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Studies requiring the collection of biological specimens are often difficult to perform and
costly. We compare face-to-face and telephone interviews to determine which is more effective
for return of self-collected rectal swabs from subjects living in rural and semi-rural areas of
Ontario, Canada. People interviewed face-to-face in 2006-2007 were asked to provide a rectal
swab while the interviewer waited. Those interviewed by telephone were sent a package and
asked to return the swab by mail, with one follow-up reminder call. Telephone interviewing
resulted in a higher response rate for the completion of household and individual-level questionnaires. However, face-to-face interviews resulted in a significantly higher proportion of
interviewees who returned swabs making the participation rate higher for this mode of contact (33.7 versus 25.0 percent). Using multivariable logistic regression, higher rates of rectal
swab return were associated with face-to-face interviewing while adjusting for the impact of
household size and respondent age and sex. For studies requiring the submission of intimate
biological samples, face-to-face interviews can be expected to provide a higher rate of return
than telephone interviews.
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1 Introduction

al. 2005; Kempf and Remington 2007; Scheaffer et al. 1996).
For specimens that can be collected by the participant, there
is a choice of strategy including face-to-face, post, internet,
or telephone, but a paucity of information available on participation rates by mode of contact. There is even less information regarding participation rates for studies requiring the
collection of samples that may be deemed sensitive by the
participant.

Large scale population-based studies and comprehensive
case-control studies requiring participant interview data and
the collection of biological specimens are expensive and require exhaustive coordination efforts. Non-participation may
affect estimates of outcomes and impinge upon the generalizability of the research findings (Groves 2006). Further, low
participation rates are costly in terms of the time and money
spent on the identification of eligible participants and initial
contact.
The recruitment of community-dwelling subjects is an
ongoing challenge for researchers who must select a data
collection mode that meets the study requirements and is also
acceptable to study participants. Face-to-face interviews cost
substantially more than those done by telephone or mail (Edwards et al. 2002; Weeks et al. 1983) yet may be necessary
when anthropological measurements or biological specimens
are needed. On the other hand, recruitment by telephone has
been made increasingly difficult by reliance on answering
machines or voicemail, call display, and cellular phones as
well as the public’s frustration with telemarketers (Curtin et

The Ontario Well Water Study required the collection of
rectal swabs for detection of antimicrobial resistant bacteria.
Two previous postal surveys that required mailing of a stool
sample to determine the prevalence of antimicrobial resistant Escherichia coli in European and Canadian communitydwelling subjects experienced low participation rates at 24
and 26 percent, respectively (Bruinsma et al. 2002; Bruinsma
et al. 2003). Other studies that asked subjects to send selfcollected biological samples following a telephone interview
or mailed questionnaire had response rates that varied from
13 to 74% (Bauer et al. 2004; Cozier et al. 2004; Domeika
et al. 2007; Engel et al. 2002; Macleod et al. 2005; Olshan
et al. 2007; Rogstad et al. 2001). In comparison, somewhat
higher rates of return of biological specimens were reported
(70 to 96%) following face-to-face interviews (Akwar et al.
2007; Fenton et al. 2001; Klavs et al. 2004; Klavs et al.
2002; McCadden et al. 2005; Turner et al. 2002). Study
investigators determined that face-to-face interviews may re-
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sult in a higher rate of rectal swab return and this strategy
was implemented among a non-randomized subset of targeted households. The remainder of household contacts were
interviewed by telephone with postal return of specimens.
This analysis examines the effect of data collection mode on
response rates and rates of return of rectal swabs for subjects
in one Canadian province.

