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Abstract—Background: Acute Bacterial Meningitis (ABM) is an important cause of death and long-term neuro-
logical disability. Recent Information on the relative frequency of the isolation and antibiotic susceptibility patterns of
these pathogens is scarce in Ethiopia.Objective: This study was to document the microbial characteristics, the anti-
bacterial sensitivity pattern, and seasonal variation of community acquired acute bacterial meningitis. Material and
methods: The study was retrospective, conducted at university of Gondar referral hospital, serving the rural popula-
tion of the northwest parts of Ethiopia. A total of three thousand and eighty five cerebrospinal fluid specimens submit-
ted to the bacteriology laboratory for culture and antibiotic susceptibility patterns in a period between January 2006
and December 2010. Analysis of extracted data was performed using SPSS statistical software (Version
17).Results:The ctiological agent had been identified in 120 (3.8%) of the total 3,085 CSF samples by culture. Thir-
ty-nine (32.5%) of them were infants below the age of 12 months. S. pneumoniae was the predominant pathogen ac-
counting for 52 (43.3%) of the cases. Whereas N. meningitidis and H. influenzae accounted for 27(22.5%), and
12(10%), respectively. Other gram-negative bacilli and S. aureus were isolated from 21(17.2%), and 11(9.2%) cases,
respectively. Among gram positive organisms S.pneumoniae showed a high level of drug resistance against co-
trimoxazole 44(84.3%). Among gram-negative bacteria, N.meningitidis was found to be resistant to co-trimoxazole in
25(92.5%). E. coli and salmonella spp. were found to be resistant to most antibiotics except ciprofloxacin. Multiple
drug resistance was observed in 58.3% of the isolates. Conclusions and recommendation:S. pneumoniae remains
the major ctiological agent of Community Acquired Acute Bacterial Meningitis (CAABM) both in adults and children
in the study area. 5.7% of S. pneumoniae were resistances to penicillin. Further research should focus on preventable

aspects CAABM of, especially pneumococcal vaccines, to reduce the disease burden.

Keywords—Bacterial meningitis, antimicrobial susceptibility and pyogenic meningitis.

INTRODUCTION

In the pre-antibiotic era, bacterial meningitis was a
fatal disease. Now a day, the incidence of bacterial
meningitis is between 3 and 5 per 100,000 people per
year and nearly half of them die even after complete
medical attention(Meningococcal disease): the disease
is even more common in developing countries. Many
clinical and etiologic studies performed over the past
30 years have demonstrated that Haemophilus influen-

zae type b (Hib), Neisseria meningitidis and Streptococcus
pneumoniae were the most common causative organ-
isms of bacterial meningitis worldwide. But the pro-
portion due to each organism varies among geograph-
ic regions(Nur et al., 2008): The development and im-
plementation of a conjugate vaccine against Hib in the
2007 have contributed directly to changes in the epi-
demiological profile of meningitis caused by Hib.
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More recently, pneumococcal heptavalent conjugate
vaccines were licensed and are expected to influence
the epidemiology of the disease. Therefore, a review of
the epidemiology of bacterial meningitis is important
in order to make rational decisions concerning future
prevention and control strategies.

Bacterial meningitis has for a long time been treated
with a combination of penicillin/ampicillin and chlo-
ramphenicol, and this combination is still the widely
recommended first choice in most of Africa. However
the increasing frequency of reports of bacterial resis-
tance in-vitro to these drugs has raised concern that
this choice may no longer be appropriate(Kiwanuka
and Mwanga, 2001).

Moreover, the recommended antibiotic treatment of
bacterial meningitis has come under scrutiny follow-
ing frequent reports of in-vitro resistance by the com-
mon causative organisms to penicillin and chloram-
phenicol from Ethiopia(Commey et al., 1994) and
Uganda (Kiwanuka and Mwanga, 2001). In addition to
this there was no a recent study on prevalence of bac-
terial meningitidis on this region. There for conduct-
ing researches on the case so as to solve the problem
was a crucial issue in the current health system.

