
JT Clin Pathol 1994;47:749-751

Diagnosis of Streptococcus pneumoniae pneumonia
by quantitative enzyme linked immunosorbent
assay of C-polysaccharide antigen
S H Gillespie, M D Smith, A Dickens, J G Raynes, K P W J McAdam

Abstract
Aims-To evaluate the use of a quantita-
tive enzyme linked immunosorbent assay
(ELISA) detecting C-polysaccharide
(PnC) antigen in sputum for the diagno-
sis of Streptococcus pneumoniae infec-
tion.
Methods-Specimens of sputum from 60
patients with acute community and hos-
pital acquired pneumonia and infective
exacerbations of obstructive airways dis-
ease were examined by semiquantitative
culture and antigen ELISA.
Results-Using a cutoff value of 1 uglml
PnC antigen for a positive result, the sen-
sitivity ofthis assay was 90-3%, specificity
93*1%, predictive value of a positive
result was 93-5%, and the predictive value
of a negative result 89*6%.
Conclusions-Quantitation of C-polysac-
charide antigen in sputum by ELISA dis-
tinguishes between carriage of oral
bacteria which express PnC-like antigen
and infection with S pneumoniae and
compares favourably with other diagnos-
tic methods.
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The diagnosis of pneumococcal infection has
been attempted using methods which detect
the species specific C-polysaccharide (PnC)
antigen by latex agglutination, coagglutina-
tion, and enzyme linked immunosorbent
assay (ELISA).1-' Doubts about the efficacy of
this technique are raised on the grounds that
many other organisms share the immuno-
dominant epitope-phosphorylcholine. These
organisms include protozoa6 (the excreted fac-
tor of Leishmania donovan:), helminths
(Toxocara canis excretory secretory antigen,
Ascaris suum)78 and fungi (Aspergillus spp and
Mentagrophytes spp).9 Of more importance is
cross-reaction with other a haemolytic strep-
tococci's"2 and group C fi haemolytic strepto-
cocci'0 as these organisms form part of the
normal oral flora and this could lead to false
positive results in sputum samples.

Studies of cross-reaction in a haemolytic
streptococci have shown that up to 36% bind
anti-PnC antibodies.'2 Cross-reaction is more
common in clinical isolates rather than stock
cultures, although the speciation of positive
isolates in this study was incomplete. Lower
concentrations of antigen were found in the a

haemolytic streptococci, suggesting that diag-
nosis of pneumococcal infection by PnC

detection may be valuable in the clinical set-
ting.'2 We have recently shown that PnC-like
antigen is found in the S oralis group of a
haemolytic streptococci (comprising S oralis,
S mitis, and S pneumoniae) and that this anti-
gen is released more readily from S pneumo-
niae and is present at higher concentrations in
the latter organism.'3 This suggests that by
quantification of PnC antigen in sputum it
might be possible to distinguish between
cross-reacting antigens found in oral strepto-
cocci from infection with S pneumoniae.
Diagnosis by quantifying PnC antigen has
been shown to be valuable in a small study of
12 patients with S pneumoniae pneumonia.'4
We have, therefore, sought to evaluate a sensi-
tive quantitative PnC antigen detection
ELISA in a clinical setting using a larger
group of patients.

Methods
Patients with the following diagnoses were
selected: pneumonia with and without bacter-
aemia, hospital acquired pneumonia, and
infective exacerbations of obstructive airways
disease. Specimens were collected from 60
patients admitted to four hospitals in North
London with suspected acute lower respira-
tory tract infection. The laboratory request
forms and clinical case records were consulted
to obtain details of the patients' clinical pre-
sentation.

