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PspA is a structurally variable surface protein important to the virulence of pneumococci. PspAs are
serologically cross-reactive and exist as two major families. In this study, we determined the distribution of
PspA families 1 and 2 among pneumococcal strains isolated from the middle ear fluid (MEF) of children with
acute otitis media and from nasopharyngeal specimens of children with pneumococcal carriage. We charac-
terized the association between the two PspA families, capsular serotypes, and multilocus sequence types (STs)
of the pneumococcal isolates. MEF isolates (n � 201) of 109 patients and nasopharyngeal isolates (n � 173)
of 49 children were PspA family typed by whole-cell enzyme immunoassay (EIA). Genetic typing (PCR) of PspA
family was done for 60 isolates to confirm EIA typing results. The prevalences of PspA families 1 and 2 were
similar among pneumococci isolated from MEF (51% and 45%, respectively) and nasopharyngeal specimens
(48% each). Isolates of certain capsule types as well as isolates of certain STs showed statistical associations
with either family 1 or family 2 PspA. Pneumococci from seven children with multiple pneumococcal isolates
appeared to express serologically different PspA families in different isolates of the same serotype; in three of
the children the STs of the isolates were the same, suggesting that antigenic changes in the PspA expressed may
have taken place. The majority of the isolates (97%) belonged to either PspA family 1 or family 2, suggesting
that a combination including the two main PspA families would make a good vaccine candidate.

Streptococcus pneumoniae (pneumococcus) is a frequent col-
onizer of the upper respiratory tract. The prevalence of naso-
pharyngeal (NP) carriage increases during the first months of
life and starts to decrease after the age of 3 to 5 years (14).
Acute otitis media (AOM) is a common disease among infants
and young children, peaking at the age of 6 to 18 months (25,
47). Pneumococcal strains causing AOM are believed to be the
same ones that are most frequently isolated in carriage (16).

Conjugate vaccines are approximately 57% efficacious against
AOM caused by serotypes included in the vaccine formulation
(12, 24, 39). However, the overall reduction in pneumococcal
AOM can remain low (12, 24) due to replacement with non-
vaccine serotypes. Pneumococcal proteins used as vaccine an-
tigens could provide protection against pneumococci regard-
less of the capsular serotype. Results from animal models and
the variation among pneumococcal strains in gene content and
expression suggest that, to efficiently prevent pneumococcal
carriage and infection with a protein vaccine, more than one
protection-eliciting protein should be included in the vaccine
(2, 5, 35, 36).

PspA is a surface antigen important to the virulence of
pneumococcus (30), and it has been found in practically all

clinical isolates of pneumococcus to date (10, 21). The pspA
gene is remarkably variable at the level of DNA sequence, and
the amino acid similarity of the surface-exposed N-terminal
region of PspA proteins can be as little as 40% (22). The high
degree of variability is consistent with PspA being a virulence
protein and a target for host defense against pneumococci
(22). Extensive cross-reactivity exists between PspAs of differ-
ent pneumococcal strains (3, 4). Based on nucleotide and
amino acid identity, pspA genes and encoded PspA proteins
are classified together into six clades, in three families: family
1 (clades 1 and 2), family 2 (clades 3, 4, and 5), and family 3
(clade 6) (22). The extent of cross-reactivity of PspA clades
follows roughly the degree of amino acid sequence homology
(34) and is maximal within strains of the same PspA family
(32). The family can be recognized serologically, but the clade
must be identified by the sequence (22).

Despite great variation in the sequences of PspA, antibodies
against PspA can be cross-protective; immunization of mice
with one PspA protein can elicit protection against infection
with strains that express other PspAs and different capsular
types, although the level of protection may differ between
strains (3, 7, 29, 35, 46). In other cases cross-protection by
PspA antibodies may be limited to the same PspA family or
sometimes even to the same clade (31, 40). Intranasal immu-
nization of mice with PspA induces mucosal and systemic im-
mune responses and protects against systemic infection as well
as NP carriage of pneumococci (50). In human colonization
studies both systemic and mucosal antibodies to PspA were
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associated with protection against experimental pneumococcal
carriage (27, 28). Local antibodies to PspA may also have
potential in protecting from AOM both in animals and in
humans (6, 49). Our recent results suggest that salivary anti-
PspA immunoglobulin A may have a role in protecting against
AOM (43).

Our objective in this study was to determine the PspA family
of pneumococcal isolates from the Finnish Otitis Media
(FinOM) Cohort Study children with NP carriage or AOM
(25). Both sample types were selected for analysis in order to
assess the coverage of PspA 1 and 2 among isolates that po-
tentially cause AOM. All isolates have been serotyped with
capsule-type-specific antisera (25, 45), and the AOM isolates
were previously multilocus sequence typed (16). Our second
objective was to set up a serological method for PspA family
typing and to compare the results to genetic characterization of
the PspA family in a subset of samples. We now report the
distribution of PspA families in general and within the most
prevalent capsular serotypes and multilocus sequence types
(STs).

