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The sensitivities and specificities of several different diagnostic assays for Streptococcus pneumoniae were
assessed using 99 clinical isolates of S. pneumoniae and 101 viridans streptococci and were as follows:
Pneumoslide, 99 and 87%, respectively; Directigen, 100 and 85%, respectively; Phadebact, 100 and 98%,
respectively; deoxycholate drop test, 99 and 98%, respectively; deoxycholate tube test, 100 and 99%, respec-
tively; optochin, 99 and 98%, respectively; and Gram Positive Identification Card, 90 and 96%, respectively.
Identification of clinical isolates of S. pneumoniae should be confirmed using one or more diagnostic assays with
well-documented high (e.g., >95%) sensitivities and specificities.

Despite the clinical importance and frequent isolation of
Streptococcus pneumoniae, there is no one “gold standard” or
reference method for its identification. Laboratory identifica-
tion of this pathogen has been accomplished using one or more
assays, including Gram stain morphology, colony morphology,
and hemolysis on sheep blood agar, pyrrolidonyl arylamidase
reactivity, optochin susceptibility, solubility in deoxycholate
(bile), carbohydrate utilization, reaction with specific antisera,
miniaturized manual systems such as the API 20 Strep system
(bioMerieux Vitek, Inc., Hazelwood, Mo.), the automated
Gram Positive Identification (GPI) Card (bioMerieux Vitek,
Inc.) and DNA probes (Gen-Probe, San Diego, Calif.) (1, 2,
5–9, 15, 17, 19, 20).

Deoxycholate solubility has been associated with a sensitivity
of �98% and a specificity of 100% (6, 7, 17, 19). However,
10 strains of nonencapsulated, deoxycholate-insoluble (but
optochin-susceptible) S. pneumoniae isolated from eye swabs
were reported (13). Optochin susceptibility has been reported
to be 90 to 100% sensitive and 99 to 100% specific (2, 6, 8, 19)
although numerous studies have confirmed optochin-resistant
isolates of the organism (2, 4, 10–12, 14, 18). At least one
report exists of an optochin-susceptible viridans streptococcal
isolate with an 18-mm zone of inhibition (4). The few pub-
lished studies of the Pneumoslide (Becton-Dickinson Microbi-
ology Systems, Cockeysville, Md.) (5, 7, 17), Directigen (Bec-
ton-Dickinson Microbiology Systems) (20), and Phadebact
(Boule Diagnostics AB, Huddinge, Sweden) (6, 12, 19) sero-
logical methods for S. pneumoniae antigen identification have
reported them to be close to 100% sensitive but often, if not
always, to have a substantially lower specificity. Only two stud-
ies could be found concerning the relative accuracy of the GPI
Card for the identification of S. pneumoniae. They reported (in
1984) sensitivities of only 71% (9) and 81% (1). The study
reported herein was undertaken to reassess the current sensi-
tivity, specificity, and predictive values associated with each of
the more common and traditionally used identification meth-
ods for S. pneumoniae.

Identification of isolates. Fresh clinical isolates of both S.
pneumoniae and viridans streptococci from various sites were
each identified using three serological tests (Pneumoslide, Di-
rectigen, and Phadebact), both the drop and tube deoxycholate
(10%; Remel, Lenexa, Kans.) solubility procedures, optochin
(Taxo P; Becton-Dickinson Microbiology Systems) susceptibil-
ity, the GPI Card, colony morphology and hemolysis, and
Gram stain morphology. All commercial tests were performed
as specified in their package inserts.

An isolate was considered to be S. pneumoniae if it could be
described as follows. (i) The isolate was alpha-hemolytic and
mucoid or formed shiny young colonies and/or had a depressed
center on sheep blood agar (4). If the isolate was not mucoid
or with a depressed center, it had to be both bile soluble and
optochin susceptible. (ii) The isolate formed gram-positive
cocci in chains. (iii) The isolate was bile soluble or susceptible
to optochin (2, 7, 8, 15, 17, 19). When discrepancies between
the results of the identification methods occurred, the organ-
isms were reisolated and the tests with discrepant results were
repeated. However, the first result from each test was counted
as the result of record.