2 Methods
The present study was a cross-sectional study of factors
associated with the human carriage of antimicrobial resistant Escherichia coli nested within a case-control study of
households that submitted water samples for bacteriological laboratory analysis at seven public health laboratories in
Ontario, Canada. In Canada, there is no registry of private
drinking water wells. Private well water testing is voluntary but universally accessible through regional laboratories.
All E. coli positive water samples submitted for testing between May 1, 2005 and September 30, 2006 to two western regional laboratories (London and Hamilton) as well as a
randomly selected monthly quota of samples from five eastern regional laboratories (Ottawa, Kingston, Peterborough,
Orillia, and Toronto) were screened for susceptibility to antimicrobial agents to determine the prevalence of antimicrobial resistant E. coli in private water sources (Mataseje et
al. 2009). A study investigating risk factors associated with
contamination of private water sources was conducted using
these water samples to identify cases and controls (Coleman
et al. 2009). For the case control study, cases were households with water samples that tested positive for antimicrobial resistant E. coli. Controls were randomly selected households with water samples yielding E. coli susceptible to antibiotics. A second set of controls consisted of households
randomly selected from water samples with no bacterial contamination. Inclusion in the case-control study was limited to
unique households that provided samples from private drinking water sources that also provided an operational telephone
number with the water sample and had at least one adult (18
years or older) resident who spoke English well enough to
participate and who consented to share their contact information with the study.
Households participating in the case-control study were
asked to participate in the cross-sectional study in which all
household members 12 years and older were eligible for inclusion.
During the study period, all households that submitted
a water sample were mailed a study information sheet along
with the results of their water test. Then a study assistant at
the Safe Water Unit of the Ontario Ministry of Health and
Long-Term Care telephoned selected households and, using
a script in which they identified themselves as being from the
Safe Water Unit, gave a very brief description of the study
and the study investigators (doctors and scientists from the
universities) and asked if the primary contact was willing to
share their name and phone number with the study group. Information from eligible and consenting households was forwarded to the appropriate interviewer.

The third exchange with the household varied by mode
of contact. In the western laboratory regions, 35 percent of
households were recruited by telephone with appointments
set to visit the subject in their home. To reduce the number
of people making contact with the household as much as possible, the site interviewers made the recruiting/appointment
calls themselves. Upon contact with an adult in the household, they identified themselves as working with researchers
at the associated universities and Ministry of Health and
Long-Term Care, gave a brief explanation of the study, and
asked if the household contact would be willing to participate. If the contact agreed, the interviewer set up a time to
visit the home, asked permission to speak with other eligible household members during the scheduled visit, and provided their first name and coordinator’s contact information
for anyone needing to reschedule. The interviewer called to
confirm the day, time, and location of the visit 24 to 48 hours
before the scheduled appointment.
During the site visit, interviewers explained the objective of the study and its requirements. After obtaining written consent, a household member was asked to complete
a dwelling questionnaire regarding factors that might affect
drinking water quality. Personal questionnaires were then
completed only for eligible household members who agreed
to submit a rectal swab. Following completion of the personal questionnaire, interviewers explained how to collect
the swab, provided the participant with a collection kit including swab collection instructions, swab, transport media,
pre-numbered label, and biohazard bag, and asked them to
collect the swab during the site visit. Only one visit was
made to each household.
Household members in the remaining 65 percent of
households in the western regions and 100 percent of households in the eastern regions were contacted and interviewed
by telephone. Trained interviewers at a reputable, privatesector survey company called the household, explained the
study, and collected data from consenting household contacts
for the dwelling questionnaire. They also asked permission
to speak with other eligible household members. If they were
not available, they asked for a time to make a return call to
speak with them. Personal interviews were completed only
for household members who agreed to submit a swab. Rectal
swab sampling kits were subsequently mailed to the participants. If more than one household member agreed to collect a swab, the kits were posted directly to each participant
to increase the perception of personal contact as well as to
avoid confusion. The mail out package included a letter of
introduction, swab collection kit (described above), stamped
self-addressed envelopes, and consent forms. A follow-up
telephone call was made to participants who had not returned
the rectal swab within three weeks of mail out. A second kit
was mailed to subjects who did not receive the original kit.
In all cases, a minimum of ten attempts, at different times
of day and days of the week, were made to reach the household at each of the telephone contact points. Written consent
was required of all participants. Parental permission was established before talking with youths 12 to 18 years of age.
For youths 12 to 15 years old, verbal assent was required
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followed by written parental consent. Youths 16 to 18 were
required to provide written consent. Everyone interviewed
by telephone was required to give verbal consent prior to
the interview and to provide written consent with rectal swab
submission. Study ethical approvals were received from associated universities and no remuneration or other incentives
were offered to participants. Households were informed of
whether or not their water sample was contaminated with E.
coli as per standard procedure. However, they were not informed of the results of the antimicrobial resistance screening.
As stated, no population registry of private wells exists
in Ontario and no data on non-consenting households were
available from the Ontario Ministry of Health and LongTerm Care. Thus, non-response bias is assessed using the
2006 census data (Statistics Canada 2008) of census divisions serviced by the seven participating regional public
health laboratories. As the overwhelming majority of private wells are located in rural areas, the largely urban census metropolitan areas within the census divisions are not included in the estimates. A range of household incomes for
study participants used the mid-points for each income categories except the highest category ($80,000 and over) for
which we used $90,000 and $100,000, respectively, to estimate the stated range.
Standard estimates using the American Association of
Public Opinion Research definition 3 (American Association for Public Opinion Research 2006) are presented for the
initial contact response rate. Subsequent rates of response
are direct calculations of participation and refusal. The estimated net probability of receipt of a rectal swab conditional
on mode of interview is calculated using the probability of
participation at each preceding point of contact. All p values
are based on two-sided tests of significance and all confidence intervals are based on a type I error of five percent.
Variables associated with return of a rectal swab (participation) were assessed using logistic regression (1: returned
swab; 0: no swab) adjusted for clustering within households using the Taylor linearlized variance estimation obtained through the complex survey commands in Stata version 9.2 (2007). The primary sampling unit was the household and since no selection of participants within households
occurred (i.e. all members 12 years and older were eligible
to participate), no sampling weights were used. Following
bivariate analysis of variables, those associated with returning a swab at a p value of <0.25 were selected for inclusion
in the full model. To obtain a parsimonious model, variables
were removed from the model according to a modified form
of the strategy for a focal hypothesis as suggested by Vittinghoff (Vittinghoff et al. 2005). Covariates and interaction
terms were retained if they were significantly associated with
the outcome (through Wald tests) or if their retention modified the observed association between interview mode and
the outcome (i.e., an observed confounding effect).
Continuous variables were kept in original form after
confirming that the assumption of linear associations was
met. Residual diagnostics did not detect any outlying observations and important multicollinearity was not present as
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assessed through variance inflation factor statistics. Modelrelated odds ratios and confidence intervals for variables involved in interactions are presented for linear combinations
of coefficients.

