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The utility of the polymerase chain reaction assay for aetiologic
definition of unspecified bacterial meningitis cases
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Most patients with acute suppurative meningitis are otherwise healthy individuals with regard to immune mecha-
nisms against invasive bacterial disease. This medical emergency is among the most dramatic and potentially ravag-
ing diseases that affect humans, particularly young children. The illness often strikes suddenly, and can either result 
in death or leave the survivors with significant neurological dysfunctions. The demonstration of a bacterial aetiolo-
gy is necessary for decisions regarding treatment and prophylaxis. Conventional bacteriological methods frequently 
fail to identify an agent, as a result of administration of antibiotics or delayed lumbar punctures. We investigated the 
major aetiologic sources of unspecified bacterial meningitis cases (G00.9, ISCD-10) by polymerase chain reaction 
(PCR)-based identification of Neisseria meningitidis (crgA), Streptococcus pneumoniae (ply) and Haemophilus in-
fluenzae (bexA) in cerebrospinal fluid samples. The multiplex PCR detected N. meningitidis in 92%, S. pneumoniae 
in 4% and H. influenzae in 1% of the 192 clinical samples assayed; 3% were negative for all three DNA targets. Bac-
terial DNA detection was found to be a valuable adjunct to enhance bacterial meningitis surveillance when the yield 
of specimens by culture is reduced. The implementation of PCR assays as a diagnostic procedure in Public Health 
Laboratories is perceived to be a significant advance in the investigation of bacterial meningitis.
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Despite the advent of glycoprotein conjugate vac-
cines and the development of new antimicrobial agents, 
bacterial infections of the central nervous system con-
tinue to pose a serious threat to the health and welfare 
of people world-wide (Finn 2004, Harrison 2006), par-
ticularly in developing nations (Greenwood 2000, Chan-
teau et al. 2006, Pedro et al. 2007). At least 1.2 million 
cases of bacterial meningitis are estimated to occur each 
year, and 135,000 of these patients die (WHO 1998). The 
disease can affect any age group, but the young are the 
most vulnerable; the highest age specific attack rates are 
seen in infancy. The most common meningeal bacteria, 
Neisseria meningitidis, Streptococcus pneumoniae, and 
Haemophilus influenzae, account for 90% of confirmed 
cases around the world (WHO 1998, Stephens 2007). 
Bacteria other than those three are isolated mostly from 
the cerebrospinal fluid (CSF) of new-born patients, nor-
mally in the context of septicaemia, or in subjects with 
a wide variety of immunosuppressive diseases or con-
genital defects, e.g., occipital or lumbar dermal sinuses, 
or intraventricular shunts (Greenwood 2000). 

The epidemiology and frequency of the different 
aetiologies of bacterial meningitis has changed over the 
last century. An unexplained increased incidence of H. 

influenzae type b (Hib) meningitis cases was observed 
in the 1930s, and over the years it became one of the most 
common causes of meningitis in children up to 5-years 
old (Fothergill & Sweet 1933). This bacterium is now a 
rare human pathogen in regions where the Hib conju-
gate vaccine was introduced in childhood immunization 
programs (Finn 2004). Reports published in the first de-
cades of the XX century emphasized the strong associa-
tion of S. pneumoniae meningitis with lobar pneumonia 
(Dunn 1911). However, currently it occurs most often as 
a complication of suppurative paracranial infections, of 
systemic sepsis, of skull trauma with CSF leak, or sec-
ondary to conditions with defective clearance of pneu-
mococcal bacteremia or antibody formation (Greenwood 
2000). In the past, N. meningitidis was best known as a 
cause of massive epidemics, incidence 100-1,000/100,000 
population, in civilians and in the context of prolonged 
military deployment (North 1980). At present, during epi-
demic waves of disease, the reported incidence increases, 
but seldom reaches more than 10-20 cases per 100,000 
population, except in the African continent (Wylie et al. 
1997, WHO 1998). Also, this organism retains its ability 
to cause endemic or hyperendemic (1-10/100,000 popula-
tion) life-threatening disease in the form of septicaemia or 
meningitis (Riordan 2001, Stephens 2007).

