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Abstract
Background: In the 2003 outbreak in Toronto (in Ontario,
Canada) of severe acute respiratory syndrome (SARS), about
20% of cases resulted from household transmission. The
purpose of our study was to determine characteristics associated with the transmission of SARS within households.
Methods: A retrospective cohort of SARS-affected households
was studied to determine risk factors for household transmission. Questionnaires addressed characteristics of the index case,
the household and behaviours among household members. Potential risk factors for secondary transmission of infection were
assessed in regression models appropriate to the outcome (secondary cases) and nonindependence of household members.
Results: The 74 households that participated included 18
secondary cases and 158 uninfected household members in
addition to the 74 index cases. The household secondary attack rate was 10.2% (95% confidence interval [CI] 6.7%–
23.5%). There was a linear association between the time the
index patient spent at home after symptom onset and the
secondary attack rate. Infected health care workers who
were index cases had lower rates of household transmission.
Interpretation: SARS transmission in households is complex
and increases with the length of time an ill person spends at
home. Risk of transmission was lower when the index case was a
health care worker. Rapid case identification is the public health
measure most useful in minimizing exposure in the home.

documented for secondary attack rates within households
(0–100%) suggested the presence of specific factors and behaviours that may increase risk of transmission in this setting
(unpublished data, Toronto Public Health, 2003). Understanding these differences and identifying protective or riskincreasing behaviours may help prevent future household
transmissions of emerging infectious diseases.
The objective of this study was 2-fold: to identify characteristics of the index case and household that increase the risk of
transmission of SARS, and to identify individual behaviours
both of the index case and household members that increase
the risk of transmission within the context of households.

Methods
Cohort households were identified through surveillance databases from Toronto Public Health (TPH) and York Region
Health Services Department (YR). These 2 adjacent health
units accounted for 84% of SARS cases in Ontario: Toronto
228, York Region 88, Ontario 375.4 TPH serves a large metropolitan area with a population of some 2.4 million people. YR
serves another large, primarily urban area located just north
of Toronto, with a population of about 730 000.5 Eligible
households were recruited into the study between May 25 and
Oct. 31, 2003. The index case was defined as the first person
in a household who met the SARS probable or suspect case
definition as defined (May 29, 2003) by Health Canada, based
on the date of onset of symptoms of SARS.6
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Box 1: Definitions for a confirmed case of SARS
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he 2003 outbreak of severe acute respiratory syndrome (SARS) was an example of how public health
agencies and clinicians are able to provide guidance
for prevention and control measures while determining
modes of transmission, means of prevention and risk factors
for infection.
We now know that SARS is an atypical pneumonia caused
by infection with the SARS coronavirus.1 The 2003 outbreak
resulted in over 250 cases of SARS in Canada, mostly in Ontario in the Greater Toronto Area (GTA).2 Although most of
the Ontario cases related to exposure in hospitals, a fifth of
them resulted from household exposure.3
All GTA household members with a known exposure to a
possible case of SARS were quarantined. The large range
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A person with both of 2 features:
• Early clinical presentation of SARS: fever (> 38°C) and
a cough or breathing difficulty
• Radiographic evidence consistent with SARS; that is, of
infiltrates consistent with pneumonia or RDS (details
available at www.phac-aspc.gc.ca/sars-sras/#note)
Or a deceased person with both of 2 features:
• A history of early clinical presentation of SARS: fever and
a cough or difficulty breathing that resulted in death
• Autopsy findings consistent with SARS: evidence of
pneumonia or RDS with no identifiable alternative cause
Note: SARS = severe acute respiratory syndrome, RDS = respiratory distress
syndrome.
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playing cards), engaging in conversation and other social interactions where people may be within 1 metre of each other.
Household transmission was defined as any additional
case of SARS in the same household during the period of interest. Secondary SARS cases were defined as any SARS case
with an onset of illness after that of the index case of the
household (distinctions were not made between secondary,
tertiary and other cases in the household). The secondary attack rate is the number of households (or household members) with secondary SARS cases divided by the total number
of households (or household members) at risk.
Analysis followed the study design and was based on the
assumption that transmission of SARS would be related to 3
potential interactions: the behaviours and illness pattern of the
index case; the behaviours of all household members who were
not the index case; and the characteristics of the household itself.
First analyses were performed to examine the influence of
the household factors and behaviours of the index case on
SARS transmission. The dependent variable was the number
of secondary SARS cases in the household with the number of
household contacts as the person-time denominator. The
household was the first unit of analysis (i.e., What was the
rate of transmission within this household?); a negative binomial regression model was used. Household members were
the second unit of analysis (i.e., What is the risk of transmission to each person living in the household?). Poisson regression and related models were used to model the secondary
attack rate in relation to covariates measured at both the
household and individual household-member levels.
Interactions were observed between household factors, index case behaviours, and household member behaviours. To
assess these interactions, a model adjusting for significant
household factors and index case behaviours was used to estimate the risk of transmission to individual household members. Interaction terms were not tested on the following
grounds: lack of a priori hypotheses of effect modification;
low power to detect true effect modification; and to limit multiple comparisons and type II errors (false negatives).
The overall sample size of this analysis is small; the results
should therefore be interpreted with some degree of caution.
Limited data suppression was used to avoid presenting highly
unreliable findings. Covariates were excluded if the groups
being analyzed included fewer than 5 unique individuals or