MATERIAL AND METHODS

This Laboratory-based retrospective analysis of 3085
CSF cultures and sensitivity tests was conducted in
Gondar University Referral Hospital Laboratory with-
in a five-year period between January 2006 and De-
cember 2010. The samples were collected from differ-
ent wards of the hospital in sterile containers by phy-
sicians and delivered to the bacteriology laboratory
within half an hour collection and samples were
processed following the standard microbiological pro-
cedures by inoculating on blood agar, chocolate agar,
and MacConkey agar plates [(Oxoid Ltd, Basingstoke,
Hampshire, UK) prepared as per the manufacturer
instruction] and incubated at 35- 37°C aerobically. The
chocolate agar plates were incubated by putting them
in a candle jar, which provided 5-10% CO2 concentra-
tion to create a microareophilic condition for fasti-
dious bacteria. After 20-24 hours of incubation, the
plates were examined for the presence of bacterial co-
lonies. Plates, which did not show any growth, were
further incubated for an additional 24 hours. Organ-
isms were identified by standard microbiological me-
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thods, which included colony morphology, as well as
staining, biochemical and serological
tests(Cheesbrough, 2006; Jawetz; WHO, 1991). Antibi-
otic sensitivity test was conducted on pure culture
isolates using the disc diffusion method(Bauer et al.,
1966)for the commonly used antibiotics: ampicillin
(10Fg), penicillin G (10IU), gentamicin (10Fg), chlo-
ramphenicol (30Fg), ciprofloxacin (5Fg), tetracycline
(30Fg), and cotrimoxazole (25Fg) (Oxoid Ltd). The di-
ameters of inhibition zone around the discs were
measured and interpreted as sensitive, intermediate or
resistant as per the guideline set by Bauer, et al (Bauer
et al., 1966). Reference strains: E. coli ATCC 25922, S.
pneumonia  ATCC  49619,N. meningitides ATCC
CDC327,H. influenza ATCC 49766 and S. aureus ATCC
25923 were tested as controls according to the Nation-
al Committee for Clinical Laboratory Standards
(NCCLS)(National-Committee-for-Clinical-
Laboratory-Standards, 1979). Lastly, data analysis was
conducted using the SPSS statistical software (Version
17) and presented using a descriptive statistical me-
thod such as tables and graphs.

RESULTS

Three thousand and eighty-five (3,085) suspected me-
ningitis cases were examined using culture in micro-
biology laboratory. Of whom 1589, (51.5%) were male.
Over half of 3,085, (69 %) of the cases were less than 14
years of age and mean age was 2.87+ 0.99 SD year.
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Figure 1. Relative incidence of bacterial species isolated from cerebros-
pinal fluid at University of Gondar Teaching Hospital, from January 1,
2006 to December 2010.

Bacterial pathogens were isolated from 120 patients
showing an isolation rate of 3.8 %. No mixed bacterial
infection was observed. The common isolated patho-
gen was S. pneumoniae 52 (43.3 %), N. Meningitidis 27
(22.5 %),H. influenzae 12 ( 10 %) (Fig. 1).
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Table 1. Age and Sex distribution of patients positive for bacterial meningitis at University of Gondar Teaching Hospital from Janu-
ary 1, 2006 to December 2010

Sex Positive case in each year Total
2006 2007 2008 2009 2010
Male Age 1-28day 1 1 1 2 0 5
1-12 month 1 2 4 3 3 13
1-14year 4 4 4 10 5 27
above 14 year 3 5 0 7 3 18
Total 9 12 9 22 11 63
Female Age 1-28day 0 4 4 10
1-12 month 1 3 2 5 0 11
1-14year 3 3 3 6 1 16
above 14 year 0 4 8 6 20
Total 4 11 23 11 57

Table 2. Trends of bacterial Isolate from CSF at University of Gondar Teaching Hospital, from January 1, 2006 to December. 31.2010.

Isolated bacteria species year Total
2006 2007 2008 2009 2010

S.pneumoniae 9 10 10 16 7 52
N.meningitidis 0 2 1 16 8 27
H. influenzae 1 3 4 2 2 12
S.aureus 1 3 2 4 1 11
E.coli 2 1 2 3 2 10
Salmonella spp. 0 0 1 1 2 4
Acinetobacter spp. 0 1 0 0 0 1
M.morganella 0 0 0 1 0 1
Ps.aeruginosa 0 0 0 1 0 1
Proteus spp. 0 0 0 1 0 1

Total 13 20 20 45 22 120

From the total of 120 cases 63(52.5 %) were male, while (Table 1).

