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ABSTRACT
Introduction: Streptococcus pneumoniae is an important bacterial pathogen, causing
respiratory infection. Penicillin resistance in S. pneumoniae is associated with alterations in
the penicillin binding proteins, while resistance to macrolides is conferred either by the
modification of the ribosomal target site or efflux mechanism. This study aimed to characterize
S. pneumoniae and its antibiotic resistance genes using 2 sets of multiplex PCRs. Methods:
A quintuplex and triplex PCR was used to characterize the pbp1A, ermB, gyrA, ply, and the
mefE genes. Fifty-eight penicillin sensitive strains (PSSP), 36 penicillin intermediate strains
(PISP) and 26 penicillin resistance strains (PRSP) were used. Results: Alteration in pbp1A
was only observed in PISP and PRSP strains, while PCR amplification of the ermB or mefE
was observed only in strains with reduced susceptibility to erythromycin. The assay was found
to be sensitive as simulated blood cultures showed the lowest level of detection to be 10cfu.
Conclusions: As predicted, the assay was able to differentiate penicillin susceptible from the
non-susceptible strains based on the detection of the pbp1A gene, which correlated with the
MIC value of the strains.
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INTRODUCTION
Streptococcus pneumoniae is an important bacterial
pathogen and is a major causative agent of respiratory
infections. It also causes otitis media, pneumonia,
sinusitis, meningitis, and septicemia and is frequently
associated with significant morbidity and mortality [1].
During the early 1940’s, isolates of S.
pneumoniae were highly susceptible to penicillin,
which was the drug of choice for suspected
pneumococcal infections [2]. However, in the 1970’s,
penicillin-resistant
and
multidrug
resistant
pneumococcus was first reported in South Africa [3].
Since then, the rate of antibiotic resistance among
pneumococci isolates to various antimicrobial agents
has increased. S. pneumoniae resistance to penicillin is
due to the alteration of the penicillin binding proteins
(pbp1A, pbp2B, pbp2X), which reduces its binding
affinity to -lactams. Hence, cross resistance to other
-lactam drugs such as cephalosporins is not

uncommon. -lactam resistance in S. pneumoniae has
brought a need for alternative antibiotics such as
macrolides and fluoroquinolones. These are frequently
used as empirical therapy in respiratory tract infection,
which has resulted in increased prevalence of macrolide
resistant strains of S. pneumoniae.
Macrolide resistance in S. pneumoniae is a
result of modification of the ribosomal target site
adenine at position 2058 [4], as the A2058 nucleotide
has a key function in the binding of this antibiotic. This
modification results in a reduction of macrolide binding
affinity to its target or modification of the conformation
of binding site. This mechanism of resistance is
assigned by the determinant gene, ermB. Macrolides
resistance is also caused by another mechanism, which
is the efflux mechanism of the drug and assigned as
mefE.
Recently, strains of S. pneumoniae have
developed resistance to fluoroquinolones, which have a
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greater intrinsic activity against this organism. Previous
studies have shown that the fluoroquinolones target the
type II topoisomerase, DNA gyrase and topoisomerase
IV [5, 6]. Amino acid substitution within the Quinolone
Resistance Determining Region (QRDR) of these
enzymes has resulted in resistance to fluoroquinolones
in S. pneumoniae [6, 7].
The increase in incidence of multi-drug
resistance among S. pneumoniae necessitates a need for
a tool to identify the presence of these genes within the
strains in order to institute appropriate antimicrobial
therapy. In this study, we have used 2 sets of multiplex
PCRs (quintuplex and triplex PCR) assay to identify
and characterize the antibiotic resistance genes, ermB,
pbp1A, gyrA, mefE simultaneously with the S.
pneumoniae species specific pneumolysin gene and the
common eubacteria gene.
METHODS
Bacterial Strains
One hundred and twenty pneumococcal isolates were
obtained from clinical samples processed at the
Microbiology Laboratory of the University Malaya
Medical Centre, Malaysia from March 1999 to
December 2003. The isolates were obtained from both
pediatric and adult patients. The source of the isolates
included blood, nasopharyngeal secretion, tracheal
secretion, sputum and bronchoalveolar lavage. Samples
were grown on 5 % horse blood agar and incubated at
37o C in 5 % CO2 for 12 -15 hours prior to other
biochemical and molecular assays.
Strain Identification
The strains were identified as S. pneumoniae using
conventional microbiological methods including
susceptibility to ethylhydrocupreine disc (optochin),
catalase test and bile solubility.
Susceptibility Testing
The antibiotic susceptibility of the strains was tested on
Mueller Hinton Agar (Oxoid) plates containing 5 %
sheep blood (Oxoid), incubated at 37o C with 5 % CO2
using the agar dilution method as described [8]. The
antimicrobial agents used were penicillin, cefotaxime,
ceftriaxone, and erythromycin. The antibiotics were

