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Abstract: Periodic review from laboratory about the pathogens causing the bacterial meningitis and its antimicrobial 
sensitivity test result is important to determine the most common etiology of meningitis, since they can be varied according to 
time, geography, and patient’s age. This study is a retrospective descriptive study. Affordable population in this study was 
children with positive cerebrospinal fluid culture results who were treated in Pediatric ward at Sanglah hospital, Denpasar from 
January 1st, 2016 until December 31st, 2018. The study used secondary data from the microbiology register in Clinical 
Microbiology Laboratory and medical record of Sanglah Hospital. This study employed total sampling method to collect samples. 
There were 52 samples that obtained in this study. Most of them were gram negative bacteria (53.8%). The most common gram 
negative bacteria found were Pseudomonas sp, with Pseudomonas stutzeri. The most common gram positive bacteria found were 
Staphylococcus sp, with Staphylococcus hemolitikus. Vancomycin, Linezolid and Tigecyclin have high sensitivity against gram 
positive bacteria. Carbapenem, aminoglycoside and fourth generation of cephalosporine still had high sensitivity against gram 
negative bacteria. About 26.9% of bacterias were multidrug resistant organisms (MDRO) and most of them (78.6%) were gram 
positive. Ceftriaxone as our empirical therapy has low sensitivity (30%) to gram positive bacteria and moderate sensitivity to 
gram negative bacteria (53.57%). Resistance to cephalosporin might be quite high in this particular clinical setting due to high 
number of MDRO. It should be taken into account before giving treatment for bacterial meningitis. 
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1. Introduction 

Acute bacterial meningitis is one of the most serious 
infections in infants and older children, it is among the 10 
major causes of mortality from infectious disease all over the 
world. High incidence of acute complications and risk of 
long-term morbidity is associated with this disease. [1, 2]. 
Despite advances in antibiotic therapy and vaccination 
strategies, children are particularly vulnerable to bacterial 
meningitis because of their relatively immature immune 
systems. [3] 

It is estimated that over 75% of all cases of bacterial 
meningitis occur in children under 5 years of age. The WHO 

estimates that about 170.000 deaths occur annually from the 
disease worldwide; the case fatality rate can be as high as 50% 
if not treated. [3] About 5 to 10% of patients die within the 
first 24 hour of onset of symptoms in the absence of any 
treatment and around 10-20% of those who survived present 
severe neurological sequels such as hearing loss, learning 
disabilities, mental retardation, paralysis, and seizures. [4, 5] 

Bacterial meningitis is most commonly caused by one of 
three types bacteria: Haemophilus influenzae type b (Hib), 
Neisseria meningitidis, and Streptococcus pneumoniae 
bacteria which account for 90% of reported cases of acute 
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bacterial meningitis in infants and children >4 weeks of age. 
Before the 1990s, H. influenzae type b was the leading cause 
of bacterial meningitis but the new vaccine regimens, the 
occurrence of serious Hib disease have been reduced. [5] N. 
meningitidis is now considered to be the leading cause of 
bacterial meningitis in many regions of the world, causing an 
estimated 1.2 million cases of bacterial meningitis and sepsis 
worldwide each year. [6] The diagnosis is usually made by a 
lumbal puncture that demonstrates a turbid first drop of 
cerebrospinal fluid, a low glucose concentration, a high 
protein and neutrophil concentration with or without 
pleocytosis. Identification of the type of bacterial can be done 
either by gram stain, culture or by polymerase chain reaction 
(PCR) techniques. [5] 

However, many infectious diseases are becoming 
increasingly difficult to treat because of antimicrobial resistant 
organisms. Both the epidemiology of bacterial meningitis and 
the sensitivity to antibiotics are changing as a result of the 
widespread use of antimicrobials and other factors. Periodic 
review from laboratory about the pathogens causing the 
bacterial meningitis and its antimicrobial sensitivity test result 
is important to determine the most common etiology of 
meningitis, since they can be varied according to time, 
geography, and patients age. It is also necessary to improve the 
clinical management of cases, guiding therapeutic 
managements so that the most appropriate treatment can be 
given timely. Further, it can assist in planning new preventive 
strategies. [1, 2] This study aims to determine the different 
bacteria causing meningitis and their antibiotic susceptibility 
pattern in tertiary hospital. 

