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Abstract

Neonatal septicemia is a significant cause of morbidity and mortality in neonates mostly in
developing countries. Neonatal sepsis requires rapid and accurate diagnosis as well as
treatment for the improved outcome.. So an effective, simple clinical prediction tool is
needed for the treatment decision. Our study was accomplished to analyze various
hematological parameters of sepsis and in combination to formulate a guideline for the
Jiagnosis of neonatal sepsis. The study was done in the special care neonatal unit (SCANU)
of the ICH (Institute of child health) and $SF (Shishu sasthya foundation) hospital, Mirpur
over a period of one year commencing from July 2009 to May 2010. A total of 43 neonates
were taken who were suspected of neonatal septicemia. Blood samples for culture were taken
aseptically before starting antibiotic therapy. Data on demographic characteristics of mothers,
children and laboratory tests, results of blood cultures were collected. The results of the study
showed that 53% patients were male and 43% patients were female. The ratio of male to
female was 1.15: 1. Out of 32 neonates 3 (9 %) had positive blood culture for Pseudomonas
species and Streptococcus species. Thus there were only 3 cases of proven sepsis. Out of 43
patients, Leucopenia (26 %), neutropenia (12%) neutrophilia (14%), leukocytosis (2%), and
thrombocytopenia (12%) were observed in neonates with septicemia. Among 19 patients,
CRP test was positive in 7 (37%) cases. The result of the study showed that CRP test is the
most significant parameters for diagnosis of neonatal septicemia. So CRP test should be used
ror the diagnostic evaluation of the neonates with suspected sepsis as it is a very good

screentng test for the early detection of septicemia.
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CHAPTER 1

Introduction



1.1. Overview:

Sepsis is one of the most common causes of neonatal mortality. It is also one of the
major causes of neonatal deaths in developing countries. Sepsis related mortality is
largely preventable with rational antimicrobial therapy and aggressive supportive

care.

The infectious agents associated with neonatal sepsis have changed over the past 50
years. Staphylococcus aureus and  Escherichia coli (E. coli) were the most common
bacterial infectious hazards for neonates during the 1950s in the United States. Over
the ensuing decades, Group B Streptococcus (GBS) replaced S aureus as the most
common gram-positive organism that caused early-onset sepsis. During the 1990s,
GBS and E coli continued to be associated with neonatal infection; however,
coagulase-negative Staphylococcus epidermidis is now more frequently observed.
Additional organisms, such as, Listeria monocytogenes. Chlamydia pneumoniae, I1.
influenzae, Enterobacter aerogenes, and species of Bacteroides and Clostridium have

also been identified in neonatal sepsis.

Neonatal sepsis may be classified according to the time of onset of the discase: early
onset septicemia (EOS) and late onset septicemia (LOS). GBS and gram-negative
enteric organisms (predominantly Escherichia coli) account for most cases of early-on
Staphylococei account for 30 to 60% of late-onset cases and are most frequently due
to intravascular devices (particularly umbilical artery or vein catheters). £ coli is also
becoming increasingly recognized as a significant cause of late-onset sepsis,

especiatly in very LBW infants.

The most common risk factors associated with early onset neonatal sepsis include
maternal group B Streptococcus (GBS) colonization (especially if untreated during
labor), premature rupture of membranes (PROM), preterm rupture of membranes,
prolonged rupture of membranes, prematurity, maternal urinary tract infection, and

chorioamnionitis,

Other factors associated with or predisposing to ¢arly onset neonatal sepsis include
maternal fever greater than 38°C, maternal urinary tract infection, poor prenatal care,

poor maternal nutrition, fow socioeconomic status, recurrent abortion, maternal



substance abuse, low birth weight, difficult delivery, birth asphyxia, meconium
staining, and congenital anomalies. Risk factors implicated in neonatal sepsis reflect
the stress and illness of the fetus at delivery, as well as the hazardous uterine

environment surrounding the fetus before delivery.

Late onset sepsis is associated with risk factors like prematurity, central venous
catheterization (duration of >10 d), nasal cannulaor continuous positive airway
pressure (CPAP) use, H; blocker/proton pump inhibitor use and gastrointestinal tract

pathology.

Physical examination of the baby and the laboratory tests help to diagnose neonatal
sepsis. The physical examination includes assessing the body temperature, heart rate,
breathing, etc. The laboratory tests aim at finding out the bacteria/virus that has
caused infection. Blood tests that are performed on the infant, consist of WBC count,
platelet count, blood culture, etc. Chest X-rays and urine tests are performed, when

infection due to bacteria is suspected.

Neonatal sepsis should be treated at the earliest possible time because the immune
system of an infant is not completely developed and the infection may be fatal.
Antibiotics are recommended when diagnosis of neonatal sepsis is not yet confirmed.
This can help prevent further complications. Further treatment depends on the result
of the laboratory tests. In case of infections caused due to GBS and E. coli
medications like ampicillin and gentamicin are given. These medications help in
curing early-onset neonatal sepsis. Intravenous immune globulin replacement,
granulocyte transfusion is the treatments given, if the infection is too severe. If the

baby is given the proper treatment, it can recover soon from the infection.

This study was accomplished on neonatal septicemia patients to evaluate the
hematological parameters. The result of this study is consistent with the other studies
regarding neonatal septicemia. This study will help to determine the most significant

parameters in diagnosis of septicemia.



1.2. Introduction

Of the estimated 130 million infants born each year worldwide, 14 million die in the
first 28 days of life. Three-quarters of neonatal deaths occur in the first week, and
more than one-quarter occur in the first 24 hours (World health report 2005).
Neonatal deaths account for 40% of deaths under the age of 5 years worldwide.
Therefore, efforts to achieve the UN Millennium Development Goal 4 of reducing
childhood mortality by two-thirds by 2015 are focused on reducing neonatal deaths in

high-mortality countries (Loo S, 2002).

Major causes of death among children under 5 years of age
and neonates in the world, 2000-2003

Dlatifrooa
17°% Causes of

neonatal deaths

_ Other. 7
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Fig. 1.1: Major causes of death among children and neonates

Undernutrition is an underlying cause of
53% of deaths among children under
five years of age.

Major causes of neonatal mortality are diseases associated with preterm birth and low
birth weight (LBW) and lethal congenital anomalies. Neonatal mortality is highest
during the first 24 hr of life and accounts for 65% of all infant deaths (deaths before 1
year of age).

Perinatal mortality is influenced by prenatal, maternal, and fetal conditions and by
circumstances surrounding delivery. Perinatal deaths are associated with intrauterine
growth restriction (IUGR); conditions that predispose the fetus to asphyxia, such as

placental insufficiency; scvere congenital malformations; and overwhelming early-



onset neonatal infections. Postneonatal mortality refers to deaths between 28 days and
1 yr of life. Historically, these infant deaths were due to causes outside the neonatal

period, such as SIDS, infections (respiratory, enteric), and trauma. (Gotoff SP, 2002).

Table 1.1. Major Causes of Perinatal and Neonatal Mortality (Gotoff SP, 2002).

