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The National Centre for Streptococcus (NCS) (Canada) determined the group A streptococcal (GAS) M
types of 4,760 Canadian isolates submitted between 1993 and 1999 by classic serotyping. The 10 most frequently
identified M types were M1 (26.4%), M12 (9.8%), M28 (8.9%), M3 (6.8%), M4 (6.2%), M11 (4.8%), M89 (3.1%),
M6 (3.0%), M2 (2.6%), and M77 (1.9%). Nontypeable isolates accounted for 15.4% of the collection. The
province of Ontario submitted 51.1% of the isolates, followed by Quebec (21.2%) and Alberta (13.9%). Together,
these three provinces constituted 71.3% of the Canadian population in 1996. The numbers of M types M1, M12,
M28, and M3 occurred most frequently in subjects whose ages were <1 to 15 years and 25 to 45 years, as well
as in the elderly (60 to 90 years). Further analysis found that the four most frequently identified M types from
blood, brain, and cerebrospinal fluid were M1 (28.2%), M28 (9.2%), M12 (9.1%), and M3 (8.2%), with 13.4%
of isolates being nontypeable. The four isolates from throats most frequently identified were M1 (19.5%), M12
(15.3%), M3 (8.6%), and M28 (5%) with 19.4% of isolates being nontypeable. The sic gene of a subset of M1
strains (9.5% of the M1 collection) was sequenced. Of 36 sic types identified, the four most common were
sic1.01 (22.8%), sic1.02 (14.9%), sic1.135 (10.5%), and sic1.178 (9.6%). Together these four sic types further
characterized nearly 60% of the M1 strains sequenced. In summary, from the years 1993 to 1999, the NCS
detected 54 M types, of which 10 different M types constituted 73.5% of the collection. M1 was the most common
GAS M type circulating in the Canadian population, responsible for more than a quarter of the isolates typed.
The most common throat isolates differed in M-type and proportion from those of invasive isolates. Sequencing
the sic gene further characterized the most common M-type serotype 1 in a fashion that may be useful for
epidemiologic investigations.

Group A streptococci (GAS) are associated with a wide
spectrum of diseases, ranging from mild pharyngitis to life-
threatening streptococcal toxic shock and necrotizing fasciitis
(4, 7, 16, 17, 19, 23). Early efforts at understanding the spread
of this organism in relation to the diseases it causes led to the
development of the currently used serological typing system
based on the surface-exposed GAS M protein (20, 21). The M
protein is a long coiled coil protein projecting from the surface
of the streptococcal cell wall. Amino acid variation in the
amino-terminal portion of the protein serves as the basis for
the determination of the M type (12). Currently there are 86
distinct GAS M types officially recognized worldwide. These M
types are numbered sequentially, M1 through M93; however,
this sequence includes four M types from non-group A strep-
tococci and three M types that were later found to be dupli-
cates of previously described M types (www.cdc.gov/ncidod
/biotech/strep/strepindex) (10).

In addition to serological typing, investigators have reported
emm gene sequencing (the emm gene codes for the M protein)
as a method of typing GAS. Incomplete international collec-
tions of M antisera limit the ability to serologically characterize
all of the new emm types, and these are therefore currently

referred to as emm types rather than M types. Recent reports
list emm94 to emm124 as the latest extensions of the Lancefield
classification (9, 11).

Of the serologically classified M types, the most frequent M
type currently seen in cases of invasive GAS disease is M1 (8,
10, 15, 23). Other M types frequently associated with invasive
disease are M3, M28, M12, and M4 (8, 10). Since M1 is asso-
ciated with the majority of disease, it is important to subdivide
this M type to provide epidemiologic information on circulat-
ing M1 strains within a community. Hoe et al. have shown that
the M1 type can be characterized based on variation seen
within the sic (streptococcal inhibitor of complement) gene
(13). The sic gene encodes a protein that inhibits cytolytic
function of the complement cascade in vitro and is involved in
adherence to human epithelial cells (14). This gene exhibits a
high level of polymorphism, permitting differentiation of strains
within the M1 serotype and thereby providing a tool for GAS
epidemiology (13). sic typing is specific for the M1 type only.

We report the results of GAS M typing and sic gene varia-
tion in M1 strains from Canadian GAS isolates submitted to
the National Centre for Streptococcus (NCS), Canada, from
1993 to 1999.

