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SUMMARY

"The distribution of T- and M-protein antigens was determined in 12469 cultures
of Streplococcus pyogenes sent to a reference laboratory. Of these 7232 (58 %) were
isolates from hospital paticnts, 249 (2 %) from hospital staff and 4988 (40 %) from
the community. The survey extended from January 1980 to June 1987. During
this time the numbers of isolates of M-types 6, 49 and 81 rose then fell, being
replaced by types {, 3 and 28. The proportion of isolates of M-types 4 and 12
remained constant. Few strains were received from cases of nephritis or rheumatic
fever but there has been an increase in the number of strains from serious
infections and deaths. Forty-four of the 55 (80 %) strains received since 1985 from
fatal infections have belonged to M-type 1. All other strains, bar two, received
from fatal infections in those ycars belonged to M-type 3. Representatives of M-
type 1 were also associated with erysipelas. Types 3 and 4 predominated among
the isolates from scarlet fever, types 1, 4, 12 and 49 from nephritis, types 49 and
81 from skin infections in meat workers and type 28 in cases of puerperal sepsis.
The M-typability rate was 97% but new M antigens await definition among
strains causing pyoderma.

INTRODUCTION

Since typing of group A streptococci became available, there have been few
surveys to investigate changes in the relative prevalence of different serological
types.

Some 35 ycars ago the Public Health Laboratory Service instituted regular
studices of Streplococcus pyogenes by sampling all strains isolated by its constituent
laboratories in England and Wales during one week periods, twice a year, from
1952 to 1956 (Anon., 1954, 1957). No further large studies were undertaken until
1964, when an attempt was made using different sampling methods, to carry out
an international survey of the distribution of S. pyogenes serotypes. Two such
studies were instigated: in 1964-5 (Parker, 1967), and 1968-9 (K&hler, 1974). The
aim was to study 300-500 isolates in each country during one year. The cultures
were to consist of an equal number of cases of scarlet fever, acute pharyngitis and
others streptococcal diseases. In both studies the list of participating laboratories
and the range of sera available were similar. The only other surveys that have been
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published involved studying streptococcal infections in a single city (Mitchell,
1962; Liitticken et al. 1977; Duben ef al. 1978) or in a district centred on an acute
general hospital and involving some 60 general practices (Mayon-White & Perks,
1982).

It became clear several years ago that representatives of several serotypes
hitherto rare were becoming more numerous and a study of patterns of isolation
was essential.

MATERTALS AND METHODS

The survey was based on the study of all adequately documented strains of S.
pyogenes referred here from laboratories within the UK between 1 January 1980
and 30 June 1987, Cultures sent from abroad and those investigated by T-typing
only were excluded, as were repeat isolates from the same patient. On receipt, the
cultures were checked for hacmolysis and bacitracin-sensitivity. A combined T-
and M-typing scheme was used (Williams & Maxted, 1953) supplemented with
detection of opacity factor (OF) (Top & Wannamaker, 1968).

All typing sera were prepared by the Streptococcus Reference Unit. Rabbits
were injected intravenously with whole-cell vaccines . Washed bacterial cells that
had been exposed to trypsin were used for the preparation of T-typing sera
(Williams, 1958). M-typing sera for OF-negative serotypes were prepared with
saline vaccines (Williams, 1958) but for OF-positive strains the animals were given
priming doses of saline vaccines followed by vaccines composed of phenol-
extracted cells (Pranitis, Murray & Kornfeld, 1973). Packed cell suspensions of
the strain NCTC 8709, a glossy variant, were used to remove group A antibodies
from the rabbit antisera. Suspension of straing of heterologous serotypes were
used, when necessary, to remove cross-reactions.

T types were determined by the agglutination of trypsinized cell suspensions
(Efstratiou, 1980). M antigens were detected in Lancefield acid extracts by double
diffusion tests in agarose gels. Lines of identity were confirmed using extracts of
stock strains. Broth supernates were tested for the presence of OF and, when
necessary, the M-type of particular strains was confirmed by the inhibition of this
activity with specific antisera (Maxted et al., 1974).

