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Neonatal septicaemia, which is one of the leading cause of neonatal mortality and
morbidity in India is characterised by systemic signs and symptoms of infection and
accompanied with bacteraemia in first 4 weeks of life. To determine the bacterial
spectrum, antimicrobial susceptibility pattern, and the level of contamination associated
with the blood culture of the infants with neonatal septicemia in a tertiary level health
care setup of North India. In this reterospective-prospective study, 65 blood samples
were collected and processed for identification of the causative organism, from the
clinically suspected cases of septicemia in neonatal intensive care unit (NICU).
Antimicrobial susceptibility pattern of the isolates was obtained by Kirby Bauer disc
diffusion method according to the Clinical and Laboratory Standard Institution (CLSI)
recommendations. Actual rate of blood culture was observed and the number and
nature of contaminants obtained from the blood cultures was also studied. Blood
culture reports were positive in 32 (49.23%) cases. Gram-negative septicaemia
(59.25%) was encountered more than Gram-positive (40.74%). E.coli (19.23%) was the
predominant isolate followed by, Enterobacter spp and Coagulase negative
staphylococcus (CoNS) in 15.38% cases each. Best overall sensitivity among Gram-
negative isolates was to Colistin (94.44%), Imipenem and Meropenam (83.33%).
Gram-positive isolates still showed excellent sensitivity to linezolid and vancomycin .
Total rate of blood culture contamination came out to be 7.69% with CoNS being the
most common contaminant. A rare pathogen Chrysobacterium indolegens was also
isolated from one of the samples but later on it was found to be a contaminant in blood
culture. Gram-negative organisms are the leading cause of neonatal septicaemia with
E.coli being commonest. Coagulase negative Staphylococci is the predominant isolate
among Gram-positive organisms but careful differentiation between the true pathogens
and a mere culture contaminant is required since it is the most common contaminant as
well. Most of the isolates are becoming resistant to common antibiotics therefore
indiscriminate use of the higher end antibiotics like carbapenems and glycopeptides
should be restricted.

Introduction

Neonatal sepsis is one of the most frequent
causes of morbidity and mortality in
newborns and is characterized by invasive

bacterial infection that occurs in newborns
between the first and the ninetieth day of the
life (Schuchat et al., 2000). It is worldwide,
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incidence of sepsis in newborns varies
between 1- 10 cases per 1000 live births,
and the mortality varies between 15-50%
(Vasiljevic et al., 2008). Neonatal
septicaemia is a clinical entity which is
characterised by systemic signs and
symptoms of infection and is accompanied
by bacteraemia in first 4 weeks of life. The
presentation of neonatal sepsis can be
variable for different infants and can present
with hypothermia, fever, lethargy, poor cry,
refusal to suck or poor feeding, off colour,
poor perfusion, shock, absent neonatal
reflexes, bradycardia/ tachycardia,
respiratory distress, hypo/ hyperglycaemia
and metabolic acidosis. The etiology of
septicemia is multi factorial. Neonatal sepsis
is caused by a variety of Gram-positive as
well as Gram negative bacteria and
sometimes yeast (Gomaa et al., 2000).
Uncontrolled use of various potent and
broad spectrum antibiotics has led to
emergence of resistant strains. This has
become a major problem in various
intensive care units for the treatment of
critically ill patients. Therefore correct and
timely identification of the causative
organism along with the appropriate
sensitivity pattern helps the clinicians to
provide safe and effective therapies, develop
rational prescription programmes which in
due course of time will curtail the emerging
antibiotic resistance overall. Inspite of the
great advancement in the molecular
diagnosis of bacterial and fungal infection,
blood cultures still remain the mainstay of
investigation for a potential case of sepsis in
an infant. It is the Gold standard for
isolation and verification of microbial
pathogens in sepsis and also provide the
antibiotic sensitivity profile of the organism
which is the key to the correct and timely
treatment of the patient. But for the
judicious use of the procedure, ruling out the
contamination is very important. Positive
blood cultures, in a setting where such
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findings do not fit in the general condition of
the child and where his/hers laboratory tests
(i.e; C-reactive protein) are negative, is a
common finding. False-positive  blood
cultures are usually a consequence of
contamination of the blood samples by the
bacteria from the skin and the environment
of the child. False-positive blood cultures
are a major problem to deal with, because
such findings often lead to a falsely high
morbidity which in turn adds to the patient
and the cost of treatment. Premature infants
with false-positive blood cultures usually are
treated as children with sepsis.

