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Antimicrobial resistance among group A beta-hemolytic
streptococci (GABHS) is an emerging concern. Although penicillin is the first choice for treatment of pharyngeal and most
other infections with this organism, erythromycin or one of the
newer macrolides is the second-line drug of choice and is used
in penicillin-hypersensitive patients (8, 9). Addition of clindamycin to the therapy of serious streptococcal infections is recommended to inhibit protein synthesis and, therefore, toxin
production by the organism. Clindamycin is also the drug of
choice for chronic, recurrent pharyngitis.
Erythromycin resistance ranges from as low as 1.3 to 5% at
endemic levels (11) to .45% during outbreaks in Finland (24),
Sweden (9), and Japan (7). High rates of resistance have also
been reported sporadically in Australia (17%) (28), the United
Kingdom (22.8%) (20), Taiwan (rate not specified) (10), and
Italy (40%) (5). Documentation shows that changes in the
prescribing patterns of physicians to reduce macrolide antibiotic use have often resulted in a decrease in resistance (5, 23).
Outbreaks of resistant GABHS above 5% have almost never
been reported in the United States (8, 11, 21), and those
reports may have been flawed if disk testing methodology was
used (3). In 1993, Rathore and Jenkins in Jacksonville, Fla.,
reported that 2 mg of erythromycin/ml was needed to inhibit

growth of 99% of isolates by agar dilution (21). They concluded that while most isolates in their area remain susceptible
to erythromycin, many no longer were fully susceptible, with
MICs of #0.5 mg/ml.
Resistance to tetracycline has been reported to be high,
making it virtually unusable as an alternative for the treatment
of GABHS infections (8). All studies agree that there is a need
for surveillance of antimicrobial susceptibility to detect emerging local patterns, since resistance varies widely in different
parts of the world, as well as in different areas of the same
country.
Because the level of erythromycin resistance in San Francisco has been persistently elevated, this study was undertaken
to systematically survey resistance to erythromycin, tetracycline, and clindamycin among GABHS in the San Francisco
Bay area of Northern California. To our knowledge, this work
is the first to document high-level macrolide resistance in the
United States. The results were confirmed by the current National Committee for Clinical Laboratory Standards (NCCLS)
microdilution test method with lysed horse blood supplementation (14, 19).
(A preliminary report of this work was presented previously
[30].)
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Strains. A total of 306 GABHS isolates were studied. The 157 isolates from
patients with invasive infections were received sequentially between May 1994
and November 1995 from 32 institutions representing San Francisco Bay area
counties (San Francisco, 50%; Alameda, 33%; Contra Costa, 15%; other or
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During 1994 and 1995, 157 isolates of Streptococcus pyogenes from patients with invasive disease were
consecutively collected in the San Francisco Bay area to determine the frequency of antimicrobial resistance.
Susceptibility testing was performed according to the guidelines of the National Committee for Clinical
Laboratory Standards by the disk method and by broth microdilution. For comparison of susceptibility
patterns, an additional 149 strains were randomly collected from patients with pharyngitis. For San Francisco
County, 32% of the isolates from invasive-disease-related specimens but only 9% of the isolates from throat
cultures from the same period were resistant to erythromycin (P 5 0.0007). Alameda County and Contra Costa
County had rates of resistance of <10% from isolates from all cultures. When the data were analyzed by
hospital, the San Francisco County Hospital had a statistically higher rate of erythromycin resistance (39%)
among the strains from serious infections compared to those from other counties (P 5 <0.0003). For
tetracycline, high rates of resistance were observed in San Francisco County for both isolates from patients
with invasive disease (34%) and pharyngitis (21%) in the same period. Using pulsed-field gel electrophoresis,
two clones, one at the San Francisco County Hospital and a second in the entire area, were identified. The latter
clone exhibited resistance to bacitracin. Of 146 strains that were tested by microdilution, all were susceptible
to penicillin. Clindamycin resistance was not seen among the erythromycin-susceptible strains, but two of the
39 erythromycin-resistant strains were also resistant to clindamycin. An additional 34 strains showed resistance to clindamycin when exposed to an erythromycin disk in the double-disk diffusion test, suggesting that
the mechanism of erythromycin resistance is due to an erm gene. This study demonstrates a high rate of
resistance to macrolides and tetracycline among S. pyogenes isolates in San Francisco County and shows that
macrolide resistance is more common in strains from patients with invasive disease than in strains from those
with pharyngitis.
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TABLE 1. Resistance patterns by county for San Francisco Bay areaa
Isolates from patients with invasive disease