The current set of M sera available at the Streptococcus Reference Unit is
composed of sera against M-types 1, 3 M, 3 R, 5, 6, 12, 14, 15, 17, 18, 19, 23 ,24,
26, 29, 30, 31, 33, 36, 37, 39, 41, 43, 46, 47, 51, 52, 53, 54, 55, 56, 57, 64, 72, 74,
80, provisional types 5757, 2631 (OF ncgative types) also 2, 4, 9, 11, 22, 25, 48, 49,
58, 59, 60, 61, 62, 63, 66, 68, 73, 75, 76, 77, 79, 81, provisional types 180,
TRIN 179, 1658, TRIN 2233, TRIN 2612, TRIN 2407, 2841, 3875, 4245, 4931 and
Potter C (OF positive types) and R 28 sera. Opacity factor sera prepared in
guinea-pigs (Fraser, 1982), were available against types 2, 4, 9, 11, 22, 25, 28, 48,
49, 58, 59, 60, 61, 62, 63, 66, 68, 73, 75, 76, 77, 78, 79, 81 and provisional types 180,
TRIN 179, 1658, TRIN 2233, TRIN 2612, TRIN 2407,2841, 3875, 4245, 4931 and
Potter C.

Laboratory records of age and sex of patient, site of infection and source of
isolate relied on information provided by the sending laboratories. This was
sometimes inadequate. Testing of sensitivity to antibiotics was not done routinely.
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RESULTS

In all 12469 cultures were examined between January 1981 and June 1987. This
included 7232 (58 %) isolates from hospital in and out patients, 249 (2%) from
hospital staff and 4988 (40 %) community isolates. The overwhelming proportion
of strains came from patients showing signs of clinical infection. Screening of
symptomless carriers occurred only in a few large hospital outbreaks where
symptomless staff, patients and environmental sites were swabbed routinely until
the conclusion of the outbreak.

The number of cultures submitted by individual laboratories has varied
between 1391 and 2016 per year with the gencral trend being an increase in the
number of isolates. Sending laboratories are spread evenly across the country and
it scems fair to assume that this sample is representative of current trends in the
UK. There was also a rcasonably constant pattern of referral. Of the 143
laboratories referring cultures in the ycars 1985 to 1987, for instance, 71 did so in
all three years, 37 did so in two of three years and 13, 7 and 15 did so only in the
years 1985, 1986 and 1987 respectively.

Typability rales

Using the current set of antisera to M and T antigens and repeated testing of
refractory strains it was possible to type 99% of isolates by T’ agglutination and
97% by M precipitation. Without exception, all non-typable strains were isolated
from superficial sites and wounds. One or other of the M antigens named above
could be detected in all isolates from the throat. During the course of the survey,
M sera were raised against four new provisional types (PT), PT 4245, PT 4854,
PT 2110 and PT 4931 (Fraser & Colman, 1985).

Representatives of ten M-types, namely 1, 3, 4, 0, 12, 22, 28, 49, 73 and 81,
predominated during the survey. They comprised 61 % of all isolates but their
relative prevalence changed during the period of study. A decrease in the isolation
of previously common types such as types 6, 49 and 81 (Fig. 1) has coincided with
increased isolation rates of type 3 and in particular, a marked increase in the
isolation of types 1 and 28 (Fig. 2). At the same time, the prevalence of other types
such as 4 and 12 has remained relatively constant (Iig. 3). The increase in the
number of isolations of type 1 in the last two years appears to be slowing down,
but the actual isolation rate remains at about 30% of all UK isolates. Types 1,
3 and 28 now account for over 50% of all UK isolates.

Associations belween serolype and sources

The distribution, by source, of all the isolates included in the survey is
summarized in Table 1. One half (50 %) of all isolates were from throat swabs but
many strains were recovered from wounds (22%) and other superficial sites
(17 %). There were 466 (4 %) isolates from blood cultures but few (< 1%) were
cultured from CSF.

Analysis of isolation sites of the most common serotypes shows that the once
popular distinction between ‘throat’ and ‘skin’ strains is no longer clear cut
(Table 2). Some strains such as types 3 and 6, do scem to occur predominantly in
the throat with 77% (type 3) and 83 % (type 6) of all isolates being from throat
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Fig. 1. The changing prevalence of M types 6, 40 and 81 (1980-7). Data for 1087 is
for the period 1 January to 30 June.
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Fig. 2. The changing prevalence of M types 1, 3 and 28 (1080~7). Data for 1087 is
for the period | January to 30 June.

swabs. Others such as type 81 are isolated mainly from wounds and superficial
sites with only 19% being recovered from throat swabs. Many serotypes, for
instance 28 and 49, appear to be able to colonize or infect diverse sites.

