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ABSTRACT

Background Several reports suggest that the inci-
dence of invasive group A streptococcal infections,
including streptococcal toxic shock syndrome and
necrotizing fasciitis, is increasing.

Methods During 1992 and 1993 we conducted
prospective, population-based surveillance of inva-
sive group A streptococcal disease in Ontario, Cana-
da. We reviewed clinical and laboratory records,
searched for secondary cases of invasive disease,
and cultured specimens from household contacts.

Results We identified 323 patients with invasive
group A streptococcal infections, for an annual inci-
dence of 1.5 cases per 100,000 population. The rates
were highest in young children and the elderly. Fifty-
six percent of the patients had underlying chronic ill-
ness. Risk factors for disease included infection with
the human immunodeficiency virus, cancer, diabe-
tes, alcohol abuse, and chickenpox. The most com-
mon clinical presentations were soft-tissue infection
(48 percent), bacteremia with no septic focus (14
percent), and pneumonia (11 percent). Necrotizing
fasciitis occurred in 6 percent of patients, and toxic
shock in 13 percent. The mortality rate was 15 per-
cent overall, but it was 29 percent among those over
64 years of age (P<0.001) and 81 percent among
those with toxic shock (P<0.001). Fourteen percent
of the cases were nosocomial, and 4 percent oc-
curred in nursing home residents, often in associa-
tion with disease outbreaks. Invasive disease oc-
curred in 2 household contacts of patients with
infection, for an estimated risk of 3.2 per 1000 house-
hold contacts (95 percent confidence interval, 0.39 to
12 per 1000).

Conclusions The elderly and those with underly-
ing medical conditions are at greatest risk for inva-
sive group A streptococcal disease, toxic shock, and
necrotizing fasciitis. Invasive streptococcal infection
is associated with a substantial risk of transmission
in households and health care institutions. (N Engl J
Med 1996;335:547-54.)
©1996, Massachusetts Medical Society.

FTER several decades of steadily declin-
ing morbidity and mortality from group
A streptococcal infections, the past 10
years have witnessed a striking resurgence
in reports of severe disease, including the strepto-
coccal toxic shock syndrome and necrotizing fascii-
tis.1'10 An understanding of the changes in the epi-
demiology of invasive group A streptococcal infections
is important for optimal diagnosis and therapy and

for the development of preventive strategies. Al-
though several hospital-based case series have been
reported, their limited size and potential bias due to
referral patterns limit the generalizability of the find-
ings. Only one population-based, retrospective study
has been reported,” and no prospective studies. Al-
though reference laboratories in the United States,
the United Kingdom, and Sweden have reported
shifts in the serotypes of isolates to a greater fre-
quency of M serotypes associated with greater viru-
lence,?6.2-11.12 no population-based data are available.

Recent reports have described clusters of invasive
group A streptococcal infection, including the strep-
tococcal toxic shock syndrome, in households, nurs-
ing homes, and hospitals.> These descriptions have
led some authorities to suggest that close contacts
of persons with the streptococcal toxic shock syn-
drome should receive antibiotic therapy to eradicate
group A streptococci, if present.!3 However, the rate
of secondary disease is unknown. The objectives of
this study were to obtain population-based data on
the incidence of invasive group A streptococcal dis-
ease, to define risk factors and clinical characteristics,
and to assess the rate of secondary disease.

METHODS

Population-Based Surveillance

From January 1, 1992, to December 31, 1993, we studied all
invasive group A streptococcal infections in persons living in On-
tario, Canada (population, 10.7 million; 298,441 live births in
1992-1993). Invasive group A streptococcal disease was defined
by the isolation of Streptococcus pyogenes from a normally sterile
body site. Persons with invasive disease were considered to have
the streptococcal toxic shock syndrome if the case met the con-
sensus definition — that is, hypotension in combination with at
least two of the following: acute renal failure, coagulation or liver
abnormalities, rash, and necrotizing fasciitis.!® Patients who were
dead on arrival at the hospital or who died within 48 hours of the
onset of illness with insufficient laboratory data available for clas-
sification were also considered to have had the streptococcal toxic
shock syndrome. Cases were considered nosocomial if the disease
was not present or incubating at the time of admission.!*

All 155 microbiology laboratories serving Ontario hospitals
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and the largest laboratory serving physicians’ offices telephoned
the study office whenever S. pyogenes was isolated from specimens
other than throat or eye swabs. We contacted attending physicians
to identify isolates from sterile sites, to confirm that the patient
was an Ontario resident, and to collect basic data (age, sex, infec-
tion site, and outcome). Informed consent was obtained to col-
lect isolates and detailed clinical data. Annual audits of sterile-site
cultures from all laboratories were performed to evaluate the ac-
curacy of reporting. The study was approved by the Human Sub-
jects Review Committee of the University of Toronto.

