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The group C streptococcus has fre-
quently been associated with infec-
tions in animals. The organism has
been recovered from the skin, nose,
throat and vagina of healthy peo-
ple,1'2 but it has also caused puer-
peral, skin and wound infections,34
tonsillitis,' glomerulonephritis,' cel-
lulitis,7 pulmonary infection, uri-
nary tract infection and bacteremia.8

Endocarditis due to group C
streptococcus is rare in humans:
only nine such cases have been re-
ported in the literature."8-12 We re-
port here the first case in Canada
of endocarditis due to the group C
streptococcus.

Case report

A 71-year-old man was well un-
til 4 weeks prior to his admission
to hospital, when he experienced
progressive weakness. His physician
prescribed tetracycline for "pneu-
monia", but he took the antibiotic
irregularly. No further details of
his illness were obtainable.

At the time of admission the
patient was disoriented. His tem-
perature was 40°C, blood pressure
150/50 mm Hg, pulse rate 98
beats/min and respiratory rate
28/min. Petechiae were noted on
the trunk, extremities and buccal
mucosa. The heart sounds were
normal and there were no mur-
murs. The liver was tender and
was palpable 4 cm below the right
costal margin. The spleen was not
palpable. There was nuchal rigid-
ity, but Kernig and Brudzinski signs
could not be elicited.
The cerebrospinal fluid had an

erythrocyte count of 40 x 1 o/I,
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a leukocyte count of 25 x 106/1,
a lymphocyte count of 5 x 106/1,
a glucose level of 1.8 mmol/l (33
mg/dl) (the blood glucose level was
6.7 mmol/l [121 mg/dl]) and a
protein level of 76 mg/dl. No or-
ganisms were seen in a Gram-
stained smear, and culture yielded
no bacteria. The blood hemoglobin
level was 8.7 g/dl, the hematocrit
25.1 % and the leukocyte count
6.1 x 109/l, with 84% neutrophils,
9% lymphocytes and 7% mono-
cytes. Urinalysis showed a trace of
albumin and occasional erythro-
cytes, leukocytes and granular casts;
culture yielded no bacteria.
A tentative diagnosis of partially

treated bacterial meningitis was
made, and treatment with chloram-
phenicol, 1.5 g intravenously every
6 hours, and penicillin G, 3 mil-
lion U intravenously every 4 hours,
was begun. Group C f3-hemolytic
streptococci were cultured in five
sets of blood drawn at the time of
admission. The organism was con-
firmed as Streptococcus equisimilis
by the national streptococcus ref-
erence centre of the Laboratory
Centre for Disease Control in Ot-
tawa. The organism was found to
be sensitive to penicillin, tetracy-
cline and chloramphenicol by disc
sensitivity testing, and the chloram-
phenicol was discontinued.

Chest roentgenograms and an
electrocardiogram were normal.
Echocardiography 2 days after ad-
mission showed aortic insufficiency
and minimal left ventricular dila-
tation. The mitral valve was nor-
mal. No vegetations were seen.
The patient's condition deterior-

ated, and on the seventh hospital
day acute pulmonary edema and
renal failure requiring peritoneal
dialysis developed. On the ninth
day a grade 3/6 systolic murmur
was heard for the first time at the
apex, and a grade 2/6 early dias-
tolic murmur was noted as well.
Minimum bactericidal concentra-

tion and synergism studies were re-
quested the next day, but the pa-
tient became hypotensive and died
that morning. Permission for autop-
sy was denied.

Antibiotic susceptibility studies

Methods
The minimum inhibitory concen-

tration of the antibiotics to which
the organism was sensitive was es-
timated by the doubling dilution
tube technique, with the use of
tryptone soya broth (Oxoid) and
an inoculum of streptococci in the
log phase of growth such that the
final concentration of colony-form-
ing units would be approximately
10'/ml. The tubes were incubated
at 37°C for 18 hours before the
results were read.
The minimum bactericidal con-

centration was determined by sub-
culture of the contents of the tubes
that showed no visible growth. Ali-
quots of 0.03 ml were inoculated
onto three plates of 5% horse
blood-Columbia agar (Oxoid CM
331), and the plates were incubated
aerobically at 37°C for 24 hours.
The minimum bactericidal concen-
tration was defined as the least
amount of antibiotic with which
subculture yielded no growth.

Synergism of penicillin and gen-
tamicin was assessed by a checker-
board titration incubated at 37°C
for 18 hours, after which the bac-
teriostatic end-points were deter-
mined. The contents of tubes that
showed no visible growth were
subcultured in triplicate by the pro-
cedure just described. Combina-
tions of antibiotics with which
subculture yielded no growth were
considered bactericidally syner-
gistic.

Results

The results are presented in
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Table I. The difference between the
minimum inhibitory and bacteri-
cidal concentrations, which were
confirmed by the national strepto-
coccus reference centre, was more
than 128-fold. When 0.25 U/ml
of penicillin was combined with
1.25 ug/ml of gentamicin, there
was a fourfold or greater reduction
in the minimum bactericidal con-
centration of each drug than with
either antibiotic used alone, which
indicated synergism of the two
drugs.