3 Results
3.1 Household level participation
Of the 342,009 water samples submitted for testing during the study period, 2,351 were selected for the study, of
which 1,771 were eligible. A response rate of 68.6% was
achieved with 1,190 of the 1,771 households agreeing to
share their name and telephone number with the study see
Figure 1. There was no difference in household response
rates by laboratory region (68.6 and 69.4% for the western and eastern regions, respectively) or by laboratory result
(68.2 versus 69.3% for E. coli contaminated water versus no
contamination).
A dwelling questionnaire was completed for 879
(49.6%) eligible households. As shown in Table 1, households that completed dwelling questionnaires were similar
in education level, household income, and results of their
water test by mode of contact. However, a higher proportion of households interviewed face-to-face (33%) than
by telephone (23%) were located on a farm (p=0.003) and
dwelling questionnaires were more likely to be completed
by telephone than if a site visit was required (55 versus 42%;
p <0.001). The average size of participating households
(2.8; 95% CI: 2.7, 2.9) and the average household income
($67,712-71,959) were similar to the 2006 Canadian census
of the non-urban areas included in the study regions at 2.7
and $70,725, respectively.

3.2 Individual level participation
Personal interviews were completed by people who
agreed to subsequently submit rectal swabs. Interviews
were completed by 1,038 of 2,101 (49.4%) eligible people within the participating households. While over half of
adults (54.5%) within participating households completed a
questionnaire, only 9.3% of adolescents, 12 to 19 years old,
completed one (p <0.001). Personal questionnaires were
equally likely to be completed by females (n=525) and males
(n=513).
The probability of completing a personal questionnaire
was higher for people interviewed face-to-face (57.7%) than
by telephone (46.8%; p <0.001). This difference was driven
by the adult respondents with 63.7% of adults in households interviewed face-to-face completing a personal interview compared to 51.6% of those interviewed by telephone
(p <0.001). Conversely, there were equal proportions of eligible adolescents in each mode of contact (9.4 and 9.3%, respectively; p=1.00) who completed a personal questionnaire.

3.3 Individual level participation: Return of rectal
swab
Swabs were submitted by 784 of the 1,038 subjects
(75.5%) who agreed to submit one prior to completing a per-
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Table 1: Number and proportion of participating households: demographic characteristics by mode of data collection for biological
samples, Ontario Well Water Study, 2006-2007
Telephone
Household variable
Household size
- single person
- two person
- three person
- four or more
Highest education
- less than grade 9
- some secondary
- graduated secondary
- college or trade school
- university
- refused/not stated
Household income
- <$40,000
- $40,000-59,999
- $60,000-79,999
- $80,000 or more
- refused/not stated
Property type
- Farm
- Non-farm, rural
Water test result
- Not contaminated
- E. coli contamination