2. Materials and Methods 

This study is a retrospective descriptive study, conducted in 
Pediatric ward at Sanglah hospital in March 2019. Target 
population in this study was children with positive 
Cerebrospinal Spinal Fluid (CSF) culture results who were 
treated in Pediatric ward at Sanglah hospital, Denpasar. 
Affordable population were children with positive CSF 
culture results who were treated in Pediatric ward at Sanglah 
hospital, Denpasar period 2016-2018. 

Inclusion criterias in this study were patients aged 1 month 
until 18 years old with positive cerebrospinal fluid culture 
results from lumbal puncture with bacterial meningitis 
symptoms from January 1st 2016 until December 31st 2018. 
The exclusion criteria was patients who were treated with 
incomplete medical records. 

Sample size were recruited using total sampling. Samples 
were obtained from the microbiology register in Clinical 
Microbiology Laboratory at Sanglah hospital and medical 
records from January 1st 2016 until December 31st 2018. 
Variables in this study are gender, age, examination period, 
shunt device, multi drug resistance organism (MDRO) and 
sensitivity test antibiotic. Age is age of patient by date, month, 
and year of birth seen from identity data on medical record. 
Gender is difference in sex that distinguish between men and 
women, the data presented in the form of categorical scale that 

is male and female. Cerebrospinal fluid (CSF) shunt device is 
a medical device installed to relieve pressure in the brain such 
as VP (Ventriculoperitoneal) shunt or EVD (External 
Ventricular Drain). Multidrug resistance organism is organism 
which is resistant to ≥ 1 agent in ≥ 3 antimicrobial categories. 
Antibiotic sensitivity test is antibiotic sensitivity examination 
using the disc diffusion method in order to see the growth of 
bacteria despite antibiotic administration. The data presented 
in the form of categorical scale that is using device shunt and 
not using device shunt. Examination period is the duration 
needed for bacterial growth in culture media until the culture 
results are released and expressed in days. The data presented 
in the form of categorical scale, which is less than or equal to 5 
days and more than 5 days. 

Protocol of this study are all the patients aged 1 month to 18 
years, attending the Pediatric department who have done CSF 
analytic with positive culture result, were included in the study. 
The recording was made on a sample of research including 
common characteristics such as name, age, gender, shunt 
device, examination period and liquid cerebrospinal cultures 
following the test results of germ sensitivity to antibiotics. 
Data were obtained from the microbiology register in Clinical 
Microbiology Laboratory of Sanglah Hospital. Data were 
collected from January 1st, 2016 until December 31st, 2018. 

Calculation of the highest proportions of bacteria and 
antibiotic sensitivity was calculated from the recording of the 
results of liquid cerebrospinal culture and sensitivity test. The 
collected data are presented in descriptive form of narrative and 
tables are equipped with frequency display and presentation. 

This study has been approved by the Research Ethics 
Committee of the Faculty of Medicine, Udayana University/ 
Sanglah General Hospital. Study was conducted under the 
supervision of Pediatric Neurology Division, Medical Faculty 
of Udayana University. 

3. Result 

Between January 1st 2016 and December 31st 2018, there 
were 92 samples with positive culture results, 40 of them 
(43.4%) were bacterial contaminated and 52 samples with 
bacterial meningitis. Of 52 samples collected, 24 samples 
(46.1%) were gram positive bacteria and 28 samples (53.8%) 
were gram negative bacteria. Twenty five samples were male 
and 27 samples (52%) were female. Thirty two samples were 
4 years old or younger and 20 (38.5%) samples were older. 
Out of 52 samples with positive culture, 15 samples (28.8%) 
were using devices such as VP shunt or EVD, and 37 samples 
were not. Most of Examination period (73.1%) were less than 
5 days. In our study about 26.9% bacterial were MDRO, 
which 11 (78.6%) of the bacteria were gram positive. 

