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Introduction 

Bacterial meningitis requires prompt diagnosis and treatment 
to reduce the development of neurological sequelae and deaths [1]. 
Meningitis causing bacteria such as Neisseria meningitidis, Streptococcus 
pneumoniae, and Haemophilus influenzae type b (Hib) are among the 
main causative organisms of bacterial meningitis globally, accounting 
for 90% of reported cases in infants and children aged >60 days [2]. 
Streptococcus agalactiae is also an important causative organism of 
maternal and neonatal morbidity and mortality in many parts of the 
world and contributes to these cases of meningitis [3]. 

Bacterial meningitis accounts for 2% of child death worldwide 
but the burden of meningococcal meningitis is highest in the African 
meningitis belt covering the West, Central and East African countries. 
World Health Organisation (WHO) 2002-2008 surveillance data shows 
a high burden of meningitis in the Southern African countries even 
when a large number of infants in the rural areas who are not able to 
access health facilities are not represented in the data [4].

The infection kills about 1000 people a day and infects about 
a million people per year on the continue [5]. Neisseria meningitidis 
is responsible for large epidemics causing thousands of deaths from 
the 700,000 cases of meningitis reported in these countries [6,7]. 
Haemophilus influenzae type b disease causes 3 million cases of 
meningitis and severe pneumonia and approximately 386,000 deaths 
worldwide per year in children aged <5 years [7]. Pneumococcal 
disease is a leading cause of childhood morbidity and mortality 
globally, causing an estimated 0.7-1.0 million deaths annually among 
children aged <5 years [6]. Streptococcus agalactiae is responsible for an 
estimated 900 deaths per 100 000 live births [8].

The laboratory plays an important role in the detection and 
confirmation of meningitis cases. Examination of the cerebrospinal 
fluid (CSF) is frequently used to provide immediate confirmation of 
acute bacterial meningitis [9]. 

Use of effective laboratory methods to improve detection of 
pathogens in patients with suspected meningitis is important. 
Traditional methods in routine laboratory diagnosis in developing 
African countries have led to limited detection of bacterial meningitis. 
Latex agglutination and PCR methods can increase sensitivity and 
improve diagnosis as additional diagnostic tools especially for culture 
negative CSF specimens [10].

The potential S. pneumoniae detection by PCR in bacterial 
meningitis has been demonstrated to be 5–10 times higher than 
by culture [11]. The sensitivity of PCR based tests is reduced in CSF 
samples after pre-treatment with antibiotics [12] in PCR based 
diagnosis in patients with meningococcal disease. This current study 
focuses on comparison of different laboratory diagnostic techniques for 
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Abstract
Introduction: Bacterial meningitis is one of the top ten causes of death amongst children under 5 years in 

Zimbabwe. Optimizing the identification of the etiologic agents of bacterial meningitis leads to better management 
of patients. The objective of this study was to compare the effectiveness of latex agglutination (LA), culture and 
Polymerase Chain Reaction (PCR) as diagnostic methods in the detection of Neisseria meningitidis, Streptococcus 
pneumoniae, Streptococcus agalactiae and Haemophilus influenzae in paediatric cerebral spinal fluids (CSF) 
specimens at Harare Children`s Hospital (HCH). 

Methodology: Specimens from 162 clinically suspected paediatric cases of bacterial meningitis were processed 
by cell count, Gram stain, culture, latex agglutination and PCR. 

Results: Forty-nine (30.2%) suspected cases were positive for at least one of the four bacterial organisms. The 
latex agglutination test was positive in 33/49 (67.3%) cases, PCR was positive in 37/49 (75.5%) and culture was 
positive for 17/49 (34.7%) cases. Streptococcus pneumoniae was the predominant pathogen detected in 29 of the 
49 positive cases (59.2%) followed by S. agalactiae detected in 11/49 (22.4%) cases. Haemophilus influenzae was 
detected in 7/49 (14.3%) cases while N. meningitidis accounted for 2/49 (4.1%) positive cases. Thirty-three (20.4%) 
CSF samples tested positive with the latex agglutination test. This increased the number of organisms above that 
detected by culture by 16/49 (32.6%). Polymerase chain reaction detected 37 CSF samples increasing the number 
of organisms detected by culture by 20/49 (40.8%).

Conclusion: Bacterial meningitis mainly caused by Streptococcus pneumoniae is prevalent among children in 
Zimbabwe and coupling of culture and non-culture methods can improve detection of the disease. 
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identification of bacteria causing meningitis in a low income setting 
where there is high empirical use of antibiotics.