Isolates from patients with pharyngitis

SF County
Hospital

SF County
other
hospitals

Alameda
County

Contra Costa
County and
other

SF County
Hospital

SF County
other
hospitals

Alameda
County

Contra Costa
County and
other

Total isolates
Tetracycline only
Erythromycin only
Erythromycin and tetracycline
Erythromycin, tetracycline, and
clindamycin
Erythromycin, tetracycline, and
bacitracin
Tetracycline (total)
Erythromycin (total)
Erythromycin (% of total)

36 (26)
2 (1)
4 (4)
5 (4)
1 (1)

43 (30)
5 (4)
0
2 (1)
0

52 (44)
0
0
2 (2)
0

26 (21)
1 (1)
0
0
0

39
6
0
5
0

77
9
2b
3
1

10
0
1
0
0

23
1
1b
1
0

4 (4)

5 (4)

1

1 (1)

0

0

0

0

12 (10)
14 (13)
39 (50)

12 (9)
7 (5)
16 (23)

3 (2)
3 (2)
6 (5)

2 (2)
1 (1)
4 (5)

11
5
13

13
6
8

0
1
10

2
2
9

a
b

Numbers in parentheses are for a 12-month period in which throat isolates were collected; SF, San Francisco.
Strains were not resistant to clindamycin even after induction.

unknown counties 1%) as part of the Centers for Disease Control and Prevention Active Surveillance Program (1). San Francisco County is separated from
Alameda and Contra Costa counties by San Francisco Bay. Of the strains from
patients with invasive disease, 118 were isolated from blood, 20 from joint
specimens, 1 each from peritoneal fluid and pericardial fluid, and 2 each from
lymph node and pleural fluid. The remaining 13 isolates were from wounds and
tissues associated with necrotizing fasciitis or toxic shock.
Seven hospitals plus an Alameda County central laboratory that receives
specimens from several counties in the area randomly collected 149 respiratory
site isolates (San Francisco, 78%; Alameda, 7%; Contra Costa, 5%; and central
laboratory, 10%) from November 1994 to November 1995 for comparison of the
strains with those from the surveillance program. Statistical analysis was performed by the one-sided test on the difference between proportions.
Identification to species level. The isolates were identified as group A streptococci by the submitting institution. All identifications were confirmed upon
receipt as Streptococcus pyogenes by colony morphology, catalase reaction, and
beta-hemolysis. All isolates were pyrrolidonyl arylamidase (PYR) positive. The
first 200 strains were also tested on the BactiCard Strep (Remel, Lenexa, Kans.)
and were leucine aminopeptidase positive and esculin negative.
Erythromycin and tetracycline disk susceptibility testing. Initially, disk susceptibility testing was performed according to the guidelines in NCCLS document M2-A5 (15). Mueller-Hinton sheep blood agar (PML, Tualatin, Oreg.) was
inoculated with a suspension of each organism equivalent to a 0.5 MacFarland
turbidity standard. Disks with 15 mg of erythromycin or 30 mg of tetracycline
(BBL, Cockeysville, Md.) were dispensed on the agar, and zone diameters were
measured after 20 to 24 h of incubation in ambient air at 35°C. Breakpoints were
determined according to NCCLS standard M100-S5 (17), using 14 to 22 mm for
the “intermediate” range. Staphylococcus aureus ATCC 25923 was used as a
control. For strains isolated in 1995, the tests were performed according to the
NCCLS standards found in M100-S6 (18), which are identical to those of the
previous standard, except that incubation is in 5% CO2, breakpoints are revised,
with a range of 16 to 20 mm for the intermediate category, and Streptococcus
pneumoniae ATCC 49619 is used as a control. Bacitracin susceptibility was
measured by the same method, with bacteria producing no zone being considered resistant. The disks contained 0.04 U of bacitracin (6).
Erythromycin and clindamycin double-disk susceptibility testing. To test the
effect of erythromycin on the expression of clindamycin resistance, a disk containing 15 mg of erythromycin was placed 20 mm from the center of a disk
containing 2 mg of clindamycin. Inhibition of the circular zone around the
clindamycin disk was considered positive for inducible resistance (25).
Dilution susceptibility test. MICs were determined by the NCCLS microdilution method (14, 18, 19). Antimicrobial agents were diluted in cation-adjusted
Mueller-Hinton broth containing 2% lysed horse blood, 100 ml of each solution
was dispensed into each well of microdilution plates, and the plates were kept
frozen at 270°C until use. Inoculations were performed with a Dynatech 2000
inoculator to a final concentration of 3 3 105 to 7 3 105 CFU/ml, and the
inoculated trays were incubated in ambient air at 35°C for 20 to 24 h and read
visually by transmitted light with a reflective viewing device. S. pneumoniae
ATCC 49619 was used as a control organism. A control plate was inoculated
from each growth control well with a calibrated loop to confirm the purity of the
culture and the initial inoculum density. MICs were interpreted by using the
NCCLS breakpoints for streptococci (19).
PFGE. Preparation of chromosomal DNA for pulsed-field gel electrophoresis
(PFGE) was performed as outlined by Bert et al. (2). PFGE was performed as
described by Maslow et al. (12). Restriction fragments of chromosomal DNA
after digestion with the enzymes SmaI and ApaI (Boehringer Mannheim, Indi-

