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Eleven isolates representing five distinct outbreaks of pneumococcal conjunctivitis were examined for
phenotypic and genetic characteristics. None of the strains possessed capsules, and all strains were susceptible
to optochin, bile soluble, and Gen-Probe AccuProbe test positive. All 11 isolates were confirmed as Streptococcus
pneumoniae by DNA-DNA reassociation experiments.

There is no “gold standard” for the identification of alpha-
hemolytic streptococci as Streptococcus pneumoniae in the clin-
ical laboratory. Most clinical laboratories use the optochin
susceptibility test or the bile solubility test for presumptive
identification (5, 15). Confirmation of alpha-hemolytic strep-
tococci as S. pneumoniae requires demonstrating that the cul-
ture has a polysaccharide capsule, preferably by the Quellung
reaction with a type-specific antiserum (5). While optochin
susceptibility and bile solubility tests are in most instances very
useful for presumptive identification of S. pneumoniae, there
are exceptions, such as instances when optochin-susceptible
viridans group streptococci and bile-insoluble S. pneumoniae
are being tested (12, 13). The AccuProbe pneumococcus test
(Gen-Probe, San Diego, Calif.), which is based on the rRNA
gene sequence, is also used to identify refractory strains sus-
pected of being S. pneumoniae. Several studies, including some
of our own unpublished data, indicate that the AccuProbe test
is reasonably accurate in identifying S. pneumoniae (5, 8, 12).
However, only small differences of less than 1% between the
16S rRNA genes of Streptococcus mitis (11 bp) and Streptococ-
cus oralis (14 bp) and that of S. pneumoniae may raise the
question of its true specificity. Our findings, which are based on
the examination of thousands of sterile-site pneumococcal iso-
lates, indicate that atypical results with optochin susceptibility,
bile solubility, and AccuProbe tests and the absence of cap-
sules are very rare (5, 10). Approximately 0.5% of more than
25,000 sterile-site isolates failed to react with Centers for Dis-
ease Control and Prevention (CDC) pneumococcus typing an-
tisera. On the other hand, when working with nonsterile-site
isolates, sputum, oral pharyngeal isolates, or nasopharyngeal
isolates, it is not uncommon to find that 10% of the isolates fail
to react with pneumococcus typing antisera. Isolates that are
optochin susceptible, bile soluble, and Gen-Probe positive ap-
pear to be nontypeable (NT) S. pneumoniae. It is intriguing
that these NT S. pneumoniae isolates are frequently isolated
from nonsterile sites but are isolated very rarely, if at all, from

sterile sites (5, 10). The identification of NT S. pneumoniae
isolates from very large, explosive outbreaks of conjunctivitis
and the nature of the spread of these unusual strains led us to
question whether or not these organisms were truly S. pneu-
moniae (3, 10, 16). Encapsulated S. pneumoniae isolates are
found in epidemic situations but do not spread like the NT S.
pneumoniae isolates identified during the large, rapidly spread-
ing epidemics of conjunctivitis. Investigators have used a vari-
ety of molecular techniques to include these NT S. pneumoniae
isolates in the taxon S. pneumoniae, including 16S ribosomal
DNA gene sequencing (10) and PCR for the pneumolysin gene
(9). The objective of this study was to confirm the true identity
of these bacteria by DNA-DNA reassociation experiments,
which is the only molecular technique with set standards for
establishing bacterial species (17, 19).

All isolates used in this study were taken from the culture
collection of the CDC Streptococcus Laboratory. The repre-
sentative isolates used were from five different conjunctivitis
outbreaks caused by NT S. pneumoniae-like organisms in the
following states: New York (two strains, 1980), California
(three strains, 1981), Illinois (two strains, 1981), New Hamp-
shire (two strains, 2002), and New Jersey (two strains, 2002).
The isolates from 1980 and 1981 were stored at �70°C in
defibrinated blood. Isolates from recent outbreaks were stored
in serum-tryptone-glucose-glycerol medium for 1 year. Sero-
typing was performed with the Quellung test as previously
described (6). Tests were performed according to the instruc-
tions described in the 8th edition of the Manual of Clinical
Microbiology (15). AccuProbe S. pneumoniae tests were pur-
chased from Gen-Probe, Inc., and were performed according
to the manufacturer’s instructions. Isolates were examined for
capsules by the colloidal carbon wet-mount capsule-staining
procedure (4). Harvesting and lysis of the bacterial cells were
performed as previously described (18). Extraction and purifi-
cation of DNA and the determination of DNA relatedness by
the hydroxyapatite hybridization method were done as de-
scribed by Brenner et al. (2). DNA hybridization experiments
were performed at 55°C for optimal DNA reassociation and at
the stringent DNA reassociation temperature of 70°C. The
levels of divergence within related sequences were determined
by assuming that each degree of heteroduplex instability was
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caused by approximately 1% of unpaired bases. Divergence,
expressed by the change in melting temperature, is the de-
crease in thermal stability (°C) of the heterologous DNA du-
plex relative to that of the homologous duplexes. Divergence
was calculated to the nearest 0.5%.