FETAL PRETERM FULL TERM

Placental insufficiency Severe immaturity Congenital anomalies

Intrauterine infection Respiratory distress | Birth asphyxia, trauma
syndrome \

Severe congenital | Intraventricular Infection

malformations (anomalies) | hemorrhage

Congenital anomalies Meconium aspiration
pneumonia
Umbilical cord accident [nfection Persistent pulmonary
Abruptio placentae Necrotizing enterocolitis hypertension (PPHN)
Hydrops fetalis Bronchopulmonary
dysplasia (BPD)

Bangladesh has a neonatal death rate that is substantially high. The neonatal mortality
rate was 53.5 per 1,000 live births. The originating causes of death were pre-
maturity/low birth-weight (30%), difficult labour (16%), unhygienic birth practices
(16%), others (4%), and unknown (34%). The direct causes were sepsis (32%),
asphyxia (26%), tetanus (15%), respiratory distress (6%), others (6%), and unknown
(14%). According to the prevailing causes of neonatal deaths, implementation of
intervention programmes, often in the community, that do not depend on highly-
technical training or sophisticated equipment should be implemented (Chowdhury

M, 2005).

Infections are the single largest cause of neonatal deaths globally. Neonatal sepsis is a
bacterial infection is considered to be an important cause of neonatal mortality.

Bacterial organisms causing neonatal sepsis may differ among countries. However, in




most developing countries, Gram-negative bacteria remain the major source of
infection (Dawodu et al., 2002). In addition, bacteria causing neonatal sepsis have
developed increascd drug resistance to commonly used antibiotics, making its
management a challenge for both the public and private health sectors (Motara, et al,
2005).

1.3. Neonatal sepsis

Neonatal sepsis, sepsis neonatorum and neonatal septicemia are terms that have been
used to describe the systemic response to infection in newbom infants. There is little
agreement on the proper use of the terms that is whether it should be restricted to

bacterial infection, positive culture or severity of illness (Gotoff SP, 2002).

The application of the terminology to septic newboms needs careful assessment (i.e.,
age related reference values for blood pressure, heart rate, respiratory rate and
icukocyte count). Furthermore, the application of a staging system (including sepsis,
severe sepsis, septic shock and multiple organ dysfunction syndromes) may not be

best approach to disease or risk stratification in the newbom (Chiesa C, 2004).

urrently, criteria for neonatal sepsis include documentation in a newborn infant with
a serious systemic illness in which non-infectious explanation for the abnormal

pathophysiological states is excluded or unlikely (Gotoff SP, 2002).

1.4. Definition of Neonatal sepsis

Neonatal sepsis, sepsis neonatorum and neonatal septicemia are terms that have been
wsed to describe the systemic response to infection in newborn infants. There is little
sereement on the proper use of the terms that is whether it should be restricted to

sacterial infection, positive culture or severity of illness (Gotoff SP, 2002).

1.5, Classification of neonatal sepsis
Neomatal sepsis can be divided into two main classes depending on the onset of

svmptoms related to sepsis.



1.5.1. Early onset sepsis

Early onset sepsis usually presents within the first 72 hours of life. In severe cases, the
neonate may be symptomatic in utero (fetal tachycardia, poor beat to beat variability)
or within a few hours after birth. The source of infection is generally the maternal
genital tract. Clinically, neonates usually present with respiratory distress and
pneumonia. Presence of some perinatal risk factors has been associated with an
increased risk of early onset sepsis. Recommendations from developed countries
suggest that presence of two risk factors should be considered an indication for

starting antibiotics (Jeeva M, 2008).

Congenital infection
Presenl at binth

* Infection direct lrom
mother

1

3. Late-onpet sepsis
*Onset beyond 1 wovk
*Matorndl or wxternal
soucce of infection

2 Early-onsef sepsis
Onset binh to 1. waek
+ Infection from birth canal

Fig. 1.2. Causes of neonatal septicemia (Joshi S, 2005).

1.5.2. Late onset sepsis

Late onset sepsis usually presents after 72 hours of age. The source of infection is
either nosocomial or community-acquired and neonates usually present with
septicemia, pneumonia or meningitis. Various factors that predispose to an increased
risk of nosocomial sepsis include NICU admissions, low birth weight, prcmaturity,
invasive procedures, parenteral fluid therapy, ventilation and use of stock solutions.
FFactors that may increase risk of community-acquired late onset sepsis include poor
hygiene, poor cord care, bottle-feeding and prelacteal feeds. Breast-feeding, on the

other hand, prevents infection in neonates (Jeeva M, 2008).



. ». Etiology
T+ ~athogens most often implicated in neonatal sepsis in developing countries differ
~ :hnse seen in developed countries. Overall, Giram negative organisms are more
— -1 and are mainly represented by Klebsiella, Escherichia coli, Pseudomonas,
.o ~:z'monclla. Of the Gram positive organisms, Staphylococcus aureus, coagulase
stapivlococci (CONS), Streptococcus pneumoniae, and Streptococcus
e are most commonly isolated. Group B streptococcus (GBS) is generally rare
- ::.zioped countries. In most of the African studies, the incidence is low, with the
+ .7 on of South Africa. In Asia GBS is also reported to be extremely rare. In South
-~ 22 GBS incidence is comparable to the West. It is not known whether these
+ o5 reflect true ditferences in pathogens across the world, reflecting an
-~ - -logical transition in some countries, or whether it reflects an epidemiological
. =ned to the fact that most EOS babies die at home before reaching the health

= =% and they do not appear in the statistics. Neonatal surveillance in developed

~« generally identifies GBS and E coli as the dominant EOS pathogens and

-+ iz dominant LOS pathogen followed by GBS and Staphylococcus aureus.

sr-zioped countries, BOS disease is often more severe and case fatality rate is
Lo tham it 1s for LOS disease. As the latter is usually caused by CONS, the
- z-swd morbidity and mortality are low. In developing countries, this may not be
T. ool in sowe series, LOS disease has a neonatal sepsis, and methicillin resistant
=5 (methicillin resistant Staph aureus (MRSA) are widespread Vancomycin is
- nat affordable. The experience in the western world suggests that this may

cmi 2w in the future (Vergnano S, et al, 2004).

- “.zpal nconatal sepsis is likely to be the result of infection by gram positive
--.1e7ia such as Staphylococcus, Streptococcus and gram negative organisms such as
: Klebsiella, Enterobacter and Salmonella (Manandhar DS, 2003). A study

*. ™ Shrestha B. M. at Kanti Children Hospital, found the predominance of gram
“o.suve organisms in 60.5% cases with £ coli being the commonest isolate

S restha BM, 2000).



In the study at a tertiary-level pediatric hospital in Dhaka, Bangladesh, late-onset
neonatal septicemia was found to be more common than early-onset disease, in
contrast to other reports in which early-on et septicemia generally has been more
common. E.coli and Mebsiella was the most common organisms responsible for
neonatal septicemia in a tertiary care center in Bangladesh. Most of the gram negative
isolates were sensitive to gentamicin and third generation cephalosporins

{Chowdhury A, 2002).

1.7, Risk factors for early Onset Neonatal Sepsis

Perinatally acquired neonatal bacterial infection usually manifests within the first
three days of life and is also termed as early onset sepsis.. A good history especially
maternal history and elicitation of risk factors are of great importance in the
assessment of individual baby and the need for empirical antibiotic therapy. Risk
factors are additive and presence of more than two risk factors increases the risk of
sepsis manifold. Most of the risk factors defined are from the west where group B
streptococcus is the etiological agent for early onset sepsis (Dutéa A, 2007). Some of

the risk factors are discussed a follows.

1.7.1. Prolonged rupture of membranes:

When membranes have ruptured prematurely before 37 weeks' gestation, a longer
latent period precedes vaginal delivery, increasing the likelihood that the infant will
be infected. The relationship between duration of membrane rupture and neonatal
infection is inversely related to gestational age. Therefore, the more premature an
infant, the longer the delay between rupture of membranes and delivery, and the

higher the likelihood of neonatal sepsis (Ann L, 2010).