Test performance. From 28 July 2000 until 5 March 2001, 99
clinical isolates of S. pneumoniae (57 [58%] from sputum and
26 [26%] from blood) and 101 isolates of viridans streptococci
were tested. Test sensitivity ranged from a low of 89.9% with
the GPI Card to a high of 100% for two of the three serological
assays (Directigen and Phadebact) and the deoxycholate tube
test (Table 1). The one isolate of S. pneumoniae with a false-
negative optochin susceptibility result gave repeated zones of
growth inhibition of 13 mm (with a cutoff of �14 mm). For 10
false-negative calls by the GPI Card, one isolate was not iden-
tified by the system and nine were misidentified (as Streptococ-
cus oralis [six isolates] or as Gemella spp. [three isolates]) when
first tested. In repeat testing with the GPI Card, five of the 10
isolates were correctly identified.

Test specificity ranged from only 77.2% for colony morphol-
ogy to 99.0% for the tube deoxycholate procedure. There was
only one false-positive result when the tube deoxycholate test
was used, compared to 13, 15, and 23 false-positive results
associated with the Pneumoslide, Directigen, and colony mor-
phology tests, respectively. Of the two false-positive optochin
susceptibility test results, both were confirmed by test repeti-
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tion to be well above the test’s 14-mm threshold (18 and 19 mm
for one isolate; 18 and 17 mm for the other). For the four
false-positive GPI Card results, the probabilities of accuracy
were 51, 60, 84, and 97%. The positive predictive value, or the
probability that an isolate identified as S. pneumoniae was
correctly identified, was only 80.2% for colony morphology and
no higher than 88% for both the Pneumoslide and Directigen
assays but was 98 to 99% for Phadebact, the two deoxycholate
procedures, and the optochin susceptibility test.

Problem isolates were occasionally encountered. For exam-
ple, a blood culture isolate was strongly and repeatedly positive
for S. pneumoniae with all three antigen detection assays. How-
ever, it was repeatedly negative to both the drop and tube
deoxycholate assays and resistant to optochin (zone size, �6
mm). This isolate grew well on chocolate agar but failed to
grow even minimally on 5% sheep blood agar. The GPI Card
identified the isolate as Gemella (specificity, 94%). The colony
was moderately large and shiny but without a depressed center.
The Gram stain was more consistent with a viridans strepto-
coccus morphology than with that of a pneumococcus. This
isolate was finally identified by the Streptococcus Laboratory at
the Centers for Disease Control and Prevention as Granulica-
tella adiacens.

Workers in clinical laboratories need to be aware of the
potential difficulties that may be encountered when using tra-
ditional methods for the identification of S. pneumoniae (4,
18). Many strains of non-pneumococcal alpha and nonhemo-
lytic streptococcal species have capsular antigens similar to
those of S. pneumoniae (3). In the present study, false-positive
Pneumoslide and Directigen results were so common that nei-
ther of these assays can be recommended as the sole means by
which isolates of S. pneumoniae can be accurately identified,
despite their sensitivity ranges of 99 to 100%. The deoxy-
cholate bile solubility assay has been reported to be among the
most sensitive and specific assays for identification of S. pneu-
moniae (6, 7, 17, 19). In the present study, no false-negative
and only one false-positive tube deoxycholate test result was
observed. The direct agar drop deoxycholate test was almost as
accurate. Because the latter assay can be more rapidly and
easily completed at the bench on multiple isolates, it is pre-
ferred over the tube deoxycholate method as a routine identi-
fication assay. Optochin-resistant strains of S. pneumoniae
have been reported (2, 4,10–12, 14, 18). We found only one of

99 (1%) isolates of S. pneumoniae that had a zone size of �14
mm (zone size, 13 mm [result obtained twice]). Because the
optochin susceptibility assay requires overnight incubation and
the more rapid bile solubility test had a similar accuracy, the
latter method is preferred as a primary means of identification
of most routine isolates of S. pneumoniae. The sensitivity and
the specificity of the GPI Card have not been well documented
in recent years. The results of the present study indicate that a
GPI Card identification of an isolate as either S. pneumoniae
or one of the viridans streptococcal species should be con-
firmed using either bile solubility or the optochin susceptibility
test because of the relatively low sensitivity and negative pre-
dictive value (PVN) associated with the GPI Card assay.