Households of people
infected with SARS
n = 220
29 households inelegible
20 households not reached
Eligible households
n = 151
77 households refused
participation
Participating households
n = 74

Fig 1: Participation rates, by household.

Households were eligible for inclusion if 1 person or more
lived in the household with the index case during the period
of interest: from the onset of the first SARS symptom to isolation of the patient. The case definitions we used for SARS are
shown in Box 1. Households were excluded if the place of residence was an institution. Household members included
everyone who lived in the residence of the index case or spent
at least 20 h/wk there during the index case’s period of interest. The household member 15 years of age or older who was
deemed (by available household members) to be the most
knowledgeable about household activities was interviewed in
person by a trained public-health nurse.
Characteristics of the index case and physical dwelling
place, and the health status and behaviours of individual
household members during the period of interest were documented (listed in full in an online Appendix, available at www
.cmaj.ca/cgi/content/full/175/10/1219/DC1). Behaviour questions included queries about hand hygiene (handwashing
with soap and water or use of an alcohol-based hand sanitizer), use of preventive measures such as masks, and types
and duration of household contact with the index case. Occupation and place of work were determined by self-report. Pastimes were defined to include leisure activities (watching TV,

Table 1: Characteristics of index cases of SARS, secondary cases and household members uninfected by SARS in 74 affected households
Number of people (%), unless otherwise indicated

Descriptor
Age, median, yr
Age range, yr

Index/source cases
n = 74

Secondary cases
n = 18

Household members
n = 158

Overall

43.5

34.5

34

37

1.5–77

6–78

1–79

1–79

Sex: female

50 (67.6)

10 (55.6)

72 (45.6)

132 (52.8)

Occupation: health care worker

50 (67.6)

1 (5.6)

10 (6.3)

61 (24.4)

Health status: underlying/pre-existing medical conditions

42 (56.8)

7 (38.9)

71 (44.9)

120 (48.0)

Data missing

3 (4.1)

CMAJ

•

November 7, 2006

•

0

175(10)

|

1220

6 (3.8)

9 (3.6)
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households. Modelling was carried out at 3 levels: household,
individual household members, and combined variables to
measure household risk and contact at risk. In each case, univariate models were modelled first. Multivariable models
included only risk factors reaching p < 0.1 on their own.
Models were reduced to exclude nonsignificant predictor
variables. Extensive assessment of confounding effects of one
variable on another was conducted with use of models of subsets of exposure variables that were intercorrelated.
Ethics approval was obtained from the Health Canada Research Ethics Board, TPH and YR.

Results
The study cohort included 317 cases of SARS, occupying 220
households. Of the 180 households (81.8%) successfully contacted, 151 (83.9%) were eligible, and 74 (49.0%) agreed to
participate (Fig. 1). Data were obtained for 250 people: 1 index case per household and 176 in-household contacts (of
whom 18 [10.2%] became infected).
Of the 74 index cases, two-thirds were female and the
same proportion worked in health care (Table 1). The 18 secondary cases belonged to 10 households. Overall, the household transmission rate was 13.5% (95% confidence interval
[CI] 6.2%–15.7%); the secondary attack rate among all
household members, 10.2% (95% CI 6.7%–23.5%). Secondary cases were comparable with the 158 noninfected houseTable 2: Significant associations between SARS index-case
characteristics and secondary attack rates, by unadjusted
regression models* predicting the secondary attack rate †
Unit of analysis; relative risk (95% CI)
Patient characteristic,
index case

Household‡

Individual§

n = 74

n = 176

Health care worker

0.15 (0.03–0.73)

Age ≥ 60 yr

1.91 (0.18–19.76) 1.02 (1.00–1.04)

Potential exposure period,
1.39 (1.11–1.74)
continuous¶

0.33 (0.10–1.06)

