
Bacterial and Antibiotics Sensitivity Pattern in Neonatal Sepsis Patients (Anak Agung Ayu Prithadewi et al)

1

BACTERIAL AND ANTIBIOTICS SENSITIVITY PATTERN IN NEONATAL SEPSIS PATIENTS

Anak Agung Ayu Prithadewi1, Didik Hasmono1, Dewa Made Sukrama2, Wayan Dharma Artana3

1Department of Clinical Pharmacy, Faculty of Pharmacy, Universitas Airlangga
2Department of Clinical Microbiology, 3Department of Child Health, Sanglah Hospital, Denpasar

ABSTRAK

Sepsis neonatal didefinisikan sebagai keberadaan (mungkin atau didokumentasikan) infeksi bersama dengan manifestasi sistemik
dari infeksi yang terjadi pada bulan pertama kehidupan. Sepsis pada bayi baru lahir masih merupakan masalah dalam perawatan
bayi baru dan layanan. Terapi antibiotik tertunda, tidak tepat, dan tidak efektif akan meningkatkan mortalitas dan berhubungan
dengan penurunan tingkat kelangsungan hidup dan juga sebagai faktor utama yang berkontribusi terhadap perkembangan resistensi
antibiotik. Frekuensi tinggi resistensi meningkatkan kesadaran penggunaan antibiotik secara efektif, yaitu pemilihan antibiotik yang
tepat. Antibiogram dapat membantu menentukan antibiotik empiris yang sesuai, tapi karena antibiogram berubah berdasarkan
waktu dan luasnya penggunaan antibiotik, sehingga antibiogram yang harus dibuat berkala dan rutin. Tujuan dari penelitian ini
adalah untuk mengidentifikasi pola bakteri dan pola kepekaan bakteri pada pasien sepsis neonatal. Sebuah analisis kohort
retrospektif dilakukan di NICU Rumah Sakit Sanglah. Data dikumpulkan dari Januari sampai Juni 2013. Pola bakteri dan pola
sensitivitas bakteri diidentifikasi berdasarkan hasil tes kultur dan uji sensitivitas. Dari Januari hingga Juni 2013, mikroorganisme
yang paling sering diisolasi adalah bakteri gram-negatif, sebagian besar Serratia marcescens (20%) dan Klebsiella oxytoca (20%).
Ampisilin dan gentamicin yang digunakan untuk terapi empiris lini pertama pada sepsis neonatal sudah resisten terhadap sebagian
besar bakteri. Simpulan, antibiotik piperasilin-Tazobactam, meropenem, ertapenem, amikasin dan levofloxacin masih memiliki
sensitivitas yang baik terhadap sebagian besar bakteri. (FMI 2015;51:1-6)

Kata kunci: sepsis neonatus, antibiotik, pola bakteri, pola sensitivitas bakteri

ABSTRACT

Neonatal sepsis is defined as the presence (probable or documented) of infection together with systemic manifestations of infection
which occur in the first month of life. Sepsis in the newborn is still a problem in new baby’s care and service. The delayed,
inappropriate, and ineffective antibiotics therapy will increase mortality and associated with decreased survival rates and also as a
major factor contributing to the development of antibiotic resistance. The high frequency of resistance raises awareness in the use of
antibiotics effectively, that is the selection of appropriate antibiotics. Antibiogram can assist in the determination of appropriate
empirical antibiotic early, but because antibiogram changed is based on the time and extent of the use of antibiotics, so that
antibiogram must be made periodically and routinely. The purpose of this study was to identify bacterial pattern, bacterial sensitivity
pattern in neonatal sepsis patients. A retrospective cohort analysis was carried out in the NICU Sanglah Hospital. Data was
collected from January to June 2013. Bacterial pattern and bacterial sensitivity pattern were identified based on the results of
culture test and sensitivity test. From January to June 2013, the most frequently isolated microorganism was negative-gram bacteria,
mostly Serratia marcescens (20%) and Klebsiella oxytoca (20%). Ampicillin and gentamicin which are used to be first line empirical
therapy on neonatal sepsis was already resistant to most of bacteria. In conclusion, antibiotics piperacillin-tazobactam, meropenem,
ertapenem, amikacin and levofloxacin still have good sensitivity for most of bacteria. (FMI 2015;51:1-6)

Keywords: neonatal sepsis, antibiotics, bacterial pattern, sensitivity bacterial pattern

Correspondence: Anak Agung Ayu Prithadewi, Faculty of Pharmacy, Universitas Airlangga, Jalan Dharmawangsa
Dalam, Surabaya 60286, Indonesia. E-mail: ayuprithadewi@gmail.com/+6281337063363.