Face-to-face

Total

n

%

n

%

n

%

94
377
96
96

14
57
14
14

14
139
27
28

7
67
13
13

108
516
123
124

12
59
14
14

10
35
113
200
275
38

1
6
17
30
41
6

3
16
28
70
91
1

1
8
13
33
44
<1

13
51
141
270
366
39

1
6
16
31
42
4

80
99
89
208
195

12
15
13
31
29

24
37
38
63
47

11
18
18
30
22

104
136
127
271
242

12
15
14
31
28

156
515

23
76

70
139

33
66

226
654

26
74

246
425

37
63

81
128

39
61

327
553

37
63

sonal questionnaire. The probability of submitting a rectal
swab, conditional on mode of contact, was higher for those
interviewed face-to-face (33.7%) than for those interviewed
by telephone (25.0%; p <0.001).
Bivariate analysis of household and personal variables
revealed that the odds of returning a swab was higher for
people interviewed face-to-face, for older respondents, and
for people from households with fewer eligible respondents.
There was no statistically significant association with household income, household education level, property type, or
whether or not the water was contaminated with E. coli (Table 2).
The final logistic regression model, which adjusts the estimates for the effects of other variables in the model (Table
3), indicates that the odds of returning a swab were 1.3 times
higher for every decade increase in age and 1.2 times higher
per person decrease in the number of eligible respondents
within the household. A statistically significant interaction
was found between the sex of the respondent and the mode
of interview in relation to the probability of swab return. Participants were generally more likely to return a swab following a face-to-face than telephone interview with the odds of
return of a swab higher for females (46.0; 95% confidence interval (CI): 10.9, 193) than males (5.7; CI: 2.8, 11.5) following the completion of a face-to-face compared to a telephone
interview.

4 Discussion
Our analysis found that rates of participation in
a population-based study requiring provision of a selfcollected rectal swab varied both by the stage of participation
and, for specimen collection, whether the interview was done
face-to-face in the respondent’s home or by telephone. We
found that completion of the household interview was higher
by telephone than for face-to-face interviews. However, the
return of swabs was so much higher for those interviewed
face-to-face relative to those interviewed by telephone that
this more than compensated for the difference: the net probability of returning a rectal swab favoured the use of face-toface specimen collection at 33.7% versus 25.0% for return of
the specimen by post. While low in either condition, these
participation and submission rates are consistent with other
studies in this area of research in which stool samples or
rectal swabs were required and in which no remuneration or
other incentives were provided (Bruinsma, Filius et al. 2003;
Bruinsma, Hutchinson et al. 2003).
We acknowledge that difference in rates of participation
in the household interview may be partly influenced by interviewer experience. Interviewers in the telephone data collection condition were staff of a professional survey centre
while university students were employed for the face-to-face
interviews. However, all interviewers were research trained
and the recruitment scripts were identical. Also, people in
the face-to-face group were required to commit to a home
visit which likely reduced participation.
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Household level

1771 eligible households

461 refused

1190 agreed to be contacted (68.6%*)

Telephone interview
n=847

177 refused

Individual level
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670 (79.1%) household
questionnaires completed

Site visit (face-to-face)
n=343

134 refused

Eligible individuals
n=1597

209 (60.9%) household
questionnaires completed

Eligible individuals
n=504

850 refused

747 (46.8%) personal
questionnaires completed

213 refused

291 (57.7%) personal
questionnaires completed

243 refused

505 (67.6%) swabs received

12 refused

279 (95.9%) swabs received

Estimated net probability of receipt of swab
conditional on telephone interview: 25.0%

Estimated net probability of receipt of swab
conditional on face-to-face interview: 33.7%

*AAPOR response rate (equation # 3)

Figure 1. Flow diagram of number and proportion of households contacted, people interviewed, and swabs returned, Ontario Well Water
Study, 2006-2007

Methodological literature for surveys that require biological samples is limited relative to that for self-report data.
The comparison of rates of return of biological samples is
further hampered due to the variety of study populations,
study methods, the nature of the specimen being obtained,
and because there are few publications directly comparing
modes of collection for community-dwelling subjects. One
study completed in 1995 in Nova Scotia, Canada found that,
similar to our findings, face-to-face recruitment of adults
resulted in higher questionnaire response and attendance at
clinics for collection of blood samples (36.9%) than recruitment by post (31.5%) (Eastwood et al. 1996).
As seen in our study, even though people participate in
one part of the study by completing an interview, and although they agree to provide a self-collected biological specimen, only 22-74% of people interviewed by telephone (Cozier et al. 2004; Domeika et al. 2007; Engel et al. 2002;
Macleod et al. 2005) and 66-83% interviewed face-to-face
actually returned/provided specimens (Klavs et al. 2004;
Klavs et al. 2002; McCadden et al. 2005; Turner et al. 2002).
This difference may be attributable to elevated motivation to
participate when the interviewer is face-to-face with the sub-