MATERIALS AND METHODS

Study population and clinical samples. The study population consisted of 329
children who had participated in the FinOM Cohort Study in 1994 to 1997,
described in detail elsewhere (12, 25). Written informed consent was obtained at
the time of study enrollment from the parents of all children participating in the
FinOM Cohort Study. The study protocol was evaluated before the start of the
trial by the National Public Health Institute ethics committee and by local health
authorities (ethics committee and health board of Tampere). In short, the chil-
dren were followed from 2 to 24 months of age in a special study clinic. Pneu-

mococcal carriage was determined by 10 consecutive NP swab cultures from 2 to
24 months of age (45). At any time during the follow-up, when the child had a
respiratory infection, an NP aspirate was taken and cultured for pneumococci.
NP swabs and aspirates are here collectively referred to as NP. Myringotomy
with aspiration of middle ear fluid (MEF) was performed and cultured in the
case of diagnosed AOM (25).

Analysis of PspA family was performed on pneumococci isolated from MEF of
all children with AOM and on NP isolates from a subset of 49 children (Fig. 1).
In case pneumococci of the same capsular serotype were isolated from both ears
at the same visit, the MEF sample from only one of the ears was selected for
PspA family typing, assuming that isolates of the same serotype found in both
ears are likely to be the same strain (15).

Bacterial methods: preparation of bacterial lysates for PspA family typing.
Pneumococcal isolates stored in STGG (skim milk, tryptone, glucose, glycerol)
medium (23) at �70°C were cultured on tryptic soy broth agar supplemented
with 7.5% sheep blood (TSAB plates) overnight at �37°C in 5% CO2. Approx-
imately 50 colonies from each plate were scraped and inoculated in 3 ml of
Todd-Hewitt broth (Difco) supplemented with 0.5% yeast extract and cultured at
�37°C in 5% CO2 overnight. Cells were then lysed by adding 600 �l (1/6 volume)
of lysis buffer (0.1% sodium deoxycholate, 0.01% sodium dodecyl sulfate, 0.15 M
sodium citrate). In case an isolate could not be PspA typed from the bacterial
lysate made from liquid culture, a new lysate was made from blood agar culture
by collecting the bacterial growth on the plate with a cotton swab and adding it
to the lysis buffer diluted 1/6 in phosphate-buffered saline (PBS). The mixture
was incubated at room temperature for 30 min to allow lysis to occur. The
bacterial lysates were stored at �4°C before use.

Serological methods. (i) Capsular serotyping. The pneumococcal isolates have
previously been serotyped by using antiserum pools and type- and group-specific
antisera from Statens Serum Institut, Copenhagen, Denmark. Pneumococcal
isolates were serotyped by latex agglutination (for the neutral serotypes 7 and
14), counterimmunoelectrophoresis, and quellung reaction as a confirmation
method when needed. The isolates of groups 6, 9, 18, 19, and 23 were subtyped
by using pneumococcal factor antisera (25, 45).

(ii) Antisera for PspA family typing. The PspA family of the pneumococcal
isolates was assigned based upon their reactivity to polyclonal sera from rabbits

FIG. 1. Pneumococcal (Pnc) isolates selected from the FinOM study for PspA typing and samples selected for statistical analyses. Footnotes:
a, frequencies of PspA families 1 and 2 were compared separately among NP and MEF strains; b, distribution of PspA families within capsular
serotypes was analyzed among NP and MEF strains combined; c, distribution of PspA families within multilocus STs was analyzed among MEF
strains; sequence data were available for MEF strains only.
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immunized with PspAs from four different clades. A pool of immune sera for
detection of PspA family 1 proteins came from two rabbits, one immunized with
UAB069 (clade 1 protein from strain L82016) and the other with UAB055 (clade
2 from Rx1). The antiserum pool for detecting family 2 PspAs came from three
rabbits immunized with UAB079 (clade 3 from V-032), UAB080 (clade 3 from
V-024), or UAB100 (clade 4 from JCP#56). The antisera were prepared as
described previously (48).