The present study was conducted to
determine the true spectrum of organisms
associated with bacteraemia in neonates and
to find out susceptibility pattern of
pathogens causing neonatal sepsis so as to
provide antibiogram to the clinicians for
better patient management. Along with this
an effort is also put to know the actual
contamination rate of the blood cultures in
this hospital and to define the common
contaminants grown in blood cultures.

Materials and Methods

The present retrospective prospective study
was conducted on all the 65 blood samples
which came for culture from the neonates
admitted in the neonatal intensive care unit
of JNUIMSRC, which is a tertiary care
hospital of north India, between the period
of January 2016 to august 2016.

Approval for the study from the institutional

ethical committee was obtained.
Considering the fact that all the
recommended sample collection and

processing protocols are always being
followed in the hospital, the data for the first
(retrospective) part of the study was
analyzed from the previous medical records
of all the newborns treated in the NICU of
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JNUIMSRC from January to June 2016. In
the prospective part of the study, the blood
cultures of the neonates were actively
followed up and correlated with the clinical
condition of the neonate  along with the
other relevant lab investigations.

Inclusion criteria

All the blood samples which came for
culture from the neonatal ICU were taken
into study group except for ones which
come under the exclusion criteria.

Exclusion criteria

Neonate with age more than 28 days or
neonate on antibiotics prior to collection of
blood were excluded from the study.

In all patients who had positive blood
culture findings, cases were further looked
for: the type of bacteria, and the site of the
sample collection (peripheral vein, umbilical
venous catheter). Blood cultures were
considered as true positives when found in
association with positive clinical findings
such as tachypnoea, respiratory distress,
apnoea, tachycardia, hypotension, hyper- or
hypoglycaemia, metabolic acidosis, hypo- or
hyperthermia, etc. and positive laboratory
findings such as elevated levels of serum C
reactive protein and/or  procalcitonin,
leucocytosis/ leucopoenia, thrombo-
cytopenia, etc. Absence of all of these
features  even in the absence of any
antibiotic administration, positive  were
suggestive of contamination in blood culture
instead of true positive infection. In such
cases a repeated blood culture was taken to
determine the causative association and the
isolate was considered pathogenic only if
found repeatedly associated with the culture
results.

Procedure of blood collection: About 1-2 ml
of wvenous blood was drawn by a
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percutaneous venous puncture following
strict aseptic precautions (3 swab technique)
and aseptically inoculated into blood culture
bottles containing 5-10 ml of brain heart
infusion broth. Cultures were kept at 37°C
for  overnight  incubation. Primary
subcultures were done after 24 hrs of
incubation on to Blood agar & Mac-Conkey
agar plates. Even if the culture was sterile
after overnight incubation, bottles were
incubated further & followed up by daily
examination of the broth and doing a final
subculture at the end of 7days (Puopolo et
al., 2012) or at appearance of signs of
growth, whichever was earlier. The positive
growth was followed up by the conventional
methods according to the standard operative
procedures followed at our laboratory,
including colony morphology, Gram’s
staining & biochemical reactions. In case of
any discrepancy in identification with
conventional method, the help of some
private based laboratory was taken for the
automated identification. After the
identification of the isolate, antimicrobial
susceptibility testing was done by the
conventional Kirby-Bauer disc diffusion
method on Muller Hinton agar as per
Clinical and Laboratory Standards Institute
(CLSI) guidelines. The antibiotics which
were used in our study were based on the
hospital antibiotic policies (as per CLSI).

For descriptive statistics - absolute numbers,
percentages and measures of central
tendency (mean, median, standard deviation,
minimum and maximum values) were used.
For statistical testing, y * test and t-test were
used as appropriate. In the applied tests, the
level of significance were set at 95%
(p<0.05).

Results and Discussion

During the study period, a total of 65
neonates with clinical sepsis were studied.
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Blood culture positivity was found in 32
cases (49.23%) while 33cases (50.76%)
were blood culture negative. But after
clinical correlation 5 of the blood culture
isolates were found to be contaminants as
they were not compatible with the
clinicopathological status of the patient. So
finally the true blood culture positivity
comes out to be of 27 isolates ie; 41.53%. 26
out of 27 were found to be the bacterial
species and only one isolate was found to be
the Candida species. None of the cases of
neonatal septicaemia were found to be of
poly-microbial aetiology. Out of the true
culture positive cases, there were 16
(59.25%) male and 11 (40.74%) female
neonates with the male-to-female ratio of
1.45. According to the time of onset of the
sepsis, it was found that the cases of Early-
onset sepsis (EOS) cases higher (66.7%)
than the cases of the late onset sepsis (LOS).