The risk of sepsis in newborns born to mothers with rupture of membranes for more
than 24 hours has been reported to b | percent compared to a baseline incidence of

4.1 to 0.5 percent (Dutta A, 2007).

4 sludy by Scaward et al found that more than 6 vaginal digital examinations, which
may ccur as part of the evaluation for PROM, were associated with neonatal

infection even when considered separately from the presence of



chorioamnionitis.There was a three-fold increase in the incidence of sepsis when

membranes ruptured for 24 hours prior to delivery (Basavaraj M , 2002).

1.7.2. Chorioamnionitis

It clinically manifests with maternal fever, abdominal tendemess, increased WBC
count and erythrocyte sedimentation rate , and premature rupture of the membranes
>48 hours before delivery,foul smelling or purulent amniotic fluid and fetal
tachycardia or silent where in there is histologic evidence of inflammation, but no
symptoms or signs. Chorioamnionitis increases the risk of sepsis by 2 to 3 times. If
PROM is associated with chorioamnionitis, the risk of sepsis increases by four-fold

(Dutta A, 2007).

1.7.3 Maternal GBS status

e The most common etiology of neonatal bacterial sepsis is GBS. Nine
serotypes exist, and each is related to the polysaccharide capsule of the
organism. Types I, II, and III are commonly associated with neonatal GBS
infection. The type Il strain has been shown to be most highly associated with
CNS involvement in early-onset infection.

e The GBS organism colonizes the maternal GI tract and birth canal.
Approximately 30% of women have asymptomatic GBS colonization during
pregnancy. GBS is responsible for approximately 50,000 maternal infections
per year in women, but only 2 neonates per 1000 live births are infected.
Women with heavy GBS colonization and culture results that are chronically
positive for GBS have the highest risk of perinatal transmission. Also, heavy
colonization at 23-26 weeks of gestation is associated with prematurity and
low birth weight. Colonization at delivery is associated with neonatal
infection. Intrapartal chemoprophylaxis of women with positive culture results
for GBS has been shown to decrease the transmission of the organism to the

neonate during delivery (Ann L, ef al, 2010).

1.7.4. Prematurity and low birth weight
Preterm babies are deficient in immunoglobulin concentration, complement function

and phagocytic activity. They have 2 to 10 times higher risk of developing sepsis than



term infants. Chorioamnionitis may coexist and may trigger for preterm labor.
Association of chorioamnionitis and low birth-weight increases the risk of sepsis to

16% compared to association with normal weight babies (Dutta A, 2007).

Prematurity is associated with infection from cytomegalovirus (CMYV), herpes
simplex virus (HSV), hepatitis B, toxoplasmosis, Mycobacterium tuberculosis,
Campylobacter fetus, and Listeria species. Preterm infants are more likely to require
invasive procedures, such as umbilical catheterization and intubation (Ann L, et al,

2019).

1.7.5. Perinatal asphyxia

Asphyxia is associated with depressed immune function. In addition; several
interventional procedures increase the risk of infection. Presence of low Apgar score
along with prolonged rupture of membranes has shown to increase the risk of
infection by 4 percent and 27 percents as studied by Geme and Knudsenetal

respectively (Dutta A, 2007).

L1.7.6. Male gender

Boys have 2 to 6 time higher risk of development of neonatal sepsis than girls (Dutta
A, 2007).

1.7.7. Other factors
Maternal fever, genitourinary tract nfection, poor socioeconomic condition and

feading artificial milk are other risk factors attributed for sepsis (Dutta A, 2007).

1.8. Pathogenesis
“'hether the infants who are exposed to potentially pathogenic organism will develop
s2psis or ot is determined by maternal, environmental and host factors. Exposure to

tha micro-organism may occur in the following ways (Dear P, 1999).
{.8 1. Transplacental

Cegnain infective agents have an inherent ability to penetrate the barrier, often

#amaging the placenta (Dear P, 1999).

10



1.8.2. Ascending infection

Ascent of vaginal organisms into the uterine cavity occurs from the vagina and cervix
through microscopic leak in the amniotic membrane or through frankly ruptured
membrane (Dear P, 1999). The risk of perinatal sepsis according to Trucker, is about
1-2% after the term PROM. Rupture of membrane without complications for more
than 24 hours prior to delivery is associated with 1% increase in the incidence of
neonatal sepsis; however when the chorioamnionitis accompanies, the incidence of
neonatal infection rises by four times. 26IIn a report presented in the Perinatal
Symposium, California, the frequency of sepsis associated with PROM and culture

positive GBS showed to be 33 to 50% (Permanente K, 2003).

1.8.3. Intrapartum

Vaginal delivery inevitably results in surface contamination during the passage
through the birth canal and causes the colonization of skin and gut. The risk of
transmission increases when the density and number of sites of maternal colonization

increases (Dear P, 1999).

1.8.4. Postnatal
Spread of infection from the postnatal environment is very common. People are the

main source of such contamination (Dear P, 1999).

Many prepartum and intrapartum obstetric complications have been associated with
increased risk of infection in the newbomn, the most significant of which are premature

onset of labour, PROM, chorioamnionitis and maternal fever (Freij BJ, 1994).

In one of the study of 963 pregnancies complicated by PROM, the incidence of
clinical sepsis increased from 2% among infants born within 23 hrs of membrane
rupture to 7% and 11% among those delivered 24 to 47 hrs and 48 to 71 hrs after the
membrane rupture respectively. The incidence of infection has been estimated to be
£.7% for infants born to mother with PROM (>24 hrs) and clinical chorioamnionitis

(Freij BJ, 1994).

he barrier to infection is provided by the integrity of placenta and membranes, the

ow pathogenicity of most colonizing organisms and the relative competence of
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%e5y’'s defence mechanism. Neonatal infection occurs when one or other of these
faciovs are altered (Dear P, 1999).

“lomization of the upper respiratory tract occurs rapidly and 90% of infants have
positive pharyngeal culture by third day, with CONS being the commonest organism.
S colonization is very rapid with the number of bacteria increasing 100 fold during
e first week. The umbilicus, perineum and axilla are most heavily colonized. Most
wiants become colonized without becoming infected but various host factors or the
sathogenicity of the organisms and its load are important in causation of sepsis in
sewbom (Dear P, 1999). The systemic inflammatory cascade is initiated by various
sacienial products. These bacterial products gram negative bacteria — endotoxin,
swotoxins, proteases, formyl peptides; gram positive bacteria- endotoxin, super
antigens (toxic shock syndrome toxin, streptococcal pyrogenic exotoxin A),
smterotoxin, hemolysins, peptidoglycans and lipotechoic acid] binds to cell receptor
e the hosts macrophages and activates regulatory proteins. Endotoxin activates the
msulatory proteins by interacting with several receptors. The CD receptors pool in the

_ S binding protein complex on the surface of the cell and then the TLR receptors

wanslate the signal into the cells (Chamberlain N R, 2000).

The proinflammatory cytokines produced are Tumor Necrosis Factor (TNF),
werleukin 1, 6, 12 and Interferon Gamma (IFN-y). These cytokines can act directly
1 affect organ function or they may act indirectly through secondary mediators. The
secondary mediators include nitric oxide, thromboxane, leukotriens, and platelet
sctvating factor, prostaglandins and complement. These primary and secondary
mediators cause the activation of the coagulation cascade, the complement cascade
s production of prostaglandins and leukotriens. These products lower the perfusion

o organs and can lead to multiple organ system failure (Chamberlain N R, 2000).