The most common gram positive bacteria isolated was from 
Staphylococcus sp family, with Staphylococcus hemolitikus as 
dominant agent. The most common gram negative bacteria 
isolated was from Pseudomonas sp family, with Pseudomonas 

stutzeri as dominant agent. Data was presented in table below 
(Table 2). 
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Table 1. Sample Characteristics. 

Characteristics n (%) 

Gender  
Male 25 (48%) 
Female 27 (52%) 
Age  
1 month- 4 years old 32 (61.5%) 
> 4 years old 20 (38.5%) 
Gram Staining  
Positive gram 24 (46.1%) 
Negative gram 28 (53.8%) 
Shunt device  
Yes 15 (28.8%) 
No 37 (71.1%) 
Examination periods  
≤ 5 days 14 (26.9%) 
> 5 days 38 (72.1%) 
Total 52 (100%) 

Table 2. Children Cerebrospinal Fluid (CSF) Culture Characteristics. 

Bacterial type (n)% 

Gram-positive bacteries  
Staphylococcus hemolitikus 5 
Staphylococcus hominis 3 
Staphylococcus cohnii 3 
Staphylococcus Epidermidis 3 
Streptococcus pneumonia 2 
Enterococcus sp 2 
Streptococcus viridans 2 
Staphylococcus aureus 1 
Staphylococcus warneri 1 
Staphylococcus Saprophyticus 1 
Staphylococcus capitis 1 
Gram-negative bacteries  
Pseudomonas stutzeri 9 
Eschericia colli 6 
Acinetobacter Baumanii 4 
Acinetobacter iwofii 3 
Pseudomonas aeruginosa 2 
Pseudomonas fluorescens 1 
Acinetobacter junii 1 
Enterobacter cloacae 1 
Klebsiella oxytoca 1 
Total 52 

Antibiotic sensitivity pattern against positive gram bacteria 
were shown in the table below. Vancomycin, Linezolid dan 
Tigecyclin had high sensitivity against gram positive bacteria. 
Meanwhile, ceftriaxone had 30% sensitivity, 54% resistance 
against gram positive bacteria but 16% of the data was not 
available. 

 

Figure 1. Antibiotic Susceptibility Pattern of Gram Positive Bacterial in 

Meningitis Children. 

Antibiotics sensitivity pattern against gram negative 
bacteria was shown in the table below. Tigecyclin, 
Meropenem, Amikacin and Ceftazidime still had high 
sensitivity against them. Meanwhile ceftriaxone had 55.6% 
sensitivity and 11.1% of them was resistant. However, 33.3% 
of the data was not available. 

 

Figure 2. Antibiotic Susceptibility Pattern of Gram Negative Bacterial in 

Meningitis Children. 

4. Discussion 

Bacterial meningitis is a serious disease associated with 
high morbidity and mortality if the etiologic diagnosis is 
delayed. Since some common pathogens are labile (Neisseria 

meningitidis, Streptococcus pneumoniae), specimens of 
cerebrospinal fluid should be processed immediately after 
they are collected. The specimen must be collected aseptically 
and delivered immediately to the laboratory. It should not be 
refrigerated or exposed to extreme cold or excessive heat. 
They should be transported at temperatures between 20 degree 
Celsius and 35 degree Celsius. For proper culture results, CSF 
specimens must be plated within one hour. [7] In this study, 
there were 92 samples with positive CSF culture results during 
2016-2018, and almost half were contaminants, only 52 
samples were confirmed bacterial meningitis. The presence of 
a large number of contaminant germs were influenced by 
various factors. The way of taking and transporting samples 
(pre-analytic), as well as storing culture material for too long 
in the wrong place could affect the germ growth results. This 
result didn’t reflect the actual pathogens. The fact that most 
patients received antimicrobial agents that are readily 
purchased as over the counter medications even prior to 
clinical evaluation alongside the occasional delay in CSF 
sampling, resulting in germ patterns obtained that do not 
reflect the real result. [8] Besides, according to Brouwer et al, 
CSF culture is documented to be positive only in 1/10 of the 
previously antibiotic treated patients in developing countries. 
[9] Same result was found by Afifi et al who reported low 
rates of culture positive CSF samples (8%) of suspected cases 
with bacterial meningitis. [10] 