During the present study, the most accurate single assay was
the tube deoxycholate test, followed very closely by the Phad-
ebact antigen agglutination assay, the agar drop deoxycholate
assay, and the optochin susceptibility test. Because of the 99 to
100% PVN values associated with the three antigen detection
tests, a negative result for the presence of pneumococcal an-
tigen using these assays accurately rules out S. pneumoniae but
a positive result with Directigen and Pneumoslide reagents
should be confirmed using bile or optochin. The final identifi-
cation of an isolate either as S. pneumoniae or as a viridans
streptococcus should involve, as a minimum, all of the follow-
ing: colony morphology, hemolysis, and Gram stain morphol-
ogy; either deoxycholate solubility, optochin susceptibility, or
Phadebact coagglutination; and a knowledge of the specimen
source (bile-insoluble isolates of S. pneumoniae were recov-
ered from the eye [13]; nontypeable isolates were recovered
from conjunctivitis outbreaks [16]; optochin-resistant isolates
from the blood and middle ear have been reported [4, 10–12,
14, 18]). Occasional clinical isolates of either S. pneumoniae or
viridans streptococci, as found during the present study, cannot
be accurately identified without using additional biochemical,
molecular, and/or serological assays.

REFERENCES

1. Appelbaum, P. C., M. R. Jacobs, J. I. Heald, W. M. Palko, A. Duffett, R.
Crist, and P. A. Naugle. 1984. Comparative evaluation of the API 20S system
and the AutoMicrobic System Gram-Positive Identification Card for species
identification of streptococci. J. Clin. Microbiol. 19:164–168.

2. Austrian, R. 1975. Random gleanings from a life with the pneumococcus.
J. Infect. Dis. 131:474–484.

3. Austrian, R., C. Buettger, and M. Dole. 1972. Problems in the classification
and pathogenic role of alpha and nonhemolytic streptococci of the human

TABLE 1. Performance of tests for the identification of S. pneumoniaea

Test
No. of isolates for which result was:

Sensitivityc Specificityc PVPc PVNc

True positive False positive False negative True negative

Pneumoslide 98 13 1 88 99.0 87.1 88.3 98.9
Directigen 99 15 0 86 100 85.1 86.8 100
Phadebact 99 2 0 99 100 98.0 98.0 100
Deoxycholate drop 98 2 1 99 99.0 98.0 98.0 99.0
Deoxycholate tube 99 1 0 100 100 99.0 99.0 100
Optochin susceptibility 98 2 1 99 99.0 98.0 98.0 99.0
GPI Cardb 89 4 10 94 89.9 95.9 95.7 90.4
Colony morphology 93 23 6 78 93.9 77.2 80.2 92.9

a PVP, positive predictive value; PVN, negative predictive value.
b Three of the viridans streptococcal isolates were repeatedly determined to have insufficient growth by the GPI Card, and the results for these isolates were not

included in the calculation of test specificity.
c Values are percentages.

3374 NOTES J. CLIN. MICROBIOL.



respiratory tract. In L. W. Wannemaker and J. M. Matsen (ed.), Streptococci
and streptococcal diseases. Academic Press, New York, N.Y.

4. Borek, A. P., D. C. Dressel, J. Hussong, and L. R. Peterson. 1997. Evolving
clinical problems with Streptococcus pneumoniae: increasing resistance to
antimicrobial agents, and failure of traditional optochin identification in
Chicago, Illinois, between 1993 and 1996. Diagn. Microbiol. Infect. Dis.
29:209–214.

