes, tissue macrophages, and neutrophils), natural
killer cells, and humoral mediators (CRP, complements, and transplacentally acquired

maternal antibodies).

Newborn infants display a higher percentage of 1L6 and IL8 positive cells than
do adults. Thereis sharp rise in IL6 concentration on exposure to bacterial products,
which precedes the increase in CRP. Umbilical cord blood IL6 has consistently been
shown to be a sensitive marker for diagnosing early onset neonatal sepsis at the onset
of infection compared with other biochemical markers, including CRP, IL13, TNFa,
and E- sdlectin, but sensitivity is reduced at 24 and 48 hours because IL6

concentrations fall rapidly and become undetectable after 24 hours.

Tumour Necrosis Factor a(TNFa) : is a proinflammatory cytokine that stimulates
IL6 production and has a broad spectrum of biological actions on severa types of
target cell, both immune and non-immune. Newborns developing early onset infection

are born with higher TNFa concentrations than non-infected infants.

Other markers studied over the last few years include adhesion molecules
(intercellular adhesion molecule 1, vascular cell adhesion molecule 1, E- selectin, L-
selectin) and complement activation products (C3a-desArg, C3bBbP, sC5b-9), IL-
lalpha, IL-1beta, IL receptor antagonist (IL1ra) which have been found to be
significantly increased during sepsis, but require further evaluation for clinical

application in the diagnosis of newborn infection.
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5. Molecular genetics:

Polymerase chain reaction (PCR) analysis relies on the fact that the bacteria
specific 16S rRNA gene is highly conserved in all bacteria genomes, is a useful
method for identification of bacteria in clinical samples. Amplification targeting of
this 16S rRNA gene is a potentially valuable clinical tool in samples with low copy
numbers of bacterial DNA, as this gene is present at 1 to more than 10 copiesin al
bacterial genomes. The gene also has a number of divergent regions nested within it,
so PCR can be targeted for species specific detection of bacteria in clinical samples.
This technology has also been reported to be a very sensitive (100%) and rapid
method for detecting potential pathogens in amniotic fluid commonly involved in the

pathogenesis of preterm labour and adverse neonatal outcome.

However, the performance of broad range PCR anaysis a a level of high
anaytical sensitivity is complex and remains one of the most challenging PCR

applications in the diagnostic laboratory.

6. Roleof Proteomicsfor diagnosisof neonatal infection:

It was found significant aterationsin levels of eight serum proteinsin infected
preterm neonates (specifically P- and E-selectins, interleukin 2, soluble receptor a,
interleukin 18, Neutrophil neutrophil elastase, urokinase plasminogen activator and its
cognate receptor, and C-reactive protein) were observed at statistically significant

increased levels.

Molecular tools (16S-rRNA) demonstrate that the diversity of microbial
agents of intra-amniotic infection exceeds what is suspected clinically or is

documented by cultures.The resulting inflammatory process has the potential to
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damage the fetus in utero. Stepwise algorithms (mass restricted score) have been

developed to extract proteomic profiles characteristic of amniotic fluid inflammation.

The mass restricted score includes four proteomic biomarkers. defensin-2,
defensin-1, S100A 12, and S100A8 proteins. Other amniotic fluid biomarkers relevant
for preterm birth are S100A9 and insulin-like growth factor-binding protein 1.
S100A12 - ligand for the receptor of advanced glycation end products - has the
strongest association with histological chorioamnionitis and funisitis. So the
conclusion was - Presence of SI00A12 and S100A8 in amniotic fluid is predictive of

early-onset neonatal sepsis and poor neurodevelopmenta outcome.

Estimation of Total WBC Counts, Absolute Neutrophil Count and Micro ESR
can be done. The value of Total Leucocyte Count in predicting sepsis is considered
non-specific as it is normal in one-third of neonates showing culture positivity. So it
cannot be taken as a sole reliable marker in diagnosing sepsis. Leucopenia is

considered afairly specific indicator in detecting sepsis than leukocytosis.

Among the neutrophil indices, Absolute Neutrophil Count (ANC) and Totd
Leucocyte Count showed the highest specificity and sensitivity which makes it a

better marker when compared with other markers.

As a prognostic indicator platelet count has gained much less significance
because of its limited predictive value. As a late event in bacterial infection nearly
50% of them develop thrombocytopenia making it a less reliable marker. It is aso

elevated in a number of disorders other than sepsis”.
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These Circulating and cell associated molecules i.e Total Leucocyte Count,
Absolute Neutrophil Count, Ratio of Total & Immature Neutrophils, C-reactive
protein , various cytokines including IL-6 &8 and TNF-a ,Procalcitonin are proposed

as useful markers in diagnosing sepsis. But none of them are found to be 100%

sensitive or specific.
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MATERIAL AND METHODS:

Study area:

Neonatal intensive care unit at KLE’s Dr. Prabhakar Kore Hospital,Belagavi.

Study design: A cross sectional study.

Study period: January 2017 to December 2017 over aperiod of 1 year.

Study participants. Neonates with signs suggestive of sepsis admitted to Neonatal

intensive care unit at KLE’s Dr. Prabhakar Kore Hospital, Belagavi.

Sample size: Sample sizeis calculated by using the formula:

(Za)? x sensitivity x (100-sensitivity)

(relative error) 2 x prevalance
where, :

Z o, (constant) = 1.96 = 2

S = Sengitivity = 81

d = relative error = 5%

p = prevalence = 7%

(2)? x 81x(100-81)/(5)? x7

4x81x19/25x7

6156/175

35.17 = 36.
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Sample size: 36.
Sampling procedure: Universal sampling method.

Inclusion criteria®®:

Neonates who are going to be started on antibiotics with :

a) Neonatal risk factors like Low birth weight, Preterm, Prematurity or Twins

presenting with any of the following clinical signs:

Convulsions

Respiratory rate >60 breaths/min .

Severe chest indrawing .

Nasal flaring.

e Grunting .

e Buldging /depressed fontanelle.

e Discharge draining from the ear.

¢ Redness around umbilicus extending to the skin.

e Temperature .37.7°C (or feels hot) or,35.5°C(or feels cold).
e Lethargic or unconscious (not aroused by minimal stimulus).
¢ Reduced movements.

e Not ableto feed (not able to sustain suck).

e Not attaching to the breast.

e Nosuckling at al.

e Crepitations.

e Cyanosisand

e Reduced digital capillary refill time.
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Any of the signs listed above implies high suspicion of serious bacterial
infection.

ORWITH

b) Maternal risk factors:

Premature rupture of membranes.

e Prolonged labour ( sum of 1% and 2" stage of labour is >24 hours).

e Rupture of membranes (>24 hours).

e Materna fever with evidence of bacteria infection within two weeks
prior to delivery.

e Foul smelling or meconium stained liquor.

e Urinary tract infection.

e Caesarean section.

e Single unclean or more than 3 sterile vagina examinations.

e Twin pregnancy.

e |nvitro conception.

e Preclaamsia.

o Gestational diabetes mellitus.

Cervicd stitch insitu.

Exclusion criteria;

a) Neonateswho had Birth asphyxia, Aspiration syndrome.
b) Laboratory findings which are suggestive of Inborn errors of metabolism
c) Neonates with Congenital anamolies.

d) Referred cases aready treated with antibiotics.
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DEFINITIONS®?:

>

>

Birth weight: The first weight of the newborn measured within the first hour
of life.

Low Birth Weight(LBW):Any neonate weighing less than 2500 grams(upto
and including 2499 grams)

Term neonate:from 37 completed weeks to less than 42 completed weeks (257
to 293 days)of gestation.

Preterm neonatelless than 37 completed weeks (less than 259 days)of
gestation.

Septicemia: Neonatal sepsis is defined an invasive bacteria infection which
occursin the first 28 days of life®® .

Early Onset Sepsis. Sepsis diagnosed within first 72 hours of life.

Late Onset Sepsis. Sepsis diagnosed beyond first 72 hours of life.

Ethical clearance: The study was approved from institutiona ethics committee for

Human Subject’s Research, Jawaharlal Nehru Medical College, Belagavi.

Data collection: written informed consent was taken from the mother.

Sepsiswork up included :

a)
b)

c)

d)

Blood culture to isolate the organism.

Estimation of Serum Procalcitonin Level.

Estimation of serial levels of C-Reactive Protein levels- 1% sample is collected
at the time of admission before starting the antibiotics.2™ sample is collected
after 72 hours of antibiotic administration.

Estimation of Haematological parameters. which included Haemoglobin, Total

WBC counts and Platelet counts.
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During the study period , over 36 neonates with suspected sepsis were admitted to

the NICU and were recruited into this study.
Blood collection:

Blood from arterial and venous sample, finger or heelprick-capillary sampling
and from newly inserted umbilical catheters can be used. The site of blood collection
may aso interfere with the blood culture result. Blood collected from umbilical
artery catheter may alow contamination®®. while blood collected from umbilicus

vein catheter may be unreliable®?.

There is high risk of contamination with capillary blood sampling. To avoid
these negative factors, blood for culture from periphera vein by venipuncture

remains the method of choice.

Blood was obtained from a peripheral vein in al the neonates with the help of

trained staff under aseptic precautionsin the present study.

For collection of blood, the skin at the peripheral vein puncture site was
meticulously prepared by thoroughly cleaning with 70% ethyl alcohol and then by
povidone -iodine. These bactericidal agents were applied in concentric circles moving
outwards from the centre. To avoid the possible irritation of iodine it was wiped off
with alcohol. The skin was then alowed to dry for 1 minute before the blood was
withdrawn. Total of 3ml blood was collected.1 ml for blood culture to isolate the
organism and remaining 2 ml for estimation of serum Procalcitonin , 1% CRP level
and for Haematological parameters. 0.5 ml of blood was collected after 72 hours of

antibiotic administration for estimation of 2™ CRP level .

Page 38



Methodology

Blood culture: All the blood samples were directly inoculated onto BD BACTEC
Peds Plug/F culture vials and processed for microbia growth in radiometric culture
BACTEC 460 TB, which works on the principle of detecting C,4 labelled pamitic
acid and measures quantitatively the radioactivity on a scale ranging from 0-999as a
growth indicator.Positive cases were subjected to subculture and complete
bacteriological identification was done with Microscan walkaway system which is an
automated test system capable of microbial identification, antibiotic susceptibility

testing, epidemiological trending and reporting®®.

Reagents:
The BD BACTEC Peds Plus/F culture vias contain the following active ingredients

prior to processing:

Processet WELES ..........ccoiireieineseeese e 40 mL
Soybean-Casein Digest Broth ........ccceccveevicevecceecceceenns 2.75% wiv
Y €8St EXIraCt .......ccoeviieicinecee e 0.25% wiv
ANiMal TiSSUE DIgESt.....ccveeeeeeiecee e 0.10% wi/v
SOAIUM PYTUVALE ..o 0.10% wi/v
DEXIIOSE ...ttt 0.06% wiv
SUCTOSE ...ttt 0.08% wiv
HEMIN. ..o 0.0005%w/v
MENAIONE.......c.eeiiiireie e 0.00005% wiv
Sodium Polyanetholsulfonate (SPS) .......ccccccevvecevieeiennns 0.020% wiv
Pyridoxal HCl (Vitamin B6).........cccceeeveriiniineeeee e 0.001% wiv
Nonionic Adsorbing RESIN ........ccovvrieiieiiniereee e 10.0% wi/v
Cationic EXChange RESIN ........coveviiiriiiieeeee e 0.6% w/v
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All BD BACTEC media are dispensed with added CO2.