While the CSF culture is the gold standard in diagnosing 
bacterial meningitis, the low bacterial growth rates 
particularly in patients who have received antibiotic treatment 
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before the lumbar puncture (LP) necessitated the development 
of new test methods. Nucleic acid amplification tests such as 
the polymerase chain reaction (PCR) can detect small amounts 
of pathogen DNA independently from the growth of the 
microorganism causing the disease. [8] Wang et al also 
identified bacterial meningitis in five cases (9%) by CSF 
cultures and 25 (45%) by real-time PCR. They considered 
real-time PCR much more sensitive than culture for the 
diagnosis of bacterial meningitis particularly in their study 
where 68% of patients had received prior antimicrobial 
treatment and their CSF samples yielded negative culture 
results. [11] A similar conclusion has been reached by Wu et al 
who stated that realtime PCR increases diagnostic yield for 
bacterial meningitis and is ideal for incorporation into routine 
surveillance in developing countries. [12] 

In this study, the proportion of boys and girls with bacterial 
meningitis were almost the same. Study by Shrestha, et al also 
revealed similar result, in their study 55.2% were males and 
44.8% were females, male and female showed equal 
distribution of culture positive cases. [13] Other study also 
showed that the proportion of meningitis in men and women is 
almost the same. These results showed no sex significant 
difference with male infection higher than females. [14] 

Most of the cases of bacterial meningitis as evidenced by 
positive CSF culture are less than or equal to 4 years. Based on 
the study by Kather et al, it was found that more infection were 
in the age group of 1-month-two years with frequency (44%), 
and 81% of confirmed bacterial meningitis belonged to age 
group 1-month-4 years, these age groups for the children have 
considered as development age and they are more susceptible 
to infection than elder one. [14] 

In this study, gram negative bacteria were found more than 
gram positive bacteria. Mohammadi et al., reported that 73.33% 
gram negative and 26.67% gram positives had been isolated in 
their study, which were similar to our findings. [15] 

Out of 52 samples with positive culture of bacterial 
meningitis, 15 (28.8%) samples were using shunt device. 
Shunt infection is generally defined as the identification of a 
bacterial pathogen from the CSF both by gram stain and 
culture, in conjunction with CSF pleocytosis, fever, 
neurologic symptoms, and signs of shunt malfunction. Shunt 
infection rates per patient range from 10% to 22% and around 
6.0% per procedure, with 90% of infections occurring within 
30 days of surgery. These events are mostly attributable to 
normal skin flora such as coagulase-negative staphylococci, S. 

aureus and Propionibacter acnes, which are thought to be 
introduced at the time of surgery. Gram-negative organisms 
and Candida species have also been reported in CSF culture. 
Shunt infections are associated with higher rates of revision, 
recurrence of infection, ventriculitis, meningitis, and 
encephalitis, and often with greater mortality rates. [16] 

In this study, the duration of culture examination result was 
almost less than 5 days. Desai et al found in 158 positive CSF 
specimens, approximately 25% of these grew organisms after > 
3 days, with some as long as 10 days after specimens were 
obtained. The most common organisms grown from 
individual patients were coagulase-negative Staphylococcus 

spp, Propionibacterium spp, Bacillus spp, Pseudomonas 

aeruginosa, and Staphylococcus aureus. Mean and maximum 
days to growth were different across species, with S. aureus 
showing the shortest and Propionibacterium spp showing the 
longest incubation times. Thus, a routine 10 day observation 
period for CSF specimens can be justified. [17, 18] 

