ORIG]NAL RESEARCH PAPER Volume-7 | Issue-6 | June-2018 | PRINT ISSN No 2277 - 8179

INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH

EPIDEMIOLOGY, ETIOLOGY AND RISK FACTORS FOR NEONATAL SEPSIS IN
SOUTH-EAST ODISHA REGION--A HOSPITAL BASED STUDY

lPaediatrics Jl

Dr K. Trimal M.D,FIAP(Neonatology), Assistant Professor, Department of paediatrics, IMS & SUM
Subudhi Hospital, Bhubaneswar.

Dr Dillip Kumar  M.D, Professor, Department of paediatrics, IMS & SUM Hospital, ,Bhubaneswar.
Dash* *Corresponding Author

Dr Priyanka PG 2" year, Department of paediatrics IMS & SUM Hospital Bhubaneswar.

Agarwal

Dr Shatabdi Giri PG 2" year, Department of paediatrics IMS & SUM Hospital Bhubaneswar.

ABSTRACT

Neonatal septicemia is defined as infection in the first 28 days of life. Early-onset neonatal septicemia and late-onset neonatal septicemia are
defined as illnesses appearing from birth to three days and from four to twenty-eight days postnatally, respectively. Neonatal sepsis is the third
leading cause of neonatal mortality and a major public health problem, especially in developing countries. Although recent medical advances have
improved neonatal care, many challenges remain in the diagnosis and management of neonatal infections. The diagnosis of neonatal sepsis is
complicated by the frequent presence of non-infectious conditions that resemble sepsis, especially in preterm infants, and by the absence of optimal
diagnostic tests. Since neonatal sepsis is a high-risk disease, especially in preterm infants, clinicians are compelled to empirically administer
antibiotics to infants with risk factors and/or signs of suspected sepsis. Unfortunately, both broad-spectrum antibiotics and prolonged treatment
with empirical antibiotics are associated with adverse outcomes and increase antimicrobial resistance rates. Given the high incidence and mortality
of sepsis in preterm infants and its long-term consequences on growth and development, efforts to reduce the rates of infection in this vulnerable
population are one of the most important interventions in neonatal care. The aim of the present study was to evaluate the incidence of neonatal
sepsis and characterize the microbiological pattern of neonatal sepsis and the antibiotic susceptibility of the isolates to evaluate the empirical
antibiotic used in neonatal units of IMS & SUM Hospital hospitals in eastern odisha region.

Methods-This was a hospital based retrospective study conducted at a tertiary care hospital IMS & SUM HOSPITAL the capital city of odisha,
from Mar 2017 to April 2018. In this Retrospective hospital based study required tests and Other required informations were noted from the
diagnosed infants of neonatal septicemia.

Results- A total of 86 neonatal septicaemia infants were enrolled. Among them, 74 cases were grouped into the sepsis and 12 cases diagnosed as
probable sepsis were taken. The most common cultured bacterium from their blood was klebsiella pneumonia 30(34.88%) followed by Escherichia
coli 16(18.60%) in both early onset and late onset septicaemia. There was no significant difference in the babies’ birth weight, gestational age,
modes of delivery, gender between the two groups regarding as a risk factor for sepsis. Other organism less commonly involves are CONS in 11%,
Pseudomonas aeruginosa in 5.40% in both groups. Acinetobacter species (3%) was the Gram-negative organism which is more common in early
onset septicaemia.

Conclusions. The result of our study reveals that the Klebsiella pneumonia, E.coli, CONS and Acinetobacter sp. are the most common etiological
agents of neonatal septicemia. In particular, since rate of Klebsiella pneumonia,E.coli causing sepsis is alarming in both early and late onset
septicaemia. Appropriate measure should be taken care to curb the excess burden of these infections in this region.
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1. Introduction

Septicemia in neonates refers to generalized bacterial infection
documented by a positive blood culture in the first 4 weeks of life [1].
Septicemia in neonates can lead to sepsis that is a clinical syndrome
characterized by systemic signs of infection and accompanied by
bacteremia [4]Sepsis occurring in the first 72 hours of life is defined as
early-onset sepsis (EOS) and that occurring beyond 72 hours as late-
onset sepsis (LOS) [6]..Longitudinal trends in the demographics,
pathogens, and outcome were observed in a single-center database on
neonatal sepsis at Yale-New Haven Hospital from 1928.'2.
Streptococcus pneumoniae and group A streptococci were the major
causes of neonatal sepsis from 1933 to 1943. From the late 1940s to the
mid-1960s, Gram-negative organisms, especially Escherichia coli (E.
coli), were the most common causes of neonatal sepsis.[*” . Thereafter,
group B streptococci infections emerged as the foremost cause of EOS
in the1970s.[*). Organisms associated with early-onset sepsis
(EOS).[20]. .Group B streptococcus (GBS, Streptococcus agalactiae)
is a gram-positive encapsulated bacterium and remains the leading
cause of neonatal sepsis and meningitis in the United States. Stoll et al.
has recently described Escherichia coli (E. coli) to have emerged as the
major pathogen of neonatal sepsis in preterm infants and the second
most common cause in term infants.””

