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Background: Bacterial meningitis is a bacterial infection that causes inflammation of the 
membranes that surround the brain and spinal cord. The most frequent causes of bacterial 
meningitis are Neisseria meningitidis, Streptococcus pneumoniae, Listeria monocytogenes, 
and Haemophilus influenzae. This study aimed to determine bacterial meningitis and their 
antibiotic susceptibility patterns among adult patients.
Methods: A retrospective cross-sectional study was conducted on records of 3,683 patients 
to determine bacterial meningitis and their antibiotic susceptibility patterns from 2011 to 
2020. Cerebrospinal fluid samples were collected, inoculated on blood and chocolate agar 
plates, and then incubated at 37°c for 24 hours. Bacterial identification performed using 
morphological characters, Gram stain, and biochemical tests. And then antimicrobial sus
ceptibility tests were done using modified Kirby–Bauer disk diffusion technique. Records of 
3,683 culture results were collected and reviewed using a checklist from the registration 
book. Finally, data was entered, cleared, and checked using Epi-info version 7 and exported 
to SPSS version 20 for analysis.
Results: Of the 3,683 patients, the overall prevalence of culture-positive bacterial meningitis 
was 1.28% (47/3683). Of them, bacterial meningitis in males was 1.61% (33/2052). 
Streptococcus pneumoniae (32%, 15/47) was the commonest isolate followed by 
Staphylococcus aureus, (12.80%, 6/47), Escherichia coli, (12.80%, 6/47), and Neisseria 
meningitidis, (10.60%, 5/47). Out of 47 culture-positive isolates, 15 of them were MDR 
isolates. Ceftriaxone, chloramphenicol, ciprofloxacin, vancomycin, clindamycin, and ery
thromycin were the most effective antibiotics whereas penicillin, tetracycline, and cotrimox
azole were the least effective antibiotics for isolates. Gender (P = 0.047, AOR = 0.528, CI = 
0.282–0.99) is significantly associated with bacterial meningitis.
Conclusion: The prevalence of bacterial meningitis among adult patients was 1.28%. Males 
are at high risk for bacterial meningitis compared to females. Therefore, infection preventive 
measures are required with a particular focus on adult patients. Further research is needed to 
explore the epidemiology and risk factors of bacterial meningitis.
Keywords: bacterial meningitis, adult patients, antimicrobial susceptibility pattern, Gondar

Background
Microbial meningitis remains a common infectious disease worldwide, caused by 
bacterial, viral, fungal, or protozoan agents that causes inflammation of membranes 
that surrounds the brain and spinal cord. Bacteria and viruses are the most common 
causes of meningitis. But bacterial meningitis (BM) is usually severe and common.1 

The most common etiologic agents of BM are S. aureus, E. coli, H. influenzae, 
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N. meningitidis, S. pneumoniae, and L. monocytogenes.2 

The classic symptoms of bacterial meningitis are fever, 
neck stiffness, altered mental status, and headache.3 But 
the classical signs of bacterial meningitis are not always 
present in adults, and we cannot rule out based on the 
classical signs and symptoms alone.4,5 Bacterial meningi
tis is a severe infectious disease of the membranes lining 
the brain resulting in high mortality and morbidity.6 

Accurate and timely identification of the etiological agents 
is vital to initiate public health measures and appropriate 
management.7

The incidence of bacterial meningitis is between 3 and 
5 per 100,000 people per year, and more than 2,000 deaths 
are reported annually in USA.8 The incidence of bacterial 
meningitis is a significant burden in adults with a mortality 
rate of up to 30% and it requires prompt recognition and 
treatment.9,10 S. pneumoniae, H. influenzae, and 
N. meningitidis have been responsible for 118.400, 
83.000, and 75.000 deaths, respectively. N. meningitidis 
was accountable for the majority of BM epidemics in the 
meningitis belt of Sub-Saharan Africa.6,11 S. pneumoniae 
becomes a leading cause of meningitis among adults.12 

Adult bacterial meningitis is caused by P. aeruginosa, 
which usually found in the hospital area and patients 
with a post neurosurgical state.13 The introduction of vac
cines for S. pneumoniae and N. meningitidis has reduced 
the burden of BM in adults.14

