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Diagnosis of Streptococcus pneumoniae meningitis by polymerase
chain reaction amplification of the gene for pneumolysin
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Diagnosis of bacterial meningitis has long been based on classical methods of Gram stain, serological tests, and
culture of cerebrospinal fluid (CSF). The performance of these methods, especially culture and direct smear, is
thwarted by failure to detect bacteria following administration of antimicrobial agents and reluctance to perfor-
mance lumbar punctures at admission. Indeed, patients with meningitis frequently receive antibiotics orally or by
injection before the diagnosisis suspected or established. Thus an alternative method has become necessary to help
clinicians and epidemiol ogists to management and control of bacterial meningitis. e evaluate the application of
a polymerase chain reaction-based (PCR) assay for amplification of pneumolysin gene (ply) to diagnosis of Strepto-
coccus pneumoniae meningitis. The PCR assay sensitivity for CSF was 96% (95% confidence interval, Cl, 90-99%)
compared to a sensitivity of 59% for culture (95% CI 49-69%), 66% for Gram stain (95% Cl 56-74%), and 78% for
latex agglutination test (95% Cl 69-86%); PCR specificity was 100% (95% Cl 83-100%). PCR results were avail-
able within 4 h of the start of the assay. This molecular approach proved to be reliable and useful to identify this
bacterium compared with other classical laboratory methods for identification of bacterial meningitis pathogens.
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Community-acquired bacterial meningitisisoneof the
most dramatic medical emergencies, which is seen as a
public health challenge world-wide. The diseaseisdreaded
by parents and health care workers alike for its acute on-
set in previously healthy individuals and the difficulty in
obtaining atimely and accurate diagnosis. Although the
two main agents of acute bacterial meningitisin the com-
munity, Neisseria meningitidis and Sreptococcus pneu-
moniae, are responsive to antibiotic therapy, these diag-
nosis challenges of the disease pose a particular problem
for treatment (Ragunathan et al. 2000, Heyderman et al.
2003, Makwanaet al. 2004). S. pneumoniae meningitisis
associated with a poor outcome due to a greater case-
fatality rate and ahigher probability of survivals develop
permanent neurol ogical sequel ae when compared to other
agents (Crook & Spratt 1998, Heyderman et a. 2003, Par-
ent du Chatelet et al. 2005). An additional problemisan
increasein theincidence of multiple antibiotic resistance
in S. pneumoniae and recent emergence of strains with
potential to cause epidemic of meningitis resembling N.
meningitidis epidemics into the African meningitis belt
(Crook & Spratt 1998, Leimkugel et al. 2005, Parent du
Chatelet et . 2005).

The Haemophilusinfluenzae type b (Hib) conjugated
vaccine was introduced in the public immunization pro-
gram in 1999 by the State Health Department, which ex-
panded vaccine coverage to al the population living in
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Rio de Janeiro, Southeast of Brazil. A dramatic reduction
in Hib meningitis cases has been documented during the
following years; consequently N. meningitidis and S.
pneumoniae became the two major causes of bacterial
meningitis beyond the neonatal period notified to local
health authorities. Since the beginning of the XXI cen-
tury, S. pneumoniae is the etiology of about 60 new con-
firmed cases of meningitis annually in the city of Rio de
Janeiro, arate of 1.2/100,000 population; 22 (37%) of these
cases die and the number of survivals who develop per-
manent neurological sequelaeisunknown (Rio de Janeiro
City Health Department).

Preadmission parenteral antibiotic has been widely
recommended as asignificant strategy to improve patient
prognosiswhenever the diagnosis of bacterial meningitis
issuspected, particularly if lumbar punctureisnot thought
safe (Cartwright et al. 1992, Riordan & Cant 2002). The
recommendation of early antibiotic therapy has been
strongly advised to assistant physicians during the 1990s
for suspected cases of meningococcal disease or acute
bacterial meningitis (Heyderman et al. 2003, Makwana &
Riordan 2004); thus areduction in the proportion of con-
firmed cases by culture, direct smear or latex agglutina-
tion test was expected (Dalton & Allison 1968, Feldman
1978, Kanegayeet al. 2001, Nigrovic et a. 2004). The con-
sequence has significant medical, epidemiological, and
diagnostic implications. Since the mid of the 1990s|ocal
consultants in communicable diseases have reported an
increase on the number of non-culture proven bacterial
meningitis cases (Rio de Janeiro City Health Department).
The increasing practice of preadmission administration
of parenteral antibiotic therapy and reluctanceto perform
[umbar punctures at admission are pointed out to contrib-
ute to a decrease of confirmed casesin several countries,
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especially by thefailureto isolate bacteria (Cartwright et
a. 1992, Ragunathan et al. 2000, Corless et al. 2001,
Kanegayeet a. 2001, Riordan & Cant 2002, Nigrovicetal.
2004). An alternative approach is nucleic acid amplifica-
tion assays because antibiotics do not act as an inhibitor
of thereaction (Cartwright et al. 1992, Borrow et al. 1997,
Ragunathan et al. 2000, Rintaméki et al. 2002, Clarke &
Edwards2003).