It emerged from this analysis (Table 2) that of the 487 cultures isolated from
blood or CSF, 159 (33 %) belonged to M-type 1 and 65 (13%) to type 3. These
represented 12:9% and 6-9 % respectively, of all isolates of these serotypes. With
the exception of type 12 (4:4 %) and type 22 (4-0%) the proportion of strains of
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Fig. 3. The prevalence of M types 4 and 12 (1980-7). Data for 1987 is for the
period 1 January to 30 June.

Table 1. Group A streplococcal infections — number of isolates received

Year

Source of — A —

isolates 1080 1981 1082 1083 1084 1985 1086 1087* Total %
Throat 744 720 1051 834 745 90064 817 386 0201 50
Nose 47 0 19 45 66 25 47 23 271 2
Ear 21 3 7 b 8 15 43 3 133 1
Skin 193 5902 330 313 337 180 97 64 2105 17
Wound 822 54 104 303 133 241 643 300 20600 22
Blood 82 35 47 32 71 62 88 19 466 4
CSF 2 1 1 4 4 4 0 53 21 <1
HVS 37 14 33 13 28 60 123 118 425 3
Other 10 ¢ 12 13 8 23 7 12 97 1

Total 12460
* Data for the period 1 January to 30 June.

other scrotypes isolated from blood was lower. This is evidence of an association
of type 1 in particular with invasive disease (Table 3). The number of strains of
type 1 as a proportion of all isolates from blood or CSF has risen from 11-14% in
1981-3 to 64 % in the first 6 months of 1987.

Septicaemic deaths

At the same time, there have been more isolates from fatal infections received
by this laboratory : 5-10 per yecar between 1980 and 1984, 14 in 1985, 19 in 1980,
increasing to 22 deaths in the first 6 months of 1987. Since 1984, depending upon
the year, between 71-95% of all fatal infections have been caused by serotype 1
(Table 4). Many (> 73%) of these deaths occurred in patients with no serious
underlying medical condition, as was noted also by Cruickshank and his collcagues
(1981). Information on predisposing causes was, however, neither routinely sought
nor given but the calamitous nature of the infection was often described.
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Table 2. Group A streplococcal infections: sources of the ten most common M types
expressed as percentages of the type at each sile

Source of isolates (%)

f A
Blood
+ Total no.
M type Throat Nose Ear Wound Skin HVS CSF*  of isolates
1 592 30 27 11-8 55 49 129 1208
3 770 1-b 1-4 75 39 1-8 69 941
4 656 1-6 19 121 01 04 33 672
(1 82-7 1-6 1-6 60 4-1 1-8 2:3 516
12 704 38 08 122 63 2-1 44 712
22 505 19 It 177 122 35 40 622
28 51 1-2 14 246 60 07 31 850
49 426 36 05 166 340 09 1-8 1208
3 52:0 2:6 07 242 145 26 28 462
81 19-1 e 07 31-1 415 07. 27 441
* During the period of this study, fewer than five isolates each year were reccived from

CSF.

Table 3. Group A streplococci received from serious invasive diseases

Total no. No. of isolates

of isolates of M type

from blood - A \

or CSF 1 3

1980 54 11 (20)* 11 (20)
1081 16 5(14) 2 (6)
1982 48 6 (13) 4 (8)
1083 36 4(11)  5(14)
1084 75 12 (16) 7 (10)
1085 06 24 (36) 11 (16)
1086 88 35 (40) 16 (17)
1087+ 84 54(04) 7 (8)

* Percentage.
t Data for the period 1 January to 30 June.

Table 4. Number of strains received from fatal group A streplococcal infections
(These organisms are included also in Table 3.)

M type M type Other
1

3 types
1980 3 4 1
1981 0 0 b
1982 ] 2 2
1083 3 4 2
1984 6 2 0
1085 13 | 0
1986 13 4 2
1087+ 18 4 0

* Data for the period { January to 30 June.
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Erysipelas

There was no evidence among the 12469 strains of an association between a
single scrotype and a particular discase state, except for erysipelas. Erysipelas is
now a rare disease in the UK but is apparcntly more common in Sweden (Jorup-
Rénstrom, 1986). All of the 17 isolates examined during this study were of type
1. This association was noted by Dowsett and her colleagues (1975) in a hospital
outbreak. The few strains reccived from patients with erysipelas could be
attributed in part to the well-known difficulty of isolating group A streptococci
from within the lesion (Leppard et al. 1985).