(iii) Whole-cell enzyme immunoassay (EIA) for PspA family typing. The
bacterial lysates were diluted 1:50 in PBS, pipetted in duplicate on the wells (100
�l/well) of two separate microtiter plates (MaxiSorp; Nalge Nunc International,
Roskilde, Denmark), and attached by dry desiccation at �37°C overnight. Plates
were washed with PBS containing 0.05% Tween 20, after which rabbit anti-PspA
polyclonal antibodies in 1% bovine serum albumin in sterile PBS (B-PBS) were
added in a volume of 100 �l/well. The plates were incubated for 1 h at �37°C and
washed before addition of polyclonal biotin-conjugated goat anti-rabbit immu-
noglobulin G (Sigma Immunochemicals, St. Louis, MO) in B-PBS in a volume of
100 �l/well. Following incubation at �37°C for 1 h, the plates were washed,
alkaline phosphatase-conjugated streptavidin (Southern Biotech, Birmingham,
AL) in B-PBS was added (100 �l/well), and the plates were incubated at �37°C
for 1 h. After the final wash, p-nitrophenyl phosphate substrate (Sigma Immu-
nochemicals) was added and incubation was continued for 1 h at �37°C. The
absorbance was read at 405 nm by photometer (Multiscan MCC/340). The
reproducibility of the assay was followed by including in each plate control strains
that were clearly positive for one PspA family only: one strain representing
family 1 PspA and two strains with family 2 PspAs. In order to optimize the
capacity of the serological PspA typing system to separate family 1- and family
2-positive isolates, reagents were titrated by using the above-mentioned three
control strains. The results were interpreted by comparing the sample optical
densities (ODs) across family 1 and family 2 plates and with the control samples.
The PspA family was assigned based upon the antiserum that resulted in the
highest OD. In order to receive a positive result, the sample ODs had to be twice
as high as the ODs of the negative-control sample (e.g., the family 1 control
strain on a family 2 plate). If an isolate reacted strongly (twice the OD of the
negative control) with both family 1 and family 2 anti-PspA antisera or failed to
react strongly enough with either serum, the PspA family was confirmed by PCR.

Genetic methods. (i) PCR for PspA family typing. The PspA family types of 37
MEF isolates and 23 NP isolates were analyzed by PCR. Serologically nontype-
able or ambiguous isolates and a set of serologically clearly PspA-typeable
isolates were analyzed by the group of Susan Hollingshead and David Briles at
the University of Alabama in Birmingham by using PspA family-specific primers
(22, 48). Results were recorded as family 1, family 2, families 1 and 2, or not
amplified. Any sample that was not amplified in the first-round PCR was rerun
using a lower annealing temperature. If the isolate still failed to amplify, a family
3 test was done using family 3-specific primers (48). Finally, the presence of a
pspA gene was tested by performing PCR with primers LSM12 and SKH2, which
are not family specific but are thought to amplify all known pspA genes (48). In
case no gene product was amplified with any of the primers designed to amplify
the pspA gene, the isolate was designated as negative for PspA by these methods.

(ii) MLST. The genotypes of the pneumococci recovered from cases of AOM
in the FinOM study have previously been characterized by multilocus sequence
typing (MLST) (16). In MLST, bacterial strains are identified by comparing the
sequences of internal fragments of multiple housekeeping genes (26).

Statistical methods. The distribution of family 1 and family 2 PspAs within
pneumococcal serotypes and STs (or clonal complex groups) was analyzed with
exact binomial test, and P values less than 0.05 were considered statistically
significant. For comparison of PspA family distributions, isolates were carefully
selected to reduce redundancy; in cases where more than one pneumococcal
isolate was cultured from a child and the isolates had the same serotype and the
same PspA family (and the same ST, in the case of MEF isolates), only one of
the child’s isolates was included in the statistical analysis (Fig. 1).

RESULTS

Comparison of serological and genetic PspA typing. The
PspA families of 201 pneumococcal MEF isolates and 173 NP
isolates were examined using a serological typing assay; 355 of
these isolates reacted with one or more family-specific PspA
antisera. Of all the strains examined, 343 reacted with only a
single family-specific serum whereas 31 isolates reacted with
both sera or did not react strongly with either serum, thus
giving ambiguous results for PspA family. In order to test the

reliability of the serological PspA family typing assay set up for
this study, a set of isolates with a serologically clear PspA
family (n � 13) as well as all the isolates ambiguous with
regard to PspA family (n � 31) were analyzed with PCR.
Ambiguous typing results were those where the isolate was
strongly reactive (at least twice the OD of the negative-control
strain) with both families (n � 12), although these isolates
often reacted more strongly with one family than the other; in
other cases the isolates classified as ambiguous did not react
with either of the PspA antisera in EIA (n � 13) or were only
weakly positive (less than twice the OD of the negative control)
for either PspA family (n � 6).