Microbiological laboratory examination of cerebrosp
inal fluid (CSF) is the most definitive investigation for 
bacterial meningitis and guides possible choice of antibio
tics and duration of therapy like third-generation cepha
losporin is the initial antibiotics of choice in the absence of 
penicillin allergy and bacterial resistance. Amoxicillin is 
used if L. monocytogenes are suspected in adults.15 

Besides, mass vaccinations available for vaccine- 
preventable pathogens, bacterial meningitis is a major 
cause of public health problem, mortality and morbidity 
in tropical and subtropical countries including Ethiopia.16 

The rapid emergence and spread of antimicrobial-resistant 
bacteria have raised considerable public health concern in 
both developed and developing countries. Ethiopia is one 
of the developing countries with bacterial profile and anti
biotic susceptibility pattern was not well studied among 
meningitis suspected adult patients. This cross-sectional 
retrospective study could give significant information 
about the prevalence and antimicrobial susceptibility pat
tern of bacterial meningitis and also to indicate the pre
vention and control measures. Therefore, this study aimed 

to determine the prevalence and antimicrobial susceptibil
ity patterns of bacterial meningitis among adult patients at 
the University of Gondar comprehensive specialized refer
ral hospital.

Methods
Study Area
The study was conducted at the University of Gondar 
comprehensive specialized referral hospital, which serves 
more than five million people in Gondar town and the 
surrounding area. The town has 8 health centers, 21 pri
vate clinics, and one referral hospital which has more than 
500 beds that provides health services such as surgery, 
internal medicine, pathology, TB/HIV, dermatology, 
antenatal care, delivery, postnatal care, laboratory, phar
macy, maternal and neonatal care, and other services for 
the population of Gondar town and surrounding areas.

Study Design, Period and Data Collection
A retrospective cross-sectional study was conducted to 
determine the prevalence and antimicrobial susceptibility 
patterns of bacterial meningitis among adult patients at the 
University of Gondar comprehensive specialized hospital 
from 2011 to 2020. Data records of 3,683 patients were 
collected and reviewed using a checklist from the registra
tion book at medical bacteriology unit. Information con
cerning laboratory test results, age, sex, and hospitalization 
status of patient’s collected from 2011 to 2020 in the 
registration book using a data collection format.

Laboratory Inoculation and Identification
Cerebrospinal fluid samples were collected by the physi
cian between the 4th and 5th lumbar vertebrae and each 
CSF sample was inoculated onto blood and chocolate agar 
plates, and incubated aerobically with 5% CO2 at 37°C for 
24 hours. Samples that were culture positive on blood and 
chocolate agar plates, and the isolates obtained were iden
tified using standard microbiological methods including 
colony morphology, Gram’s stain reaction, and standar
dized biochemical tests such as indole production, lactose 
fermentation, hydrolysis of urea, citrate utilization, lysine 
decarboxylation, oxidase test, motility test, mannitol fer
mentation, catalase, and coagulase tests. A suspension of 
a pure colony from each confirmed culture isolate was 
performed by using 0.85% sterile normal saline for anti
microbial susceptibility testing and adjusted at 0.5 
MacFarland standard. Using a sterile cotton tip applicator 
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stick, the suspension was distributed evenly on Muller- 
Hinton agar (5% sheep blood supplemented for fastidious 
bacterial isolates), and a modified Kirby–Bauer disk diffu
sion technique implemented for antibiotic susceptibility 
pattern using different antibiotics.

Data Management and Statistical Analysis
The quality of data was assured using a structured data 
collection format, asking laboratory staff how data registered 
including abbreviations in the laboratory and cross-checking 
by members of the data collector. Data entered into EPI-Info 
version-7 to check data completeness and clearance then 
transferred to SPSS version-20 for analysis. Frequency dis
tribution, percentages, and summary statistics were used to 
describe the study population and antimicrobial results. 
Logistic regression was computed to assess statistical asso
ciation for age, sex and relevant variables, and the signifi
cance of statistical association was assured using p-value 
<0.05 at 95% confidence interval (CI).