anapolis, Ind.) were analyzed as described by Tenover et al. (29). Isolates were
considered identical if they had exactly the same electrophoretic pattern, and
they were considered to be clonally related if they showed differences of three or
fewer bands between strains (29).

RESULTS
Of the 157 strains from patients with invasive disease, 25
were resistant to erythromycin. The frequency was 27% for San
Francisco County, 6% for Alameda County, and 4% for Contra Costa County (Table 1). MICs for erythromycin-resistant
isolates ranged from 2 to .8 mg/ml. No MIC results with an
interpretation in the intermediate category (0.5 mg/ml) were
detected. An unusually high rate of resistance (39%) was seen
at one hospital, the San Francisco County Hospital, compared
to those of the counties (P 5 ,0.0003).
Because of the high rate of erythromycin resistance in isolates from patients with invasive disease, 149 strains of
GABHS were randomly collected from patients with pharyngitis from several hospitals in the three counties between November 1994 and November 1995. Results of erythromycin
testing of these specimens were compared to results for all the
strains from patients with invasive disease submitted during
the same period (Table 1). For San Francisco County, 32% of
the invasive-disease-related specimens, but only 9% of the
isolates from patients with pharyngitis from the same period,
were resistant to erythromycin (P 5 0.0007). For the San Francisco County Hospital, 50% of 26 strains from patients with
invasive disease were erythromycin resistant, compared to 13%
of 39 strains from patients with pharyngitis. The San Francisco
County Hospital had statistically more resistant strains from
pharyngitis compared to those from Alameda County (P 5
0.0004).
Tetracycline resistance was found in 31 of the 39 erythromycin-resistant strains. In addition, resistance was found in 24
erythromycin-susceptible strains. The rate of tetracycline resistance was 25% in San Francisco County, with no significant
difference between strains from patients with invasive infections and those from throat cultures. Tetracycline resistance
was uncommon (,10%) in isolates from the other counties.
Broth microdilution susceptibility testing was performed on
all of the strains that were classified as resistant or intermediate to erythromycin by disk test plus approximately 40% of the
strains that were classified as susceptible to erythromycin. All
146 strains tested were susceptible to penicillin, with MICs of
#0.015 mg/ml. There was no resistance to clindamycin among
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A had identical restriction patterns with both enzymes. One
isolate of clone A was from the San Francisco County Hospital; three strains of clone A were collected from patients at
three different hospitals in San Francisco within a 5-week period. All five strains of clone A were resistant to bacitracin.
Clone B was isolated only at the San Francisco County Hospital. Strain SF1612 differed from the other strains of clone B
by one restriction fragment.
DISCUSSION