ject (Fenton et al. 2001; Frey and Oishi 1995). The presence of the interviewer in face-to-face surveys may increase
the probability of participation due to the participant’s perception of the importance and legitimacy of the study and a
higher level of trust engendered through personal interaction
(Robling et al. 2010). It is also much easier to passively
decline, by not completing all study requirements, when an
interviewer is not physically present (Stoop 2005).
Unlike a number of other studies with biological sample
requirements (Goldstein and Jennings 2002; Jackson et al.
1996; Kozlowski et al. 2002; Mishra et al. 1993; Olshan
et al. 2007; Søgarrd et al. 2004), we found no difference
in the proportion of people who returned a rectal swab by
household income and, although there was a trend towards
higher participation with higher levels of education, the effect was not statistically significant. However, we did find
that rates of return of swabs differed by the respondent’s age.
For respondents interviewed by telephone, rates of swab return generally increased with age. This mirrors findings of
other studies involving community-dwelling subjects asked
to submit biological samples following telephone or postal
surveys. Increasing age was associated with higher rates of
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Table 2: Bivariate associations between return of rectal swab and covariates. Logistic regression adjusted for household clustering, Ontario
Well Water Study, 2006-2007
Variable (range)
Respondent’s age (12-89)
Mode of contact
Telephone
Face-to-face/site visit
Number of eligible people in household (1-10)
Respondent’s sex
Female
Male
Water test result
Not contaminated
Contaminated with E. coli
Household income (2005)
<$40,000
$40,000-59,999
$60,000-79,999
$80,000 or more
Not stated
c
Household education
Less than secondary grad
Secondary school grad
College or trade school
University
Not stated
Property type
Farm
Non-farm

a

Odds ratio

95% C.I.

p value

1.03

1.01, 1.04

<0.001

1.00
11.1
0.80

Referent
5.79, 21.4
0.69, 0.94

<0.001
0.006

1.00
1.25

Referent
0.98, 1.58

0.07

1.00
0.78
0.90
1.00
2.73
0.93
0.86
0.79
1.08
1.00
0.97
1.17
1.43
0.92

Referent
0.54, 1.10
0.75, 1.07
Referent
1.38, 5.41
0.50, 1.73
0.52, 1.42
0.49, 1.26
0.93, 1.26
Referent
0.47, 2.01
0.61, 2.27
0.75, 2.72
0.37, 2.29

1.00
1.08

Referent
0.72, 1.61

b

0.16
d
0.24
0.004
0.83
0.55
0.32
d
0.30
0.93
0.63
0.28
0.85
0.72

a

Robust variance estimate
b
Wald chi square test
c
Highest education level in household
d
Probability that at least one of the variables’ regression coefficients , 0

return from community-dwelling respondents asked to provide buccal swabs for DNA analysis (Kozlowski et al. 2002),
semen samples (Olshan et al. 2007), or blood samples (Chan
et al. 2007; Eastwood et al. 1996; Hara et al. 2010; Macleod
et al. 2005; Søgarrd et al. 2004). Our rate of swab return
peaked around 60 years of age and then dropped off again
for older adults which is similar to patterns noted by some
other researchers (Boshuizen et al. 2005; Keinan Boker et al.
2001; Lee et al. 2008; Ronckers et al. 2004). For studies requiring biological samples from a wide range of ages, sample
size estimation and study methods need to take into account
potential differences in participation rates by age group.
We also found that, even though an equal number of
males and females completed interviews and verbally agreed
to submit a swab, females were modestly more likely than
males to submit one following a face-to-face interview while
males were more likely to post a sample following a telephone interview. The reason for this difference, which was
largely driven by the difference between males and females
70 years of age and older, is not clearly understood and requires further study. We also found that the odds of returning
a swab were higher for people in households with fewer eligible respondents. This finding was not dependent on the sex
or ages of the people within the household. There are myriad