The results are presented in Table 1. The two methodologies
for PspA family determination, serological and genetic, gave
identical results for the 13 isolates that were clearly typeable by
the serological method. Two of the isolates that were clearly
positive for one family only in EIA were positive for both PspA
families 1 and 2 by PCR. More than half of the isolates (8/13)
that were undoubtedly negative for PspA in EIA were negative
by PCR as well. For the rest of the serologically PspA-negative
isolates, either family 1 (n � 1) or family 2 (n � 4) pspA genes
could be found. Of the weakly positive isolates, four/six had the
same PspA family by EIA and PCR, one had a different pspA
family, and one was pspA negative in PCR. PCR confirmed
that 11 of the 12 isolates reactive with antisera to both families
had family 2 pspA genes, and one had a family 1 pspA gene.
The PspA family of a few consecutive isolates was also con-
firmed with genotyping, if isolates of the same capsular sero-
type, isolated from the same child, appeared to have different
PspAs according to the serological assay (n � 19). These re-
sults are presented in Table 2, along with data from MLST.

When a PspA family was clearly identified by EIA, the result
mostly confirmed that of PCR typing. We have therefore relied
on the PCR results of the isolates that were analyzed with both
methods and on the serological PspA family results for the rest
of the isolates.

Distribution of PspA families 1 and 2 among pneumococci.
In order to compare the frequencies of PspA families 1 and 2,
every effort was made not to include the same strain in the
analyses more than once. In cases where more than one iden-
tical isolate (identical for both capsular type and PspA family)
was obtained from the same child, the strain was included in
the analysis only once (Fig. 1).

PspA families 1 (n � 78) and 2 (n � 69) were present at similar
frequencies (50.6% and 44.8% of all strains, respectively) among
the 154 AOM strains selected for analyses. Six AOM strains were
PspA negative, and one had genes for both PspA families (con-
firmed by PCR). The two PspA families were equally common
among NP strains: out of the 81 PspA-typed isolates, 39 had
family 1 PspA and 39 had family 2 PspA. Two of the remaining
NP strains were positive for both PspA families by PCR, and
one was PspA negative by both PCR and serology. There were
no age-dependent differences in the occurrence of either PspA
family (data not shown).

We next looked at the associations of PspA families with
capsular serotypes. Since the prevalence of PspA families was
essentially the same among NP and AOM isolates, the isolates
were pooled for further analyses. Here again, only one of
several isolates of the same capsular serotype and PspA family
per child was included (n � 219; Fig. 1). In case a child had

VOL. 15, 2008 PspA FAMILIES 1 AND 2 IN CHILDREN 1557



several isolates, the MEF or NP strain that was isolated first
was chosen for comparisons, MEF being the primary choice in
cases in which both strains were isolated on the same date.
Using these criteria 145 MEF strains and 74 NP strains were
examined.

The 10 most prevalent serotypes (represented by at least five
isolates) are listed individually in Table 3. The family 1- and
family 2-positive isolates within the 10 serotypes cover 80% of

the isolates (176/219) included in the analysis. Most serotypes
included both family 1 and family 2 PspAs, but within some
serotypes the distribution of the PspA families was unequal.
Serotypes 9N and 23F were predominantly or exclusively as-
sociated with family 1, and serotypes 9V, 11A, and 14 were
associated with family 2 PspA. Serogroups 6 and 19 contained
family 1 and family 2 PspAs in equal numbers. Serotypes 6A,
19F (MEF), and 28 (NP) all included one strain with no PspA
detected. Six strains (all MEF isolates) were nontypeable by
the method used, and four of these rough strains were PspA
negative; two had family 1 PspA. Two of the PspA-negative,
rough strains were ST 448 and belong to a pneumococcal

TABLE 1. Results of PspA typing by serology (EIA) and
genetics (PCR)

Isolate status and type Capsular
serotype

Child
identification

no.

PspA family or
families as

determined by:

EIA PCR

Clearly positive for one
PspA family (n � 13)

MEF 23F 159 1 1
MEF 6B 153 1 1
NP 19F 150 1 1
NP 6A 234 1 1
NP 6B 228 1 1
NP 9N 243 1 1
MEF 3 249 1 1, 2
NP 22 234 1 1, 2
NP 4 190 2 2
NP 11A 168 2 2
NP 19F 196 2 2
NP 6A 175 2 2
NP 6B 196 2 2

Unclear for PspA family
in EIA (n � 31)