We attempted to classify cases into the same chronic-disease
categories used by the Ontario Health Survey.!s Combining the
prevalence data from the Ontario Health Survey and the catego-
ry-specific numbers of cases from our own survey, we estimated
category-specific rates of incidence and relative incidence. In cal-
culating the confidence intervals for these estimates, we ignored
sampling variation in the population estimates from the Ontario
Health Survey, which was much smaller than the statistical error
in the case counts. The estimated prevalence of human immuno-
deficiency virus (HIV) infection was obtained from the Ontario
Ministry of Health (Wallace E: personal communication). We cal-
culated the attack rate associated with cases of chickenpox for
children under 10 years of age, using as the numerator the num-
ber of cases complicating an acute attack of chickenpox and esti-
mating the denominator (the number of cases of chickenpox in
Ontario over the two-year period) by assuming that 85 percent
of the population is infected by age 10, that the incidence is con-
stant over time, and that 95 percent of the infections are associ-
ated with skin lesions.’¢ Household size was estimated from data
obtained directly from the patients.

Investigation of Disease Transmission

From January 1, 1992, to April 1, 1993, patients with invasive
disease who lived within 40 miles of the study office and all patients
with the streptococcal toxic shock syndrome whose physicians
agreed were asked for permission to approach their household con-
tacts. Consenting household contacts were interviewed regarding
the degree of contact with the patient and recent infections; throat
and skin-lesion swabs were obtained to screen for S. pyogenes.

When more than one case of invasive disease was reported from
the same or a nearby hospital or among residents of the same
geographic area within a one-month period, the patients were
questioned regarding possible contact. Links were also sought be-
tween patients from the same geographic area whose infections
were caused by the same M or T serotype and occurred within
three months of one another. For the purposes of this study, a
subsequent, related case of invasive group A streptococcal infec-
tion was defined as one caused by the same strain as another case
(see Laboratory Methods), with a clear epidemiologic link be-
tween the two cases.

When invasive infection was identified in a resident of a long-
term care facility for the elderly, that facility was asked to collab-
orate in further investigations. Investigations consisted of chart
reviews, questionnaires administered to staff members, and cul-
tures of swabs from the throats and any skin lesions of consenting
staff members and all residents. Where outbreaks were identified,
definite S. pyogenes infection was diagnosed on the basis of cul-
ture-confirmed cellulitis, pharyngitis, pneumonia, or conjunc-
tivitis, and possible S. pyogenes infection was diagnosed on the ba-
sis of cellulitis or pharyngitis that had not been confirmed by
culture.

Laboratory Methods

Isolates were confirmed as S. pyogenes with the use of standard
techniques. Typing on the basis of M precipitation and T agglu-
tination was performed at the National Centre for Streptococcus,
Edmonton, Alberta.!7-1? Pulsed-field gel electrophoresis (PFGE)
was performed with Smal.20 Isolates were defined as the same
strain if they were of the same M and T serotype and the restric-
tion-fragment pattern on PFGE did not differ by more than one
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band. The presence of speA and speC genes was assessed with the
polymerase chain reaction.?!

Statistical Analysis

Differences in group proportions were assessed by the chi-
square test or Fisher’s exact test. Differences in means were as-
sessed by Student’s t-test (for normally distributed variables) or
the Wilcoxon rank-sum test. Differences in the incidence of dis-
case among groups were assessed with a normal approximation
for the comparison of Poisson counts.?2 Logistic-regression mod-
els were used to assess risk factors for streptococcal toxic shock
syndrome and for colonization of household contacts. Exact 95
percent confidence limits for the risk of disease in household con-
tacts were determined with use of the binomial distribution.