MATERIALS AND METHODS

Source of GAS isolates. The NCS, located within the Provincial Laboratory of
Public Health for Alberta in Edmonton, Alberta, Canada, is mandated to provide
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national reference services for streptococci. This includes serologic typing of
GAS. A total of 4,760 isolates of GAS were submitted to the NCS from within
Canada, during the years 1993 to 1999. The isolates were categorized as (i)
blood, brain, and cerebrospinal fluid (CSF); (ii) miscellaneous sites (including
soft tissue, knee, hand, abscess, joint, eye, ear, hip, sputum, pleural, vagina,
pustule, finger, and penis, etc.); and (iii) throat.

Serologic typing and opacity factor determination. M and T typing and opacity
factor determination were performed on all isolates using standardized methods
(18). In addition, anti-opacity factor (AOF) typing was performed on all isolates
that were opacity factor positive (18). All antisera were prepared in-house. The
following reagents were used: M typing antisera 1, 2, 3, 4, 5, 6, 12, 13, 14, 15, 17,
18, 19, 22, 23, 24, 26, 27, 29, 30, 31, 32, 33, 39, 41, 43, 44, 46, 47, 49, 50, 51, 52,
53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 68, 71, 72, 73, 74, 75, 76, 79,
80, 81, 83 (PT2110), 87 (PT2841), 89 (PT4245), and 90 (PT4931) (total, 61) and
AOF typing antisera 2, 4, 9, 11, 22, 25, 27, 28, 44, 48, 49, 58, 59, 60, 61, 62, 63,
66, 68, 73, 75, 76, 77, 78, 79, 81, 87 (PT2841), 89 (PT4245), 90 (PT4831), and 92
(PT5118) (total, 30). Because of the difficulty of producing antisera for some M
types, AOF typing has been frequently used to predict the M type (10, 22). While
AOF typing does not always have the same type specificity as M typing, this
approach is considered valid for the majority of strains from developed countries
(3). In this study, isolates were assigned to eight different M types based on AOF
typing. AOF typing was used to predict the following M types: 9, 11, 25, 28, 48,
77, 78, and 92 (PT5118).

sic gene analysis. Sequencing of the sic gene was performed as previously
described (13). One hundred and fourteen M1 isolates were selected from the
years 1993 to 1999 (9.5% of the M1 collection) to represent different geographic
regions in Canada, including British Columbia, Alberta, Saskatchewan, Mani-
toba, Ontario, Quebec, and the Maritime Provinces.

RESULTS AND DISCUSSION

In 1999 there were 86 serologically distinct GAS M types
recognized worldwide, of which 54 were found in isolates sub-
mitted to the NCS (M types 1, 2, 3, 4, 5, 6, 9, 11, 12, 13, 14, 18,
22, 24, 25, 26, 27, 28, 29, 31, 33, 39, 41, 43, 44, 48, 49, 52, 53, 55,
58, 59, 60, 61, 62, 63, 65, 66, 68, 72, 73, 74, 75, 76, 77, 78, 79, 80,
81, 83, 87, 89, 90, and 92). The most frequently identified M
types in this collection are shown in Table 1. Of the top four M

types, M1 accounted for the majority of isolates, representing
over one-quarter (26.4%) of the collection, followed by M12
(9.8%), M28 (8.9%), and M3 (6.8%). The prevalence of M1
over other M types was expected, as similar findings have been
reported by other investigators in North America and Europe
(8, 10, 15, 23, 24). In a report of the GAS M typed by the
Colindale Public Health Laboratory (CPHL) in England, M1
was the most frequently identified type, accounting for 10.4%
of 16,909 GAS submitted during the 1980s (5). This percentage
is lower than the 26.4% found at the NCS for this serotype,
which suggests that M1 is not as prevalent in the United King-
dom as it is in Canada. While this discrepancy may reflect
differences in the proportion of circulating strains, it could also
be due to the geographical separation (Canada versus United
Kingdom) and/or different proportions of submissions by ana-
tomical site of isolation or the different period examined. Ex-
amination of the CPHL data shows that a large number of
GAS isolates typed originated from throat swabs (46%),
whereas only 16% of the isolates in the NCS collection origi-
nated from the throat. This higher percentage of noninvasive
isolates (throat swabs) included in the CPHL collection may
also account for some of the differences in M-type distribution
observed between the two reports. Other differences in the
proportion of M types found in the United Kingdom versus
Canada include the large number of M49 isolates from the
CPHL study (7.7%), whereas this type accounts for only 1.3%
of the NCS collection (5). The two studies agree on the im-
portance of M28, which ranks third in the United Kingdom
and third in Canada, accounting for 8 and 9% of the circulating
types, respectively.