Methodology
Study design

This was an analytical cross-sectional study conducted at Harare 
Central Hospital (HCH) paediatric unit from January 2012 to August 
2012. The selection criteria included children aged 60 months or 
less admitted to Harare Central Paediatric Hospital with suspected 
meningitis. Convenience sampling of CSF specimens collected by the 
clinicians both during the day and at night was done at the laboratory 
excluding specimens that were bloody or of insufficient amounts.

The project samples were a part of an on-going surveillance of 
paediatric bacterial meningitis survey being done by the Ministry of 
Health and Child Care supported by the World Health Organisation.

Sample size 

The simple formula for difference in proportions was used by 
setting culture at 0.5758=pπ1; latex agglutination at 0.405=pπ2 and 
PCR at 1=pπ3.This was done to give a power of 80% with Zβ=0.84, at 
0.05 significance level i.e. Zα/2=1.96 was used:

Hence sample size (n) was calculated as:

This gave a sample size of 129 based on a similar comparison study 
[13].

Sample preparation and processing

The CSF samples which met the selection criteria were received 
and processed within 1 hour of reception in the laboratory. The CSF 
specimens were processed using the Gram stain, cell count, culture and 
Latex Agglutination (LA). Macroscopic examination to determine the 
appearance was done. 

Cell count 

A cell count to measure the number of red and white blood cells 
was done on the CSF specimen before centrifugation using a Fuchs 
Rosenthal Counting Chamber [14].

Culture

The CSF specimens were centrifuged at 3000 rpm for 5 minutes 
and the deposit used for culture and to prepare smears for staining. 
The sediment was cultured and further processed using standard 
bacteriological techniques. Briefly blood agar and chocolate agar 

supplemented with 5% sheep blood were prepared using tryptone soy 
agar (Mast diagnostics, U.K.) and incubated in 5% CO2 at 37°C for 
24-48 hours. All laboratory procedures were quality controlled using 
American Type Culture Collection (ATCC) controls, S. pneumoniae 
ATCC 49619, E. coli ATCC 25922 and H. influenzae  ATCC49247. 
Identification of the isolates was done using standard laboratory tests 
[14]. The isolates were stored at -80°C in skimmed milk for further 
identification and referral purposes at the National Microbiology 
Reference Laboratory (NMRL).

Latex agglutination test

A latex agglutination test was performed to detect bacterial antigens 
of N. meningitidis, S. pneumoniae, S. agalactiae and H. influenzae using 
a Pastorex meningitis kit (Bio-rad, France) according to manufacturer`s 
instructions.  

PCR

Residual CSF specimens were stored in cryovials at -20°C until the 
time for shipment to the National Institute for Communicable Diseases 
(NICD) a referral laboratory in South Africa for processing by multiplex 
real time PCR using primers shown in Table 1, based on Carvalho et al. 
[15]. Stored isolates were sub-cultured and put on skimmed milk media 
and sent to NICD at the end of each month for further identification 
and serotyping. The remaining isolates were kept for referral purposes 
at NMRL.

Ethical considerations

Project approval was obtained from the HCH Ethical committee, 
Joint Research Ethics committee (JREC) and the Medical Research 
Council of Zimbabwe (MRCZ).Written consent to perform lumbar 
puncture was requested from parents by clinicians. The results obtained 
were released to the relevant clinician. 

Data analysis

Data analysis was conducted using STATA Version 10.0. 
Proportions were used to describe organism detection levels. A test of 
proportions was used to compare differences in the detection levels for 
various organisms by the three methods. Sensitivities and specificities 
of methods were not calculated as unknown samples were being used 
for the detection of pathogens.

Results

A total of 246 paediatric CSF specimens which met the inclusion 
criteria were received in the laboratory of which 84 were of insufficient 
volume for performance of all the three tests. The analysis of results 
was therefore based on 162 CSF samples with definite positive and 
negative results from the 3 methods. A total of 78 (48.1%) samples 
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Species Gene Target Primer name Nucleotide sequence 5`-3` Working concentration (µM)