Risk factors in people who were index cases
The number of days the index case spent at home after the
onset of SARS symptoms was a significant risk factor for secondary household transmission (Table 2), with a linear relationship in which longer exposure increased the risk of transmission per day exposed (relative risk [RR] 1.4, 95% CI 1.1–
1.7). Households of an index case who was a health care worker had a secondary attack rate 85% lower than that of the
other households. The health status (i.e., existence or absence
of an underlying illness) of the index case and her or his severity of SARS symptoms did not predict transmission risk.
Although several behavioural risk factors were examined,
only 2 index-case behaviours predicted risk of secondary transmission: households in which the index case shared kitchen
towels (RR 7.9, 95% CI 1.8–34.9) or bathroom cups (RR 6.5,
95% CI 2.2–19.4; Table 2). The risk factors associated with
index-case characteristics (Table 3) were not independent of
one another. When the index case worked in health care, he or
she was less likely to have had a long period between onset of
symptoms and isolation, and less likely to have shared kitchen
towels or bathroom cups in the home. Number of days from
onset to hospital admission was also strongly associated with
the likelihood of reported towel sharing. Time from symptom
onset to hospital admission remained statistically significant
after considering these risk factors together. No association
was found between specific symptoms of the index case (e.g.,
diarrhea) and increased transmission in the household.

Risk factors in household members
Univariate analyses examined hand hygiene practices, care
provided to the index case and use of preventive measures
(Table 4). After adjusting for the factors determined as significant for the index case, sharing of kitchen towels (RR 5.7,

1.27 (1.20–1.36)

Exposure-period categories
0–2-d and 3–4-d periods** 1.0

hold members in age, sex proportion and percentage of index
cases who were health care workers.

1.0

5–7 d

3.92 (0.58–26.50) 5.78 (1.51–22.13)

8–16 d

11.14 (1.32–93.89) 7.03 (1.65–30.00)

Household behaviours
Shared kitchen towels

9.70 (1.26–74.36) 7.89 (1.78–34.91)

Shared bathroom cup

9.12 (1.62–51.38) 6.48 (2.17–19.38)

Note: CI = confidence interval.
*Negative binomial regression models, unadjusted, each with a single
predictor variable. The independent variable is the (binary) transmission
status for the person exposed to SARS via the index case in that household.
†Incidence of secondary transmission of SARS among people identified as
household contacts of index SARS cases.
‡The independent variable is the count of secondary transmission cases per
household, with the no. of at-risk household contacts set as a person-time
offset covariate.
§Individuals are clustered in 74 households with an index SARS case. The
independent variable is the (binary) transmission status for individual
household contacts of the 74 index SARS cases (total n = 176 people at risk).
¶Days from symptom onset to hospital admission.
**Reference period for analysis by exposure-period category.
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Table 3: Significant associations between SARS index-case
characteristics and secondary attack rates, by negative
binomial regression models* predicting secondary attack rate †
among 176 household contacts in 74 households with an index
SARS case
Characteristic or behaviour
of index case

Individual relative risk ‡
(95% confidence interval)

Health care worker

0.60 (0.22–1.67)

Period, in days, from symptom onset
to hospital admission, continuous

1.15 (1.02–1.30)

Shared kitchen towels

3.48 (0.67–18.13)

Shared bathroom cup

2.77 (0.98–7.85)

*Individual risks clustered in households as the unit of analysis.
†Incidence of secondary transmission of SARS among people identified as
household contacts of index SARS cases. Multivariable models were adjusted
simultaneously for 4 household-level covariates found to be associated with
the secondary attack rate.
‡Independent variable is (binary) transmission status for individual household
contacts of index SARS patients.
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95% CI 2.0–16.6), not always washing hands after caring for
ill person (RR 3.5, 95% CI 1.1–10.9) and not always washing
hands after changing a diaper (RR 3.9, 95% CI 1.3–12.1)
were associated with an increased risk of SARS transmission.
Practices such as assisting the index case with toilet use,
washing, walking and adjusting pillows for were significantly
associated with an increased risk of SARS transmission. After
adjustment for key risk factors associated with index-case
characteristics (i.e., significant variables from Table 2), however, these variables became nonsignificant. Two of the variables were protective: engaging in household pastimes with ill
person (RR 0.1, 95% CI 0.02–0.6) and spending time in close
contact with the index case (RR 0.2, 95% CI 0.05–0.6). The
number of masks worn by the household member, however,
was a risk factor in the adjusted model (RR 1.2, 95% CI 1.0–
1.3): use of additional masks each day was associated with a
17% increase in the risk of secondary cases. Household factors such as forced-air heating, presence of pets and number
of members in the household were unassociated with an increased risk of transmission.