5. Browne, K., J. Miegel, and K. D. Stottmeier. 1984. Detection of pneumococci
in blood cultures by latex agglutination. J. Clin. Microbiol. 19:649–650.

6. Burdash, N. M., and M. E. West. 1982. Identification of Streptococcus pneu-
moniae by the Phadebact coagglutination test. J. Clin. Microbiol. 15:391–394.

7. Davis, T. E., D. D. Fuller, and E. C. Aeschleman. 1992. Rapid, direct iden-
tification of Staphylococcus aureus and Streptococcus pneumoniae from blood
cultures using commercial immunologic kits and modified conventional tests.
Diagn. Microbiol. Infect. Dis. 15:295–300.

8. Gardam, M. A., and M. A. Miller. 1998. Optochin revisited: defining the
optimal type of blood agar for presumptive identification of Streptococcus
pneumoniae. J. Clin. Microbiol. 36:833–834.

9. Hamoudi, A. C., M. J. Marcon, and H. J. Cannon. 1984. Evaluation of rapid
identification of gram-positive cocci in positive blood cultures by use of the
AutoMicrobic System Gram-Positive Identification Card. J. Clin. Microbiol.
20:171–174.

10. Kontiainen, S., and A. Sivonen. 1987. Optochin resistance in Streptococcus
pneumoniae strains isolated from blood and middle ear fluid. Eur. J. Clin.
Microbiol. 6:422–424.

11. Lejbkowicz, F., M. Goldstein, N. Hashman, and L. Cohn. 1999. Optochin-
resistant Streptococcus pneumoniae isolated from a blood specimen. Clin.
Microbiol. Newsl. 21:72–73.

12. Munoz, R. A. Fenoll, D. Vicioso, and J. Casal. 1990. Optochin-resistant
variants of Streptococcus pneumoniae. Diagn. Microbiol. Infect. Dis. 13:63–
66.

13. Pease, A. A., C. W. I. Douglas, and R. C. Spencer. 1986. Identifying non-
capsulate strains of Streptococcus pneumoniae isolated from eyes. J. Clin.
Pathol. 39:871–875.

14. Phillips, G., R. Barker, and O. Brogan. 1988. Optochin-resistant Streptococ-
cus pneumoniae. Lancet ii:281.

15. Ruoff, K. L., R. A. Wiley, and D. Beighton. 1999. Streptoccus, p. 283–296. In
P. R. Murray, E. J. Baron, M. A. Pfaller, F. C. Tenover, and R. H. Yolken
(ed.), Manual of clinical microbiology, 7th ed. American Society for Micro-
biology, Washington, D.C.

16. Shayegani, M., L. M. Parsons, W. E. Gibbons, Jr., and D. Campbell. 1982.
Characterization of nontypeable Streptococcus pneumoniae-like organisms
isolated from outbreaks of conjunctivitis. J. Clin. Microbiol. 16:8–14.

17. Smith, S. K., and J. A. Washington II. 1984. Evaluation of the Pneumoslide
latex agglutination test for identification of Streptococcus pneumoniae.
J. Clin. Microbiol. 20:592–593.

18. Tsai, H.-Y., P.-R. Hsueh, L.-J. Teng, P.-I. Lee, L.-M. Huang, C.-Y. Lee, and
K.-T. Luh. 2000. Bacteremic pneumonia caused by a single clone of Strep-
tococcus pneumoniae with different optochin susceptibilities. J. Clin. Micro-
biol. 38:458–459.

19. Wasilauskas, B. L., and K. D. Hampton. 1984. An analysis of Streptococcus
pneumoniae identification using biochemical and serological procedures. Di-
agn. Microbiol. Infect. Dis. 2:301–307.

20. Wellstood, S. 1992. Evaluation of a latex test for rapid detection of pneu-
mococcal antigens in sputum. Eur. J. Clin. Microbiol. Infect. Dis. 11:448–
451.

VOL. 9, 2001 NOTES 3375