N .meningitidis ctrA
F753
R846
Pb820i

TGTGTTCCGCTATACGCCATT 
GCCATATTCACACGATATACC AACCTTGAGCAA”T”CCATTT
ATCCTGACGTTCT
5`FAM;3`SpC6;”T”BHQ1

7.5
22.5
2.5

H. influenzae Hpd
HPDF729
HPDR819
PBR762i

AGATTGGAAAGAAACACAAGAAAAAGA
CACCATCGGCATATTTAACCACT
AAACATCCAATCG”T”AATTATAGTTTACCCAATAACCC
5`HEX;3`SpC6;BHQ1

7.5
2.5
5

S. pneumoniae lytA
F373
R424
Pb400i

ACGCAATCTAGCAGATGAAGCA
TCGTGCGTTTTAATTCCAGCT
TGCCGAAAACGC”T”TGATACAGGGAG
5`Cy5;3`SpC6;”T”BHQ2

5
5
5

Table 1: Primers and probes used for Real time PCR.



Citation: Gudza-Mugabe M, Robertson V, Mapingure MP, Mtapuri-Zinyowera S, Mavenyengwa RT (2015) Prevalence of Salmonellosis among Food 
Handlers and the Health Implications on the Food Consumers in Lagos State, Nigeria. J Med Microb Diagn 4: 183. doi:10.4172/21610703.1000183

Page 3 of 6

Volume 4 • Issue 2 • 1000183
J Med Microb Diagn 
ISSN: 2161-0703 JMMD, an open access journal

were from male participants, 76 (46.9%) were females while 8 (4.9%) 
samples had no data on the sex of the participants. Antibiotic use before 
lumbar puncture was reported in 27 (16.0%) participants though no 
specific antibiotics were cited, while 39 (24.1%) had lumbar puncture 
performed before administration of antibiotics (Table 2). Bacterial 
meningitis was confirmed by culture, LA and PCR in 53 cases of which 
48 (90.6%) cases were confirmed in children ≤12 months of age while 
3 (6%) were confirmed in children between 13-60 months. Two cases 
(4%) were confirmed in the children where the age was not given.

Pathogens identified

A summary of the results from the 246 CSF specimens collected is 
shown in a representation of the laboratory findings flow chart in Figure 
1. Out of the 53 (32.7%) meningitis cases, the most common pathogen 
identified by at least two of the methods used was S. pneumoniae which 
was detected in 29 (54.7%) CSF specimens followed by S. agalactiae 
which was detected in 11 (20.8%). Fewer cases of H. influenzae 
7(13.2%) were detected while the least common organism detected 
was N. meningitides 2(3.8%) and 4 (7.5%) other types of organisms 
were identified. Additional organisms identified were 3 Gram negative 
lactose fermenting coliforms, (2 E. coli, and one that could not be 
identified to species level) and one coagulase negative staphylococcus.

Distribution of identified organisms by age

The four pathogens S. pneumoniae, S. agalactiae, H. influenzae and 
N. meningitides were identified by PCR in the 0-2 months and 3-12 

months old groups while S. pneumoniae was the only species isolated 
from children in the group 25-60 months (Table 3). The majority of the 
cases (26) were due to pneumococcus reported in infants ≤2 and in 
children between 3-12 months. Of the 11 cases of S. agalactiae, 4 were 
identified as early onset infection which is evident in the first week of 
life and the other 6 cases were late onset which is disease detected after 
the first week to 3 months of life and the single remainder of the cases 
can be regarded as late, late onset. 

There were 50/162 (30.9%) CSF specimens with <5 WBC and 
17/162 (10.5%) had ≥100/mm3 (Table 4).The mean of WBC cell count 
was 59.5/mm3. The Gram stain of the CSF was positive (organisms 
seen) for 28/162 (17.3%) of the children while in 134/162 (82.7%) CSF 
specimens had a negative Gram stain (no organisms were seen). 

Comparison of culture, LA and PCR in detecting bacterial 
causes of meningitis

Table 5 shows that a total of 17 isolates from CSF specimens 
of which 14 were positive with Gram stain were detected by culture 
method. The species identified were S. pneumoniae (15) H. influenzae 
(1) and S. agalactiae (1). Of the 17 isolates 16 were also positive with 
LA and PCR. The Latex agglutination test tested positive in 33 out of 49 
CSF samples giving a positive rate of 67.3% increasing the number of 
organisms above that detected by culture by 16 (32.6%). This number 
includes 11 samples that were positive for S. agalactiae which were 

Characteristics Meningitis cases

 
Confirmed  Negative Total 
   n =49 (%) n=113 (%) n=162 (%)