Specimens of sputum were collected, cul-
tured immediately, and then stored at -70°C
until tested in the PnC antigen ELISA. A
Gram stain was performed on a purulent por-
tion of the sputum specimen. The sputum
was examined for quality by light microscopy
under low power (x 10 objective). Salivary
contamination was detected by noting the
presence of buccal squamous cells on a scale
of 0-3. These figures represented, respec-
tively, 0 no squamous cells seen, 1 few squa-
mous cells seen, but many clear fields, 2
squamous cells found in small numbers in
many fields, and 3 squamous cells found in
large numbers in most fields. Similarly, puru-
lence was determined by noting the presence
of pus cells on a scale of 0-3. These figures
represented 0 no pus cells seen, 1 pus cells
seen on only a few fields, 2 pus cells seen in
most fields in moderate numbers, and 3 pus
cells present in most fields in large numbers.
Specimens with a purulence score of one or
less and a contamination score of one or more
were not included in this study.
Sputum was diluted 1 in 5 in 2 5% w/v
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Concentration ofPnC
antigen in the sputum of 60
patients with acute lower
respiratory tract infection. O-
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Laboratories). Samples of sputum processed
as above were diluted in TBSTC in four 10-
fold dilutions and each dilution tested in
duplicate. The concentration of PnC antigen
was determined by comparison with a stan-
dard curve of known concentrations of puri-
fied PnC antigen tested on the same plate.
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Evaluation of quantitativePnC ELISA, differences in sens

value of a positive test, and predictive value of a negativet,
concentrations ofPnC antigen

Per cent for cutoff values

Measure 100(nglml)

Sensitivity 96-7
Specificity 89-6
Predictive value of positive 90 9
Predictive value of negative 96-2

* Results
Of the 60 patients included, 26 had a previous

'* history of chronic obstructive airways disease
ll during an acute exacerbation, 24 had acute

1 2 3 4 community acquired pneumonia, and 10 were
patients with acute hospital acquired pneu-
monia. There were 45 men and 15 women.
The mean age was 64-4 (range 22-88, median

Id homogenised for 15 64). A history of previous antibiotic treatment
nperature. An aliquot of was obtained in 12 cases. In 10 cases the pre-
and diluted in 9 9 ml scription of antibiotics before admission could
d a second dilution made not be determined.
Ln aliquot of 100,ul from All specimens were purulent with a mean
)culated on to blood agar purulence score of 2-33 and a mean epithelial
on to chocolated blood cell score of 0-72. Of the 60 patients, 31 had a

re incubated at 37°C in clinically important isolate of S pneumoniae.
-10% CO, and increased Of these, six had a mixed infection with
iber of colony formning Haemophilus influenzae. Seven patients had a
iorphological type was clinically important isolate of H influenzae
ion of isolates to species alone and two of Moraxella catarrhalis alone.
sing conventional meth- In the remaining 20 patients no unequivocal
onsidered "significant" if bacterial pathogens were isolated.
l20 colony forming units The patients were divided into four groups
ion plate (equivalent to on the basis of their bacteriological diagnosis.
a/ml in the original speci- These were S pneumoniae, H influenzae, M

catarrhalis and no relevant isolate. The mean
PnC antigen capture concentration of PnC antigen detected in

scribed before.13 Briefly, each group was as follows: S pneumoniae
tion plates (M29A 103 4,ug/ml (range 0-05-1000 ,ug/ml, median
coated with a 1 in 2000 70 ug/ml), H influenzae 0-012jug/ml (range
IgM monoclonal anti- 0 001-0 06 pg/ml, median 0 03 pg/ml), M

antibody (five of 88) catarrhalis 0 005,ug/ml, and for those patients
Is, UK) in 0-06 M bicar- with no clinically important bacterial isolate
-6) by overnight incuba- 1 06 ,ug/ml (range 0 001-19,ug/ml, median
Lshing with 10 mM TRIS 0 05,g/ml). These data are illustrated in the
. NaCl and Tween-20 figure showing individual points for each
CaCl, (TBSTC) samples specimen and lines showing two potential cut-
ubated for one hour at off values.
Kfter four further washes To define whether there is a difference
otein (1-7 pg/ml) conju- between the result of quantitative PnC ELISA
h peroxidase diluted in from the patients infected with S pneumoniae
. The plates were incu- and those who were not infected with this
Lrs at room temperature organism, all of the other bacterial diagnostic
1. 2,2'-azino-di-3-ethyl- groups were combined, a logarithmic trans-
.onate ABTS peroxidase formation was performed, and an unpaired t
rd-Perry, Gaithersburg, test applied. The results of this show that the
Isadded and the optical difference between the means is (log) 2-404
nm using an automated (95% confidence interval 2-89 to 1 91), a dif-
tek Multiscan MC, Flow ference which is significant at p <0 00001.