1.9. Pathology

Sacterial fragments and endotoxin or exotoxins stimulate monocytes and neutrophils
produce variety of inflammatory mediators. The simultaneous activation of

oomplement, coagulation and fibrinolytic cascades leads to the formation of

vasoactive and proinflammatory mediators such as prostaglandin E2, free radicals,
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- 'm¢ oxide and PAF (platelet activating factor). These mediators either singly or
~>;uentially lead to adhesion and diapedesis of polymorphonuclear cells into the
- .¢ giving rise to clinical features seen in sepsis syndrome and septic shock (Haque

RH, 1998).

<:=w;5 may indicate an immune system that is severly compromised and unable to
-—.izate pathogens. Cells of the innate immune system recognize messengers
-~ -:zh pattern recognition receptors called Toller like Receptors (TLRs), which are
-r_::%nt to endotoxin because of mutation in the toll like receptor 4 gene (TLR4).
“--z: TLR4 mutations have been identified in human and may make person more

.-zgptible to infections. Again, polymorphism in TNF receptor, interleukin-1

-+, FCy receptors, TLRs and cytokine genes may determine the concentrations

o lammatory and anti-inflammatory cytokines production. The risk of death
-~ =y the sepsis has been linked to genetic polymorphism for TNF-a and TNF-B as
-~ =~zch polymorphism may be used to identify patients at high risk of development

=iz and organ dystunction during infection (Hotehkiss RS, 2003).

..;a, Clinical presentation and assessment of the neonate
- sacognition of serious infection in the neonate is essential because of extreme

= --:= with which the risk of permanent morbidity and mortality can develop (Dear

e 2 1)

F2vaweal findings

-+ nom-specific clinical signs of early sepsis are also associated with other

discases, such as respiratory distress syndrome, metabolic disorders,

=7yl o feed
P o v teed occurs in most of the infants. In a study done by Jaiswal et al, refusal

.+ & z3 most prominent (66%) in infants with neonatal sepsis (Jaswal R S, 2003).
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Gastrointestinal symptoms
Vomiting, diarrhoea and abdominal distension are important symptoms of neona

sepsis. (Jaswal R S, 2003).

Lethargy
Jaiswal et al reported lethargy as a feature of septicemia in 42% of infants ((Jaswal R

S, 2003)

Temperature instability

A temperature below 360C or above 37.80C sustained for more than one hour must be
regarded as possible infection. About 50% of infected newborns have temperature
more than 37.80C (axillary) (Gotoff SP, 2002). Temperature instability is observed
with neonatal sepsis and meningitis either in response to pyrogens secreted by the

bacterial organisms or from sympathetic nervous system instability (Bellig LL, 2004).

Ictrerus
Icterus is one of the important clinical signs of sepsis in newborns (Gotoff SP, 2002)
Basu K. et al reported that septicaemia caused jaundice in 4.75% of cases (Basu K,

2002).

Respiratory distress
Respiratory distress is the most common symptom occurring in 90% of patients with
sepsis (Guerina NG, 1998). Cyanosis, apnoea and dyspnoea are the classic signs of

neonatal lung disease (Greenough A, 1999).

Seizure

Seizures are late features of neonatal meningitis (Dear P, 1999).

Cardiovascular dysfunction — Tachycardia of > 160 beats/min usually suggests

early sepsis. Other signs are mottling and poor capillary refill time (Gotoff SP, 2002).

Umbilical discharge
Omphalitis is a unique neonatal infection resulting from inadequate care of the

umbilical cord. The umbilical stump is colonized by bacteria from the maternal
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zenital tract and the environment. Omphalitis may spread to the umbilical or portal

vessels. the liver and peritoneum, often resulting in sepsis (Gotoff SP, 2002).

Cstaneous manifestations:
#etechiae and pustules may have infectious cause. DIC with petechiae and bleeding

S puncture site is late sign of sepsis (Gotoff, SP 2002).

1.11. Diagnostic investigations of neonatal sepsis

The diagnosis of neonatal sepsis is difficult to make solely on historical and clinical
gound. Laboratory evaluation assists in the diagnosis and confirmation of neonatal
wpsis. No single laboratory test has been found to have acceptable sensitivity,
wecificity for predicting or excluding infection (Guerina NG, 1998). So far there is
» rapid and reliable test for confirmation of diagnosis of neonatal sepsis. The
s=amment for sepsis is generally started when clinical findings are supported by
marect early markers of neonatal infection (Singh M, 1991). The laboratory

ssrameters evaluated as the indicators of infections are followings:

I 11.]1 Haematological tests
Tl leukocyte count has low predictive value for the diagnosis of neonatal sepsis
secause of wide range of normal count. Leukopenia (<5,000/cmm) or leukocytosis
20.000/cmm) is usually associated with neonatal sepsis (Singh M, 1997). During
S Trst three days of life, leukopenia and neutropenia have good sensitivity and
specificity of 67%, 90% and 78%, 80% respectively (Berger C, 1994). Beyond 3
Suvs of age, lcucocytosis and neutrophilia have sensitivity and specificity of 74%,
0% and 67%, 65% respectively. The ratio of immature to mature neutrophill (I: T
== of more than 0.2 is relatively sensitive indicator of sepsis. I: T ratio has

semsimivity and specificity of 78% and 73% respectively (Ang AT, 1994).

% hen the [t T ratio is greater than 0.2, this indicates that there is a “left shift.” This

«* shift means that there are more immature neutrophils than mature neutrophils

srculating around in the bloodstream.
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- ~zutrophil is a type of white blood cell that defends the body against organisms that
.. infection. When infection is prescnt the neutrophils migrate out of the
o ‘aries and into the infected site. where they ingest and destroy the pathogens

. --ng the infection. When the demand for the neutrophils exceeds the supply in
-..tation, immature neutrophils are released into the blood to help fight off the
- :2:ii0n. This is labeled a “left shift” and indicates that an infection may be present.
¢ infection diminishes and neutrophils are replenished, a “shift to the right”

-.. .~ tndicating that everything is back to normal (Singh M, 1997).

. .. Platelet count
:: count falls below 100X109/L in obviously septic infants. The sensitivity and
ity of thrombocytopenia for the diagnosis of septicemia was reported as 65%
...... - 7%, respectively. In a study obtaining haematolotical score by a complete blood
.~ Zifferential leucocyte count, total leucocyte count, band form count and platelet
- the hematological score of >3 has the sensitivity of 86% and negative

oo oove value of 96% (Manuacha V, 2002).

[ ESR measurement
-~ s1iive but non-speciic indicator of infection (Haque KH, 1998). The ESR is
. “zvi. quantitative measurement of fibrinogen concentration in plasma. When
--------- .~ kevel increases as in response to an acute inflammatory stimulus; there is
oo+ . hesion of erythrocytes leading to agglutination, rouleaux formation and
= 2f sedimentation. The micro ESR value of >!5mm/hr is suggestive of
ISR cannot reliably distinguish the microbial etiology of acute

- v progess and may take even longer time to rise (Hilliard NJ, 2002).

s Blssd culture
------------------ - "..r.n of the causative organism may be made by blood culture. Blood for

- +:id be obtained from a peripheral vein with aseptic precautions in an

-------- .o -2ml. The sensitivity of single blood culture in identifying septicemia is
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8 & mudy of 254 clinically suspected cases of neonatal bacteremia Parikh and Singh;
985 Sound that blood culture was positive in 119 (47%). In another study done by
Sowecyrous et al; found 27% of blood culture was positive with 69% of gram positive
w29, of gram negative organisms. 48 In similar study by Kaiser et al; on
sauston of blood culture results from late onset sepsis found that 10.2% cases were
gesitve for bacterial isolation (Kaiser JR, 2002).