Sex  
Female 26 (53.1) 50 (44.2) 76 (46.9)
Male 22 (44.9) 56 (49.6) 78 (48.1)
Not given 1 (2.0) 7 (6.2) 8 (4.9)
Age (months) 
0-2 23 (46.9) 78 (69.0) 101 (62.3)

12-Mar 21 (42.9) 23 (20.4) 44 (27.2)
13-24 2 (4.1) 5 (4.4) 7 (4.3)
25-60 1 (2.0) 1 (0.9) 2 (1.2)
Not given 2 (4.1) 6 (5.3) 8 (4.9)
Prior antibiotic use 
Yes 7 (14.3) 20 (17.7) 27 (16.0)
No 14 (28.6) 25 (22.1) 39 (24.1)
Not stated 28 (57.1) 68 (60.2) 96 (59.3)

Table 2: Characteristics of study population.

Figure 1: Summary of proportions of identified organisms.

Age Group 
in months Organism  

 N.meningitidis S.pneumoniae S. agalactiae** H. influenzae Other
0-2 (n=101) 1 12 7 2 3
3-12 (n=44) 1 14 3 4 1
13-24 (n=7) 0 0 1 1 0
25-60 (n=2) 0 1 0 0 0
Age not 
given (n=8) 0 2 0 0 0

Total N=162 2 29 11 7 4
** As detected by Latex agglutination.

Table 3: Distribution of organisms in patients based on age

Characteristics Meningitis cases
Confirmed n =49 
(%)

Negative for meningitis
n =113 (%)

Total n =162 
(%)

CSF appearance
Clear 
Xanthochromic
Turbid/cloudy
Blood stained

24 (48.9)
6 (12.2)
9 (18.3)

10 (20.4)

57 (50.4)
22 (19.4)
3 (2.6)

31 (27.4)

81 (50.0)
28 (17.2)
12 (7.4)
41 (25.3)

WBC count cell/mm3

<5
5-10
11-99
>=100

13 (26.5)
16 (32.6)
6 (12.2)

14 (28.5)

37 (32.7)
49 (43.3)
24 (21.2)
3 (2.6)

50 (30.8)
65 (40.1)
30 (18.5)
17 (10.4)

Gram staining results
Positive
Negative

22 (44.8)
27 (55.1)

6 (5.3)
107 (94.7)

28 (17.3)
134 (82.7)

Table 4: Cerebrospinal fluid laboratory findings.

Organism Detection method
Culture n=162 (%) Latex n=162 (%) PCR n=162 (%)

N. meningitidis
S. pneumoniae
S. agalactiae
H. influenzae
Total

  0   (0.0)
15   (9.3)
  1   (0.6)
  1   (0.6)
17 (10.5)

  1   (0.6)
20   (12.3)
11   (7.4)
  1   (0.6)
33   (20.4)  

  1   (0.6)
29   (17.9)
ND*

  7   (4.3)
37   (22.9) **

Table 5: Meningitis causing bacteria detected by culture, LA and PCR.
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not tested by PCR because of unavailability of primers. However there 
were 3 samples N. meningitidis (1), S. pneumoniae (2) with positive 
latex results which were negative with both PCR and culture. The PCR 
method detected 29 S. pneumoniae, 1 N. meningitidis and 7 H.influenzae 
in 37 samples increasing the number of organisms detected by PCR 
over culture by 20 (40.8%). There were 16 samples S. pneumoniae (9), N. 
meningitides (1), and H. influenzae (6) with positive PCR results which 
tested negative with LA and culture.

Comparison of organisms detected by culture, LA and PCR

The culture method isolated all of the three types of organisms 
except N. meningitidis (Table 5). The highest number of isolates from 
culture was S. pneumoniae representing 15/17 (88.2%) of the total 
isolates while there was one each for S. agalactiae and H. influenzae. 
Latex agglutination detected each type of the 3 different organisms. 
A higher detection rate for S. pneumoniae 20/33(60.6%) than that 
of S. agalactiae 11/33(33.3%) was found. Only one isolates each of 
N.meningitidis and H. influenzae was detected. Out of the 33 samples 
in which organisms were detected by latex, 3 (N. meningitidis 1; and S. 
pneumoniae 2; were detected by latex agglutination only. Polymerase 
chain reaction detected all the three species (Table 5). More S. 
pneumoniae and H. influenzae were detected by PCR than the other 2 
methods. Out of the total of 29 S. pneumoniae detected, 10(34.5%) were 
detected by PCR only while 4(13.8%) were detected by both PCR and 
LA only. Out of the 7 H. influenzae detected 6/7(85.7%) were detected 
by PCR only and N.meningitidis was detected in only one specimen by 
the PCR method. Four specimens identified using LA as S. agalactiae 
were processed using PCR and 3 different organisms S. pneumoniae (1), 
N. meningitides (1) and H. influenza (2), were detected.

