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A Latex Bead-Based Flow Cytometric Immunoassay
Capable of Simultaneous Typing of Multiple
Pneumococcal Serotypes (Multibead Assay)
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A simple and rapid method of simultaneously determining 15 Streptococcus pneumoniae serotypes was
developed. Fifteen latex beads of different sizes and different red fluorescence levels were coated with 1 of 15
serotypes (1, 3, 4, 5, 6A, 6B, 7F, 9N, 9V, 14, 18C, 19A, 19F, 22F, and 23F) of pneumococcal capsular
polysaccharide (PS). The bead mixture was incubated with individual pneumococcal lysate, a pool of rabbit
antisera capable of binding the 15 serotypes, and fluorescein (green fluorescence)-conjugated anti-rabbit
antibody. Bead size, red fluorescence, and green fluorescence were measured in a single flow cytometer run. The
green fluorescence of the beads was inhibited only when there was a serotypic match between PS on the bead
and PS in the pneumococcal lysate. This method distinguished cross-reactive serotypes and correctly identified
the serotypes in 100% of 86 pneumococcal isolates tested.
Infections with Streptococcus pneumoniae are a significant
problem for young children and older adults. Even with effective antibiotic treatment, patients with pneumococcal infections can have serious sequelae, and there is a rapid spread of
antibiotic-resistant S. pneumoniae. Thus, the ability to prevent
pneumococcal disease with vaccines remains critical to the
optimal management of the pneumococcal disease. Although
the 23-valent polysaccharide (PS) vaccine is currently available, it is not immunogenic in young children and fails to
protect at least 30% of the immunized elderly (10). In an effort
to prepare vaccines effective among young children and more
effective in the elderly, conjugate vaccines containing PS linked
to a protein moiety, analogous to the Haemophilus influenzae
type b vaccine, are being developed with up to 11 PS serotypes
in clinical trials (9).
Once the vaccine is licensed, its effectiveness will need to be
monitored. Since the protection provided by the pneumococcal
vaccines is serotype specific, the effective vaccine should selectively reduce the prevalence of S. pneumoniae expressing the
vaccine serotypes without altering the prevalence of S. pneumoniae expressing the nonvaccine serotypes (1). In addition, S.
pneumoniae has been shown to undergo in vivo transformation
of capsular serotypes (8), and the vaccine may result in an
increased frequency of strains with nonvaccine serotypes. The
vaccine may therefore even force the appearance of new, virulent pneumococcal strains expressing some of the nonvaccine
serotypes. Thus, serotypes of S. pneumoniae need to be monitored following the introduction of new pneumococcal vaccines.
Serotyping S. pneumoniae is not simple because over 20
serotypes are common among clinical isolates. Although several serotyping methods are available (2, 5, 7), the present
typing system is laborious and slow and requires considerable
technical experience. Consequently, all these methods are ill

