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Penicillin and vancomycin tolerance
among clinical isolates of Streptococcus
pneumoniae in Hong Kong

Objective. To determine the prevalence of penicillin and vancomycin tolerance
in clinical isolates of Streptococcus pneumoniae.
Design. Laboratory testing of 50 consecutive clinical isolates.
Setting. District hospital, Hong Kong.
Patients. Fifty patients with pneumonia or meningitis who were admitted to a
district hospital in Hong Kong between August and October 2002.
Main outcome measures. Lysis, as assessed by loss of optical density at 4 hours
at 540 nm, and reduction in viable count expressed as the log of the number
killed (‘log kill’) after exposure of cultures to 10 times the minimum inhibitory
concentration of penicillin and vancomycin.
Results. Of the 50 isolates, five (10%) were tolerant to penicillin and one (2%)
was tolerant to vancomycin.
Conclusion. This is the first report of vancomycin tolerance in Streptococcus
pneumoniae in Hong Kong. Because vancomycin tolerance is associated with
clinical failure in the treatment of pneumococcal meningitis, increased monitoring
for resistant strains of organisms is suggested.
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Introduction

Antibiotic tolerance is the ability of bacteria to survive in the presence of antibiotic
at a level above the determined minimum inhibitory concentration (MIC). Tolerant
bacteria are not lysed or killed in the presence of effective antibiotic therapy.1

Consequently, the infection relapses once treatment is discontinued—particularly
in deep-site infections such as meningitis.2-5 Antibiotic-tolerant bacteria cannot
be detected using conventional susceptibility tests, because the organisms appear
to be sensitive when affected by the antibiotic’s bacteriostatic activity.

The inability of antibiotics to eradicate tolerant strains may be due to the
bacteria’s decreased response to the killing signals triggered by antibiotics. For
example, in the mechanism of action of penicillin, a non-lytic killing system
initiates the death process, followed by activation of lytic enzymes, which lyse
the organism.6 Tolerance can occur as a result of nutritional deprivation, because
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non-growing organisms are not affected by antibiotics that
inhibit cell wall growth. This phenomenon is known as
phenotypic tolerance.7 On the other hand, genotypic
tolerance results from mutations in specific genes. Early
studies in pneumococci focused on changes in the murein
hydrolases, LytA, LytB, and LytC.8 LytA is associated with
penicillin tolerance: a laboratory-produced lytA mutant was
non-lytic after treatment with both benzylpenicillin and
vancomycin. However, even though these mutants were not
lysed by either drug, both agents killed the organism, albeit
at a much slower rate. This effect implies that these
antibiotics can trigger a death process that is independent
of bacterial lysis. Truly tolerant strains may have changes
in both the lytic and the non-lytic death processes.1 It has
been suggested that a two-component system VncS/VncR
is involved in vancomycin tolerance in Streptococcus
pneumoniae, because inactivation of the membrane-bound
histidine kinase sensor VncS results in complete tolerance.9

Involvement of ABC transporters (Psa A/B/C/D transports),
a zinc metalloprotease (ZmpB), and a heat shock protein
(ClpC chaperone) have also been suggested.10-13

Tolerant strains were initially defined as those in which
the minimum bactericidal concentration to MIC ratio
exceeded 32, although other ratios were also used, thus
causing difficulties in result interpretation.14 The cell lysis
assay measures the loss of turbidity of a culture in the
presence of the antibiotic over a 4-hour period. This approach
provides a simple screening method for possible tolerant
strains.15,16 Strains that appear to be resistant to lysis are then
confirmed as tolerant by a time-kill study, because tolerant
strains will have little reduction in viable count.17 The limits
for the reduction in bacterial count that indicates penicillin
tolerance were defined by Henriques Normark et al4 as a
‘log kill’ of less than or equal to 2.7 (ie a reduction of 102.7

or less in viable count) and a reduction in optical density
(OD) at 540 nm of less than or equal to 16%. For vanco-
mycin, these limits are a ‘log kill’ of less than or equal to
2.0 and an OD loss of less than or equal to 43%. These
limits were based on mean OD loss and mean ‘log kill’ of
penicillin- and vancomycin-tolerant mutants within two
standard deviations.

Penicillin tolerance in S pneumoniae has been rec-
ognised since 198518; the first report of a vancomycin-
tolerant clinical isolate appeared in 1999.9 Surveys have
shown the presence of vancomycin-tolerant strains in
clinical isolates from the United States,19 Sweden,4 and
Italy.20 This study attempted to detect antibiotic tolerance
in clinical isolates of S pneumoniae in Hong Kong.