E. coli is frequently associated with severe infections and meningitis
and is the leading cause of sepsis related mortality among VLBW
infants (24.5%)"” GBS and E. coli together account for about 70% of

cases of EOS in the neonatal period.[” Although less common, Listeria
monocytogenes is associated with invasive disease in the newborn,
spontaneous abortions or stillbirth if acquired during pregnancy.With
improved survival of preterm infants, LOS has become an important
cause of morbidity and mortality among low birth weight infants.”
LOS is mainly associated with the organisms acquired from the
environment after birth. In a study on 6215 infants admitted to National
Institute of Child Health and Human Development (NICHD) Neonatal
Research Network (NRN) centers, 70% of first episode late-onset
infections were caused by gram-positive organisms, with coagulase-
negative staphylococci accounting for 48% of the infections.” Death
rates were highest for infants infected with Pseudomonas aeruginosa,
Candida albicans, Serratiamarcescens, and E. coli.”* The incidence of
late-onset GBS disease has remained unchanged despite intrapartum
antibiotic prophylaxis. Meningitis remains a common presentation of
late-onset GBS disease, with serious neurologic sequelae and
permanent impairment among many survivors.['""" Despite
advances in health care, neonatal sepsis, and especially that caused by
Gram-negative rod bacteria, is a significant cause of morbidity and
mortality among neonates '’An increase in sepsis caused by Gram-
negative organisms has been reported in recent years from Nepal
Neonatal sepsis caused by Gram-negative microorganisms is
responsible for 18%-78% of all neonatal sepsis “"Microorganisms
implicated in neonatal septicemia have developed increased drug
resistance to commonly used antibiotics and thus making treatment
extremely difficult " Thus, the knowledge of both the common
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pathogens causing septicemia in neonates and their antimicrobial
susceptibility is essential in order to select appropriate antimicrobial
treatment. Moreover, antimicrobial susceptibility patterns of
pathogens vary geographically and are temporally dependent on local
pathogens and patterns of antibiotic used. Hence, the present study was
conducted to document the bacteriological profile of neonatal
septicemia and their antibiotic susceptibility profile for planning
strategy for the management of neonatal septicemia.

2.Methods

Patients and Methods

Aretrospective study was carried out from Mar 2017 to April 2018 ata
tertiary care hospital IMS & SUM HOSPITAL the capital city of
odisha, District of khordha. Study Population-A total of 86 subjects
aged up to 28 days diagnosed as neonatal sepsis were taken for our
study. Criteria taken for the diagnosis of neonatal sepsis was from the
NNF Clinical Practice Guidelines and Haque KN. Definitions of
bloodstream infection in the new-born. "

A panel of sepsis screen tests were performed from the blood samples
of all the neonates as per NNF guidelines of neonatal Septicemia
[33],[36].i.e. Sepsisscreen (according to NNF criteria)

Total leukocyte count

I/T ratio (band cell ratio)

Absolute neutrophil count

m-ESR

C reactive protein Radiological tests and CSF study were done
wherever indicated.

oo ow

Interpretation -Neonatal sepsis: Defined as the presence of
generalized systemic features of sepsis associated with pure growth of
organisms from one or more sites. This includes septicemia, pneumonia,
meningitis, urinary tract infection, dysentery, osteomyelitis, septic
arthritis and deep-seated infections.

Probable sepsis: clinical and laboratory findings consistent with
bacterial infection without a positive culture.

Sample collection and Bacteriological Processing- For blood
culture, about 1-2 ml of blood was collected aseptically prior to
administration of empirical antibiotics from each baby and inoculated
into a broth containing 20 ml of brain heart infusion and incubated
aerobically at 37 ¢ for 24 hr by Bactalert method. Subcultures were
done on Blood agar and MacConkey's agar and incubated overnight
at 37°c.The growth was identified by colony characteristics, Gram's
stain and standard biochemical tests.