Results
Socio-Demographic Characteristics of 
Study Participants
In this study, a total of 3,683 adult patients greater than 18 
years of age were included at the University of Gondar 
teaching hospital during the study period. Out of these, 
55.70% (2052/3683) were males. The mean age of the 
study participants was 36.12 years with an SD of ±14.41 
with an age range of 18–97 years. Approximately, 33% 
(1199/3683) of the study participants belonged to 18–27 
years of age. The majority, 90% (3313/3683) of patients 
were admitted in hospital and 32.27% (1069/3313) of 
them belong 18–27 years of age. In this study, cerebrosp
inal fluid samples collected by lumbar puncture, and the 
most frequently observed patient’s age was 30 followed by 
40. Most of the study participants were involved in 2018 
and 2014, 13.90% (512/3683), and 11.50% (425/3683), 
respectively. The age and sex distribution of patients 
involved in this study are presented (Table 1).

Prevalence of Culture-Positive Bacterial 
Meningitis and Risk Factors
A total of 3,683 cerebrospinal fluid samples were analyzed; 
the prevalence of culture-positive bacterial meningitis among 
adult patients greater than 18 years was 1.28% (47/3683), 
and 12 different types of bacterial isolates were found. Of 
these, S. pneumoniae (31.90%, 15/47) was the commonest 

isolated bacteria followed by S. aureus, (12.80%, 6/47), 
E. coli, (12.80%, 6/47), and N. meningitidis, (10.60%, 5/47) 
(Figure 1). The highest prevalence of culture-positive bacter
ial meningitis was observed among 18–27 (12, 0.33%), and 
28–37 (18, 0.49%) years of study participants. Culture- 
positive bacterial meningitis was high in less than 50 years’ 
old patients 1.17% (43/3683) compared to above 50 years, 
0.11% (4/3683). The prevalence of culture-positive bacterial 
meningitis among male patients was 1.61% (33/2052) and 
1.16% (43/3683) among hospitalized patients, which is 
higher than their non-hospitalized patients, 0.12% (4/3683). 
Highest frequency of culture-positive bacterial isolates was 

Table 1 Frequency of Study Participants by Age Groups, Gender 
and Year at University of Gondar Comprehensive Specialized 
Hospital, Gondar, Northwest Ethiopia, 2020

Variables Frequency Percent

Socio- 

demographic 

characteristics

Age group 18–27 1199 32.6%
28–37 1067 29%

38–47 682 18.5%

48–57 360 9.8%

58–67 214 5.8%

≥ 68 161 4.4%

Sex Male 2052 55.7%
Female 1631 44.3%

Hospitalized 

status

>48 hours 3313 90%
<48 hours 370 10%

Year of data 

collection

2011 Male 224 54.8%
Female 185 45.2%

2012 Male 92 46%
Female 108 54%

2013 Male 203 51.5%
Female 191 48.5%

2014 Male 250 57.6%
Female 184 42.4%

2015 Male 218 52.7%
Female 196 47.3%

2016 Male 184 60.7%
Female 119 39.3%

2017 Male 180 55.4%
Female 145 44.6%

2018 Male 267 52.1%
Female 245 47.9%

2019 Male 272 64%
Female 153 36%

2020 Male 162 60.7%
Female 105 39.3%
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found in 2019, 0.27% (10/3683) and the most frequently 
isolated bacteria were found at age of 32 and 40, 5 (0.14%) 
and 4 (0.11%), respectively. Male participants were 0.53 
times at risk for bacterial meningitis (P = 0.047; AOR = 
0.528; CI = 0.282–0.99) compared to female participants. 
However, age (P = 0.871; AOR =1.017; CI = 0.827–1.25) 
and places of patient visits (P = 0.705; AOR = 0.819; CI = 
0.292–2.30) were not significantly associated with bacterial 
meningitis (Table 2).

Trends of Bacterial Meningitis
Over the ten years study periods, the prevalence of culture- 
positive bacterial meningitis was higher in 2019 (0.27%, 
10), 2015 (0.19%, 7), and 2011 (0.19%, 7), while lower in 
2018 (0.05%, 2), and 2020 (0.05%, 2) (Figure 2).

