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Abstract

This study examined viridans streptococci (SV) in oral flora of patients at risk of infective
endocarditis (IE) by obtaining 57 isolates from gum-tooth margin swabs of 3 groups of patients. Peni-
cillin minimal inhibitory concentrations (MICs) were determined by E test. Group 1 was from 30
patients with prosthetic heart valves who did not receive antimicrobial agents within 3 months prior
to recruitment. Group 2 consisted of 21 patients with known rheumatic heart diseases who regularly
received penicillin prophylaxis. Group 3 was 2 patients with IE caused by SV in whom dental swabs
were performed before and on the third day of treatment. Streptococcus mitis was found most fre-
quently (49% among 51 oral isolates of SV from patients in group 1 and 2) and in both blood cultures
of IE patients. Ninety-four per cent of the isolates were penicillin-susceptible and the rest were
intermediate-resistant (IR) equally distributed in both groups 1 and 2. In 2 patients with IE, oral SV
obtained after 3 days of penicillin therapy had MICs rising 3 and 5 folds of the baselines. It is sug-
gested that surveillance of susceptibilities of oral SV in patients at risk for IE should be kept up since
this will affect the dose and type of antimicrobial agents in IE prophylaxis.
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Community-acquired infective endocardi-
tis (IE) remains a common disease and may cause
serious complications with a mortality rate as high
as 33 per cent(1). The incidence of IE at Songkla-
nagarind Hospital averaged about 20 cases per 20-
30 thousand hospital admissions per year which puts
this at the lower end of previous reported ranges of
0.8 to 5.4 cases per 1,000 admissions in 10 large
surveys(2). Community-acquired IE is most com-
monly associated with viridans streptococci in oral
flora(2). The principal species comprising these
streptococci are S. mutans, S. salivarius, S. mitis, "S.
milleri" (which encompass S. anginosus, S. constel-
latus, and S. intermedius) and S. sanguis(3). If these
are highly penicillin-sensitive then decision in treat-
ment(4) and prophylaxis(5) should not be a problem.
However, resistant strains have been reported among
those on penicillin prophylaxis against acute rheu-
matic fever(6-9). and also from healthy and diseased
children(10-13), Thailand is one of the developing
countries where over-the-counter antimicrobial agent
usage is rife, hence the behaviour of the oral flora
to antimicrobial agents may be altered. This study
looked at subsets of a population with regard to bac-
terial species in the oral flora that may give rise to
community-acquired IE.

MATERIAL AND METHOD
Patients and test organisms

This study was conducted between March
and August 2000 at Songklanagarind Hospital (1,500-
beds tertiary care hospital), Prince of Songkla Univer-
sity and was approved by the Faculty’s Ethics Com-
mittee. There were three groups of subjects. Group 1
were adult out-patients with prosthetic heart valves
and did not knowingly receive antimicrobial agents
within 3 months prior to recruitment. Group 2 con-
sisted of paediatric patients with known rheumatic
heart diseases who regularly received penicillin pro-
phylaxis. Group 3 were 2 hospitalized patients with
infective endocarditis caused by viridans strepto-
cocci, in whom the authors were able to obtain swabs
of the oral cavity before and on the third day of treat-
ment. In every subject, the specimen was obtained
by rubbing the gum-tooth margin with a sterile swab.
The specimen was kept in Stuart transport media
and was sent to the laboratory for culture on blood
agar and chocolate agar. From the blood agar plate,
the authors selected one colony with characteristic
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morphology of viridans streptococcus to identify the
species by using API 20 Strep® kit (bioMerieux,
Mercy-I'Etoile, France)(14).