The Mann-Whitney U test for non-paramet-
ric data was also applied to the S pneumoniae
group and to the combined non-S pneumoniae

itivity, specificity, predictive group. The difference between the medians
,est with differing cut-off was 69995, K = 318, with 95% confidence

interval 4199-79995. The U test was 19-5,
the z statistic was - 6 38 with a two-tailed

500(nglml) 1ugl/ml) probability of < 0 00001.
9The sensitivity, specificity, and predictive93-3 90-3 *

89-6 93-1 value of a positive and negative test were cal-
93-5 93-5 culated using three different cutoff values.92-8 89-6 These results are found in the table.
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Discussion
The diagnosis of S pneumoniae by non-quanti-
tative PnC detection methods has been
reported before.' 15 In a prospective study
comparing three non-quantitative diagnostic
methods in 249 patients with community
acquired pneumonia, 63 patients had positive
bacterial culture with S pneumoniae. The sensi-
tivity of the test was as follows: PnC-ELISA
49%, PnC-coagglutination (PnC-CoA) 65%;
and capsular polysaccharide coagglutination
(CPS-CoA) 63%. The specificity was 98% for
all three methods. PnC antigen was found
almost as often in non-purulent samples as

purulent samples and in both washed and
unwashed samples. The sensitivity of both
CoA methods was lowered by antimicrobial
treatment before admission.i6 Diagnosis by
detection of PnC antigen in saliva of patients
with acute community acquired pneumonia
has also been reported.2 In this study there
was clinical and radiological evidence of
pneumonia in 65 patients and S pneumoniae
was isolated in 29 cases. PnC antigen was

found in the saliva of 16 of these patients
(sensitivity of 55%, with only one false posi-

tive reaction).2 The low sensitivity reported in
these studies together with a high specificity
suggests that a positive result was only
reported when substantial quantities of PnC
antigen were detected.
The lower limit of detection of PnC with

the ELISA reported here is 1 ng/ml, a level of
antigen which can be found in many patients
as a result of cross-reacting antigens from oral
bacteria. It would be possible, therefore, to
define almost all of the patients "positive" for
PnC antigen. By varying the cutoff value it
was possible to set the level which optimised
the sensitivity and specificity of the test. Using
a cutoff value of 1 jug/ml, it was possible to
obtain a sensitivity of 903%, a specificity of
93-1%, a predictive value of a positive result
of 93-5% and a predictive value of a negative
result of 89-6% when compared with the
result of semiquantitative bacteriological cul-
ture. This implies that quantitation is success-

ful in minimising false positive results arising
from PnC-like antigens possessed by oral
streptococci and bacteria contaminating
saliva.
The sensitivity of quantitative PnC ELISA

compares favourably with other methods for
the diagnosis of S pneumoniae pneumonia.
This includes methods which depend on

detection of capsular polysaccharide antigen
or C-polysaccharide antigen.1- 16

Another problem, however, with assays

detecting PnC antigen is cross-reaction with

some strains of H influenzae (manuscript in
preparation). No false positive results were
obtained in this study in the seven patients
infected with H influenzae alone. Previous
reports have noted false positive reactions in
1-2% of patients infected with H influenzae.'4
We conclude that quantitative antigen detec-
tion ELISA for PnC can be used to distin-
guish infection from colonisation with oral
streptococci expressing C-polysaccharide-like
antigens. The principle of quantitative antigen
detection for the diagnosis of S pneumoniae in
sputum might also be applied to other pneu-
mococcal antigens where cross-reactions are
less common.

We gratefully acknowledge the technical assistance of Miss
Shila Patel.
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