Recently, investigators in the United States performed a
population-based surveillance study in five U.S. states from 1

TABLE 1. M serotypes according to submitting region, 1993 to 1999a

Serotype
No. of specimens from province(s)b

Total no. (%)
of specimenBC ALTA SASK MAN ONT QUE MARIT/NFLD YUK/NUN/NWT

M1 64 141 22 38 631 328 32 1 1,257 (26.4)
M12 18 72 6 24 243 85 16 1 465 (9.8)
M28 14 41 6 12 238 108 7 0 426 (8.9)
M3 5 70 5 24 133 76 13 0 326 (6.8)
M4 10 32 7 8 143 81 14 0 295 (6.2)
M11 1 37 8 7 115 57 3 2 230 (4.8)
M89 (PT4245) 4 14 6 7 97 18 3 0 149 (3.1)
M6 2 17 6 2 74 28 16 0 145 (3.0)
M2 8 11 2 2 55 34 10 0 122 (2.6)
M77 4 30 3 1 36 9 6 0 89 (1.9)
M75 1 3 0 0 54 12 2 0 72 (1.5)
M22 2 7 1 0 34 23 2 0 69 (1.4)
M49 10 16 5 3 21 4 2 0 61 (1.3)
M61 2 1 1 1 27 5 0 0 37 (0.8)
M58 9 6 0 0 8 3 0 0 26 (0.5)
M33 0 3 0 0 18 0 0 0 21 (0.4)
M5 0 3 0 0 10 7 0 0 20 (0.4)
M29 0 15 1 0 3 1 0 0 20 (0.4)
All others 7 25 7 22 98 31 5 1 196 (4.1)
M nontypeable 30 119 18 63 393 101 9 1 734 (15.4)

Total no. (%) 191 (4.0) 663 (13.9) 104 (2.2) 214 (4.5) 2,431 (51.1) 1,011 (21.2) 140 (2.9) 6 (0.1) 4,760 (100)

a All specimens were included.
b Abbreviations: BC, British Columbia; ALTA, Alberta; SASK, Saskatchewan; MAN, Manitoba; ONT, Ontario; QUE, Quebec; MARIT/NFLD, Maritime Provinces

and Newfoundland; YUK/NUN/NWT, Yukon, Nunavut Region, and Northwest Territories.
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July 1995 to 31 December 1999 in which all GAS, where
possible, were emm typed (23). The four most common emm
types identified in this surveillance study were emm1 (20.8%),
emm28 (9.2%), emm12 (7.6%), and emm3 (7.1%). These are
the same top four as were found in our study with only small
differences in percentages, suggesting that little variation in the
main circulating GAS M types exists between the two coun-
tries.

With respect to nontypeable isolates, we found 734 nontype-
able M types, accounting for 15.4% of the collection. This is
higher than has been reported in other studies such as the
United Kingdom report in which 7.35% of the GAS isolates
were nontypeable (5). The large percentage of nontypeable
isolates maybe due to nontypeable clones appearing in Can-
ada. Further studies grouping these strains into clusters by
amplified fragment length polymorphism analysis followed by
emm gene sequencing will allow us to determine if these non-
typeable strains represent previously unrecognized types.

Fluctuations in submission rates for M1, M12, M28, and
M3. The yearly submission rate for all isolates more than
tripled during the period examined. Analysis of the propor-
tions of the top four M types received revealed some varia-
tion in their contribution each year. This variation is the most
dramatic for M3 (Table 2). Increased numbers of M3 isolates
were first evident in 1994, peaking in 1995 and then decreasing
in 1996. A likely explanation for this sudden increase is the
introduction of a new M3 strain into the Canadian population,
followed by its gradual disappearance.