Antimicrobial Susceptibility Patterns of 
Bacterial Isolates
Bacterial antimicrobial susceptibility tests done for bacterial 
isolates, and ampicillin (100%), ceftriaxone (100), 

chloramphenicol (77.80%), ciprofloxacin (83.30%), penicil
lin (100%), vancomycin (87.50%), and erythromycin (80%) 
are effective antimicrobial agent for S. pneumoniae isolates. 
However, four S. pneumoniae isolates were resistant to cotri
moxazole (66.80%). Cefoxitin (100%), clindamycin (100%), 
and erythromycin (66.80%) are the most effective drug 
against S. aureus isolates (Table 3). On the other hand, 
ciprofloxacin (60%), gentamicin (66.80%) effective for 
E. coli isolates. But five E. coli isolates were resistant to 
ampicillin (100%). Amoxicillin (100%) and erythromycin 
(100%) are effective to treat N. meningitidis, and ceftazidime 
(100%) is an effective drug for K. pneumoniae isolates 
(Table 4).

Multidrug-Resistant Isolates
Multidrug-resistant (MDR) isolates refer to an isolate that 
is resistant to at least one antibiotic in three or more drug 
classes. In this study, the prevalence of MDR isolates was 
31.90% (15/47). Out of 47 culture-positive isolates, 15 of 
them were MDR isolates. Among gram positives, MDR 
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Figure 1 Frequency and percentage of bacterial isolates at University of Gondar Comprehensive Specialized Hospital, Gondar, Northwest Ethiopia, 2020.
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was observed in S. aureus, CoNS, S. pneumoniae, and 
S. viridians. While among gram negative, MDR was 
observed in N. meningitidis, E. coli, K. pneumoniae, 
K. ozanae and NLFGR (Table 5).

Discussion
Bacterial meningitis, a life-threatening worldwide disease, 
has to be reviewed periodically because of specific micro
organisms responsible for infection vary with time, geo
graphy, and patient age. It has become a disease of adults 
with a significant mortality rate that ranges from 20% to 

30%. We performed this study to summarize prevalence 
figures obtained from CSF samples, with an exclusive 
focus on adults. The overall prevalence of culture- 
positive bacterial meningitis among adult patients in this 
study is 1.28%, which is higher than a study carried in 
Indonesia (0.68%).17 However, it is lower than reported in 
Ethiopia (6.90%),18 Malawi (5.25%),19 South African 
(10.70%),20 Kenya (11.20%),21 Netherlands (13%),22 

Yemen (52.70%),23 and Qatar (53.60%),24 which differs 
noticeably among studies, might be due to differences in 
characteristics and geographical distribution of the study 

Table 2 Bivariate and Multivariate Analysis That Shows the Relationship Between Clinical Characteristics and Prevalence of Bacterial 
Meningitis Among Adult Patients at University of Gondar Comprehensive Specialized Referral Hospital, Gondar, Northwest Ethiopia, 
2020

Clinical characterstics Positive for BM Negative for BM COR (95% CI) p-value AOR (95% CI) p-value

Gender Male 33 (1.61%) 2019 (98.39%) 0.53 (0.283–0.993) 0.048S 0.528 (0.282–0.99) 0.047S

Female 14 (0.86%) 1617 (99.14%) 1 1

Hospitalization > 48 hours 43 (1.30%) 3270 (98.70%) 0.831 (0.297–2.33) 0.725 0.819 (0.292–2.30) 0.705
<48 hours 4 (1.08%) 366 (98.92%) 1 1

Age category 18–27 12 (1.00%) 1187 (99.00%) 1.01 (0.822–1.244) 0.916 1.017 (0.827–1.25) 0.871

28–37 18 (1.69%) 1049 (98.31%) 1.01 (0.822–1.244) 1.017 (0.827–1.25)

38–47 9 (1.32%) 673 (98.68%) 1.01 (0.822–1.244) 1.017 (0.827–1.25)
48–57 4 (1.11%) 356 (98.99%) 1.01 (0.822–1.244) 1.017 (0.827–1.25)

58–67 3 (1.40%) 211 (98.56%) 1.01 (0.822–1.244) 1.017 (0.827–1.25)

≥ 68 1 (0.62%) 160 (99.38%) 1 1

Note: s=statistically significant. 
Abbreviations: BM, bacterial meningitis; COR, crude odds ratio; AOR, adjusted odds ratio; CI, confidence interval.
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Figure 2 Trends of bacterial meningitis by years at University of Gondar Comprehensive Specialized Hospital, Gondar, Northwest Ethiopia, 2020.

