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Abstract 
A total of 780 samples of cerebrospinal fluid from clinically suspected cases of meningitis were subjected to 
bacteriological examination. Cerebrospinal fluid samples were inoculated on blood agar, MacConkey and 
chocolate agar. A total of 184 (23.58%) bacteria were isolated and further identified by biochemical tests. 
Staphylococcus aureus was the commonest isolate (30.43%) followed by Streptococcus pneumoniae 
(14.67%), Escherichia coli (11.41%), Coagulase negative Staphylococcus (10.32%), Pseudomonas 
aeruginosa (9.29%), Group B Streptococcus (6.52%) while other isolates were Klebsiella sp. (4.34%), 
Enterococcus sp. (4.34%), Neisseria meningitides (1.63%), Acinetobacter sp. (1.08%).  
Citrobacter sp., Proteus mirabilis, Listeria monocytogenes and Haemophilus influenza were also present. 
Antimicrobial susceptibility testing was done by Kirby Bauer disk diffusion method. Methicillin resistant 
Staphylococcus aureus, high level aminoglycoside resistance Enterococcus sp. and  
extended-spectrum-β-lactamases were detected. Antibiogram showed that the aminoglycosides had the best 
spectrum of antimicrobial activity. However, vancomycin and imipenem showed 100% sensitivity against 
gram positive and gram negative organisms respectively. The results indicate judicious use of antibiotics will 
prevent the emergence of drug resistance among bacterial isolates of meningitis so that morbidity and 
mortality can be reduced in near future.  
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Introduction 
Acute bacterial meningitis is one of the most severe and 
potentially life-threatening infectious diseases.  
Despite advances in vaccine development and 
chemoprophylaxis, bacterial meningitis remains a major 
cause of death and long-term neurological disabilities in 
India as well as other developing countries ranging from 
16-32% (Kabra et al., 1991; Bandaru et al., 1998; 
Chinchankar et al., 2002; Chong and Tan, 2005). 

Potential long-term neurological sequel includes cranial 
nerve palsies, hemiparesis, hydrocephalus and seizures 
as well as visual and hearing impairment which can have 
a profound impact on the quality of life of the survivors 
(Durand et al., 1993; Adriani et al., 2007).  
 
The etiological agents of community-acquired meningitis 
are differing from those causing nosocomial meningitis. 
Nosocomial infection is defined as a positive bacterial 
infection not present at the time of hospital admission, 
clinical evidence of an infection no sooner than 48 h after 
admission or clinical evidence of meningitis within one 
month after discharge from hospital where the patient 
had received an invasive procedure, especially a 
neurosurgical procedure. Otherwise, the patient was 
considered to have community-acquired infection. 
Microbiology laboratories play a critical role not only in 
the early identification of the causative bacterium and its 
antibiotic susceptibility pattern but also in providing 
valuable information regarding the common incriminating 

pathogens in that area and also which drugs to start 
empiric treatment with (You, 1969). Against these 
backdrops, this study was conducted to analyze the 
trends in bacterial etiology and antimicrobial resistance 
amongst cases of meningitis in a rural area of Haryana, 
India.  
 
Materials and methods 
Test specimen and identification: The study was carried 
out in a tertiary care hospital during March 2005 to 
December 2011. Seven hundred and eighty samples of 
cerebrospinal fluid (CSF) from clinically suspected cases 
of meningitis were subjected to bacteriological 
examination. All the CSF samples received at the 
Microbiology department of M.M.I.M.S.R, Mullana, 
Haryana, India were processed immediately. 
After the naked eye examination for the presence of 
turbidity, color and clot, a routine CSF total and 
differential count was done using a hemocytometer. 
Microscopic examination was done by Gram’s staining of 
the centrifuged deposit of CSF. All the above CSF 
samples were inoculated on blood agar, MacConkey and 
chocolate agar. Brain heart infusion broth was also used 
for enrichment. Subcultures from brain heart infusion 
broth were done on blood agar, MacConkey and 
chocolate agar after 24 h of incubation at 37C.  
All the inoculated plates were incubated at 37°C in 
incubator for 24-48 h in presence of 5-10% CO2 using 
candle jar.  
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The isolates thus obtained were identified by colony 
morphology and standard biochemical methods (Collee 
et al., 2006). 
 