Procedure:1ml of blood sample to be tested isinoculated into the vial which is
entered into the BACTEC instrument for incubation and periodic training. Each vial
contains a sensor which responds to the concentration of CO2 produced by the
metabolism of microorganisms or the consumption of oxygen needed for the growth
of microorganisms. The sensor is monitored by the instrument very ten minutes for an
increase in its fluorescence, which is proportional to the increasing amount of CO2 or

the decreasing amount of O2 present in the vial.

The positive reading indicates the presumptive presence of  viable
microorganisms in the vial. Thisisfollowed with Microscan Walkaway system which
is an automated test system capable of microbia identification, antibiotic

susceptibility testing, epidemiological trending and reporting®.

Advantages. include more rapid detection of pathogens, ability to monitor

growth without visual inspection and automated handling of samples.

Quality control: Quality control requirements was performed in accordance

with the laboratory's standard Quality Control procedures.

Serum Procalcitonin estimation: This test was done on serum samples using

ROCHE COBAS 6000 fully integrated automatic analyser .

Principle. works on  sandwich principle. It is a 2- step “sandwich”
luminescence immunoassay using coated tubes and an acridine derived label that

emits light in direct proportion to the PCT concentration.
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Procedure: was performed as per the manufacturers literature.
RESULTS AND INTERPRETATION®: <0.5ng/ml-Normal
>=0.5ng/ml-Elevated

Serum C-Reactive Protein estimation: This test was done on serum samples by

using ROCHE COBAS 6000 fully integrated automatic analyser.

Principle: It is a particle enhanced immunoturbudimetric assay. Human CRP
agglutinates with latex particles coated with monoclonal anti-CRP antibodies. The

precipitate is determined turbidimertrically.
Procedure: was performed as per the manufacturers literature.
Interpretation®™ : <6mgy/ltr- Normal.
>6mg/Itr-Elevated.
Haematological parameters:

Estimation of Haemoglobin, Total WBC counts and platelet counts was done
in haematology laboratory ,of the department of pathology using MINDRAY -

Automated haematol ogy anal yser.
Procedure: was performed as per the manufacturers literature.
Interpretation: Heamoglobin percentage: 13-19gms/dI-Normal

<13 or >19 gmg/dl-Elevated.
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Tota WBC counts. 10,000 -26,0000 cells/mm>-Normal

<10,000 or >26,0000 cells/mm>-Elevated

Platelet counts: 1,00,000 -4,50,000 cells'/mm>-Normal

<1,00,000 or >4,50,000 cells'/mm?>-Elevated

Statistical analysis:

Indices like Sensitivity, Specificity, Positive Predictive Vaue and Negative

Predictive Vaue will be competed for each of the screening procedures :

Sensitivity: No .of true positive / No of true positive + no of false negative x

100 Specificity :No of true negative/ No.of true negative+no false positive x 100

Positive predictive value: No of true positive/no.of no.of true positive + no of

false positivel x 100

Negative predictivevalue : No of true negative /no.of true negativet+ no.of

false negative x100
a) True positive: culture and test positive.
b) False negative: culture positive and test negative.
c) True negative: culture and test negative.

d) Falsenegative: culture negative and test positive.
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Photograph 1:Suspected case of neonatal sepsis




Methodology

Photograph 3: Collection of blood samplefor sepsiswork up

Photograph 4. Cobas analysersfor quantitative measurement of serum

procalcitonin and serum c-reactive protein




Methodology

Photograph 5: Serum samples placed within the cobas analysersfor quantitative

measurement of serum procalcitonin and serum c-reactive protein
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Photograph 7: Blood agar showing showing colonies of Acinetobacter baumanii.

Circular, smooth, opaque, raised, non-hemolytic colonies.

Photograph 8: Hichrome agar showing Candida tropicalis
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Photograph 9: Hichrome agar showing Candida glabarta
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Photograph 11: Microscan walkaway system

MicroSean WalkAway 96 1. YR

Photograph 12: BD bactec peds plus/f blood culturevial:

4694355686177
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RESULTS:

BLOOD CULTURE POSITIVITY RATE:

Tableno 1: Blood Culture Positivity Rate:

Blood culture Suspected sepsis cases (N=36)
Positive 23(63.88%)
Negative 13(36.12%)
Tota 36(100%)

Graph no 1: Blood Culture Positivity Rate

Suspected sepsis cases

H Positive 23(63.9%)
= Negative 13(36.1)

In the present study, blood culture was positive in 63.89% (n=23) of suspected
sepsis cases and was negative in 36.1%(n=1) cases. Hence the blood culture positivity

rate in the present study was 63.89%.
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GENDERWISE DISTRIBUTION OF SEPSIS:

Tableno 2: Genderwise Distribution Of Sepsis:

Gender | Suspected sepsis cases(n=36) | Culture proven sepsis cases(n=23)
Male 63.89% (23) 65.21%(n=15)

Female 36.11%(13) 34.79%(n=08)
Tota 100%(36) 100%(n=23)

Graph no 2: Genderwise Distribution Of Sepsis:

Suspected sepsis cases
n=36

B Males 23(63.89%)
B Females 13(36.11%)

Culture proven sepsis cases
n=23

= Males 15(65.21%)
= Females 8(34.79%)

The Male: Female ratio of the neonates included in this study was 1.76:1. Out

of 23 Culture proven sepsis cases ,prevalence was significantly more in male neonates

65.21%(n=15) than females neonates 34.79%(n=08).
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DISTRIBUTION OF SEPSISDEPENDING ON ONSET OF SEPSIS:

Tableno 3:Distributuion of sepsis depending on the onset of sepsis

Onset Suspected sepsis cases Culture proven sepsis
n

(n=36) cases (n=23)
Early 36(100%) 23(100%)
Late 00(00%) 00(00%)

Graph no 3: Distributuion of sepsis depending on the onset of sepsis.

Suspected cases
n =36

Culture proven cases
n=23

mEaly 36  Late 0o = Early 23(100%) Late 0(0%)

Neonates who fulfilled the inclusion criteria belonged to early onset sepsis

group. Hence there were no cases of late onset sepsis .
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DISTRIBUTION OF SEPSISACCORDING TO GESTATIONAL AGE:

Tableno 4: Distribution of sepsis according to gestational age:

Gestational age

Suspected sepsis cases

n=36

Culture proven sepsis

cases n=23

Preterm(<37 weeks)

97.229%(n=35)

95.65%(nN=22)

Term (>37 weeks)

2.78%(n=010

4.35%(n=01)

Total

100%(n=36)

100%(n=23)

Graph no 4: Distribution Of Sepsis According To Gestational Age:

Suspected sepsis cases
n=36

= Preterm (<37 weeks) 35(97.22%)
B Term(>37 weeks) 1(2.78%)

Culture proven sepsis cases

n=23

4%

96%

= Preterm (<37 weeks) 22(95.65%)
B Term(>37 weeks) 1(4.35%)

Out of 36 suspected sepsis, 2.78% (n=01) was term neonate and 97.22%

(n=35) were preterm neonates. Out of 23 culture proven sepsis, 4.35% (n=01) was

term and neonate95.65%(n=22) were preterm.
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DISTRIBUTION OF SEPSISACCORDING TO BIRTH WEIGHT:

Tableno 5: Distribution Of Sepsis According To Birth Weight:

Birth weight in Suspected sepsis Culture proven sepsis
Kilograms cases(n=36) cases(n=23)
05-1.4 55.55%(n=20) 82.60%(n=19)
1.5-1.9 30.55%(n=11) 8.70%(n=02)
2-2.4 5.55%(n=02) 00%(n=00)
>2.5 8.35%(n=03) 8.70%(n=02)
Tota 100%(n=36) 100%(n=23)

Graph no 5: Distribution Of Sepsis According To Birth Weigh

#0.5-1.4 20(55.55%) = 1.5-1.9 11(30.55%) = 2-2.4 02(5.55%)

Suspected sepsis cases

n=36

8..35%

>2.5 03(8.35%)
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Culture proven sepsis
cases n=23

9%

0.5-1.4 19(82.60%) =1.5-1.902(8.70%) = 2-2.400(00%)  >2.502(8.70%)

Out of 36 neonates with suspected sepsis 91.65%(n=33) neonates were of
low birth weight (<2500 gm) and 8.35% (n=03) neonates were of normal birth
weight.out of 23 neonates with culture proven sepsis 91.3%(n=21) neonates were of
low birth weight and 8.70%(n=02) neonates were of normal birth weight. Out of the
culture proven sepsis cases, Culture positivity was highest amongst low birth weight
neonates 91.3%(n=21). Only 8.70%(n=02) neonates with normal birth weight

showed culture positivity.

In this study there was no significant difference in rate of culture isolation

among the neonates based on the parity of the mother.
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SEPSISIN RELATION TO MATERNAL RISK FACTORS:

Tableno 6: SepsisIn Relation To Maternal Risk Factors:

Maternal Risk factors

Suspected sepsis
cases(n=36)

Culture proven sepsis

cases(n=23)

Premature/prolonged rupture of
menbranes

19.44%(n=07)

21.74%(n=05)

Prolonged |abour

5.569%(n=02)

4.35%(n=01)

Preeclampsia

19.44%(n=07)

17.40%(n=04)

Maternal pyrexia

5.56%(n=02)

4.35%(n=01)

Materna UTI

00%(n=00)

00%(n=00)

Unclean vaginal examinations

00%(n=00)

00%(n=00)

others

509%(n=18)

52.16%(n=12)

Total

100%(n=36)

100%(n=23)

Graph no 6: SepsisIn Relation To Maternal Risk Factors:

4.35
5.56

Maternal pyrexia Cases n=23

n=36
Prolonged labour

Pre-eclampsia

Premature/prolonged
rupture of membranes

Other risk factors

= Culture proven sepsis

= Suspected sepsis cases
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Out of the 23 culture proven sepsis cases, highest number of cases had
premature/prolonged rupture of membrane 21.74% as the maternal risk factor
followed by pre-eclamsia 17.40%,prolonged labour 4.35% and maternal pyrexia

4.35%.