M1, M12, M28, and M3 versus age. A total of 2,474 isolates
of M1, M12, M28, and M3 were received, of which 2,287 (92%)
were submitted with patient date of birth. Figure 1 shows the
number of M1, M12, M28, and M3 isolates submitted versus
age. There appear to be three clusters of isolates present for
each M type dependent on age. The first is during the early
years of life up to age 15 years. This can be expected, as
clusters such as this one in this age group are mirrored in other
bacterial pathogens. Interestingly, a second cluster occurs from
age 25 to 45 years. Why this cluster occurs in this age group is
unclear. One would assume that exposure to a particular M
type early in life would provide protection later on in life. This
appears to be the case for individuals 16 to 25 years old but not
for those older than 25 years. A possible explanation is that
individuals in the second cluster are members of households
with children in the first cluster and are therefore constantly
exposed to GAS. However, exposure of an individual that one
would assume should be immune should, in theory, not result
in infection. To understand why a second cluster appears in
this age group will require more careful epidemiological and
immunological investigation. Also, the presence of two distinct
clusters suggests careful consideration will be needed in de-
signing any future vaccine schedules against this pathogen. A
final diffuse clustering occurs later on in life and is not as
dramatic as the first two clusters. This is expected since, as
individuals age, they become more susceptible to infections.

Geographic distribution of submitted GAS. Greater than
one-half of the collection originated from the province of On-
tario (51.1%). This province represented 37.3% of the Cana-
dian population (according to the 1996 population census [1]).
The high percentage of isolates submitted from Ontario in
comparison to the rest of Canada is probably due to the man-

datory reporting of all invasive GAS infections that was insti-
tuted in this province in January 1992 (6, 7, 19). Isolates from
Quebec and Alberta accounted for 21.2 and 13.9% of GAS,
respectively, that were M typed. Together, these three prov-
inces provided 86.2% of the GAS that were M typed from 1993
to 1999 and represent 71.3% of the Canadian population (ac-
cording to the 1996 population census), suggesting that the
three provinces are probably overrepresented in the sample
(1). With no evidence of bias of M types submitted relative to
the other submitters, the collection is likely representative of
the M types circulating in Canada. Further removal of the
Ontario isolates from the analysis results in very little change
to the ranking of M types.

To examine and compare GAS M types isolated from dif-
ferent sites, we have separated isolates collected from blood,
brain, and CSF from isolates collected from throats and mis-
cellaneous (other anatomical) sites.

M serotypes of GAS isolated from blood, brain, and CSF.
The vast majority of isolates included in this category (2,126 of
2,195) were cultured from blood. Forty-five M types were iden-
tified, the most frequent of which for each of the seven years
was M1 (28.2%) (Table 2). M1 is frequently associated with
invasive infections; therefore, it was not unexpected that this
serotype accounted for a quarter of the collection. M1 together
with M28 (9.2%), M12 (8.2%), M3 (8.2%), and M4 (5.6%)
made up the top five M types isolated from blood, brain, and
CSF. No other M type accounted for more than 5% of isolates.

Davies et al. performed a 2-year study for 1992 and 1993 in
Ontario in which only invasive isolates were collected (ob-
tained from a normally sterile site) (6). The prevalence of M1
was 24%, that of M12 was 7.4%, that of M4 was 6.5%, that of
M28 was 6.2%, and that of M3 was 5.8%. These percentages
are comparable with our data for isolates from blood, brain,
and CSF, suggesting that what is found in Ontario roughly
approximates what is occurring in the rest of Canada.

Another study performed by Beall et al. identified the emm
gene sequence and T-antigen type from 340 blood isolates
collected from San Francisco, Calif.; Atlanta, Ga.; and Con-
necticut (2). As in our study and the United Kingdom study,
M1 (emm1) accounted for the highest percentage of GAS
types seen (14.7%). Interestingly, similar to the United King-
dom study, this percentage is substantially lower than that
found in Canada. The recent study by O’Brien et al. found that
20.8% of isolates were emm1 (23). This is also lower than the
28.4% found in our study. Why this difference occurs between
the Canadian, United Kingdom, and U.S. data is unclear and
will require further investigation.