obtained from Sigma Aldrich (Sigma Chemical Co., St.
Louis, Mo). S. pneumoniae ATCC 49619 was used as
control. Strains were also tested against ciprofloxacin
(Bayer, Germany), moxifloxacin (Bayer, Germany),
gatifloxacin (Bristol-Myers Squibb, New Jersey, USA)
and levofloxacin (Daiichi, Japan).
DNA Extraction
Genomic DNA was extracted from the bacterial culture
using a previously described method [9]. Bacterial
colonies suspended in 15 l of dH2O containing
50g/mL were incubated at 37o C for 10 minutes. This
was followed by addition of 10g/mL Proteinase K and
0.1mM Tris HCL pH 7.5 and incubated at 37o C for
another 10 minutes. Subsequently, the suspension was
boiled for 5 minutes and finally centrifuged at 13000
rpm for 2 minutes. The supernatant obtained was used
as the template in the PCR reaction. The extraction of
DNA from blood samples was carried out using the
standard phenol-chloroform extraction protocol [10].
PCR Amplification
The primers used in this study were extracted from
previously published sequences [11]. The optimal PCR
condition for a 50 l reaction included 1X PCR buffer,
1.5mM MgCl2, 0.2 mM dNTP mix, 2U Taq Polymerase
(Fermentas) and 20 pmol of each primer. The PCR
cycling parameters were as follows: An initial
denaturation step at 94o C for 5 minutes, 15 cycles of
amplification performed as follows: denaturation at 94o
C for 30s, annealing temperature at 40o C for 30s and
extension temperature at 72o C for 30s. Thereafter,
another 20 cycles of amplification were completed as
above but with an annealing temperature of 46o C and
finally completed with an extension at 72o C for 2
minutes. The amplification reaction was performed in
an Eppendorf Gradient Mastercycler. The PCR product
was electrophoresed on a 2 % TAE agarose gel for 1
hour at 70V and the bands were analyzed using a UV
trans illuminator.
Determination of Sensitivity and Specificity of
the Assay
The sensitivity of the assay was determined using pure
bacterial cultures and spiked blood samples. Colonies
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from overnight grown pure bacterial cultures were
suspended in 0.85 % NaCl and the turbidity adjusted to
an OD equivalent to 0.5 McFarland standards, which is
approximately 108 cfu / ml. Further 10 fold dilutions of
the suspension were made up to 10 cfu / ml. DNA
extraction was carried out on each dilution, which was
later subjected to PCR amplification. The sensitivity of
the assay in the clinical setting was carried out by
simulating known concentration of bacterial cultures
and human blood samples into blood culture bottles.
This was carried out by inoculating 5 mL of healthy
volunteer blood into an aerobic blood culture media
(BD Biosciences, Becton Dickinson, USA), and the
bottle was spiked with 100 L of diluted culture
suspension, which ranged from 108 to 103 cfu. The final
concentration of the bacteria in the blood culture bottles
ranged from 106 to 10 cfu, considering 25 mL of the
culture media (25 mL) in the blood culture bottles. The
blood culture bottle was incubated overnight at 37o C,
prior to DNA extraction and PCR amplification. Viable
bacterial count in the blood culture media was
determined before and after the incubation period. The
DNA from blood cultures was extracted using the
method previously described [10]. The DNA extracted
from each blood culture bottle with known
concentration of bacterial culture was subjected to PCR.
The specificity of the assay was also evaluated using
DNA extracted from other gram positive bacteria such
as Streptococcus sanguis ATCC 10556, Staphylococcus
aureus ATCC 25923 as well as gram negative bacteria
including Acinetobacter baumannii ATCC 15308 and
Pseudomonas sp.
RESULTS
The pneumococcal strains were assigned into 3 groups
based on their susceptibility levels to penicillin i.e.
penicillin sensitive S. pneumoniae (PSSP) for strains
with penicillin MIC of < 0.125 µg/mL, penicillin
intermediate S. pneumoniae (PISP) for strains with
penicillin MIC of ≥ 0.125 - < 1.0 µg/mL and penicillin
resistant S. pneumoniae (PRSP) for strains with
penicillin MIC of > 1.0 µg / mL. There were 58 PSSP
strains, 36 PISP strains and 26 PRSP strains. Out of the
120 pneumococcal isolates that were tested, 64 strains
were sensitive to erythromycin, 12 intermediate to and
44 resistant to erythromycin.