Target pneumolysin (ply) gene was investigated for
identification of S pneumoniaein clinical specimensfrom
infected patients with otitis media, pneumoniaor menin-
gitis(Virolaineet a. 1994, Salo et al. 1995, Rintamaki et al.
2002, Corless et al. 2001, Clarke & Edwards 2003).
Pneumolysin is a species-specific sulfhydryl-activated
protein toxin produced intracellularly by al S pneumoniae
isolated from clinical samples, regardlessthe capsule an-
tigen (serotype) (Walker et al. 1987). This pore-forming
cytolysin discovered 100 years ago can be thought of as
akey virulence factor following pneumococcal invasive
infection (Libman 1905, Hirst et al. 2004). Thesefeatures
of pneumolysin turn the ply gene to be an attractive tar-
get for molecular diagnosis of S. pneumoniae invasive
disease (Hirst et al. 2004, Messmer et a. 2004). Theaim of
this article is to assess the use and effectiveness of a
polymerase chain reaction (PCR) assay to detect S.
pneumoniae in cerebrospina fluid (CSF) samples from
meningitis patients collected and transported using the
local field conditions, compared with other classical labo-
ratory diagnostic methods for the identification of bacte-
rial meningitis pathogens.

MATERIALS AND METHODS

Setting, study design, and case definition - This study
took placeat theInstituto Oswaldo Cruz, inthecity of Rio
de Janeiro, between 2004 and 2005. We conducted this
study to evaluate the PCR assay to diagnosis S. pneu-
moniae in CSF from patients with clinically diagnosed
bacterial meningitiswith etiologic sourceidentified by a
traditional laboratory method. In this study cases were
defined by the presence of one of thefollowing criteria: (i)
isolation of S. pneumoniae from CSF; (ii) detection of
pneumococcal capsule antigensin CSF by means of latex
agglutination test; or (iii) identification of Gram-positive
diplococci inaGram stain CSF smear.
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Samples- All samples of CSF were processed for cul-
ture, cytological examination, biochemical reaction, latex
agglutination test, Gram stain, and stored at —20°C in the
Reference Laboratory of the State Meningitis Reference
Centre, Instituto Estadual de Infectologia S&o Sebastido
(IEISS), in the city of Rio de Janeiro, the Capital of the
state of Rio de Janeiro. The reference laboratory obtains
the samples, collected inside sterile glass vials, from pa-
tientsadmitted in the IEISSand it also receivesthem from
other hospitals, mainly inthe Rio de Janeiro metropolitan
area. Sample delivery to the reference laboratory seldom
isin adequate conditionsat 4°C (onwet ice or chilly pad)
from other hospitals. Frequently CSF samples come at
room temperature (T,) in the first 24 h or even 1-2 days
after lumbar puncture is done. So the PCR assay has to
prove to work satisfactorily without ideal conditions of
storage and transport beforeit reachesthe referencelabo-
ratory.

Wehavereceived 106 CSF samplesfrom S. pneumoniae
confirmed meningitis patients by one of the criteria for
case definition presented above. The characteristics of
these CSF samples studied are shown in Table I. CSF
samplesfrom patientswith clinically diagnosed bacteria
meningitis caused by other bacteria, identified as S.
agalactiae (n = 6), M. tuberculosis (n = 4), L. mono-
cytogenes(n=2), S aureus(n=1), A. baumanii (n=2), H.
influenzaetypeb (n = 1), and N. meningitidis serogroups
B,C,W ;. 0rY (n=4) wereused ascontrols. The bacterial
DNA from the CSF sample was isolated with the use of
DNeasy Tissue Kit (QIAGEN) according to the
manufacturer’sprotocol for DNA purification from Gram-
positive bacteria.