RESULTS

During the study period, 323 cases of invasive
group A streptococcal disease were identified: 298
(92 percent) were reported at the time of infection,
and 25 (8 percent) were detected by laboratory au-
dit. No sterile-site isolates were from specimens col-
lected in physicians’ offices. Basic data were available
for all patients; isolates and detailed clinical data were
obtained from 255 consenting patients (79 percent).

The incidence of invasive group A streptococcal
disease was 1.5 per 100,000 population per year
(1.3 per 100,000 in 1992, as compared with 1.7 per
100,000 in 1993; P=0.14) (Fig. 1). The median age
of the patients was 41 years (range, 2 weeks to
97 years); children and the elderly were at the high-
est risk for infection (Fig. 2). The higher-than-
expected number of infections among patients 30 to
39 years of age was due mainly to puerperal sepsis
among the women and arthritis among the men.
The rates in male and female patients were not sig-
nificantly different (1.6 and 1.4 per 100,000, respec-
tively; P=0.16). Several groups were identified as
being at significantly increased risk for invasive group
A streptococcal infection (Table 1). The attack rate
for invasive disease associated with chickenpox in
children less than 10 years of age was 4.4 per
100,000 cases. If one assumes that the risk associated
with chickenpox is present for two weeks after the
onset of lesions (the time required for all lesions
to heal fully), then the estimated relative risk of inva-
sive group A streptococcal disease during this period
is 39 (95 percent confidence interval, 16 to 90;
P<0.001).

Clinical Presentation

The most common clinical presentations were skin
or soft-tissue infection (48 percent), bacteremia with
no septic focus (14 percent), and pneumonia (11
percent). Twenty of the 156 patients with soft-tissue
infections had necrotizing fasciitis (13 percent). The
clinical presentation varied significantly with age (Ta-
ble 2). Upper respiratory tract foci were more com-
mon in children, arthritis and pelvic infections more
common in young adults, and necrotizing fasciitis
more common in the elderly. The proportion of pa-
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Figure 1. Occurrence of Invasive Group A Streptococcal Infec-
tions in Ontario in 1992 and 1993.

The solid portion of each bar represents cases associated with
the streptococcal toxic shock syndrome.
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Figure 2. Age-Specific Rates of Invasive Group A Streptococcal
Infection Occurring in Ontario in 1992 and 1993.

For each category the total number of cases is given above the
bar, with the number of cases of the streptococcal toxic shock
syndrome given in parentheses. The solid portion of each bar
represents cases associated with the streptococcal toxic shock
syndrome. The rates of invasive disease were highest in those
less than 10 and older than 59 years of age (P<<0.001), and the
rates were greater in those 30 to 39 years of age than in those
who were 20 to 29 or 40 to 49 years old (P=0.02). Four of 73
invasive cases (5 percent) in children up to 14 years old were
associated with the streptococcal toxic shock syndrome, as
compared with 6 of 97 in patients 15 to 44 years old (6 percent),
15 of 87 in those 45 to 74 years old (17 percent), and 17 of 59
in those 75 and older (29 percent) (P<0.001). For seven patients
there was insufficient information for the case definition to be
applied; those patients have been excluded from this figure.

tients with chronic illness was higher among those
with necrotizing fasciitis and pneumonia and lower
among patients with pelvic infections. The strepto-
coccal toxic shock syndrome and death were most
commonly associated with the diagnoses of necrotiz-
ing fasciitis and pneumonia (Table 2).

Of the 44 nosocomial infections (14 percent of
the total), 16 occurred in women post partum (14

cases of endometritis after vaginal delivery and 2 sur-
gical-site infections after cesarean section), for a rate
of 0.5 infection per 10,000 deliveries. The remaining
28 cases included 15 surgical-site infections, 8 cases
of primary bacteremia (6 associated with intravenous
access), 4 soft-tissue infections, and 1 case of pneu-
monia. Fourteen patients (4 percent) acquired their
infections in residential long-term care facilities for
the elderly.

