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A B S T R A C T

The S. PneumoStrip test is a recently developed reverse hybridization strip-based commercial assay that allows
for the identification of 76 pneumococcal serotypes, 42 individually and 34 in pairs, according to their specific
gene sequences. The test was validated with reference strains of 92 different pneumococcal serotypes and with a
selection of 75 clinical isolates representing 55 serotypes, showing 100% sensitivity and specificity. The test was
also applied to 64 pneumococcal invasive isolates (23 different serotypes) consecutively collected between June
2016 and March 2017, with 60 (93.8%) being serotyped. Four isolates belonging to serotypes 13, 29, and 35B (2
isolates), which are not included in the test, did not produce a hybridization signal with serotype specific probes.
The identification of most serotypes causing invasive pneumococcal disease together with the simplicity of
performance and results interpretation, and the use of routine laboratory equipment make this test very suitable
for most clinical and research laboratories.

1. Introduction

Streptococcus pneumoniae (pneumococcus) is a human pathogen that
frequently causes respiratory diseases such as community acquired
pneumonia or otitis media, and less frequently invasive disease as
meningitis or bacteremia (Centers for Disease Control and Prevention,
n.d.). The external polysaccharide capsule constitutes the pneumo-
coccal major virulence factor, being a highly immunogenic component
(Griffith, 1928). Pneumococcal capsule is composed of complex poly-
saccharides (Kamerling, 2000) and more than 90 different capsular
polysaccharide types (serotypes) have been described to date according
to their reaction with specific antisera in the Quellung reaction.

Pneumococcal conjugate vaccines (PCV) commercialized since 2000
contain the polysaccharides of the serotypes most frequently causing
invasive pneumococcal disease (IPD) in children, as the polysaccharide
of all serotypes cannot be included in a unique vaccine. Although PCV
have been very successful decreasing the incidence of IPD due to vac-
cine serotypes in vaccinated and unvaccinated populations due to herd
protection, a replacement of serotypes causing disease has been ob-
served (Flasche et al., 2011; Weinberger et al., 2011; Weil-Olivier et al.,
2012). This serotype replacement necessitates continuous surveillance
of serotypes responsible for IPD, not only to monitor the replacement

events but to determine current vaccines´ efficacy, to design future
vaccines and to control the possible emergence of particularly virulent
serotypes. To achieve this goal, robust capsular typing tools capable of
determining a wide range of serotypes in an easy way are needed.
Ideally, these tools should be quick and simple and with a high sensi-
tivity and specificity in order to be implemented in the daily work of
clinical laboratories.

Genes for pneumococcal capsular synthesis are located in the cap-
sular polysaccharide synthesis (cps) locus, which shows enough genetic
divergence between serotypes to enable the determination of serotypes
on the basis of molecular techniques (Kong et al., 2005; Tarragó et al.,
2008; Tomita et al., 2011; Leung et al., 2012; Marimón et al., 2016). In
general, a very good agreement between results obtained by molecular
methods and the Quellung reaction has been demonstrated. Of the
molecular techniques described, multiplex-PCR is one of the most
simple and frequently used, identifying different number of serotypes
on the basis of the different length of the amplicons obtained (Marimón
et al., 2016; Brito et al., 2003; Pai et al., 2006; Coskun-Ari et al., 2012;
Richter et al., 2013). However, the different multiplex-PCR designed
showed the same problem that the similarity of capsular genes between
related serotypes gave amplification products of the same length,
making impossible to identify individually some serotypes. Amplicon
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hybridization with serotype-specific probes could distinguish between
amplicons of the same size but with different sequences without the
need of using more sophisticated techniques as sequencing. The ob-
jective of this work was to develop and assess the performance of the “S.
PneumoStrip test”, a commercial strip reverse-hybridization assay for
easy and robust pneumococcal typing from culture, based on multiplex-
PCR followed by semi-automated strip hybridization.

2. Materials and methods

The commercially available “S. PneumoStrip test” (OPERON S.A.,
Zaragoza, Spain) is a reverse-hybridization based technique that allows
for the identification of pneumococcal serotypes according to their
specific cps gene cluster sequences. The design of the primers and
probes of the different serotypes included in the test was based on the
sequences of the genes encoding the pneumococcal capsule (the cps

gene cluster) by the Sanger Institute (Bentley et al., 2006) and hosted at
the NCBI webpage accession numbers from CR931632 (serotype 1) to
CR931722 (serotype 48). The identification of serotypes 6C and 6D was
based on the sequence of the wciN gene (Park et al., 2007).The design of
the primers and probes was performed by Operon S.A. (Zaragoza,
Spain) and are protected for commercial purposes. All Quellung reac-
tions were performed at the Microbiology Department of University
Hospital Donostia (UHD) using polyclonal rabbit antisera form the
Statens Serum Institute (SSI, Copenhagen, Denmark).