Antibiotic Susceptibility Testing-Antibiotic susceptibility testing
including detection of methicillin resistance Staphylococcus aureus
(MRSA), D test (inducible clindamycin resistance) and screening tests
for extended spectrum beta lactamase (ESBL), metallo-beta lactamase
(MBL) among Gram negative bacilli were carried out as per CLSI
guidelines"*"

3.Results

Of total 86 enrolled neonates, 60.46% were males and 39.53% were
females with male to female ratio of 1.52: 1(Table-3).out of total 86
cases 54 babies are delivered by normal vaginal delivery and rest (n-
32) by LSCS.48 number of cases having normal birth weight ,22 have
LBW, 14 cases have VLBW and 2 cases have Extremely LBW .More
of positive cases by culture were preterm with a statistically significant
correlation regarding gestational age(table-4). The ratio of outpatients
and inpatient in total sepsis group is 66% vs. 34% respectively. Higher
formula feeding rate was present in both early and late onset
septicaemia group i.e. 72% and 69.44% respectively(table-1)(p<
0.05).Male gender baby are outnumber the female 60.46% vs. 39.53%
respectively. Maternal risk factor present in 60% cases of early onset
septicemia i.e. 23 out of 39 cases. Among total suspected cases the
septicemia was confirmed in 74 (86.04%). 12 cases diagnosed as
probable/possible sepsis as per NNF guidelines™ culture negative
probable/Possible sepsis depending on clinical manifestation. Early-
onset septicemia (EOS) was observed in 44 infants and late-onset

septicemia (LOS) in 42 infants (table-2)..Most common clinical
manifestation are respiratory distress (66.27%),temperature instability
(56.97%),poor activity/hypotonia(45.34%),neonatal jaundice (48.
83%),cardiovascular collapse (30.23%),pneumonia (27.90%).Other
clinical signs found are convulsion, hypoglycaemia, meningitiss
epticarthritis, apnea and intraventricul arhaemoharrage are depicted in
table no-5. We observed that the respiratory distress (74.70%) was
commonest symptom. In this study, 92.94% babies were with
leucocytosis. 58 cases were found to have leukopenia. Absolute
neutrophil count (ANC) was highly specific but very low sensitive test
in our study. CRP and I/TN ratio showed high sensitivity but low
specificity. When two or more sepsis screen tests were combined
together, both sensitivity and specificity increased.

Isolates Distribution Among a total of 74 bacterial isolates recovered,
15 (17.44%) were Gram-positive isolates and 57 (66.27%) were
Gram-negative isolates. Fungal sepsis was identified in 2 cases one in
each category of early and late septicaemia (table-2). Of total positive
cases Klebsiella pneumonia found in 30(34.88%) followed by ,E.coli
in 16(18.60%) CoNS were recovered from 11 cases (12.79%), S.
aureus one case in EONS category, Acinetobacter spp. 3 (3.48%),
whereas viridans streptococci was recovered from a single case table-
2 Klebsiella pneumonia and E. coli were recovered from LOS and
EOS cases more frequently than other gram positive organism
Vancomycin,teicoplanin and linezolid showed almost 100% efficacy
against Gram-positive isolates. Most of the Gram-positive isolates
were resistant to Ampicillin,amoxyicillin-cavulanicacid,oxacillinand
gentamicin whereas amikacin,cefotaxim and ,piperacilin-tazobact
umshowed a promising efficacy among tested antibiotics. Among
Gram-negative isolates, around 50% isolates were resistant to
ampicillin and most of the isolates were also resistant to ampicillin and
cefotaxime while amikacin was found to be most effective among
tested antibiotics and importantly vancomycin and linezold showed
100% efficacy table-6& figure 1. Neutropenia, positive CRP,
thrombocytopenia and I/T >0.2 found in more number cases in sepsis
cases than probable sepsis cases.Table-7.

Table 1 -Neonatal septicaemia& type of milk consumed

Group Number Percentage (%)
Breast milk 12 13.95
Non Breast milk 40 46.51
Mixed feeding 22 25.58
Table 2: Distribution of isolated organisms.
Organism isolated Frequency Total (%)
Early-onset | Late-onset
(EOS) (LOS)
Gram-negative organisms 29 28 57(77.02)
Klebsiellapneumonia 16 14 30(40.54)
E. coli 06 10 16(21.62)
Citrobacter spp. 01 01(1.35)
Pseudomonas aeruginosa 03 01 04(5.40)
Acinetobacter spp. 02 01 03(4.05)
Proteus mirabilis 01 02 03(4.05)
Gram-positive organisms 10 05 15(20.27)
CoNS 07 04 11((14.86)
Enterococcus spp. 00 01 01(1.35)
Viridans streptococci 01 00 01(1.35)
Streptococcus 02 00 02(4.05)
Candidaspp. 01 01 02(2.70)
Table 3Sepsis type and age distribution among 86 neonates with
suspected sepsis
Variables Neonates with| Neonates with |Total number
EOS (272 hr)| LOS (>72 hr) (%)
number (%) | number (%)