factors that can affect the propensity to participate in research
on different populations and subject areas. The interaction of
social, personal, interviewer, and survey-level factors is difficult to parse and additional research is needed to understand
how best to address them and the impact of nonparticipation
on survey estimates, whether they are self-report or biological measures (Groves 2006; Groves and Peytcheva 2008).
There are several limitations to our study. The main
goal of the research project was to complete the case-control
and cross-sectional studies described in the methods section.
Thus, the households were not randomly assigned to each
mode. Also, our study was limited to a convenience sample
of households that submitted private water samples for
bacteriological testing. Although we found no difference in
response based on whether the water source was contaminated with E. coli or not, generalizability may be limited.
Another limit to generalizability is that households in this
study were located in rural areas of the province so the
findings may not apply to urban dwelling populations.
However, only 25% of participants lived on a farming
property and many Canadians living in rural areas, including
those living on farming properties, are employed in urban
areas (Alasia and Bollman 2009).
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Table 3: Multivariate associations between return of rectal swab and covariates. Logistic regression adjusted for household clustering,
Ontario Well Water Study, 2006-2007
Variable (range)
Respondent age (12-89)
Mode of contact
Telephone
Face-to-face/site
Respondent’s sex
Female
Male
Interaction (sex by mode)
Female & telephone
Male & face-to-face/site
Number of eligible people in household (1-10)
a
b

a

Odds ratio

95% C.I.

p value

1.03

1.01, 1.04

<0.001

1.00
45.9

Referent
10.9, 193

<0.001

1.00
1.31

Referent
1.00, 1.73

0.049

1.00
0.12
0.84

Referent
0.03, 0.52
0.72, 0.99

0.005
0.037

b

Robust variance estimate
Wald chi square test

For studies requiring the submission of biological samples, face-to-face interviews can be expected to provide a
higher rate of return than telephone interviews and postal
submission of specimens, especially for adult respondents at
either extreme of the age range. However, the trade-off in
cost per returned sample may only be justifiable in studies in
which the enrolment of subjects is challenged by the rarity of
the condition or the cost of recruiting each subject.
Future studies using different methods of recruitment
and inducements for participation are required to determine
if the overall response rates for community-based surveys
requiring submission of biological samples, especially ones
that may be considered sensitive or embarrassing to collect
or share, can be improved.

References
Akwar, T. H., Poppe, C., Wilson, J., Reid-Smith, R., Dyck, M.,
Waddington, J., et al. (2007). Risk factors for antimicrobial
resistance among fecal Escherichia coli from residents on fortythree swine farms. Microbial Drug Resistance, 13(1), 69-76.
Alasia, A., & 2009., R. B. (2009). Off-farm work by farmers: the importance of rural labour markets. Rural and
Small Town Canada Analysis Bulletin, 8(1). Retrieved from
www.statcan.gc.ca.
American Association for Public Opinion Research. (2006). Standard definitions: final dispositions of case codes and outcome
rates for surveys. Retrieved from http://www.aapor.org. (1-48)
Bauer, J. E., Rezaishirza, H., Head, K., Cowell, J., Bepler, G.,
Aiken, M., et al. (2004). Obtaining DNA from a geographically
dispersed cohort of current and former smokers: use of mailbased mouthwash collection and monetary incentives. Nicotine
and Tobacco Research, 6(3), 439-446.
Boshuizen, H. C., Viet, A. L., Picavet, H. S. J., Botterweck, A., &
van Loon, A. J. M. (2005). Non-response in a survey of cardiovascular risk factors in the Dutch population: determinants and
resulting biases. Public Health, 120(4), 297-308.
Bruinsma, N., Filius, P., de Smet, P., Degener, J., Endtz, H., van
den Bogaard, A., et al. (2002). Antibiotic usage and resistance
in different regions of a Dutch community. Microbial Drug Resistance, 8(3), 209-214.
Bruinsma, N., Filius, P., van den Bogaard, A., Nys, S., Degener,