The epidemiology of acute bacterial meningitis has 
changed markedly since the introduction of conjugate 
vaccines. However, the disease continues to cause a heavy 
burden even in developed countries and causing substantial 
morbidity and mortality. Early administration of antibiotics 
save lives, but the globally emerging multidrug resistant 
bacteria limits the effectiveness of many inexpensive and 
widely available antimicrobial drugs. The molecular 
mechanisms of antibiotics resistance have been studied 
extensively and involved studying genetics and biochemical 
aspects of bacterial cell function. However, most of these 
mechanisms can be disseminated by one or more distinctive 
gene transfer mechanisms. Under selective pressure of certain 
antibiotics, bacterial variants evolve various mechanisms to 
survive in the presence of these antimicrobial agents. Drug 
resistant bacteria are usually multi-drug resistant against 
various structurally different drugs. Although antimicrobial 
resistance is classically attributed to chromosomal mutations, 
resistance is mainly associated with extra-chromosomal 
elements acquired from other bacteria in the environment, 
such as plasmids. [19, 20] In this study, about 26.7% of 
organisms were MDRO and most of them (78.6%) were gram 
positive bacteria. Study in Egypt showed the similar result, out 
of the 71 isolates, 26 isolates (36.6%) were MDR isolates. 
[19] 

A study conducted in Europe and Mediterranean region 
during 2007 found that Neisseria meningitidis, Streptococcus 

pneumoniae and Haemophilus influenzae type b were most 
commonly associated with bacterial meningitis accounting for 
almost 90% of reported cases of acute bacterial meningitis in 
infants over 60 days of age and young children. In contrast, 
another study was carried out in eastern of Mediterranean 
region during 2005-2010 found that the most commonly 
isolated pathogens were S. pneumoniae (27% of confirmed 
cases), N. meningitidis (22%), and H. influenzae (10%). [19] 
Meanwhile in this study found the most common gram 
positive bacteria isolated was from Staphylococcus sp family, 
with Staphylococcus hemolitikus as dominant agent. The most 
common gram negative bacteria isolated was from 
Pseudomonas sp family, with Pseudomonas stutzeri as 
dominant agent. 

The cases caused by staphylococci are usually secondary 
and may started as nosocomial infection after surgical 
intervention (most often neurosurgical) or as 
community-acquired disease after serious accompanying 
illnesses endocarditis, osteomyelitis, arthritis, otitis etc. 
Coagulase-negative staphylococci (CoNS) are normal 
inhabitants of the human skin and mucous membranes. 
Patients at highest risk for CoNS infection frequently have a 
disruption in their host defense mechanisms due to surgery, 
foreign body placement, or immunosuppression. Since CoNS 
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are common contaminants of cultures, the diagnostic 
definition of CoNS meningitis should be defined with more 
strict criteria. Former study revealed that CoNS meningitis 
accounted for 11% (14/127) of bacterial meningitis and 19.4% 
(14/72) of postneurosurgical bacterial meningitis caused by a 
single pathogen. Of the 14 cultured CoNS strains, S. 

epidermidis was the most common subtype, accounting for 
71% (10/14), and the other subtype, S. haemolyticus, 
accounted for 29% (4/14). [21] Pseudomonas stutzeri is an 
aerobic, nonfermenting, active, gram-negative 
oxidase-positive bacteria. It is mostly a saprophyte found in 
soil, water, Cases of P. stutzeri infection concern typically 
immunocompromised patients with underlying diseases or 
previous surgery. The most common reported sites of clinical 
isolates are surgical wounds, blood, respiratory tract, and urine. 
[22] 

During the last two decades, there were major advances in 
the understanding of the etiology and pathophysiology of 
bacterial meningitis. However, the major breakthrough was in 
the prevention of meningitis with the introduction of the Hib 
conjugate vaccine in the early 1980s. This resulted in a 
significant decrease in the incidence of bacterial meningitis in 
areas where routine vaccination of infants was instituted. In 
our study, H influenza was not isolated as the causative agent 
in any case, and only 2 subjects with Streptococcus 

pneumonia that we found. indicating that introduction of Hib 
vaccination and Pneumococcal vaccination in to the 
immunization schedule has yielded good results. [23] 
Moreover, the fact that most patients received antimicrobial 
agents that are readily purchased as over the counter 
medications even prior to clinical evaluation alongside the 
occasional delay in CSF sampling, causing bacterial pattern 
identified different from actual causes. 