All conjunctivitis isolates from epidemics investigated in
the early 1980s as well as those investigated within the last
12 months were susceptible to optochin, were bile soluble,
and reacted positively in the AccuProbe pneumococcus test.
None of the isolates had capsules based on examination with
CDC pneumococcus typing antisera or the colloidal carbon
wet-mount procedure (Table 1). The results of the DNA-DNA
reassociation studies, shown in Table 1, indicate that all NT S.
pneumoniae conjunctivitis isolates belong to the taxon S. pneu-
moniae. All strains were more than 70% homologous under
optimal reassociation conditions (55°C), and only two strains
were less than 70% homologous to the type strain of S. pneu-
moniae under stringent reassociation conditions (70°C). The
divergence in related sequences of all strains was less than 4%.
The two isolates from the Illinois conjunctivitis outbreak were
somewhat more divergent than the others, but according to the
criteria established by the ad hoc committee on bacterial sys-
tematics, they belong to the S. pneumoniae taxon (17, 19).

NT S. pneumoniae isolates have been reported for many
years. It is interesting that Finland and Barnes reported that
isolates from eye swabs are less likely to be typeable than
isolates from any other source (99% for cerebral spinal fluid,
96% for pleural fluid, 93% for otitic fluid, and 78% for eye
cultures) during the years 1935 to 1974 (7). NT pneumococcal
isolates are not limited to the United States; Medeiros et al.
reported that more than 51% of epidemic conjunctivitis iso-
lates from patients living in Brazil were NT (11). Investigators
have reported sporadic cases of conjunctivitis as well (1, 14,
20). Identification of these unusual isolates is controversial.
Some investigators have assumed the Gen-Probe AccuProbe
pneumococcus test to be the gold standard for their studies (8,
12). This assumption has led to the inclusion of optochin sus-
ceptibility and bile solubility variants into the taxon S. pneu-

moniae. At least one other investigator has reported that the
AccuProbe test should not be used as a gold standard (9).
These investigators concluded that neither the AccuProbe nor
a probe developed to identify the pneumolysin gene was useful
in the final identification of atypical pneumococci. The heter-
ogeneity of S. pneumoniae, S. mitis, and S. oralis was elegantly
shown in the multilocus sequence typing data published by
Whatmore et al. (20). These investigators showed that multiple
isolates of each of the three species clustered after neighbor-
joining analysis. In fact, the S. pneumoniae cluster was more
homologous than that of either S. mitis or S. oralis. Also, there
were several isolates of alpha-hemolytic streptococci included
in the study that did not join any of the three clusters but that
were closely allied to the S. pneumoniae cluster. None of these
strains possessed capsules, and results of the tests for optochin
susceptibility and bile solubility and of the AccuProbe reac-
tions varied. This leads to the conclusion that there are isolates
that are similar to S. pneumoniae with similar phenotypic char-
acteristics that cannot be included in the taxon S. pneumoniae.
Nevertheless, the data presented in this study clearly show by
DNA-DNA reassociation that the isolates from several large
outbreaks of conjunctivitis are S. pneumoniae, a finding which
confirms the results obtained by optochin susceptibility, bile
solubility, and AccuProbe tests. We cannot comment on the
true identity of isolates from sporadic outbreaks of conjuncti-
vitis or from sterile sites or nonsterile sites (nasopharyngeal or
oral pharyngeal). DNA-DNA reassociation is the only method
that can be confirmatory for inclusion of an isolate into any
taxon (17, 19), but these results suggest that for identification
of NT S. pneumoniae isolates involved in conjunctivitis out-
breaks, clinical laboratories can rely upon the conventional
physiological tests. The absence of atypical results for optochin
susceptibility, bile solubility, or AccuProbe tests for these iso-
lates can be explained in part by the fact that the majority of
the isolates belong to a clonal group (10). As staff members of
a reference laboratory, we will be using this method in the
future to expand this study to include isolates other than those
from outbreaks of conjunctivitis that are NT.

TABLE 1. Phenotypic and genetic characteristics of conjunctivitis isolates of S. pneumoniae

Strain Sample
no.

Source or place
of isolationa Type Optochin

susceptibilityb
Bile

solubilityb
AccuProbe

reaction (RLU)c
Capsule

productionb

DNA-DNA reassociation

55°C (%) �Tm
d (°C) 70°C (%)

S. pneumoniae ATCC 33400T ATCC 35A � � 616,924 � 82 74

S. mitis NCTC12261T 1303 NCTC � � 1,152 � 64 48

1138–80 165 NY NT � � 427,409 � 85 84
1139–80 166 NY NT � � 257,364 � 83 81
61–81 168 CA NT � � 439,684 � 81 79
62–81 169 CA NT � � 505,025 � 82 78
63–81 170 CA NT � � 504,810 � 70 0.5 70
1718–81 171 IL NT � � 312,508 � 71 4.0 65
1721–81 172 IL NT � � 371,492 � 72 4.0 62
1852–02 245 NH NT � � 112,030 � 73 1.0 75
1853–02 246 NH NT � � 176,795 � 84 80
2136–02 247 NJ NT � � 160,890 � 82 79
2137–02 248 NJ NT � � 140,421 � 84 81

a ATCC, American Type Culture Collection; NCTC, National Collection of Type Cultures; NY, New York; CA, California; IL, Illinois; NH, New Hampshire; NJ,
New Jersey.

b �, positive; �, negative.
c Relative light unit (RLU) values higher than 50,000 are considered a positive result.
d Tm, melting temperature.
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