Scarlet fever

Scarlet fever in the UK currently has a mild course and this may be due to the
failure of strains to produce the pyrogenic exotoxin A (Hallas, 1985). Notifications
of the discase in England and Wales have also fallen and for part of the period
covered by this survey fell from 11118 in 1980 to 6327 in 1984 (Anon. 1986).
Isolates from 154 diagnosed cases and 9 probable cases were reccived and the
distribution of scrotypes is shown in Table 5. As was noted in an carlier survey
(Parker, 1967) there is an association between types 3 and 4 and scarlet fever. The
numbers of cultures identified as types 1 and 6 are inflated by the inclusion of 8
isolates of typoe 1 from a single outbreak in 1981 and 6 of type 6 from one incident
in the following year.

Rheumatic fever

Fow strains are reecived in thig laboratory from patients with rheumatic fever.
There were seven strains from diagnosed cases and four from probable cases with
never more than one strain in each category in any one ycar. The distribution of
M types is given in Table 6 and of these, types 1, 3 and 5 have in the past been
associated, among others, with outbreaks of this condition (Bisno, 1980). The
absence of M-type 18 is noteworthy because representatives of this serotype have
been associated with a recent resurgence of this discase in the USA (Veasy et al.
1987). Type 18 is a rare serotype in the UK and apart from 28 strains received
carly in 1987 from a single outbreak of sore throat, nover more than one strain was
received in any year of the survey. The virulence factor responsible for rheumatie
fever is unknown but one of the propertics of strains causing outbreaks of
rheumatic fever is that they often form mucoid colonies. This property was noted
among the serotypes isolated in the recent American outbreak (Veasy el al.1987)
and our strains of serotypes 5 and 18.

Acute glomerulonephrilis

As with rheumatic fever, representatives of many serotypes have in the past
been associnted with sporadic cases of acute glomerulonephritis but a more
restricted distribution is to be scen among strains causing outbreaks. All of the
strains included in Table 7 were from sporadic cases. Of the 49 isolates from
diagnosed casces, and 15 where there was some doubt, one half belonged to one or
other of the scrotypes 1, 4, 12 or 49. Representatives of these serotypes have in the
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Table 5. Distribution of M-serotypes among strains isolated from patients with
scarlet fever

M type

—
f 2 3 4 56 6 12 22 28 73 76 177 Total

No. of strains associated with
Definite diagnosis 16
Probable case 1

9 1 7 2 2 0 1t 0 1 154
00 1 2 1 1 0 3 0 9

Table 6. Serotypes recovered from patients with rheumatic fever
M type

r

1 3 4 5 22 68 77 Total

No. of strains associated with
Definite diagnosis 2

1 1 2 0 o0 1 7
Probable diagnosis 1 0 1 o0 1

1 0 4

Table 7. Serolypes of S. pyogenes associated with acute glomerulonephritis

M types
T23 4 56 6 0 12 22 40 G55 58
No. of strains associated with
Definite diagnosis 8 03 4 1 t 2 mn 2 7 1 0
Probable diagnosis 1 20 2 0 1 0 1 1 0o 0 1
[4 A Y
73 78 81 PT 2841 T3/M~/OF+ T8/25/M—OF+ Total
Definite diagnosis 1 4 2 0 0 2 49
Probable diagnosis 2 1 1 1 1 0 16

past caused outbreaks of streptococcal sore throat that were followed by
glomerulonephritis (Ferrieri, 1975).

Infections in meat workers

In November 1977 the Public Health Laboratory Service set up a Working
Group on Streptococcal Infection in Meat Handlers (Morris ef al. 1982) and its
work had been completed by the end of 1984, Almost all of the strains that
compose Table 8 were referred as a result of surveys conducted by members of the
Group and the results of typing some of the strains have been reported by others
(Barnham & Kerby, 1984). Clusters of strains in Table 8 indicate outbreaks which
occurred either within one geographical area, as with M-type 41 or T3/M~— /OF-,
or involved abattoirs in several parts of the country as with M-types 49, 80 and
81 and also strains with the pattern T8/M— /OF+. An M antigen was detected in
435 of the 592 strains isolated from meat workers giving a typability rate of 73 %.
It is likely that the 157 that could not be typed with the current set of antisera
represent at least five new serotypes. For instance, a new provisional type
antiserum, PT 4854, was prepared against one of the strains isolated in the
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Table 8. Resulls of typing 592 strains isolated from skin lesions on meat
workers