57(47.5 %) were female. Sex ratio of positivity for bac-
terial meningitis between male to female was 1:1.1.
There is no statistical significant association with iso-
lated bacteria and sex. (Chi-Square =0.49, P value
0.824). Majority of the isolate (68.3%) of bacterial me-
ningitis occurred in pediatric age groups. No statistic-
al significant association was found between isolated
bacteria and age (Chi-Square =0.208, P value = 0.976)

The numbers of bacterial meningitis cases in each year
from 2006 to 2010 were 13, 20, 20, 45 and 22, respec-
tively. Forty-five (37.5%) of bacterial pathogen were
isolated only in the year 2009 (Table 2).

A seasonal variation of S. pneumonia meningitis was
observed in this study. The majority of cases 31 (60 %)
were isolated between January and May presenting
with a two-peak pattern. One peak was noticed during
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Figure 2.Monthly variation of the three most common isolated bacteria from CSF at University of Gondar Teaching Hospital, from Jan
1, 2006 to Dec. 31, 2010.
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Figure 3. Seasonal variation of the three most common isolated bacteria from CSF at University of Gondar Teaching Hospital, from

January 1, 2006 to December 2010.

summer in January, and a second occurred during au-
tumn, in April and May.

Again seasonal variation of M. meningitis was ob-
served in the study. The majority of cases 24 (88.8 %)
were isolated between March and Jun presenting with
a two-peak pattern. One peak was noticed during au-
tumn, in April, and a second occurred during late au-
tumn and early summer in May and Jun.

No seasonal variation was observed on the case of H.
influenzae rather responsible for a relatively stable
proportion of bacterial meningitis cases throughout
the five years (Fig. 2).

Rate of bacterial meningitidis isolation was relatively
high during autumn seasons in March, April and May,
were 4.8%, 6.2% and 4.2%, respectively. Whereas it
was low during spring in October and November it

was 1.5% each (Fig. 3).

Uniform antibiogram was used during the study pe-
riod for all specimens so ciprofloxacin, penicillin,
amoxicillin, cotrimoxasole, ampicillin, gentamicin,
erythromycin, chloramphenicol and tetracycline were
the antibiotics that demonstrated in-vitro activity reg-
ularly against all cultured organisms.

Sixty-three gram-positive bacteria were isolated from
cerebrospinal fluid. Except three of all the 52 (94.2%)
isolates of S. pneumoniae were sensitive to penicillin.
The susceptibility patterns for nine antimicrobial
agents are presented in Table 3.
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Table 3.Susceptibility patterns of Gram-positive bacteria isolated from CSF at Gondar University Teaching Hospital, from January 1, 2006 to December

2010.

Antimicrobial agent

AMP PNC CIP ER GN SXT TTC CAF AMO

S. pneumoniae S%  94.3 943 100 904 827 72 654 924 92.4
1% 0 0 0 0 72 173 3.8 3.8

R% 5.7 5.7 0 9.6 173 846 173 3.8 3.8

S. aureus S% 455 63.8 819 818 63.8 0 63.8 818 82.8
1% 9.1 0 9.1 0 36.2 0 9.1 0

R% 454 362 91 181 362 63.8 362 9.1 27.2

Key, S=sensitivity, R=resistance And I=intermediate, AMP= Ampicillin, SXT = Cotrimoxazole, PNC = penicillin, TTC = Tetracycline,

CIP = Ciprofloxacin. CAF = Chloraphinicol, GN = Gentamicin, ER = Erythromycin and AMOX = Amoxicillin

Table 4. Susceptibility Patterns of Gram-negative bacteria isolated from CSF at Gondar University Teaching Hospital, from January 1, 2006 to December

2010.