Antimicrobial susceptibility testing

Penicillin MICs were determined by using
E test strips (AB Biodisk®, Sweden). E test uses a
strip impregnated with a gradient of antimicrobial
agent(15), The inocula were prepared by emulsifica-
tion of colonies from an overnight agar plate in a
Mueller-Hinton broth to achieve a 0.5 McFarland
turbidity standard. These were then inoculated onto
Mueller-Hinton agar. Strips were applied on the sur-
face. Plates were incubated at 35°C for 18-24 hours.
Isolates were classified as penicillin G susceptibility
according to the NCCLS criteria(16) : susceptible,
MIC<0.12 mg/L; intermediate-resistant, MIC 0.25
to 2 mg/L; and high level resistant, MIC>4 mg/L.
Daily test controls were performed by using Strepto-
coccus pneumoniae ATCC 49619.

RESULTS

Of the 53 patients in the study, there were
30 adults in group 1 of whom 12 (40%) were males.
The median age was 41 years with a range of 21-66
years. Group 2 consisted of 21 adolescents with a
median age of 17 years, ranging from 5-27 years.
Eighteen patients were on intramuscular benzathine
penicillin monthly for durations of 2 months to 13
years (median 5.2 years), and the other 3 were on
oral penicillin V 500 mg twice daily for 2, 7 and 8
years. In group 3, the two males with viridans strepto-
coccal endocarditis were 30 and 13 years-old.

Among the 51 isolates from dental swabs
of patients in groups 1 and 2, the following species
predominate: 25 (49.2%) Streptococcus mitis, 14
(27.5%) Streptococcus sanguis, and 7 (13.7%) Gemella
morbillorum, (Table 1). Penicillin MICs of each group
are also shown. There were none with high-level resis-
tance, i.e. penicillin MIC of 4 mg/L. There was only
one intermediate—resistant isolate in group 2 and this
was S. mutans showing the highest penicillin MIC
(0.75 mg/L) among the oral isolates in both groups.
This was from a 7 year-old boy who had received
benzathine penicillin for 2 years. Among the 3 patients
who were on oral penicillin V daily, the oral isolates
were S. mitis in 2 patients (MICs of 0.016 and 0.064
mg/L) and . sanguis (MIC of 0.032 mg/L) in another
patient. In two patients with IE, the blood and initial
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Table 1. Species and penicillin susceptibilities of oral viridans streptococci.
Organism Group I (30) Group II (21)

No. S IR No. S IR

S. mitis 13 13 0 12 12 0
S. sanguis 8 7 1 6 6 0
S. salivarius 4 3 1 0 0 0
S. mutans 0 0 0 i 0 I
G. morbillorum 5 5 0 2 2 0
Total 30 28 2 21 20 1
No = Number of isolates, S = Susceptible, IR = Intermediate-resistant,
S. = Streptococcus, G. = Gemella

Table 2. Comparison of the in vitro susceptibilities of viridans streptococci to peni-

cillin among the 2 groups.

Source of No. of Isolates MIC

isolates S % IR % 50% 90% range

Group I 28 92.3 2 6.7 0.047 0.125 0.008 - 0.5

Group II 20 95.2 1 48 0.032 0.047 0.002 - 0.75

S = susceptible (MIC<0.12 mg/L), IR = intermediate resistant (MIC 0.25 - 2 mg/L)

dental swab cultures grew S. mitis with penicillin
MICs of 0.016 and 0.012 mg/L in the first patient
and 0.125 mg/L in both specimens in the second
patient. On the third day of penicillin therapy, dental
swabs grew S. salivarius with penicillin MIC of 0.5
mg/L in the first patient and S. mitis with MIC of 1
mg/L in the second. These 2 isolates from the oral
flora post treatment were classified as showing inter-
mediate-resistance to penicillin. QC strain yielded
penicillin MIC range of 0.016-0.064 mg/L.