MEF 19F 315 0 0
MEF 19F 315 0 0
MEF 6A 148 0 0
MEF Rough 28 0 0
MEF Rough 26 0 0
MEF Rough 176 0 0
NP 28 200 0 0
NP 28 200 0 0
MEF 6B 209 0 1
MEF 14 54 0 2
MEF 7 284 0 2
NP Rough 250 0 2
NP 9V 155 0 2
MEF 28 33 1?a 1
MEF 23F 147 1? 1
MEF 19F 91 1? 1
MEF Rough 282 2? 0
MEF 6B 94 2? 1
MEF 6A 104 2? 2
MEF 19F 6 1, 2 2
NP 19A 199 1, 2 2
MEF 33 128 1 � 2b 1
MEF 15 97 1 � 2 2
MEF 14 28 1 � 2 2
MEF 19F 95 1 � 2 2
MEF 19F 217 1 � 2 2
MEF 19F 217 1 � 2 2
NP 14 165 1 � 2 2
NP 14 165 1 � 2 2
NP 14 193 1 � 2 2
NP 14 226 1 � 2 2

a Strains marked by a question mark were only weakly reactive in EIA.
b PspA family 1 � 2 in EIA indicates that the strain was serologically reactive

for both PspA families but that reactivity was stronger for PspA family 2.

TABLE 2. Pneumococci of the same capsular serotype but different
PspA in consecutive isolates from the same children

Isolate
type

Capsular
serotype

Child
identification

no.

Age
(days)

PspA family
determined by: STa

EIA PCR

MEF 23F 61 491 2 2 37
MEF 23F 61 522 1 2 37
MEF 23F 61 638 1 1 37
MEF 19F 95 365 1 NDc 199
MEF 19F 95 376 1 � 2b 2 199
MEF 19F 95 416 2 2 199
MEF 23F 105 474 2 2 37
MEF 23F 105 479 1 2 37
NP 9V 155 163 2 2 ND
NP 9V 155 195 2 ND ND
NP 9V 155 216 0 2 ND
MEF 9V 155 241 1 2 162
NP 9V 155 268 2 2 ND
NP 23F 165 246 1 2 ND
MEF 23F 165 260 1 1 36
MEF 6B 284 415 2 2 510
MEF 6B 284 466 1 1 497
MEF 19F 322 123 1 2 199
MEF 19F 322 279 2 2 ND

a Isolates with the same multilocus ST, isolated from the same child, represent
the same strain.

b Reactivities for families 1 and 2 were observed, but reactivity was stronger for
family 2 PspA.

c ND, no data.

TABLE 3. Numbers of isolates with family 1 or family 2 PspA
within the most common capsular types of

Streptococcus pneumoniae in MEF
and NP specimens

Capsular
serotype

No. of isolates with PspA family:

1 2

19F 22 16
23Fa 34 3
6A 11 12
6B 12 11
14a 2 12
11Aa 1 12
18C 3 6
19A 4 4
9Va 0 6
9N 5 0

a The distribution of PspA families was uneven and statistically significant for
serotypes 23F (P � 0.0001), 14 (P � 0.013), 11A (P � 0.003), and 9V (P � 0.031,
exact binomial test, two-tailed).
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lineage previously reported to have lost its capsular locus (18);
two were not genuine pneumococci (17).

In order to study the possibility that the variation of PspA
family 1 and 2 frequencies that was observed within capsular
serotypes might be explained by diverse clonal lineages within
a serotype, differing in PspA, MLST data were used to divide
strains within serotypes into individual STs. MLST data were
available only for MEF isolates, not NP isolates. Only one
MEF isolate from each child was selected for analysis, unless
the isolates differed in regards to either capsular serotype,
PspA family, or ST (Fig. 1). A total of 160 strains were in-
cluded. When the isolates of a capsule type were similarly
distributed between the two PspA families, they usually also
represented many different STs, being thus clonally more di-
verse. For example, serotypes 6A and 6B combined (PspA
family 1, n � 17; family 2, n � 17) included 20 different STs
and serotypes 19A and 19F (PspA family 1, n � 20; family 2,

n � 18) had 18 STs. The five serotype 9V strains, all with family
2 PspA, had the same ST, indicating that they were a single
clone. Ninety percent of the strains of serotype 23F had a
family 1 PspA. While 23F included eight different STs, the
number of STs was low in relation to the large number of
serotype 23F strains (n � 30). Serotype 11A associated with
family 2 PspA, however, included relatively many STs (five STs
among 10 strains).

The distribution of PspA families among STs is presented in
Table 4. Most STs included only one or two strains. Only 7 out
of the 79 different STs (37, 62, 66, 124, 199, 482, and 485)
contained isolates of both family 1 and family 2 PspAs. Three
of the most common STs (36, 162, and 488) showed a signifi-
cant association with one of the PspA families (P � 0.016,
exact binomial test). Five STs (8, 66, 162, 199, and 490) in-
cluded strains with more than one capsular serotype; in some
but not all such STs, the PspA family was different in the

TABLE 4. Numbers of isolates with PspA families 1 and 2 within multilocus STs of pneumococci isolated from MEF

Clonal complex
groupa ST Capsular

serotype

No. of
isolates with
PspA family:

Clonal complex
groupa ST Capsular

serotype

No. of
isolates with
PspA family:

1 2 1 2

1 15 19F 2 0 12 490 6A 0 1
1 423 19F 2 0 12 490 6B 1 0
1 484 19F 1 0 12 512b 6A 0 0
1 534 19F 1 0 12 518 6A 2 0
2 37 23F 8 3 13 494 28 1 0
2 504 23F 4 0 13 546 28 1 0
2 507 23F 3 0 s 1 23F 1 0
2 535 23F 1 0 s 8 11A 0 1
3 62 11A 1 5 s 8 19F 0 1
3 500 11A 0 1 s 36 23F 7 0
3 509 11A 0 1 s 87b 19F 0 0
3 513 11A 0 1 s 100 33 2 0
4 66 19F 0 1 s 147 6B 1 0
4 66 23F 1 1 s 177 19F 0 1
4 66 9N 1 0 s 180c 3 0 2
4 71 15 0 1 s 191 7 0 1
4 525 9N 1 0 s 205 4 0 2
5 110 18C 0 2 s 207 6A 0 1
5 113 18C 0 2 s 236 19F 1 0
6 124 14 2 4 s 448b Rough 0 0
6 134 14 0 1 s 460 6A 3 0
6 307 14 0 1 s 482 19A 1 2
7 138 6B 0 4 s 485 19F 1 7
7 176 6B 2 0 s 492 6B 1 0
7 510 6B 0 1 s 496 18C 1 0
8 156 14 0 1 s 497 6B 2 0
8 162 19F 0 2 s 498 35 0 1
8 162 9V 0 5 s 506 6B 1 0
9 199 15 0 3 s 514 6A 0 1
9 199 19A 1 0 s 515 23F 1 0
9 199 19F 1 2 s 526 19F 3 0
9 483 19F 0 1 s 529 6A 1 0
10 309 19F 4 0 s 530 20 1 0
10 523 19F 1 0 s 532 6A 1 0
11 520 Rough 2 0 s 533 31 2 0
11 531 22 1 0 s 537 6B 1 0
12 479 6A 0 1 s 538 6A 1 0
12 486 6A 0 1 s 540 19A 1 0
12 488 6A 0 7 s 542 18C 0 1

a Closely related STs are classified in the same clonal complex group; single clones (“s”) included only one kind of ST.
b Three STs included strains with neither PspA family 1 nor family 2: ST 512 (one strain), ST 87 (one strain), and ST 448 (two strains).
c ST 180 also included one capsule type 3 strain not listed here; the strain was family 1 positive by serology but had both family 1 and family 2 pspA genes detected

in PCR; the other two ST 180 strains were family 2 positive by serology and were not PCR tested.
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members of the ST with different capsular types. STs differing
from each other by only one of the seven sequences used in the
MLST analysis are classified in the same clonal complex group
(13). Both family 1 and family 2 PspAs were found within most
(9/13) clonal complex groups, but often one PspA family was
much more common than the other. The association of par-
ticular PspA families with particular clonal complex groups
was statistically significant for clonal complex groups 1 (P �
0.031), 2 (P � 0.001), 3 (P � 0.039), and 8 (P � 0.008),
suggesting that the PspAs that they express have not yet been
randomized by natural genetic exchange.

Consecutive isolates with the same serotype but different
PspA type. In the analyses described above, only one isolate
with the same serotype and same PspA family was selected
from each child. Pneumococci isolated from seven children on
different occasions appeared to express serologically different
PspAs even if the capsular serotype remained the same (Table
2). All but 2 of these 19 isolates were successfully PspA typed
both by EIA and by PCR (Table 2). Multilocus sequence data
were available for most MEF isolates. The consecutive isolates
of three children (identification numbers 61, 165, and 284) had
different PspA family types in both EIA and PCR assays. All
isolates of child 61 belonged to the same ST, suggesting that
the PspA family of a single strain had changed over time. The
two consecutive isolates of child 165 were obtained within a
short interval from different locations (NP and MEF), but
since ST data are available only for the MEF isolate, we cannot
tell whether the isolates are the same strain. Child 284 had two
different strains (two different STs), which explains the
“change” in PspA family. The course of events for child 95 was
similar to that with child 61, where the PspA changed within a
long-term-carriage strain, although this time we do not have
the PCR data on the first isolate. The same pspA family was
detected by PCR in the consecutive isolates of children 105,
155, and 322; different PspA families of these consecutive
isolates were observed only at the serological level.