Proven sepsis 40 34 74(86.04)
Possible sepsis 04 08 12(13.95)
Sex
Male 30 22 52(60.46)
Female 14 20 34(39.53)
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Table 4 Maternal and neonatal data of the 86 neonates investigated
for sepsis

Characteristics Total (n =86) |Percentage (%)
(A) Maternal data

Gestational age
<28 weeks 02 2.32
28-34 weeks (preterm) 04 4.65
34-37 weeks (late preterm) 28 32.55
>37 weeks (term) 52 60.46
Maternal risk factor present 46 53.48

Place of delivery
Hospital(inborn) 41 47.67
Out born 45 52.32
Mode of delivery
Vaginal 54 62.79
Caesarean section 32 37.20
Neonatal data

Weight at birth
<1000 g (VLBW) 02 2.32
1001-1500 g (VLBW) 14 16.27
1501-2500 g (LBW) 22 25.58
>2500 g 48 55.81
PROM 21 24.41

Table 5 Clinical signs/accompanied diagnoses among neonates
with suspected sepsis

Clinical signs/accompanied Total (n = 86) |Percentage(%)
diagnoses
Respiratory distress 57 66.27
Pneumonia 24 27.90
Temperature instability 49 56.97
Convulsions 18 20.93
Hypoglycemia 33 38.37
Hypocalcemia 17 19.76
Fetal distress 19 22.09
Meningitis 22 25.58
Surgical problems 2 2.32
Congenital heart disease 3 3.48
Diseases of genitourinary 14 16.27
Cardiovascular collapse (shock) 28 32.55
Hematological symptoms 06 6.96
(purpura/DIC)
Hypotonia/poor activities 39 45.34
Neonatal jaundice 62 72.09
Septic arthritis 2 2.32
Retinopathy of prematurity 6 6.97
IVH 7 8.13
Apnea 11 12.79

Table 6 Comparative percentage of resistance to the tested
antimicrobial agents among Gram-negative and Gram-positive
isolates

Antibiotics Gram-positive cocci | Gram-negative
resistances (%) (n = | resistances (%) (n
=57)
Ampicillin 80(12) 39(68.42)
Oxacillin 46.66(07) 21(36.84)
Amoxicillin-clavulanic 60(09) 32(56.14)
acid
Cefuroxime axetil 33.33(5) 21(36.84)
Cefotaxime 40(06) 19(33.33)
Ceftriaxone 26.66(04) 18(31.57)
Ceftazidime 20(03) 14(24.56)
Piperacilin-tazobactum 13.33(02) 11(19.29)
Imipenem 6.66(01) 04(07.01)
Ciprofloxacin 20(03) 13(22.80)
Linezolid 00 01(1.75)
Vancomycin 00 00

Amikacin 13.33(02) 7(12.28)
Gentamicin 33.33(05) 22(38.59)
Azithromycin 40(06) 18(31.57)

Figure 1 Comparative percentage of resistance to the tested
antimicrobial agents among Gram-negative and Gram-positive isolates
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7: The sepsis screen parameters of neonatal septicaemia group
cases

Screening test | Culture positive(74) | Culture negative(12)
Number [Percentage| Number | Percentage
(%) (%)
Increased 18 24.32 4 33.33
TLC
Neutropenia 58 78.37 8 66.66
CRP+ 62 83.78 7 58.33
I/TN >0.2 63 85.13 8 66.66
Decreased 54 72.97 3 25
Platelet
Two or 53 71.62 8 66.66
more tests
positive
Discussions