DISCUSSION
The most common strain from the oral flora
S. mitis and S. sanguis occurred frequently.
In the present series these were seen in 49 and 28
per cent, respectively. These numbers were not dis-
similar to the 51 and 29 per cent reported by Mogi
et al(10) from oral swabs of Japanese children with
upper respiratory tract infections and from those with
oncohematologic diseases. In terms of blood culture,
both the IE patients in the present study had S. mitis.
S. mitis was present in 30-100 per cent of viridans
streptococcal bacteremia in neutropenic patients(17-
19), and was 37 per cent of 46 patients with viridans
streptococcal endocarditis(20). However, the domi-

nance of S. mitis was not so in every study. A report
on 49 patients with streptococcal IE found that S.
sanguis and S. oralis were most common(21), The
interest in S. sanguis is that it could produce extra-
cellular dextran from sucrose(22), and dextran has
been shown to promote adhesion of bacteria to
thrombus in endocarditis in rabbits(23). S. sanguis
also could aggregate human platelets in vitro more
effectively than other streptococcal species(24),

Oral isolates and penicillin resistance

Several reports showed that the prevalence
of viridans streptococci with intermediate or high-
level resistance to penicillin can be 40-62.5 per cent
in healthy children(10,11), healthy adults(12) and in
children at risk for IE due to cardiac diseases(13),
Among the presented patients, the prevalence of oral
isolates resistant to penicillin were low. There are
very few reports supporting such a low prevalence
(< 5% in adult leukaemic patients(11) and 0% in
normal children(9)). The authors were not able to
find fault with the present technique. The method of
MIC determination using the E test is accepted as
a standard method and has been proven to be com-
patable with broth microdilution test(23),



828 P. CHAYAKUL et al.

Oral isolates among those on chronic penicillin
prophylaxis

There has been much discussion on whether
penicillin-resistant viridans streptococci are more com-
mon among those on penicillin prophylaxis against
rheumatic fever(6-9). Children who had been on oral
penicillin prophylaxis for rheumatic fever had been
reported to acquire resistant viridans streptococci(6'
9). The authors have only 1 with intermediate resis-
tance. Perhaps the route of administration of prophy-
laxis played a role in producing resistance. Sprunt
et al(9) showed that 75 per cent of the pharynx of 72
patients on oral penicillin prophylaxis grew alpha-
streptococci resistant to at least 1 unit /ml of peni-
cillin, while only 15 per cent were so among 47
patients receiving monthly benzathine penicillin and
none among the 53 control subjects.

In the absence of penicillin-resistant strain,
the presented population with or without chronic peni-
cillin prophylaxis could be well covered against IE
by a single 2 grams of oral amoxicillin as recom-
mended by the American Heart Association(5) to be
given one hour before a dental procedure. The mean
serum amoxicillin levels at 2 and 6 hours after 2
grams of oral am(kicillin were reported to be 12.8
and 2.9 mg/L, respectively(26), However, one still has
to answer how to prophylax in instances of a repeat
dental procedure or to prophylax a dental procedure
while on IE therapy. With regard to the latter, the
oral flora of the 2 presented IE patients changed their
resistant status to intermediate after 3 days of IE
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treatment (18 million units/day of penicillin G) which
should still be well covered by conventional prophy-
laxis for dental manipulation. In another patient with
IE caused by S. mitis who was not included in this
study, S. mitis that grew from her oral swab cultures
on day 0, day 14 (the last day of treatment), day 21
and day 28 had penicillin MICs of 0.125, 0.25, 0.19
and 0.125 mg/L, respectively. However, the choice
of prophylaxis in instances of repeated procedures
(e.g. dental manipulation every 3 days in IE suscep-
tible patients) is difficult. Oral antimicrobial agent
itself can induce resistant strains in the oral flora
within 6 hours(27) or with repeated doses(28), There-
fore, the authors’ recommendation would be a) do
the dental procedure 9-14 days apart(3), or b) change
to a different unrelated antimicrobial agent(5). The
authors’ last advice is to maintain monitoring sus-
ceptibilities of oral viridans streptococci in patients
at risk for IE since this may affect the recommenda-
tion for IE prophylaxis.
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