52.16% of the cases accounted to other risk factors like Twin
pregnancy,lnvitro conception,Gestational diabetes mellitus,Cervical stitch insitu,home

delivery,cervical encirclage etc
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SEPSISIN RELATION TO MODE OF DELIVERY:

Tableno 7: SepsisIn Relation To Mode Of Delivery:

_ Suspected sepsiscases | Culture proven sepsis
Mode of delivery
(n=36) cases (n=23)
Spontaneous vaginal delivery 6(16.67%) 04(17.39%)
LSCS 30(83.33%) 19(82.60%)

Graph no 7: Sepsisin Relation To Mode Of Delivery:

B Suspected sepsiscases  ® Culture proven sepsis  cases n=23
n=36
90 83.33 82.6

80
70
60
50
40

30
20 16.67 17.39

10 -+

Spontaneous vaginal delivery

Among the 36 suspected cases of neonatal sepsis, 16.67% (n=06) were
delivered by normal vagina delivery (NVD), and 83.33% (n=30) by lower section
caesarean section (LSCS). Among the 23 culture positive cases of neonata
sepsis, 17.39% (n=04) were delivered by normal vaginal delivery (NVD), and
82.60%(n=19) by lower section caesarean section. About four fold raise in culture
positivity was noticed among the neonates delivered by LSCS (82.60%) in

comparison to those delivered by NVD (17.39%)
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BLOOD CULTURE ISOLATE TYPE:

Tableno 8: Blood Culturelsolate Type:

Blood culture isolate type Culture proven sepsis cases (n=23)
Bacterial 07(30.44%)
Fungal 16(69.44%)
Tota 23(100%)

Graph no 8: Blood Culturelsolate Type:

culture proven cases
n=23

® Bacterial ™ Fungal =

Out of 23 culture proven sepsis cases 30.44%(n=07) were bacteria isolates
and 69.44%(n=16) were fungal isolates. there was a two fold rise in fungal isolates

compared to bacterial isolatesin the present study.
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DISTRIBUTION OF THE CULTURE ISOLATES:

Tableno 9: Distribution Of The Culture | solates:

Sr.no Organism No.of isolates(n=23)
1 Candida glabrata 34.78%(n=08)
2 Candidatropicalis 30.43%(n=07)
3 Candida cruzi 4.35%(n=01)
4 Klebsiella pneumonia 8.09%(n=02)
5 Pseudomonas aeruginosa 4.35%(n=01)
6 Escherichia coli 4.35%(n=01)
7 Enterobacter species 4.35%(n=01)
8 Staphylococcuc epidermidis 4.35%(n=01)
9 Staphylococcus haemolyticus 4.35%(n=01)

Total 100%(n=23)

Among the fungal isolates, Candida glabrata 34.78% (n=8) constituted

majority of isolates followed by Candida tropicalis 30.43%(n=7) and Candida cruzi

4.35%(n=01). Among the bacterial isolates Klebsiella pneumoniae constituted

majority of

isolates

8.09%(n=2) followed

by Pseudomonas aeruginosa

4.35%(n=1),Escherichia coli 4.35%(n=1), Enterobacter cloacae 4.35%(n=1),),

Staphylococcus epidermidis 4.35%(n=1),Staphylococcus haemolyticus 4.35%(n=1).
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SENSITIVITY, SPECIFICITY, POSITIVE PREDICTIVE VALUE AND

NEGATIVE PREDICTIVE VALUE OF 15" CRP level:

In the present study, out of 23 blood culture positive cases, 92.31% showed
elevated crp levels whereas 7.69% showed normal CRP levels. out of 13 blood culture
negative cases 47.82% showed elevated CRP levels and 52.17% showed norma CRP
levels. The sensitivity of CRP was 50% and the specificity was noted to be highest
which was 92.30%. The positive and negative predictive values were found to be

92.30 % and 52.17 % respectively.

Graph no 9: Senditivity, Specificity, Positive Predictive Value And Negative

Predictive Value Of 1% Crp Level:

® ELEVATED CRP
LEVELS
100.00% - 92.31%
90.00% | ) NORMAL CRPLEVELS
80.00% -
70.00% -
60.00% - 0
o 000/0 47 800 52-17%
. 0 | J
40.00% -
30.00%
20.00% | 7.69% -
10.00% i —
0.00% 1;___,_---\\//
BLOSSSICTLIJ\L/TEU RE BLOOD CULTURE
NEGATIVE

Sensitivity:50
Specificity:92.30
PPV:92.30
NPV:52.17
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SERIAL LEVELS OF C-Reactive Protein:

In the present study, there was persistent increase in the CRP seen in al the
suspected and culture proven cases of neonatal sepsis which was done after 72 hours
of antibiotic administration.

SENSITIVITY, SPECIFICITY, POSITIVE PREDICTIVE VALUE AND
NEGATIVE PREDICTIVE VALUE OF PROCALCITONIN:

In the present study, out of 23 blood culture positive cases, elevated PCT
levels was seen in 72.72% cases and showed normal levelsin 27.27%.out of 13 blood
culture negative cases,50% showed elevated PCT levels and 50% showed normal
PCT levels. PCT had highest sensitivity of 69.56% and specificity of 53.84%. The
positive predictive value was found to be 72.72% and the negative predictive value
was 50%.

Graph no 10: Sensitivity,Specificity,Positive Predictive Value And Negative

Predictive Value Of Procalcitonin

mE| EVATED PCT LEVELS  ®=NORMAL PCT LEVELS

72.72%

50%

27.271%

BLOOD CULTURE POSITIVE BLOOD CULTURE NEGATIVE

Sensitivity:69.56
Specificity:53.84
PPV:72.72
NPV:50
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COMPARISION OF 15" CRP AND PROCALCITONIN LEVELS:

In the present study, out of 23 culture proven sepsis cases ,elevated CRP levels
was noted in 52.17% cases whereas elevated PCT levels was noted in 73.91% of

cases.

Tableno10: Comparision Of 1% Crp And Procalcitonin Levels:

Markers | Suspected sepsiscases | Culture proven sepsis cases

15T CRP 13(36.11%) 12(52.17%)

PCT 24(66.66%) 17(73.91%)

Graph no 11: Comparision Of Elevated Crp And Pct Levels In Culture Proven

Sepsis Cases.

80

73.91

70

60

52.17

50

10 -

ELEVATED CRPLEVELS ELEVATED PCT LEVELS
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INTERPRETATION OF PCT LEVELSIN SUSPECTED SEPSIS CASES:

Tableno 11: Interpretation Of Pct LevelsIn Suspected Sepsis Cases:

PCT levels range

Interpretation

No.of isolates

0.5ng/ml

Local bacterial infection is possible, systemic

infection(sepsis)is not likely

12

> 0.5ng/ml

Systemic infection is possible.moderate risk
of progression for progression to severe

systemic infection

05

>2 — 10 ng/ml

Systemic infection is likely, unless other
causes are known, high risk of progression to

severe systemic infection.

14

> 10 ng/ml

Important systemic inflammatory response,
amost exclusively due to severe bacterial

sepsis. High likelihood of severe bacterial

sepsis.

05
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Graph no 12: Interpretation Of Pct LevelsIn Suspected Sepsis Cases:

No.of isolates(n=36) = No.of isplates(n=36)

14
12
I | |

PCT <0.5ng/ml  PCT >OR=05to PCT >OR=20to PCT>0OR=10
2ng/ml 10ng/ml ng/ml

SENSITIVITY, SPECIFICITY, POSITIVE PREDICTIVE VALUE AND

NEGATIVE PREDICTIVE VALUE OF HAEMOGLOBIN LEVELS:

In the present study, out of 23 blood culture positive cases 25% showed
altered haemoglobin percentage where as 75%m showed normal haemoglobin
percentage.out of 13 blood culture negative cases 39.12% cases showed altered
where as 60.71% showed normal haemoglobin percentage. The sensitivity of
haemoglobin percentage was 26.06% and specificity was 84.61%.positive predictive

value was 75% and negative predictive value was 39.23%.
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Graph no 13: Sensitivity, Specificity, Positive Predictive Value And Negative

Predictive Value Of Haemoglobin Levels:

120% -

100% -

80% - ] %
60% -

40% - 75%

. T71%
0% :

BLOOD CULTURE BLOOD CULTURE
POSITIVE NEGATIVE

® DECREASED/INCREASED Hb%
NORMAL Hb%

Sensitivity:26.06
Specificity:84.61
PPV:75
NPV:39.28
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SENSITIVITY, SPECIFICITY, POSITIVE PREDICTIVE VALUE AND

NEGATIVE PREDICTIVE VALUE OF TOTAL WBC COUNTS:

In the present study, out of 23 blood culture positive cases 47.80% showed
altered total WBC counts where as 52.17% showed normal total WBC counts.out of
13 blood culture negative cases 35.29% cases showed atered where as 36.84%
snowed normal total WBC counts. Total WBC counts showed the sensitivity of
61.11% and the specificity was found to be 53.84%. The positive predictive value

and negative predictive values were 64.70% and 63.15% respectively.

Graph no 14: Sensitivity, Specificity, Positive Predictive Value And Negative

Predictive Value Of Total Wbc Counts

= NORMAL TOTAL WBC COUNTS
= INCREASED/DECREASED TOTAL WBC COUNTS
52.17%
60.00% - 7.80%
50.00% - 36.84% 35 0994
40.00% -
30.00% -
20.00% -
10.00% -
0.00% .
BLOOD CULTURE BLOOD CULTURE
POSITIVE NEGATIVE

Sensitivity:61.11
Specificity:53.84
PPV:64.70
NPV:63.15
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SENSITIVITY,SPECIFICITY,POSITIVE PREDICTIVE VALUE AND

NEGATIVE PREDICTIVE VALUE OF PLATELET COUNTS:

In the present study, out of 23 blood culture positive cases 33.34% showed
atered platelet counts where as 66.66% showed normal platelet counts. out of 13
blood culture negative cases 37.50% cases showed altered platelet counts where as
62.50% showed normal platelet counts. The sensitivity of platelet counts was
47.05% and specificity was 69.25%.positive predictive value was 66.66 % and

negative predictive value was 37.5%

Graph no 15: Sensitivity, Specificity, Positive Predictive Value And Negative

Predictive Value Of Platelet Counts

® INCREASED/DECREASED
PLATELET COUNTS

ENORMAL PLATELET
COUNTS
37.50%

BLOOD CULTURE

NEGATIVE 62.50%

BLOOD CULTURE

POSITIVE 66.66%

0.00% 20.00% 40.00% 60.00% 80.00%

Sensitivity:47.05
Specificity:69.25
PPV:66.66
NPV:37.5
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COMPARISION OF ALL THE MARKERS OF SEPSIS:

Among all the markers of sepsis in the present study, procalcitonin showed

the highest sensitivity 69.56% and c-reactive protein showed the highest specificity

of 92.30%.CRP showed the highest positive predictive value of 92.30% followed by

PCT which is 72.72%.Total WBC counts showed the least negative predictive value

of 36.84%.

Tableno 12: Comparision Of All The Markers Of Sepsis:

Positive _
e o - Negative
Markers Sensitivity | Specificity Predictive o
Predictive Vaue
Value
Haemoglobin
26.06% 84.16% 75% 39.28%
percentage
Total WBC counts 61.11% 53.84% 64.70% 36.84%
Platelet counts 47.05% 69.25% 66.66% 37.5%
1% CRP 50% 92.30% 92.30% 52.17%
Procalcitonin 69.56% 53.84% 72.72% 50%
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Graph no 16: Comparision Of All The Markers Of Sepsis:

100

9232.3
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DISCUSSION

Neonatal septicemiais aclinical syndrome characterized by systemic signs of
infection in the first month of life. It is the leading cause of neonatal morbidity and
mortality in our country. Many perinatal risk factors predispose neonates to sepsis,
which can be prevented by timely intervention. Further, the identification of
microorganisms in patient’s blood is very important to know the nature of

microorganisms and antibiotic susceptibility ;so as to treat promptly.

The present study was therefore undertaken to effectively diagnose sepsis at
the earliest and evaluate the same and to assess the efficacy of limited rapid diagnostic
tests in comparision with the blood culture, which is considered as gold standard in

the diagnosisof sepsis.

BLOOD CULTURE POSITIVITY RATE:

In the present study, total of 36 suspected neonatal sepsis were included out of
which 23 were positive for blood culture, accounting to the blood culture positivity

rate of 63.88%.