Bacterial meningitis surveillance constitutes one of 
the major activities of consultants in communicable dis-
ease control in the state of Rio de Janeiro, in the South-
east of Brazil. However, laboratories have only been 
instrumental in identifying meningeal pathogens since 
1974, when a large epidemic of meningococcal disease 
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Fig. 1: major aetiologic sources of bacterial meningitis, suspected meningococcal disease, and unspecified bacterial meningitis cases diag-
nosed in the state of Rio de Janeiro between 1975 and 2005. 

motivated the Brazilian Ministry of Health to structure 
the epidemiological surveillance of meningitis and the 
role of the laboratory in analyses of infections of the cen-
tral nervous system (DMEG 1974). At that time, labora-
tory techniques used in the isolation and identification 
of bacteria from the CSF of patients with clinical menin-
gitis were implemented in the Infectious Diseases State 
Institute São Sebastião (IEISS), in the city of Rio de 
Janeiro. Conventional bacteriology has been used with 
poor results for case ascertainment during the last ten 
years, mainly due to the practice of administering anti-
biotics before admission and reluctance to performance 
lumbar punctures at presentation (Pedro et al. 2007). 
The absence of an adjunct laboratory technique for de-
tection of non-culturable bacteria has resulted in a 
great number of notifications of non-culture proven 
(unspecified) meningitis cases without a rash, with 
CSF white blood cell count compatible with pyogen-
ic bacterial infection (Fig. 1). 

In the years 2001 to 2005, the Rio de Janeiro State 
Department of Health (RJSDH) received the notification 
of 4,555 cases of suppurative bacterial meningitis with 
a lethality of 21%; 3,129 (69%) of those cases were not 
aetiologically identified by traditional laboratory meth-
ods (culture or direct smear or antigen detection); 1,596 
were unspecified bacterial meningitis cases (G00.9, 
ISCD-10) and 1,533 were suspected meningococcal 
disease cases (A39.9, ISCD-10), and the proportions of 
cases resulting in death were 14% and 24%, respectively. 
In the same period, 578 cases of meningococcal disease 
(A39.0+G01* or A39.2, ISCD-10), 772 cases of S. pneu-
moniae (G00.1, ISCD-10) and 76 cases of H. influenzae 
(G00.0, ISCD-10) meningitis were recorded with the 
causative organisms demonstrated by currently used 
laboratory techniques; case-fatality rates were 16%, 
34%, and 14%, respectively. The great majority of these 

cases were from the Rio de Janeiro Metropolitan area. 
In this study, we present the utility of a multiplex poly-
merase chain reaction (PCR) assay for the definition of 
the most common aetiologic sources of bacterial men-
ingitis in unspecified cases.

PATIENTS, MATERIALs AND METHODS

The study was reviewed and approved by the Ethics 
Committee of Hospital Evandro Chagas Clinical Re-
search Institute-Fiocruz, Rio de Janeiro. Between 2004 
and 2006, fresh CSF samples received for diagnostic pur-
poses at the Meningitis Reference Unit(MRU), associated 
with the IEISS, were submitted to visual inspection, cul-
ture (heated blood agar), latex agglutination test, Gram 
stain, white blood cell count (total and differential) and 
measurement of chemical constituents. Generally, there 
was no description about the conditions of transport of 
the samples; we believe they were mostly carried at room 
temperature. Gram stain, culture and antigen detection 
were negative for all 229 CSF samples collected from 
patients with suppurative bacterial meningitis (WBC 
count ≥ 500 per mm3; ≥ 50% neutrophils) without a non-
blanching rash. The CSF samples available from these 
patients undiagnosed by conventional bacteriological 
methods, and stored at -20˚C, were retrospectively en-
rolled in this study. 