MIC of representative strains used in this study
is shown in Table 1. All 120 isolates were characterized
using PCR. In Table 1, strains I18, R55, R88 and R100
are representative of PRSP strains, while strains R71,
R81, R77, R72 and I99 represent the PISP strains. The
control strains used in the study were S. pneumoniae
ATCC 700676 and S. pneumoniae ATCC 49619
representing the PSSP and PISP strains respectively.
Table 1 MICs of the representative strains used in the study
STRAINS
ATCC
700676
ATCC
49619
(I18)
(R71)
(R81)
(R77)
(R55)
(R88)
(R72)
(I99)
(R100)
(Direct
Blood
Culture)

PEN
0.032 (S)

MIC ( g/ml )*
CRO
CTX
0.064 (S)
< 0.032 (S)

ERY
2.0 (R)

0.5 (I)

0.064 (S)

0.125 (S)

0.125 (S)

2.0 (R)
1.0 (I)
1.0 (I)
1.0 (I)
2.0 (R)
2.0 (R)
1.0 (I)
0.125 (I)
2.0 (R)
S

1.0 (I)
1.0 (I)
1.0 (I)
1.0 (I)
2.0 (R)
1.0 (I)
1.0 (I)
0.25 (S)
1.0 (I)
S

2.0 (R)
0.5 (S)
1.0 (I)
0.5 (S)
2.0 (R)
< 0.032 (S)
0.5 (S)
1.0 (I)
1.0 (I)
Not tested

128.0 (R)
0.5 (I)
2.0 (R)
2.0 (R)
1.0 (I)
1.0 (I)
> 1.0 (S)
0.016 (S)
2.0 (R)
S

PEN (S: ≤ 0.06, I: 0.12 – 1.0, R: ≥ 2.0), CRO (S: ≤ 0.5, I: 1.0, R: ≥ 2.0), CTX
(S: ≤ 0.5, I: 1.0, R: ≥ 2.0), ERY (S: ≤ 0.25, I: 0.5, R: ≥ 2.0)

Figure 1 illustrates the quintuplex PCR
amplification assay on representative strains. The
pneumolysin (ply) gene, which encodes the S.
pneumoniae species specific gene, was amplified in all
the S. pneumoniae strains and the common eubacterial
gene, which acts as an internal control was also detected
in all the strains. The pbp1A gene was not amplified in
strains I18, R71, R81, R77, R55 and R100 but had
positive amplification in strains R88, R72 and I99. The
ermB gene was only detected in strains I18, R71 R77,
R88, and I99. The eubacterial gene was amplified in all
the strains. This confirms the presence of bacterial
DNA. The pneumolysin gene (ply) was also amplified
in all the S. pneumoniae strains which serve as S.
pneumoniae species specific gene. Amplification of the
gyrA gene in all the strains does not imply antibiotic
resistance but acts as a housekeeping gene in this
organism.
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The lower limit of detection of the assay was
determined to be as low as 10 CFU as illustrated in
Figure 3. This was evident as the genes were not clearly
observed in blood culture bottles spiked with lowest
concentration of bacteria (Figure 3).