Severa studies have been undertaken on bacteriological profile in neonatal
septicemia in our country. The table given below shows culture positivity rate of

different workers across the country.
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Table: Blood Culture Positivity Rate In Neonata Septicemia By Various Other

Studies:
SRNO AUTHOR PLACE OF VEAR PERCENTAGE
STUDY POSITIVITY

1 Vinodkumar et al©®® Gulbarga 2008 53.2%
2 Zakariyaet a“” Southindia | 2011 41.6%
3 Desai et a®” Bhavnagar 2010 46.2%
4 Gosaliaet a® Rajkot 2013 62%

5 Jadhav et a®) Pune 2013 65.2%
6 Sonawane et al ™ Nashik 2015 49.09%
7 Singh et "V Raipur 2016 57.2%
8 Present study Belagavi 2018 63.88

From the table above it is evident that blood culture positivity rate ranged
from 40%-65%. The positivity rate of present study is comparable with that

encountered by Jadhav et al®® -65.2% , Gosdlia et al-®®-62%,Singh et a™ -57.2%.

The wide range in the incidence of culture proven sepsis could be related to

the total number of suspected sepsis cases.

The variation in the rate of isolation in different studies can be attributed to the
fact that the incidence of neonatal sepsis varies from place to place under the
influence of various factors like gestationa age, birth weight of the neonate, maternal

nutrition, perinatal care, health care facilities etc.
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Though bacteria are the most common agents implicated to cause sepsis,
organisms like adeno virus, enterovirus, rubella and coxsackie viruses, Toxoplasma
and Candida species which are the other causative organisms of sepsis in neonates

may add up to cause the discrepancy in rate of culture isolation.

The site of blood collection may aso interfere with the blood culture result.
Blood collected from umbilical artery catheter may alow contamination® while
blood collected from umbilicus vein catheter may be unreliable®.To avoid these
negative factors blood for culture was obtained from a peripheral vein in al the

neonates with the help of trained staff in the present study.
GENDERWISE DISTRIBUTION OF SEPSIS:

The Mae: Femaleratio of the neonates included in this study was 1.76:1.

Out of Most of the studies reported male predominance kumhar et a("?

reported 76.02%,Sharma et a™ reported 62.08% and Jyothi et al Preported 65.5%.

The probable reason for mae predominance could be that the factors
regulating the synthesis of gamma globulin are probably situated on the X
chromosome. Presence of one X-chromosome in the male neonates confers less
immunological protection compared to the females. It could also be because of
importance given to male neonates and also because of more number of male

neonates born compared to femal e neonates.
ONSET OF SEPSIS:

Incidence of early onset sepsis was signifinantly high i.e 100% in both

suspected and culture proven sepsis cases as compared to late onset sepsis in our
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study which is in consistent with the studies done by Movahedian AH et a®” Rasul
CHeta ™, Waseem R et a ©9 Aletayab et a ® and Al-Shamahy et d ™ .The

time period of early onset ranged from 0 to 72 hours in the present study.

The lower incidence of LOS in this study cannot be explained by a single
factor. Various changes that have occurred in the recent years in addition to the
increased awareness in prevention of sepsis like better hand hygiene practices,
maintaining standard protocols in handling intravenous catheters and shorter duration
of invasive ventilation due to the use of surfactants could have contributed to the

decreased incidence of LOS.

According to most of the studies done ,Early onset sepsisis generally acquired
by the new born vertically, during birth, from endogenous bacteria in the maternal

reproductive tract.
SEPSISIN RELATION TO BIRTH WEIGHT AND GESTATIONAL AGE:

In the present study, Culture proven sepsis was more common among the
preterm and low birth weight babies. Similar findings were reported in various studies
including Dhumal et d® , Vergnano et d ¥ , Woldu MA et a ® and Mutlu et al ®.A
very strong association of culture proven sepsis (94%) with prematurity was reported

by Chauhan Setal B et a® .

LBW and preterm neonates are at high risk of developing sepsisin comparison
to aterm neonate as they are vulnerable to sepsis due to their intrinsic susceptibility to
infection owing to the immature immune system,in addition to other factors like
deficient 1gG levels prolonged hospital stay, total parenteral nutrition and exposure to

invasive procedures.
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Placental transport of 1gG from maternal to fetal circulation increases with
maturity. However, this transport is hampered in low birth weight and preterm infants

who are often products of placental insufficiency®.
SEPSISIN RELATION TO MATERNAL RISK FACTORS:

Out of the 23 culture proven sepsis cases, highest number of cases had
premature/prolonged rupture of membrane 21.74% as the materna risk factor

followed by preclamsia 17.40%,prolonged labour 4.35% and maternal pyrexia 4.35%.

Similar findings were observed in studies done by Tallur et a™ Roy et

a"? Chacko et a'® Vinodkumar et d®, Garg et d"®, Bhat et a"?, and Gandhi et

a €9,

Severa studies have observed that babies born to mothers with pre-eclampsia
during the antenatal period were at a higher risk of developing early onset sepsis .
Doron et a® opined that 40%-50% of neonates whose mothers had pre-eclampsia,
have neutropenia that generally resolves after 72 hours of birth.the neutropenia in
these neonates predispose them to early neonatal infections. Prolonged rupture of
membranes for more than 24 hours was seen as the most common factor putting the
newborns at the risk to develop sepsis.vesikari et a ®V similarily found that PROM of
more than 24 hours before delivery was seen in mothers whose babies devel oped

symptoms of sepsisin thefirst 24 hours.

When there is rupture of amniotic membrane ,organisms colonizing the vagina
gain access into the uterine cavity and contaminate both amniotic fluid and the

fetusthis leads to development of neonatal sepsis after birth®Y.this is common
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obstretic complication which poses the hedth hazard to the fetus,is often

overlooked,specially in overworked obstretic centres.

Maternal pyrexia was seen in 4.35% of the culture proven sepsis cases in the
present study.kousar et al®? observed that 8.4% of mothers had maternal pyrexia
during the antenata period and their babies subsequently developed neonatal
septicemiaTallur et a in their study, observed 4.13% mothers had intrapartum
fever.significant association was also observed by samsigina et al®®.chacko et a®®,
however ,observed that there was no association between peripartum fever in the

mother and increased sepsis in the neonates.

In the absence of materna risk factors,neonates could be at a risk of sepsis

,due to prematurity,low birth weight,small for gestational age, or neonatal asphyxia.
SEPSISIN RELATION TO MODE OF DELIVERY:

Further in this study, a significant proportion of culture proven sepsis was

found to be associated with LSCS.

Similar findings were repoted in studies done by Singh et a® Charoo et
ad® Gandhi et a ® Though the instruments used for LSCS were sterilised
appropriately disparity in the outcome could be due to early rupture of membranes

and contamination from environment during delivery.
BACTERIOLOGICAL PROFILE OF NEONATAL SEPTICEMIA:

In the present study, Candida species constituted the majority of isolates

(69.56%) followed by bacterial isolates(30.44%). Studies conducted by Mane et
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a® pandita et a ©® Ballot et d®”, Basu et a ® and kumar et a © also showed

candida species as majority of isolatesin suspected neonatal sepsis.

Mane et a® in their study at Nagpur, reported all their candida isolates to be
candida albicans.However,on the contrary, Non albicans candida predominated in the
studies done conducted by Roy et a"” Vinod kumar et al®® Desai et a®”,Gandhi et

a® and Sharmaet a7,

Thus the recent reports suggest that candida albicans, which was responsible
for nearly 80% of candidemia in the 1990°s are being replaced by non albicans

candida speciesin the present years.

Fungal sepsis is an important problem in sick new born infants, with the
mortality rate between 21%-76%.definite diagnosis of fungal sepsis is difficult and
pathogens msy take up time for isolation. Hence it would be prudent to treat babies
with suspected fungal sepsiswith antifungal therapy, while awaiting culture
results.emphirical antifungal therapy can be based on the knowledge of predominant

fungal isolates from a particular unit.

The pathogens most often implicated to cause neonatal sepsis not only differ
in geographical distribution but also change with respect to time even in the same area
which can be attributed to the difference in living conditions according to Basavarag

Peta®,

Risk factors for fungal sepsis include low birth weight,gestational age <30
weeks,intravenous hyperalimentation,use of central catheters,mechanical ventilation

and endotracheal intubation®?.
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Fungal isolates being predominant were followed by bacterial isolates which
constituted Klebsiella pneumoniae, Pseudomonas aeruginosa,Escherichia cali,
Enterobacter cloacae,Staphylococcus  epidermidis,Staphylococcus  haemolyticus.
Similar pattern of bacterial isolates were seen in studies done by Chacko et a®® Desai

et a® Vinodkumar et a®® Rathod et a®Y, and Gandhi et al®?.

Gram negative septicemia may be associated with meningitis,septic shock due
to endotoxemia may be the presenting sign.these organisms may be acquired by the
neonate during birth or on contact with colonized care giverswhile in NIC.
Environmental sources,such as ventilation systems and storage shelves have been

implicated®?.

In the present study, CoNS constituted 8.70% of the total isolates.The CoNS
that were isolated are Staphylococcus epidermidis and staphylococcus haemolyticus.
Although CoNS ae commensal organism with little pathogenicity in
immunocompetent hosts,premature neonates are particularly susceptible to invasive
infection. The first step in the pathogenicity of CoNS involves adherence of bacteria
to the skinmucosa, or indwelling artificia devices,commonly used in preterm
neonates,Adherence isfacilitated by a capsular polysaccharide adhesion consisting of
poly-N-succinyl glucosamine.The ability of CoNS to produce slime and biofilms has

been linked to increase virulence in the preterm neonates.
EVALUATION OF SCREENING TESTS:

Neonatal sepsis may present with non specific subtle symptoms and signs,
which may intrigue even the most astute clinician. Definite diagnosis of neonatal

septicemia depends on positive blood culture ,which takes around 48-72 hours.
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Various haematological parameters have been utilised to screen for sepsis,with
doubtful sensitivity and specificity. In the present study,limited parameters were
evaluated in assisting the diagnosis of neonatal septicemiaThese included PCT
levels,CRP levelsHaemoglobin percentage, Tota WBC counts and Platelet

counts.Blood culture was being considered as a gold standard.

1. C-Reactive Protein Assay:

C- Reactive Protein acts as a scavenger causing opsonisation of bacteria and
activation of the complement system thereby facilitating phagocytosis during
inflammatory response. CRP assay, the most analysed parameter for years has higher

likelihood of predicting sepsis among most other parameters.

In the present study,the sensitivity of CRP was 50% and the specificity was
noted to be highest which was 92.30%. The positive and negative predictive values

were found to be 92.30 % and 52.17 % respectively.
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The table below shows the Sensitivity, Specificity, Positive Predictive Vaue and

Negative Predictive Vaue done by different studies:

Year of Positive | Negative
Sr.no Author Place of study | Sensitivity | Specifity | Predictive| Predictive
study
Vaue Vaue
p [Ameoshetd] o7 | Ghana 50% | 722% | 37.5% | 83.1%
2 MO“ZT;ged 4 2015 | saudiArabia | 70% | 60% | 28% | 80%
3 |Sadaetad®| 2016 |Bangdorelndia 50% | 33.33% | 31% 47.6%
M
4 |Hasaneta® | 2017 angaore, | coos | s20% | 33.33% | 100%
Karnataka
5 |Aboud et d®| 2010 Syria 80% 77% 7% 90%
6 | Adibeta® | 2012 Iran 45% 95% 30% 30%
7 |Bolloteta®| 2014 Korea 88.29% | 58.17% | 85.66% | 13.2%
8 Ga”ﬁl?” ®| 2016 | Chennaijndia| 80% | 657% | 25% | 95.83%
g |Suchitalingam gy, | Tamilnadd | ooev | 8o5% | 58.8% | 88.6%
etd JIndia
10 | Present study | 2018 | Soo0, 50% | 92.30% | 92.30% | 52.17%
Karnataka

The differences in these studies may be due to the variation with respect to the

timing of CRP assay after the clinical onset of infection in addition to the fact that all

these studies measured CRP quantitatively with different cut-off points.