Infection and Drug Resistance 2021:14                                                                                     submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                         
569

Dovepress                                                                                                                                                           Tigabu et al

http://www.dovepress.com
http://www.dovepress.com


population, sample size, diagnostic techniques, and differ
ences in infection control policies. We noticed a significant 
prevalence of bacterial meningitis among adult patients, 
which indicates adults remain the population where the 
disease meningitis prevalent and strict prevention strate
gies are required.

The present study showed that S. pneumoniae, 
S. aureus, E. coli, and N. meningitidis were the predomi
nant pathogens that caused bacterial meningitis. 
S. pneumoniae was the predominant pathogen, and it 
remains an important cause of bacterial meningitis, 
which is in agreement with the results of a previous 
study by Amaya-Villar et al,25 Van de Beek et al,26 Wall 
Eet al,27 Mook-Kanamori et al,28 Adriani et al,29 Weisfelt 
et al,30 and Mirecka A.31 However, other studies reported 
that N. meningitidis,18 M. tuberculosis,20 coagulase- 
negative staphylococci,24 and L. monocytogenes32 were 
the leading cause of bacterial meningitis. Moreover, 
S. aureus and E. coli were the second frequent etiological 
agent, which is comparable with a study conducted by 
Mook-Kanamori et al and Mirecka A.28,31 E. coli and 
other Gram-negative bacteria are not common etiology of 
BM in patients below 50 years old. However, in this study, 
they are causes of bacterial meningitis below 50 years old 
adults. We noticed a significant increase in the prevalence 
of BM among adult patients (18–50 years). The possible 

reason might be there may be predisposing, immunocom
promising factors or presence of cerebral shunts among 
these age groups.

The trends of bacterial meningitis among adult patients 
tend to decrease in 2013 (0.08%), 2014 (0.08%), 2016 
(0.08%), 2017 (0.08%), 2018 (0.05%), and 2020 
(0.05%). However, the prevalence of bacterial meningitis 
significantly increased in 2011 (0. 22%), 2012 (0.16%), 
2015 (0.19%), and 2019 (0.27%). The highest prevalence 
of bacterial meningitis was observed in 2019 (0.27%), and 
the lowest prevalence of bacterial meningitis was observed 
in 2018 (0.05%) and 2020 (0.05%). The prevalence of 
bacterial meningitis was not constantly decreased or 
increased in this study. However, differs noticeably 
between years, which might be due to the difference in 
the management of the disease, the prevention and infec
tion control policies from year to year.

In this study, ampicillin (100%), ceftriaxone (100%), 
chloramphenicol (77.80%), ciprofloxacin (83.30%), peni
cillin G (100%), vancomycin (87.50%), and erythromycin 
(80%) are the most effective antimicrobial agent for 
S. pneumoniae isolates. This finding was in agreement 
with studies conducted by Purwanto et al and by Gudina 
et al.17,33 However, a study by Assegu Fenta D et al.18 and 
Khan et al.24 reported that S. pneumoniae was resistant to 
ceftriaxone and penicillin. Cefoxitin (100%) and 

Table 3 Antimicrobial Susceptibility Profile of Gram-Positive Bacterial Isolates at University of Gondar Comprehensive Specialized 
Hospital, Northwest Ethiopia, from January to August, 2020

Antibiotics Streptococcus 
pneumoniae

Streptococcus 
viridians

Staphylococcus 
aureus

Coagulase Negative 
Staphylococci

Listeria 
monocytogenes

S (%) R (%) S (%) R (%) S (%) R (%) S (%) R (%) S (%) R (%)

Ampicillin 6 (100) 0 (0) N/A N/A 1 (33.3) 2 (66.7) N/A N/A 1 (100) 0 (0)

Ceftriaxone 6 (100) 0 (0) N/A N/A 3 (100) 0 (0) 1 (100) 0 (0) 1 (100) 0 (0)