No. of strains referred in year
Typing result A

M antigen identified 1980 1981 1982 1083 1984 1985 1986 1087* Total
] 2 = — = = = = = 2
9 = - - 71— - = = 7

11 f - 1 - 1] - - - 3

12 1 — — - — - = = 1

22 — — 3 2 3 1 = — 9

28 - - - - - 1 = = 1

33 8 b — — - — -~ -~ 13

41 B — - — — — — = 33

40 1 7 1 13 3 4 20 — T

58 1 — — 1 - — — — 2

60 - - = f = = = =9

60 - 2 - —_= = = - - 2

04 —_ - = - 2 1T - - 3

60 - 5 3 6 d - = - 17

73 —_ - = 1 = = = = 1

75 _— - - i - = 1 - 2

76 1 5 — 1 1 7 - 1 16

78 - — — 3 = = — 4

80 2 - - 7 {f — = - N

81 19 30 3 4 56 — — — 101

PT 180t - 2 — 1 I - - - 4

PT 2841 —_ — - = f - 4 - 5

PT 3876 - = — 15 B - - — 20

PT 4245 - 2 = - - = = - 2

PT 87567 —_— 10 - - - 1 12 2 25

Potter C - - - 3 - — — - 3

M antigen not detected

T3/M—/OF + - - | - = = - - 1

T3/M~/OF -1 65 170 ) — = = = - 84

T8/M~/OF + — 1 4 17 46 — —-= — 68

T8/M-/0F - —_— = -~ - I - - - {

T6/M=/OF + - - ] —-— = = = - 1

T5/M~/OF — - 2 = = = = - - 2

Total 74 141 26 194 100 16 38 3 502

* To 30 June 1087,
+ Provisional type numbers.
t An unknown proportion of these cultures belong to serotype PT 4854 ~ sce text.

outbreak caused by strains listed in Table 8 as T3/M—/OF —. This serum was
prepared after the outbreak had been brought under control and as not all isolates
could be tested for the presence of this antigen, they are all classed as non-
typable.

Puerperal sepsis

The 90 strains brought together to form Table 9 are those isolates described as
being from patients with puerperal sepsis together with those present post partum
in both blood cultures and high vaginal swabs. About one half of the strains, 41
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Table 9. Type distribution of strains isolated from cases of puerperal sepsis

M types

A

3 4 012 22 28 58 60 73 75 77 81PT 2841 Total
6 314 3 537 1 1 6 1 1 6 1 90

r
1 2
No.of cases 3 2

of 90 isolates, were from incidents in which one mother only had become infected.
The remainder, strains of M-types 9 and 73 and R 28, were isolated from cight
outbreaks — each in a different hospital. Five of these outbreaks were caused by
isolates carrying the R 28 antigen.

Since mid-1985 more isolates from high vaginal swabs have been referred for
typing (Table 1). These cultures are not known to be associated with infection.
Type 28 is the commonest single scrotype among these commensals and this may
be the explanation for its association with puerperal sepsis.

DISCUSSION

Earlicr studies in England and Wales (Anon. 1954, 1957; Mayon-White & Perks,
1982) have shown that some scrotypes of S. pyogenes are present constantly in the
community but there arc fluctuations in the isolation rates of others. There
remained a need to look again for associations between particular serotypes and
discase states particularly among hospital patients. The first step in this
investigation was to prepare antisera for hitherto undefined serotypes (Fraser &
Colman, 1985). The typability rate for M proteins was increased to 97 % but still
more M antigens await definition among the strains isolated from skin sepsis
(Table 8). The set of typing sera employed would be less uscful for strains islated
at other places or different times. For example, extracts of only one third of the
strains received from West Africa or South East Asia during the survey yielded M
antigens that could be identified with the current set of antisera (results not
presented). Or, strains carrying the M antigens 79 (formerly PT 2015) or PT 1658
were rare in this survey although they had caused outbreaks a few years carlier
(Fraser el al. 1977; Efstratiou et al. 1982).