A sound clinical judgement combined with quantitative CRP assay could

provide rational basis for the treatment decisions in the management of neonatal

sepsis.such a strategy could probably reduce unnecessary antimicrobia therapy and

the consegquent emergence of resistant strains of the organisms.

Page 79




Discussion

Siddaiah et a®” studies the role of CRP in deciding the duration of antibiotic
therapy in neonatal sepsis and concluded that newborn with suspected sepsis having

raised CRP levels needed alonger duration of antibiotic therapy of more than 7 days.
SERIAL LEVELSOF CRP:

Serial CRP levels are useful in the diagnostic evaluation of neonates with
suspected infection. Two CRP levels <1 mg/dL obtained 24 hours apart, 8 to 48 hours
after presentation, indicate that bacteria infection is unlikely. The sensitivity of a
normal CRP at the initial evaluation is not sufficient to justify withholding antibiotic
therapy. The positive predictive value of elevated CRP levels is low, especialy for

culture-proven early-onset infection.®”

In the present study,there was persistent increase in the CRP seen in al the
suspected and culture proven cases of neonatal sepsis which was done after 72 hours
of antibiotic administration.This can be due to the various iatrogenic causes like IV

Catheters, Endotracheal tube.
2. TOTAL WBC COUNTS

Total WBC counts showed the sensitivity of 61.11% and the specificity was
found to be 53.84%. The positive predictive value and negative predictive values were

64.70% and 63.15% respectively.

Similar results were seen in other studies done by Das et a ©®® Buch et d

9 Fazal et d“% pulhan et al ™Y Panwar et al.(*%?

Most of the studies concluded that though altered leucocyte count is a highly

specific indicator, the sensitivity is very low in diagnosing sepsis.
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The WBC count increases rapidly during the first few hours, leveling off
thereafter. The result of WBC count can provide more information about the risk of

sepsis after afew hours of birth.

Among neonates for whom a decision to start antibiotic can be deferred until
after 4 hours of age, the WBC is more likely to be helpful. On the other hand, if
neonates risk factors or symptoms are worrisome to draw a CBC and blood culture

before 4 hours of age, it may be prudent to start antibiotics at the same time.

3. PLATELET COUNT:

Trombocytopenia is frequently encountered in criticaly ill neonates

irrespective of age and maturity.

In the present study the sensitivity of platelet counts was 47.05% and
specificity was 69.25%.positive predictive value was 66.66 % and negative predictive

value was 37.5%.

The findings of our study are in concordance with prevaence of
thrombocytopenia in most studies (30%-60%) suggesting that though reduced platel et
counts was an important indicator in sepsis but it is not specific enough to be used as

asole marker %8199,

In a study conducted by Buch et d 32.7% of culture proven sepsis had

thrombocytopenia which is concordant with the present study (33.34%).

There was no significant difference observed in the incidence of

thrombocytopenia based on Gram positivity or negativity of the organism in this study
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which is similar to a study done by Manzoni P et a ®* to assess organism specific

response of platelet count in neonatal sepsis.

Anaysis of both WBC and platelet counts have revealed that individual
haematological findings should be interpreted with much caution since the
haematologica response may vary with gestational and post-natal age according to
Ree et d“® | These findings also vary with the time interval of the onset of sepsis
and blood sampling . In addition, the influence of the site of sampling as the number

of arterial and venous leukocytes are less than the capillary WBC values.
4. HAEMOGLOBIN PERCENTAGE:

Haemoglobin percentage was found to be a non-reliable indicator as it

showed the least sensitivity compared to other markers.
5. PCT:

Like CRP, procalcitonin has been proposed as a marker for neonatal sepsis.
The pro-inflammatory cytokines which play a key role in pathogenesis trigger the
secretion of procalcitonin. In neonates elevated procalcitonin may help in predicting

sepsiswhile lower levels rule out bacterial sepsis.

In the present study PCT levels were remarkably high among neonates with
proven sepsis. This finding is comparable to the studies done by park et a @%®

Zahedpasha et a®.

Among the 36 neonates of suspected sepsis, PCT was elevated in 24 neonates
whereas CRP was elevated in 13. Out of 23 culture proven sepsis elevated serum PCT

was seen in 17 cases while elevated CRP was noticed in 12 cases. In our study the
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sensisitivity and specificity of PCT was 69.56% and 53.84% when compared to that
of CRP 50% and 92.30%.PCT showed the highest sensitivity and CRP showed
highest specificity in the present study.Similar findings were reported by
Sucilathangam G et a® also reported higher sensitivity of PCT and high specificity

for CRP in detecting sepsis in correlation with CRP.

According to a study conducted by Ballot DE et al °” though PCT could not
be relied as a sole marker of sepsis, it plays a vital role in sepsis workup and with its

high sensitivity and lower levels of PCT rules out sepsis.

The reliability of PCT in 28 neontes with early onset sepsis was studied by
Chisea et a ¥ and found that the sensitivity, specificity, PPV and NPV were 92.6%,
97.5%, 94.3% and 96.8% respectively. Though PCT was elevated in 24 of them at the
time of presentation, significant risein CRP levels were seen in only half of them with
elevated PCT. Most of the studies including those of Rathod et al ®® and abdalla et
a (108)emphasized the investigative role of PCT in diagnosing neonatal sepsis rather
than CRP and concluded that PCT was more sensitive compared to CRP which

correlates with our study.

The sensitivity of CRP is negated during the initial 48 hours of infection since
thereisonly aslow rise. Further elevated CRP concentrations in conditions other than

sepsis like PROM and meconium aspiration are found to affect its specificity as well.

In this study, the sepsis indicators which were analysed and correlated with
blood culture showed haemoglobin percentage has a marked specificity , it showed
lowest sensitivity among all the sepsis markers analysed .Total WBC counts showed

second highest sensitivity and the least Negative Predictive Value compared to all
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other markers of sepsis. Thrombocytopenia and haemoglobin percentage was found
to be a non-specific indicator compared to other markers. PCT showed the highest
sengitivity followed by total WBC counts and CRP. CRP showed highest specificity

and positive predictive value among all other markers.

Hence Procal citonin can be used as a sensitive tool in diagnosing sepsis. It can
be used to differentiate bacterial from viral infections as it is specific for bacterial and
funga sepsis. Also it assists in diagnosing sepsis early on the day of admission itself
and a'so prevents inadvertent use of antibiotics thereby reducing further emergence of

drug resistant strains.

Inspite of its essential role in sepsis, with all the added advantages
Procalcitonin still cannot be relied as a sole marker. Combination of Tota WBC
counts, C-Reactive Protein and Procalcitonin levels is recommended as it shows an

increase in its sengitivity and specifity in early diagnosis of Neonatal sepsis.
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CONCLUSIONS:

In the present study, the risk factors commonly associated with neonatal sepsis
were found to be Prematuriy, Low Birth Weight, LSCS, premature/prolonged rupture
of membranes. Early Onset Sepsis was more common than Late Onset Sepsis.

Candida sepsis was predominantly seen among all the culture isolates.

The sepsisindicators which were anal ysed and correlated with blood culture.

Procalcitonin showed the highest sensitivity followed by Total WBC counts
and C-Reactive Protein.C-Reactive Protein showed highest specificity and positive
predictive value among all other markers. Procalcitonin was found to be a sensitive
tool for early diagnosis whereas C-Reactive Protein and Total WBC counts for

predicting the outcome of sepsis when compared to other markers.

Procalcitonin can be used as a sensitive tool in diagnosing sepsis. It can be
used to differentiate bacterial and funga from vira infections as it is specific for
bacterial and funga sepsis. Also it assists in diagnosing sepsis early on the day of
admission itself and prevents inadvertent use of antibiotics thereby reducing further

emergence of drug resistant strains.

Haemoglobin percentage and platel et counts showed the least sensitivity.

But neither of these markers are 100% sensitive nor 100% specific to be
relied as a sole marker. We would like to conclude that blood culture even though
considered as gold standard it is time consuming and at times gives false negative
results. The greatest predictability can be achieved by the combination of total WBC

counts,CRP and PCT rather than a single biomarker. So it is high time to initiate
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rigorous steps to expand the continuing search for a definitive diagnostic biomarker

using multi-centric studies based on a harmonized protocol.

Candida species being mgjority of isolates in the present study, Preventive
measures such as use of filters for Total Perenteral Nutrition, prophylactic antifungal
use, and a restrictive policy of antibiotic to decrease Candida colonization infection
rates should be implemented ,which decreases mortality and morbidity associated

with these infections.

Also, previoudly ignored, Non Albicans Candida species especially Candida
glabrata received little attention.Therefore, surprisingly our knowledge regarding
them is not only incomplete, but aso significantly lacking. we now need to have more
studies and more tools, specially molecular tools to study the epidemiology of this

emerging problem.

A much detailed intervention and multiple large scale cross sectiona studies
with a much higher sample size should be performed to further confirm these findings
and to make combination of C-Reactive Protein, Procalcitonin and Total WBC counts
as the “Early diagnostic markers” of sepsis. Until then the isolation of the causative

organism by culture occupies the centre stage in diagnosing sepsis.
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SUMMARY:

In this study 36 neonates with signs suggestive of sepsis were admitted to
NICU of Dr.Prabhakar Kore Hospital, Belagavi over a period of 1 year from
January 2017 to December 2017.

Culture proven sepsis was seen in 63.88% of al the suspected neonates with
Sepsis.

63.89% male neonates and 36.11% female neonates were included in the
study.

Early onset sepsis was seen in all the 36 neonates with suspected sepsis. There
were no cases of late onset sepsis recorded during this study period.

Culture positivity was significantly high in preterm neonates 95.65%
compared to term neonates 4.35%

Significant increase in culture proven sepsis was noted among neonates of low
birth weight than those with normal birth weight.

In this study there was no significant difference in rate of culture isolation
among the neonates based on parity of the mother.

The incidence of culture proven sepsis was significantly high among neonates
delivered by LSCS (82.60%) in comparison with those delivered by NVD
(17.39%). A four fold rise in culture positivity was noticed among the
neonates delivered by LSCS.