the erythromycin-susceptible strains. Of the erythromycin-resistant strains, only two strains (one from a blood culture and
one from a throat culture) were resistant to clindamycin by
both disk and microdilution methods, with MICs of .1 mg/ml.
Of the 37 remaining erythromycin-resistant strains, all except
three strains isolated from throat cultures demonstrated inhibition of the zone of susceptibility to clindamycin in the presence of an erythromycin disk. Eleven strains isolated from
invasive specimens were resistant to erythromycin, tetracycline, and bacitracin. Bacitracin resistance was not seen among
the throat isolates.
In an effort to determine if there was a clonal strain resistant
to erythromycin within San Francisco County, PFGE was performed on the 12 strains collected between May 1994 and
March 1995. The results identified two clones (five strains with
pattern A and three strains with pattern B) by restriction with
either ApaI or SmaI (Fig. 1 and Table 2). All strains of clone

TABLE 2. Characterization of 12 erythromycin-resistant strains of S. pyogenes from patients with invasive infections
Strain

Hospital of Originc

Collection date
(mo/day/yr)

Bacitracind

SF1818
SF3413
SF1923
SF1810
SF1615
SF1608
SF1612
SF1613
SF1544
SF1611a
SF1618
SF1617b

Hospital A (SF)
Hospital B (Alameda)
Hospital C (SF)
Hospital A (SF)
SF County Hospital
SF County Hospital
SF County Hospital
SF County Hospital
Hospital D (SF)
SF County Hospital
SF County Hospital
SF County Hospital

5/31/94
8/11/94
3/31/95
2/21/95
2/21/95
9/27/94
11/22/94
1/7/95
10/20/94
11/17/94
3/22/95
3/10/95

R
R
R
R
R
S
S
S
S
S
S
S

a

Strain is constitutively resistant to clindamycin; all other strains were inducibly resistant to clindamycin.
Only strain susceptible to tetracycline.
SF, San Francisco County.
d
R, resistant; S, susceptible.
b
c

PFGE pattern
ApaI

SmaI

A
A
A
A
A
B
B2
B
C
D
E
F

A
A
A
A
A
B
B2
B
C
D
E
F
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FIG. 1. PFGE of 12 erythromycin-resistant strains digested with SmaI. Lanes
1 to 12 contain strains SF1818, SF3413, SF1608, SF1544, SF1611, SF1612,
SF1613, SF1810, SF1615, SF1618, SF1617, and SF1923, respectively; a molecular
weight ladder was in well 13. The PFGE patterns (from left to right) are designated A, A, B, C, D, B2, B, A, A, E, F, and A, respectively.