Current neonatal mortality rate (NMR) in India is 32.30/1000 live
births"“'Sepsis remains one of the most important causes of morbidity
and mortality in the newborn despite considerable progress in hygiene,
introduction of new antimicrobial agents, and advanced measures for
carly diagnosis and treatment "*In sepsis isolation of bacteria from
blood is the gold standard for the diagnosis of sepsis. Normally it takes
24-48 h for culture results. Inoculation of only 0.5-1.0 ml of blood
may give false negative results, as approximately 60 % of infants have
a low level of bacteremia. Theoretically, for optimal results, 6 ml of
blood would be required which is practically not feasible *"" Sepsis
cannot always be excluded even when blood cultures are found to be
negative. Conversely, isolation of bacteria in a blood culture may
reflect asymptomatic bacteraemia or contamination """ Components of
the white cell count, including absolute neutrophil count (ANC) and
immature to total neutrophil ratio (I:T) have also been shown to be
more useful for excluding infants without infection rather than
identifying newborns who are infected.”*”. Of the infants born at a
tertiary care center located at Bharatpur of central Nepal between
January 2012 and December 2013, the septicemia was suspected in
918 infants. Among them 61.4% infants were males and 38.6% were
female infants. Similar rate of suspected septicemia in male and female
infants was also reported by Karambin and Zarkesh from Iran *" and
Al-Shamahy et al. from Yemen “*In our study more number of male
affected than female.The male preponderance in neonatal septicaemia
may be due to the X- linked immuneregulatory gene factor which
making the host more susceptible to infection.There is male
preponderance, which is due to the prevalent custom of taking male
babies preferentially to healthcare institutions and also because female
babies are immunologically more competent.”” In our setting, the
burden of septicemia among total suspected cases was confirmed in 86
infants giving a prevalence rate of 9% which is a lower rate than
previously reported by Khanal et al. " The lower rate observed in our
study may be due many regions i.e. increasing awareness , prevention
of preterm labour, earlier and more aggressive enteral feeding and
better hand hygiene practices'”" However our prevalence rate closely
matches with Dagnew et al. from Ethiopia "~ Due toPrematurity,
LBW,Mechanical ventilation, more use of catheters, use of TPN, and
antibiotic resistance are common causes of change in the etiology of
neonatal sepsis "*'Bacterial septicemia was observed mostly in male
neonates (60 %) in the present study whereas it was confirmed to be
39% in female neonates. Similar finding of septicemia in male and
female neonates was also detected by Karambin and Zarkesh™"'" K. H.
Haque,"'and Naher and Khamael from Iraq """ EOS was found in
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49(56.97%) neonates and LOS was found in 37 (43.02%) neonates
which is less in number than EOS. The result indicated that the
incidence of EOS septicemia was more common than LOS which is
consistent with other reports from Iran"**"' Iraq " and Bangladesh *
Early-onset neonatal sepsis is caused by microorganisms acquired
from the mother before or during birth (vertically transmitted and
perinatally acquired); thus, microorganisms from the maternal genital
tract may play an important role in early infection “* Among Gram-
positive group of organisms CoNS was the most common cause of
both EOS and LOS accounting for nearly half of the cases (25%)
followed by Streptococcus. Similar rates of CoNS isolates were also
reported by Dagnew et al. from Ethiopia ®”“Ozkan et al. from Turkey ™
and Ghotaslou et al. *" from Iran.Gram-negative organisms Klebsiella
pneumonia found in 30(34.88%) followed by ,E.coli in 16(18.60%),
Acinetobacter spp. (4.05%) were the most common organism isolated
from both EOS and LOS cases .

In our study the sensitivity pattern of the common pathogens isolated
from EOS as well as LOS to commonly used antibiotics.
Aminoglycosides (gentamicin and amikacin) and Vancomycinwere
the most sensitive antimicrobial agents against both Gram-positive
and Gram-negative organisms while B-lactam antibiotics (ampicillin
and cephalosporins) were resistance to many common organism
causing both EOS and LOS in our hospital the result being similar to
that reported by Mhada et al. from Tanzania " Similar sensitivity
pattern of amikacin was also showed by the literatures from Turkey'"”
Similar proportion of resistance rate in Gram-positive organisms to
common antibiotics was also reported by Gheibi et al. from Iran "
Similar pattern of susceptibility was also reported from Nepal *”" India
E¥andTureky”" Vancomycin and teicoplanin remained the most
effective antibiotics against all the Gram-positive isolates from EOS as
well as LOS cases.Similarly, vancomycin was also found as the most
effective antibiotic in a study by Komolafe and Adegoke from Nigeria
" and Desai and Malek from India “".All of the Gram-positive
organisms isolated from both EOS and LOS cases were also found to
be susceptible to vancomycin by Ozkan et al. from Turky""”
Amikacinwas found one of the cost effective and effective among the
tested antibiotics.The antimicrobial sensitivity pattern differs in
different studies as well as at different times in the same hospital. This
is because of emergence of resistant strains as a result of indiscriminate
use of antibiotics.

5. Conclusions

Neonatal sepsis is a life threatening emergency and thus any delay
creates a significant burden due to its impact on neonatal mortality and
long-term morbidity. In spite of on-going efforts in early diagnosis,
treatment, and prevention, neonatal sepsis still remains an enigmatic
area for neonatologists due to changes in epidemiology and the lack of
ideal diagnostic markers .The knowledge of the etiological organisms
as well as their antimicrobial sensitivity profile is necessary for
commencement of antibiotic therapy empirically while awaiting blood
culture results. The initial empiric antibiotic therapy must therefore be
a combination of drugs to cover the prevalent bacterial organisms in
that region. This research study identified Klebsiella pneumonia, E.
Coli and CoNS as the predominant etiological agents of bloodstream
infection among neonates. Effective prophylactic measures, prompt
and accurate diagnoses and subsequent administration of targeted
therapy are vital to curb the excessive burden of the disease. An
alarmingly high degree of antibiotic resistance observed calls for an
urgent evaluation and development of antibiotic policies and protocols
for neonatal sepsis.