Forty-two patients (13 percent) were classified as
having toxic shock (annual rate, 0.2 per 100,000
population): 31 fulfilled the consensus definition of
the syndrome, 4 were dead on arrival to the hospital,
and 7 died shortly after admission without having
sufficient information available for classification. The
patients who had the streptococcal toxic shock syn-
drome were older than the other patients (median
age, 61, as compared with 38; P<<0.001), more like-
ly to have an underlying chronic illness (71 percent,
as compared with 51 percent; P=0.03), and less
likely to have nosocomial disease (2 percent, as com-
pared with 15 percent; P=0.02). These three asso-
ciations remained significant when the analysis in-
cluded only cases of the streptococcal toxic shock
syndrome that met the consensus criteria.

Forty-two patients (13 percent) died within seven
days of the onset of illness; an additional eight (2 per-
cent) died later during hospitalization. The case fatal-
ity rate was higher in the elderly (29 percent for those
65 years of age or older, as compared with 8.3 percent
for children up to 14 and 10 percent for persons 15
to 64 years of age; P<<0.001 by the chi-square test for
trend) and in those with a chronic underlying illness
(33 of 136, as compared with 5 of 115; P<<0.001).
The overall mortality rate was 81 percent among pa-
tients with the streptococcal toxic shock syndrome
(65 percent among those whose illness met the con-
sensus definition), as compared with 5 percent (15 of
277) among those without the syndrome (P<<0.001).

Microbiologic Findings

The majority of patients (222, or 69 percent) had
bacteremia. Among the 101 patients without bacte-
remia, S. pyogenes was isolated from intraoperative
specimens (50 patients), synovial fluid (31), pleural
fluid (6), cerebrospinal fluid (2), tissue obtained at
autopsy (3), and other aspirates (9). Only 3 of 41
patients (7 percent) with the streptococcal toxic shock
syndrome who had blood specimens cultured had
negative results. These three patients were the only
ones with negative blood cultures who died. Seven
of 20 patients with necrotizing fasciitis (35 percent)
had negative blood cultures.

Of the 258 isolates available (representing 80 per-
cent of the total patient group), the most common
serotypes were M1 (24 percent), M12 (7.4 percent),
M4 (6.5 percent), M28 (6.2 percent), and M3 (5.8
percent). The proportion of cases caused by M1
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TABLE 1. RisK OF INVASIVE GROUP A STREPTOCOCCAL INFECTION ASSOCIATED WITH
SELECTED UNDERLYING CONDITIONS.

No. oF

UNDERLYING AGE Cases/ToTAL

CONDITION GRroupP (%)*
HIV infection 20-60 yr 4/97 (4)
Cancer All 24/251 (10)
Heart disease All 40/251 (16)
Diabetes All 21/251 (8)
Lung disease All 23/251 (9)
Alcohol abuse >16 yr 22/197 (11)

ANNUAL RELATIVE
INCIDENCE Risk P
(PER 100,000) (95% CI)t VALUE
10 9.4 (3.5-25) 0.001
7.5 6.9 (4.5-10) <0.001
8.5 8.4 (6.0-12) <0.001
4.1 3.7 (2.4-5.8) <0.001
32 2.8 (2.0-4.4) <0.001
3.0 1.9 (1.3-3.0) 0.002

*Information regarding underlying conditions was available for 251 patients, of whom 197 were
older than 16 years of age and 97 were 20 to 60 years of age.

1CI denotes confidence interval.

strains increased from 15 percent in 1992 to 32 per-
cent in 1993 (P=0.001), coincident with an in-
creased rate of invasive disease, but a decrease in the
proportion of cases of the streptococcal toxic shock
syndrome (P=0.05). Changes in the frequency of
other serotypes over time were not significant.

Sixty-four of 249 isolates tested (26 percent) con-
tained the speA gene, and 110 (44 percent) the speC
gene; only 13 strains possessed both toxin genes.
There was a strong association between the M1 se-
rotype and the presence of the speA gene (51 of 64
vs. 10 of 185, P<<0.001). In univariate analysis, strains
possessing the speA gene were more often associated
with the streptococcal toxic shock syndrome (14 of
36 vs. 50 of 213, P=0.06) and death (14 of 37 vs.
50 of 212, P=0.10) than other strains. However,
there was no association between these outcomes
and either the M1 serotype or the presence of the
speC gene. In a logistic-regression model that in-
cluded age, the presence of underlying illness, the
M serotype, and the presence of the gene for speA
or speC as potential risk factors, age was the only sig-
nificant risk factor (P<<0.01).