Isolated organisms

Antimicrobial agent %

AMP PNC CIP GN SXT TTC CAF AMOX
N Meningitidis S% 852 963 100 852 7.5 812 925 925
1% 7.4 0 0 74 0 0 0 0
R% 74 3.7 0 74 925 188 75 75
H. influenzae S% 75 834 100 17 75 584 75 83.4
I% 0 0 0 0 0 0 0 0
R% 25 166 0 83 25 41.6 25 16.6
E.coli S% 20 20 100 80 10 50 80 10
1% 0 0 0 0 10 10 10 0
R% 80 80 0 20 80 40 10 90
Salmonella Spp. S% 0 0 100 75 0 75 75 50
I% 0 0 0 0 0 0 0 25
R% 100 100 0 25 100 25 25 25
Acinetobacter S% 100 100 100 100 O 100 0 0
1% 0 0 0 0 0 0 0 0
R% 0 0 0 0 100 O 100 100
M.morganella S% 0 0 0 0 0 0 0 100
1% 0 0 0 0 0 0 0 0
R% 100 100 100 100 100 100 100 O
P.aergionesa S% 100 0 100 100 100 100 O 100
I% 0 0 0 0 0 0 0 0
R% 0 100 0 0 0 0 100 0
Proteuse Spp. S% 0 0 0 0 0 0 0 0
1% 0 0 0 0 0 0 0 0
R% 100 100 100 100 100 100 100 100

All isolated N.meningitis andall isolated H. influenzae
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Table 5. Multiple drug resistance pattern for the gram positive and gram-negative bacteria isolation from CSF in Gondar University from Jan 2006 to Dec.

2010.
Isolated bacteria species MDR Total
RO R1 R2 R3 R4 R5 R6 R7 >R7
S.pneumoniae 5 24 13 5 1 3 0 1 0 52
N.meningitidis 0o 14 7 3 3 0 0 0 0 27
H. influenzae 2 3 5 1 1 0 0 0 0 12
S.aureus 0 2 5 0 1 0 1 1 1 11
E.coli 0 0 3 3 3 0 0 0 1 10
Salmonella spp. 0 0 0 1 0 2 0 1 0 4
Acinetobacter spp. 0 0 1 0 0 0 0 0 0 1
M.morganella 0 0 0 0 0 0 0 0 1 1
Ps.aeruginosa 0 0 0 0 0 0 0 0 1 1
Proteus spp. 0 0 0 1 0 0 0 0 0 1
Total 13 43 34 14 9 5 1 3 4 120

Key :R0O = No drug resistance, R1= resistance to one drug, R2= resistance to two drug, R3= resistance to three drug, R4= resistance to four
drug, R5= resistance to five drug, R6= resistance to six drug, R7= resistance to seven drug, >R7= resistance to more than seven drug,

were sensitive to ciprofloxacin. Whereas E. coli was
found to be resistant to all antibiotics except for ciprof-
loxacin. Other gram-negative bacilli other than H. in-
fluenza) showed a high percentage of resistance to sev-
eral common drugs tested. The susceptibility patterns
for seven antimicrobial agents are presented in Table
4. In general ciprofloxacin was the most effective
drugs against the tested gram-positive and gram-
negative bacteria.

Multiple resistance (resistance to two or more drugs)
was observed in 70(58.3%) of the Isolates. Among the
gram positives, multi drug resistance was observed in
S. aureus, while among the gram negatives, different
spp. were observed and presented in Table 5.

DISCUSSION

Acute bacterial meningitis is a medical emergency,
which deserve early diagnosis and aggressive therapy.
Most often therapy for bacterial meningitis has to be
initiated before the etiology is isolated. The choice of
initial antimicrobial therapy in community acquired
acute bacterial meningitidis (CAABM) is based on the
most common pathogen prevalent in a particular geo-
graphical area and age group and its antibiotic sensi-

tivity pattern(WHO, 1998).

Though the common pathogens associated with
CAABM are S. pneumoniae, H. influenzae and N. menin-
gitidis, the etiological agents and their relative fre-
quency may vary in different geographical areas.
Some changing trends in the epidemiology of CAABM
have also been reported worldwide over the past few
decades(Norheim et al.,, 2006; Theodoridou et al.,
2007). In this retrospective study the three major or-
ganisms responsible for bacterial meningitis were
S.pneumoniae (43.3%), N. meningitis (22.5%) and H. in-
fluenzae (10%). similar trend reported from North
parts of Yemen(Al Khorasani and Banajeh, 2006).