L L5 Chest X ray:

e chest x ray was performed after the clinical evaluation in suspected sepsis. The
sstogrephic findings consistent with sepsis includes pulmonary infiltration, pleural
= swon. poeumatosis intestinalis or intraperitoneal free air. (Benitiz W E, 1998).

increased lung markings

poor aeration

Fig 1.3. CXR of a septic neonate (Merck M, 2000).

& CSF analysis

%F exmmmation is indicated in all septic neonates with history of seizure, as
Semime s occurs in one third of neonatal sepsis cases (Hague KH, 1998). In case of
Seomass meningitis, the ratio of CSF glucose to blood glucose is less than 50%. A
sesitve culure of pathogenic bacteria in the CSF remains the gold standard for
Sgmess of bacterial meningitis, CSF examination is positive in most of the cases

W e omset sepsis (Dear P 1999) Whereas Kaiser et al on evaluation of CSF
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culture, found only 5.4% to be positive of bacterial isolation in late onset sepsis.
{Kaiser JR, 2002).

I.11.7. Urine culture
Urine culture should be done in cases of late onset sepsis. Urinary tract infection is

confirmed when there is more than 105 colony forming units/ml of freshly collected
urine (Haque KH, 1998).

I.11.8. C-reactive protein (CRP)

C-reactive protein was first described by Tillet and Francis in 1930 at Rockefeller
University. (Hengst JM, 2003) .C-reactive protein is a serum glycoprotein produced
oy the liver exclusively during acute inflammation.Interleukin-1, interleukin-6 and
INF are mediators for the synthesis of CRP by hepatocytes. It causes rapid increase
i concentration of up to 1000 fold in response to tissue damage and inflammation

(Pepvs MB, 2003).

In healthy adult volunteer blood donor, the median concentration of CRP is 0.8 mg/I,
but following an acute phase stimulus, values may increase from less than 50pg/l to
more than 500mg/l, that is 10,000 fold. The plasma half life of CRP is about 19 hours
and is constant under all conditions of health and disease. So that the sole determinant
of circulating CRP concentration is the synthesis rate, which directly reflects the
mtensity of pathological processes stimulating CRP production. When the stimulus
for increased production completely ceases, the circulating CRP concentration falls
rapidly, at almost the rate of plasma CRP clearance. An acute phase CRP value shows
diumal variation and are unaffected by eating. Liver failure impairs CRP production,
but no other intercurrent pathologies and very few drugs reduce CRP values unless
they also affect the underlying pathology providing the acute phase stimuli
(Manandhar DS, 2000).

1.11.8.1. CRP in Neonatal sepsis

Da silva et al, while reviewing the use of CRP as a tool for diagnosis of neonatal
sepsis concluded that CRP is probably the best available diagnostic test (Da Silva O,
1995). Since the protein is produced by the fetus and the neonate and does not pass

e placental barrier, it can be used for the early detection of neonatal sepsis. As
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Swological half life of CRP is only 24 hours, CRP accurately parallels the activity of
e inflammatory process and its concentration decreases much faster than ESR or any

scute phase parameter which is useful in providing appropriate treatment.

A level of 10mg/L has consistently been shown to be the most reliable cut off value to
" ndicate sepsis. (Groves A, 2003) CRP remains normal up to 24-48 hours after the
smset of signs of infection and is useful in excluding the diagnosis of sepsis in
seonates receiving the antibiotic therapy. A very high CRP (>100mg/L) is more likely
% occur in bacterial than viral infection, and normal CRP level is unlikely in the
presence of bacterial infection. However intermediate CRP levels (10-50mg/L) may

=e ===n in both bacterial and viral conditions (Reeves G, 2001).

Table 1.2. Components of the hematological test and the abnormal values (Joshi S,
2005).

Components Abnormal value

Total leukocytes count <5000/mm

I/T ratio >0.2

Micro-ESR >15 mm in 1* hour
C-reactive protein(CRP) >1mg/dl

1.12. Management

.11 I Supportive care

The purpose of supportive care is to normalize the temperature, stabilize the
cardiopulmonary status, correct hypoglycemia and prevent bleeding tendency .The
septic neonate should be nursed in a thermo neutral environrnent. If hypothermic, the
swemperature should be raised using a heat source. An intravenous line should be
ssmaniished. A dextrose bolus will help correct hypoglycemia which is often present in
septc infants. Vitamin K should be given to prevent bleeding. Oxygen should be
seowded if the infant is having retractions, grunt or cyanosis. Apneic neonates should
e zven physical stimulation and bag-mask ventilation, if required. Enteral feeds are
wwonded if infant is very sick or has abdominal distension. Appropriate maintenance

weevenous fluids are administered. In neonates with sclerema, exchange transfusion

19




=z whole blood may be contemplated. There is no role of intravenous

ulin therapy in neonatal se¢psis. (Dutta A, 2007). Following supportive

¢ normal saline 10 ml/kg over 5-10 minutes, if perfusion is poor as
wvidenced by capillary refill time (CRT) of more than 3 seconds. Repeat the
same dose [-2 times over the next 30-45 minutes, if perfusion continues to be

SHL

% intuse plucose (10 percent) 2 ml/kg stat.
{miect Vitamin K ! mg intramuscularly.
%, 3tart oxygen by hood or ma Kk, if cyanosed or grunting.

T, Peowide gentle physical stimulation, if apneic.

vide bag and mask ventilation with oxygen if breathing is inadequate.

% Avoid enteral feed if very sick, give maintenance fluids intravenously

7 ensider use of dopamine if perfusion is persistently poor.

¢ < oansider exchange transfusion if there is sclerema.

s Amsimicrobial therapy

ERE

Ty nzmrot be a single recommendation for the antibiotic regimen of neonatal sepsis

gs. The choice of antibiotics depends on the prevailing flora in the given

e I

s @wd their antimicrobial sensitivity, This protocol does not aim to provide a

i recommendation for all settings but lays down broad guidelines for the

= 1> make a rational choice of antibiotic combination. Decision to start
% 15 based upon clinical features and/ or a positive septic screen. However
;=i antibiotic therapy is dependent upon the presence of a positive blood

meningitis (Dutta A, 2007).

i antibiotic therapy should be unit-specific and determined by the prevalent
# i eriological agents and their antibiotic sensitivity pattern. Antibiotics once