INTRODUCTION

Neonatal sepsis is defined as the presence (probable or
documented) of infection together with systemic
manifestations of infection which occur in the first
month of life. Sepsis in the newborn is still a problem in
new baby’s care and service. The majority of newborn
babies in developing countries, almost all of them
treated have sepsis-related problems. The same is also
found in developed countries in babies treated in

neonatal intensive care unit (Aminullah 2012). The
number of the incidence of sepsis in developing
countries is relatively high (10-50/1000 births)
compared with that in developed countries (1-5/1000
births). This can be affected by economic status, races,
and the treatment standard obtained by neonates
(Escobar et al 2000).

Neonatal sepsis is divided into two groups, that is,
early-onset sepsis, and late-onset sepsis. Early-onset
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sepsis (refers to infections occurring within the first 3
days after birth) usually acquired vertically from the
mother and manifests shortly after birth. Late-onset
sepsis can be caused by bacteria originating from the
environment around the baby after the third day of birth
and has been attributed to nosocomial or horizontal
acquisition (Aminullah 2012, Chu et al 2012). The
bacterial pattern dominating the incidence of neonatal
sepsis varies in terms of place and time, like that in
developing countries; the cause of neonatal sepsis tends
to be dominated by negative gram bacteria. The
opposing situation is found in developed countries, the
cause of sepsis especially the early-onset sepsis is
dominated by gram positive bacteria. Antibiotics is the
most common and widely used medication, yet its
overuse and misuse often increase the prevalence of
multidrug-resistant pathogens, the increased cost of
medication, the increase of side effect, and the
interaction of medication and the increase of morbidity
and mortality (Archer & Polk 2008). The late
administration of antibiotics which is inappropriate and
microbiologically ineffective will increase the mortality
rate. The precise delay of antibiotic therapy which is
more than 2 days, significantly increases the risk of 30
days mortality in patients with infected by
Pseudomonas aeruginosa (Lodise et al 2007), while in
Anderson et al (2008), it is found out that the delay
which is more than 72 hours of antibiotics
administration in patients with infection because MDR
Klebsiella increases the mortality risk, and the study by
Kumar et al (2006) in patients with septic shock shows
that the effective delay in administering antibiotic
therapy constitutes a single predictor related to the
decrease in survival rate.

The effective initiation of antibiotic therapy in the first 1
hour after the onset septic shock with hypotension, a
total of 79.9% survives so that they were discharged
from hospital, and every additional hour (since 6 hours
the hypotension occurred) the effective late initiation of
antibiotics caused the surviving percentage to decrease
to around 7.6%. One of the approaches that can be taken
to control the use of antibiotics is to make bacterial and
sensitivity patterns that can help clinician to determine
the appropriate empirical antibiotics. Antibiogram can
alter based on time and the wide use of antibiotics, so
that antibiogram must be made periodically and
routinely. The objective is to identify bacterial pattern,
bacterial sensitivity pattern in neonatal sepsis patients.

MATERIALS AND METHODS

This study is a cohort study by taking the data
retrospectively; that is, starting January-June 2013. The
population of the study is all the patients with the

diagnosis of neonatal sepsis in the Neonatal Intensive
Care Unit (NICU) ward of Sanglah Public General
Hospital Denpasar during those months. Based on the
blood culture, bacteria causing neonatal sepsis were
found and sensitivity to antibiotics and tabulation of the
causing bacteria was made, the potential of antibiotics
to the most pathogen bacteria, and antibiogram was also
found.

RESULTS

The number of culture found was 30 blood cultures with
sepsis diagnosis from the total 38 good blood cultures
secrete endotracheal tube (ETT), urine and
cerebrospinal found in NICU ward during the period of
January through June 2013. The kind, total, and the
percentage of pathogen bacteria causing neonatal sepsis
in patients of neonatal sepsis in the NICU ward of
Sanglah Public General Hospital Denpasar during the
period of January–June 2013 can be seen in Table 1.