Maternal risk factors predisposing neonates to sepsisincluded highest number
of cases had premature/prolonged rupture of membrane 21.74% followed by

preclamsia 17.40%,prolonged labour 4.35% and materna pyrexia 4.35%.
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Other risk factors included twin pregnancy, Invitro conception, Gestational
diabetes mellitus, Cervical stitch insitu, cervical encirclage etc.
Fungal isolates constituted majority of isolates in the present study 69.44%
followed by bacteria isolates 30.44%.There was a two fold rise in fungal
isolates compared to bacterial isolates in the present study.
Among the fungal isolates, candida glabrata 34.78% constituted majority of
isolates followed by candida tropicalis 30.43% and candida cruzi 4.35%.
Among the bacterial isolates klebsiella pneumonia constituted mgjority of
isolates 8.09% followed by pseudomonas aeruginosa 4.35%,Escherichia coli
4.35%,enterobacter cloacae 4.35%,staphylococcus epidermidis  4.35%,
staphylococcus haemolyticus 4.35%.
Candida glabrata was the commonest causative agent in all the early onset
Sepsis cases.
The screening tests applied in the present study showed the following results:
a) PCT: Sensitivity-65.59%

Specificity-53.84%

Positive Predictive Value-72.72%

Negative Predictive Vaue-50%
b) 15T CRP: Sensitivity-50%

Specificity-92.30%

Positive Predictive Vaue-92.30%

Negative Predictive Vaue-52.17%
¢) Haemoglobin percentage: Sensitivity-26.06%

Specificity-84.16%

Positive Predictive Vaue-75%
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Negative Predictive Value-39.28%

d) Total WBC counts:: Sensitivity-61.11%

Specificity-53.84%

Positive Predictive Vaue-64.70%

Negative Predictive Vaue- 36.84%

e)Platelet counts Sensitivity-47.05%

Specificity-69.25%

Positive Predictive Vaue-66.66%

Negative Predictive Vaue-37.5%
Though haemoglobin percentage has a marked specificity , it showed lowest
sensitivity among all the sepsis markers analysed in this study .
Total WBC counts showed second highest sensitivity and the least Negative
Predictive Vaue compared to al other markers of sepsis.
Thrombocytopenia and haemoglobin percentage was found to be a non-
specific indicator compared to other markers.
PCT showed the highest sensitivity followed by total WBC counts and CRP.
CRP showed highest specificity and positive predictive value among al other
markers which were correlated with blood culture in this study.
Inspite if antibiotics administration, there was persistent risein CRP seenin all
the culture proven sepsis cases which was repeated after 72 hours of antibiotic
administration.
In the present study ,Serum PCT levels ,serum CRP levels and tota WBC
counts were more reliable markers compared to others in the context of early
diagnosis of neonatal sepsis and combination of these three markers increase

the predictability of sepsis rather than a single biomarker.
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APPENDI X

Gram stain Procedure: Hucker’s modification

Principle: After treatment with decolorizing agents, gram positive bacteria retain

para- rosaniline dyes and appear violet colorwhile gram negative bacteria lose the dye

and take up counter stain and appear pink in color.

Procedure;

a)

b)

f)

9)

h)

A clean grease free glass slide was labelled and a thin smear was made on it
using the first high vaginal swab and allowed to air dry.

The smear was fixed by passing the dlide three to four times through the flame
of a Bunsen burner.

Slide was then placed on the dlide rack and the smear overlaid with crystal
violet solution.

After 20 seconds, the slide was washed thoroughly with tap water.
Subsequently, the smear was overlaid with Gram iodine solution for 20
seconds and washed again with water.

The smear was held between the thumb and fore finger and the surface
flooded with afew drops of acetone-alcohol decolorizer, until no color washed
off.

The smear was washed with running water and placed back on the staining
rack. Surface of the smear was overlaid with safranin (counter stain) for 10
seconds and washed with running water.

The dlide was placed in an upright position in a rack, allowing excess water to

drain off.
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i) The stained smear, after being dried was examined under 100 X (oil)

immersion objective lens.

Quality control: Gram positive: Staphylococcus aureus ATCC 25923

Gram negative: Escherichia coli ATCC 25922
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ANNEXURE | : CONSENT (ENGLISH,KANNADA AND HINDI)

ONSENT FOR PARTICIPA ION IN RESEARC

TITLE: * EFFECTIVENESS OF SERUM PROCALCITONIN AND SERIAL
LEVELS OF C-REACTIVE PROTEIN VERSUS BLOOD CULTURE IN

EARLY DIAGNOSIS OF NEONATAL SEPSIS™

Study Investigator

Guide

Co-guide

INTRODUCTION:
® Neonatal infection is an important cause of sickness in neonates,which needs

admission and treatment in NICU.
¢ Rapid and correct diagnosis of neonatal sepsis is often difficult in routine

clinical practice because the signs and symtoms of this condition can be

similar to other non infectious condition.
Blood cultures(i.e to grow bacteria from blood sample) help in the

identification of serious bacterial infections, but may give false negative
particularly after maternal antibiotic use and might also result in false

results,
positive results because of difficulty in specimen contamination

Serum Procalcitonin and C-Reactive proteins are two important tests that have

been found to be useful in correct diagnosis of infection in newborns. Correct
diagnosis will help to administer correct antibiotics early and thus prevent
complications of infection and unnecessary use of antibiotics.
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OBJECTIVE OF THE STUp
procalcitonin  and serum (.
Haematological parameters ip e

Y:To compare the diagnostic performance of serum

R?acti_ve Protein to that of Blood culture and
arly diagnosis of Neonatal sepsis.

PROCEDURE INVOLVED:

You are requested to participate in this study which will help to provide appropriate

and effective treatment. During the study you will be asked some questions and you
are supposed to answer to the best of your knowledge

If you agree to be a part of this study, extra blood sample will be collected for serum

procalcitonin while collecting sample for routine sepsis workup. .
RISKS AND BENEFITS:
There are no risks involved and benefit is to know the serum procalcitonin and c-

reactive protein levels as early diagnostic markers in a case neonatal septicemnia.

ALTERNATIVES:

Your participation in research is voluntary. Your decision whether or not to
participate in the study will not affect your relationship with Jawaharlal Nehru
Medical College. If you decide to participate you are free to withdraw at any time.

PRIVACY AND CONFIDENTIALITY:The only people to know that you are a
research subject are members of the research team. No information about you or
provided by you during research will be disclosed to others without your written

permission, exceptin emergency to protect your rights and welfare.

AUTHORIZATION TO PUBLISH RESULTS:
When the results of research are published or discussed in a conference, no
information will be displaced that would disclose your identity. Any information that

is obtained in connection with this study and that can be identified with you will

remain confidential.
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FINANCIAL INCENTIVES FOR PARTICIPATION:
you will not be paid /offered any gifts/incentives for participating i the study. You

will not be reimbursed for expenses.

In case you have any questions related to the study, you can contact the study
investigator,

Dr.Pragatt Narayvanakar (mobile no. 968613281361 e (Mre 1S €* Metoud (mobile no.

In case you have any questions about your rights as a participant, you can contact
Dr.Ganga S Pilli, Professor of Pathology and Chairman of Institutional Ethics

Commuttee, INMC (mob:9480275601)
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CONSENT STATEMENT

I, the undersigned

o have

been explained in my vernacular language about the study and my
participation in the study is voluntary. If | want, I can withdraw at any

time. Also I have been given enough time to clear my doubts and rights
as study participant.

Signature or left hand thumb print of participant or legally authorized
representative.

Participant’s Name

Witness Name signature
Fxperimenter’s Name signature
Date:
Place:
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ANNEXTURE |l :PROFORMA

QUESTIONNAIRE (PROFORMA) USED FOR COLLECTING THE DATA

1. Name of patient: B\O
2.1P no:

3. Pt no:
4.Inborn/Outborn:

5. Sex:

6. Date of Birth:

7. Date of admission:

8. Date of discharge:

9. Admission age:

10. Admission Weight:

11.Diagnosis:

12. Mode of Délivery:

13.Indication of Delivery:

14. Maternal data: Obstretic Score: Blood group:

15.0Obstretric history:
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16.Maternal risk factors;

17.Neonatal risk factors:

18.Hb percent%:
19.WBC count:

20.Platelet count:

21. CRP before Antibioticsadministration: Date-

22. CRP after 72 hours of Antibiotics administration: Date-

23.Serum Procalcitonin: Date- Report-

24.Blood culture: Date- Report-

25.Remarks:;

Report-

Report-
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Elecsys BRAHMS PCT

Procaicitonin
| [5) 05056888 200 & 100

| For USA Etecsys BRAHMS PCT ) -
05056888200 V m ;
DII _ http://e-labdoc.roche.com

Disposal of all all waste matenal should be in with local g
Safety data sheel available for professional user on request.

| ForUSA: For prescription use only.
This lat cont: P lassied as follows in 4
Reguiation (EC) No. 127212008

2-methyl-2H ol-3-0ne hy

EUH 208 May produce an allergic reaction
Product satety labeing prmanly foflows EU GHS guidance
Al hurman matenal should be considered potentially mlechous. Al products
denved from human blood are prepared exclusnvely from the blood of conors
tested individually and shown (o be free from HBsAG and antbodes to HCV
ang HIV The testing mathods apphad were FDA-approved or cleared n
comphance wih the European Directve 38 73EC. Annex I List A
However_ as no lesting method can ruie out the potenial nsk ol infection with
absoiute certanty, the maienial should be handled with the same level of care
as a pahent specmen In the avent of exposure. the directives of the
responsibie health authonbes should be followed

with the
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ANNEXTURE IV: SERUM PROCALCITONINKIT LITERATURE

cobas’

werden wie eine Patientenprobe m
Wmmwwm

. —
smnw:{wumm.- ien und P -

und Kontrollen) vermeiden

Now. load ~on Matindenblittern T

mrmmeanmwm

Ddumﬂummw genden Websee heruniergeladen g
/je-labdoc. roche com. ;
Emwummvmwu.ﬂb‘fﬂ‘ﬁ

{igbar, eine ebentalls fur diesen Produki-Code héhere Version.
ms-eurgmqmm threr Floche-
Francais
Précautions d’emplol et mises en garde
Pour diagnostc in vitro

Observer les precautions habituelles de mampulation en laboratoire
L'elmenation de tous les déchets doit étre effectuée conformement aux

dispasitions legales

Fiche de donnaes de sécurite disponible sur demande pour les
professionnels

Pour les USA Usage uniquement sur prascnphon

Ce coffret contient des substances classees de la manére suvante s81on le
reglement CE 12722008

2-methyl-2H-1sothuazol-3-one, chiorhydrate

Avod foam formabon in ail reagents and sample types |
and controls)

Method Sheet download
Tmm:umwdmmmummmmu

Tespecive
M@bWJMtMmbmmmm

The webste either the version listed here or, f available, any later
version that is also vahd for this product code I‘Iymhmummm
please contact your local Roche affiliate 1o obtain the document free of

US Users
Wiy iyt
hitps Jiusdiagnostics.rche. com
gm d&nulem , please contact US Technical Suppont (1-800-428-2336)

Deutsch

VorsichtsmaBnahmen und Warnhinweise
In-vitro-Diagnastikum.