2.1. S. PneumoStrip procedure

The procedure for the S. PneumoStrip test comprises three steps:
DNA extraction, amplification by multiplex-PCR and strip reverse-hy-
bridization. Briefly, DNA was extracted by boiling for 15 min a sus-
pension of approximately 5 separated colonies in 100 μl of distilled
water. After centrifugation at 12,000 rpm for 2 min, 5 μl of the super-
natant were used in the PCR. Target amplification was performed by a
multiplex-PCR containing the 43 pair of primers for the 76 serotypes
and 3 identification genes in a unique reaction tube using a conven-
tional thermocycler (Applied Biosystems) and the following conditions:
denaturation step of 5 min at 96 °C, 40 cycles of 15 s at 96 °C, 1 min at
58 °C and 30 s at 72 °C and a final extension step of 10 min at 72 °C.
Denatured amplicons were subjected to reverse hybridization using
nylon strips with the serotype-specific probes immobilized in specific
positions and an automated procedure on an Auto-LIPA 48 instrument
(Innogenetics N.V., Gent, Belgium).

The S. PneumoStrip test contains three strips for each sample named
A, B and C, each one containing a development control line and probes
for controls, serogroups and/or serotypes. Strip A was designed to
contain the serotypes included in the PCV13; strip B to contain ser-
otypes included in the 23-valent pneumococcal polysaccharide vaccine
(PPV23) and strip C to contain the serotypes more commonly causing
invasive disease in our region (Gipuzkoa, northern Spain) during 2015
and 2016. Besides the specific lines for serotype identifications
(Table 1), strips A and C included a lytA (autolysin gene) probe line to
identify pneumococci. Strip A also included a cpsA probe line, in-
dicating whether the isolate is a capsulated or unencapsulated pneu-
mococcus, except for serotypes 25F, 25A and 38 that have an altered
cpsA gene (Leung et al., 2012). Strip B also included a ply (pneumolysin
gene) probe line to confirm the identification of the isolate as S. pneu-
moniae.

Table 1
Distribution of controls and serotypes or serogroups in the three strips of the S.
PneumoStrip test.

Line Strip A Strip B Strip C

control Color development Color development Color development
control lytAa plyb lytAa

control cpsAc

1 1 2 7B
2 3 8 7C/40
3 4 9L/9N 15A
4 5 10A 15F
5 6A 10B 16F
6 6B 10F/10C 19B/19C
7 6C 11A/11D 21
8 6D 11B 25F/25A
9 7F/7A 11C 38
10 9A/9V 11F 24A
11 14 12A/46 24B/24F
12 18A 12B/44 31
13 18B/18C 12F 32F/32A
14 18F 15B/15C 33B/33D
15 19A 17F 33C
16 19F 20 35A
17 23A 22F/22A 35C
18 23B 33F/33A 35F
19 23F 37 47F
20 41A
21 41F

a lytA: Streptococcus pneumoniae autolysin gene.
b ply: Streptococcus pneumoniae pneumolysin gene.
c cpsA: capsular gene.

Fig. 1. Results and interpretation of the serotyping of three Streptococcus pneumoniae isolates serotypes 6C, 20, and 31 using the S. PneumoStrip test. For serotype 6C, the results of strips
A, B, and C are shown. For serotypes 20 and 31, only the results of the strips showing hybridization with the corresponding serotype band, strips B and C respectively, is shown.
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2.2. Validation of S. PneumoStrip test

The initial validation study was performed using reference isolates
of the 76 S. pneumoniae serotypes included in the S. PneumoStrip and of

another 16 serotypes not included, to confirm the specificity of the
assay with the 92 serotypes for which currently there are specific an-
tisera available at the SSI. Reference isolates included isolates from the
SSI (n= 42), or from the Centers for Disease Control and Prevention,
CDC, Atlanta, GA, USA (n = 13), from the American Type Culture
Collection, Manassas, VA, USA (n = 8), or invasive clinical isolates
from the collection at UHD (Marimón et al., 2016) previously char-
acterized and serotyped by the Quellung reaction (n = 29). To check
the specificity of the lytA, ply and cpsA genes included in the strips as
amplification controls, the S. PneumoStrip test was also tested with a
set of 12 viridans group streptococci clinical isolates collected at UHD
including two isolates each of Streptococcus mitis, Streptococcus oralis,
Streptococcus sanguinis, Streptococcus pseudopneumoniae, Streptococcus
salivarius and Streptococcus anginosus.