Colonization of Household Contacts

Eighty-one patients were approached regarding
the household-contact portion of the study. Nine-
teen (23 percent) had no household contacts, and in
16 cases (20 percent) the patient, physician, or con-
tacts refused to take part in the study. The remaining
46 patients had 152 houschold contacts. We ob-
tained specimens for culture from the contacts a me-
dian of six days after the onset of illness in the index
patient (83 percent within two weeks). Eighteen of
152 household contacts (12 percent) had throat cul-
tures positive for S. pyggenes, all of which were the
same strain as that of the index patient. Six of these
18 (33 percent) had pharyngitis at the time of cul-
ture (onset of illness, 5 to 12 days after the onset in
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the index patient); none had cellulitis or invasive in-
fections. In univariate analysis, household contacts
were more likely to be colonized if they were young-
er (P=0.004) and if they had four or more hours of
contact daily with the index patient (P=0.02) (Fig.
3). These were the only two variables significantly
associated with positive cultures in a logistic-regres-
sion model that also included the interval from the
onset of illness to contact testing, whether or not
the index patient had the streptococcal toxic shock
syndrome, and the age of the index patient.

Subsequent, Related Infections

Seven cases of invasive disease (2 percent) met the
criteria for subsequent, related infections. Two of
these occurred among an estimated 620 household
contacts of patients (estimated disease rate among
household contacts, 3.2 per 1000; 95 percent confi-
dence interval, 0.39 to 12 per 1000). The first pair of
cases was in a husband and wife, in whom the onset
of pneumonia was separated by three days, and the
second pair was in two brothers, in whom the onset
of prepatellar bursitis was separated by three weeks.
Two other cases were the result of transmission in dif-
ferent acute care hospitals: one was associated with an
outbreak of postpartum endometritis, and one was a
bacteremic soft-tissue infection linked to a prior case
in a patient through a colonized health care worker.
Two cases were associated with nursing home out-
breaks, and one occurred in a household contact of
a worker at a sheltered workshop, in association with
a case of invasive disease in another worker. Probable
community transmission was identified in two other
situations. First, an adult residing in the same small
community as the brothers described above (esti-
mated population, 1000) became infected with the
same strain five weeks after the second brother be-
came ill. Second, 6 of 10 cases of infection caused
by M-nontypable, T-serotype 5,/27/44 isolates, which
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TABLE 2. CLINICAL FEATURES ASSOCIATED WITH 323 CASES OF INVASIVE GROUP A
STREPTOCOCCAL INFECTION.

No. oF
DiaGnosis PATIENTS (%)*
MEDIAN

Total 323 (100) 44
Soft-tissue infection

Necrotizing fasciitis 20 (6) 68

Other 136 (42) 45
Respiratory tract infectiony

Upper 15 (5) 8

Lower 36 (11) 55
Bacteremia (no septic focus) 46 (14) 55
Arthritis 26 (8) 39
Pelvic infection|| 20 (6) 32
Other** 24 (7) 39

STREPTOCOCCAL
UNDERLYING  Toxic SHOCK
AGe ConbiTiont SYNDROME ~ DEATH
RANGE
yr no. of patients (%)
0-97 136 (54) 42 (13) 50 (15)
19-87t 15 (79)§ 11 (55)f 9 (45)1
0-97 74 (54) 12 (9) 15 (11)
3-69% 5 (45) 0 0
1-95 23 (77)§ 9 (260)§ 12 (33)1
0-89 19 (58) 7 (16) 11 (24)
0-89 9 (39) 2(8) 2(8)
19-58§ 2 (13)t 0 0§
1-86 8 (47) 1(4) 1(4)

*Because of rounding, the percentages do not total 100 percent.

tBecause information regarding underlying conditions was available for only 251 patients, the de-
nominators for this column may not equal the total number of patients in the first column of values.

$P<0.01 for the comparison with all other patients.

§P<<0.05 for the comparison with all other patients.