PCRassay - Toidentify S pneumoniaewas performed
a PCR amplification of the ply gene with specific oligo-
nucleotide primers (Forward: TGCAGAGCGTCC
TTTGGTCTAT; Reverse: CTCTTACTCGTGGTTT
CCAACTTGA) designed by Corless et a. (2001) based
on previously published gene sequences (Walker et al.
1987), for which the amplicon size was 80 bp. PCR reac-
tion mixture (50 pl) contained 0.6 UM of each oligonucle-
otide primer (Invitrogen), 200 UM dNTPs, 1X PCR buffer,
3 mM MgCI,, 1U Platinun Tag DNA polymerase
(Invitrogen), and 10 pl of DNA target. The PCR assays
wereperformed inaDNA thermal cycler (GeneAmp PCR

TABLE |
Characteristics of 106 cerebrospinal fluid samples from positive cases

Streptococcus pneumoniae detected by

Number (%) of samples

Total number positive by polymerase
Culture Antigen detection Gram stain of samples chainreaction
+ + + 36 34 (94)
+ + - 9 9 (100)
+ - + 7 6 (86)
+ - - 11 11 (100)
- + + 22 21 (95)
- + - 16 16 (100)
- - + 5 5 (100)

+: positive test; — negative test.
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System 9700, PE Applied Biosystems) with thefollowing
conditions: 94°C for 3 min, 55°C for 30 s, 72°Cfor 20 s
(initial cycle); followed by subsequent 35 cyclesof 92°C
for40s, 55°Cfor 30's, 72°C for 20 s (denaturation, anneal -
ing, and polymerization, respectively); and 72°C for 10
min (final cycle of polymerization). Ampliconswere ana-
lyzed by electrophoresis on a standard 2% agarose gel
under UV fluorescence following staining with ethidium
bromide. It was included in each assay the DNA from S,
pneumoniae (ATCC 49619) as positive control and the
reaction mixture without DNA target as negative control.

Accuracy of test result - Sensitivity, specificity, posi-
tive predictive value, and negative predictive value were
calculated using atwo-way table (Epi Info™, Version 3.3.2,
CDC). The chi-sguare with Yates correction was used to
analysisthe differences between proportions. Exact bino-
mial 95% confidence intervals (Cl) were estimated. The
sensitivity of the PCR was determined using CSF from
positive cases (culture or antigen detection or direct smear)
corresponded to criteriai (n= 63), ii (n=83), andiii (n=
70). To determine the specificity, amplification reactions
were carried out using genomic DNA extracted (DNeasy
TissueKit, Quiagen) from N. meningitidis (ATCC 13090),
H. influenzae (ATCC 49766), H. influenzaae typeb (ATCC
10211), S aureus (ATCC 29213), S. agalactiae (clinical
isolate), and E. faecalis(clinical isolate). It wasal so exam-
ined CSF samples from patients corresponded to bacte-
rial meningitis other than pneumococcal (n = 20).

RESULTS

Of the 106 patientswith pneumococcal meningitis, 25%
were infants (mean of 5 months) and 16% were over 50
years. The median age was 30 years (range, 1 monthto 75
years). Sixty-one (58%) patientswerefemaleand 45 (42%)
weremae (x?>=4.8,P=0.03).

The mean of CSF white blood cell count was 3756/
mm? (range, 1 to 48,800/mm3); 23% had |essthan 100/mm?3
and 9% less than 15/mm3. Of thetotal, 102 samplesfrom
positive caseswere correctly identified by means of PCR,
whereas antigen detection was positivein 83, direct smear
revealed organisms in 70, and only 63 isolates cultured
from CSF. Theamplicon of ply gene amplified from posi-
tive control (ATCC 49619) and three CSF samples from
each positive case assigned only to one of thevalid crite-
riain this study (culture, antigen detection, and direct
smear) areshown in Fig. 1. PCR failed to amplify the ply
target in three culture proven-cases and one non-culture
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Polymerase chain reaction amplification of the ply gene from a
reference Streptococcus pneumoniae strain and from cerebrospi-
nal fluid (CSF) samples from pneumococcal meningitis confirmed
cases. 1: molecular weight marker; 2: reference strain (ATCC 49619);
3: culture-positive CSF sample; 4: antigen detection-positive CSF
sample; 5: Gram stain-positive CSF sample; 6: negative control.

proven-case solely based on antigen detection and Gram
stain. Therewasno fal se-positiveresult. All CSF samples
from bacterial meningitis other than pneumococcal were
negative by PCR for the presence of S. pneumoniae DNA.