In bacterial meningitis, the blood-brain barrier is becoming 
leaky by the opening of intercellular tight junctions of the 
vessel walls particularly within venules. Moreover, the CSF 
outflow resistance increases, leading to a moderate reduction 
of the CSF production and absorption rates, and the activity of 
P-gp can be inhibited by proinflammatory cytokines. These 
three mechanisms (increased drug entry into the CSF and 
delayed removal by a reduction of the CSF bulk flow and by 
the inhibition of the activity of efflux pumps) synergistically 
lead to increased CSF concentrations, particularly of drugs 
that do not enter the CSF readily in the absence of meningeal 
inflammation. In our study Vancomycin, Linezolid and 
Tigecycline have high sensitivity against positive gram 
bacterial. Carbapenem, aminoglycoside and fourth generation 
of cephalosporine still had high sensitivity against negative 
gram bacterial. Ceftriaxone as our empirical therapy in 
bacterial meningitis has low sensitivity (30%) to gram positive 
bacterial and moderate sensitivity to gram negative bacterial 
(53.57%). Overuse of antimicrobials and the resulting 
resistance is one of the issues threatening global public health. 
Low income countries are heavily affected by antibiotic 
resistance due to high rate of infectious diseases and fewer 
antibiotic options. Due to increasing resistance, 
cephalosporins are frequently identified as a particular target 

for evaluation of antibiotic stewardship. Ceftriaxone is one of 
the third generation cephalosporins that is commonly 
prescribed due to its low toxicity and high efficacy against a 
wide range of bacterias. However, in an antimicrobial 
surveillance done by the WHO on all its six regions, the 
resistance pattern of Escherichia coli (E. coli) to third 
generation cephalosporins was 50% or more in five regions. 
All six regions reported Klebsiella pneumonia (K. pneumonia) 
had developed resistance in 50% or more cases while three 
regions reported that Neisseria gonorrhoea had developed 25% 
or more resistance to third generation cephalosporins [13, 24] 
Ceftriaxone is effective as monotherapy in children with 
meningitis caused by susceptible S. pneumonia, but in our 
study S. pneumonia was not the major etiology of meningitis. 
It is also potentially inadequate as empiric therapy of 
meningitis after neurosurgery because there is an increased 
likelihood of MRSA, P. aeruginosa and other 
ceftriaxone-resistant Gram-negative bacilli in this patient 
population. In this study, almost 30% of subject were using 
shunt device and about 26, 9% of organisms that we found 
were MDRO. Another study in Egypt, revealed the similar 
result. Ceftriaxone has 61% of sensitivity and 34.3% of 
resistance to microbes in bacterial meningitis. Vancomycin 
has the highest sensitivity to microbes (89.5%). [19] 

Understanding the relationship between emerging bacterial 
resistance and antibiotic use requires monitoring of antibiotics. 
Furthermore, previous prescription of antibiotics leads to false 
negative results in culture and a decrease in the sensitivity of 
culture techniques, which may also affect our results. In this 
study, we investigated only culture-positive bacterial 
meningitis in children with bacterial meningitis symptoms and 
those with negative results in cultures were excluded, we 
didn’t explain the number of negative cultures in bacterial 
meningitis children. Prospective study is needed to describe 
clearly about the characteristic of bacterial culture in bacterial 
meningitis children. 

5. Conclusions 

This study revealed that there were no difference in the 
prevalence of bacterial meningitis between male or female. 
More gram negative than gram positive as etiology of 
bacterial meningitis with most of examination periods were 
less than 5 days. The incidence of bacterial meningitis is more 
common in young children. In this study found the most 
common gram positive bacteria isolated was from 
Staphylococcus sp, with Staphylococcus hemolitikus as 
dominant agent. The most common gram negative bacteria 
isolated was Pseudomonas sp, with Pseudomonas stutzeri as 
dominant agent. Vancomycin, Linezolid and Tigecycline have 
high sensitivity against gram positive bacterial. Carbapenem, 
aminoglycoside and fourth generation of cephalosporine still 
had high sensitivity against gram negative bacterial. 
Resistance to beta lactams and cephalosporin might be quite 
high in this particular clinical setting due to high number of 
MDRO. It should be taken into account in the future before 
administering therapy in bacterial meningitis cases. 
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