An aliquot (not less than 200 µl) from each of 192 
(84%) CSF specimens were transported (on dry ice or 
chilly pad) to the Instituto Oswaldo Cruz (IOC) for non-
culture PCR-based diagnosis of the major aetiologies of 
bacterial meningitis. Information regarding clinical and 
laboratory data were recorded for each sample delivered. 
Bacterial DNA was isolated from the CSF samples with 
the use of QIAmp DNA Mini Kit (QIAGEN) according 
to the manufacturer’s protocol for DNA purification 
from Gram-positive bacteria. PCR identification of 
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N. meningitidis, S. pneumoniae and H. influenzae (cap-
sulated) was based on a multiplex assay for the amplifi-
cation of the crgA, ply and bexA genes, respectively, with 
specific oligonucleotide primers as previously described 
(van Ketel et al. 1990, Taha 2000, Corless et al. 2001). 
In a further experiment, all the CSF samples that gave 
negative results in the first round of multiplex PCR were 
subjected to PCR with a primer set selected by van Ke-
tel et al. (1990) from the DNA sequence of a gene (pal) 
encoding for outer-membrane protein P6 (Deich et al. 
1988), which can detect any spontaneous capsule-defi-
cient mutants of serotype b (b-) or non-capsulate (NC) 
strains of H. influenzae. However, this primer set does 
not distinguish between b- and NC strains.

PCR reaction mixtures (50 µl) contained 0.6 µM 
of each oligonucleotide primer (Invitrogen), 200 µM 
dNTPs, 1X PCR buffer, 3 mM MgCl2, 1U Platinun Taq 
DNA polymerase (Invitrogen), and 10 µl of DNA target. 
PCR parameters were 94°C for 3 min, 55°C for 30 s, and 
72°C for 20 s, followed by 35 cycles of 92°C for 40 s, 
55°C for 30 s, 72°C for 20 s, and 72°C for 10 min, then 
holding at 4°C, in a GeneAmp PCR System 9700 (PE 
Applied Biosystems), with resolution of amplification 
products (10 µl) on standard 2% (wt/vl) agarose gels and 
visualisation under UV fluorescence by staining with 
ethidium bromide (Fig. 2). Fragment sizes of amplicons 
were compared with those of a positive control ampli-

fied product and a 100 bp DNA ladder (Promega) as a 
molecular weight marker. DNA from standard strains 
(N. meningitidis ATCC 13,090, S. pneumoniae ATCC 
49,619, H. influenzae ATCC 10,211, and H. influenzae 
ATCC 49,766) was included in each assay as positive 
controls. Negative controls consisted of reaction mixture 
without DNA target.

RESULTS

Within the study period, 192 patients with a clinical 
scenario suggestive of bacterial meningitis and an ab-
solute diagnosis established by examination of the CSF 
(WBC count ≥ 500 per mm3; ≥ 50% neutrophils) were 
investigated by PCR. Of the total, 36% were 5-years old 
or younger, and the median age was 17 years (range, 13 
days to 73 years). The proportion of male and female pa-
tients was 63% and 37%, respectively. Visual inspection 
of CSF samples distinguished the following categories: 
cloudy (87%), purulent (3%), and haemorrhagic (10%). 
The mean of CSF white blood cell count was 4,525/mm3 
(range, 500 to 30,000/mm3); the differential of white 
blood cells was 57% to 100% of neutrophils. 

The CSF samples were investigated by means of the 
multiplex PCR protocol at IOC. Amplification of each 
selected sequence was not affected by the presence of 
DNA from other bacterial targets (Fig. 2). PCR resolved 
diagnostic problems in 97% (187/192) of the samples as-
sayed; the remaining 3% were negative for all three DNA 
targets. Of the positive samples, N. meningitidis DNA 
was detected in 92% (n = 176), S. pneumoniae in 4% (n = 
8), and H. influenzae in 1% (n = 3). None of the negative 
samples were positive for the pal gene sequence.

The three PCR positive samples for the presence of 
the bexA gene were collected from a 1-month old infant 
and a 20-year old man with CSF leak due to skull trauma 
in 2005. Neither patient was likely to have received the 
Hib conjugate vaccine before hospital admission be-
cause of their age. The third patient was a 2-year old boy 
with no reference of Hib vaccination status. Thus, PCR-
based surveillance of unspecified bacterial meningitis 
without a suggestive rash retrospectively disclosed a 
meningococcal aetiology in 176 cases, implying that no 
action was taken at the right time about control measures 
for their close contacts. Also, patients were discharged 
without administering chemoprophylaxis recommended 
for eradication of N. meningitidis from the nasopharynx 
of survivors treated with penicillin or chloramphenicol 
(Barroso 1999). Chemoprophylaxis retains a limited but 
important role in preventing secondary spread within 
households and close contacts outside the immediate 
family (Barroso et al. 1998).