9 Upper respiratory tract infections included pharyngitis in 6 patients, oropharyngeal abscess in 4,
sinusitis in 3, tracheitis in 1, and supraglottitis in 1; lower respiratory tract infections included pneu-

monia in 35 patients and primary empyema in 1.

[Pelvic infections included postpartum endometritis in 13 patients, salpingitis in 3, postoperative

endometritis in 3, and pyometria in 1.

**Other diagnoses included intraabdominal infections in 12 patients, osteomyelitis in 5, meningitis
in 3, urinary tract infection in 2, and endocarditis in 2.

were indistinguishable on analysis with PFGE, oc-
curred in homeless people living in one metropoli-
tan area, 5 of whom reported using the same shelter.
Fourteen invasive group A streptococcal infections
occurred in residents of 12 long-term care facilities
for the elderly. In four of seven facilities that agreed
to participate in further investigations, previously un-
identified outbreaks due to S. pyggenes were occur-
ring. In facilities with outbreaks, a median of 6 percent
(range, 3.3 to 9.6 percent) of residents had had a
group A streptococcal infection, most often cellulitis,
in the three months preceding the index case, and
multiple residents and staft members (median, 4.3
percent of those tested; range, 2.2 to 7.1 percent)
were colonized with the same strain of S. pyogenes.

DISCUSSION

Prospective, population-based studies provide im-
portant information on incidence rates, risk groups,
and the settings in which preventive measures may be
appropriate. The incidence of invasive group A strep-
tococcal infection in this study (1.5 cases per 100,000
population per year) is similar to those reported in
SwedenS and Cambridge, England,* but lower than
the incidence of 4.4 per 100,000 population detected

in Pima County, Arizona.® The differences in rates
between Ontario and Pima County may be explained
by differences in the proportions of high-risk popula-
tions or in the distribution of streptococcal strains.
Our data also differ from those for Pima County in
that 90 percent of the patients identified in that study
had bacteremia, whereas almost one third of the pa-
tients in Ontario did not. In our study, surveillance
for bacteremia alone would have identified more than
90 percent of persons who died of group A strepto-
coccal infection or who had the streptococcal toxic
shock syndrome, but it would have missed 35 percent
of the cases of necrotizing fasciitis.

In contrast to prior series in which healthy young
adults were found to be at risk for the streptococcal
toxic shock syndrome and necrotizing fasciitis,2”
those at greatest risk in our population were older
and had underlying medical conditions. This differ-
ence may reflect the lower likelihood of ascertain-
ment bias in population-based data. Conversely, the
case definition for the streptococcal toxic shock syn-
drome may identify not only those who have classic
“toxic shock” but also those who are debilitated and
more likely to have multiorgan failure when subject-
ed to the stress of sepsis.

Volume 335 Number 8 551

Downloaded from www.nejm.org on November 15, 2009 . For personal use only. No other uses without permission.
Copyright © 1996 Massachusetts Medical Society. All rights reserved.



The New England Journal of Medicine

35

1 —
@ 30
8 25
= ] I
el
Y= -
o
g 15—_
e o ([
Pz

5_

0

25 g9 \0,\9 10,19 30,39 AO’ABV_,O’%Q -0

Age Group of Contact (years)

50
n
5 40
S J
c
g =4 |/
Y= .
o [
8 20 . I
E -
> 10
0 Y | A \a}
< L AT S LA
Hours of Same-Room Exposure
per Day

Figure 3. Risk Factors for Pharyngeal Infection or Colonization with the Same Strain of S. pyogenes in Household Contacts of Pa-

tients with Invasive Group A Streptococcal Infection.

The solid and open portions of the bars represent contacts with positive and negative pharyngeal cultures, respectively.