The specificity of the assay wastested with DNA pu-
rified from four standard strainsand two clinical isolates.
No products were amplified from these genomics DNA
but amplification of genetarget was successful with DNA
from S pneumoniae standard strain. The sensitivity of
the nucleic acid based amplification assay was evaluated
with data from positive cases (culture or antigen detec-
tion or Gram stain). Sensitivity (96, 95 Cl 90-99%), speci-
ficity (100, 95 Cl 83-100%), positive predictive val ue (100,
95 CI 96-100%), and negative predictive value (86, 95 Cl
67-96%) were calculated and compared with results
obtained with classical laboratory diagnostic methods
(Tablell).

DISCUSSION

Diagnosisof bacterial meningitisisformerly founded
on a suggestive clinical scenario, although it is the CSF
white blood cell count that establishes the definitive di-
agnosis. Theidentification of bacterial meningitisetiolo-
gies is based on traditional laboratory diagnostic meth-
ods of culture, Gram stain, and serological tests (Ragu-
nathan et al. 2000). All these diagnosis steps are hindered

TABLEII

Accuracy of polymerase chain reaction (PCR), culture, Gram stain, latex agglutination test of cerebrospinal fluid resultsfor
diagnosis of pneumococcal meningitisin 106 infected patients

No. of samples Sensitivity Specificity PPV NPV
Procedure + - (%) (%) (%) (%)
PCR 102 4 96 100 100 86
Culture 63 43 59 100 100 37
Gram stain 70 36 66 100 100 41
Antigen detection 83 23 78 100 100 52

PPV: positive predictive value; NPV: negative predictive value.
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by the alteration of CSF findings, the failure to isolate
bacteria, and areduced identification of the organism on
Gram stain CSF smear following administration of antibi-
otics (Dalton & Allison 1968, Ragunathan et al. 2000,
Kanegayeet al. 2001, Riordan & Cant 2002, Nigrovicet al.
2004). Truly, asmall but perplexing group of patientswith
bacterial meningitisin whom preliminary antibiotic therapy
aters the CSF findings to the degree that is difficult to
distinguish acute bacterial meningitis from viral aseptic
meningitis or encephalitis, enhancing the possibility of
diagnostic error. Thereduction in bacterial concentration
following preliminary antibiotic treatment for S. pneu-
moni ae decreases the diagnosti ¢ effectiveness of the Gram
stain and CSF culture (Feldman 1978, Ragunathan et al.
2000, Kanegayeet d. 2001). Theresultsexpected by means
of latex agglutination test do not alter after the parenteral
administration of antibiotics, but in some instance a de-
crease in the sensitivity of this test can be explained by
the time relationship between onset of the specific treat-
ment and when the lumbar punctureis done (Nigrovic et
a. 2004).

Lumbar puncture is commonly postponed at admis-
sioninthemost severe casesor prior brainimage evalua-
tion inimmunocompromised patient or in the presence of
specific neurological signals(Riordan & Cant 2002). Nev-
ertheless, CSF samples obtained at adelayed lumbar punc-
ture, because patient conditions are unstable, can be as-
sayed by means of PCR to properly detect gene target
with good sensitivity (Borrow et al. 1997, Riordan & Cant
2002). In one study it could be demonstrated the detec-
tion of bacterial DNA by PCR in CSF samplestaken upto
72 h after commencement of antibiotics (Ragunathan et
al. 2000).

Inthisreport the PCR has demonstrated a highly spe-
cific and sensitive approach to identify S. pneumoniaein
infected patients through the detection of ply target com-
pared with culture, Gram stain and latex aggl utination test.
PCR-based assays have provided useful epidemiological
information on the detection and characterization of bac-
terial meningitis pathogenswith agreater sensitivity than
cultureor direct smear, with excellent specificity (Borrow
etal. 1997, Clarke & Edwards2003).