Antibiotic susceptibility tests: Sensitivity to relevant 
antibiotics was determined by the Kirby-Bauer disk 
diffusion method as per the Clinical and Laboratory 
Standards Institute (CLSI, 2003) guidelines using the 
commercially available antibiotic disks from Hi-Media 
(Mumbai, India). NCCLS reference strains, Escherichia 
coli ATCC 25922 and Staphylococcus aureus ATCC 
25923 were included as control strains.  
 
Fig. 1. Double disk approximation method: Screening of ESBL 

by disks of cefotaxime and amoxicillin/clavulanate. 

 
 

Fig. 2. Detection of methicillin resistant Staphylococcus  
aureus by using cefoxitin disk.

 
 

 
 

 
Screening for enzymes and resistance: Screening for 
extended-spectrum-β-lactamases (ESBL) production was 
done by the standard technique as recommended by 
CLSI guidelines (Peterson and Bonomo, 2005). A double 
disk approximation method was used. The inoculum was 
standardized by using 0.5 McFarland’s standard and 
swabbed on Muller Hinton Agar (MHA) plates. The disks 
of cefotaxime (30 μg) and amoxicillin/clavulanate  
(20 μg/10 μg) were placed, 20 mm apart from each 
other. After overnight incubation, a clear extension of the 
edge of the cefotaxime inhibition zone towards the disk 
containing clavulanate was interpreted as synergy, 
indicating the presence of an ESBL (Fig. 1). High level 
aminoglycoside resistance (HLAR) in Enterococci and 
Methicillin resistant Staphylococcus aureus (MRSA) were 
detected using gentamycin (120 μg), streptomycin  
(300 μg) and Cefoxitin (30 μg) disks respectively (Fig. 2) 
(Murray et al., 2003). 
 
Results 
Seven hundred and eighty CSF samples of suspected 
cases of meningitis were subjected to bacteriological 
examination. Of these, 184 cases were found to be 
culture positive. More than half of these cases were 
community acquired (n=136, 73.91%), whereas 35.29% 
were hospital acquired (Table 1). Table 2 describes the 
etiologies in different age groups. The CSF was turbid in 
majority of cases. The total white cell count in CSF 
exceeded 100 cells/mm³ in more than 90% of culture 
positive specimens. Of these about 62% had >1000 
WBC/mm³. Leukocytosis with predominant polymorph 
nuclear cells was one of the features of purulent CSF. 
Gram-stain identified organisms in 58% of cases, 
whereas CSF culture results were positive in 23.5%.  
 
Etiology: Gram positive bacteria were responsible for a 
majority of cases of meningitis about 124 (67.39%).  
The most common pathogen isolated in the present 
study was Staphylococcus aureus (n=56, 30.43%) which 
predominated across all age groups.  
 

Cefoxitin disk  

Table 1. Pathogens causing nosocomial and community acquired bacterial meningitis. 
Isolates (n=184) Community acquired (n=136)                                                     Nosocomial infection (n=48) 
E. coli (n=21) 16 (11.76%) 5 (10.41%) 
Klebsiella sp. (n=8) 5 (3.67%) 3 (6.25%) 
Proteus sp. (n=2) 2 (1.47%) - 
Citrobacter sp. (n=3) 2 (1.47%) 1 (2.08%) 
Acinetobacter sp. (n=2) 1 (0.73%) 1 (2.08%) 
Pseudomonas sp. (n=17) 3 (2.20%) 14 (29.17%) 
S. aureus (n=56) 33 (24.26%) 23 (47.92%) 
S. pneumoniae (n=27) 27 (19.85%) - 
Group B Streptococcus (n=12) 12 (8.82%) - 
E. faecalis (n=8) 7 (5.15%) 1 (2.08%) 
N. meningitidis (n=3) 3 (2.20%) - 
L. monocytogenes (n=2) 2 (1.47%) - 
H. influenzae (n=1) 1 (0.73%) - 
Coagulase negative Staphylococcus (CoNS) (n=19) 14 (10.29%) 5 (10.41%) 
Others (n=3) 3 (2.20%) - 
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Among the gram negative bacteria, the 
Enterobacteriaceae family predominated (n=34, 18.47%) 
with Escherichia coli accounting for 11.41% cases. 
Among the non-fermenters, Pseudomonas aeruginosa 
and Acinetobacter sp. were isolated in 17 (9.29%) and  
2 (1.08%) cases respectively. The usual pathogens of 
meningitis like Neisseria meningitides, Haemophilus 
influenzae and Listeria monocytogenes were isolated in 
only 3 (1.63%), 1 (0.54%) and 2 (1.08%) cases 
respectively (Table 2). Among the community acquired 
cases S. aureus (24.26%) was the commonest pathogen 
followed by S. pneumoniae (19.85%). Staphylococcus 
aureus (47.92%) and Pseudomonas sp. (29.17%) were 
the predominant pathogens among the hospital-acquired 
cases of meningitis (Table 1). 
 