All the pathogen bacteria causing neonatal sepsis is
gram negative bacteria. The pathogen bacteria with the
largest number is Serratia marcscens and Klebsiella
oxytoca with 6 blood isolates accompanied by
Enterobacter gergoviae with 4 blood isolates and
Eschercia coli with 3 blood isolates, out of 11 kinds of
pathogen bacteria causing neonatal sepsis. The result of
germ sensitivity to antibiotics is done in the form of
antibiogram. Antibiogram is a diagram that links the
finding of bacteria obtained from culture result and the
antibiotic sensitivity test results to bacteria (Hindler &
Stelling 2007). Antibiogram bacteria using neonatal
sepsis in the NICU ward of RSUP Sanglah Denpasar
during the period of January-June 2013 can be seen in
the appendix. Antibiotics which still has good potential
> 60% for the bacteria Serratia marcessens is levoflox-
acin (66.7%) and in Klebsiella oxytoca is levofloxacin
(100%), amikacin (83,3%), ertapenem (66.7%),
meropenem (100%), tetracycline (66.7%), cefopera-
zone-sulbactam (83.3%), and cefuroxime (66.7%).

DISCUSSION

Bacteria causing neonatal sepsis seen from the blood
culture in this study all were gram negative bacteria;
they are Serratia marcescens and Klebsiella oxytoca.
Ampicillin antibiotics which constitute the first line
antibiotics which is used widely as an empirical therapy
of neonatal sepsis cannot be recommended if seeing the
result of the bacterial sensitivity pattern to antibiotics,
because the majority of bacteria are already resistant,
while for gentamicin, some bacteria can still be
recommended. However in the biggest bacteria, Serratia
marcescens can no longer be recommended.
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Table 1. Types, total, and the percentage of pathogen bacteria causing neonatal sepsis in NICU ward
during the period of January–June 2013.

Pathogenic Bacteria Number of
Blood Isolate

Percentage
(%)

Negative Gram
Serratia marcescens 6 20
Klebsiella oxytoca 6 20
Enterobacter gergoviae 4 13.3
Escherichia coli 3 10
Pseudomonas
aeruginosa

2 6.7

Aeromonas hydrophilia 2 6.7
Acinetobacter baumanii 2 6.7
Acinetobacter
haemolyticus

2 6.7

Enterobacter
haemolyticus

1 3.3

Serratia rubidaea 1 3.3
Citrobacter koseri 1 3.3
Total Isolates 30 100

Table 2. Antibiotic category based on % potential to the biggest pathogenic bacteria

% Antibiotic
potential

Pathogenic Bacteria
Serratia marcescens (n=6) Klebsiella oxytoca (n=6)

< 30% Ampicillin (0%) Ampicillin (0%)
Ampicillin-Sulbactam (0%) Ampicillin-Sulbactam (16.7%)
Aztreonam (0%) Aztreonam (16.7%)
Cefotaxim (0%) Cefotaxim (16.7%)
Cefalotin (0%) Cefalotin (16.7%)
Gentamicin (16.7%) Cefepime (16.7%)
Imipenem (16.7%)
Amoxicillin-clavulanat (16.7%)
Ceftazidime (16.7%)
Tetracycline (20%)
Cefuroxime (0%)
Cefoperazon-sulbactam (20%)
Ertapenem (20%)

30-60% Piperacillin-tazobactam (60%) Piperacillin-tazobactam (60%)
Ciprofloxacin (33.3%) Ciprofloxacin (33.3%)
TMP/SMZ (50%) Chloramphenicol (33.3%)
Amikacin (40%) Gentamicin (33.3%)
Meropenem (50%) Ceftazidime (33.3%)
Cefepime (33.3%) Amoxicillin-clavulanat (33.3%)

Imipenem (50%)
TMP/SMZ (33.3%)

>60% Levofloxacin (66.7%) Levofloxacin (100%)
Amikacin (83.3%)
Ertapenem (66.7%)
Meropenem (100%)
Tetracycline (66.7%)
Cefoperazone-sulbactam (83.3%)
Cefuroxime (66.7%)

Ampicillin is antibiotics of beta lactam group with
bactericidal characteristics, ampicillin works by binding
the penicillin binding protein (PBPs) and causes a
synthetic damage to the walls of bacteria cells.
Resistance to antibiotic of penicillin group and other
beta lactams can happen through 4 ways of mechanism,
they are; antibiotics inactivation by beta lactamase,
target modification of Penicillin binding Proteins

(PBPs), disrupting medication penetration to target
BPPs, and the occurrence of efflux, that is, there is an
overexpression of efflux pumps that prevent antibiotics
accumulation in the cell enabling to give an inhibition
effect. Resistance of this kind most commonly happens
from inactivation mechanism by beta-lactamase,
bacteria synthesize an inactivator enzyme, that is, beta-
lactamase that can activate damage the active structure
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of this kind of antibiotics (Chambers 2007). Resistance
to gentamicin or aminoglycoside type can happen
through two mechanisms, that is, through RNA riboson
mutation or modification and inactivation of amino-
glicocide molecules. Bacteria can also decrease the
concentration of intracellular aminoglycoside by
decreasing the influx and increasing the efflux (Falciglia
et al 2012).