DISCUSSION

In vitro enzymatic synthesis to amplify specific DNA 
sequences by PCR has proven to be a valuable technol-
ogy for diagnostic microbiology due to its inherent high 
sensitivity and specificity. It also has considerable im-
portance for non-culture diagnosis because of its po-
tential to detect DNA from non-culturable bacteria and 
from microorganisms that grow slowly or cannot be cul-
tivated in vitro. The inception of PCR assays in 1985 was 

Fig. 2: polymerase chain reaction amplification of the bexA, crgA, 
ply and pal genes from reference strains and from cerebrospinal fluid 
samples from unspecified bacterial meningitis patients. 1: 100 bp mo-
lecular mass marker ladder (Promega); 2: Multiplex PCR amplifica-
tion of the bexA (343 bp), crgA (230 bp) and ply (80 bp) genes from 
standard Haemophilus influenzae ATCC 10211, Neisseria meningiti-
dis ATCC 13090 and Streptococcus pneumoniae ATCC 49619 strains, 
respectively; 3-6: PCR amplification of the pal (273 bp) gene from a ref-
erence H. influenzae strain (ATCC 49766) and results obtained when the 
multiplex PCR was applied to clinical specimens, showing detection of 
the crgA, bexA and ply genes; 7: negative control.
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followed by reports on a wide variety of applications for 
PCR in medicine (Stoker 1991, Engleberg & Eisenstein  
1992). Bacterial DNA can be extracted from clinical 
samples of patients with clinically diagnosed meningitis, 
and amplified to detect the causative agent by this mo-
lecular approach (Clarke 2006). This enables confirma-
tion of the disease-causing organism by the presence of 
its DNA, which makes it possible to disclose non-viable 
bacteria obtained from delayed lumbar punctures up to 
72 h after commencement of parenteral antibiotics (Taha 
& Olcén 2004, Chanteau et al. 2006, Pedro et al. 2007). 
More recently, it has been used as a significant adjunct 
molecular laboratory technique for the demonstration of 
the most common aetiologies of bacterial meningitis in 
many Reference Centres (Taha et al. 2005). It has been 
implemented as a policy for enhanced surveillance and 
ascertainment to improve treatment of cases and con-
tacts, advise control measures for the community, and 
monitor vaccine efficacy (Corless et al. 2001, PHLS 
2002, Clarke 2006). 

Prior to this study, we conducted an assessment of 
a PCR protocol to detect N. meningitidis (crgA) or S. 
pneumoniae (ply) in CSF samples from positive cases 
collected and transported using local field conditions, 
by calculating efficiency values (Matos et al. 2006, Re-
belo et al. 2006). The sensitivities (as percentages) were 
100% (95% CI 96-100%) and 96% (95% CI 90-99%), re-
spectively; specificity was 100% when applied for the 
selected culture isolates from CSF. The small numbers 
of H. influenzae meningitis cases during the last few 
years hindered the evaluation of the bexA primer set. 
Nevertheless, in previous reports the sensitivity was 
high and equivalent to those assessed; the primer set was 
100% specific (van Ketel et al. 1990, Corless et al. 2001). 
Indeed, outside of the MRU, some specimens may have 
been stored and transported in suboptimal temperature 
conditions, which might have affected the sensitivity of 
the PCR assay. We have used an improved DNA extrac-
tion procedure (QIAGEN), which may increase the sen-
sitivity of the assays in this study. Our approach yielded 
few negative results within the samples assayed (5/192), 
highlighting the benefits of this sampling technique for 
solving diagnostic problems. Although less frequently, 
meningitis may be caused by other species not screened 
by the PCR assay described here.