J., Endtz, H., et al. (2003). Hospitalization, a risk factor for
antibiotic-resistant Escherichia coli in the community? Journal
of Antimicrobial Chemotherapy, 51, 1029-1032.
Bruinsma, N., Hutchinson, J., van den Bogaard, A., Giamarellou,
H., Degener, J., & Stobberingh, E. (2003). Influence of population density on antibiotic resistance. Journal of Antimicrobial
Chemotherapy, 51(2), 385-390.
Chan, J., Knutsen, S. F., Sabate, J., Haddad, E., Yan, R., & Fraser,
G. E. (2007). Feasibility of running clinics to collect biological specimens in a nationwide cohort study – Adventist Health
Study-2. Annals of Epidemiology, 17(6), 454-457.
Coleman, B. L., McLeod, K., Crago, B., Neumann, N., McGeer,
A. J., Jamieson, F., et al. (2009). Risk factors for contamination
of private drinking water sources with antimicrobial resistant
Escherichia coli in Canada. Paper presented at the Canadian
Institute of Public Health Inspectors’ Annual Conference, London.
Cozier, Y. C., Palmer, J. R., & Rosenberg, L. (2004). Comparison
methods for collection of DNA samples by mail in the Black
Women’s Health Study. Annals of Epidemiology, 14(2), 117122.
Curtin, R., Presser, S., & Singer, E. (2005). Changes in telephone
survey nonresponse over the past quarter century. Public Opinion Quarterly, 69(1), 87-98.
Domeika, M., Oscarsson, L., Hallén, A., Hjelm, E., & Sylvan, S.
(2007). Mailed urine samples are not an effective screening approach for Chlamydia trachomatis: Case finding among young
men. Journal of the European Academy of Dermatology and
Venereology, 21(6), 789-794.
Eastwood, B. J., Gregor, R. D., MacLean, D. R., & Wolf, H. K.
(1996). Effects of recruitment strategy on response rates and
risk factor profile in two cardiovascular surveys. International
Journal of Epidemiology, 25(4), 763-769.
Edwards, P., Roberts, I., Clarke, M., DiGuiseppi, C., Pratap, S.,
Wentz, R., et al. (2002). Increasing response rates to postal
questionnaires: systematic review. British Medical Journal, 324,
1183-1191.
Engel, L. S., Rothman, N., Knott, C., Lynch, C. F., LogsdenSackett, N., Tarone, R. E., et al. (2002). Factors associated
with refusal to provide a buccal cell sample in the Agricultural
Health Study. Cancer Epidemiology Biomarkers & Prevention,
11(5), 493-496.
Fenton, K. A., Copas, A., Mitchell, K., Elam, G., Carder, C., Ridg-

124

BRENDA L. COLEMAN, IRIS A. GUTMANIS, SUSAN J. BONDY, ALLISON J. MCGEER, MARINA I. SALVADORI AND MARIE LOUIE

way, G., et al. (2001). The acceptability of urinary LCR testing
for Chlamydia trachomatis among participants in a probability
sample survey of sexual attitudes and lifestyles. Sexually Transmitted Infections, 77, 194-198.
Frey, J. H., & Oishi, S. M. (1995). How to conduct interviews by
telephone and in person. Thousand Oaks, CA.: Sage Publications, Inc.
Goldstein, K. M., & Jennings, M. K. (2002). The effect of advance
letters on cooperation in a list sample telephone survey. Public
Opinion Quarterly, 66, 608-617.
Groves, R. M. (2006). Nonresponse rates and nonresponse bias in
household surveys. Public Opinion Quarterly, 70(5), 646-675.
Groves, R. M., & Peytcheva, E. (2008). The impact of nonresponse
rates on nonresponse bias: a meta-analysis. Public Opinion
Quarterly, 72(2), 167-189.
Hara, M., Higaki, Y., Imaizumi, T., Taguchi, N., Nakamura, K.,
Nanri, H., et al. (2010). Factors influencing participation rate
in a baseline survey of a genetic cohort in Japan. Journal of
Epidemiology, 20(1), 40-45.
Jackson, R., Chambless, L. E., Yang, K., Byrne, T., Watson, R.,
Folsom, A., et al. (1996). Differences between respondents and
nonrespondents in a multicenter community-based study vary by
gender and ethnicity. Journal of Clinical Epidemiology, 49(12),
1441-1446.
Keinan Boker, L., van Noord, P. A. H., van der Schouw, Y. T.,
Koot, N. V. C. M., Bas Bueno de Mesquita, H., Riboli, E., et al.
(2001). Prospect-EPIC Utrecht: Study design and characteristics
of the cohort population. European Journal of Epidemiology,
17(11), 1047-1063.
Kempf, A. M., & Remington, P. L. (2007). New challenges for
telephone survey research in the twenty-first century. Annual
Review of Public Health, 28, 113-126.
Klavs, I., Rodrigues, L. C., Wellings, K., Kese, D., & Hayes, R.
(2004). Prevalence of genital Chlamydia trachomatis infection
in the general population of Slovenia: serious gaps in control.
Sexually Transmitted Infections, 80(2), 121-123.
Klavs, I., Rodrigues, L. C., Wellings, K., Kese, D., & Svab, I.
(2002). Feasibility of testing for Chlamydia trachomatis in a
general population sexual behaviour survey in Slovenia. International Journal of STD and AIDS, 13(S2), 5-8.
Kozlowski, L. T., Vogler, G. P., Vandenbergh, D. J., Strasser, A. A.,
O’Connor, R. J., & Yost, B. A. (2002). Using a telephone survey
to acquire genetic and behavioral data related to cigarette smoking in a ”made-anonymous” and ”registry” samples. American
Journal of Epidemiology, 156(1), 68-77.
Lee, D. M., O’Neill, T. W., Pye, S. R., Silman, A. J., Finn, J. D.,
Pendleton, N., et al. (2008). The European male ageing study
(EMAS): design, methods and recruitment. International Journal of Andrology, 32(1), 11-24.
Macleod, J., Salisbury, C., Low, N., McCarthy, A., Sterne, J. A. C.,
Holloway, A., et al. (2005). Coverage and uptake of systematic
postal screening for genital Chlamydia trachomatis and prevalence of infection in the United Kingdom general population:
Cross sectional study. British Medical Journal, 330(7497), 940943.
Mataseje, L. F., Neumann, N., Crago, B., Baudry, P., Zhanel, G. G.,