Disclosure of Potential Conflicts of Interest
No potential conflicts of interest were disclosed.

2.5. Ethical Aspects
This study was approved by the Ethical committee IMS& SUM
Hospital Medical College, Bhubaneswar, India.

Conflict of Interests
The authors declare that there is no conflict of interests regarding the
publication of this paper.

Acknowledgments

The authors are deeply indebted to the neonates and their parents
participating in this study. They thank all the NICU staff of IMS &
SUM Hospital for their kind support during the study

References

1. M. Singh, A. K. Deorari, R. C. Khajuria, and V. K. Paul, “Perinatal & neonatal mortality
in a hospital,”The Indian Journal of Medical Research, vol. 94, pp. 1-5, 1991. View at
Google Scholar - View at Scopus

2. Bizzarro MJ, Raskind C, Baltimore RS, Gallagher PG. Seventy-five years of neonatal
sepsis at Yale: 1928-2003. Pediatrics. 2005;116:595-602. doi: 10.1542/peds.2005-
0552. [PubMed] [Cross Ref].

3. Baltimore RS, Huie SM, Meek JI, Schuchat A, O’Brien KL. Early-onset neonatal sepsis
in the era of group B streptococcal prevention. Pediatrics. 2001;108:1094-8. doi:
10.1542/peds.108.5.1094. [PubMed][Cross Ref].

4. J.0.Klein, “Bacteriology of neonatal sepsis,” Pediatric Infectious Disease Journal, vol.
9,n0. 10, pp. 777-778,1990. View at Google Scholar - View at Scopus

5. B.J.Stoll, N. I. Hansen, P. J. Sanchez et al., “Early onset neonatal sepsis: the burden of
group B streptococcal and E. coli disease continues,” Pediatrics, vol. 127, no. 5, pp.
817-826,2011. View at Publisher - View at Google Scholar - View at Scopus

6. B. J. Stoll, “Infections of the neonatal infant,” in Nelson Textbook of Pediatrics, R. E.
Behrman, R. M. Kleigman, H. B. Jenson, and B. F. Stanton, Eds., pp. 794-811,
Saunders, Philadelphia, Pa, USA, 18th edition, 2007. View at Google Scholar

7. B. Khanal, M. Shariff, and M. Deb, “Neonatal septicaecmia: a hospital based study in
Eastern Nepal,”Journal of Nepal Medical Association, vol. 43, no. 155, pp. 231-234,
2004. View at Google Scholar

8. Murphy K, Weiner J. Use of leukocyte counts in evaluation of early-onset neonatal
sepsis. Pediatr Infect Dis J. 2012;31:16-9. doi: 10.1097/INF.0b013e31822ffc17.
[PubMed] [Cross Ref]

9. R. C. Couto, E. A. A. Carvalho, T. M. G. Pedrosa, E. R. Pedroso, M. C. Neto, and F. M.
Biscione, “A 10-year prospective surveillance of nosocomial infections in neonatal
intensive care units,” American Journal of Infection Control, vol. 35, no. 3, pp. 183-189,
2007. View at Publisher - View at Google Scholar - View at Scopus

10.  B.J. Stoll, N. Hansen, A. A. Fanaroff et al., “Late-onset sepsis in very low birth weight
neonates: the experience of the NICHD Neonatal Research Network,” Pediatrics, vol.
110, no. 2, pp. 285-291, 2002.View at Publisher - View at Google Scholar - View at
Scopus

11.  Libster R, Edwards KM, Levent F, Edwards MS, Rench MA, Castagnini LA, Cooper T,
Sparks RC, Baker CJ, Shah PE. Long-term outcomes of group B streptococcal
meningitis. Pediatrics. 2012;130:e8-15. doi: 10.1542/peds.2011-3453. [PubMed]
[Cross Ref]

12.  F. Motara, D. E. Ballot, and O. Perovic, “Epidemiology of neonatal sepsis at
Johannesburg Hospital,”Southern African Journal of Epidemiology and Infection, vol.
20, pp. 90-93,2005. View at Google Scholar

13. Clinical Clinical and Laboratory Standard Institute. Performance standards of
Antimicrobial Susceptibility Testing: Twenty first Informational Supplement. Wayne:
CLSI;2010.p.M100-S21

14.  S.P. Gotoff, “Neonatal sepsis and meningitis,” in Nelson Textbook of Pediatrics, R. E.
Behrman, R. M. Kleigman, and A. M. Arvin, Eds., pp. 528-537, W.B. Saunders,
Philadelphia, Pa, USA, 15th edition, 1996. View at Google Scholar