Of the 26 bacterial isolates which were
isolated, distribution of the isolates was as
follows: E. coli 5, Enterobacter species 4,
Coagulase negative staphylococcus (CoNS)
4, Klebsiella species 3, Pseudomonas
species 3, Staphylococcus aureus 3,
Citrobacter species 2, Burkholdaria species
1 and one Enterococcus species. So in total
there were 18(69.23%) gram negative
isolates and 8(30.76%) gram positive
isolates from the blood culture. (figure.1)

Gram-positive organisms showed highest
sensitivity to linezolid, and vancomycin,
approaching upto 100% and least sensitivity
to erythromycin (25%) (figure.2). Gram-
negative organisms showed good sensitivity
to Colistin (94.44%), Imipenem,
Meropenam (83.33%) and piperacillin-
tazobactam (77.7%). Cephalosporins
showed poor sensitivity (figure.3).

Of the total 5 contaminants which were
found in the blood culture most common

744

was CONS ie; 3, one was micrococci and 1
isolate was Chrysobacter indologenes which
was identified with the help of VITEK
2(BD). None of these isolates were
correlating well with the patient. It was
identified that four out of these five cultures
were took from an existing 1V line on the
baby. For further confirmation, repeat
cultures were obtained from these patients
and none of them came out to be positive.
So these isolates were confirmed to be
contaminants.

Neonatal septicemia is one of the most
important causes of neonatal morbidity and
mortality. The spectrum of causative agents
in neonatal sepsis vary from place to place
and the frequency of the causative
organisms is variable in different hospitals
and even in the same hospital at different
times. For the effective management of
neonatal septicemia cases, study of the
bacteriological profile with their antibiotic
susceptibility pattern plays a significant role.

Out of the total 65 clinically suspected cases
of sepsis from NICU in this study, 27 blood
cultures were true positive cases with a
blood culture positivity rate of 41.53%.
According to the previous studies, blood
culture positivity in neonatal septicaemia
varies from 18.8% to 64.87%. Studies
conducted by Shah et al., (31.57%), Dias
and Vigneshwaran (32%) and Mahapatra et
al., (40%) also showed the similar results as
ours. On the other hand few studies
conducted by Jyothi et al., (19.20%), Rathod
et al., (17.09%) and Bhat et al., (17.80%)
showed much lower blood culture positivity
rate. Low positivity might be due to the
prior administration of the antibiotic before
blood collection, possibility of infection
with anaerobes, presence of fastidious
organisms or lesser amount of the blood
volume inoculated in the culture bottle. It
was found that if the density of the
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organisms present is < 4 colony forming
units (cfu)/ml, blood volumes of 0.5 ml or
less had a significantly diminished chance of
detecting bacteraemia. In the present study
male babies (59.25%) were affected more
than female babies (40.74%) with male to
female ratio of 1.45. It was similar to the
findings of Kavita Nimboor et al., Sharma et
al., and Garg et al., Male preponderance
may be linked to the X linked immune-
regulatory gene resulting in susceptibility to
infections. It was found that in our study the
incidence of EOS (66.66%) was more than
LOS (33.33%). Our findings were similar
with the reports from few previous studies.
Higher incidence of EOS was also reported
by Sheth et al., (56.52%) and Nayak et al.,
(70.66%). This could be due to immature
immunologic response of neonates in the
first week of life, making them more
susceptible to infection in this period.

Gram-negative septicaemia (69.23%) was
encountered more than Gram-positive
(30.76%) in the present study which is
comparable to studies conducted by Tsering
et al., Shah et al., and Nayak et al., with 61,
67.17 and 61.33% cases of Gram-negative
septicaemia, respectively. Among Gram-
negative bacteria, we found E.coli as
commonest isolate followed by
Enterobacter species. It was contrary to
some other studies by Chug et al., and
Sharma et al., who reported Klebsiella spp
as a predominant Gram-negative bacteria. In
this study CoNS was the commonest isolate
amongst Gram-positive cocci. This is in
accordance with the study by Dias and
Vigneshwaran et al., and Ballot et al., where
also CoNS was found to be the commonest
isolate among Gram positive organisms.
CoNS is normally considered as a skin
contaminant when isolated from blood. But
the presence of CoNS in blood of the
critically ill symptomatic babies, should
never be ignored as contaminants as the
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clinical manifestation of CoNS sepsis can be
varied and so they can be quite significant in
such settings. In this study, we considered
few CoNS as a true pathogen because the
antibiotic sensitivity pattern of these CoNS
also suggested so and these also correlated
well clinically.