DISCUSSION

In this study we found that the vast majority of pneumococci
isolated from the MEFs or NP samples of Finnish children less
than 2 years old represented PspA families 1 and 2. The two
PspA families were equally prevalent among the isolated
strains. PspA family distribution varied between serotypes: se-
rotypes 9N, 9V, 11A, 14, and 23F were mostly associated with
one or the other of the PspA families whereas the distribution
was more or less equal for the two PspA families among the
strains representing serotypes 6A, 6B, 19A, and 19F. The num-
ber of different STs in relation to the number of isolates rep-
resenting the capsular serotype was generally high in the cap-
sular serotypes, with similar numbers of strains expressing each
of the two PspA families. Some, but not all, single or clonally
related STs were associated with a single PspA family. In seven
children consecutive pneumococcal isolates of the same sero-
type seemed to express different PspA families; in some such
cases the isolates were in fact different strains, but some iso-
lates had altered serological properties of the PspA or even a
different pspA gene.

In this study pneumococci were serologically typed by EIA
to the level of PspA family by using pooled family 1 (rabbits

immunized with clade 1 and clade 2 PspAs)- and family 2
(clades 3 and 4)-specific antisera. The methods for serological
PspA typing described in previous studies have been based on
dot blot methodology and family-specific antisera (1, 33, 48) or
EIA using separate antisera raised against clade 2, clade 3, or
clade 4 PspAs (21). PCR and serological techniques gave con-
cordant results in 100% of cases in studies of 40 invasive
isolates from Colombian children (48) and with 149 invasive
isolates from Argentinean children (33). PspA family was
scored nontypeable by serology in 44/1,847 invasive isolates
from adults over 50 years of age in a multinational study; 35 of
the 44 isolates had either PspA family 1, family 2, or both by
molecular methods (21). While invasive and NP isolates col-
lected in Brazil were characterized with both serology and
PCR, isolates with discordant results between the two methods
were excluded from further analysis and thus cannot be com-
pared to our study (1).

In order to test the reliability of the serological assay for
defining the PspA family, clearly typeable isolates as well as
isolates with ambiguous PspA typing results were also exam-
ined by PCR. The two methodologies gave for the most part
similar results; the respective pspA gene was amplified from
100% of the 13 serologically clearly typeable isolates. With
respect to the ambiguous isolates, there were some discrepan-
cies between the two assays, however. Nearly all isolates that
reacted with both PspA antisera were family 2 positive in PCR,
which indicates that the family 2 PspAs of these isolates were
more cross-reactive with family 1 than were most family 2
PspAs. Cross-reactivity of family 1 antiserum with family 2
PspA protein has been reported in previous studies as well (1).
No such cross-reactive isolates had genes for both PspA fam-
ilies in that study or ours. However, an additional family 2 pspA
gene was found in two isolates that were serologically positive
only for family 1. Isolates with pspA genes from both families
1 and 2 have been reported in previous studies: 4% of 149
invasive isolates in Argentina (33) and 20.7% of 29 MEF iso-
lates in the United States (37) but only 0.7% of 1,844 invasive
isolates from elderly patients in a multinational study (21).
These differences in results could reflect differences in the
populations of strains examined but may also result from small
differences in assay protocols or the care with which anomalies
were pursued. Although most PspAs can be fitted into one of
the major PspA families, there are many PspAs that have
portions of their sequences showing characteristics of more
than one PspA family (22). The serological determination is
dependent on those epitopes that are best recognized by each
typing serum. The PCR typing is based on relatively short
primer sequences within the alpha-helical region of the pspA
gene. Thus, it is possible and expected that in some cases genes
that encode several major epitopes of one family can have
some epitopes or a primer site that is a better fit with another
PspA family.

Nearly all the pneumococcal isolates characterized in this
study had PspAs from either family 1 or family 2. Neither PspA
family dominated over the other among the NP or MEF iso-
lates. Both highly similar and somewhat different distributions
of PspA families 1 and 2 have been reported in different geo-
graphic locations and in different studies, but neither PspA
family appears to be more common than the other in infections
of different body sites (1, 20, 33, 37, 41, 44, 48). To date, only
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a few strains with family 3 PspA have been reported (21), and
in our study pspA family 3 genes were not found in any of the
serologically PspA-negative isolates. The number of isolates
with undetected PspA was low: 13 of the 374 NP and MEF
isolates (3.5%) were PspA negative by the serological method
and nine (2.4%) remained negative after PCR. This is consis-
tent with most previous studies, in which the proportions of
PspA-negative pneumococcal isolates have generally ranged
from 1 to 6% (1, 21, 33, 37, 41, 48), although proportions as low
as 0% (20) and as high as 20% (38) have been reported for
PspA negativity.