M serotypes of GAS isolated from miscellaneous sites and
throats. Consistent with isolates from blood, brain, and CSF,
the most common serotype in this grouping was M1 for all of
the years reported. There is very little difference in the five
most common serotypes found in these sites in comparison to
those found in invasive sites (Table 2). Together these five
serotypes account for over half of the M types in this collection
(65.8% for blood, brain, and CSF versus 57% for all others
[Table 2]).

The greatest change in ranking between sites is seen in the
differences in proportions of M89 (PT4245). For blood, brain,
and CSF, M89 ranked sixth (93 isolates), and for the other
sites, it ranked ninth (56 isolates). This may suggest that M89
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TABLE 2. M type and numbers of isolates collected from various sites according to year

Antigen and site(s)
No. of strains serotyped in: Total no.

of strains
serotyped

Antigen and site(s)
No. of strains serotyped in: Total no.

of strains
serotyped1993 1994 1995 1996 1997 1998 1999 1993 1994 995 1996 1997 1998 1999

M1
Blood, brain, and CSF 39 51 88 65 101 135 140 619
Miscellaneous 39 37 78 38 74 106 69 441
Throat 9 5 32 59 19 9 16 149
Unidentified 5 2 22 5 7 3 4 48

M28
Blood, brain, and CSF 5 9 24 38 39 43 44 202
Miscellaneous 6 9 14 21 32 38 39 159
Throat 3 1 9 16 2 6 1 38
Unidentified 4 1 3 19 27

M12
Blood, brain, and CSF 7 15 37 31 29 34 43 196
Miscellaneous 18 9 16 23 25 26 19 136
Throat 15 12 38 32 8 9 3 117
Unidentified 2 3 2 2 7 16

M3
Blood, brain, and CSF 6 19 70 45 7 7 27 181
Miscellaneous 3 9 21 20 1 2 13 71
Throat 2 8 40 12 2 2 66
Unidentified 5 3 2 10

M4
Blood, brain, and CSF 11 13 21 22 21 17 18 123
Miscellaneous 10 5 16 10 16 12 11 80
Throat 7 4 21 20 5 19 1 77
Unidentified 2 8 1 3 1 15

M11
Blood, brain, and CSF 3 7 21 19 25 27 102
Miscellaneous 1 1 3 14 28 25 14 86
Throat 1 4 3 10 17 35
Unidentified 2 3 2 7

M89(PT4245)
Blood, brain, and CSF 6 2 6 20 18 17 24 93
Miscellaneous 3 3 9 9 11 14 49
Throat 3 1 2 6
Unidentified 1 1

M6
Blood, brain, and CSF 3 2 24 19 4 4 6 62
Miscellaneous 5 3 19 11 5 4 2 49
Throat 1 24 3 1 29
Unidentified 2 1 2 5

M2
Blood, brain, and CSF 1 6 3 8 9 9 8 44
Miscellaneous 3 2 8 9 5 13 7 47
Throat 4 1 5 10 1 2 3 26
Unidentified 1 3 1 5

M77
Blood, brain, and CSF 1 1 3 4 6 12 12 39
Miscellaneous 1 4 3 2 12 6 28
Throat 6 3 2 3 14
Unidentified 2 1 5 8

M75
Blood, brain, and CSF 1 2 7 16 3 1 5 35
Miscellaneous 2 5 6 6 8 3 1 31
Throat 3 2 5
Unidentified 1 1

M49
Blood, brain, and CSF 2 3 1 5 5 7 9 32
Miscellaneous 1 6 4 4 1 4 2 22
Throat 1 2 3
Unidentified 2 1 1 4

M22
Blood, brain, and CSF 3 2 2 5 4 9 5 30
Miscellaneous 2 2 8 4 3 5 2 26
Throat 8 2 1 11
Unidentified 1 1 2

M61
Blood, brain, and CSF 2 5 9 1 1 18
Miscellaneous 1 1 6 7 1 16
Throat 1 2 3
Unidentified

M73
Blood, brain, and CSF 4 2 1 2 2 11
Miscellaneous 1 1
Throat 1 1
Unidentified 1 1

M87 (PT2841)
Blood, brain, and CSF 2 1 3 1 3 1 11
Miscellaneous 1 1
Throat 1 2 3
Unidentified

M5
Blood, brain, and CSF 1 2 7 10
Miscellaneous 1 1 1 1 5 9
Throat 1 1
Unidentified