In this study antibiotic susceptibility pattern
revealed that majority of Gram-negative
bacteria were sensitive to Colistin (94.44%),

Imipenem  (83.33%) and Meropenam
(83.33%) which is comparable to the study
done by Jyothi et al., Among

aminoglycosides maximum sensitivity was
seen to Amikacin (72.22%) which is
similar with Madavi et al., Least sensitivities
were  found with  cefuroxime and
ciprofloxacin in this study. The Gram-
positive bacteria showed good sensitivity to
linzolid and vancomycin approaching upto
100% which is comparable to study by
Jagoo et al., Shah et al., and Sheth et al., All
the isolates of Staphylococcus were
sensitive to linezolid and vancomycin.
Vancomycin sensitive Enterococcus spp
were reported in our NICUs. Finding of
VRE could be a problem since these bacteria
are resistant to all available antibiotics and
have the potential of being reservoirs for
glycopeptide-resistant genes that can be
transferred to other more virulent pathogens.
Multi drug resistance to antimicrobial agents
was found in the present study. Cefoxitin
resistance was seen in 62.5% of
Staphylococcal isolates suggesting the
presence of about 37.5% of MRSA in this
hospital . Our results were compatible to few
other studies. Sheth et al., and Shah et al.,
reported MRSA in 26.67 and 50% isolates,
respectively.

In this study 5 samples with growth obtained
were considered as contaminants on
clinicopathological correlation with patient’s
findings. So the total rate of contamination
of the blood culture in our hospital was
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found to be 7.69%. Literature suggests that
the actual rates of blood culture
contamination seem to vary widely between
institutions, from as little as 0.6% to over
6% (Jajoo et al., 2015; Lee et al., 1967). It
has been found to be slightly higher (7.69%)
in our setting. But the evidence suggests that
contamination occurs more frequently in the
peadiatric population, particularly in young
infants (Norberg et al., 2003; Weinbaum et
al., 1997). Higher rates of contamination can
also be attributed to the manual method of
blood culture followed at this institution. In
an effort to reduce unnecessary discomfort,
pediatricians often use existing intravenous
catheters for obtaining cultures instead of
peripheral venipuncture. This may also lead
to higher chances of contamination. Trained
phlebotomy or blood culture teams have
been found to decrease blood culture
contamination rates.

Fig.1

Amongst the 5 contaminants obtained in the
blood cultures one was Chryseobacterium
indologenes  which is a rare human
pathogen but finding it as a contaminant in
this study highlights the fact that all rare
organisms are not pathogenic and clinical
correlation needs to be done to avoid
injudicious use of antibiotics due to
contamination with these multidrug resistant
contaminating bacteria. Chryseobacterium
spp. can survive in chlorinated waters, and
in the hospital environment they exist in
water systems and wet surfaces and serve as
potential reservoirs of infection.
Colonization of patients via contaminated
medical devices such as respirators,
endotracheal and tracheostomy tubes,
humidifiers, incubators for newborns and
syringes has been documented previously.

Distribution of the isolates in blood cultures

M E.coli

B Enterobacter

m Klebsiella
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H Citrobacter

m Burkholdaria
CONS
Staphaureus

Enterococcus
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Fig.2
Antibiogram of Gram positive isolates
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Antibiogram of Gram Negative Isolates
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usually acquired nosocomially and are
frequently associated with the presence of
invasive equipments (intra-vascular
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device) in immunocompromised patients or
patients who have received long-term broad-
spectrum antibiotics (Nulens et al., 2001;
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Lin et al., 2003). So, it becomes important to
identify the actual contamination rate of
blood cultures at every hospital level and
also to identify the true nature of the
organisms. To distinguish sepsis from
culture contamination in young infants,
quantitative blood cultures can be performed
in conjunction with specific clinical
information to identify the true pathogens.
But it was not done in our study. Moreover
taking a larger number of samples in the
study would give us a better understanding
of the true sensitivity pattern and the
spectrum of infecting microorganisms.

In conclusion, effective use of blood
cultures in paediatric practice is a key
component for the management of sepsis.
But the higher susceptibility of the newborns
to the infection, owing to the immaturity of
their immune system, makes automatic
extrapolation of the adult data to the
newborns  difficult and  potentially
unfounded. So the continuous monitoring of
the positivity in the blood cultures in this
neonatal population is required for timely
administration of effective empirical therapy
based on antibiogram and the spectrum of
the infecting microbes at every center. A
great progress has been made in improving
the ability to distinguish contamination from
true bacteremia. But better strategies for
preventing contamination in the first place,
are required to be implemented very strictly.
Along with this, further research on the
value of time to positivity and quantity of
growth  for  differentiating culture
contamination from bacteremia is necessary.
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