The application of the PCR protocol presented in this
study has been effectivein the detection of S. pneumoniae
from CSF and represents an efficient approach to en-
hanced surveillance of bacterial meningitis. Although the
ply PCR alone may appear sufficient asascreening assay
and supports the diagnosis, it is considered prudent to
take into account the possibility of discrepant results.
PCR like any sampling technique does not solve all diag-
nostic problems such as the negative resultsin four posi-
tive cases. Thefailure of PCR in these CSF samples pos-
sibly is due to the presence of a substance inhibitory for
thereaction. Although lesslikely, another possible expla-
nation for this result would be inadequate conditions of
collection and transport. The presence of PCR inhibitory
factors could be greatly reduced when bacterial DNA is
isolated upon receipt and it also concentrates the DNA
present in the sample (Clarke & Edwards 2003).

The PCR assays have been applied with success to
enhance surveillance of bacterial meningitisin remotear-
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eas in Africa, where conditions of collection and trans-
port isnot awaysadequate (Sidikou et al. 2003, Parent du
Chatelet et al. 2005). The absence of reliable |aboratories
for culture and strain identification of the most common
etiologic sources of bacterial meningitisinto the vast ter-
ritory of Brazil, impede microbiological surveillance out-
side the urban areas. It should be pointed out that in sev-
eral remote areaslike the Amazon region, even in the capi-
tals poor transport infrastructure, human resources, and
lack of microbiology laboratoriesare critical problemsfor
community health. It is possible to store unclotted blood
samples at room T, for 1 to 5 days when PCR assay is
desired without loss of sensitivity (Kaczmarski &
Cartwright 1995). In this study, we validated the ply PCR
with CSF specimenskept at room T, for awhileor refriger-
ated at 4°C for some days with compared sensitivity and
specificity of results obtained in ideal conditions of col-
lection and transport (Rintaméki et al. 2002, Clrake &
Edwards 2003, Messmer et al. 2004). Oncethispoint can
be overcome the benefits of PCR-based surveillance of
bacterial meningitisin Brazil is clear. The conditions to
collect and store fresh CSF specimensare simpleand can
be implemented at a low cost through a coordination of
the Ministry of Health.

Despite advances in real-time PCR technology, this
method is expensive and its routine use is restricted
(Corless et al. 2001); thus the introduction of such tech-
niqueinlocal public heath laboratoriesin Brazil seemsto
be remote. The PCR assay presented here appears as a
satisfactory solution to beimplemented at a central level
into the reference laboratories (Lacen) located in each
state, wherethelaboratory diagnostic proceduresfor most
infectious diseases are concentrated. Themethod issimple,
easy to carry out, and able to provide specific strain iden-
tification in afew hours. Once the DNA isready to use,
the PCR protocol described in thisarticle can be performed
rapidly with aturnaround time of 4 h of the start of the
assays. Thetimefrom theinitiation of DNA extraction to
the issuing of a report can be shortened when samples
are subjected to freeze-thaw, 100°C heat, and then cen-
trifugation to obtain non-purified DNA for PCR.

Theaccuracy of thetest compared with thethree other
laboratory procedures provided evidences the PCR as-
say has a better diagnostic performance, with which the
surveillance of bacterial meningitis can be improved.
Nucleic acid based amplification methods have inherent
high sensitivity and it plays an important part in the non-
culture diagnosis of bacterial meningitisduetoitsability
to detect DNA from non-culturable bacteria killed by
physical or antimicrobial agents. Consequently, the PCR
technique should be considered the diagnostic gold stan-
dard for positive cases, based on the data presented in
this study and those previously published (Virolainen et
al. 1994, Sdloet a. 1995, Ragunathan et al. 2000, Corlesset
al. 2001, Rintaméki et a. 2002, Sidikou et d. 2003, Clarke &
Edwards 2003, Messmer et a. 2004, Parent du Chatel et et
a. 2005).

Theroutine use of thismolecular diagnostic technique
shall increase laboratory-confirmed cases of meningitis-
causing S. pneumoniae over that with culture. It has been
proved in countrieswithout reliable microbiology labora-
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toriestheintroduction of PCR-based assays demonstrated
pneumococcal meningitis cases had been underestimated
(Parent du Chatelet et al. 2005). It isimport to point out,
that according the guidance for meningitis surveillance
provided by the Brazilian Ministry of Health, the pres-
enceof Gram-positivediplococci inaGram stain CSF smear
aloneisnot avalid criteriafor case definition of pneumo-
cocca meningitis(G00.1, ISCD-10), and theuse of PCRin
this scenario would enhance the surveillance of this patho-
gen (Fundac&o Nacional de Salide 2002). Nevertheless
nucleic acid based amplification assays should not be
developed as an aternative approach to culture asit gives
information on antibiotic resistance and serotype.
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