L

1 be modified according to the sensitivity reports. The empirical choice

23 is dependent upon the probable source of infection. For infections that
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are likely to be community-acquired where resistant strains are unlikely, a
combination of ampicillin or penicillin with gentamicin may be a good choice as a
first line therapy. For infections that arc acquired during hospital stay, resist t
pathogens are likely and a combination of ampicillin or cloxacillin with gentamicin or
smikacin may be instituted. In nurseries where this combination is ineffective due to
ihe presence of multiple resistant strains of klebsiella and other gram-negative bacilli,
z combination of a third generation cephalosporin (cefotaxime or ceftazidime) with
amikacin may be appropriate. 3rd generation cephalosporins have very good CSF
nenetration and are traditionally thought to have excellent antimicrobial activity
sgainst gram negative organisms. Hence they were considered to be a good choice for
ke treatment of nosocomial infections and meningitis. However, recent reports
-z 7est that at lea t 60-70% of the gram-ve organisms are resistant to them (Zaidi
AK. 2005). Moreover, routine use of these antibiotics might increase the risk of
:atections with ESBL  (extended spectrum beta-lactamase) positive organisms.
ihwrefore it is preferable to use antibiotics such as piperacillin-tazobactam or
=zthicilin/vancomycin in units with high incidence of resistant strains. A
c=mbination of piperacillin-tazobactam with amikacin should be considered if
r«zudomonas sepsis is suspected. Penicil lin resistant staphylococcus aureus should be
weated with cloxacillin, nafcillin or methicillin. Addition of an aminoglycoside is
_=ziul in therapy against staphylococcus. Methicillin resistant staphylococcus aureus
*1RSA) should be treated with a combination of ciprofloxacin or vancomycin with
s~rihacin. Ciprofloxacin has excellent activity against gram-negative organisms also;
- ~agver, it does not have good CSF penetration. It may be used for the treatment of
~ziistant gram-negative bacteremia after excluding meningitis. For sepsis due to
=1270C0oCCUs, a combination of ampicillin and gentamicin is a good choice for initial
~zrapy. Vancomycin should be used for the treatment of enterococcus resistant to the

7 line of therapy (Dutta A, 2007).

Ezxarve antibiotics

. »u¢r antibiotics like aztreonam, meropenem and imipenem are also nowavailable in
market. Aztreonam has excellent activity against gram-negative organisms

wrizmeropenem is elfective against most bacterial pathogens except methicillin

=+stant staphylococcusaureus (MRSA) and enterococcus. Imipenem is generally

:»2ided in neonates because of the reportedincrease in the incidence of seizures
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following its use. Empirical use of these antibiotics should beavoided; they should be
reserved for situations where sensitivity of the isolated organism warrants its use.
{Dutta A, 2007).

1.12.3. Adjunctive therapy
Exchange transfusion (ET): Sadana ef a/ (Sadana S, et al, 1997) have evaluated the
role of double volume exchange transfusion in septic neonates with sclerema and

demeonstrated a 50% reduction in sepsis related mortality in the treated group

Intravenous Immunoglobulin (IVIG): Non-specific pooled 1VIG has not been
found to be useful (Jenson HB, 1998).

Granulocyte-Macrophage colony stimulating factor (GM-CSF): This mode of
treatment is still experimental (Goldman S, 1998).

1.13. Global Epidemiology

In developing countries, neonatal mortality (deaths in the first 28 days of life per 1000
live births) rate is high. Most of these deaths occur in the first week of life, most on
the first day (WHOQO, 2001). In contrast, neonatal mortality for deveioped countries is

in the region of five.

A number of other factors in addition to geographic region influence the rate of
nechatal infection. Socioeconomic status, maternal age and sex influence the
prevalence of maternal infection.There may be hospital to hospital variability even in
the same geographical area and this may be related to environmental condition of
neonatal unit, perinatal care, conduction of labour and prematurity.The
gastrointestinal tract is the major site of asymptomatic colonization with both group B
Streptococcus and E. coli for mother and infant, other being genitourinary tract.
Between 40 to 70% of infants where mothers are colonized at delivery becomes
colonized with GBS (Vergnano S, er al, 2004). The incidence of neonatal sepsis
varies according to geographic regions and from one hospital to another and the
community in the same geographic area. The incidence varies from 1-4 cases per

1000 live births in developed countries with considerable fluctuation over time and
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e=ographical location (Gotoff SP, 2002). The incidence in developing countries
=gh as 10-15 per 1000 live births (Haque KH, 1998). In the US, the incidence
= proven sepsis is approximately 2 per 1000 live births (Bellig LL, 2004).
wience of neonatal sepsis is 9.8 per 1000 live births in South India. (Kuruvilla

A, 1998).

Age and sex incidence

* omset neonatal sepsis is clinically apparent within 6 hours of birth in >50% of
the great majority presents within the first 72 hours of life. Males have
two fold higher incidence of sepsis than females, suggesting the
» of a sex linked factor in host susceptibility (Gotoff SP, 2002). In a study
n Kanti Children Hospital, showed a preponderance of male septicaemic
with the male: female ratio being 1.8:1 (Shrestha BM, 2000).

0O Bays
o Girs

[.r‘-r'iﬁ

<ly 59y 10-14 y 15-19y
Age group

Figure 1.4. Incidence of severe sepsis by age and sex.

was highest in the youngest patients and decreased until late
= 15-19 years old). A total of 48% of all patients were less than 1 year
were admitted at birth. The incidence was significantly higher in boys
among infants and children aged 14 and 5-9 years; 95% confidence
shown by error bars (Scott R, ef al, 2002).
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1.15. Mortality and morbidity

The mortality rate due to neonatal sepsis may be as high as 50% for the infants who
are not treated. Infection is a major cause of mortality during the first month of life,
contributing to 13-15% of all the neonatal death. Neonatal meningitis is responsible
for 4% of neonatal death (Bellig LL, 2004). The infant mortality rate has declined in
Nepal in the last few years (1987-2001).The National figure of IMR in the year 1988-
1989 was 107 per 1000 (Janssens R, 1992). According to Demographic Health
Survey, the neonatal mortality of 49.5 per 1000 live births constitutes 63% of infant
mortality rate in Nepal (Manandhar DS, 2000).

1.16. Mortality rate of sepsis in Bangladesh

In Bangladesh, neonatal mortality rate is 42/1000 live births and accounts for two-
thirds of the infant mortality. (UNICEF, 2005). Although a 40% reduction of
neonatal mortality was achieved over the past two decades, it still remains high
compared to the developed countries (Lawn JE, ef al, 2005) [t is estimated that 30%
of neonatal deaths is contributed by prematurity/ LBW in Bangladesh, the direct
causes of mortality being sepsis (32%), asphyxia (26%), tetanus (15%), respiratory
distress (6%) while 14% remains unknown. (Chowdhury EM, 2005).

1.17. Significance of hematological tests for confirmation of neonatal
septicemia:

‘The diagnosis of neonatal sepsis is difficult to make solely on historical or clinical
ground. Laboratory evaluation is essential in the diagnosis and confirmation of
infection. ‘There is no rapid and reliable test for confirmation of diagnosis yet. The
treatment for sepsis is generally started when clinical findings are supported by
indirect early markers of infection (Singh M, 1991). Positive culture of blood, CSF or
urine are the gold standard for confirming sepsis, however in considerable proportion
of neonates at risk of infection, culture result may be influenced by previous antibiotic

exposure (Rodrigo I, 2002).

The evaluation of tests for neonatal sepsis is important because the infection may
present a very serious threat to the baby. There is an urgent need to know whether the

baby has sepsis to institute treatment as early as possible (Chiesa C, et af, 2004). No
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single laboratory test has been found to have enough specificity and sensitivity and
therefore laboratory confirmnation must be used in conjunction with risk factors and
clinical signs. These tests include culture of blood, urine and cerebrospinal fluid,
leukocyte profile, platelet count, acute phase reactants {ESR, C reactive protein), latex
agglutination tests, or counter immune electrophorcses, and Polymerase Chain
Reaction (PCR) (Loo S,2002) C reactive protein (CRP) synthesis increases within (4-
6) hrs, doubling every 8 hrs thereafter, and peaking at 36-30 hrs afier the onset of
inflammation. CRP level remains elevated with ongoing inflammation and tissue
destruction, but with resolution they decline rapidly because of short half life (4 to 7
hrs), so it parallels the degree of injury and repair, thereby supporting its valuc as an
acute measure ol disease activity. CRP is found in serum of normal healthy person in
very low concentration < 0.02 mg/dl, in most cases not exceeding 6 mg/dl) (Isaac
man D, 20{2).