Discussion

Group C streptococcal endocar-
ditis was first reported in 1940 in
a 26-year-old woman following sep-
tic abortion.9 Since then eight other
cases have been reported.2'8"0-12 In
seven of the cases there were three
deaths, and in most of these ac-
counts, as in our case, the diagno-
sis of endocarditis was made on the
basis of multiple positive blood cul-
tures and a new or changing mur-
mur.2'8'12"2 The antibiotic suscepti-
bility of the organism was usually
determined by disc sensitivity test-
ing alone. S. equisimilis is the group
C streptococcus most likely to be
involved in infections in humans."

Patients with bacterial endocar-
ditis may present with meningitis.'4
In a series of 218 patients with
endocarditis Pruitt and colleagues'2
noted that 84 patients (39%) suf-
fered neurologic complications, and
in 36 (17%) a neurologic com-
plaint was the presenting symptom.
Meningoencephalitis is the most
common central nervous system
complication of bacterial endocar-
ditis. The cerebrospinal fluid of
patients with this complication may
be normal or may contain a greater
than normal number of cells, a
reduced amount of sugar and an
elevated amount of protein; organ-
isms cannot usually be cultured

from the fluid."5 Similar cerebro-
spinal fluid abnormalities may be
seen with other central nervous sys-
tem complications of endocarditis,
such as brain abscess, ruptured my-
cotic aneurysm or septic embol-
ism 12,15

The diagnosis at the time of ad-
mission of our patient was menin-
gitis, and the sterile culture of
cerebrospinal fluid was attributed
to the previous antibiotic therapy.
When a cardiac murmur and con-
gestive heart failure developed, a
diagnosis of endocarditis was made.
It has been shown that in patients
with endocarditis and severe heart
failure valve replacement is supe-
rior to medical management.1",7
Echocardiography in such patients
with aortic insufficiency may dem-
onstrate early mitral valve closure,
which indicates volume overload of
the ventricles and the need for
early valve replacement."8," How-
ever, in this patient surgery was
not contemplated until shortly be-
fore his death.

Recently Sabath and colleagues20
described a new type of penicillin
resistance of Staphylococcus aureus.
These penicillin-"tolerant" organ-
isms were defined as having a low
minimum inhibitory concentration
but a high minimum bactericidal
concentration, often more than 100
times the former. For the group C
streptococcus isolated from our pa-
tient there was a difference of more
than 128-fold between the mini-
mum inhibitory and bactericidal
concentrations of penicillin (Table
I), which indicated that the isolate
was penicillin-tolerant. "Tolerant"
organisms differ from "persisters"20
in that when "persisters" are re-
exposed to penicillin more than
99.9% are killed after 24 hours'
incubation. In two of the nine pre-
vious cases of group C streptococ-
cal endocarditis minimum inhibit-
ory and bactericidal concentrations

were determined and tolerance to
penicillin was not noted.2'0

Schauf and colleagues21 consi-
dered synergism to be present when
bacterial inhibition or killing was
produced by a concentration of
each drug in the combination that
was fourfold less than the concen-
tration of either antibiotic when
used alone. The penicillin-tolerant
strain isolated from our patient
demonstrated synergy of gentamicin
and penicillin according to this
criterion.
The addition of an aminoglyco-

side to penicillin in the therapy of
enterococcal endocarditis is well es-
tablished. The use of this combina-
tion in treating S. viridans endo-
carditis has been proposed as well,22
but is still controversial.

Casey and Miller2' have sug-
gested the following guidelines for
the treatment of S. viridans endo-
carditis: Organisms for which the
minimum bactericidal concentration
of penicillin is less than 0.1 U/ml
are considered sensitive, and the
treatment is 2 million U of the drug
every 4 hours, given intravenously.
Organisms for which that concen-
tration of penicillin is between 0.1
and 1.0 U/ml are considered mod-
erately sensitive, and the treatment
is 3 million U of the drug every
4 hours, given intravenously. Or-
ganisms for which that concentra-
tion is greater than 1.0 U/ml are
considered relatively resistant; ther-
apy with an aminoglycoside may
also be required.

In contrast, penicillin alone has
been recommended for the treat-
ment of /8-hemolytic streptococcal
endocarditis.'2- The results of disc
sensitivity testing or the minimum
inhibitory concentration alone can
be misleading. The minimum bac-
tericidal concentration should be
established, as should serum killing
levels. The marked difference in
the two concentrations for our iso-
late has important therapeutic im-
plications. We recommend that the
guidelines suggested by Casey and
Miller apply to 8-hemolytic strep-
tococcal endocarditis. For initial
therapy an aminoglycoside in addi-
tion to penicillin should be used
until the results of appropriate in

vitro sensitivity testing are avail-
able.
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Addendum
Since this report was written two

additional cases of group C strepto-
coccal endocarditis have been re-
ported in the literature.','
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