Dve besm Umgang mit Laborreag {bkchen Vorsichtsmalinah
beachten

nlsorgung gemah den lokalen Fichiinien durchzutihren
Dszsmmmmﬁmﬁge for be;uqm Benutzer erhaltich.
| Fiur USA. “For prescrption use oniy *

Dve Packung enthall Bestandteile, dve gemaf der Verordnung (EG)

Nr. 1272/2008 wie foigt klassifizen sind

2-Methyl-2H-sotheazol-3-on Hydrochlond

EUH 208 Kann albfglsd'n Reakhonen hervorrufen.
Die Produk g foigt i erster Live den in der EU
nggen GHS-Regulanen

ot als p infektios. Fur alle aus Humanou
he rgestelnen Produkie ward nur Biut von einzeln Hgale
verwendet Del denen weder Antikomper V und HI\!r nach HM
NAChZUWEISen 5ina D«a angewendeten Testmethoden sind von der
US-Gesundh de (FDA) hrig! bzw. erfulien die Anforderungen
der Euiopaischen Direktive 9379EG Anr-ang 1l Liste A
Da keine Testmethode mit absoiuter Sicherhet eme potentiglle
Inteknonsgetan: ausschieian kann solfte das Matenal mit der gieichen

EUH 208 Peut produire une réacton allergique
L de sécunté du produil est prncipalement conforme a la
réglementation CLP/GHS.
Tous les maténaux d'ongne h doivent élre d
infectieux. Tmmmmmwmmﬂ
& partir de de donneurs ou la recherche de
Tanbgéne HBS et des anbcorps anti- umwmmammr

m.mmmmmhw
FDA ou conformes 4 la directive ‘CEAmemllkﬂak

Cependant, comme le nsque d'infection ne peut étre exclu avec certitude par
ummm cepuwnummm“cum-amuu

dep En cas tion, suivre les directives de l'autonié
comnétente en matére de sanlé.

Eviler fa formation de mousse dans les réactits 2t les échantilons de tous
types (échantilons de patients, calibrateurs el controles)

Teéléchargement de fiches techniques

Le cadre en haut de la page montre la code du produrt et la version du

document.

Ce document es! léléchargeable sur hitp /e-labdoc roche com

Le site affiche la version indiquée ci-dessus ou loute autre version ulténeure
corespondant au code du produl S vous n'avez pas acces 4

Intemet, veuillez contacter le représentant Roche de votre pays Vous

bhendrez ce document g

Espaiiol

Medidas de precaucion y advertencias
Producto sanitano para diagnostico in vitro,
Q:Mmlul\mdnp(mm
Elm\elusresmuqmiuoomasbwes

vigentes.
qudamauwrmahmmmddmmprmmamala

Para los EE UU " uso exclusvamente bajo prescnpeion

El presente estuche conbene wnpwﬂesmohm sido clasificados
directiva CE No. 12722008 de la siguente maner, P

[ de 2-mebl-2H i-3-ona

EUH 208 Puede provocar una reaccion alérgica

Las ndicaciones de segundad del producto cormesponden
las directivas del sistema globaimente armonizado de das‘;m e
ethumaoo de productos quimicos (GHS por sus siglas en ingles) valldas enla

parala pulacion de
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ANNEXURE V:SERUM C-REACTIVE PROTEIN KIT

LITERATURE

CRPLX

C-Reactive Protein (Latex)

Order information

20764330 222 | C-Reacive Proten (Latex) 300 tests

cobas’

| Analyzer(s) on which cobas ¢ pack(s) can be used

__System-iD 07 64930 RocheHitach cobas ¢ 311,Cobas €501

T —

11355279 216 | Calbeator Fas Protens (S 1mb) Code 656 ; T
10557897 122 | Precinorm Protesn (3 x 1 mL) Code 302 A - e e
11333127 122 | Precipath Protein (3 x 1 mL) Code 303 [
05117003 190 | PreciConirol CinCher Mult 1 (20 x 5 mL) Code 391 [ .
| 05947626 190 | PreciControl ClinChem Mult 1 (4 x 5 mL) Code 391 :
05117216 190 | PreciControl ClinChem Muti 2 (20 x 5 mL) Code 392
| 95947774 190 | PreciControl ClinChem Mult 2 (4 x 5 mL) Code 332 .
04489357 190 | Diuent NaCl 9 % (50 mL) System-ID 07 6869 3
English Mix cobas ¢ pack well before placing on the analyzer.
System information Storage and stability
CRPLX: ACN 019 ¢
v Shetf i
In vitro test for the quantitative determination of C-react eal28°C: See expiration date
serum and plasma on Roche/Htacy cooay ¢ n PR on cobas ¢ pack
Summary'2 label.
Most tissue-damaging aink Lk 3 On-board in use and refrigerated on the analyzer 12 weeks
mdm::_lnc wma acute NaCi Dilvent 9 %
(€.9. AAT, AAGP. C3C, C4, HAPT) Tl'e}CHP:mmw precedes  onel bfe al 2:8°C Sea expiralion dite
symploms, including fever. In normal healthy individuals CAP 15 a 00 60LAS £ DAck
Mproi;:uﬁhl wbmmrmdmmm it
conce nses and extens
’W. MW“”M oo mmmvfly On-board in use and refngerated on the analyzer 12 weeks

CRP activales the classical pathway. CRP
ot bt e o . has a half-ife of

normal recovery process | ing levels 10 nomal) of unexpected
i levels

me E\hu.mgduqumh -
acute and how serious a disease is. It also allows the assessment of
wmudmm about the disease
prognostic si MMMhmd;uww
vt e o i
Wmmmmnm’ e "
Test principle’4$

R TRIS bufler with bovine serum albumin and immunoglobuling
(mouse); preservalive

R2  Latex particles coaled with anti-CRP (mouse) in glycine buffer;
preservative

A1 is in positon B, and A2 is in position C.

Precautions and wamings

For in vitro diagnostic use. )

Exercise the normal precautions required for handing all laboratory
D..po.ug ‘of all waste material should ba in accordance with local guidefines.
Salety data sheet available for professional user on request.
wﬂm

Ready for use

Carefully invert reagent container several times prior to use lo ensure that

and

For specimen collection and preparation only use sutable tubes or
collection conlainers.

Only the specimens listed below were tested and found acceptable.
Plasma: Li-heparin and K-EDTA plasma

mwmmmwmawmmdm
tubes that were i i i

Mhumhmm.wm' samples in primary
Wlumhow-cﬂmmm,mmmm-.du&
manufacturer.

Centrituge samples containing precipi
Stability*

belfore pero

11 days at 15-25 C
2 months at 2-8 °C
3 years at (-1514-25) °C

g the assay.

Materials provided

See "Reagents — working solutions” section lor reagents.
Matertals required (but not provided)

= See "Order information” section

General laboratory equipment

Assay

Fﬂmmdnmmuamm
document for the analyzer concemed. Mbmmw.
assay

mmuw&m‘mmwm‘“*m
Application for serum and plasma

cobas ¢ 311 test definition

Assay type Rale A

Reacton time / Assay ponts 10 /7-18

Wavelength (sub/main} ~/546 nm
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el

CRPLX

MW“"
direction Increase
S::wm mglL (nmollL, mg/dL)
Reagent pipetting Diuent (H.0)
R1 82 ul 72 L
R2 28y 204
Sample volumes Sample Sample dilution
Sample Diluent (NaC!}
Normal 2 - -
Decreased 4l 15 L 75l
| Increased 2 = -
cobas ¢ 501 test definition
Assay type Rate A
Reaction time / Assay points 10/ 12-28
Wavelength (sub/man) /546 nm
Reaction direction Increase
Uns moL (vmobL. mg/dL)
Reagent pipetting Divent (H;0)
- LT 2L
R2 28 20 L
Sample volumes Sample Sample dilution
Sample Diluent (NaCl)
ol 24 = =
Decreased 'S 5L 5L
| ‘ncreased 2L - -
Calibration
Calibrators S1HO
S2-86: C.las. Proteins
AR et s e
concentrations for the 6-point caibration
curve:
$2 00500 $5:1.90
$3 0.303 $6: 250
54:0.907
Caiibration mode Line-graph
Calibraion frequency  Full calibrabon
+ aher reagent lot change
* as required following quality control procedures

Traceabdty Thes method has been standardized against the reference
preparaton of the IRMM (institute for Reference Materials and

Measurements) BCR470H/CRM4TO (RPPHS - Reference Preparation for
Protens n Human Serum).”

Quality control

For quality control, use control matenals as ksted in the “Order information”
SEcton.

In @0dmon, ofher sutable control matenal can be used.

The control mtervais and lemits should be adapted to each laboratory's
ndmdual requirements. Values obtamed should fall within the defined
fumits. Each laboratory should establish comective measures 1o be taken if
values fall outsie the defined kimits.

Eollow the applicatie govemment regulations and local guidelines for
quaity control

cobas’

Calculation
RocheHitachi cobas ¢ systems automatically calculate the analyle
concentration of each sample.

Conversion factors mol x9.52= nmoll  mg/dL x 95.2 = nmall
mglL x 0.1 = mg/dL mg/dl x 10 = mglL
mg/idl x0.01 = gL gL x 100 = mg/dl

Limitations - interference

Crmmonﬂmmmgw%olmaluhmmlcmwwﬂralmw

5.0 mg/L (47.6 nmolL. 0.5 mg/dL).

mm:'No:Wmmdammhmlm:dwhrwwgam

and unconjugated biiuban (approximate con| and unconugate!
bilirubin concentration: 1026 umol/L or 60 ).

Hemolysis* No significant interference up to an H index of 500

{approximate hemoglobin concentration: 311 pmolL or 500 mg/dL).

Lipermia (Intrahpid)* No significant interference up to an L index of 400

There is poor cofrelation between the L index (coresponds 1o turbidity) and

tnglycenides concentration.

Rheumatoid factors up to 1200 IU/mL do not interfere.

dose hook-effect: No false result occurs up to a CRP concentration of

1000 mg/L (9520 nmoliL, 100 mg/dL).

Drugs: No interference was found at therapeutic concentrations using

mmw_m

Therapeutic : Significantly decreased CRP values may be obtained

mmﬁmm who have been treated with

carboxypenicillins,

In very rare cases, gammapathy, in particular typeIPMMaldanurbm’s

). may cause unreliable results."

Although measures were taken o minimize interference caused by human

anti-mouse antibodies, ermoneous may be obtained from samples

taken from patients who have been with monoclonal mouse
anlibodies or have received them for diagnostic purposes.

For diagnostic purposes, the results should always be assessed in

wmmmwsmdu history, clinical examination and other

ACTION REQUIRED

Wash Programming: The use of ial wash is mandatory

mmmmmmmmmm&h

cobas ¢ systems. The latest version of the carry-over evasion list can be
NaOHD/SMSMulticlearvSCC

found with the S of the
NaOHO/SMS/SmpCin1+2/SCCS Method Sheets. For further instructions
refer io the operaltor's manual,

Where required, lal wash/carry-over evasion programming
hlm;’:bmm-mmm -
Limits and ranges

Measuring range

1.00-250 mg/L (9.52-2380 nmolL, 0.1-25 mgldL)

ine samples having higher concentrations via the function.
mummwmmnmmmm
mginﬁmmwmmmmmmwa
Lower limits of measurement
Lower detection limit of the lest
1.00 mgiL (9.52 nmollL, 0.1 mg/dL)
The lower detection limit represents
mmmmmmthdnmm h:'ree
mmd'm.nzz'ljm, lowest standard (standard 1 + S0,