15. Weston EJ, Pondo T, Lewis MM, Martell-Cleary P, Morin C, Jewell B, Daily P, Apostol
M, Petit S, Farley M, et al. The burden of invasive early-onset neonatal sepsis in the
United States, 2005-2008. Pediatr Infect Dis J. 2011;30:937-41. doi:
10.1097/INF.0b013¢318223bad2. [PMC free article] [PubMed] [Cross Ref]

16.  Karlowicz MG, Buescher ES, Surka AE. Fulminant late-onset sepsis in a neonatal
intensive care unit, 1988-1997, and the impact of avoiding empiric vancomycin therapy.
Pediatrics. 2000;106:1387-90. doi: 10.1542/peds.106.6.1387. [PubMed] [Cross Ref]

17.  Levent F, Baker CJ, Rench MA, Edwards MS. Early outcomes of group B streptococcal
meningitis in the 21st century. Pediatr Infect Dis J. 2010;29:1009—12. [PubMed]

18.  H. S. Naher and A. B. Khamael, “Neonatal sepsis; the bacterial causes and the risk
factors,” International Research Journal of Medical Sciences, vol. 1, no. 6, pp. 19-22,
2013. View at Google Scholar

19. A.H. Movahedian, R. Moniri, and Z. Mosayebi, “Bacterial culture of neonatal sepsis,”
Iranian Journal of Public Health, vol. 35, no. 4, pp. 84-89,2006. View at Google Scholar
- View at Scopus

20. Stoll BJ, Hansen N, Fanaroff AA, Wright LL, Carlo WA, Ehrenkranz RA, Lemons JA,
Donovan EF, Stark AR, Tyson JE, et al. Changes in pathogens causing early-onset sepsis
in very-low-birth-weight infants. N Engl J Med. 2002;347:240-7. doi:
10.1056/NEJM0a012657. [PubMed] [Cross Ref]

21.  S. Gheibi, Z. Fakoor, M. Karamyyar et al., “Coagulase-negative Staphylococcus; the
most common cause of neonatal septicemia in Urmia, Iran,” Iranian Journal of
Pediatrics, vol. 18,n0. 3, pp. 237-243,2008.View at Google Scholar - View at Scopus

22. C.H.Rasul, M. A. Hassan, and M. Habibullah, “Neonatal sepsis and use of antibiotic in
tertiary care hospital,” Pakistan Journal of Medical Sciences, vol. 23, no. 1, pp. 78-81,
2007. View at Google Scholar- View at Scopus

23.  Polin RA, Committee on Fetus and Newborn Management of mmmmsepsis. Pediatrics.
2012;129:1006-15. doi: 10.1542/peds.2012-0541. [PubMed] [Cross Ref]

24. B. M. Kerur, B. V. Bhat, B. N. Harish, S. Habeebullah, and C. U. Kumar, “Maternal
genital bacteria and surface colonization in early neonatal sepsis,” Indian Journal of
Pediatrics, vol. 73, no. 1, pp. 29-32, 2006. View at Publisher - View at Google Scholar -
View at Scopus

25.  Camacho-Gonzalez A, Spearman PW, Stoll BJ. Neonatal infectious diseases: evaluation
of neonatal sepsis. PediatrClin North Am. 2013;60:367-89. doi: 10.1016/ j.pcl.
2012.12.003. [PMC free article] [PubMed][Cross Ref]

26. R. Ghotaslou, Z. Ghorashi, and M.-R. Nahaei, “Klebsiellapneumoniae in neonatal
sepsis: a 3-year study in the pediatric hospital of Tabriz, Iran,” Japanese Journal of
Infectious Diseases, vol. 60, no. 2-3, pp. 126-128, 2007. View at Google Scholar - View
atScopus

27. R. K. Shrestha, S. K. Rai, L. K. Khanal, and P. K. Manda, “Bacteriological study of
neonatal sepsis and antibiotic susceptibility pattern of isolates in Kathmandu, Nepal,”
Nepal Medical College Journal, vol. 15,no. 1, pp. 71-73,2013. View at Google Scholar -
View at Scopus

28. K.J.DesaiandS.S. Malek, “Neonatal septicemia: bacterial isolates and their antibiotics
susceptibility patterns,” National Journal of Integrated Research in Medicine, vol. 1, no.
3,pp. 12-15,2010. View at Google Scholar

29. WangH Liddell CA Coates MM etal. . Global, regional, and national levels of neonatal,
infant, and under-5 mortality during 1990-2013: a systematic analysis for the Global
Burden of Disease Study 2013. Lancet 2014; 384:957-79 Google Schola Cross Ref
PubMed

30. A. O. Komolafe and A. A. Adegoke, “Incidence of bacterial septicaemia in Ile-Ife
metropolis, Nigeria,”Malaysian Journal of Microbiology, vol. 4, no. 2, pp. 51-61, 2008.
View at Google Scholar

