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Table 2 Summary ofPCR results

Results ofPCR with different primer combinations
Penicillin Number
MIC (mgll) of isolates Combination 1 Combination 2 Combinations 1 and 2

<0.06 116 116 110 108
0.125-1 65 10 4 2
>2 49 0 0 0

Combination 1 = 2b, + 2b4, SPI + SP,; combination 2 = 2x, + 2x,, SP, + SP,.

DETECTION OF THE PENICILLIN RESISTANT

GENOTYPE USING PRIMERS FROM THE PBP 1 a

GENE

The PCR using primers designed to detect the
PBP 1 a gene of PRSP (fig 1 C) amplified DNA
from 72 (63%) of the 114 PRSP isolates. These
72 isolates include 56 (86%) of the 65 PRSP
isolates from the UK and 16 (33%) of the 49
PRSP isolates from countries other than the
UK. None of the 116 PSSP isolates gave an

amplification product. The results ofPCR with
different sets of primers are shown in table 2.

DIAGNOSTIC CRITERIA FOR THE DETECTION OF

PENICILLIN SUSCEPTIBILITY OF SP USING PCR

Isolates were classified as follows: penicillin
susceptible if amplification products were pro-
duced with both the 2b and 2x primer sets;
unconfirmed if amplification products were

produced with one of the primer sets; and
resistant if no amplification products were pro-

duced with any of the primer sets. According to
these criteria, 108 (93%) of the 116 SP isolates
with a MIC of penicillin of <0.06 mg/l and two
isolates with a MIC of 0.125 mg/l were identi-
fied as susceptible to penicillin. Fifty five (85%)
of the 65 isolates with a MIC of penicillin
between 0.125 and 1 mg/l, and all 49 isolates
with a MIC .2 mg/l were identified as penicil-
lin resistant. The penicillin susceptibility of 16
isolates (eight with a MIC <0.06 mg/l and
eight with a MIC between 0.125 and 1 mg/l)
could not be identified using PCR. The PCR
using primers derived from the PBP la gene
was excluded from the diagnostic criteria
because of its poor sensitivity for the detection
of the penicillin resistant genotype of SP
isolates. The sensitivity of this assay for the
detection of the penicillin susceptible or resist-
ant genotypes varies with the country of origin
of the isolates, detecting 157 (98.7%) of the
159 SP isolates from the UK, 38 (88.3%) of the
43 from the USA, six (60%) of the 10 from
Kenya, eight (53.3%) of the 15 from Romania,
and all three (100%) from the KSA.

Discussion
Early detection of infection with the PRSP is
essential both to ensure effective treatment and
early implementation of measures for the
prevention of secondary cases. Methods of
detection based on culture take several days
and have poor sensitivity in patients treated
with antibiotics. Diagnosis of pneumococcal
infections by antigen detection in clinical sam-

ples is rapid but this approach lacks sensitivity
as well as specificity.38 A number of reports
have described the identification of SP DNA in
clinical samples using PCR,5-3' and have high-
lighted the advantages of PCR compared with
traditional culture methods. These include a

more rapid diagnosis, combined with high sen-
sitivity and specificity, and the potential for use
in diagnosis of the pneumococcal infections in
patients pre-treated with antibiotics.
Mosaic PBP 2b, 2x, and la genes alone are

sufficient to attain high level penicillin resist-
ance in SP."9 Nucleotide sequences of PBP 2x,
2b, and 1 a genes vary considerably among
strains of PSSP and PRSP. The precise role of
this sequence variation in development of
penicillin resistance is not clear, but this study
and recent work of Ubukata et ar3 show that
some of these differential nucleotide sequences
can act as markers for penicillin susceptibility.
We chose to use negative PCR amplification to
indicate penicillin resistance due to the absence
of a single, specific determinant of penicillin
resistance in SP, as in the study by Ubukata et
al." The sensitivity of their assay for determin-
ing penicillin susceptibility of SP was 72.1%,
when the target of PCR was class A and B
mutations of the PRSP PBP 2b gene compared
with 98.9% when the PSSP PBP 2b gene was
amplified. Targeting more than one PBP gene
of PSSP increased the specificity of this
technique. We propose that PCR could be
extremely useful in the early identification of
penicillin resistance in a sample or isolate, ifthe
PBP 2b and 2x primer sets fail to give a prod-
uct but the pneumolysin gene is amplified.
Although two isolates with a MIC of 0.125 mg/l
were identified as penicillin susceptible, none of
the highly resistant (MIC <2 mg/l) isolates were
classified as penicillin susceptible using PCR.
The primers designed to amplify PSSP PBP

2x and 2b genes distinguished between PSSP
and PRSP strains from a number of countries
with variable success. Differences in the detec-
tion of the penicillin susceptible genotype from
different geographical regions is presumably
because of small clonal variations which do not
alter the affinity of PBP to penicillin but affect
the annealing of the primers used in this study
to their targets. A search for new primers based
on variations of PBP genes in countries other
than the UK is under way to improve the sen-
sitivity of this assay for these countries. As the
number of isolates of SP from countries other
than the UK was small, we have not attempted
to compare the sensitivity of this method for
determination of SP penicillin susceptibility
from different countries. The primers designed
to amplify the PRSP PBP la gene were highly
specific but lacked sensitivity, and were ex-
cluded from the diagnostic criteria. The sensi-
tivity of the PBP la primer set was far higher
for SP isolates from the UK (86%) compared
with isolates from other parts of the world
(33%). This is probably because of a dominant
clone or few related clones with little variation
in the PRSP PBP la gene in the UK. The sen-
sitivity of PCR for determination of penicillin
susceptibility of SP was low (85%) for
intermediately resistant strains compared with
PSSP (93%) and highly resistant SP strains
(100%). Acquisition of resistance in SP is a
stepwise process. The PBP genes ofPSSP have
very few mutations, whereas the PBP genes of
highly resistant SP have a large number of
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23-25mutations, with intermediately resistant SP
falling somewhere in between. It is, therefore,
not surprising that this study was more
successful in determining the penicillin suscep-
tibility of PSSP and highly resistant SP rather
than intermediately resistant SP. However,
using this PCR method, we were unable to dif-
ferentiate between moderately and highly
resistant SP. We intend to design more sensitive
primers for the PBP la gene of PSSP and extra
primers for additional PBP genes in an attempt
to differentiate between moderately and highly
resistant strains of SP.

In conclusion, the assay described here is
simple, reproducible, sensitive, and rapid. The
penicillin susceptibility of primary culture iso-
lates of SP can be determined within six hours
and requires just two PCR assays under the
same amplification conditions using 10-40
CFU DNA/reaction. We deliberately avoided
using nested PCR25 or probes2 28 30 to keep the
test simple and rapid, which are important
considerations if the test is to be applied in
clinical practice. By use of the hot start method
and freshly prepared DNA from overnight
bacterial growth, DNA degradation or con-
taminination were not detected by gel electro-
phoresis. Each PCR assay on each isolate of SP
was repeated three times to test the
reproducibility of the method. Equivocal re-
sults were unusual and were generally associ-
ated with degradation of DNA following
storage. As results were completely reproduc-
ible, one series of amplification is thought to be
sufficient for determination of penicillin sus-
ceptibility of SP. The primers used in this study
were highly specific for pneumococci, the
transfer of PBP gene sequences among SP and
the related viridans group of streptococci is
well characterised, but we did not observe any
cross reaction in this study. The multiplex PCR
format could be used to determine the penicil-
lin susceptibility of SP in clinical samples from
sterile sites, such as blood or cerebrospinal
fluid, in addition to primary culture isolates.
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