S. pneumonia remains the leading etiological agent of
community acquired acute bacterial meningitis
(CAABM) over the study period both in adults and
children. Accounting for 52 (43.3%) of the total cases
in our study, whereas a similar trend reported from
Addis Ababa(Muhe and Klugman, 1999), Madagascar
(Migliani et al., 2002), and Northern parts of Yemen
(Al Khorasani and Banajeh, 2006). In contrast to the
above observation, some studies in Addis Ababa
(Hailu and Muhe, 2001) and in South Western Ugan-
da, (Kiwanuka and Mwanga, 2001) report that Hib to
be the most common cause of bacterial meningitis
among children, probably this was the period before
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the introduction of Hib vaccines. Other study in Bel-
gium(Hoeck et al., 1997) report meningococcal menin-
gitis to be the major cause of meningitidis. In this re-
trospectives study S. pneumonia were isolated in all
age group but, more than (64.3 %) of the case was pe-
diatric age groups, reflecting a similar trend reported
from Antananarivo, Madagascar(Migliani et al., 2002),
Malaysia (Erleena et al., 2008) and Indian studies have
also reported a high incidence of pneumococcal me-
ningitis in children (Mani et al., 2007). The mean age
affected by S. pneumonia meningitis was 9.1 years.

The majority of S. pneumonia (60 %) was isolated be-
tween January and Jun presenting with two-peak pat-
tern. One peak was noticed during summer in January,
and a second occurred during autumn, in May and
Jun. This finding reflects a similar trend reported from
Greece(Theodoridou et al., 2007) (Fig. 2).

In our study only three isolates of S. pneumonia were
resistance to penicillin some study in Ethiopia have
reported the emergence of penicillin resistance (Muhe
and Klugman, 1999; Mulu et al., 2005). This also true
in Indian study(Mani et al., 2007). So there is a need
for continued monitoring for penicillin resistance in
pneumococcal isolates, because at present it is a signif-
icant problem in Ethiopia.

N. meningitidis was found to be the second cause of
childhood bacterial meningitis in the present study.
Twenty-seven (22.5%) cases of meningococcal menin-
gitis were detected in the last five years. More than
60% meningococcal meningitis cases of the study were
isolated in 2009. This study reiterates the finding of a
low prevalence of meningococcal meningitis except
during epidemics, in various study in East Africa:
Ethiopia(Muhe and Klugman, 1999),
Uganda(Kiwanuka and Mwanga, 2001),
Kenya(Akpede et al., 1994)and Indian(Mani et al.,
2007). The majority of (88.8 %) was isolated between
March and Jun presenting with two-peak pattern. One
peak was noticed during autumn, in April, and a
second occurred during in May and Jun (Fig. 2) this is
may be due to a dry season which is characterized by
dust wind and upper respiratory tract infection due to
cold night and at the same time the local immunity of
the pharynx is diminished this lead to a high risk of
meningococcal meningitis. This finding is in line with
the previous reports from Gondar University Hospit-
al(Mengistu et al., 2003) and Greece (Theodoridou et
al., 2007).

Most cases due to N. meningitidis occurred in infants
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and young children: 18.5% occurred in infants less
than 1 year and 81.5% in children less than 14 years of
age. The mean age of N. meningitidis cases approx-
imately was 3.9 years. In contrast to the above finding
a study from Gondar University(Mengistu et al., 2003),
Addis Ababa (Kristos and Muhe, 1993), the mean age
were relatively higher because the majority (80%) of
the cases were elderly groups between (15-30) years.

Probably these had been due to both researches done
during an epidemic year on meningococcal meningitis
in the North Gondar and Addis Ababa respectively.
But the data derived from our studies agree with the
findings reported in Athens (Theodoridou et al., 2007).

In this study H. influenzae was responsible for a rela-
tively stable proportion of bacterial meningitis cases
throughout the five years. All 12 (10%) cases of me-
ningitis occurred in pediatric age groups. Majority, 11
(91.6%) H. influenzae meningitis were isolated from
both neonate and infant age groups.

The mean age of children affected by Hib meningitis
was 0.7 years, quite lower compared to the age of
children affected by N. meningitidis and S. pneumoniae.
The 16.6% and 91.6 % of children affected by Hib me-
ningitis were aged < 28 day and 1 year respectively.
Reflecting a similar trend reported from Addis Ababa
(Hailu and Mubhe, 2001) and Uganda which has a high
incidence of H. influenzae meningitis in the pediatric
age group (Kiwanuka and Mwanga, 2001). Some In-
dian authors have also reported a high incidence of H.
influenza meningitis(Mani et al.,, 2007).However, an
earlier study from Gondar University Hospital(Mulu
et al., 2005) shows that the incidence H. influenzae me-
ningitis was zero this is probably in the previous time
human blood is commonly used for making both
blood and chocolate agar. A seasonal variation in Hib
meningitis cases was not observed.