Louie, M., et al. (2009). Characterization of cefoxitin-resistant
Escherichia coli isolates from recreational beaches and private
drinking water in Canada between 2004 and 2006. Antimicrobial Agents and Chemotherapy, 53(7), 3126-3130.
McCadden, A., Fenton, K. A., McManus, S., Mercer, C. H., Erens,
B., Carder, C., et al. (2005). Chlamydia trachomatis testing
in the second British National survey of sexual attitudes and
lifestyles: Respondent uptake and treatment outcomes. Sexually
Transmitted Diseases, 32(6), 387-394.
Mishra, S. I., Dooley, D., Catalano, R., & Serxner, S. (1993). Telephone health surveys: Potential bias from noncompletion. American Journal of Public Health, 83(1), 94-99.
Olshan, A. F., Perreault, S. D., Bradley, L., Buus, R. M., Strader,
L. F., Jeffay, S. C., et al. (2007). The healthy men study: Design
and recruitment considerations for environmental epidemiologic
studies in male reproductive health. Fertility and Sterility, 87(3),
554-564.
Robling, M., Ingledew, D., Greene, G., Sayers, A., Shaw, C.,
Sander, L., et al. (2010). Applying an extended theoretical
framework for data collection mode to health services research.
BMC Health Services Research, 10, 180.
Rogstad, K. E., Bates, S. M., Partridge, S., Kudesia, G., Poll, R.,
Osborne, M. A., et al. (2001). The prevalence of Chlamydia
trachomatis infection in male undergraduates: A postal survey.
Sexually Transmitted Infections, 77, 111-113.
Ronckers, C., Land, C., Hayes, R., Verduijn, P., & Van Leeuwen,
F. (2004). Factors impacting questionnaire response in a Dutch
retrospective cohort study. American Journal of Epidemiology,
14(1), 66-72.
Scheaffer, R. L., Mendenall, W., & Ott, L. (1996). Elementary
survey sampling (Vol. 5). New York: Duxbury Press.
Søgarrd, A. J., Selmer, R., Bjertness, E., & Thelle, D. (2004).
The Oslo Health Study: The impact of self-selection in a large,
population-based survey. International Journal of Equity in
Health, 3(1), 3-15.
StataCorp.
(2007).
Stata statistical software (Version
9.2). College Station, Texas: StataCorp. Retrieved from
http://www.stata.com.
Statistics Canada. (2008). Community profiles. 2006 Census.
2008/03/15, from www.statscan.ca.
Stoop, I. A. L. (2005). The hunt for the last respondent: Nonresponse in sample surveys. Amsterdam: Aksant Academic Publisher.
Turner, C. F., Rogers, S. M., Miller, H. G., Miller, W. C., Gribble,
J. N., Chromy, J. R., et al. (2002). Untreated gonococcal and
chlamydial infection in a probability sample of adults. Journal
of the American Medical Association, 287(6), 726-733.
Vittinghoff, E., Glidden, D. V., Shiboski, S. C., & McCulloch, C. E.
(2005). Regression methods in biostatistics: Linear, logistic,
survival, and repeated measures models. New York: Springer
Science & Business Media Inc.
Weeks, M. F., Kulka, R. A., Lessler, J. T., & Whitmore, R. W.
(1983). Personal versus telephone surveys for collecting household health data at the local level. American Journal of Public
Health, 73(12), 1389-1394.