Antibiotic sensitivity: All the Gram positive organisms 
were sensitive to vancomycin. The resistant pattern to 
other drugs tested was ampicillin (46.3%), azithromycin 
(49.6%), clindamycin (46.2%), doxycycline (43.7%), 
trimethoprim/sulphamethoxazole (47.5%) and cefotaxime 
(47.1%). The percentage of amikacin, gentamicin and 
ciprofloxacin sensitive gram positive organisms is 85.7%, 
82.2% and 71.4% respectively. Fourteen (25%) isolates 
of S. aureus were MRSA positive. No HLAR was noticed 
among isolates of Enterococcus sp. Gram negative 
organisms were resistant to ampicillin (68.7%), 
amoxycillin/clavulanic acid (50.3%), cefepime (65.1%), 
cefotaxime (46.4%), ceftriaxone (47.1%), ciprofloxacin 
(43.1%), trimethoprim/sulphamethoxazole (48.2%), 
ceftazidime (55.3%), pipercillin/tazobactum (47.2%), 
amikacin (23.2%) and gentamicin (21.5%). All gram 
negative organisms were sensitive to imipenem.  
Two strains of E. coli and one of the Klebsiella sp. were 
confirmed as ESBL producer (8.82%). 
 
Discussion 
Meningitis continues to be a formidable illness with high 
morbidity and mortality among children and adults in 
India.  

 

 
Acute bacterial meningitis is at least 10 times more 
common in developing countries than in the rest of the 
world (Baraff et al., 1993). Survival depends on early and 
accurate diagnosis and the prompt treatment, neither of 
which is easy to achieve (Radetsky, 1992). Most often 
therapy for bacterial meningitis has to be started before 
the etiology is known. The choice of antimicrobial therapy 
is based on the most common pathogen prevalent in a 
particular geographical area and age group and their 
antibiotic susceptibility pattern. Though the common 
pathogens associated with bacterial meningitis in the 
west are H. influenzae, N. meningitidis, S. pneumoniae 
and L. monocytogenes, the relative incidence of 
meningitis caused by these agents is less in South East 
Asia where a variety of gram negative bacilli such as,  
P. aeruginosa, E. coli and K. pneumoniae are 
increasingly being recognized as important pathogen of 
community acquired as well as nosocomial meningitis 
(Schuchat et al., 1997; Chong and Tan, 2005). However, 
in developed countries with effective vaccination 
programs, the incidence of H. influenzae and  
N. meningitidis showed decreased trends (Chan et al., 
2002; Chong and Tan, 2005). In this study, 
Staphylococcus sp. have emerged as the most common 
community as well as hospital acquired pathogen 
causing acute bacterial meningitis in all age groups.  
A study in Taiwan also showed an increase in the 
incidence of staphylococcal infection (Liu et al., 1993). 
The other important pathogens for the community 
acquired cases of meningitis; in this study were  
S. pneumoniae and E. coli, whereas Pseudomonas was 
the second most important pathogen for the nosocomial 
cases of acute bacterial meningitis after S. aureus is 
same as reported by a study held in a part of North India 
(Khan et al., 2011). Group B streptococcus and  
L. monocytogenes were the most common pathogen 
associated with meningitis in newborns in united states 
but this study showed the most common organism (28%) 
in newborns, while some authors also reported the same 
for adults in southeast Asia (Wilder-Smith et al., 2000). 

Table 2. Age wise distribution of etiological agents of bacterial meningitis (n=184).  