Figure 1 Screening of isolate using quintuplex PCR
Lane 1: Negative control
Lane 2: Strain I18
Lane 3: Strain R71
Lane 4: Strain R81
Lane 5: Strain R77
Lane 6: Strain R55
Lane 7: Strain R88
Lane 8: Strain R72
Lane 9: Strain I99
Lane 10: Strain R100
Lane 11: 100 bp DNA ladder
Lane 12: Direct blood culture isolate
Figure 3 Amplification of the quintuplex PCR assay of simulated blood
culture with known concentration of template to test the sensitivity of the
assay

The specificity of the quintuplex PCR was also
tested against other gram negative and gram positive
bacteria as shown in Figure 2. The S. pneumoniae
species specific gene, pneumolysin (ply), was only
detected in the S. pneumoniae strain R81 whereas this
gene was not amplified in the other gram positive
(Streptococcus sanguis ATCC 10556, Staphylococcus
aureus ATCC 25923) and gram negative bacteria
(Acinetobacter baumannii ATCC 15308, Pseudomonas
sp.) that were tested. The gene encoding the common
region of the eubacteria was detected in all the bacterial
isolates tested. Similarly, the common eubacterial gene
was also observed in the blood culture bottles that were
spiked with known amount of bacterial suspension.

Lane 1: Negative control
Lane 2: Concentration of 106 cfu
Lane 3: Concentration of 105 cfu
Lane 4: Concentration of 104 cfu
Lane 5: Concentration of 103 cfu
Lane 6: Concentration of 102 cfu
Lane 7: Concentration of 10 cfu
Lane 8: 100 bp DNA ladder

The triplex PCR was used in addition to the
quintuplex PCR to characterize the macrolide resistant
strains, which did not harbour the ermB gene. Using the
triplex PCR, only 33 of the 44 erythromycin resistant
strains harboured the ermB gene, while 5 of 12
erythromycin intermediate strains harboured the ermB
gene. Strains that were negative for the ermB gene were
further tested for the presence of the mefE gene. Results
obtained showed that the strains negative for ermB
harboured the mefE gene instead. Figure 4 illustrates the
PCR amplification of representative strains using the
triplex PCR assay for the detection of ermB and mefE
simultaneously.

Figure 2 PCR amplification to test the specificity of the assay
Lane 1: Negative control
Lane 2: Acinetobacter sp.
Lane 3: Pseudomonas sp.
Lane 4: Streptococcus sanguis
Lane 5: Staphylococcus aureus and) were tested.
Lane 6: Lane Streptococcus pneumoniae
Lane 7: 100bp DNA ladder
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Figure 4 Triplex PCR of the macrolide resistance determinants and
S.pneumoniae specific gene
Lane 1: 100 bp DNA ladder
Lane 2: Strain I20
Lane 3: Strain I28
Lane 4: Strain R76
Lane 5: Strain R17
Lane 6: Strain R46
Lane 7: Negative control

DISCUSSION
-lactam antibiotics inhibit the growth of S.
pneumoniae by inactivating the penicillin-binding
proteins (PBPs), which are essential in cell wall
synthesis. Resistance to -lactams is due to alterations
in the PBPs, resulting in reduced affinity of binding of
the drug. In this study, the amplification of pbp1A gene
is an indication of non-altered PBPs whereas no
amplification of the pbp1A gene indicates alteration in
the gene. Previous studies have shown that alteration in
PBPs 2B, 2X and 1A confers penicillin resistance [12]
but only alterations in pbp2X and 1A confers
cefotaxime resistance [13]. However, alteration in
pbp1A is essential to confer high-level resistance [14,
15, 16], hence the identification of pbp1A could be
useful for detecting high-level penicillin resistance.
In this study, the pbp1A gene was detected by
the quintuplex PCR in the 58 strains that were sensitive
to penicillin but was not detected in all the 36 strains
and 26 strains that were intermediate and resistant
respectively to penicillin. The negative amplification of
pbp1A gene indicates an alteration within the pbp1A,
whereas presence of the gene indicates a susceptible
strain with no alteration. An alteration in the penicillin
binding proteins reduces its affinity of binding to lactams, hence reducing the susceptibility of the
antibiotic to the organism.
In our findings,
amplification of the pbp1A gene in strains R88, R72 and