In previous longitudinal studies of outbreaks involving more than one strain a
waxing and waning of the different organisms has been observed with isolates of
one serotype predominating and then being replaced by another (Ferrieri et al.
1972; Efstratiou ef al. 1982). Such a change was observed in this study on a
national scale with type 49 being replaced by type 1. No adequate explanation can
be offered for this succession. We doubt that this is due to the acquisition of
circulating antibodies. There has been no large scale survey of the prevalence of
antibodies to the various M proteins. The presence of these antibodies, however,
does not protect agdinst pharyngeal acquisition of strains of the homologous
scrotype (Guirguis ef al. 1982) and our own experience with the indirect
bactericidal test (Maxted, 1956) suggests that few individuals have circulating
opsonic antibodies to more than one or two serotypes.

The relative frequeney of strains carrying the R 28 antigen as a cause of
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puerperal sepsis can be explained, most simply, by its prevalence in high vaginal
swabs taken from normal women.

The attack rate of acute nephritis following infection of the skin or throat with
strains of type 49 was much lower in this study than among outbreaks in North
America. Before 1980 few isolations of M-type 49 strains were made in the UK and
when they were detected some family association with the Western Hemisphere
could usually be found on enquiry. Of the 1208 isolates of type 49 handled, 515
were from throat swabs and 411 from skin lesions (Table 2). The skin lesions were
of all grades of severity from a small area of impetigo to surgical wounds or to
burns involving much of the body surface. Yet only seven of the strains were from
patients who had developed nephritis (Table 7). A much greater proportion of
American Indian children who had been in contact with a strain of type 49
developed acute nephritis or unexplained haematuria (Anthony ef al. 1969). In
that study, 10 of 42 (24 %) of those with pyoderma, 2 of 44 (5 %) of those with sore
throats and 3 of 16 (19 %) infected at both sites developed one or other condition.
Some of the strains of type 49 isolated in the UK in 1980 were subtyped by a
bacteriophage method (Skjold & Wannamaker, 1976) and they could be
distinguished from strains of type 40 that had caused epidemics of nephritis in
Minnesota and Trinidad (Skjold et al. 1983). A likely explanation of the difference
in virulence could be that, perhaps, the UK isolates do not produce the
streptokinase found in nephritis strains (Johnston & Zabriskie, 1986).

It scems clear that the strain, or strains, of M-type 1 that is currently being
isolated is particularly virulent. In the past an understanding was sought of the
reasons why strains causing skin sepsis did not become invasive (Pinney, 1974) or
produced an unexpected antibody response (Kaplan et al. 1970). The nced is now
reversed. It has been suggested that toxaemia ean be an important determinant
of the outcome of streptococcal infection (Cone el al. 1987). Given the variety of
toxins produced by S. pyogenes (Wannamaker, 1983) much remains to be
learnt.

REFERENCES

ANoNyyous (1954). Serotypes of Streplococeus pyogenes: their relative prevalence in England,
Wales and Northern Treland, 1952-53. Monthly Bullelin of the Ministry of Health and the Public
Health Laboratory Service 13, 171-174,

ANoNYMOUB (1057). Serotypes of Streplococcus pyogenes: their prevalence in England and
Wales, 1052-1050. Monthly Bulletin of the Ministry of Health and the Public Health Laboratory

_ Service 16, 103-172.

Anonyyous (1988). Communicable disease statistics: 1984 statistical lables. Series MB2 no. 11. pp.
6-7. London : Her Majeaty's Stationery Office.

Avtiony, B.F., Karray, E. L., WanNavaker, L. W., Brigsg, F. W. & Cuaruman, 8. 8.
(1969). Attack rates of acuto nephritis after type 49 streptococcal infection of the skin and of
the respiratory tract. Journal of Clinical Investigation 48, 1697-1704.

Banrnnam, M. & Kenny, J. (1984). A profile of skin sepsis in meat handlers. Journal of Infection
9, 43-50.