There is a wide range of reported sensitivities and specificities for CRP in the
detection of neonatal sepsis. In this study CRP was positive in 78% of culture positive
cases with sensitivity 78.1%, specificity 68.7%.The study concluded that a positive
CRP provide highest sensitivity and a combination of thrombocytopenia with positive
CRP provide highest specificity in the diagnosis of neonatal sepsis (Mahfuza S, ef al,
2006). Thrombocytopenia was seen frequently in sepsis. This could resuit from
increased platelet destruction, sequestration secondary to infections, faiture in platelet
production due to decreased number of megarkaryocytes or damaging effects of

endotoxin on the platelets.

Multiple studies have examined total leucocyte count, immature to total leucocyte
ratio, platelet count, and CRP and shown that, these routine investigations either have
low sensitivity and specificity or varying delayed responses early in the course of
infection. Leukocyte indices and CRP are considered to be late markers of neonatal
sepsis. Isolation of bacteria from the central body fluid is the standard and most

specific method used to diagnose neonatal scpsis (Ng PC, et al, 1997).

The sole use of culture to diagnose neonatal infection has limitations as it may take 24
to 72 brs to obtain cubture reports. It a Study conducted by Kenneth C ef al, Twenty-

two percent were positive for bacterial growth, yielding gram-negative bacilli (GNB)
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and gram-positive cocci (GPC) in almost equal proportion of 25 % of blood culture
(Kenneth C, 2006).

In the developed world Coagulase Negative Staphylococcus CONS is the leading
cause of late onset sepsis, while in the developing world, gram negative organisms
still predominate.( Rodrigo I, 2002). In a etiological study of neonatal sepsis carried
out by Anwar et al in Pakistan, in early onset sepsis, gram positive and gram negative
organisms were almost equal; while majority of infections were due to gram negative

organisms in late onset sepsis ( Anwer S,et al, 2000).

In a study carried out by Kuschel C, common organism causing neonatal sepsis are
CONS (28%), Staphylococcus (19%), Streptococcus agalactae (10%) and E. coli
(5%) along with others ~ Streptococcus pneumoniae, Haemophilus influenzae and

gram negative organisms (20%) (Kuschel C, 2003).

Recently, serum procalcitonin (PCT) has been reported as a measurable laboratory
marker in inflammatory response to infection in some studies. This factor is the
preformed of calcitonin that although is not measurable in serum of normal
individuals, but its titer increases during microbial, fungal, and parasitic infections

(Reinhart K, 2000).
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Aims and Objectives

1.18.1. General objective
This study was designed to evaluate the neonatal and maternal clinical manifestations
and their hematological parameters, which can be used to formulate a scoring system

in predicting the probability of neonatal sepsis.

1.18.2. Specific objective

1. To evaluate neonatal septicemia by performing the blood culture.

2. To determine which of the hematological parameters, namely: the white blood
count (WBC) or total leukocyte count (TLC), total neutrophil count (TNC),
lymphocytes, immature cells, immature to total neutrophil cells (UT) ratio,
immature to mature cells (I/T) ratio, absolute neutrophi! count, nucleated red

blood cells (NRBC) and platelet count, are significant in predicting sepsis.

3. To evaluate C reactive protein (CRP) levels for the diagnosis of neonatal

infection.
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Significance of the study

Infection is one of the major problems in neonates. Neonatal septicemia constitutes an
important cause of morbidity and mortality amongst neonates in developing country.
The use of safe and effective antimicrobial drugs has significantly contributed to the
decrease in neonatal mortality. So rapid identification of the disease is plays a very

important role.

Neonatal sepsis, especially in its early stages, may be difficult to diagnose because of
its nonspecific clinical symptoms. Although blood culture is the gold standard for the
diagnosis of sepsis, culture reports would be available only after 48-72 hours. As the
prognosis for sepsis largely depends on early identification and treatment, these
neonates are subjected to extensive diagnostic evaluation and empiric treatment. The
usefulness of a scoring system based on the clinical manifestations of the nconate and
mother supported by their hematological parameters can provide information in

determining the probability of sepsis in neonates.

Rapid identification of neonatal sepsis could serve as the basis for a more rational
approach to antibiotic use. A significant decrease in the use of antibiotics may prevent
the emergence of resistant organisms, decrease the chance of side effects and
minimize cost. This study will help to evaluate significant hematological parameters
and combine those parameters with clinical manifestations. Thus, thc result of the
study is expected to improve treatment of neonatal septicemia which ultimately will

help to improve the disease management process.
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CHAPTER 2

Materials and Methods




2.1 Type of study

It was a prospective type study.

2.2 Place of study

The study was done in the Special care neonatal unit (SCANU) of the ICH and SSF
hospital, Mirpur. The SCANU has 25 beds and equipped with incubators,
phototherapy units, pulse oximeter, room heater, sucker machines, glucometer,
pediatric laryngoscope, oxygen supply system and other common neonatal treatment
tacilities. But the unit is lacking essential equipments like mechanical ventilator and

blood-gas analyzer.

2.3 Study population

A total of 43 cases were taken of the neonates who were suspected of neonatal sepsis.

2.3.1 Inclusion Criteria
i.  Neonates admitted in the special care neonatal unit (SCANU)

ii.  Neonates treated for suspected sepsis.

2.3.2 Exclusion Criteria
Neonates with extreme prematurity, Respiratory distress syndrome and gross

congenital anomalies were excluded.

2.4. Research Approach
After getting the approval of the research proposal from the honorable faculty
members, formal permission was obtained from the competent authorities of “Shishu

sasthya foundation” (SSF).

2.5 Sampling Technique: In this study, purposive sampling technique was followed

2.6. Study period

Study period was one year commencing from July 2009 to May 2010. To complete
the study in time a work schedule was prepared depending on different task of the
study. The four months were spent on board meeting for literature review, selection of

topic, development of the protocol. Subsequent months spent on official
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correspondence, data collection, data analysis, report writing and submission of

report.

2.7. Data analysis
All the data were checked after collection. Then data were entered into excel sheet.
The results were shown in bar, pie chart and calculated the percentage of the

parameters of neonatal sepsis patient
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CHAPTER 3

Results



3.1. Percentage of male and female neonates with septicemia

W Female

& Nale

Fig 3.1: Percentage of male and female neonates with septicemia.

The figure shows that among 43 neonates 53% patients are female and 47% patients are

male. The ratio of male and female is 1.15: 1.
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3.2. Distribution of Age range of mothers having neonate with Septicemia
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Fig 3.2: Percentage of Age range of mothers having neonate with Septicemia

This figure shows that among 43 mothers 52% have neonates with septicemia and age

range of those mothers is 23-28 years.
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3.3. Percentage of Blood culture test in septicemia patients

iia patients.

Fig 3.3: Perc \
This figure shows tha «eucopenia and 74% have no

negative results in blc

were not performed.
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3.4. Percentage of Leucopenia in septicemia patients

Presiint

= Absent

Fig 3.4: Percentage of Leucopenia among septicemia patients.