The results obtained with the PCR protocol de-
scribed here revealed that cases of unspecified bacte-
rial meningitis (G00.9, ISCD-10) were mostly caused 
by N. meningitidis (92%), compared with results pub-
lished previously in which the patients (96%) had sus-
pected meningococcal disease (Pedro et al. 2007). This 
might be expected taking into account the prevalence of 
meningococcal disease and the high susceptibility of the 
bacteria to antibiotic clearance in the vasculature and 
CSF (Stephens 2007). Partial antibiotic therapy has con-
siderable effect on recovery of N. meningitidis, but not 
when meningitis is caused by H. influenzae (Dalton & 
Allison 1968) and, particularly, S. pneumoniae (Feldman 
1978, Kanegaye et al. 2001). Besides, the majority of no-
tified cases of meningococcal disease (73%; 1,533/2,111) 
between 2001 and 2005, were based only on clinical 

observations (clinically diagnosed bacterial meningitis 
with a suggestive rash or purpura fulminans) accompa-
nied by a high case-fatality rate (24%; 362/1,533); an in-
dication of failure to diagnose the less severe cases, such 
as those without skin manifestation (WHO 1998). Our 
results, jointly with the local surveillance data shown 
above, make this assertion plausible, considering that 
the association of this case-fatality rate as the result of 
infections with a high virulent strain is questionable. In 
developing countries, the overall mortality rate of treat-
ed patients with meningococcal disease is usually about 
10% (Greenwood 2000, Stephens 2007). The case-fatal-
ity rate, according to clinical presentation among 2106 
patients admitted to the wards or intensive care unit of 
the IEISS, was 3% for meningitis, 9% for septicaemia 
and meningitis, and 33% for septicaemia, over a 7-year 
period (Barroso et al. 2005). 

N. meningitidis is the leading cause of community-
acquired acute meningitis and septicaemia in all age cat-
egories, even before the introduction of Hib glycoprotein 
conjugate vaccine in the state of Rio de Janeiro in 1999 
(RJSDH). We want to point out that the introduction of 
the Hib conjugate vaccine drastically decreased the oc-
currence of H. influenzae meningitis, but it did not in-
terfere much with the overall prevalence of unspecified 
bacterial meningitis (Fig. 1). Nevertheless, chemopro-
phylaxis is not currently recommended for close contacts 
of non-culture proven meningitis cases. This has serious 
implications for the prevention of secondary cases as 
well as case clusters, especially in a school or a day care 
center environment (Barroso et al. 1998). When a diag-
nosis cannot be confirmed, the decision to administer 
chemoprophylaxis should depend on a consultation with 
the attending physician responsible for the case (PHLS 
2002). There is a small but real risk of further linked 
cases of potentially fatal disease after clinical diagnosis 
of a meningococcal patient, however this risk also ex-
ists for close contacts of H. influenzae and, to a lesser 
extent, S. pneumoniae meningitis patients (Barroso et 
al. 1998, Razzaq et al. 1998, Barroso 1999, Greenwood 
2000). However, the use of antibiotics as prophylactic 
measures directed to close contacts of an identified case 
does not completely prevent the possible occurrence of 
secondary cases and, thus, some degree of medical sur-
veillance remains necessary. These points should be se-
riously considered because meningococcal vaccines are 
not readily available for the control of secondary cases 
and case clusters in Brazil.

The implementation of PCR assays for diagnostic 
purposes became absolutely essential due to a change in 
clinical management over the last decade. It is important 
to point out that fewer lumbar punctures are performed 
at presentation and prompt antibiotic therapy is advis-
able in pyrexial patients with a suggestive rash; this has 
contributed to a significant fall in the number of cul-
ture confirmed cases (Wylie et al. 1997, Kanegaye et al. 
2001, Riordan 2001, Stephens 2007). The data presented 
here demonstrate that the non-culture PCR-based diag-
nosis is a reliable technique with the potential to solve 
most of the diagnostic problems of patients with acute 
bacterial meningitis undiagnosed by conventional bac-
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teriological methods. In spite of that, when all diagnos-
tic tests were combined, the number of confirmed cases 
increased (PHLS 2002, Taha & Olcén 2004, Matos et al. 
2006, Rebelo et al. 2006). The implementation of PCR 
for diagnostic purposes is of paramount importance for 
enhanced ascertainment, treatment and control of the 
disease in our community.
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