Biswo, A. L. (1980). The concept of theumatogenic and nonrheumatogenic group A streptococci.
In Streptococcal Diseases and the Immune Response (ed. 8. E. Read and J. B. Zabriskie), pp.
789-803. New York: Academic Press,

Congk, L, A.,, Woobanp, D. R., Scurievert, P. M. & Tosory, G. 8. (1987). Clinical and
bacteriologic observations of a toxic shock-like syndrome due to Streptococcus pyogenes. New
England Journal of Medicine 317, 146-149.

https://doi.org/10.1017/5095026880006739X Published online by Cambridge University Press


https://doi.org/10.1017/S095026880006739X

268 EwA GAWORZEWSKA AND (. COLMAN

CruiCcKksSHANK, J. G., Harr, R.J. C., GEorar, M. & FeesT, T. G. (1981). Fatal streptococcal
septicaemia. Brilish Medical Journal 282, 1944-1945.

Dowserr, E. G., HersowN, R. N., Maxtep, W. R. & Wippowsox, J. P. (1975). Qutbreak of
idiopathic erysipelas in a psychiatric hospital. British Medical Journal 1, 500-502.

DuBEN, J., JELINKOVA, J., MIcKova, S., HavLIckoVA, H., VosTEcHOVSKA, H., BERANEK, M. &
Rotra, J. (1978). Nine-year study of streptococcal infections in a sample of the general
population. Journal of Hygiene, Epidemiology, Microbiology and Immunology 22, 162~176.

ErstraTiOU, A, (1080). Preparation of Streplococcus pyogenes suspensions for typing by the
agglutination method. Medical Laboratory Sciences 34, 361-363.

ErstrATIOU, A., CoLMAN, G., Ligurroor, N. F. & CRUICKSHANK, J. G. (1082). Streptococcal
pyoderma in a military training establishment. In Basic Concepls of Streptococci and
Streptococcal Diseases (ed. S. E. Holm and P. Christensen), pp. 23-24. Chertsey, Surrey:
Reedbooks.

Ferniert, P. (1975). Acute post-streptocoecal glomerulonephritis and its relationship to the
epidemiology of streptococcal infections. Minnesota Medicine 58, 598-602.

Ferniert, P., Dasant, A. 8., WANNAMARER, L. W. & CuaPMAN, S. 8. (1972). Natural history of
impetigo. I. Site sequence of acquisition and familial patterns of spread of cutancous
streptococei. Journal of Clinical Investigation 51, 2851-2862,

Fraser, C. A. M. (1082). Preparation of specific antisera to the opacity factors of group-A
streptococei, Journal of Medical Microbiology 15, 153-162.

Fraser, C. A. M., Bawy, L. C., Mornis, C. A. & Noan, N. D. (1977). Serological characterization
of group-A streptococcei associated with skin sepsis in meat handlers, Journal of Hygiene 78,
283-206.

Fraser, C. A. M. & CormaN, G. (1985), Some provisional M-types among Streptococcus pyogenes
(Lancefield group A). In Recent Advances in Streplococci and Streplococcal Diseases (ed. Y.
Kimura, S. Kotami and Y. Shiokawa), pp. 35-36. Bracknell, Berkshire: Reedbooks.

Guirauis, N., Fraser, D, W., Fackraym, R. R, EL KoLy, A. & WaNNamakeR, L. W, (1082).
Type-specific immunity and pharyngeal acquisition of group A streptococeus. American
Journal of Epidemiology 116, 933-939,

Harras, G. (1985). The production of pyrogenic exotoxins by group A streptococei. Journal of
Hygiene 95, 47-57.

Jounsron, K, H, & Zasriskie, J. B, (1086). Purification and partial characterization of the
nephritis strain-associated protein from Streplococcus pyogenes, group A. Journal of
Experimental Medicine 163, 697-712,

Jonrupr-RoNsTROM, C. (1980). Epidemiological, bacteriological and complicating features of
erysipelas. Seandinavian Journal of Infectious Diseases 18, 519-524.

Karray, E. L., Axtioxy, B. F.,, Cuarymax, 8. S., Avousn, E. M. & WanNamaker, L. W. (1070).
The influence of the site of infection on the immune response to group A streptococci. Journal
of Clinical Investigation 49, 1405-1414,

Kouver, W. (1074). Results of the sccond international Streptococeus pyogenes type distribution
survey. In Streptococcal Disease and the Communily (ed. M.J. Haverkorn), pp. 10-13.
Amsterdam: Excerpta Medica.

Lerrarp, B. J,, SeaL, D, V,, CoLmaN, G. & HavLLas, G. (1985). The value of bacteriology and
serology in the diagnosis of cellulitis and erysipelas. British Journal of Dermatology 112,
559-607.