The PspAs of the (five) serologically PspA-negative but ge-
netically pspA-positive strains may not have been expressed, or
the protein may be serologically too distinct to be detected
with antibodies to the five different PspA molecules used for
making the anti-PspA antisera. pspA genes could not be am-
plified from nine strains, not even with non-family-specific
primers that were expected to detect all known pspA genes
(22). Six of the seven strains negative for pspA were MEF
isolates, and four of these were unencapsulated. Based on
MLST, two of the unencapsulated, pspA-negative strains were
not true pneumococci, and two belonged to ST 448. The fact
that PspA could not be detected with either serology or genetic
methods in five pneumococcal strains suggests that these iso-
lates were lacking the pspA gene completely. The proportion of
nontypeable isolates appears to be higher among noninvasive
than among invasive isolates; in a comparison of isolates col-
lected in Brazil 17% of the NP isolates and 4.9% of invasive
isolates were nontypeable with both serological and molecular
methods (1). It is of interest that pneumococci without two
important virulence factors, capsule and PspA, were isolated
from MEF during AOM. The capsule apparently plays a lesser
role in mucosal infections, and unencapsulated pneumococci
are relatively common among MEF isolates (16). The finding
that some pneumococci may cause AOM without either cap-
sule or PspA should be considered in designing the composi-
tion of a pneumococcal vaccine against AOM. Combinations
of several surface proteins essential to the virulence of the
bacterium, in addition to PspA, are advisable for inclusion in
future pneumococcal protein vaccines against AOM (4) and
invasive disease (36) in order to achieve the best protection.

The PspA protein is a virulence factor under evolutionary
pressure (22) and like the capsule (9) may recombine indepen-
dently of the genetic background. Both PspA families could be
found within the most common capsular serotypes, but some
serotypes were associated strongly with one of the PspA fam-
ilies. The capsular serotypes most strongly associated with one
PspA family were 9N, 9V, 11A, 14, and 23F, whereas sero-
groups 6 and 19 contained equal numbers of the two PspA
families. PspA family 1 dominated serotype 23F in this study as
in two previous studies (20, 37), but for other serotypes differ-
ent distributions have been reported in different studies (20,
37, 48), which indicates that serotypes are not globally associ-
ated with certain PspAs. There can be variation in different
regions, and some capsular serotypes associated with one PspA
family only may be heavily clonal. In this study, serogroups 6
and 19, which contained equal proportions of the two PspA
families, were in fact more clonally diverse (including more
different STs) than many of the capsular serotypes associated
with only one PspA family type. We found that an ST or

related STs (STs of the same clonal complex group) were
mostly associated with only one PspA family. However, al-
though a single ST usually expresses only one capsular sero-
type, it may also be composed of multiple capsular types (8, 11,
16, 19, 42). In this study five STs expressed more than one
capsular type and seven STs were associated with both PspA
families. In contrast to our study, pneumococcal STs isolated
from meningitis patients in Poland seemed to include only one
or the other of the two PspAs (41).

The expression of PspA was found to be unstable in a human
colonization study (27). When a clinical isolate with a trun-
cated PspA was inoculated into the nasopharynx, a second
mutation in the pspA gene restored the expression of a full-
length protein in one of the six colonized individuals during the
period of colonization. This finding indicates that there is nat-
urally occurring variability in the expression of PspA. Signs of
PspA recombination were observed in our study at the level of
consecutive isolates from the same child. Three of the children
had consecutive AOM isolates that had the same capsular type
and ST but were clearly different in terms of PspA serology,
indicating that their PspAs have in some way changed anti-
genically. PCR results suggested that the PspA of one of these
strains was altered from family 1 to family 2 in consecutive
isolates. It is of interest that serological changes in PspA ap-
peared more than once in two particular STs, 37 and 199.

The two assays for analyzing PspA family, serological and
genetic, provide two different perspectives; PCR shows the
possible repertoire of pspA genes that the strain possesses,
whereas reactions with PspA antisera reveal the antigenic
properties of the PspA expressed by the strain. Of the two
typing methods (PCR and serological), the latter is probably to
be preferred since it would be expected to have a better asso-
ciation with cross-protection than the PCR data, which do not
necessarily reflect the serologic epitopes.

The results from this study indicate that in NP carriage and
AOM nearly all pneumococci express either PspA family 1 or
family 2 proteins, with 97% of NP and MEF isolates expressing
one or the other. The equal distribution of PspA families 1 and
2 and the rarity of family 3 suggest that a vaccine composed of
one PspA from family 1 and one PspA from family 2 may make
a good vaccine candidate for preventing pneumococcal dis-
ease. In previous studies we have shown that young children
develop antibodies specifically to the same PspA family type to
which they have been exposed by natural colonization, and
these antibodies do not generally cross-react across families
(30a). A vaccine including at least one PspA from each family
in combination with other pneumococcal proteins should offer
high coverage against the strains colonizing young children.
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