Statistical significance between methods of detection

There were no significant differences in bacterial meningitis 
detection rates between culture, LA and PCR but there were significant 
differences in the detection of individual species Detection rates for 
S. pneumoniae between culture and PCR were significantly different 
(p=0.024) as PCR detected more S. pneumoniae in more specimens. 
Detection rates for H. influenzae were also significantly (p=0.032) 
different between culture and latex or PCR. Polymerase Chain 
Reaction was better in the detection of H. influenzae than culture or 
LA. Detection rates for S. agalactiae between culture and LA were 
significantly different (p=0.002) as LA was better in the detection of S. 
agalactiae than culture.

Discussion
Bacterial causes of meningitis

The most common cause of meningitis in children <5 years 
admitted to HCH was found to be S. pneumoniae 29/53(54.7.2%) and 
S. agalactiae 11/53(20.7%) followed by H. influenzae 7/53(13.2%). 
Other pathogens N.meningitidis and E. coli were identified in children 
in the <1 year age group but were not common. The majority of the 
confirmed cases 48/53 (90%) occurred in infants in the 0-12 months 
age group. This result is higher than that reported by Roca et al., [16] 
in neighboring Mozambique where confirmed cases of acute bacterial 
meningitis cases (67%) occurred among infants of <1 year of age and also 
the number of cases caused by N. meningitidis was much higher. Brouwer et 
al., [10] suggests that the most common causative organisms of meningitis 
in neonates are S. agalactiae, L. monocytogenes and E. coli. In this study S. 
pneumoniae was the most common cause of meningitis in the neonates 
and the 3-12 month age group followed by S. agalactiae and H. influenzae.

Use of appearance and microscopy of CSF specimens to 
diagnose meningitis

The appearance of CSF is considered in bacterial meningitis 
diagnosis but does not provide a definitive diagnosis [16]. In this study 
6/53 CSF specimens from the confirmed cases of bacterial meningitis 
were cloudy. The 24 specimens which were clear and colorless were also 
positive for bacterial meningitis. The use of the appearance to indicate 
infection could be misleading, stressing the need to use additional 
laboratory diagnostic methods.  It is generally accepted that patients 
with bacterial meningitis have a WBC count higher than 1,000 per 
mm3 while 99 % have more than 100 per mm3. Having less than 100 
WBCs per mm3 is more common in patients with viral meningitis [17]. 
However although a low WBC count in the CSF is consistent with viral 
infection, a bacterial aetiology cannot be ruled out because bacterial 
meningitis cases have been described without significant CSF WBC 
[18]. Fifty samples of the CSF specimens tested in this study had a WBC 
count of less than 5 and of those 13 cases were confirmed bacterial 
meningitis cases. The low WBC count may be attributed to HIV 
infection but HIV status was not established in the study. Ten of the 13 
cases were on antibiotics although it is not possible to attribute failure 
to isolate bacteria to the treatment due to the small numbers involved. 
A greater percentage (82%) of the CSF with a WBC ≥ 100/mm3 were 
confirmed as bacterial meningitis cases which is consistent with the 
standard description of a suspected bacterial infection and therefore a 
useful characteristic to assess the presence of bacterial meningitis where 
culture facilities are not available

Gram stain is regarded as a useful technique in resource limited 
settings although the sensitivity varies depending on the organism 
causing infection [10] and in this study detected 45% of the positive CSF 
samples. However out of the 29 CSF specimens in which S. pneumoniae 
was detected by PCR, 12 (41%) were missed by Gram staining. Both 
Gram stain yields and culture may be decreased in antibiotic pre-
treatment [19]. This might be expected in Zimbabwe where empirical 
treatment of infection is high partly because of limited microbiology 
diagnostic support.  However in this study the available data was not 
adequate to show a significant difference on Gram positivity between 
those who had pre-antibiotic treatment and those who did not. Of the 
22 specimens which were positive on Gram stain, 4 were positive for 
patients who used antibiotic treatment before lumbar puncture while 
6 were positive in those who did not use antibiotics before lumbar 
puncture while the remaining 12 had no data on pre-antibiotic use.