The magnitude of the increased risk of invasive
group A streptococcal disease associated with lung
and heart disease, cancer, and alcoholism should be
interpreted with caution, since the data on cases
were provided by physicians, whereas population
data were based on personal interviews. Alcoholism
was identified in patients by physicians but estimat-
ed for the entire population with a validated meas-
ure from questionnaires.!® Thus, the increase in the
risk of disease associated with alcoholism is almost
certainly low. The increase in risk associated with
other chronic illnesses is similar to that reported for
other bacterial infections and suggests that patients
with these illnesses should be targeted if preventive
measures such as immunization become available.
This study also confirms suggestions from case series
that the risk of invasive group A streptococcal dis-
ease is increased after chickenpox.23-25

The proportion of M1 isolates in our data (24 per-
cent) is similar to that in data from the United
Kingdom* and the United States.>12 As has been
observed elsewhere,3.6:11.12,26 we found that as the pro-
portion of infections with the M1 serotype increased,
the incidence of invasive disease also increased. In
contrast to previous studies,-2:69:12.27 however, we did
not find an association between the M1 serotype or
the presence of the speA gene and the streptococcal
toxic shock syndrome after we controlled for age and
the existence of underlying illness. Our inability to de-
tect an association may reflect limitations in the power
of the study or the lower predictive value of identify-
ing the speA gene as compared with assaying for toxin
production.?® Nonetheless, these data support the
concept that other factors are important in the patho-
genesis of the streptococcal toxic shock syndrome.??
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Infections occurring in institutions or in contacts
of patients provide a focus for preventive interven-
tion. Surgical-site infections and puerperal sepsis ac-
counted for a substantial portion of all invasive group
A streptococcal infections. If organisms are acquired
in the hospital, prevention depends on improving
infection-control practices or identitying and treat-
ing staft members who are asymptomatic carriers.30-3+
However, since some puerperal infections are most
likely due to antenatal colonization, and since the
rate of vaginal carriage of S. pyggenes late in pregnan-
cy is very low,? our data suggest that, if late prenatal
screening for group B streptococci is being per-
formed, identifying and reporting other 8-hemolyt-
ic streptococci may also be useful.

Although outbreaks of group A streptococcal in-
fections in nursing homes have been reported,3¢:37
there are no data on their incidence or on the fre-
quency with which invasive cases occur in the context
of an outbreak within an institution. The insidious
nature of outbreaks in this setting and the limited re-
sources for surveillance in nursing homes may inhibit
early recognition of outbreaks.?” Our investigation
following a single case of invasive group A streptococ-
cal disease led to the identification of unrecognized
outbreaks in 4 of 7 facilities; this finding supports this
hypothesis and suggests that any single case of in-
vasive group A streptococcal infection in a nursing
home demands further investigation.

Our study provides an estimate of the incidence
of invasive disease among contacts of persons with
invasive group A streptococcal disease. In contin-
uing surveillance in Ontario, as of June 30, 1995,
2 additional cases of invasive infection had been
identified in an additional 740 household members.
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Our best estimate of the risk to members of patients’
households is thus 2.9 per 1000 (95 percent confi-
dence interval, 0.80 to 7.5 per 1000), almost 200
times the risk in the general population. Although,
in our study, no household contacts had the strep-
tococcal toxic shock syndrome, such cases have been
reported.>38.39 The risk of disease among close con-
tacts and the overall case fatality rate of invasive
group A streptococcal infections are similar to those
for sporadic meningococcal infections.>3941 These
data support the use of chemoprophylaxis in pa-
tients’ close contacts; however, the best approach to
prophylaxis remains unclear.

Our data show that the risk of colonization in the
household is associated with younger age and four
or more hours of contact with the infected person
per day, but the risk of disease is greatest in the eld-
erly despite their lower carriage rates. Furthermore,
it is usually not possible to determine whether in-
vasive cases in two members of one household are
the result of direct transmission from one to the oth-
er, indirect transmission through another colonized
household member, or exposure of both household
members to the same outside source. Until it is clear
whether the primary goal of prophylaxis is to pre-
vent disease in those recently colonized or to de-
crease transmission of a strain known to cause severe
infection, it will not be possible either to recom-
mend focusing prophylaxis on a subgroup of close
contacts or to estimate the effectiveness of different
approaches to prophylaxis.
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APPENDIX

The following are other members of the Ontario Group A
Streptococcal Study Group: A. Fletcher, R. Kaul, S. Scriver, and
B. Willey (Mount Sinai and Princess Margaret Hospitals, Toron-
to); B. Demers (Institut Pasteur, Paris); W. Gold (Toronto Hos-
pital, Toronto); M. Lovgren and J. Talbot (National Centre for
Streptococcus, Edmonton, Alta.); and M. Naus (Ontario Minis-
try of Health, Toronto).
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