S. aureus werethe predominate isolated gram positive
bacteria next to S. pneumonia. Eleven (9.2%) of the case
were S. aureus. This finding is in line with the research
conducted from University of Gondar Teaching Hos-
pital(Aseffa and Yohannes, 1996) and other research
from West Africa, Nigeria(Akpede et al., 1994). Resis-
tance to the common antibiotics tested was high and
the majority (72.2%) of S. aurous was isolated from the
elderly (above 14 years).

Ten (8.3%) cases of meningitis were due to E. coli.
More than 87% isolate of E. coli was found to be resis-
tance to multiple drugs such as penciling, ampicillin,
tetracycline, gentamicin and cotrimoxazole and the
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data derived from our studies agree with the findings
reported from University of Gondar Teaching Hospit-
al(Aseffa and Yohannes, 1996) the majority case were
isolated from pediatric age groups. Salmonella spe-
cies were found to be susceptible to ampicillin, genta-
micin, chloramphenicol and ciprofloxacin.

Acinetobacter 1 cases, (0.8%), M. morgane 1 case,
(0.8%), P. aeruginosa 1 case, (0.8%) and 1 cases of me-
ningitis due to proteus specieswere isolated asimpor-
tant pathogens of community-acquired as well as no-
socomial meningitis especially among the elderly and
in patients with chronic diseases. one case of M. mor-
gane, and one caseP. aeruginosa were isolated in this
study were not encountered in earlier studies from
University of Gondar Teaching Hospital(Mulu et al.,
2005) but no case of L. monocytogenes meningitis was
seen in this study though the incidence is low in most
East African study(Kiwanuka and Mwanga, 2001),
(Migliani et al., 2002) and (Al Khorasani and Banajeh,
2006), it should be considered especially in the elderly
and immunocompromised patients, since it is known
to be resistant to third generation cephalosporins used
in the empirical treatment of bacterial meningitis.

The small number of antibiotic discs such as ceftraxon,
nalidixic acid, and norfloxacin were not available reg-
ularly in the period between 2006-2010. So, no uniform
for all specimens made analysis of results of antibiotic
sensitivity impossible. However it is worth noting that
ciprofloxacin, penicillin, amoxicillin, cotrimoxasole,
ampicillin, gentamicin and tetracycline were the anti-
biotics that are available routinely in the study paired
(2006 - 2010).

The antimicrobial therapy of bacterial meningitis has
come under increasing inspection owing to numerous
reports of antimicrobial resistance by the common
causative organisms(Aseffa and Yohannes, 1996;
Muhe and Klugman, 1999). This may be a reflection of
unregulated use of antibiotics particularly in develop-
ing country.

CONCLUSION

In conclusion S. pneumonia constituted the leading
cause of bacterial meningitis in all age groups during
the five years study and more than 68.3% of the cases
were less than fourteen years old and the majority of
cases 31 (60 %) were isolated between January and
May presenting with a two peak pattern and only
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three isolates of S. pneumonia were resistance to peni-
cillin. N. meningitidis was the second common cause
of bacterial meningitis. Variations in the incidence of
meningococcal meningitis were presented over time.
The majority of cases (88.8 %) were observed between
March and June presenting with a two peak pattern.
One peak was noticed during autumn, in April, and a
second occurred during May and June following the
well described natural cycles that characterize the epi-
demiology of meningococci and 81.5% were isolated
in pediatric age groups. H. influenzae type b was an
important cause of bacterial meninigites and relatively
stable proportion of cases throughout five years.
More than 91.6 % of H. influenzae were isolated from
both neonates and infants. The frequency of single as
well as multiple drug resistance is alarmingly high.

The limitation of this study was a small number of
cephalosporin antibiotic discs such as ceftraxon, cefa-
tazidin and cefalaxin. And other quinoline antibiotic
discs such as nalidixic acid and norfloxacin were not
available regularly in the period between 2006-2010,
no uniform antibiotics disk used for all specimens so
analysis of results of antibiotic sensitivity is impossi-
ble.
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