31. Hornik CP, Benjamin DK, Becker KC, Benjamin DK, Jr., Li J, Clark RH, Cohen-
Wolkowiez M, Smith PB. Use of the complete blood cell count in early-onset neonatal
sepsis. Pediatr Infect Dis J. 2012;31:799-802. doi: 10.1097/INF.0b013e318256905¢.
[PMC free article] [PubMed] [Cross Ref]

32.  Wang ZL, Yu JL. [Recent progress in the diagnosis of neonatal septicemia] Zhongguo

| 28 |—| International Journal of Scientific Research |



Volume-7 | Issue-6 | June-2018 PRINT ISSN No 2277 - 8179

. ________________________________________________________________________________________________________________|
Dang Dai ErKeZaZhi. 2013;15:236-41. [PubMed]

33.  Haque KN. Definitions of bloodstream infection in the newborn. PediatrCrit Care Med
2005;6(3 Suppl): S45-9. Google ScholarCrossRefPubMed

34, S. Kamath, S. Mallaya, and S. Shenoy, “Nosocomial infections in neonatal intensive
care units: profile, risk factor assessment and antibiogram,” Indian Journal of Pediatrics,
vol. 77, no. 1, pp. 37-39, 2010.View at Publisher - View at Google Scholar - View at
Scopus

35.  Stoll BJ, Hansen NI, Sanchez PJ, Faix RG, Poindexter BB, Van Meurs KP, Bizzarro MJ,
Goldberg RN, Frantz ID, 3rd, Hale EC, et al. Eunice Kennedy Shriver National Institute
of Child Health and Human Development Neonatal Research Network Early onset
neonatal sepsis: the burden of group B Streptococcal and E. coli disease continues.
Pediatrics. 2011;127:817-26. doi: 10.1542/peds.2010-2217. [PMC free article]
[PubMed] [Cross Ref]

36. NNF Clinical Practice Guidelines 2014 Downloaded from www.nnfpublication.org

37. M. Dagnew, G. Yismaw, M. Gizachew et al., “Bacterial profile and antimicrobial
susceptibility pattern in septicemia suspected patients attending Gondar University
Hospital, Northwest Ethiopia,” BMC Research Notes, vol. 6, no. 1, article 283, 2013.
View at Publisher - View at Google Scholar - View at Scopus

38. H. Ozkan, M. Cetinkaya, N. Koksal, S. Celebi, and M. Hacimustafaoglu, “Culture-
proven neonatal sepsis in preterm infants in a neonatal intensive care unit over a 7 year
period: coagulase-negativeStaphylococcus as the predominant pathogen,” Pediatrics
International, vol. 56, no. I, pp. 60-66,2014.View at Publisher - View at Google Scholar
- View at Scopus

39. T.V.Mhada, F. Fredrick, M. I. Matee, and A. Massawe, “Neonatal sepsis at Muhimbili
National Hospital, Dar es Salaam, Tanzania; Aetiology, antimicrobial sensitivity pattern
and clinical outcome,” BMC Public Health, vol. 12, article 904, 2012. View at Publisher
- View at Google Scholar - View at Scopus

40. M. Mutly, Y. Aslan, B. Saygin, G. Yilmaz, G. Bayramoglu, and I. Koksal, “Neonatal
sepsis caused by Gram-negative bacteria in a neonatal intensive care unit: a six years
analysis,” Hong Kong Journal of Paediatrics, vol. 16, no. 4, pp. 253-257,2011. View at
Google Scholar - View at Scopus

41.  M.-M. Karambin and M. Zarkesh, “Entrobacter, the most common pathogen of neonatal
septicemia in Rasht, Iran,” Iranian Journal of Pediatrics, vol. 21, no. 1, pp. 83-87,2011.
View at Google Scholar - View at Scopus

42. V. Sundaram, P. Kumar, S. Dutta et al., “Blood culture confirmed bacterial sepsis in
neonates in a north Indian tertiary care center: changes over the last decade,” Japanese
Journal of Infectious Diseases, vol. 62, no. 1, pp. 46-50, 2009. View at Google Scholar -
View at Scopus

43.  H.A.Al-Shamahy, A. A. Sabrah, A. B. Al-Robasi, and S. M. Naser, “Types of bacteria
associated with neonatal sepsis in Al-Thawra University Hospital, Sana’a, Yemen, and
their antimicrobial profile,” Sultan Qaboos University Medical Journal, vol. 12, no. 1,
pp.48-54,2012. View at Google Scholar - View at Scopus

44. 1. United Nation Children's Fund (UNICEF). Basic indicators, Statistics of India 2011.

I International Journal of Scientific Research |—| 29



