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Screening of 1,750 pneumococcal isolates for common serotypes by PCR was followed by Quellung reaction analysis of PCR-
negative isolates with a comparison to the conventional (Quellung reaction only) approach. PCR agreed with Quellung reaction
results for 99% of isolates. The sequential PCR/Quellung reaction algorithm is accurate and more cost-effective than the conven-
tional approach.

Streptococcus pneumoniae is a common cause of meningitis and
pneumonia. The morbidity and mortality associated with in-

vasive pneumococcal disease may be prevented by vaccination (1).
Accurate pathogen serotyping provides important epidemiologic
information to guide vaccine composition. The relative increase
in nonvaccine serotypes since the introduction of the heptavalent
pneumococcal conjugate vaccine underscores the need for ongo-
ing surveillance (2–5). The Quellung reaction is the gold standard
for distinguishing among the 93 known pneumococcal serotypes.
Serotyping with the Quellung reaction is labor-intensive, requires
expensive reagents, and can be difficult to interpret.

An alternative to the Quellung reaction is serotype determina-
tion using a PCR approach targeting polysaccharide capsule syn-
thesis genes at the cps locus (6–8). The Centers for Disease Control
and Prevention (CDC) has developed a multiplex PCR protocol
with sequential reactions to determine serotypes for large collec-
tions of pneumococcal isolates causing invasive disease (6). The
CDC approach targets short sequences of the cps locus that dis-
criminate between serotypes, and primers have been adjusted over
time to optimize specificity (6, 9).

The purpose of this study was to evaluate the utility of PCR-
based serotyping as part of a longitudinal pneumococcal surveil-
lance program in the United States with centralized laboratory
testing (10–12). A sequential PCR/Quellung reaction serotyping
algorithm was employed with initial detection of common sero-
types by one multiplex PCR followed by Quellung reaction anal-
ysis to assign remaining serotypes. The serotypes chosen for the
multiplex reaction reflected the predominant serotypes among
invasive and noninvasive isolates in the United States tested dur-
ing the prior surveillance period. The accuracy and workflow of
the algorithm were compared to those of serotype determination
using the Quellung reaction only.

(This work was presented in part at the 112th General Meeting
of the American Society for Microbiology, San Francisco, CA, 17
June 2012 [13].)

Serotyping by the Quellung reaction using antisera from the
Statens Serum Institut (Copenhagen, Denmark) was performed
on a collection of 1,750 pneumococcal isolates obtained from dif-
ferent patients in 43 U.S. medical centers during October 2010
through March 2011 (11, 12). The isolate specimen sources rep-
resented invasive and noninvasive infections (lower respiratory
tract [48%], blood [24%], sinus [8%], middle ear fluid [6%], ce-
rebrospinal fluid [1%], and other or unknown [12%]). The sero-

types were compared to those determined using the following se-
quential algorithm.

First, all isolates were screened by multiplex PCR using 5
primer sets, each targeting one of the common serotypes (3, 6A/
B/C/D, 7F, 19A, and 22F/22A) and electrophoresis detection
methods adapted from the CDC Streptococcus laboratory (http:
//www.cdc.gov/ncidod/biotech/strep/pcr.htm). This approach
requires that the product sizes included in the multiplex reaction
are different enough to be easily distinguished. A 1.0 McFarland
suspension in 250 �l of Tris-EDTA (TE) buffer was prepared us-
ing pneumococcal growth from Trypticase soy agar with 5% sheep
blood after 24 h of incubation in 5% CO2 at 37°C. After being
heated at 100°C for 5 min, the suspension was immediately frozen
for 5 min at �20°C and then stored at this temperature until ready
to use.

PCR was performed on batches of 96 isolates by using previ-
ously published primer sequences (6). A 2.5-�l aliquot of ex-
tracted DNA was added to 22.5 �l of master mix (2.5 �l of 25 mM
MgCl2 [Applied Biosystems], 2 �l of 10 mM deoxynucleoside
triphosphate mix [Invitrogen], 2.5 �l of 10� Taq buffer [New
England BioLabs], 0.5 �l [2.0 U] of Taq DNA polymerase [New
England BioLabs], and 1.5 �l of each primer in the following
concentrations: 8.3 �M 6A/B/C/D-f, 8.3 �M 6A/B/C/D-r, 25 �M
3-f, 25 �M 3-r, 33 �M 7F-f, 33 �M 7F-r, 25 �M 22F/22A-f, 25 �M
22F/22A-r, 16.6 �M 19A-f, and 16.6 �M 19A-r). Running condi-
tions were 94°C for 4 min, 30 cycles of 94°C for 45 s, 54°C for 45 s,
and 65°C for 2 min 30 s. After PCR, the products were detected by
electrophoresis on 2% agarose gels run at 100 V for 120 min. After
staining of gels with ethidium bromide, serotypes were deter-
mined by comparison with positive controls and a standard ladder
included on each gel (Fig. 1).

The PCR-negative isolates were then analyzed by the Quellung
method for assignment to one of the 93 serotypes. The Quellung
reaction was also used to further assign isolates identified by PCR
as serogroup 6 to serotype 6A, 6B, 6C, or 6D. The algorithm results
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were compared to those of the conventional approach (serotyping
of all isolates using the Quellung reaction). Isolates with discor-
dant serotyping results were analyzed a second time by PCR and
Quellung reaction. Reagent and labor costs were determined for
both methods.