A second validation was performed with 75 selected clinical iso-
lates, 46 from invasive and 29 from non-invasive pneumococcal dis-
eases (including 3 unencapsulated isolates from patients with con-
junctivitis) representing 55 different serotypes previously confirmed by
the Quellung reaction, the maximum number of different serotypes
available in the S. pneumoniae clinical isolates collection from the
Microbiology Department at UHD.

A third study was performed prospectively testing 64 non-selected
invasive isolates consecutively collected from blood cultures at the
Microbiology Department at UHD between June 2016 and March 2017.
S. PneumoStrip test results of this prospective study were also con-
firmed by the Quellung reaction.

3. Results and discussion

The S. PneumoStrip test is based on the reverse-hybridization
technique that allows for the identification of 76 pneumococcal ser-
otypes according to their cps locus sequences. The test recognizes 42
serotypes individually and another 34 serotypes in pairs, 28 of the same
serogroup, as serotypes 7F/7A in strip A, and 6 of different serogroups,
as serotypes 7C/40 in strip C.

In this study a total of 231 pneumococcal isolates were analyzed: 92
reference strains, each of different serotype, and 139 clinical isolates.
The reference strains of the 92 different serotypes gave the expected
results (Fig. 1) while the 12 viridans group streptococci did not hy-
bridize to the ply, lytA and cps control genes, except for one S. mitis
isolate, which hybridized to the lytA probe. The presence of the lytA
gene in isolates from nonpneumococcal species of the Streptococcus mitis
group is not uncommon (Obregón et al., 2002).

The 139 selected and non-selected clinical isolates represented 57
serotypes (136 isolates) and 3 unencapsulated isolates (Table 2) and all
of them gave the expected results on the strips except one isolate of
serotype 48 that showed a light hybridization in the band of ser-
otype11F.

Of note, the three unencapsulated isolates hybridized to the lytA and
ply probes, but neither to the cpsA nor any of the serotype specific
probes. Similarly, serotypes 25A, 25F and 38 did not hybridize to the
cpsA probe as it is known that these serotypes have mutations and de-
letions in the cpsA gene (Leung et al., 2012) but in contrast to un-
encapsulated isolates clearly hybridized to their corresponding serotype
band in lines 8 or 9 in strip C.

The 64 invasive isolates prospectively collected between June 2016
and March 2017 belonged to 22 different serotypes and only 4 (6.2%)
isolates belonging to serotypes 13, 29, 35B (2 isolates) could not be
serotyped with the strips as these serotypes are not yet included in the
test (Table 2). Nonetheless, this percentage of isolates serotyped might
vary between different regions according to different local serotype
frequencies.

Among the advantages of the S. PneumoStrip test are the use of
common laboratory devices (conventional PCR thermocycler and hy-
bridization device) and the easy, objective and recordable results as
compared with the Quellung reaction. The need of an automated

Table 2
Comparison of clinical isolates serotyped by the Quellung reaction and the S.
PneumoStrip test.

Serotype No. of selected
clinical isolates
(University Hospital
Donostia collection)

No. of unselected
invasive clinical
isolates prospectively
collected
(June 2016–March
2017)

Serotype by S.
PneumoStrip

1 2 1
2 1 2
3 5 9 3
4 1 1 4
5 1 5
6A 1 6A
6B 1 6B
6C 2 2 6C
7F 1 7F/A
7A 1 7F/A
8 1 7 8
9A 1 9A/V
9L 1 9N/L
9N 1 9N/L
9V 1 1 9A/V
10F 1 10F/C
10A 1 4 10A
10B 1 10B
11A 1 7 11A/D
11D 1 11A/D
12F 1 4 12F
12A 1 12A/46
13a 1 None
14 1 2 14
15A 3 15A/F
15B 1 3 15B/C
15C 1 15B/C
16F 3 16F
17F 4 17F
17Aa 1 None
18A 1 18A
18B 1 18B/C
18C 1 1 18B/C
19F 1 1 19F
19A 2 2 19A
20 1 20
21 2 21
22F 1 8 22F/A
22A 1 22F/A
23F 1 23F
23A 2 23A
23B 1 1 23B
24F 1 4 24F/24B
24B 1 24F/24B
25F 1 25A/F
28Aa 1 None
29a 1 1 None
31 2 1 31
33A 1 33F/A
33F 1 33F/A
34a 1 None
35F 1 1 35F
35A 1 35A
35Ba 1 2 None
37 1 37
38 1 38
48a 1 None
Unencapsulated 3 Noneb