Resistance is not a new phenomenon; it was recognized
early as a scientific curiosity and then as a threat to
effective treatment outcome. Resistance costs money,
livelihoods and lives and threatens to undermine the
effectiveness of health delivery programs. Antimicrobial
use is the key driver of resistance. Paradoxically this
selective pressure comes from a combination of overuse
in many parts of the world, particularly for minor
infections, misuse due to lack of access to appropriate
treatment and under-use due to lack of financial support
to complete treatment courses (WHO 2001). The high
resistance frequency increases our alertness to be more
effective in the use of antibiotics; that is, by choosing
the appropriate antibiotics. Empirical therapy is an
antibiotic therapy whose choice is based on educated
guess (based on the suspicion of the infection source
and the field map of the local bacteria) so that the wide
spectrum antibiotics are chosen according to the
bacterial pattern and sensitivity of the local antibiotics,
which is administered while waiting for the examination
of the culture results by looking at the marker of
infection.

Antibiotics that still have good potentials in most
causing bacteria are piperacillin-tazobactam, mero-
penem, ertapenem, amikacin, and levofloxacin. In
neonates not all of antibiotics can given safely.
Antibiotics like sulfonamide, choramphenicol, tetra-
cycline, fluoroquinolon restricted when given to
neonates. Sulfonamides can displace bilirubin from
albumin-binding sites, facilitating the deposition of
unconjugated bilirubin in the brain. This condition,
known as kernicterus or bilirubin encephalopathy, may
produce neurologic injury and cell death and is
frequently fatal. Survivors experience central hearing
loss, ataxia, and choreoathetosis. The displacement of
bilirubin from albumin-binding sites depends on several
factors, including pH, the affinity of albumin for the
drug and bilirubin, and the individual molar
concentrations of the drug, bilirubin, and albumin.
Preterm newborns may be at an increased risk for
bilirubin displacement because of lower albumin
concentrations, decreased albumin affinity for bilirubin,
lower pH, and higher bilirubin concentrations
(secondary to overproduction or decreased hepatic
glucuronide conjugation). To displace bilirubin, a
specific molar concentration of a drug is necessary to

occupy a critical portion of the reserve albumin.
Generally, if the molar concentration of a drug is much
lower than the molar concentration of albumin,
displacement of bilirubin from albumin-binding sites is
unlikely (Kraus & Pham 2009).

Uridine diphosphate glucuronosyl transferase (UGT)
activity is significantly reduced at birth and generally
reaches adult levels by 6 to 18 months of age. As a
result of the decreased UGT activity, metabolism is
significantly decreased in the neonate for compounds
that undergo glucuronidation (e.g., chloramphenicol).
Toxic effects of these agents may be seen unless doses
are decreased appropriately. Reduced glucuronidation
with resultant accumulation of chloramphenicol was
responsible for the toxic symptoms of the “gray baby
syndrome” (cardiovascular collapse and shock) (Kraus
& Pham 2009). Tetracyclines should be avoided in
children less than 8 years of age, as this drug can be
deposited in teeth and bones and have been reported to
cause enamel hypoplasia and permanent teeth
discoloration. The use of tetracyclines should only be
used in these patients if other agents are contraindicated
or alternative antimicrobials will not eradicate the
organism (Steele 2007).

Since fluoroquinolones, been shown to cause
degenerative changes in weight-bearing joints of young
animals, it has been suggested that these drugs should
not generally be used in patients aged under 18 years
unless the benefits outweigh the risks. Tendon damage
may occur rarely with fluoroquinolones and treatment
should be stopped if patients experience tendon pain,
inflammation, or rupture; subsequent use of
fluoroquinolones is contra-indicated in these patients
(Sweetman 2009).