Interpretation
Our study found that household members are at risk for SARS
and that this risk increases with the amount of time spent by
the index case in the household while ill. Risk of transmission was lower when the occupation of the index case was
that of a health care worker. The primary risk factors for
transmission fell into 3 areas: the duration of time spent in
the home after the index case became ill, poor hand hygiene

practices and poor use of respiratory protective measures.
Two Asian studies have also examined transmission of SARS
in households.7,8 The secondary attack rate for households in
our study, 13.5%, is comparable with the published study results from Singapore (12.3%) 7 and Hong Kong (14.9%).8 Although the household-member secondary-attack rate we
found, 10.2%, was higher than those from Singapore (6.2%)7
and Hong Kong (8%),8 the fact that the confidence intervals
overlap indicates that the results are comparable. One of the
most important factors for household transmission was duration of exposure in the home. We found a linear association
between the number of days the ill index case remained at
home and the secondary attack rate; similar results were seen
in Hong Kong.8 Households where the index case worked in
health care had a significantly lower secondary-attack rate
than other households, an association also noted in the other
studies.7,8 Possible explanations for the lower attack rates in
such households include increased familiarity with the use of
personal protective equipment and better infection-control
practices in the home.
Factors related to hand hygiene were associated with increased risk of transmission. This finding speaks to the need
for good handwashing practices in the home and recognition
of potential vehicles of transmission, such as kitchen towels.
Providing personal care was associated with increased transmission, consistent with droplet transmission of the SARS
coronavirus. Interestingly, we found in the adjusted model
that engagement in pastimes with the index case and time
spent within 1 metre of that person were both factors that
were protective against SARS infection. These hypotheses

Table 4: Associations between household-member behaviours and secondary attack rates, by regression models* predicting
secondary attack rate † among 176 household contacts in 74 households with an index case of SARS
Relative risk (95% confidence interval)
Unadjusted regression for
Reduced multiple-predictor regression
significant risk factors for each
models ‡ showing associations between
individual-level risk factors and transmission
household member at risk

Behaviour of household members
Failure to wash hands
After caring for household member who was ill

3.98 (1.30–12.17)

3.46 (1.10–10.92)

After changing diapers

4.10 (0.83–20.23)

3.94 (1.28–12.10)

5.25 (1.51–18.28)

5.71 (1.96–16.63)

Engaged in household pastimes

0.11 (0.02–0.74)

0.10 (0.02–0.61)

Time in close contact

0.22 (0.06–0.72)

0.18 (0.05–0.65)

Assisted with toilet

5.68 (1.98–16.29)

—

Assisted with washing

4.49 (1.47–13.66)

—

Assisted with walking

5.23 (1.76–15.55)

—

Adjusted pillows

3.55 (1.26–10.04)

—

1.15 (0.98–1.36)

1.17 (1.01–1.31)

Shared kitchen towel
Intimate contact with ill person

Respiratory protection, by no. of masks worn§

*Negative binomial regression models. Independent variable is (binary) transmission status for individual household contacts of index SARS cases.
†Incidence of secondary transmission of SARS among household contacts of index SARS cases.
‡Reduced multivariable models include predictor variables measured at the level of household member at risk that are significantly associated with the
outcome in multivariable models, or that serve as important confounders in other relationships shown. Models are also adjusted for most important
confounders measured at the level of the entire household: whether the index case was a health care worker, and number of days from onset of symptoms
to hospital admission. (Multiple regression was not performed on variables found to be nonsignificant by unadjusted analysis.)
§0–4 masks treated as a continuous number; > 4 masks, fixed at 4.
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may explain this finding: Index cases who were able to engage in pastimes may have been less ill. Cases requiring assistance with toilet use may have been more ill and required
closer or prolonged contact with their household members.
Moreover, the SARS coronavirus is shed in feces; 9,10 those
who assisted in toilet use may have had an increased fecal exposure to the virus.
The “number of masks used each day” by household contacts was the only behavioural factor related to respiratory protection that was positively associated with household transmission of SARS. The transmission rate increased with the
number of masks worn each day, independent of the maximum duration of exposure to the index case. This may have
been due to droplet transmission from improper removal of
masks, or a measure of severity of the SARS illness not captured in our analysis. Household size, dwelling type, mode of
heating and number of household members were unassociated with secondary transmission. However, these findings
need to be interpreted in the Canadian context, where less
than 1% of homes are considered crowded (i.e., have more
than one person per room).11 The presence of pets or rodents
was also unassociated with secondary transmission.
Several important limitations of this study should be
noted. First, the questionnaire was extensive, because knowledge about SARS transmission was limited. Risk factors were
defined inclusively. This raises concerns about type I errors
(finding a statistically significant association where one does
not exist). Actual probabilities have been explicitly listed so
that readers can make their own judgment. People designated
as secondary cases might have acquired their infection outside the home; nevertheless, we believe the consistency of our
findings with other studies supports the model of household
transmission. Our results can be generalized to other households in urban communities in countries that have similar demographics and access to health care.
SARS provided a unique opportunity to study transmission
of an infectious disease within households at a time when little was known about this disease. This study’s findings indicate that new control measures should include rapid medical
assessment and removal of the case from the home, as well as
increased awareness of the importance of protective measures after symptom onset. Public health measures such as
home isolation should be aimed at minimizing such risk factors when addressing household transmission of serious infections spread through droplet transmission.
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