M33
Blood, brain, and CSF 2 4 1 2 9
Miscellaneous 2 3 1 1 2 2 11
Throat 1 1
Unidentified

M29
Blood, brain, and CSF 3 2 3 1 9
Miscellaneous 3 2 5 1 11
Throat
Unidentified

Other M types
Blood, brain, and CSF 3 7 8 6 14 10 25 73
Miscellaneous 5 5 9 16 7 17 20 79
Throat 2 5 7 12 1 27
Unidentified 1 2 2 3 8

M nontypeable
Blood, brain, and CSF 43 27 41 41 46 52 45 295
Miscellaneous 40 22 55 36 43 45 39 280
Throat 12 28 46 26 1 33 2 148
Unidentified 1 1 2 2 3 2 11

Total 348 370 918 817 667 843 797 4,760
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(PT4245) is more prevalent in serious invasive disease; how-
ever, to accurately determine this, an active surveillance study
is needed. Also, in the overall comparison of numbers of iso-
lates (149/4,760 � 3.1%), the isolation of M89 is not overly
significant.

sic gene variability. To better characterize the M1 strains
circulating in Canada from 1993 to 1999, we sequenced the sic
gene in 119 M1 invasive isolates (9.5% of the M1 collection)
(Table 3). The M1 GAS were chosen to be temporally and
geographically representative of the collection. The distribu-
tion according to year was as follows: 7 isolates from 1993, 14
isolates from 1994, 19 isolates from 1995, 16 isolates from
1996, 27 isolates from 1997, 17 isolates from 1998, and 23
isolates from 1999. The geographical distribution was as fol-
lows: 10 isolates from British Columbia, 24 isolates from Al-
berta, 10 isolates from Saskatchewan, 8 isolates from Mani-
toba, 17 isolates from Ontario, 43 isolates from Quebec, and 7
isolates from the Maritime Provinces and Newfoundland. The
collection from Ontario was deliberately undersampled, as the
sic types from this province had been previously reported for
the years 1992 to 1998 (13).

The selected M1 isolates were all from invasive sites (blood,
CSF, pleural fluid, knee fluid, and necrotic tissue). Thirty-six
sic types were identified, with four accounting for nearly 60%
of the isolates: sic1.01 (22.8%), sic1.02 (14.9%), sic1.135
(10.5%), and sic1.178 (9.6%). Besides being the most frequent

allele in Canada, sic1.01 has also been shown to be the most
abundant allele in Connecticut, Minnesota, and Finland (13).
sic alleles 1.02 and 1.135 also were found in Finland and the
United States as well as Canada.

Recently, sequencing of the emm gene, which codes for the

FIG. 1. Numbers of M1, M12, M28, and M3 isolates identified from 1993 to 1999 as a function of age.

TABLE 3. Distribution of sic variants from 9.5% of
the M1 strains typed by the NCS

sic typea
No. of sequenced isolates from yr Total no. of

sequenced
isolates1993 1994 1995 1996 1997 1998 1999

1.01 6 1 6 6 4 1 2 26
1.02 1 5 5 3 3 17
1.135 1 1 5 5 12
1.178 1 1 2 5 2 11
1.78 2 1 1 1 1 6
1.181 2 3 5
1.36 1 2 1 4
1.13 2 2
1.17 1 1 2
1.34 1 1 2
1.68 1 1 2
1.88 1 1 2
1.196 1 1 2

a For sic types 1.09, 1.12, 1.26, 1.35, 1.50, 1.66, 1.72, 1.111, 1.163, 1.197, 1.199,
1.253, 1.257, 1.277, 1.278, 1.279, 1.280, 1.281, 1.287, 1.298, 1.299, and 1.300, only
one isolate each was identified.
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GAS M protein, has been shown to have excellent correlation
with M typing (3, 10). Sequencing of the emm gene was not
used by this laboratory during the years 1993 to 1999. How-
ever, we have begun to use this assay for some of the nontype-
able strains collected after 1999. The NCS currently has no
plans to discontinue serological M typing but rather will com-
plement this with emm gene sequencing for strains that are
nontypeable serologically.

With the continued worldwide problem of diseases caused
by GAS and the major interest in creating vaccines, it is im-
portant to continue to monitor the circulating M types in
Canada and worldwide.
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