suited for efficacy studies of new vaccines, and there is a need
for new techniques that can rapidly and reliably determine
pneumococcal capsular serotypes of a large number of isolates.
We report the development and evaluation of a simple and
efficient flow cytometric method, with which a pneumococcal
isolate could be simultaneously tested for 15 of the most common serotypes.
MATERIALS AND METHODS
Preparation of bead set coated with different pneumococcal capsular PS
serotypes. Latex beads of five different diameters ranging from 2 to 4.76 m were
obtained from Bangs Laboratories (Fisher, Ind.). They were dyed with Did oil
(Molecular Probes, Eugene, Oreg.) to prepare them with three different levels
(none, low, and high) of red fluorescence. To dye the beads with Did oil, they
were mixed with the dye in dimethyl sulfoxide and incubated overnight with
shaking at room temperature. The range of dye concentration for beads was 1 to
10 g/ml for a low level of fluorescence and 1 to 5 mg/ml for a high level of
fluorescence. The beads were washed with 0.25% Triton X-100 several times and
then stored in the same solution.
Each bead was coated with 1 of 15 pneumococcal capsular PS serotypes (1, 3,
4, 5, 6A, 6B, 7F, 9N, 9V, 14, 18C, 19A, 19F, 22F, and 23F). Each bead preparation (about 1 to 200 l depending on serotype) was washed with water (about
0.5 to 10 ml) by centrifugation and suspended in phosphate-buffered saline (PBS)
(about 0.01 to 0.5 ml) containing capsular PS at 0.1% (wt/vol). The suspension
was incubated overnight at room temperature with shaking. The beads were
washed with 2 volumes of wash solution (0.05% Tween 20 in normal saline) and
incubated with dilution buffer (1% bovine serum albumin, 0.05% Tween 20,
PBS) for 30 min at room temperature. The 15 different bead preparations were
then mixed together and used in the assay. Each batch permitted testing of about
100 samples.
Preparation of pneumococcal lysates. Pneumococcal isolates used for this
study were 65 laboratory strains stored in the University of Rochester and
University of Alabama at Birmingham and 21 clinical isolates collected in BarnesJewish Hospital (St. Louis, Mo.) in 1998 from patients with pneumococcal sepsis
and meningitis. All bacteria were serotyped prior to our study by agglutination
reaction and/or Quellung reaction at the University of Alabama at Birmingham
and the Centers for Disease Control and Prevention (Atlanta, Ga.). The bacteria
were grown on sheep blood agar plates at 37°C in a candle jar overnight. A few
colonies from each agar plate were applied to 100 l of Todd-Hewitt broth
(Difco Laboratories, Detroit, Mich.) supplemented with 0.5% yeast extract, 1%
glucose, and 1% sheep erythrocytes (Colorado Serum Company, Denver, Colo.)
in a well of a microtiter plate. After an overnight incubation at 37°C, the culture
was mixed with an equal volume of lysis buffer (0.2% sodium deoxycholate,
0.02% sodium dodecyl sulfate, 0.3 M sodium citrate). After a 15-min incubation
at 37°C, the cell lysate was centrifuged at 10,000 ⫻ g for 5 min. The supernatant
was then mixed with 5 volumes of dilution buffer.
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Multibead assay. Fifty microliters of the latex bead mixture prepared as
described above was added to the well of a U-bottomed 96-well microplate
(Nalge Nunc International, Rochester, N.Y.). The beads were pelleted by centrifugation. To each pellet was added 30 l of diluted bacterial culture lysate
followed by 30 l of rabbit antiserum Pool PT. The antiserum Pool PT was
prepared by mixing equal volumes of rabbit pneumococcal antiserum pools P, Q,
R, S, and T from Statens Seruminstitut (Copenhagen, Denmark). Before use,
Pool PT was diluted 200-fold with dilution buffer containing 40 g of pneumococcal cell wall PS per ml. After a 30-min incubation at room temperature, the
beads were washed once by centrifugation and mixed with 60 l of fluoresceinconjugated goat anti-rabbit immunoglobulin M (IgM) and IgG (Southern Biotechnology Associates, Birmingham, Ala.) diluted 50-fold in dilution buffer.
After a 30-min incubation at room temperature, the beads were washed, resuspended in PBS containing 0.1% Tween 20, and analyzed in a flow cytometer

(FACSCalibur; Becton Dickinson, San Jose, Calif.) by measuring forward scatter
(size), red fluorescence by DiD oil, and green fluorescence by fluorescein isothiocyanate. The data were analyzed with CellQuest software (Becton Dickinson).
Analysis of serotype specificity of the multibead assay. To assess the specificity
of the multibead assay, a mouse monoclonal anti-6B antibody (Hyp6BM9) was
examined in two different assay formats. First, its performance was studied in the
multibead assay format with some modification. Instead of Pool PT, hybridoma
supernatants of Hyp6BM9 were added to beads in the presence of various
concentrations of 6A or 6B PS. Also, in place of fluorescent anti-rabbit antibody,
fluorescein-conjugated anti-mouse immunoglobulins (Southern Biotechnology
Associates) were used. Geometric mean values of green fluorescence of 6Bcoated beads were used to calculate the percent inhibition of antibody bound. In
the second assay, the ability of the Hyp6BM9 hybridoma antibody to bind 6A or
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FIG. 1. Fluorescence analysis. (A) Red fluorescence and forward scatter of 15 different types of beads. (B) Histograms of green fluorescence for two types of beads.
The shaded areas are histograms before inhibition; the open areas are histograms after inhibition. (C) The left panel shows that Hyp6BM9 can bind to 6A and 6B
immobilized on the microtiter plate surface. The right panel shows inhibition of binding of Hyp6BM9 to 6B-coated latex particles in the presence of 6B PS or 6A PS
in solution.
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TABLE 1. Serotyping results of 86 pneumococcal isolates
with multibead assay
Serotype

Assigned

2
4
6
2
10
(7 ⫺ 1)
(3 ⫺ 1)
2
3
8
(5 ⫺ 1)
5
(4 ⫹ 1)
3
3
(19 ⫹ 2)

Multibead assay

2
4
6
2
10
6
2
2
3
8
4
5
5
3
3
21

a
The numbers in parentheses reflect the adjustment in assignment that took
place after the Quellung reaction, which was reperformed to address inconsistencies with the multibead assay results. For instance, seven isolates were originally labeled to be 6B. However, a repeat Quellung assay showed one isolate to
have a different serotype. Thus, only six isolates were truly 6B.