No resistance to penicillin was seen in 146 GABHS isolates
that were studied, reinforcing the fact that penicillin resistance
has not developed in this organism, despite the presence of
resistance in other species of streptococci. High levels of erythromycin and tetracycline resistance were found by surveillance
of GABHS in the San Francisco Bay Area. San Francisco
County contributed 82% of the erythromycin-resistant strains
and 87% of the tetracycline-resistant strains. Resistance has
been prevalent at the San Francisco County Hospital for at
least 20 years and continues to be problematic, with a documented rate of resistance in 1998 of 25% (personal communication). The cause of this resistance has not been determined.
Macrolide resistance usually results from overuse of these
drugs for treatment of pharyngitis (5, 23), but such usage has
not been identified in San Francisco. The higher number of
macrolide-resistant strains among the strains from patients
with serious infections suggests that erythromycin resistance
has an association with strains that are more invasive. This
association could be a result of the unsuccessful treatment of
infections with macrolide antibiotics, resulting in more invasive
infections. Bacitracin resistance was also associated with the
more invasive strains. Possibly resistance to these agents is
merely a marker for a clone with pathogenic factors.
By PFGE, two distinct clones were identified among the
erythromycin-resistant strains from patients with invasive disease. Initially, an attempt was made to separate clones by M
and T typing (1); however, these methods do not have the
discriminatory power of PFGE (27). The PFGE results were
reinforced by the observation that all 5 strains of clone A, and
none of the other erythromycin-resistant strains, were resistant
to bacitracin. Historically, susceptibility to bacitracin has been
used to identify GABHS and to separate them from group B
streptococci. Because the test lacks specificity, most laborato-
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cisco County but was rarely found in the other counties. Erythromycin resistance, but not tetracycline resistance, was more
common in isolates from patients with invasive disease than in
isolates from patients with pharyngitis. No resistance to penicillin was found; however, a clone showing bacitracin resistance was identified among the erythromycin-resistant isolates
from patients with invasive disease.
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ries currently use the presence of PYR as a better test to
identify GABHS (6). Our results confirm the importance of
using an alternative to bacitracin susceptibility testing.
Erythromycin resistance in GABHS has been reported to be
of three types. The most common is a target site modification,
which involves dimethylation of adenine in 23S rRNA. This
leads to reduced binding of macrolide, lincosamide, and streptogramin B antibiotics to their shared 50S rRNA target site
(called the MLS phenotype). At least eight classes of these erm
(erythromycin resistance methylase) genes have been identified in various species, including staphylococci (22), streptococci (4), and S. pneumoniae (26). The phenotype for this type
of resistance is demonstrated by the double-disk diffusion test
(25), in which resistance to clindamycin is demonstrated after
induction with erythromycin. Most (34 of 39) of the erythromycin-resistant strains in this study demonstrated inducible
clindamycin resistance, suggesting that the mechanism of resistance is an erm gene.
Uncommonly, another type of macrolide resistance is seen
when the erm gene mutates and is constitutively expressed.
Then the isolate demonstrates in vitro resistance to clindamycin without induction. Constitutive resistance to clindamycin
was seen in two strains in this study, one from a throat culture
and one from a blood culture (SF1611).
Three strains from throat cultures did not show inducible or
constitutive resistance to clindamycin and probably had a different type of erythromycin resistance. Other known mechanisms of resistance involve an active efflux mechanism (msr
genes) in staphylococci, an erythromycin esterase (ere genes),
an undefined mechanism in S. pneumoniae (26), and an energy-dependent efflux pump in S. pyogenes called mefA (4). msr
resistance confers inducible coresistance to macrolides and
type B streptogramins but not to lincosamides, such as clindamycin. mefA confers resistance only to the macrolides but not
to 16-membered macrolides, lincosamides, or streptogramin B.
It is possible that three of our strains carry mefA, since this
gene has been found in GABHS. Alternatively, an uncharacterized mechanism of resistance that does not confer resistance
to clindamycin may be present in these strains.
Prior to 1994, the NCCLS did not separately address breakpoints in susceptibility to erythromycin for different species
(13, 15). The documents did indicate that for streptococci
testing should be modified to use Mueller-Hinton sheep blood
agar for disk testing without increased CO2. Zone sizes in CO2
tend to be smaller than those in air. In our initial study, more
than 50% of the GABHS isolates were classified as intermediate in susceptibility to erythromycin compared to being classified as susceptible by microdilution testing (30). Using the
current NCCLS standards (16, 19), this problem has been
alleviated. It is imperative that laboratories use the current
NCCLS standards to avoid reporting results with intermediate
interpretations. In addition, we found that it was often difficult
to determine the zone size for erythromycin. Because the drug
is bacteriostatic, it can produce an uneven demarcation of the
zone of inhibition. Care must be taken to avoid measuring the
zone of hemolysis or the slight haze of growth within the zone
of inhibition. Based on our results with disk and microdilution
testing, we recommend that disk test results with interpretations in the intermediate category be confirmed by an MIC
methodology.
Conclusions. This study indicates that, for GABHS isolates
from patients with invasive disease, San Francisco County has
a higher rate of erythromycin resistance (27%) than those
found in two neighboring counties. Only two strains with erythromycin resistance also demonstrated constitutive resistance to
clindamycin. Tetracycline resistance was also high in San Fran-
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