Isolates (n=184) 
0-1 

month 
(n=25) 

1-3 
months 
(n=14) 

3-12 
months 
(n=29) 

1-3  
years 
(n=26) 

3-5 
years 
(n=21) 

5-12 
years 
(n=25) 

12-20 
years 
(n=15) 

>20 
years 
(n=29) 

E. coli 21(11.41%) 4 1 5 2 2 3 1 3 
Klebsiella sp. 8(4.34%) 2 - 2 1 1 - 1 1 
Proteus mirabilis 2(1.08%) - - - 1 - 1 - - 
Citrobacter sp. 3(1.63%) 1 - 1 - - 1 - - 
Acinetobacter sp. 2(1.08%) - - - - 1 - - 1 
Pseudomonas sp. 17(9.23%) 1 1 3 5 2 3 1 1 
S. aureus 56(30.43%) 5 4 10 10 8 11 3 5 
S. pneumoniae 27(14.67%) - - 2 2 3 2 8 10 
Group B Streptococcus 12(6.52%) 7 3 1 - - - - 1 
E. faecalis 8(4.34%) - 2 2 - 1 - - 3 
N. meningitidis 3(1.63%) 1 1 - 1 - - - - 
L. monocytogenes 2(1.08%) 1 1 - - - - - - 
H. influenzae 1(0.54%) - - - 1 - - - - 
CoNS 19(10.32%) 2 1 3 2 2 4 1 4 
Others 3(1.63%) 1 - - 1 1 - - - 



 
J. Acad. Indus. Res. Vol. 1(12) May 2013                        764 
 

©Youth Education and Research Trust (YERT)                                                                                Rajesh Bareja et al., 2013 
 

 
In the neonates Group B streptococcus, S. aureus,  
E. coli and Klebsiella sp. were predominant whereas  
N. meningitidis and L. monocytogenes were isolated in a 
few cases. Regional variations in etiology even in close 
geographical locales and races have also been 
observed. In this study, S. pneumoniae was the second 
most common etiological agent of community-acquired 
meningitis (19.85%) after S. aureus (24.26%).  
Most Indian studies have also reported a high incidence 
of pneumococcal meningitis (Sigurdardottir et al., 1997; 
Chinchankar et al., 2002). Some Indian authors have 
reported a high incidence of H. influenzae meningitis in 
the pediatric age group (0-12 years) but we had 
experienced a very low incidence (Chinchankar et al., 
2002). Across all age groups, Staphylococcus sp.,  
E. coli, K. pneumoniae, P. aeruginosa and Streptococcus 
sp. were most commonly isolated. Staphylococcus sp. 
was isolated in patients up to 20 years of age and the 
incidence decreased with an increase in age.  
In this study, three isolates of unknown etiology were 
reported. Some authors have also reported the 
uncommon bacteria (Khan et al., 2011). Until recently the 
commonest organism associated with acute bacterial 
meningitis in early childhood was H. influenzae. 
(Thirumoorthi, 1995). In this study, the contribution of  
H. influenzae type b and N. meningitidis was 0.54% and 
1.63% respectively. However, most Indian studies have 
quoted low isolates of the organism (Kabra et al., 1991; 
Panjarathinam and Shah, 1993). Whether this is because 
the organism is difficult to grow or the incidence is 
genuinely low is not clear. The difference in etiology from 
the temperate West may be due to the fact that India is a 
semitropical country, where the bacteria like S. aureus 
and gram negative bacilli flourish. The relatively more 
delicate bacteria like H. influenzae, N. meningitidis,  
S. pneumoniae, group B streptococcus and  
L. monocytogenes in comparison do not have a survival 
advantage. Secondly the predominance of patients from 
low socioeconomic status with poor hygiene, poor 
nutrition and low birth weight leading to protein energy 
malnutrition gives an opportunity for the uncommon 
pathogens to cause meningitis.  Unfortunately most of 
the patients turn to the tertiary care center after taking 
treatment from local practitioners which may lead not 
only to culture negative results but also to lower isolation 
of H. influenzae, N. meningitidis, S. pneumoniae, Group 
B streptococcus and L. monocytogenes which have not 
developed significant resistance to the usual 
antimicrobials. These results highlight very different 
etiological profile in India in comparison to that of the 
West; pointing to the fact that Asian epidemiology is 
distinctly different from the West (Khan et al., 2011). The 
resistance to all groups of drugs was noticed. These 
results signify the varying levels of drug resistance 
amongst the gram positive and the gram negative 
bacteria and the need to control the spread of these 
resistant strains before they reach the alarming levels in 
this region.  
 