6B PS immobilized on the plastic surface was measured using a sandwich-type
assay described before (13). Briefly, a serial dilution of the Hyp6BM9 antibody
was added to microplate wells coated with 10 g of 6A or 6B PS per ml. The wells
were washed. Antibody bound to the wells was detected by alkaline phosphataseconjugated anti-mouse IgM (Sigma) and p-nitrophenyl phosphate substrate.

RESULTS AND DISCUSSION
Development of the assay system. All assay parameters were
optimized empirically in preliminary studies. By testing various
concentrations of the Did oil and beads of different sizes, we
produced 15 types of beads that were clearly distinguished
from each other by flow cytometry, using their forward scatter
and red fluorescence (Fig. 1A). Subsequently, each bead was
coated with 1 of the 15 pneumococcal PS serotypes. When the
assay was performed with the mixture of the 15 beads, greenfluorescence histograms for the 15 serotypes could be readily
obtained by gating on individual beads in the plot of the forward scatter and red fluorescence (Fig. 1B). When there was a
serotypic match between a pneumococcal isolate and a latex
bead, the green fluorescence of that specific bead type was
markedly reduced (Fig. 1B). In all cases we have tested so far,
there was a decrease (⬎90%) in green fluorescence in only one
bead type and no decrease (⬍10%) in any of the other bead
types. Seventy percent inhibition was used as the cutoff. The
assay thus permits a unique, unambiguous positive or negative
assignment for each of the 15 serotypes.
Increased assay specificity. Our test panel contained pneumococci expressing several closely related serotypes (e.g., 6A
versus 6B or 19A versus 19F). Initial studies unexpectedly
suggested that our multibead assay was able to distinguish
these serotypes (data not shown) even though the rabbit serum
used for the assay was not designed to distinguish them. To
confirm the increased specificity, Hyp6BM9 was tested for its
reactivity to 6A and 6B in two different formats of the assay.
This monoclonal antibody bound equally well to 6A and 6B
immobilized on the microplate surface (Fig. 1C). However, the
binding of Hyp6BM9 to 6B-coated beads was inhibited by 6B
PS but not by 6A PS (Fig. 1C). Our multibead assay therefore
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can be more specific than other types of assays even when the
same reagent is used.
Evaluation of the multibead assay. The performance of the
multibead assay was evaluated with a panel of 86 pneumococcal isolates of 26 serotypes (Table 1) common among clinical
isolates. Blind testing of the 86 isolates correctly identified the
serotypes of 83 of 86. When the three strains in question were
checked by the Quellung test again, the new results agreed with
the multibead assay results in all three cases. While it should be
evaluated with additional samples in the future, our new
method appears to have correctly identified the serotypes of
the 86 isolates with 100% sensitivity and specificity. Since our
multibead assay can identify all the serotypes included in the
11-valent conjugate vaccines currently under investigation, it
should be useful for assessing their efficacy without any further
modifications.
Because of the clinical importance, various methods of serotyping pneumococci have been developed, which include the
Quellung test (4), fluorescent antibody technique (14), capillary precipitin test, counterimmunoelectrophoresis (5), latex
agglutination (7), coagglutination (11), and dot blot assay (2).
Also, the use of serum pools has reduced the number of tests
and reagents needed to characterize a clinical isolate (12). The
multibead assay compares favorably to all these methods in
terms of assay speed, reliability, specificity, and consumption of
antisera. For instance, the Quellung test, still the reference
method for serotyping pneumococci, requires a substantial
amount of antisera, labor, and time. Agglutination and dot blot
assay are popular since they are relatively simple and reliable
and require small amounts of antisera. But they still require
testing each pneumococcal isolate at multiple stages to minimize the amount of work and number of reagents. In contrast,
the multibead assay is simple and rapid, and all the tests necessary for an isolate can be performed at one time, not at
multiple stages. The one disadvantage of the multibead
method, however, is the requirement for a flow cytometer.
In addition to serotyping pneumococci, this multibead assay
should be useful for many analytical situations. More than 15
lysates could be analyzed simultaneously because the additional beads could be labeled with additional markers. Indeed,
since Horan and Wheeless first described this analytical technology in the late 1970s (6), there have been gradual improvements. Up to 50 to 100 analytes can be measured in some
commercial systems (3). While we used it to obtain qualitative
information, the method may be able to quantitatively measure
levels of antibodies to the different PSs or PS quantity in
lysates. This assay system would drastically reduce the volume
of samples needed and would be extremely useful in the analysis of sera from young children. For instance, with this
method, the level in serum of antibodies to all pneumococcal
serotypes included in the pneumococcal vaccines could be determined simultaneously.
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