I99 indicates that there was no alteration in this gene.
However, there could be alteration in the other PBPs
that may have caused these strains to develop resistance
to penicillin.
Using the quintuplex PCR, the ermB gene was
detected in 38 strains, of which, 5 were intermediate and
33 were resistant to erythromycin. Some strains that
harboured the ermB gene had also possessed the mefE
gene (triplex PCR), which confers resistance to
macrolides via the efflux mechanism and some of the
strains that were negative for the presence the ermB
gene, showed positive amplification of the mefE gene
instead.
An attempt to incorporate the mefE gene into
the quintuplex PCR was unsuccessful as it was
inhibiting the detection of the other genes
simultaneously. Macrolide resistance is conferred by
the presence of the ermB or mefE or both the genes. The
ermB was incorporated into the multiplex because of its
high prevalence. The ermB determinant is borne by
conjugative transposons related to Tn1545, Tn1545-like
elements or a Tn 917-like element, that is part of a larger
composite transposon, Tn 3872 [17,18]. This accounts
for horizontal transfer of the element and results in a
higher prevalence of the ermB determinant.
The detection of the gyrA gene by PCR in both
fluoroquinolones susceptible and non-susceptible
strains indicates no significance in the presence of the
gene, with regards to the development of
fluoroquinolones resistance. However, this gene acts as
a
housekeeping
gene
in
S.
pneumoniae.
Fluoroquinolones resistance in S. pneumoniae is
conferred by point mutations within the Quinolone
Resistance Determining Region (QRDR). The targets
of fluoroquinolones are the type II and type IV
topoisomerases encoded by the gyrA, gyrB, parC and
parE genes. Therefore, point mutations conferring
fluoroquinolone resistance may occur in either one or
more of these genes. In order to detect these mutations,
PCR DNA sequencing needs to be carried out on all the
strains.
Isolates from direct blood cultures that were
confirmed gram positive by gram staining were also
characterized using the two multiplex PCRs. In this
study, Streptococcus group B and Viridans group
Streptococci were used. The assay showed promising
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results as only the internal control gene was amplified
by the assay. This shows that the assay is 100 % genus
and species specific. The lower limit of detection of the
quintuplex PCR of up to 10 CFU/mL would allow
characterization of S. pneumoniae strains from cultures
containing low levels of bacterial load of infection.
The characterization of S. pneumoniae strains
using multiplex PCR has an advantage with a shorter
turnaround time. Detection of S. pneumoniae and its
antibiotic resistance genes from a bacterial culture is
possible within 3-4 hours using the multiplex PCR
assays. The identification of the antibiotic resistance
genes allows prediction of the appropriate drug therapy.
Several investigators have evaluated PCR as a tool for
diagnosis of pneumococcal infection [10, 19, 20].
However, previous researchers focused solely on
identifying pneumococcal infections from infants and
children. Most studies concentrated on detecting the
pneumolysin gene in different sources of samples, such
as sputum, urine and blood. In this study, we used the
multiplex PCR assay to characterize the strains and
identify genes encoding antibiotic resistance, which are
commonly prescribed; penicillin and macrolides. Other
researchers have also detected antibiotic resistance
genes via PCR, whereby, PCR has been used to detect
different classes of antibiotics separately in different
tubes as compared to the multiplex PCR assay, which
detects 3 different classes of antibiotics in one tube and
also specifically detects S. pneumoniae via the detection
of the S. pneumoniae species specific genes,
pneumolysin (ply). Therefore, we conclude that
characterization of S. pneumoniae strains could be
carried out using multiplex PCR in order to shorten the
turnaround time, hence avoiding unnecessary drug
prescription.
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