Methods

A total of 50 consecutive isolates of S pneumoniae collected
from 50 patients with pneumococcal pneumonia or
pneumococcal meningitis between August and October 2002
from a district hospital in Hong Kong were investigated for
tolerance to penicillin and vancomycin. Only one isolate

was obtained from each patient. The MIC to penicillin and
vancomycin for each strain was determined by the E-test
using the recommended method.21 To determine likely
presence of tolerance by resistance to lysis, 30 mL of Todd-
Hewitt broth was inoculated with bacterial culture in
logarithmic growth phase (also grown in Todd-Hewitt broth)
and incubated at 37ΟC until an OD540 of 0.2 was reached,
which corresponded to a cell density of approximately
1 x 108 colony forming units per millilitre. This culture was
then divided into three parts. Penicillin at 10 times the MIC
was added to the first and vancomycin at 10 times the MIC
to the second; the third served as a control. The cultures
were re-incubated at 37ΟC, and the OD540 was measured
at 1, 2, and 4 hours. Strains that showed resistance to lysis,
showing less than a 16% reduction in the OD for penicillin
or 43% for vancomycin, were suspected to be tolerant and
were further characterised by means of a time-kill assay, in
which viable counts were measured hourly for 4 hours follow-
ing addition of antibiotic. The culture aliquot removed for
the viable count was diluted in normal saline and then spread
on blood agar prepared with GC (Gonococcus) agar base
(Oxoid, Basingstoke, UK) and 5% defibrinated horse blood.
Colony counts were determined after overnight incubation
in 5% CO2 at 37ΟC.

Results

Five (10%) isolates were tolerant to penicillin according to
results of the cell lysis assay. One of these strains was also
tolerant to vancomycin (Table). The time-kill assay
confirmed antibiotic tolerance, with less than 2.7 log
decrease in viability in the presence of penicillin and less
than 2 log decrease in the presence of vancomycin within
4 hours’ exposure to 10 times the MIC (Fig). Lysis and
killing rates of the five tolerant strains were much less
than those of non-tolerant strains. Of the five penicillin-
tolerant strains, susceptibility test results showed that one
(isolate S04) was penicillin-sensitive (MIC, <0.016 µg/mL),
three (I12, I15, and I45) were moderately penicillin-
resistant (MICs, 0.19, 0.25, and 0.190 µg/mL, respectively),
and one (R10) was highly penicillin-resistant (MIC,
4.00 µg/mL). The vancomycin tolerant strain (R10) ap-
peared to be susceptible to vancomycin (MIC, 0.273 µg/mL).

Discussion

Penicillin tolerance was detected in 10% and vancomycin
tolerance in 2% of clinical isolates studied. This is the first
report of vancomycin tolerance in S pneumoniae in Hong
Kong, and compares to 10% penicillin tolerance reported
by Tuomanen et al,16 and 8% penicillin tolerance and 3%
vancomycin tolerance reported by Henriques Normark et
al.4 In our study, four strains were tolerant to penicillin but
not vancomycin, suggesting that vancomycin tolerance
occurs through different or additional genetic mechanisms.
As both penicillin-sensitive and penicillin-resistant strains
demonstrated tolerance, and isolates that were penicillin-
resistant were not tolerant, it seems that a strain may be
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Vancomycin tolerance in Streptococcus pneumoniae
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Table. Preliminary determination of antibiotic tolerance by cell lysis assay

Fig. Death curves of Streptococcus pneumoniae strains exposed to penicillin and vancomycin
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(a) Strain S04 (penicillin-tolerant)
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(f) Strain I14 (non-tolerant)
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(d) Strain I15 (penicillin-tolerant)
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(e) Strain I45 (penicillin-tolerant)
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(c) Strain I12 (penicillin-tolerant)
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penicillin-resistant but not tolerant, or penicillin-sensitive
and yet become tolerant. These findings demonstrate that
the mechanism for tolerance differs from that of resistance
in S pneumoniae, especially because the binding affinity to
penicillin remains unchanged in tolerant strains.10 Penicillin
can thus still reach the target site and inhibit growth.

The presence of vancomycin-tolerant strains is a cause
for concern, because penicillin resistance is high in both
clinical22 and community23,24 isolates of S pneumoniae in
Hong Kong, and vancomycin is used in the management of
meningitis caused by penicillin-resistant strains. Treatment
failures, such as those reported in the literature,5 may occur
because vancomycin-tolerant strains appear susceptible by
routine methods of susceptibility testing. Laboratory de-
tection of these strains is necessary to avoid recrudescence
of infection following antibiotic treatment. The methods
used in this study are quite tedious and are a drawback in
the recognition of tolerant strains. The increasing knowledge
of the mechanisms of cell death in the presence of antibiotics
may soon lead to the localisation of the genetic determin-
ant for the components that trigger the lytic cascade in
S pneumoniae, and hence the development of a molecular
diagnostic method for the rapid detection of tolerant strains.
Until these methods become available, we recommend that
penicillin-resistant pneumococci isolated from patients with
meningitis should be examined for the presence of
vancomycin tolerance and that the local prevalence of
vancomycin-tolerant strains be routinely monitored using
the methods described.
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