Comparison of culture, serology and PCR to detect meningitis 

CSF culture is available in microbiology diagnostic laboratories in 
Zimbabwe. Routine application of quality assurance to the transport of 
CSF to the laboratory and to culture in this study increased the culture 
yield over the routine system from 0.5% (3546 specimens processed in 
2010 and 2011) to 10%.  This increase in culture sensitivity could be 
attributed to use of sheep blood rather than the human blood normally 
used because of availability and cost to prepare blood agar and 
chocolate agar. As colony morphology and haemolysis are critical to 
the identification of meningeal bacterial organisms cultured on human 
blood can be overlooked or misidentified [20]. In addition ensuring 
that culture was performed within one hour of CSF collection, which 
although recommended is not always adhered to as N. meningitidis, S. 
pneumoniae, and H. influenzae are fastidious and fragile bacteria. Low 
detection rates compared to the non-culture methods could be due to 
low concentration of pathogens, small sample volumes or empirical 
antibiotic treatment prior to sample collection which can reduce 
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sensitivity by up to 30% [16]. In this study there were 7 culture positive 
cases from the 27 participants (26%) who used antibiotics compared to 
14 cultures positive out of the 39 (36%) cases who did not use antibiotics 
suggesting antibiotic use could play a role.

The use of the latex test and PCR significantly increased the 
detection rate.  Of the 49 cases of bacterial meningitis diagnosed by 
the 3 methods: culture was positive for 17(35%), PCR detected 37 
(76%) and the latex test detected 36(74%) cases. Out of the 152 culture 
negative CSF samples LA was positive in 19(13%) while PCR was 
positive in 21(14%). Although the increased sensitivity was less than 
that found by Azzari et al., [11] with 5 to 10 times more cases detected 
by PCR than culture,  in this study using LA and PCR twice as many 
cases were detected than by culture and confirming the bacterial nature 
of the infection with improved identification of specific pathogens. 

Detection levels for S. pneumoniae between culture and PCR were 
significantly different (p=0.024) and more cases of H. influenzae were 
detected by PCR than either culture or LA. Increased numbers of 
S.agalactiae were detected by LA and the single case of N. meningitidis 
infection was only detected by LA and PCR. Both the increased detection 
rate and the wider range of pathogens detected using PCR in this and 
in other studies [13,21-23] suggest the importance of including PCR in 
the range of diagnostic tests available for the diagnosis of meningitis as 
a single test does not provide sufficient sensitivity, Latex agglutination 
detected 3 samples which were negative by PCR: S. pneumoniae (2) and 
N. meningitides (1) while PCR was positive with 16 samples which were 
negative with LA. It is possible that the concentration of organisms in 
these samples were tool low as the LA method requires the presence 
of ≥103 CFU of organisms per ml for optimal sensitivity [24]. It has 
been suggested that the diagnostic accuracy of LA is limited since false 
positive results are common [10].

Four specimens which were identified using LA as S. agalactiae 
were processed with PCR and 3 different organisms S. pneumonia (1), 
N. meningitides (1) and H. influenzae (2), were detected. The reason 
might have been due to dual infection or the latex agglutination being 
non-specific. Non-specificity of immunological testing results in cross-
reactivity. A previous study by Fischer et al., [25] discovered that 
the polysaccharide antigen in the polyvalent pneumococcal vaccine 
reacted to form precipitation lines with antisera directed against type-
14 pneumococcus and group-B streptococcus type III. The observed 
cross reactivity in the test for S. agalactiae with N. meningitidis and 
H. influenzae could have resulted in some false positives results. The 
non-specificity of the meningitis kit used (Pastorex Meningitis; Bio-Rad 
Laboratories) has been reported previously [26].

Conclusion 
There was a significant difference in the results obtained from 

detection of meningitis causing organisms using culture, LA and 
PCR. The results confirmed that coupling of culture and non-culture 
methods improve performance in detecting the meningitis causing 
organisms. The routine dual use of LA and PCR is appropriate to 
improve meningitis case detection. Although LA, detected bacteria in 
less samples than PCR, it remains affordable and provides results in less 
than 15 minutes offering an advantage for early initiation of antibiotic 
treatment. Streptococcus agalactiae is increasingly becoming a cause 
of neonatal meningitis. Although PCR was not used in this study it is 
recommended to use the technique as its comparatively high sensitivity 
would lead to detection of many cases.
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