This figure shows that among 43 patients 26% have leucopenia and 74% have no

leucopenia.
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3.5. Percentage of Leucocytosis in septicemia patients

¢ Present

B Absent

Fig 3.5. Percentage of Leukocytosis in patients with septicemia.

Th figure shows that among 43 patients 2% patients have leukocytosis and 98% have

no leukocytosis.
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.6. Percentage of Neutropenia in septicemia patients.

M Present

M Absent

Fig 3.6: Percentage of neutropenic patients with septicemia.

[he figure shows that among 43 patients 12% patients are neutropenic.
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3.7. Neutrophilia in septicemia patients

» Present
» Absent

Fig 3.7: Percentage of septicemia patients having neutrophilia

The figure shows that 14% patients have neutrophilia and 86% have no neutrophilia.
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. Percentage of Thrombocytopenia in septicemia patients.

B Present

M Alsent

Fig 3.8: Percentage of septicemia patients having thrombocytopenia

= figure shows that among 43 patients 12% have thrombocytopenia and 88% have

thrombocytopenia.
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5.9. Percentage of R.B.C count in septicemia patients

m Below normal range

® Normal range

Fig 3.9: Percentage of R.B.C count in septicemia patients

The figure shows that among 43 patients 48% have R.B.C below the standard range.

39



3.10. Percentage of septicemia patients giving CRP test.

Positive @ Negetive

Fig 3.10: Percentage of septicemia patients giving CRP test.

The figure shows that among 19 patients 37 % have positive and 63% patients have
negative result in CRP test. In case of the rest 24 patients, CRP test was not

performed.
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CHAPTER 4

Discussion and Conclusion




This was a prospective study on neonatal septicemia where data were collected over a
period of one year. Using data from this study we demonstrated various hematological
parameters and blood culture to find out the significant parameter which can be useful

for predicting the probability of neonatal septicemia.

Of the 43 neonates included in the present study, 23 (53%) cases werc male and 20
(43%) were female. The ratio of male: female was 1.15: 1 which is lower than the
study conducted in TUTH with male: female ratio being 1.8:1 (Shrestha BM, 2000).
Sholl B J and Kliegman R.M have reported approximately two fold higher incidence
of sepsis in male than female suggesting the possibility of a sex linked factor in host
susceptibility ( Gotoff SP, 2002). The almost equal male: female ratio in our study

may be because of less number of cases.

In the study about 9% cases with neonatal septicemia had positive blood culture. A
review showed that, positive culture ranged from 8% to 73% in the diagnosis of
potential sepsis (Chiesa C, et al, 2004). Our low blood culture positivity rate may be
due to administration of antibiotic to the mother immediatefy before birth of the baby.
Moreover negative blood cultures do not always exclude sepsis. Cases with negative
blood culture have been reported with fatal illness and postmortem evidence of
infection. A high rate (56%) of positive blood culture was reported by Sharma et al,
(Sharma PP, 1987) which is much higher than our study.

When bacteria are isolated from blood culture then it is categorized as proven sepsis
and probable sepsis is identified by radiological and laboratory tests and at least three
clinical features. [n our study there were only 3 cases of proven sepsis and rest of the

cases were probable sepsis which is very lower than other experiments.

The normal range of total leukocute leukocyte count for neonate are 10000-26000
/cumm(at birth),7000-23000/cumm (Day 3), 5000-19000/cumm (1 month). Normal
leskocyte range for calculating neutropenia or neutrophilia are 4000-14000 /cumm (at
birth}, 3000-5000/curnm (Day 3), 3000-9000/cumm (1 month). We used the guideline
of (ICH) Institute of Child Health for calculating all parameters.
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Total leucocyte count was abnormal in 28% cases. Leucocytosis was seen in 2 % of
cases while leucopenia was seen in 26% cases. Squire et al also observed that 5%
cases had leucocytosis and 27% had leucopenia (Emerson WA, 1970). This confirms
thc view that total leucocyte count by itself has little diagnostic utility. The diagnostic
and prognostic values of leucopenia when present however cannot be under-esti-
mated. Philip et al found it specific indicator of sepsis with a specificity of 94%

(Christeinsen RD, 1981).

Neutropenia appears to be highly specific indicator of sepsis (Carl GE, ef al, 1984).
The diagnostic value and significance of neutropenia has been attested to by several
workers. But in our study neutropenia was present in 12% of population and
neutrophilia was observed in 14% of cases. It has been observed that neutrophilia
does occur in bacterial infection in newbom but it usually occurs later in the course of

ilinss and henee is not a reliable carly indicator of sepsis (Arthem G, et al 1985).

RBC count was observed and found that 48% patients have R.B.C count below the
standard range. Thrombocytopenia was present only in 12% of cases which showed

less significance in predicting the disease.

In our study CRP test was positive in 37% cases. Benitz et al showed strong
correlation of positive CRP measurement with both early and late onset sepsis. Our
result is lower than the other studies (Benitz et al 1998). It could be due to lcss
number of cases (12) in our stidy compared to iarge study population. This error may
be corrected by increasing the number of cases. Stephan S et al indicated that serial
CRP levels are a useful marker for guiding duration of antibiotic therapy in suspected

neonatal infection (Stephan S, ezal, 1997).

As the study had to be completed in a limited time, the sample size was small. The
results of some parameters were lower than those obtained from other experiments.
By increasing the numbers of cases this error may be minimized.CRP and blood
culture were not measured in all the cases of the study. These wcre the limitations of

the study.
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Conclusion

Neonatal sepsis, especially in its early stages, may be difficult to diagnose because of
its nons;zeciﬁc clinical symptoms. Because the prognosis for sepsis largely depends
on early identification and treatment, these neonates are subjected to extensive
diagnostic evaluation and empiric treatment. The investigations based on the clinical
manifestations of the neonate and mother supported by their hematological parameters

can provide information in determining the probability of sepsis in neonates.

In this study, significant hematological parameters of neonaial septicemia were
studied and compared with other investigations. The outcome of this study may
provide important information for future in depth study as well as may help to
combine ditferent hematological parameters in predicting the probability of neonatal
sepsis by clinical tests. It is recommended that more subjects will be included in
future studies wherein there will be a control group composed of healthy,
asymptomatic neonates and a test group composed of neonates with probable sepsis or

proven scpsis.
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ANNEXURE

Hematological Parameters in Neonatal sepsis

ipital ID:............. Patient ID:..........Date:.............. Admission
€

ne . of the
(1] S PP Age.oiiiiiiannn.. Sex:.....ceenenn. M/F
her’s name:............... Mother’s name: ............. Age of mother:.....Parity:...
Iress: Mobile number:

tenatal problems: Fever/Rash/Drug reaction/Others(specify)..........cccevuvunin.
de of delivery: Normal/LLUCS Place of delivery: Home/Hospital
th weight:........... kg Rupture of membrane:............ hours before birth
io economic status:............... Maturity: <37 week /37 week / > 37 week

Premature( days)/ Mature /post mature( days)
lostrums feeding: Y/N Ex. Breast feeding: YN EDT:.........DOB:........

ignosis of sepsis:

-Fever:........coooviiiiini. Y/N
-Reluctant to feed:............. Y/N
-Lethargy:....ooovieiiiininn Y/N
-Abd. Distension:............... Y/N
-Vomiting:......cooeiienennnnn Y/N
~-Others:
eiPt NO RefNOi...co v

smatological Parameters:

o Blood culture: +ve ( Organism:........................) /-ve  Blood group:.......

o Antibiotic: Y/N
o Outcome: Improved/ Referred / Death