Expected values
Aduls  <5mglL (<0.5 mya)
Each

laboralory should investigale the transferabilty of the expected values
mwmmﬂmmMummm
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o PREMATURITY WITH 31 WEEKS POG WITH CEPHALIC
1 | 838505 | INBORN | MALE | 29 | 1280 | VERY LOWBIRTH LSCS | PRIMIGRAVIDA | PRESENTATION WITH ANTEPARTUM | 13 | 11,600 | 80,000 | 742 | 893 | 47 Candida glabrata
WEIGHT HAEMMORHAGE
33 WEEKS POG WITH SEVERE PRE-
00 PREMATURITY WITH ECLAMPSIA . .
2 | 83280 | INBORN | MALE | 0| 1360 | | RHErtR A | LSCS | MULTIGRAVIDA | o oo S IS BREECH | 174 | 9400 | 90000 | 000 | 05 | 02 | Noorganismsgrown incuiture
PRESENTATION
o PREMATURITY WITH 36 WEEKS POG WITH TWIN
3 | 839805 | INBORN | FEMALE | SO 1280 |  VERY LOWBIRTH LSCS | PRIMIGRAVIDA | PREGNANCY WITH CERVICAL STITCH | 17.1 | 8500 | 260000 | 02 | 10 | 06 Candida glabrata
WEIGHT INSITU
o0 PREMATURITY WITH PRECNANCY WITH PROM WITH
4| 830005 | INBORN | FEMALE | g | 900 | VERY LOW BIRTH Lscs | PRIMIGRAVIDA | FPRECRANCY VATHEROM WITH 1182 | 3800 | 122000 | 02 | 12 | 244 Candida glabrata
CONCEPTION
5 | 840591 | OUTBORN | MALE | 2 | 1g00 | "re=tERM WITH LOW LSCS | MULTIGRAVIDA | 36 WEEKSPOG WITH PREVIOUSLSCS | 159 | 2900 | 10000 | 01 | 563 | 29 | Noorganismsgrownin culture
6 | 840630 | OUTBORN | Male r?rss 1900 PR'ETE?MV\(/VJSH"TOW LSCS | PRIMIGRAVIDA 36 WEEKS POG WITH PROM 178 | 5200 | 241,000 | 07 | 06 | 1.28 | Noorgnismsgrownin culture
7 | 840909 | OUTBORN | Male ﬁfs 1500 PREE?M\)’VVSSH"TOW LSCS | PRIMIGRAVIDA | 33 WEEKSPOG WITH PRE-ECLAMPSIA | 15.9 | 16,500 | 230,000 | 04 | 2367 | 031 | No organismsgrown in culture
33 WEEKS POG WITH CEPHALIN
8 | 840639 Male ﬁg 980 LFC))RVE'\QIIARII'LLR\!/EV\IQIH(;?T LSCS | PRIMIGRAVIDA PRESENTATION WITH 135 | 9600 | 330000 | 02 | 19 | 1027 Candida glabrata
OLIGOHYDROMNIOS
9 | 841042 | OUTBORN | Femae | % | 1500 | PREMATUREWITH LSCS | PRIMIGRAVIDA | SAWEEKSPOGWITHPROMWITH | 504 | 11700 | 290000 | 08 | 06 | 05 | Noorganismsgrownin culture

hrs

LOW BIRTH WEIGHT

TWIN GESTATION
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03

PREMATURE WITTH

34 WEEKS POG WITH TWIN

10 | 841044 | OUTBORN | Male | 2 | 1500 | FREVATUREIITIH LSCS | MULTIGRAVIDA pediteyii 15 | 15000 | 322000 | 02 | 09 | 019 Candida glabrata
32 WEEKS POG WITH IUGR WITH
11 | 840719 |  Inbomn mMae | 00 | 1p00 | PREMATUREWITH LSCS | MULTIGRAVIDA OLIGO HY DROMNIOS, PRE- 139 | 5500 | 50000 | 278 | 64 | 38 Candida glabrata
hrs LOW BIRTH WEIGHT
ECLAMPSIA
o1 PREMATURE WITH ) :
12 | 843246 |  Inbomn mae | O | 1220 | PREMATUREWITH LSCS | PRIMIGRAVIDA 30 WEEKS POG WITH IUGR 19.2 | 11,000 | 178000 | 01 | 23 | 032 | Noorganismsgrown in culture
o1 PREMATURITY WITH : -
13 | 843246 | Inbom Female | Qo | 1000 | PREMATIRITE W TH LSCS | PRIMIGRAVIDA 28 WEEKS POG WITH IUGR 185 | 7,00 | 225000 | 01 | 567 | 023 Candida tropicalis
o1 PREMATURITY WITH ) —
14 | 844672 |  Inborn Femae | Qo | 748 | TROMATRITE W TH LSCS | PRIMIGRAVIDA 28 WEEKS POG WITH PV LEAK 152 | 9300 | 242000 | 04 | 272 | 059 Candida tropicalis
o1 PREMATURE WITH 31 WEEKS POG WITH TWIN :
15 | 843437 | Inbon Female | oo | 1330 | | \EEMATIRE I LSCS | PRIMIGRAVIDA | Lo e NCEPTIONIUGR | 1772 | 12200 | 350000 | 02 | 01 | 032 Candida glabrata
32 WEEKS POG BREECH
16 | 845845 Inborn Female ﬁé 2650 H?(RIEE'\IQQ-IFLL]I EIJ I;(I ,\\:\Q'\ETA LSCS MULTIGRAVIDA PRESENTATION WITH 152 | 18,300 | 2,41,000 | 0.1 3.0 9.07 No organisms grown in culture
POLYHYDROMNIOS
PRETERM LOW BIRTH
17 | 847097 | Inbom mae | O | 1800 WEIGHT WITH Lscs | PRIMIGRAVIDA | OWEEKSEOE WITH SEVERPRE 1 128 | 18000 | 153000 | 86 | 1845 | 1464 Candida tropicalis
HYPERBILIRUBINEMIA
PREMATURITY WITH )
18 | 846978 |  Inbomn Male | O0hrs | 1270 | PREMATIRITY WITH LSCS | MULTIGRAVIDA 30 WEEKS POG WITH PROM 17.7 | 9000 | 292000 | 151 | 681 | 027 Enterobacter species
0 PREMATURITY WITH | NORMAL : —
19 | 848414 |  Inbom mae | 0 | 1400 | PREMATURITY VITH | FIORMAL | MULTIGRAVIDA 30 WEEKS POG WITH PROM 199 | 20700 | 181,000 | 02 | 137 | 02 Candida tropicalis
00 PRE MATURITY WITH 30 WEEKS POG WITH CERVICLE ) )
20 | 846902 |  Inborn mae | 0 | s | FREMATIRITY W LSCS | PRIMIGRAVIDA ENCIROLAGE PO 152 | 12,200 | 229000 | 613 | 7.3 | 846 Candida kruzei
00 PREMATURITY WITH | NORMAL : —
21 | 848414 |  Inborn mae | X0 | 1g00 | PREVATURITH VT | oRAL | PRIMIGRAVIDA 30 WEEKS POG WITH PROM 19.9 | 21,700 | 180,000 | 137 | 1070 | 02 Candida tropicalis
33 WEEKS POG ,IVF
o1 PRMATURITY WITH CONCEPTION, TWIN . o
22 | 848736 |  Inborn Femae | Qo | 1320 | FRMATURITY WITH LSCS | PRIMIGRAVIDA CESTATION SEVER PRE. 125 | 17,900 | 172,000 | 243 | 165 | 229 Candida tropicalis
ECLAMPSIA TWIN-1-1UD
o1 PRETERM WITH LOW | NORMAL 28 WEEKS POG WITH CEPHALIC —
23 | 850351 |  Inborn vae | O | 930 M OamAL | PRIMIGRAVIDA SRS 17.7 | 5300 | 140000 | 243 | 224 | 7.40 Escherichia coli
00 PRETERM WITH LOW 30 WEEKS POG .SEVERE PRE- ) —
24 | 849835 |  Inborn mae | O | 1360 I e LSCS | MULTIGRAVIDA S 17.9 | 10,900 | 2,89,000 | 150 | 256 | 140 Candida tropicalis
36 WEEKS POG
25 | 855545 |  Inborn mae | O | 1760 | PRETERMWITHLOW LSCS | MULTIGRAVIDA | ,IUGR,OLIGOHYDROMNIOS,PREVIOUS | 186 | 8300 | 280000 | 03 | 02 | 017 | Noorganismsgrown in culture
hrs BIRTH WEIGHT R
o PRETERM WITH INTRA-
26 | 855898 |  Inborn Mae | % | 2400 | UTERINE GROWTH LSCS | MULTIGRAVIDA 35 WEEKS POG WITH IUGR 12 | 15400 | 249000 | 02 | 01 | 017 | Noorganismsgrown in culture
RETADATION
PRETERM LOW BIRTH
27 | 884989 |  Inborn Femae | 12 | 2100 WEIGHT WITH LSCS | PRIMIGRAVIDA | 3*\WERKSFOSWITH SEVEREPRE: | 168 | 5400 | 28000 | 761 | 146 | 211 | Noorganismsgrown inculture
HYPERBILIRUBINEMIA.
0 PRETERM WITH LOW 32 WEEKS POG BREECH )
28 | 885631 | Inborn Female | Qo | 900 I e LSCS | PRIMIGRAVIDA o 15 | 12500 | 219,000 | 224 | 204 | 7.83 Pseudormonas aeruginosa
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2 LATE PRETERM WITH | NORMAL ) )
29 | 885667 |  Inbomn Female | 2 | 1900 | GATEFRETERMLWITH | NORMAL | PRIMIGRAVIDA | 36 WEEKSPOG WITH PRE-ECLAMPSIA | 20.3 | 24000 | 138000 | 02 | 1170 | 482 | Noorganismsgrownin culture
PRETERM,LOW BIRTH
30 | 886459 Inborn Male f?li 1740 WEIGHT WITH DIA(?EMQIE PRIMIGRAVIDA 33 WIEIEI;(SSEE?F%\T?SIEECH 19.7 | 16,100 | 2,60,000 | 0.1 0.0 0.21 No organisms grown in culture
HYPERBILIRUBINEMIA
LATE PRETERM WITH
00 LOW BIRTH WEIGHT 34 WEEKS POG ,BREECH . .
31 | 886323 Outborn Female hrs 1800 WITH LSCS MULTIGRAVIDA PRESENTATION,OL IGOHYDROMNIOS 16.9 | 11,700 | 4,06,000 | 0.2 0.1 7.69 No organisms grown in culture
HYPERBILIRUBINEMIA
0 LATE PRETERM WITH 37 WEEKS POG WITH CEPHALIC —
32 | 887108 |  Inbom mae | X0 | ar0 | LS ERCIERM W LSCS | PRIMIGRAVIDA P AT S 155 | 9500 | 1,04000 | 38 | 899 | 122 | Saphylococcusepidermidis
00 TERM WITH 30 WEEKS POG WITH SEVERE PRE- ) )
33 | 886764 | Inbom Female | 20 | a2 v LSCS | PRIMIGRAVIDA SIS 154 | 2000 | 9000 | 80 | 585 | 56 Klebsiella pneumoniae
34 | 886244 |  Inbom Mae | O | ogg0 | PRETERMWITH LOW LSCS | MULTIGRAVIDA 28 WEEKS POG 142 | 10800 | 11,000 | 507 | 186 | 108 Klebsiella pneumoniae
hrs BIRTH WEIGHT
35 | 895366 | Inbomn Male r?rls 900 PR'ETE?&" V\O’ggH"TOW LSCS | PRIMIGRAVIDA 28 WEEEKS WITH SEVER PIH 156 | 9400 | 28000 | 10 | 06 | 640 Candida glabrata
) 02 TERM WITH NORMAL )
36 | 895313 |  inborn mae | %2 20| | JSRMVH | DORVAL | PRIMIGRAVIDA 39 WEEKS WITH PROM 154 | 12400 | 26000 | 02 | 19 | 1462 | Saphylococcus haemolyticus
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