Chloramphenicol 7 (77.8) 2 (22.2) 0 (0) 1 (100) 0 (0) 1 (100) N/A N/A 1 (100) 0 (0)
Ciprofloxacin 5 (83.3) 1 (16.7) N/A N/A 2 (66.7) 1 (33.3) N/A N/A N/A N/A

Gentamicin 1 (25) 3 (75) 0 (0) 1 (100) N/A N/A N/A N/A 1 (100) 0 (0)

PencillinG 11 (100) 0 (0) 0 (0) 1 (100) 1 (50) 1 (50) 1 (100) 0 (0) N/A N/A
Cotrimoxazole 2 (33.3) 4 (66.7) N/A N/A 0 (0) 3 (100) 1 (100) 0 (0) N/A N/A

Amoxicillin 3 (100) 0 (0) N/A N/A 2 (66.7) 1 (33.3) N/A N/A 1 (100) 0 (0)

Norfloxacin 3 (100) 0 (0) N/A N/A 1 (100) 0 (0) N/A N/A N/A N/A
Vancomycin 7 (87.5) 1 (12.5) 1 (100) 0 (0) 2 (66.7) 1 (33.3) 1 (100) 0 (0) 1 (100) 0 (0)

Clindamycin N/A N/A N/A N/A 3 (100) 0 (0) N/A N/A 1 (100) 0 (0)

Cefoxitin 2 (100) 0 (0) N/A N/A 3 (100) 0 (0) N/A N/A N/A N/A
Tetracycline 3 (42.9) 4 (57.1) N/A N/A 1 (33.3) 2 (66.7) 0 (0) 1 (100) N/A N/A

Erythromycin 4 (80) 1 (20) N/A N/A 4 (66.7) 2 (33.3) 0 (0) 1 (100) N/A N/A

Cefuroxime 1 (100) 0 (0) N/A N/A N/A N/A N/A N/A N/A N/A
Kanamycin 1 (100) 0 (0) N/A N/A N/A N/A N/A N/A 1 (100) N/A

Abbreviations: S, sensitive; R, resistant; NLF, non-lactose fermenter; N/A, not applicable.
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clindamycin (100%) are the most effective drugs for 
S. aureus isolates while erythromycin (66.80%) and amox
icillin (66.80%) are functional against S. aureus isolates. 
However, a study conducted by Assegu Fenta et al.18 

reported that S. aureus isolates were found to be (100%) 
resistant to amoxicillin. On the other hand, ciprofloxacin 
(60%) is effective against E. coli isolates but resistant for 
ampicillin (100%) which is comparable with a study con
ducted by Gordon et al.19 Furthermore, amoxicillin 
(100%), and erythromycin (100%) are effective for 
N. meningitidis isolates, but resistant for penicillin 
(100%). However, Mirecka et al.31 reported that penicillin 
was effective for N. meningitidis isolates. The differences 
in the susceptibility pattern of the isolates might be due to 
the differences in the management of antibiotics and diag
nostic techniques employed.

Even if there are several factors considered as risk 
factors for bacterial meningitis, and we found gender is 
significantly associated with bacterial meningitis in adult 
patients. The proportion of bacterial meningitis among 
male patients was higher than females. Male patients 
were 0.53 times more at risk of acquiring the disease 
meningitis as compared with female patients. This higher 
prevalence in males might be due to males more exposed 
to smoking, alcohol drinking and debilitating disease 
which makes them more vulnerable to bacterial infection. 
In this study, age is not significantly associated with 
meningitis (p > 0.05). However, a study by Abdulrab 

et al,23 Amaya-Villar et al.25 and Van de Beek et al.26 

reported that age was independently associated with bac
terial meningitis. Hospital-acquired bacterial meningitis 
among hospitalized patients were higher than non- 
hospitalized patients. But hospitalization is not signifi
cantly associated with bacterial meningitis (p > 0.05).

Conclusions and Recommendations
In conclusion, the prevalence of bacterial meningitis among 
adult patients was 1.28%. Males are at high risk for bacterial 
meningitis compared to females. Therefore, infection pre
ventive measures are required with a particular focus on 
adult patients. Further research is needed to explore the 
epidemiology and risk factors of meningitis.

Abbreviations
BM, bacterial meningitis; CSF, cerebrospinal fluid; CI, 
confidence interval; OR, odds ratio.
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