Previous studies conducted in Indonesia, pathogen
bacteria causing neonatal sepsis are also dominated by
gram negative bacteria. The study conducted at Dr.
Moewardi Hospital Surakarta, the most bacteria causing
sepsis was Enterobacter sp (42.9%) and meropenem
constitutes antibiotics with the highest sensitivity while
other bacteria such as amikacin, cefotaxim, ampicillin,
ceftazidime and gentamicin are antibiotics with the
lowest sensitivity to Enterobacter (Yulidar et al 2006).
The study conducted at Ciptomangunkusumo Hospital,
Jakarta, by Rohsiswatmo (2006), found that the bacteria
most often causing early-onset and late-onset neonatal
sepsis were almost the same, caused by Acinetobacter
calcoaceticus, Enterobacter sp, Staphylococcus sp,
Klebsiella sp, and Pseudomonas sp, where there is a
resistance to ampicillin antibiotics (which constitutes
the first line) against gram negative bacteria totaling
62.9% -94.7% resistant to gentamicin and 97.1% from
Staphylococcus sp resistant to ampicillin antibiotics.
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High resistance is also found in cephalosporin either in
gram negative bacteria or gram positive bacteria and for
ceftazidime of 61.7% is still sensitive to Acinetobacter
calcoaceticus and 45.7% to Enterobacter sp. The study
which was also conducted at Ciptomangunkusumo
Hospital as reported by Juniatiningsih et al (2008) it was
found that Acinetobacter calcoaceticus is the biggest
isolate (14.7%), followed by Staphylococcus
epidermidis (6.9%), Enterobacter aerogenes (4.9%).
Early-onset sepsis in this study is mostly caused gram
negative bacteria (80.5%) while in late-onset sepsis
gram negative and positive bacteria in almost the same
amount. Gram negative bacteria have low sensitivity to
first line and second line antibiotics, except
Enterobacter aerogenes which are still sensitive to
gentamicin and Pseudomonas which are still sensitive to
ceftazidime (Juniatiningsih et al 2008). Mayetti (2010)
in Padang observed that Staphylococcus aureus (32.6%)
was the biggest cause followed by Klebsiella sp (each
22.6%) in patients with early-onset sepsis and it was
also reported that ampicillin and gentamicin had low
sensitivity to the three bacteria.

The study conducted by Kardana (2011a) at Sanglah
Hospital during the period of January 2008 – December
2009, without looking at the onsets, the bacteria causing
sepsis were found to be dominated by gram negative
bacteria (68.3%), the biggest one is Serratia marcescens
(23.5%). The proportion of gram positive bacteria was
only 31.7% consisting of Coagulase positive
staphylococcus (16.4%), Coagulase negative staphylo-
coccus (10.2%), and Streptococcus viridans (4.6%).
Bacteria causing neonatal sepsis partly had low
sensitivity to first line antibiotics (ampicillin, genta-
micin), and second line antibiotics (cefotaxime and
ceftazidime), except Acinetobacter baumannii still had
high sensitivity. Different from the previous studies by
Suarca et al 2005, the bacteria responsible for the
incidence of neonatal sepsis at Sanglah Hospital is
Enterobacter sp.

In developing countries such as Latin America,
Carbibia, Asia and Africa, the biggest cause of neonatal
sepsis is Klebsiella sp while for the biggest gram
positive bacteria is Staphylococcus aureus (Falciglia et
al 2012). According to the Indian National Neonatal
Perinatal Database, Klebsiella pneumoniae, Staphylo-
coccus aureus and Eschericia coli constitutes the
biggest three causing neonatal sepsis (Sivanandan et al
2011). The opposing condition is found in developed
countries, the cause of sepsis especially early-onset
sepsis is dominated by gram positive bacteria. The study
at Yale-New Haven Hospital (Y-NHH) found that the
biggest cause of sepsis was the Streptococcus group B
(47%) (Bizzaro et al 2005). The study in Brighan and
Women’s Hospital Boston also finds that the biggest

cause of sepsis was Streptococcus group B totaling
41.5% and Escherichia coli totaling 20.2% (Puopolo &
Eichenwald 2010). In Vergnano et al (2011), the study
conducted in England the majority of pathogen bacteria
causing late-onset sepsis was Negative coagulase
Staphylococcus (54%), Enterobacteriaceae (21%) and
Staphylococcus aureus (18%, 11% of them constitutes
MRSA bacteria methicillin resistant aureus). Pathogen
bacteria which are most responsible for early-onset
sepsis in the United States is Streptococcus group B and
Escherichia coli (Polin 2012). The difference in the
bacterial pattern is possibly caused by various things
such as the high incidence of bacterial colonization in
mothers, the difference in bacterial pattern in the mother
and baby’s environment, the difference in immune
response and genetic factor of the population, the
different ways of microbiological analysis, the
difference in levels of education and health service and
the change in antibiotic pattern and life styles (Kardana
2011b).

CONCLUSION

In neonatal sepsis patients the highest pathogenic
bacteria are Serratia marcescens (20%) and Klebsiella
oxytoca (20%). The antibiotics that have good potentials
in those bacteria are piperacillin-tazobactam, meropen-
em, ertapenem, amikacin, and levofloxacin.
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