 
The resistance to different group of drugs can be 
correlated to the rampant indiscriminate use of antibiotics 
leading to a large-scale drug resistance. This can be 
attributed to the general tendency of the Indian populace 
to prefer private practitioners or quacks that do not follow 
proper antibiotic prescription norms. It is particularly 
useful for the clinicians to possess the susceptibility data 
on gram positive and gram negative bacteria rather than 
for particular organisms only. Along with a perceptible 
deterioration in the susceptibility to the various 
antibiotics, an incidence of ESBL and MRSA production 
were noticed. However, no vancomycin resistance and 
HLAR were detected in S. aureus and Enterococcus sp.  
As in gram negative bacilli, aminoglycosides were the 
most effective antimicrobials in Gram positive cocci as 
well. Thus, aminoglycosides emerged as the most 
effective group barring glycopeptides (vancomycin) and 
carbapenems (imipenem) against gram positive cocci 
and gram-negative bacilli respectively. Aminoglycosides 
maintained the best sensitivity profile at 77-86%.  
In developed countries, vancomycin is recommended in 
combination with ceftriaxone but vancomycin is 
expensive and rarely available in resource-poor settings 
(Van de Beek et al., 2006). Currently aminoglycosides 
and cephalosporin are being used empirically in our 
hospital. Stress should be given on the restrained and 
rationale use of antimicrobials both in and outside the 
hospital. There is an urgent need for the in-house review 
of drug policy within hospitals at least once in every five 
years.  
 
Pre-presentation antibiotic exposure is common in 
resource-poor settings and reduces the sensitivity of CSF 
culture and alters the CSF parameters: cell counts are 
reduced, lymphocytes can predominate and glucose 
concentration rises (Talan et al., 1988; Kanegaye et al., 
2001). In this study, the isolation rate was 23.58%. 
However, most western series quote a culture positivity 
of up to 90% and this figure fell to 67% and 56% for 
patients who had received oral or parenteral antibiotics, 
respectively (Kanegaye et al., 2001). Some Indian 
authors reported culture positivity between 15-35% 
(Kabra et al., 1991; Panjarathinam and Shah, 1993).  
The reasons for low yields of cultures in our country are 
not clear but may include poor quality of culture media 
and use of antibiotics prior to hospitalization.  
The diagnostic usefulness of bacterial-antigen detection 
in the CSF by card immunochromatography or by latex 
agglutination is controversial. Some authors have 
reported high specificity for the diagnosis of 
pneumococcal, meningococcal and haemophilus 
meningitis and increased sensitivity compared with 
culture in antibiotic-exposed patients (Samra et al., 2003; 
Shivaprakash et al., 2004). Other investigators have 
found these tests contribute little to the diagnosis of 
bacterial meningitis and are not sensitive enough, 
particularly in pretreated individuals (Nigrovic et al., 
2004).  
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However, the latex agglutination test kits are expensive 
and available only for common organisms and hence not 
suitable as the lone diagnostic technique in acute 
bacterial meningitis. Besides, the kits cannot provide 
information on antibiotics sensitivity. CSF culture is the 
gold standard for the diagnosis of bacterial meningitis 
and enables the determination of antibiotic sensitivities to 
direct appropriate therapy. Clinicians who made a 
diagnosis of acute bacterial meningitis on the basis of 
neck stiffness or CSF turbidity were likely to miss 30% of 
proven or probable cases (Berkley et al., 2004). In this 
study, the culture results can perhaps be improved with 
the use of special media and special techniques.  
 
Conclusion 
In resource-poor settings, the management of bacterial 
meningitis is particularly difficult because of factors such 
as late presentation of the disease, a wide differential 
diagnosis, and the limited range of diagnostic facilities 
and therapeutic options. In recent years, Staphylococcus 
aureus and gram negative bacilli like Pseudomonas 
aeruginosa are emerging as important pathogens 
causing acute bacterial meningitis in children as well as 
in adults. Judicious use of antibiotics will prevent the 
emergence of drug resistance among these organisms, 
so that morbidity and mortality can be reduced.  
The referenced studies have provided the platform for 
assessing the prevalence and antimicrobial resistance 
pattern of bacterial meningitis. However, this also iterates 
the need for periodic and continual surveillance to guide 
the empirical treatment of such diseases.  
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