Total isolates 75 64

a Serotypes not included in the S. PneumoStrip test.
b Hybridization observed in lytA and ply control bands, absent in cpsA control band and

any specific serotype band.
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hybridization device could be regarded as a problem but the reverse
hybridization can also be performed in manually operated incubators.

Nonetheless, the S. PneumoStrip test has some limitations. From a
technical point of view, some serotypes whose capsular genes are si-
milar, as with serotypes 15B and 15C, could not be differentiated by
means of this technique. However, due to the hybridization step, it is
possible to differentiate between serotypes not differentiable by only
PCR, as serotypes 12A, 12F, 44 and 46 generally identified together by
PCR (Marimón et al., 2016; Selva et al., 2012; Ziane et al., 2015). In
addition, there are at least another 16 serotypes that will have to be
included in a new strip to identify all distinct serotypes. Finally, we
have not tested the S. PneumoStrip directly on clinical samples to study,
in addition, the performance when more than one serotype is present as
it is frequently found in pneumococcal nasopharyngeal carriage studies
(Ercibengoa et al., 2012).

In conclusion, the validation result of a new commercial technique
for the identification of 76 pneumococcal serotypes is described. As
compared with the Quellung reaction, the sensitivity and specificity
were 100%, both with reference and clinical isolates and was able to
identify the serotypes of 93% of 64 recently and consecutively obtained
invasive clinical isolates. The reverse-hybridization S. PneumoStrip test
showed therefore to be a good and useful technique for the identifica-
tion of most S. pneumoniae serotypes. The minimum technical require-
ments for its performance and the simplicity of the interpretation of the
results make the S. PneumoStrip reverse-hybridization test a good
technique for clinical laboratories not familiar with pneumococcal
serotyping techniques.

Conflict of interest

The industrial and intellectual property rights of the S. PneumoStrip
test are shared by OPERON S.A., Zaragoza, Spain (Susan Gamen and
Ana Manrique) and the Biodonostia Health Research Institute (Jose
Maria Marimón, Maria Morales, Maria Ercibengoa and Gustavo Cilla).
The S. PneumoStrip test is manufactured and commercialized by
OPERON S.A.

Acknowledgments

This work was supported in part by a grant of the Spanish Ministry
of Science and Innovation (Institute of Health Carlos III, ISCIII; PI13/
01708).

References

Bentley, S.D., Aanensen, D.M., Mavroidi, A., Saunders, D., Rabbinowitsch, E., Collins, M.,
Donohoe, K., Harris, D., Murphy, L., Quail, M.A., Samuel, G., Skovsted, I.C., Kaltoft,

M.S., Barrell, B., Reeves, P.R., Parkhill, J., Spratt, B.G., 2006. Genetic analysis of the
capsular biosynthetic locus from all 90 pneumococcal serotypes. PLoS Genet. 2, e31.

Brito, D.A., Ramirez, M., de Lencastre, H., 2003. Serotyping Streptococcus pneumoniae by
multiplex PCR. J. Clin. Microbiol. 41, 2378–2384.

Centers for Disease Control and Prevention Epidemiology and prevention of vaccine-
preventable diseases. Pneumococcal disease (CDC). https://www.cdc.gov/vaccines/
pubs/pinkbook/pneumo.html.

Coskun-Ari, F.F., Guldemir, D., Durmaz, R., 2012. One-step multiplex PCR assay for de-
tecting Streptococcus pneumoniae serogroups/types covered by 13-valent pneumo-
coccal conjugate vaccine (PCV13). PLoS One 7, e50406.

Ercibengoa, M., Arostegi, N., Marimón, J.M., Alonso, M., Pérez-Trallero, E., 2012.
Dynamics of pneumococcal nasopharyngeal carriage in healthy children attending a
day care center in northern Spain. Influence of detection techniques on the results.
BMC Infect. Dis. 12, 69.