The PCR result agreed with the Quellung reaction result for
1,733 isolates (99%). The serotype (or serogroup) for 850 of the
1,750 isolates (48.6%) was included in the multiplex PCR (19A,
n � 350, 20%; 6, n � 167, 9.5%; 3, n � 163, 9.3%; 7F, n � 86,
4.9%; 22F, n � 84, 4.8%). Although primers for 22F also target
22A, no isolates with the latter serotype were detected by the Quel-
lung reaction. To address changes in serotype distribution ob-
served in 2010-2011 (12), primers for serotype 22F/22A (643-bp
product) will be replaced with those targeting the more prevalent
serotype 35B (n � 123; 677-bp product) when the next group of
surveillance isolates are analyzed.

The 17 isolates with discordant PCR and Quellung reaction
results (1%) are described in Table 1. For four isolates (isolates 8,
9, 10, and 17), repeat PCR provided the same result but the repeat
Quellung reaction result was different and concordant with PCR.
This suggests an error in the initial Quellung reaction observation.
Repeat PCR on seven isolates (isolates 6, 7, 11 to 14, and 16)
changed to a result that was concordant with the initial and repeat
Quellung reaction observations. Review of the initial gels did not
reveal any errors in PCR interpretation. Technical error in label-
ing specimens is the likely explanation for the seven initial discor-
dant PCR results and the one isolate (isolate 15) for which both

PCR and Quellung reaction results changed. Encouraging tech-
nologists to double-check labels and recorded results or a second
observer of Quellung reactions may help to prevent these errors.

It is difficult to explain the reason for the five persistent discor-
dant results. The two serotype 3 isolates with no PCR may repre-
sent strains with variations in the cps locus preventing amplifica-
tion with the primers used. The other three isolates, with
reproducible 19A PCR results (nontypeable, 16F, and 19F), may
represent unusual strains that have cps loci resembling that of 19A.
The 19A primers used in the current study target the mnaA gene,
and a false-positive result for a 19F isolate (strain 2584-08) with a
rare 19A-like cps locus has been reported by Pimenta et al. (9).
New 19A primers targeting the wzy gene also gave false-positive
results for the same 2584-08 (19F) isolate and led to redesign of
primers to improve specificity for the serotype 19A wzy gene (9).
Additional quality control measures, such as confirming serotype
19A PCR results with the Quellung reaction, could eliminate the
primer specificity issues but would decrease the labor savings as-
sociated with the PCR serotyping approach.

A strength of this study is the large number of isolates tested
from diverse geographic regions of the United States. This study
confirms the reliability of the PCR approach to serotyping with
contemporary clinical isolates of pneumococci from noninvasive
as well as invasive sources. Clinicians may request serotyping of a
pneumococcal isolate in order to assess for vaccine failure or to
understand the epidemiology of disease. This study is an example
of an approach that clinical laboratories may want to consider
adopting with a single multiplex PCR to detect the most common
serotypes and referral of negative isolates to a reference laboratory.

Testing of 1,750 isolates by using the Quellung reaction ap-
proach required 466 h of labor and $12,000 in reagents. The PCR/
Quellung sequential approach (Quellung reaction testing needed
for only the 900 PCR-negative and 167 serogroup 6 isolates) re-
quired 174 h of labor and $6,100 in reagents. The sequential PCR/
Quellung algorithm required 292 fewer hours of technologist
time, with a material cost savings of $5,900.

FIG 1 The leftmost five lanes show band sizes expected for (from left to right)
serotype 6A/B/C/D (250 bp), 3 (371 bp), 19A (478 bp), 22F/22A (643 bp), and
7F (826 bp) isolates (6). The rightmost lane is a standard ladder, and the values
shown to the right are in bp. The band at the bottom of each lane represents
unused primers.

TABLE 1 Discrepancy analysis of isolates with discordant PCR and
Quellung reaction results

Isolate

Serogroup/serotype

Initial result Repeat result

Quellung PCRa Quellung PCRa

1 3 No reaction 3 No reaction
2 3 No reaction 3 No reaction
3 22F 19A Nontypeable 19A
4 16F 19A 16F 19A
5 19F 19A 19F 19A
6 19A 3 19A 19A
7 19A 3 19A 19A
8 Nontypeable 19A 19A 19A
9 22F 19A 19A 19A
10 Nontypeable 6 6C 6
11 15C 19A 15C No reaction
12 15B 19A 15B No reaction
13 15B 3 15B No reaction
14 31 7F 31 No reaction
15 7F 22 10A No reaction
16 22F No reaction 22F 22
17 Nontypeable 22 22F 22
a Multiplex PCR detects serogroups 6 and 22 and serotypes 3, 7F, and 19A.
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In conclusion, this study showed that detecting the most com-
mon pneumococcal serotypes by a multiplex PCR and then char-
acterizing the remaining isolates with the Quellung method is a
highly accurate method. The sequential PCR/Quellung algorithm
offers substantial cost savings in comparison to a conventional
antiserum approach when serotyping large collections of contem-
porary isolates.
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