Lurricken, R., WeNporrr, U,, LUTrickeN, D. & WaNNaMakER, L. W. (1977). Typing of
group A streptococci from an urban area (K&In) in West Germany. Zenlralblatt fur
Balkteriologie, Parasitenkunde, Infektionskrankheiten und Hygiene. Erste Abteilung Originale.
Reihe A. 237, 35—43.

Maxrep, W. R. (1056). The indirect bactericidal test as a means of identifying antibody to the
M antigen of Streptococcus pyogenes. British Journal of Experimental Pathology 37, 415-422,

MaxTep, W. R., Wippowsox, J. P., Fraskr, C. A. M., Bary, L. & Basserr, D. C. J. (1974).
Streptococcal typing by means of the serum opacity reaction. In Streplococcal Disease and the
Community (ed. M. J. Haverkorn), pp. 48-54. Amsterdam: Excerpta Medica.

MavoN-Wurte, R. T. & Perks, E. M. (1082), Why type streptococci? The epidemiology of
group A streptococcei in Oxfordshire 1976-1980, Journl of Hygiene 88, 430-452.

Mircuery, E. S. (1062). Frequency of serotypes of Streplococcus pyogenes in different diseases.
Journal of Clinical Pathology 15, 231-234,

https://doi.org/10.1017/5095026880006739X Published online by Cambridge University Press


https://doi.org/10.1017/S095026880006739X

Typing of S. pyogenes 269

Mognis, C. A., FeLL, H. W. K., Boissarp, J. M., Cog, M. J. 8., CoLMaN, G., Fraser, C. A, M.,
Ginson, G. L., GiLBerT, R. J., Hoorer, W. L., JonEs, D. M., MayoN-Wiurtg, R. T., PETHER,
J. V.8, Truomas, M. E. M., WIENEKE, A. A. & Wricnr, A, E. (1082). The epidemiology and
control of streptococcal sepsis in meat handlers. Environmental Healtk 90, 256-258.

Parker, M. T, (1967). International survey of the distribution of serotypes of Sireplococcus
pyogenes (group A streptococei). Bulletin of the World Health Organisation 37, §13-527.

PinNEY, A.M. (1974). Some type-associated characteristics of group A streptococei. In
Streptococcal Disease and the Community (ed. M. J. Haverkom), pp. 56-64. Amsterdam:
Excerpta Medica.

Praxitis, P. A, ., Murray, R. H. & KornreLp, J. M. (1973). Effect of phenol extraction of
group A streptococcus on titer and specificity of fluorescent M-typing antisera. Journal of
Infectious Diseases 127, 250-2564,

SkJoLp, S.A. & WaNNAMAKER, L. W. (1976). Method for phage typing group A type 49
streptococci. Journal of Clinical Microbiology 4, 232-238.

SkyoLp, 8. A., WANNAMAKER, L. W,, Jonnsox, D, R. & Maraoris, H. S. (1083). Type 49
Streplococcus pyogenes: phage subtypes as epidemiological markers in isolates from skin sepsis
and acute glomerulonephritis. Journal of Hygiene 91, 71-76.

Tor, F. H.Jr. & WANNAMAKER, L. W. (1968). The serum opacity reaction of Streplococcus
pyogenes: frequency of production of streptococcal lipoproteinase by strains of different
serological types and the relationship to M protein production. Journal of Hygiene 66,

Veasy, L. G., Wienmren, S. E., Orsmonn, G. S., Rurtexsere, H. D, Bouvoek, M. M., Rotu,
S.J., Tarr, V. 1, TnomrsoN, J. A, Dary, J. A, Karuax, E. L. & Hun, H. R, (1987).
Resurgence of acute rheumatic fover in the intermountain area of the United States. New
England Journal of Medicine 316, 421427,

WANNAMAKER, L. W. (1083). Streptococeal toxins, Reviews of Infectious Diseases 5, S723-S732.

WiLLiams, R, E, O, (19058). Laboratory diagnosis of streptococcal infections. Bullelin of the
World Health Organisation 19, 163176,

WiLniams, R. E. 0. & Maxten, W. R. (1953). Tho type classification of Streptococcus pyogenca.
Atti Del vi Congresso Internazionale di Microbiologia Roma 1, 46—49.

https://doi.org/10.1017/5095026880006739X Published online by Cambridge University Press


https://doi.org/10.1017/S095026880006739X