Flasche, S., Van Hoek, A.J., Sheasby, E., Waight, F., Andrews, N., Sheppard, C., George,
R., Miller, E., 2011. Effect of pneumococcal conjugate vaccination on serotype-spe-
cific carriage and invasive disease in England: a cross-sectional study. PLoS Med. 8,
e1001017.

Griffith, F., 1928. The significance of pneumococcal types. J. Hyg. (Lond). 27, 113–159.
Kamerling, J.P., 2000. Pneumococcal polysaccharides: a chemical view. Streptococcus

pneumoniae. In: Tomasz, A. (Ed.), Molecular Biology &Mechanisms of Disease. Mary
Ann Liebert, Inc., Larchmont, NY, pp. 81–114.

Kong, F., Wang, W., Tao, J., Wang, L., Wang, Q., Sabananthan, A., Gilber, G.L., 2005. A
molecular-capsular-type prediction system for 90 Streptococcus serotypes using par-
tial cpsA-cpsB sequencing and wzy-specific PCR. J. Med. Microbiol. 54, 351–356.

Leung, M.H., Bryson, K., Freystatter, K., Pichon, B., Edwards, G., Charalambous, B.M.,
Gillespie, S.H., 2012. Sequetyping: serotyping Streptococcus pneumoniae by a single
PCR sequencing strategy. J. Clin. Microbiol. 50, 2419–2427.

Marimón, J.M., Ercibengoa, M., Santacatterina, E., Alonso, M., Pérez-Trallero, E., 2016.
Single-step multiplex PCR assay for determining 92 pneumococcal serotypes. J. Clin.
Microbiol. 54, 2197–2200.

Obregón, V., García, P., García, E., Fenoll, A., López, R., García, J.L., 2002. Molecular
peculiarities of the lytA gene isolated from clinical pneumococcal strains that are bile
insoluble. J. Clin. Microbiol. 40, 2545–2554.

Pai, R., Gertz, R.E., Beall, B., 2006. Sequential multiplex PCR approach for determining
capsular serotypes of Streptococcus pneumoniae isolates. J. Clin. Microbiol. 44,
124–131.

Park, I.H., Park, S., Hollingshead, S.K., Nahm, M.H., 2007. Genetic basis for the new
pneumococcal serotype, 6C. Infect. Immun. 75, 4482–4489.

Richter, S.S., Heilmann, K.P., Dohrn, C.L., Riahi, F., Diekema, D.J., Doern, G.V., 2013.
Evaluation of pneumococcal serotyping by multiplex PCR and quellung reactions. J.
Clin. Microbiol. 51, 4193–4195.

Selva, L., del Amo, E., Brotons, P., Muñoz-Almagro, C., 2012. Rapid and easy identifi-
cation of capsular serotypes of Streptococcus pneumoniae by use of fragment analysis
by automated fluorescence-based capillary electrophoresis. J. Clin. Microbiol. 50,
3451–3457.

Tarragó, D., Fenoll, A., Sánchez-Tatay, D., Arroyo, L.A., Muñoz-Almagro, C., Esteva, C.,
Hausdorff, W.P., Casal, J., Obando, I., 2008. Identification of pneumococcal serotypes
from culture-negative clinical specimens by novel real-time PCR. Clin. Microbiol.
Infect. 14, 828–834.

Tomita, Y., Okamoto, A., Yamada, K., Yagi, T., Hasegawa, Y., Ohta, M., 2011. A new
microarray system to detect Streptococcus pneumoniae serotypes. J Biomed Biotechnol
2011, 352736.

Weil-Olivier, C., van der Linden, M., de Schutter, I., Dagan, R., Mantovani, L., 2012.
Prevention of pneumococcal diseases in the post-seven valent vaccine era: a European
perspective. BMC Infect. Dis. 12, 207.

Weinberger, D.M., Malley, R., Lipsitch, M., 2011. Serotype replacement in disease after
pneumococcal vaccination. Lancet 378, 1962–1973.

Ziane, H., Manageiro, V., Ferreira, E., Bektache, S., Tazir, M., Caniça, M., 2015. Capsular
typing of Streptococcus pneumoniae isolated in an Algerian hospital using a new
multiplex PCR-based scheme. J. Microbiol. Methods 119, 243–246.

J.M. Marimón et al. Journal of Microbiological Methods 143 (2017) 13–16

16


